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MOUNTAIN BOY 

These workings·which are credited with a pToduction of 
several thousand dollars, are on the west side of a small ridge 
and about three-quarters 0£ a mile southwest of the Castle 
Creek camp. A part of the workings was not accessible at 
the time of visit and the following is quoted from a report 
made by Bancroft* which covers the full development of 
the property : 

" Three aclit tunnels with short drifts, inclines and other 
workings are located near one another on the Mountain Boy 
claim, about half a mile outhwest of tlle camp. The rocks 
explored in all these workings are a part of the limestone and 
shale series which prevails over a large portion of Castle 
Mountain and the ridges projecting from it. 

'' Only two of the four tunnels represent development on 
ore bodies, Nos. 3 and 4 llaving been driven to open ground 
1mder the ore-shoots above. Tl1e No. 1 and 2 workings are 
within. 75 to 100 feet of one another and practically on the 
same level. 

"No. 1 tunnel is located at an clevatiou 0£ 3,920 £eet. 
A crosscut adit extends 30 feet, beyond which point a gentle 
incline 75 feet long and a steep pitch of 50 feet lead to a. 
level lrnow·n as No. 3. Short drifts have been run off from 
the main level in all directions, having 1·esllltcd from gutting 
the small irregular ore-bearing quartz lenses that occur along 
the planes of schistosity of the sedimentary rocks. Under
grouncl ilevclopment shows that these quartz lenses vary in 
width from half au inch to 18 inches and in length along the 
strike from two inches to 30 feet, aud some may have greater 
dimensions. They contain inegularly scatterecl patches 0£ 
gal.ena1 sphalerite1 chalcopyrite, pyr ite and tetrabeclrite. The 
ores show some banding and are brecciated by post-mineral 
movements. Both the ore bodies and the sediments are tra
:versed by innumerable veinlets of calcite." 

Assays of a portion of the dump material are said to 
average 10 to 20 ounces of silver to the ton and during tlle 
winter of 1919 Mr. Cross was building a small 15-ton mill 
to treat a part of these dtunps. 

•Bancroft. Howland. The Ore Deposits of Northeastern ,vashlngton: 
U. S. Geo!. Survey, Bull. 550, page 207. 
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Ten miles by air line northwest 0£ Republic are several 
properties which, after an idleness of 20 years, have been 
partly revived by the favorable market for silver. These are 
in the Sheridan (sometimes called the Cascade) District. 
Most of the holdings are in T. 38 N., R. 31 E., just across 
the Ferry County line into Okanogan County. 

The first location was made during 1897 and a year later 
the Zalia M property made the first shipment of high-grade 
ore. All work was suspended during 1903 and aside from an 
occasional shipment from th.e Phil Sheridan and Toroda mines, 
the district was dormant tmtil 1917. The total production has 
not been notably large, probably not over $100,000. 

The values are principally in silver with minor amounts 
of copper and gold. 1'he gangue minerals of quartz and cal
cite are but sparingly present in all except the Zalla 1\1 work
ings. Flourite is associated with the mineralization in the 
American Flag workjngs. 

The cotmtry rock in the vicinity of deposits is a medium 
_fine-grained igneous rock with a dark greenish cast. A thin
section causes it to be classified as phonolite. The section 
examined is composed of 45 per cent soda feldspar, 10 per cent 
nephellite, 25 per cent aegidte and augite, and the remainder 
serpentine, sericite and secondary pyrite. 

This rock has developed a series oi narrow shear zones 
along which tbe ore minerals have partly replaced the phono
lite and deposited narrow zones and lenses of high-grade ore. 
The deposits are usually characterized by parallel false walls 
which in some instances mask mineablc ore. They are not 
showy and constaut sampling and assaying vigilance is a 
necessary aid to intelligent mining. 

In the Zalla J\I :Mine tl1ere is a quartz vein varying in 
width from one to six feet aud traceable on the surface for 
several thousand feet. Since the greater portion of this vein 
is barren of values its successful development musi come 
from locating the workable ote-shoots. 
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PHIL SHERIDAN 

A company incorporated as the Carey Mining & Develop
ment Company, with heacl offices in Spokane, is working the 
Sheridan Mine under bond and lease. It has been carrying 

on development work with a small crew for several years 
and shipments of high-grade silver ore have been made at 
various intervals. D uring 1918 a 50-ton concentrator was 

erected and since that time intermittent mill runs have tm·ned 
out several car l oads of concentrates averaging 300 ounces 

of silver to the ton. 
The property, which comprises 10 patented claims, is 

owned by P. J. McCormick of Republic. During the early 
history of the property, Mr. McCormick is reported to have 
mined a considerable tonnage of shipping ore; the records 
of t hese shipments are not now obtainable. 

The mine openings are situated in a small gulch one mile 
north of the East Fork of 'rol'odo Creek, in Okanogan County, 
one mile west of the Ferry County line, and the old Sher
idan Camp. By air line the property is nine miles nor thwest 
of Republic but it can best be reached over the Wauconda 
road, which involves a trip of approximately 20 miles. 

The property was visited in the absence of the operators. 
Both. mine and mill wer e tempor arily closed down. The pres
ent equipment cannot furnish sufficient power for both the 
mine and mill. 

The country rock is a fine-grained phonolite. The vein 
fills a zone of shearing which cuts the phonolite with a strike 
of north 20° east and clips 50° nortlnvest. The m iner
alized zone varies in width from one to seven feet. 
The hanging-wall is well de:fiuecl and exhibits a paintiJ.1g of 
one inch of gouge. Intense shearing along the zone has de
veloped a series of false walls, particularly noticeable along 
the foot-wall of the deposit. What appears to be cleanly defined 
foot-wall can often be broken through and back of it at a clis
tance of a foot or more a second or third parallel wall £oimd, 
identical in appearance with the first. Additional mineralization 
is sometimes found between these false walls. 1rhe brecciated 
country rock has been consjclerably altered and silicified by 
mineralized solutions which worked their way upward along 
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the shear zones. The feldspar in the brecciated rock is notice
ably altered to kaolin and sericite while pyrite is strongly de
veloped through the zone. The deposit appeared more in the 
form of a mineralized lode rather than a -vein. It is not at all 
showy, in fact, very little rock was seen in place that gave the 
appearance of commercial ore, and it is necessary to closely 
sample and assay in order to determine the mineable shoots. 
In the upper levels appreciable quantities of quartz and cal
cite assist the ore minerals in cementing the brecciated country 
rock. A grab sample taken by the writer of one of the upper 
dumps gave an assay of 16 ounces of silver to the ton. 

The deposit has been opened by a series of crosscut tun
nels driven to the vein at intervals over a distance of 500 
feet up the ltillside. 'l'he lower crosscut is driven south 
52° east to the mineralized zone. Drifts have been run along 
the zone and a limited amount of sto:ping done. An incline 
winze has been sunk on the vein from this level to a depth of 
200 feet. This was apparently started on a well mineralized 
lens of ore but the mineralization does not appear to have ex
tended all the way clown the ,vioze for little ore could be ob
served on the walls. 

The upper levels are similar in plan to the adit level. 
They are connected by raises and several stopes have been 
broken. Judging from the appearance of the ground mined, 
the m'ineralized zone must have averaged three to :four feet 
in thickness. 

· Tlie property has a well equipped blacksmith shop and 
air £or the drills is furnished by a three-drill steam-driven 
air compressor. 

Description of llie Concenlrator.-'rbe construction of the 
mill was begun during 1918 and completed early in 1919. 4s 
average capacity per 24 hours is about 50 tons. 'l'he mill 
feed averages 15 ounces of silver to the ton and the concen
trates 300 ounces. The machinery is operated by a agel 
steam engine which receives its power from a 60-horsepowcr 
boiler. Water for the mill comes from a storage reservo,v 
500 feet down the gulch. It is lifted back to the mill tanks 
by a Gould three-cylinder vertical pump, operated by a six-
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horsepower distillate engine. During the summer months 
the water supply becomes low and has to be carefully hus
banded. 

AMERICAN F L AG 

The American Flag holdings include one claim and a 
prospecting lease on several adjoining locations, situated in 
sec. 36, T. 38 N., R. 31 E., about eight miles by au· line north
west of Republic or 13 miles by wagon road, and at an ele
vation of approximately 4,500 feet or 2,100 feet higher than 
Republic. The property is reached over an ordinary wagon 
road, the only objectionable feature being that the last mile 
of the trip is up a grade averaging ten per cent with many 
steep pitches that prohibit heavy hauling. 
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Some early cliscovery work was done on the property 
about 1898. The present company was organized during Oc
tober, 1917, and carried on limited development work for a 
few months during 1918. \York was resumed May, 1919, 
with a crew o_f three men, but was again suspended during 
August of that yea1· when a flow of water necessitating the 
installation of pumping equipment, was struck on the lower 
level. 

The showings have beeu developed by a 97-foot clrift driven 
north 45° east whfoh gains a depth of 40 feet belo,v tl1e 
outcrop. A raise was opened on the vein to the surface and 
a small stope opened from which several shipments were made. 
At a distance of 49 feet from the portal an incline winze was 
sunk to a depth of 97 feet on the dip of the vein. 

'l'he ote occurs in a ]1ighly silicified zone two to eight feet 
wide, which strikes north 45° east and dips 50° northwest. The 
hanging-wall is well-defu,ed ·while the foot-wall sides grades 
indistinctly out into the wall rocks. The ore minerals are chal
copyritc, bornite, sphalerite, p~'rite and scattered minute 
specks of a sulphide. which is believed to be some silver 
minera l since the chief valt1e of the ore is in silver. Pm·plish 
to hluish g1·anular crystals of flnoritc occ1u- quite p1·omincnt]y 
in the vein and are closely associated with the ore minerals. 
Fluorite associated with ore-bearing mine1·als is believed to 
have the function of the so-called mineralizers. Its action is 
thought to make the vein-forming solutions less viscous thus 
promoting diffusion, and owing to the ]ow critical temperature 
of many of the compounds that contain them, these compounds 
remain longer in the gaseous state. 

The deposit is not at all showy and assays are necessary 
to determine workable ground. 'l'he ore occurs iu localized 
shoots .vithin the vein and it seems it is the tendency of these 
shoots to he sbort. fo the uppe1· drift two pa)--shoots were 
encountered. The fu-st was 16 feet long and is said to yield 
average assays or 13 ounces of silver to the ton, while the sec
ond is 23 feet. long with an average of 27 ounces of silver. It 
is not known how far these shoots co11tinue on the dip of 
the vein, because the lower workiugs are under water. 
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Post-mineral fractmes were observed filled with growths 
of quartz crystals, s.ome of the crystals being coated with a 
black skin of secondaTy deposited argentite. Near the 
surface the vein is leached and malachite stains of copper and 

vugs of quartz crystals are the predominating features. 
Smelter certificates for two 30-ton shipments made from 

this property show an average of 16 ounces of silver, .10 
ounces of gold, and 36 per cent copper to the ton. 

On the surface the vein is traceable up the hillside for sev
eral hundred feet but here h appears quhe barren of values. 

Several shallow pits have been opened showing it to ha-ve an 
average width 0£ six to eight feet. Near the crest of the hill 
and about 450 feet from the main workings the vein intersects 
a north-south trending quartz vein known as the Uncle Sam. 
This second vein has a strike of south 15° west, stands 
nearly vertical, has ·an average width of .four to five feet, and 
can be traced on the sm-face for over a thousand feet. It has 
been prospected by several shallow shafts and open cuts which 
are now filled with water. The dump material shows some 
mineralization in copper, iron and silver minerals. 

Northwest of the American Flag Camp about 150 feet, 
there is still another well-defined quartz vein which averages 
three to four feet in width and rllllS para1lel to the Uncle Sam 
vein. Where observed at several points along the surface it 
appeared practically barren of values. 

ZALLA M 

The principal workings of the Zalla M: property are a few 
hw1dred yards ,Yest of the Ferry-Okanogan County border, in 
sec. 30, T. 38 N., R. 32 E., a half-mile northeast of the American 
Flag property and near the old Sheridan Camp. The mine 
openings are at elevations varying between 4,500 and 5,000 
feet. 

The first high-grade ore in the Sheridan Camp was dis
covered in the Zalla M: workings June, 1898, and until 1903 
this was mined and hauled in wagons to Midway, B. C., thence 
by r ailroad to the Trail Smelter. 'l'he total production was re
ported as about $40,000. The ore, however, was not rich 
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enough to withstand the high transportation costs, and the 
mine closed down during 1903, and there has been no new 
work since that time. 'fhe property is held by the Rossland, 
B. C., Branch 0£ the Bank 0£ Montreal. 

H. M. Genin and Robert May, who own six adjoining 
claims, are now the only inhabitants of the old Sheridan Camp. 

The road from Republic to the American Flag Mine con
tinues northeast to connect with the Sheridan Camp, but on 
account of the steep grade this road is not used for heavy 
hauling. Ore is usually hauled down the •rorodo Creek to 
Lynch Station on the Republic Branch of the Great Northern 
Railway, a distance of 22 miles. 

Some of the o]d smelter certificates on 30-ton lots of hand-
sorted ore show: 

1.- 86 oz. of silver, .17 oz. of gold and 1.2% copper. 
2.-118 oz. of silver, .25 oz. of gold and 1.0% copper. 
The deposit is a well-defined quartz vein. varying in 

width from one to six feet, striking south 25° west and 
dipping 45° northwest. By frequent outcrops and test 
pits the vein can be traced on the sm·face for several 
thousand feet, altllough large portions of the vein where 
observed were so sparsely mineralized that tl1ey could not 
be called ore. 'l'he vein fills au irregular :fractw·e in the 
country 1·ock. 'l'he wall rock in many places have been 
severely brecciated and the frachu·es are now cemented with 
lacings of crystalline quartz, calcite, and minute amounts of 
fluorite. 'l'he country rock is phonolite. 

The deposit is developed by two levels whicl1 are con
nected by a raise approximately 200 feet in length, measured 
on the dip of the vein. As it has been idle for many years 
some of the workings are caved and the ladders in poor con
dition. Only the lower workings, reached through the lower 
crosscut, were visited. Tllis crosscut is clriven south 60° 
east a distance of 600 .feet, where it encounters the vein 
about 300 feet below the outcrop. A drift ·was run northeast on 
the vein for a length of 60 feet and southwest for approximate
ly 300 .feet. The best ore was .fotUld in the southwest drift; two 
stopes were opened above the level and an incline winze sunk 
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on the vein to a depth of 100 feet. This winze is now under 
water. About 400 feet down the mountain side from the portal 
of the lower crosscut, a 1,000-foot adit tunnel was started to 

gain depth on the vein and provide drainage for the lower 
workings. Th.is adit lias been driven less than 100 feet. 

The vein as exposed on the main or 300-foot level varies 
from two to six feet in width and is made up of crystalline 
quartz and some calcite. r.l'he silver values, associated with mall 
amounts of chalcopyrite and pyrite, occur in localized shoots. 
An old assay map of the property was available and it shows 

the richest ore, which returned assays of 60 to 150 ounces of 
silver, to occur between the 150-root level and the surface. 
This upper section of the vein probably represents a zone of 
secondary enrichment. On the lower levels the assays are of 
average lower grade and are not of workable value in the 
absence of concentrating facilities. 

DANVILLE DISTRTCT 
COM STOCK AN D WA LLA WALLA GROUPS 

011 Le Fleur l\fountai.n, two miles by air line south 65 de
grees west 0£, and 1,000 feet above the tovn1 of Danville, are lo
cated two groups o.f claims k"llown as the Comstock and Walla 
Walla. 'rhese have recently been consolidated and are being 
,vorked under lease and bond by tJ1e Le Fleur :Niountain Copper 
Co., with head offices at Colville. 'l'he holdings total £our claims 
and six fractions. Work was started by t he Le Fleur Co. late 
in 1918 and has continued since that time with a crew of £our 
men. 

To reach the property from Danville it is necessary to 
travel down the west side of Kettle River a distance of two 
miles, where a branch road turning off westward is con
structed up the steep mountain-side by a series of switch
backs. Beyond the first half-mile, which is of steep grade, 
the road can b~ easily traveled by automobile. 

The claims are located on au elevated bench which stead
ily increases in elevation toward the northwest. A.n interest
ing set of geologic condjtions is exposed. 'rhis bench marks 
approximately the upward extent of a portion of a granitic 
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intrusion. The overlying older rocks as exposed near the 
workings are principally dense, dark-colored, fine-grained 
schistose rocks which have been metamorphosed and contorted 
in large part by the forces of the underlying intrusives. Ero
sion has made such heavy inroads into these overlying .forma
tions that in places they are sufficiently stripped-off to expose 
the upper limits of the underlying batholith. As would be 
expected, at the outer crust of the jutrusive the rocks expose 
many local phases, but they appear to be of a composition 
varying between a monzonite porphyry aud a diorite porphyry. 
Intruded into the schist aro apophyses of the batholith in the 
form 0£ granitic and lamp1·ophyre dikes. 

The ore minerals, bornite, chalcopyrite and pyrite, occur 
banded and peppered through a dike-like vein, better described 
as a ledge, which cuts soutll 85° west th.rough the schist 
and stands nearly vertical. The gangue is made UJ) largely of 
feldspars which have been, in part, altered to sericite. The best 
showing on the property is -found on the Comstock claim, where 
the ledge is well mineralized and maintains a width 0£ five feet 
for a length 0£ 100 feet along the strike. Southwest of this it 
appears to pinch down. A few hundred feet further it ap
pears again with a width of two feet and shows more or less 
mineralization scattered out in the wall rocks. At varying 
intervals over a length of half-mile along the general trend 
of the ledge between tl1e Comstock and Walla Walla claims 
there appear several sporadic showings of mineralization. 
For the most part these shallow prospect pits are caved and 
no idea could be gained as to the size of the deposit. At the 
best exposure on the Comstock claim a shaft has been sunk 
to a depth of 35 feet. In this shaft the ledge continues strong
ly and a sample across the £ace would assay from 3 to 5 per cent 
copper; it is also said that the ore carries several ounces of 
silver to the ton. It would seem logical that the development 
work be centered on the further development of this exposure. 
The ledge can be traced only a shoi-t distance northeast 0£ the 
shaft. 

At the time of visit the company had a crew 0£ three men 
sinkjng a prospect shaft on the Walla Walla claim to explore 
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some irregular croppings of chalcopyrite. This shaft at a 
depth of 35 feet exposes little ore. It has encountered a dike 

composed of plagioclase feldspar which possesses a peculiar 
dark-blue color. In this section, under the microscope this is 
found to be labradorite ieldspar associated with minor amounts 
of calcite, albite, magnetite, and epidotc. The company re
ports tl1at several assayers have retumed appreciable platinum 
assays from samples of this feldspathic material. The older 
schist roof-rocks are exposed a short distance n~rth of this 
shaft. 

CHATTERBOY MINING COMPANY 

About August 1, 1919, the Chatterboy lVIining Co. was or
ganized with head offices at Dayton, Washington, to work the 
old Lucile Dreyfuss Mine m1der lease and bond. The hold
ings consist of two and one-half claims three miles south of 
Danville and 500 feet above Kettle River and the Great Nor
thern right-of-·way. The workings were not open at the t ime 
of visit and no examination was attempted . Development work 
with a small crew began about ten· days later and according to 
reports was being continued into 1920. I t is understood that 
outside of a few tons of ore already in the bins, all future pro
duction must come from ore yet to be developed. The main 
adit tunnel is 1,300 feet long and intersects the deposit at 
1,200 feet from the portal. The ore is low-grade chalcopyrite, 
pyrrhotite, and pyrite, with the values chiefly in gold and 
silver with some copper. 

NESPELEM (MOSES) DISTRICT 
OENJ!;RAL FEATURES 

'l'l1e Nespelem District embraces an area of about 200 
square miles in the southeastern corner of Okanogan County. 
It is legally bounded by Columbia River on the south, the 
Ferry County line on the east; on the north by an east-west 
line 12 miles north of Nespelem Village, and Okanogan 
River as the western extremity. 

The district affords an exception to the usual association 
of the mines of Washington with pine-clad, mountainous slopes. 
Riding down out of the well-timbered range, which forms a 
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natural barrier between Ferry and Okanogan cotmties, the 
first view 0£ the Nespelem country accentuates its rather bar
ren semi-arid nature. The district stretches out in panorama 
as an elongated north-south• basin hemmed in on all sides but 
the south by walls which rise with gentle slope :from the valley 
f loor to culminate in ridges at elevations varying from 4,000 
to 5,000 feet above sea level. In detail, the valley floor is com
posed of two £lats at different levels. The higher, at an ele
vation of 2,600 feet, is a basalt table land, a northern segment 
of Columbia River basalt plain. The lower is an embaymcnt of 
the 1, 700-foot terrace of the Columbia Valley. South of the 
area is the deep-cut valley of Columbia River ancl beyond 
the flat-topped basalt plains of the Big Bend farming country. 

'l'o the north, the prominent, timbered hills stand out in 
marked contrast to the low, rolling sage-brush covered spm·s 
that extend down into the southern end of the basin. 

ACCESS113IL1TY AND TRANSPORTATION' 

Hemmed in on three sides by steep mountain ranges and 
on the south by the deep, narrow valley of the Columbia, the 
Nespelem Basin offers no ready means of approach and its 
isolation from railroad transportation is a serious retardation. 
Of the four routes offered the one most generally used is from 
Almira, a station on the W asbington Central Branch 0£ the 
Northern Pacific Railway, 35 miles southeast of Nespelem. 
Okanogan, on the Wenatchee-Oroville Branch of the Great 
Northern Railway, is 25 miles northwest of Nespelem, but the 
road collllect.ing the two towns was reported in very poor con
dition. .Access may be gained £rom the east by traveling 
over the Kellet·-Republic road following Sanpoil River . 
.At Cache Cr eek a branch road turns off to the west and as
cends the summit of the range which forms the north-south 
boundary of Ferry and Okanogan counties. Within a distance 
of five miles this road ascends approximately 1,400 £eet and 
the many sharp grades are not easily negotiated by automobile. 
The most natural means of access is by boat up Columbia River 
from the raifroad at Pateros, but tbe rocky chanuel and a swift 

•Pardee, J. T. Geo!. and Mineral Deposits or the Colville Indian Reserva
tion. Wash.: U. S. Geo!. Survey, Bull. 677. 191$. 
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cunent makes navigation hazardous during periods of either 
extreme high or low water. 

Nespelem,with a population of about 500, is the only set-

tlement of importance jn tl1e district. It is the trading settle
ment for this section of the Colville Indian Reservation and 

it is not uncommon to see more Indians than ·whites on the 
streets of the village. The United States Indian Agency is 
two miles outb of Ne. pelem and mo. t of the Nespelem Valley 
·is occupied by Indian farmers. 

GEOLOGY 

The geology of the Nespelum and surrounding distriets 
has been well jnterpreted by P ardee* and only the most salient 

featmes will be reviewed in this report. 
'l'he predominating formation of the· Nespelem Distr ict 

is a rather coarse-textmed, light-gray, soda-r ich granite which 
has been named by Pardee, the Colville Batholith. It is char
acterized by large porphyTitic crystals of pinkish orthoclase 
feldspar IVhich were often observed to be an inch or more in 
length. The essential minerals of the granite are oligoclase, 
quartz, orthoclase and biotite, the necessary minerals apatite, 
zircon, titanite and iron minerals. 

Many younger inu·usive dikes of granodiorite porphyry 
cut the granite in the vicinity of Nespelem, and are particu
larly well exposed on "Mineral and 1\1ultnomah hills west of 
Nespelem and along the low hills a mile east 0£ the town. 

The old Pa lezoic series of metamorphosed sediments have 
a few limited exposures in the area but generally they have 
been thoroughly removed by erosion. At the time the Colville 
granite was intruded into these sediments they posessecl a 
thickness of several thousand feet thus forming an insulating 
cover under which the molten magma slowly cooled. Fol
lowing the intrusion there existed a long erosive period during 
which the thick belts of sediments were in some places so 
deeply sculptured that U1e underlying granite was exposed. 
Later, in the Tertiary period, great outpourings of basaltic 
l ava were busy inundating the old land surface of sou th cen
tral and southeastern Washington and building up the great 

*Pardee, J. T. Geo!. ancl J\'(lnera.l Deposits of the Colville Indian Reser
v ation: U. S. Geo!. Survey, Bull. G77. 
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lava -plateau. Tongues of this lava worked northward to 
reach into the N-espelem area, where segments of the flows 
may be found today. Alter sufficient time had elapsed for 
Columbia River to cut its channel 1,600 feet or more below 
the northern edge of the lava plain, the Nespelem area was 
overridden by a Pleistocene ice-sheet of such size that it moved 
at right angles across the deep-cut valley of the Columbia and 
invaded the Big Bend country to the south. On the plateau 
country o.f the Nespelem District there remain large hummocks 
of glacial debris and isolated basalt. boulders weighing several 
thousand tons, which the glaciers dropped on their retreat 
northward. The present topography is largely influenced 
by the glacial erosion and no doubt the upper limits of many 
o.f the present ore deposits were planed off by ice action. 

CONDITlON OF 111JNING ACTIVITY 

During August, 1919, six p1·operties in the Nespelem Dis
trict were actively engaged in exploration and mining. None 
of these properties, however, was carrying on extensive work 
and there were not over 40 men actively engaged in mining . 
.A.11 active properties are along a narro,v strip of territory two 
miles long in a northwest direction and three-fourths 0£ a. mile 
wide, on the slopes of a low barren hill known as the southeast 
spur 0£ Mineral Hill, and located one and one-half miles west 
of the town of Nespelem. 'l'he deposits visited are all of the 
same general type and carry their principal values in silver. 

Tl1e costly transportation charges prohibit the shipment of 
ore that averages less than $35.00 to $40.00 per ton. During 
1918 a company, organized as the Great Metals Mining and 
Milling Co., built a 60-ton concentrating mill near Nespelem 
Falls, about two miles southwest of town. Concentration facili
ties and the development of an excellent silver market resulted 
in a renewal of activity in the clish·iet dru·ing 1919. Ores 
averaging $12.00 to $15.00 per ton became of commercial impor
tance. Work began on the re-sorting of old dumps and the 
mining of lower grade pay-shoots, the ores from the various 
properties being hauled to the mill by auto trucks. 

With the advantages of mi1JiJ1g facilities and a high silver 
'market there is no good reason why several of the properties 
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cannot be profitably worked on a small scale. Mining must 
necessarily be confined to the better pay-shoots along the frac
ture zones, and since these are of limited extent they will not 
permit extensive operation. 

COSTS 

The following cost items were furnished by Beggs & 
Ostrowski, the principal shippers from the district: 

Mining ( crude ........... _ .............................................. $ 4.00 per ton 
Custom milling charge (crude) .................. 4.00 IC 

IC 

Transportation Cone. to R. R. ····~············ 15.00 " " 
Freight charges (Cone.) .................................... 17.00 " " 
Smelting charge (Cone.) .................................... 20.00 '' " 
The crude ore sent to the custom mill averages .from ]4 to 

25 ounces per ton in silver and a concentrate is made which 
averages from 300 to 500 ounces of silver to the ton. 

The ore deposits visited are fottod along zones of fractm·e 
w]:uch trend in a northwesterly direction through the Colville 
granite. 'l'hese fractures appear to have developed from con
tractions in the outer cooling shell of the intrusive granite, 
and the ore minerals collecting in the still molten interior of 
the magma were forced up in the form of hot solutions and 
gases which not only filled the fractures but partly altered 
and replaced the granite wall rocks. The r esult is that the 
veins are not cleancut but grade irregularly into the ,vall 
rocks. .Along the fractures are found mineralized zones vary
ing in width from a few inches to eight feet, the zone filling 
being shattered granite partly altered to sericite, kaolin and 
small irregular veinlets of calcite and quartz. Silver and small 
amounts of gold form the predominating values and are 
found associated with ores of lead, copper and iron. Only 
portions o.f the mineralized zones can be called ore. These pay
shoots occur as lenticular, enriched masses which thin out at 
the margins along both the strike and dip of the lodes. The 
largest pay-shoot so far developed has been in tl1e Apache 
ground where tbe shoot averages about two feet in thickness, 
100 feet along the strike of the vein, with the length along the 
dip not yet fully determined. Portions of this shoot were high
grade, averaging from 50 to 1,000 ounces of silver to the ton. 
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On account of recent glaciation and rapid natural erosion, 
the oxidized zones of the deposits ,,ary between 10 and 30 
feet in depth and are usually quite barren of values. The 
zones along the deposits have suffered sufficient post-mineral 
fractures to open numerous small channels and along these 
channels downward enrichment of silver values has proceeded 
until a lower enriched zone is formed. The depth to which 
this enrichment has reacl1ed cawot be determined until deeper 
mining has been attempted. It is hardly likely, however, that 
it will exceed 250 feet below the outcrops. The richest ore 
will be found in this zone of enrichment, but below this there 
is no reason why the primary silver minerals will not, in cer
tain of the deposits, continue to good depth. 

Named in order of their importance, the secondary silver 
minerals are argentite, proustite (ruby silver) and native 
silver. Proustite is the predominating ore mineral of the 
Double Header deposit, while in the Apache and Panama mines 
the secondary silver has been deposited as argentite and native 
silver. 

APACHE 

Location and General Feafores.- The Apache property ·is 
the best developed and most consistent producing property 
in the Nespelem District. The first shipments were made in 
1911 and since that time it bas been worked intermittently, 
making a total production of several thousand tons of excel
lent grade ore. During 1915 the pwperty was leased to Beggs 
and Ostrowski and since that time work l1as been carried on 
with an average crew of five men. Until recently jt has been 
necessary to carefully hand-sort all ore in order to keep the 
grade high enough to meet the heavy transportation costs. 
Since the completion of the Great Metals mill in 1918 the 
Apache ores have been the chief source of the mill supply. Ore 
that averages as low as $12.00 per ton became of commercial 
value and the Apache lessors began the mining of their lower
grade shoots and the re-sorting of their old dumps. This ore 
is hauled by auto trucks for a distance of two miles to the mill. 
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'l'be property is in sec. 27, 'I'. 31 N., R. 30 E., well np near 
t he crest of the southeast spur of Mineral Rill, about two miles 
west of and one-quarter mile south 0£ the town of Nespelem. 
The mine openings are at an elevation of approximately 2,100 
feet or about 300 feet above Nespelem. 

Description of lhe .Deposit. - 'l'he ore j fou.ncl a long a re
placement lode whicb occupies a sheared zone through the gran
ito. The foot-wall of the lode is well-defined but the fractures 

trend ot1t into the granite without finding any definite 11ang
ing-wall, The rich ore ts fom1d in narrow seams following 
close to the foot-wall. '!'he statement is made that some of the 
carefully hand-sorted smelter shipments have carried as high 
as 1,000 ounces of silver to the ton. The strike of the lode is 
north 50° east and lhe cllp 50° northeast. 'l'lle major shear zone 
is cut and displaced a foot or more in several instances by cross
fractures which ]ead out erratically into the granite. The mine 
evidence strongly suggests that some of the best lenses of ore 
are found at the intersection of these fractures. This is a 
factor which should be well considered when directing future 
development work. 

'l'he upper 25 feet ~f the deposit is severely orjdized and 
leached of its values. Below the oxidized zone secondary ar
gentite and flakes of native silver are deposited to sweeten 
the primary ores into rich shoots of limited size. The fractur
ed condition of the lode has permitted enrichment to penetrate 
well blow the adit level. 

About 60 feet below the surface a flatly-dipping fault trun
cates the vein and displaces the lower segment to the north. 
1'his fault is clearly marked by a four-inch streak of soft 
gouge. 

Stephenite (brittle silver) is the most prominent pr imary 
silver mineral present, while a1·gentite and native silver are 
the important secondary products. Outside of the high-grade 
shoots the unoxidized vein-filling consists of seTicitized granite 
partly replaced by quartz, rhodochrosite, pyrite, tetrahedrite, 
galena, and sphalerite. 

The principal shoot of high-grade ore can be well observ
ed in the stopes below the adit level where it is found more 
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uniform than in the upper limits of the vein. It develops 
pinches and swells along both the strike and the dip of the lode. 
It has a stope length of 100 feet, a pitch.length of 150 feet 
without bottoming the shoot and the thiekness of profitable 
ore varies from one to two feet. 

Developm.ent.-The property is opened by an adit tunnel 
driven 400 feet, with a general trend of north 55° west. From 
this level several small stopes are opened, one of which extends 
100 feet through_ to the surface. Two hundred and seventy 
feet from the aclit portal an incline winze has been sunk on 
tbe lead to a depth of 146 feet. The second level has been de
veloped 96 feet below the collar of the winze by a drift 217 feet 
to the northwest and 138 feet to the southeast. The third level 
is 50 feet below No. 2 and from this dl·ifts have been run 118 
feet to the southeast and 40 feet to the northwest. The major 
portion of the ground southeast of the winze, between the 
third level and the main adit has been stoped out. In this 
same ore-shoot a prospect winze is being sunk from the third 
level. By August, 1919, it had reached a depth of 40 feet 
and good values were reported. The operators plall to deepen 
this winze and if the ore values warrant it, develop a fourth 
level and stope the intermediate ground. Another stope has 
been opened between the second level and the adit level, but 
it is of linrited size because the ore shoot feathered out toward 
the northwest. 

PANAMA 

One of the later discovered properties in the district is 
the Panama, which is located about one-half mile west of the 
Apache lWine and on the opposite slope of the south spur of 
Mineral Hill. The deposit is on the southwest slope of the hill, 
1,000 .feet above and one-fourth mile north of Columbia River. 
The holdings, which consist of two claims and two fractions, 
were located during 1913. They are now being developed by 
H. P. Dickinson, a crew of three men being employed. 

The deposit is quite similar to the Apache, being of the re
placement type, located along a fracture zone running through 
the granite. The zone has the general northwest trend and the 
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steep dip toward the northeast that marks a great number of 
the active properties of the district. 

The lode filling is made up of an al tered zone of granite 

which varies in width from two to eight feet. The limits of. 
the lode are not clean-cut and quite often alteration and re
placement has extended out into the granite wall rocks in a 

manner strongly sugge ti-ve of serieitization along the frac
ture zone by the heated waters. 

Stephanite, argentite, native silver, and :pyrite are the 
predominating ore minerals. The argentite occurs as a sec
ondary silver mineral forming a sooty, wax-like coating along 
the small fractures through the zone. The orthoclase feldspar 
and its alteration product, kaolin, which are prominent min
erals in the granite, have apparently acted as agents to precipi
tate the downward percolating, silver-bearing solutions as 
axgentite. Some thin flakes of native silver were also observ
ed in specimens from this property. 

Development is being cal'l·ied on through two drifts open
ed on the hillside, one directly under the other, at a vertical 
difference in elevation of 43 feet. The upper tunnel is driven 
in a general southeast direction following the fractured zone. 
One hundred feet from the portal the zone swings toward the 
south, giviug the deposit tile strike of south 20° east and a dip 
of 50°-60° E. Near this bend a pay-shoot was encotmtered and 
drifted on for 20 feet. 'l'he face of the drift (.August, 1919) 
showed a body six feet in width of altered granite cut by quartz 
stringers and canying appreciable silver minerals. Channel 
samples across the zone would be necessary before attempting 
to estimate the silver content. Seventy-five tons of ore had 
been mined from this drift and was in the bunkers awaiting 
shipment to the Great Metals mill. The owners report that 
this averages 20 ounces of silver to the ton. 

'l'he lower crosscut was driven south 65° east fo-r a distance 
of 120 feet, where it encountered the vein 45 feet below the 
upper level. 'l'he lead was then drifted on 50 feet toward the 
northwest and this work exposes two to three feet of crushed 
granite which has been invaded by siliceous solutions carrying 
t he silver minerals. Near the face of the chift a ·winze has been 
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sunk on the vein. 'l'he walls of this winze, down to water 
standing 20 feet below the collar, expose ore of apparent 
milling grade. 

During November, 1919, a 12-ton shipment of hand-sorted 
ore was made to the Tacoma Smelter which averaged 56.8 
ounces of silver and 9.32 ounces of gold to the ton. 

One hundred feet northeast of the portal of the upper tun
nel, a small open cut exposes a well-defined quartz vein three 
feet in width. This vein strikes south 50° east and dips nearly 
vertically. The limited work has exposed no mineralization 
other than stains of iron and manganese oxides. lt is possible 
to explore this vein at depth by a cross-cut from either level. 

GREAT METALS MINING & MILLING COMPANY 

Cab-in Claim.-The Great l\Ietals 11Iining and :i\Iilling Com
pany holds 46 claims which are scattered along the south
eastern spur of Mineral HiU about two miles west of Nespelem. 
Their activity during 1919 was centered upon the operation 
of their custom mill and the development in a limited way 
of the Cabin property which they hold under lease and bond. 
During August, 1919, the two compartment shaft had been 
deepened to 200 feet and was being timbered for the installa
tion of a hoist. The shaft had not been pumped out for some 
time and the water confined the examination to the upper level. 
This is 85 feet below tlle collar and consists of a 30-foot drift 
to the northwest which exposes quartz and calcite veinlets 
carrying limited mineralization of galena, pyrite, and spha
lcrite. 'l'hese vein.lets fill a zone of fracturing trending north 
50° west throug11 the granite and clipping to the northeast; a 
part of the northwest-southeast fracture system exposed in 
several of the other properties such as the Apache and Double 
Header. Kaolin and sericite a1·e developed in the granite wall 
r ocks along the zone, and the sulphide replacement in some 
cases extends out into the walls. The development on the 200-
foot level is said to consist of a cross-cut from the bottom of 
the shaft to this fracture zone and a short exploratory drift. 

It is the present plans of the company to explore the shear 
zone by drifts on the 200-foot level and if it does not develop 
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Ilead-frume and ore-bin, at Cabin shaft of Greal ~Ietals ll!lnlng 
& Milling Company, 

ore, a cross-cut will be driven to the west to explore ·with depth 
a vein outcropping about 200 feei west of the shaft house. 

A 20-borsepower distillate engine operates a 2-drill com-' 
pressor and the hoist. 

GREAT METALS M INI N G &. M ILLI N G COMPANY 

D uring 1918 the Great Metals Mining and Mill ing Com
pany completed a 60-ton concentrating mil l near Nespelem 
F alls. Since its completion the mill has been working more or 
less steadily treating the silver ores from the nearby small 
properties, and ores sorted from the dumps left years ago by 
miners in search 0£ only the high-grade ores. During August, 
1919, the mill was running one shift treating ores from the 
Apache mine. The mill feed averaged 10 to 20 ounces of silver 
and was being made into a concentrate carrying 200 to 400 
ounces,of silver to the ton, .for shipment to the Tacoma Smelt er. 
About 90 per cent of these concentrates were being made on t he 
flotation machine and the remaining 10 per cent on the tables. 
Later the tables were discarded. 

The mill is favored whh an excellent supply of water 
power. The water is picked up above Nespelem Falls, carried 
first to a wooden flume and then through a 28-ineh wood-stave 
pipe to the mill, where, under an 80-foot head, it is delivered 
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to a four-foot Pelton wheel through two 3%-inch nozzles, 90 
horsepower being developed on the wheel. Only a fraction 
of the potential power of Nespelem Falls is at present devel
oped. 

Tl1e ore is delivered to the mill by auto trucks which dump 
into a 75-ton storage bin. The ore is drawn from this bin over 
a grizzly set to 1% inches; the oversize is crushed to one inch 
in a Dodge jaw-crusl1er atttl joins the grizzly undersize at the 
boot of a 50~foot bucket elevator. The elevator delivers to a 
small bin at the head of the mill proper. A Challenge .feeder 
delivers to a 12-foot Lane mill which crushes to approximately 
four mesh. The ore is next crnshed in a 4 x 4-foot ball mill 
which operates in closed circuit with a drag-belt classifier. 
Ninety per cent of the classifier overflow will pass a 60-mesh 
screen. This overflow goes direct to a standal'd K & K flota
tion mac11ine. 'rhc concentrates .from flotation a1•e de-water
ed in a series of settbng tanks and dried previous to shipment. 
The tailings are flumed direct to the waste dump. 

DOUBLE HEADER M I NING COMPANY 

The Double Heade!' l\Iining Company was organized to 
work the Little Chief property under lease and bond. During 
August, 1919, a crew of three men was employed on the prop
erty under the direction of B. S. Jenkins. rrhe workings are 
at an elevation of 2,050 feet in the NWJ,4 of sec. 35, •r. 31 N., 
R. 30 E., about two iniles southwest of Nespelem village and 
three-quarte1·s of a mile southeast or the Apache Mine. 

The development work consjsts of an incline shaft sunk 
to a depth of 180 feet on the dip of the vein. On the first level 
drifts were run 275 feet tQ the northwest and 75 feet to the 
southeast. Just below the floor of the cast drift several small 
stopes were opened and some high-grade ore mined. From the 
bottom of the shaft drifts 11ave been run 75 feet both to the 
northwest and southeast, and two small stopes have been 
opened above the level. Down the hillside, several lnmdred 
feet northeast of the shaft collar, an adit tunnel has been 
driven 390 Ieet in a direction south 40° west to intersect the 
vein oo its dlp. This tunnel has not been completed. 
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'l'he ore is found as replacement deposits along a fracture 
zone in the granite. The zone strikes north 60° west and dips 
38° northeast, thus placing it along the northwest fracture sys

tem occupied by the Apache and other adjacent deposits. The 
vein matel'ial varies in width from two to ten feet between the 
walls of granite. 'rhe silver minerals al'e found in small string
ers of quartz and calcite which cut irregularly through badly 
altered granite which makes up a part of the vein-filling. Con
siderable sericite and kaolin is developed in this granite, and 
it is in part replaced by pyrite. 

The primary silver minerals occur associated with quartz 
and calcite as pin-point bunches of some silver sulphide be
lieved to be stephanite. The primary minerals are, however, 
altered and enriched by pyrargyrite ( ruby silver) and lesser 
amounts of argentite. Pyrargyrhe is the important ore mi'n.
eral and work is usually confo1ed to searching for high-grade 
shoots of the enriched ore. The best ore has been found to the 
east of the shaft. On the first level, about 50 .feet east 0£ the 
shaft, one lense-like shoot of ruby silver ore was found which 
had a stope length of 30 feet and an average thickness of two 
feet or more. This lens is reported to have yielded approxi
mately $10,000 in silver. No other lenses tl1at would approach 
this in size or richness have been found. The present workings 
expose other shoots along the vein carrying some mineraliza
tion but systematic channel sampling would be necessary to 
determine if they could be called ore. 

A NDY O' NEI L 

The property known as the Andy O'Neil is in sec. 27, 
T. 31 N., R. 30 E., about one-quarter mile northwest of the 
Cabin Sha£t, or two and one-half miles west 0£ Nespelem. 
It is under lease to Frank Hammond and Roy Smith, who, dur
ing 1919, were carrying on development work and 1·e-sorting 
the old dump, a crew of five men being employed in this work. 

TJ1e property is opened at two levels connected by a 60-
foot raise. 'l'he upper level is driven north 70° ,vest for a length 
of 70 feet. 'l'he predominating country rock is granite, but 
about 30 feet from the portal quartzite appears and the drift is 
extended along the contact of the two formations where a small 
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vein carrying appreciable values is found. '!'he strike of the 
vein is north 55° west and the dip averages 50° southwest. Tlie 
ore minerals are galena, tetr aheclritc, chalcopyrite, bornite, py
rite, and marcasite and the ore is worked principally for its 
silver values. Along broken sm·faces the oxidation product £rom 
the pyrite coats the smfaces wit11 a thin brown oxide skin. The 
sulphides make up about 25 per cent 0£ the vein filling, the re
mainder being quartz and calcite. In the lower levels the ore 
minerals exhibit a rough banding parallel with the wails. Near 
tile raise connection from the lower tunnel the ore is faulted off 
by a dike of 'J'ertiary granite porphyq. 

The lower level is driven north 35° east £or a length of 135 
feet . .About 70 feet from the por tal a second vein sh·iking north 
70° west and averaging 14 inches in "',idth, was cut; although it 
carries appreciable mineralization it has not heen followed. 
Near the bottom oi the raise to the upper level the main vein 
is encountered . It has been explored £or a shor t distance by 
drifting and a limitd am.otmt of stoping has been accomplished. 
The vein has been faulted until it has the appearance of a series 
of lenses. These faults have .fortunatelr uot been large. One 
of which was measurable, exhibits a throw of 20 inches. In 
the lower level the vein as exposed has an average width of two 
feet. 'l'he foot-wall is well defined but the hanging-wall is 
obscured b)- irregular replacements r eachjug out into the 
granite. 

TIP TOP 

Near the crest of the southeastern spur of ~[ineral Hill, 
about one-quarter mile northwest of the Cabin workings, is 
the Tip Top property. This prope1·ty had been active early in 
1919 but at the time it was visited it was closed down tempo
rarily and was visited in the absence of the operators. 

The principal development work is a vertical shaft 150 
feet deep from the bottom of which a shor t cross-cut has been 
1·un to the vein. From the side llill a drift is driven due west 
80 feet to tap the shaft 40 feet below its collar. Near the por
tal, the drift cuts beds of black argillaceous shale, whicl1 strike 
south 70° west, and dips 50° south. Fifty feet from the portal 
t he shales give way to grayish, impure quartzite. 'L'here are 
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numerous small fractures through the quartzite w11ich have 
been cemented with marcasite, pyrite and chalcopyrite. The 

shales and quartzite are an isolated remnant of a vast belt of 
Paleozoic sediments which formerly covered the Nespelem area . 
.A.bout 50 feet down the shaft the underlying granite appears. 

The lower part 0£ the shaft was under water when visited. 
It is understood that the shaft cuts a small vein which is en
closed in grarute and trends across the shaft. This vein is 
said to be 30 inches in width and well mineralized where cut 

by a 10-foot crosscut from the bottom of the shaft. 

REBECCA MINING COMPANY 

This property is situated along the south line of T. 30 N, 
R. 3 E., near the southeast corner of section 32 and a bout 10 
miles southeast of Nespelem and two miles northeast of Ste
-venson 's Ferry. 

A hurried visit was made into the Nespelem D istrict and 
lack of time prevented an examination of the property. The 
following description is taken from the report of Pardee•: 

• • 'l'he 1·ock formations are inter bedded argillite and im
pure limestone that strike north_ 10° east, and together form an 
inclusion half a mile long by 500 feet or more wide in the 
Colville granite. To the east basalt overlies the granite and 
the argillite in part. Glacial drift conceals the bech·ock over 
considerable areas to the north and northeast. 

'' Open cuts along a course of about 400 feet expose a 
bed of impure limestone 20 feet or more in width in contact 
with the granite to the west. A large proportion of limonite 
is associated with the limesto11e, and the green stain of mala
chite is present. The deeper workings mentioned are situ
ated within this belt, and the material of their dumps consists 
largely of aggregates of lime-iron silicates, chiefly, epidote and 
vesuvianite, together with magnetite, which may form 50 per 
cent of the mass. The sulphides, pyrrhotite, chalcopyrite, and 
sphalerite, are inter-grown with the minerals mentioned and 
locally form as much as 20 per cent of the whole. All the 
dumps show chalcopyrite and sphalerite in variable but ap
preciable percentages and the mineralized zone is evidently 

•Pa rdee, J. T., op. cit. page 204. 
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of good size. A fairly representative sample from the sur
face of one of the richest looking dumps yielded by assay at 
the rate of 2.68 ounces of silver to the ton, a trace of gold, and 
5.15 per cent of copper. No test was made for zinc. which 
is commonly present but in less quantity than the copper." 

Since this report there was but little development work 
until May, 1919, when a contract £or diamond drilling the prop
erty was let by the company to Boyles Brothers of Spokane. 
One of the owners of the property states that by August, 1919, 
a total of 800 feet of drilling, divided among six holes, had 
been accomplished and at that time the seventh hole had just 
been started. 

KELLER DISTRICT 

GREAT WESTERN 

The Great Western property is a recent discovery, having 
been located early in 1920. The holdings are 500 feet above 
and one-quarter mile west of San Poil River, at a point four 
miles north of Keller. 

The discovery was on the outcrop of the vein near the 
contact between the quartzite and an intrusion of granite. 
The vein averages 12 to 18 inches in width, strikes east-west 
and dips 25° north. The nrst 20 £eet of the exposure i-s badly 
altered and staine<l., but where explored deeper by a shallow 
winze, the partially altered sulph:ides were beginning to ap
pear. Samples taken across the vein in the shallow upper 
workings are reported to assay 50 ounces of silver to the ton. 
Thirty feet further down the hillside another small vein, ex
posed in an open cut, is said to assay quite well in sjlver. 

The ore minerals have evidently been derived from the 
granite and then deposited in small margin.al fissUl'es develop
ed along the quartzite contact. 

To gain depth on the deposit a crosscut is being driven 
north 70° east from a point 100 feet down the hillside f:rom the 
croppings. The crosscut has been driven 80 feet through coarse
grained granite which exhibits occasional splotches of molyb
denite as an accessory mineral in the granite. One hundred 
feet south of the crosscut a small exposure of audesite over-
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lays the granite. This exposure is related to the andesite of 
'l'ertiary age so well exposed northward along San Poll Valley. 

IRON CREEK 

At a distance 0£ seven miles up San Poil River from 
Keller a branch road leads off up hon Creek five miles to the 

Iron Creek Mine. There has been intermittent prospecting on 
this property £or a number of years and several small ship
ments of sorted ore have been made, which are reported to 
average between 50 and 75 ounces of silver. Operations have 
been continuous for the past year; several hundred feet of 
underground work has been done, a well equipped camp con
structed and a 20-ton experimental mill is now ru1der con
struction. 

The formation in the vicinity of the mine is a highly 
metamorphosed, dark, argillaceotts Limestone, which is di
rectly related to the Paleozoic series so well exposed iu nearby 
areas and eastward in Stevens County. The exposm·e in the 
vicinity of the mine is lmt an isolated remnant of the series; 
it outcrops over an area of one square mile and is enclosed on 
all sides by granite po_rpbyry. 

The limestone has developed an irregular fracture pat- • 
tern with the major fractures showing a prevailing north
easterly trend. From the major zones, minor fractures trend 
off into the limestone. 'l'he ore solutions have used the frac
tures £or conduits and the best ore is founcl as irregular re
placements near the fracture intersections. The upper por· 
tion of the deposit is badly weathered and iron-stained. 'l'he 
ore is partly altered to the carbonate and oxide forms with 
some galeu_a yet tmaltered aJld silver values present. Copper 
in the forui o.f malachite has a limited occmrence. 

The deposit bas been distm·bed by intrusive dikes of 
granite porphyry which are later than the ore bodies and have 
displaced them irregularly. Two hundred feet east of the mill 
the outcrop 0£ a vein 30 inches in width fills a :fractru·e which 
strikes north 70° east and dips 40° southeast. rl'his vein is 
reported to average 20 om1ces of silver to the ton. It was ex
plored by a lower drift but a short rustance in from the portal 
is cut off by a fault. 
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'l'he experimental mill which was under construction 
Augtist, 1920, is provjdecl with a Blake jaw-crusher, two bat
teries 0£ five stamps each, one Wilfley table, and one Stan
dard table. The mill will be operated by steam power; wood 
for fuel is secured locally. 

A11de1·son Olaim.-One-fourth mile up Iron Creek, west 
of camp, the company has opened a vein which averages one 
foot in width and fills a nearly horizontal fracture through the 
limestone. The strike 0£ the vein is east-west and the dip 
15° south. I t has been opened £or a distance of 150 feet and tl1e 
statement was made that it averages 15 ounces in silver and 
four per cent lead to the ton. 

COV ADA DISTRICT 

'l'he Covada mining district comprises an area of approx
imately 40 square miles adjacent to Columbia River in south
eastern Ferry County. The district is retarded by its isola
tion .from railway transportation. It is most easily reached 
over 30 miles of ordinary road from the town of Addy on 
the Great Northern Railway. It is also accessible from the 
highway up Columbia River. A ferr.v operates across Colum
bia River between Gifford and Iuchelium. 'l'he latter town is 
the headquarters for the Indian Agent over that section of 
the Colville Reservation. Meteor ancl Covada, the two prin
cipal towns of the district, are connected with Inchclium by 
roads suitable for automobile travel. 

The district was dormant during the summer of 1919 
but when an adjoining area was visited during 1920, a ship
me11t of high-grade silver ore was being hauled out from the 
Stray Dog property. The time remaining £or field work was 
so limited that the district was not visited by the wi·iter. 
It was fully described by Weaver• during 1912 and by Pardeet 
during 1913. Since that time only a scant amount. of new 
wo1·k has been accomplished and accordingly these reports 
are still practically up to date. 

•weaver, C. E . Geology and Ore Deposits of lhe Covada Mining Dis
trict: Wash. Geo!. Survey, Bull. 16. 1913. 

tPardee, J. T. Geolog,· and 1\llner-al Deposits or Colville Indian Reserva
tion, Washington: U. S. Geo!. Survey, Bull. 677, 1918. 
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They indicate that the principal deposits occur as fissure 
veins enclosed in Meteor granodiorite and the older meta
morphosed sedimentaries. As a rule the veins are narrow, 
seldom averaging over two feet in width of mineable ore. 
They contain ome narrow pay-shoots of ric.h silver ores. In 
other instances the mineralizat ion is found impregnated in the 
country rock along a series of fracture planes. A number 
of carloads of high-grade ore have been shipped from the 
district at various times. These shipments came principally • 
from the Stray Dog1 Meteor, Silver Crown, Silver Leaf, and 
Longstreet properties, and averaged $50 to $100 to the ton. 
Since freight and treatment charges total $30 to $35 to 
the ton, the mining of these narrow ore bodies and the re
jection o.f the medium-grade ore discourages continued opera
tions. If a sufficient tonnage of profitable ore can be definitely 
developed in the various propet·ties, then a small but well
desigued, centrally located custom mill would cut down the 
transportation costs and permit profitable operations on a 
limited scale. '!'he descriptions of the various properties do 
not, however, indicate that a sufficient tonnage of ore to in
sure st1ch a venuwe has yet been developed. 

OROVILLE-NIGHTHAWK DISTRICT 

GENERAL .FEATURES 

Tlie Oroville-Nighthawk District, as designated in this 
r eport, includes an area of 150 square miles in the northeast 
section of the Chopaka quadrangle and a small adjoining 
fraction of the northwest section of the Osoyoos tLuadrangle 
as mapped by the U. S. Geological Smvey in northern Okan
ogan County. The town of Oroville, situated in the Okanogan 
Valley six miles south of the international boundary, is the 
commercial center of an area devoted to farming, horticul
ture, and mining. 

The area is well opened to transpor tation by the We
natchee-Oroville Branch o:f tho Great Northern Railway and 
also tl1e 'pokane-Oroville Branch of the same railway. From 
Oroville tl1e Princeton Branch of the Great Northern follows 
up the Similkameen River into British Columbia. The prop
erties in the vicinity of Nighthawk are all situated within a 
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few miles of this railway. Fail'ly good automobile roads 
traverse the area and the new road now being constructed 
between Oroville and Nighthawk will be a decided help to 
several of the mines. 

1'0POGRAPHY 

'l'he district is a part of the broad, physiographic division 
of the State known as the Okanogan Highlands and is char
acterized by land forms varying from an elevation 922 feet 
above sea level at Oroville to the summit of Mt. Chopaka 
with a maximum elevation of 7,829 feet. Large portions of 
the a1·ea resemble an upland plateau with rolling surfaces sur
mounted with dome-shaped mountains which attain elevations 
of 3,000 to 4,000 feet above sea· level. In the vicinity of 
Nighthawk is found the steep-walled rugged mountain topog
raphy so characteristic of that further north across the line 
into British Columbia. 

Glaciation during Quaternary time by the Cordilleran ice 
sheet radiating southward from the mountains of British Co
lumbia, has played an important ro1e in developing the topog
raphy. Pre-glacial drainage systems had apparent1y incised 
"V" shaped va1lc:-rs across the old land surface ancl these val
leys influenced to a degree the subsequent southward journey 
of the ice sheets. Two of the major avenues of invasion are 
marked today by the two broad "U" shaped glacial trenches 
known as the Similkameen and Okanogan valleys. TJ1ese 
trend southward keeping a parallel course with the separating 
distance about 12 miles. Where crossed by the international 
boundary the floors of these two trenches are each over a 
mile in width, but continuing southward they gradually taper 
down, thus suggesting the diminishing sturdiness of the gla
ciers as they gouged theii- way southward. Some idea of the 
size of these ice sheets can be sm·mised by observing bed rock 
striations on the mowits,iin slopes 3,000 feet or more above the 
floor of the trench. 

Damming along the floor of the trenches has developed 
several extensive glacial lakes, wliose waters are utilized by 
irrigation projects. Glacial choking of the Similkameen 
trench caused Similkameen River, at a point five miles 
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south of the international boundary, to be deflected :from the 
Similkameeu trench eastward through a branch river valley 
to join the Okanogan River near Oroville. Willis'"' made a 
reconnaissance through the area in the later eighties and in 
the resulting publication suggested that Similkameen 
River formerly :flowed south through the Similkameen Valley, 

joining Columbia River at some point south of Conconully. 

POWER 

The Okanogan Valley Power Company now supplies the 
district with electric power from its plant on the Similkameen 

River three and one-haJ£ miles above Oroville. The old plant 
diverts but a small portion of the flow and develops only 400 
horsepower at low water. The district has outgrown this 
plant and a new dam and large power plant are now under 
construction and will be finished early in 1921. The dam is 
50 feet above the bed of the river and gives an effective bead 
of 75 feet and will make available 2,500 horsepower. The 
power costs on mining contracts will be approximately $40.00 
to $50.00 per horsepower year. 

GEOLOGY 

Broadly interpreted, the older rocks of the area are made 
up of a series of slates, schist, quartzite and limestone, which 
are the metamorphic equivalents of the sedimentary and in
trusive series of Paleozoic age. These were mtruded and up
lifted by granite intrusions during late Mesozoic ,or early 
Tertiary times. Later, lake bed deposits were built up over 
a part of the area and then andesite flows spread out over the 
eastern section. DuTing Quaternary time monster ice sheets 
planed off large portions of the land surface with such success 
that portions of the underlying igneous batholith were ex
posed. 

Umpleby interprets these series of events clearly in his 
r eport"t to which reference should be made for more cletailecl 
discussion. 

•wrnts. Balley. Changes In River Cources In '\Vasblngton Territory Due 
to GlaclaWon: U. S. Geo!. Survey, BuU. No. 40, 1887. 

tUmpleb}', :r. B. Geology and Ore Deposits of the Orovllle-N!ghlha.wl, 
District: Wash. Geo!. Survey, Bull. No. 5, part 2. 
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The mountain structure of the Okanogan Highlands as 
exposed in the Oroville-Nighthawk District, has been well 
interpreted in the masterful r eport of Daly in his Forty-ninth 
Parallel Report for the Canadian Government. t 

In the area adjoining the international border from Osoy
oos Lake westward to Pasayten River, a distance of 60 miles, 
Daly desig11ates the mountain .structure as the Okanogan 
Composite Batholith. By this is meant that this section or 
the mountain range is composed of material demonstrably in
truded in two or more distinct stages of one eruptive period, 
the magmas of the different intrusions having different com
position. 

S·imiikameen Batholith.- Practically all of the procl'u.c
tive mines in the district were found to be directly related 
to the Similkameen batholith and for this reason the general 
features of the batholith will be included in this report. It 
.is well exposed to the north and west of Nighthawk, par
ticularly on Little Chopaka Mountain and across the Similka
meen Valley on the slopes of Mt. Chopaka. The rock is a 
medium to coarse-grained, light-gray, soda g_ranite or grano
diorite which is made up chiefly of basic oligoelase, alkaline 
feldspars, orthoclase, quartz, hornblende and biotite. The 
composition is quite variable, many marginal basic phases be
ing observed near the outer crust of the intrusiOD.i thus caus
ing the rock to approach a monzouite or diorite in composi
tion. Since the phases of the Similkameen batholith observed 
near the mines are nearer the composition of a granodiorite 
than a true granite, the rock will be referred to in this re
port as a granodiorite. 

Roof Pendant.-The relations between tl1e Simillrnmeen 
batholith and the older Paleozoic series of roof rocks are 
well exposed in the vicinity of Nighthawk. A. plunging, 
nearly vertical contact between the two formations was found 
500 feet south of the Kaaba Mine openings, and from the 
roadside was traced in a westerly direction up the slopes of 
Little Chopaka Mountain. The development along the con
tact of well-shaped crystals of epidote and garnet with occa-

tDaly, R eginald A. The Okanogan Composite Balhollth of the Cascade 
Mountain System. G. S. C. 'Memoir 38. 190G, p. 425. 
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sional sporadic bunches of cb.alcopyrite and pyrite tell the 
story of pneumatolitic contact reactions. 

Daly• describes several large irregular blocks of schist 
roof rocks projecting downwardly into the Similkameen 
batholith, and designates them as roof pendants. If erosion 
had not removed the upward extension of the contact just 
mentioned, it would undoubtedly be found to flatten out and 
approach the horizontal with the schist forming a roof over 
the granodiorite. In other words, a block of the schist roof 
rock is suspended downward 1,500 feet or more into the bath
olith to form a l'Oof pendant. The downward projection of 
this pendant is surrounded by the granodiorite and is analog
ous to the pendant of Gothic architecture. Its form originated 
from irregular stoping of the batholith into the overlying roof. 

A small roof pendant is well exposed on the southwest 
slopes of Little Cbopaka Mountain adjoining the Four Metals 
and Kaaba 1\'Unes where it extends across the Similkameen 
trench and is exposed on the slopes of 1\1:t. Chopaka. This 
phenomenon is discussed here because its existence is believed 
by the writer to play au important part in controlling the for . 
mations of several of the most noteworthy veins in the dis
trict. 

GENESIS OF THE ORE DEPOSITS 

The ore deposits of the district wei·e no doubt introduced 
as a part of the Similkameen intrusive batholith. During t he 
extended cooling of the magma from a liquid state the mineral
bearing constituents tended to segregate within the magma 
and during the closing stages of crystallization were forced 
up iu a mixed molten aud gaseous state to fill fissures which 
had developed in the outer crust of the batholith. 

Some of the most active mines of the district are centered 
in a very restricted area on the southwest slope of Little Cho
paka Mountain and across the imilkameen trench near the 
base of the northeast valley wall of Mt. Chopaka. These 
veins are mostly iu tl1e granodiorite but near the margin of 
its contact with the roof pendant of schist. It would seem 
that the roof pendant chilled the marginal crust of the gran-

• •Idem. p. 429. 
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Looking down the tramway of lhe Copper World Extension Mine. from polnl 
near lenslon stallon. Palmer Lake heJow. 

odioritc and aided by the recurrent heavings of the still 
molten interior, crnstal tensions were set up that influenced 
the development of fissures. 'rhese soon offered avenues for 
ascending mineralized solutions and gases ol'iginating deeper 
in the cooling magma. On Little Chopaka l\fonntain there 
arc a series of north-south trending, close-set veins such as 
the Kaaba and Four Metals deposits, which trend off into 
the grunodiorite at varying angles from the plane of contact. 
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The limited development of the veins points toward the sug
gestion that they are stronger and better mineralized within 
approximately the first 1,200 feet of the contact. Beyond 
that they narrow down and the mineralization as exposed 
by the limited exploration work, has weakened considerably. 
The veins have not yet been fo1lowed a11y distance into the 
schist. If the writer's hypothesis is co1•11ect the veins should 
be expected to continue strongly several hundred feet after 
crossing the contact into the schist pendant ancl tl1en gradu
ally die out. 

The occurrence of the veins near the roof of the bath
olith, regularity of strike and dip, smoothed walls and other 
miscellaneous evideuee suggests that the deposits were formed 
at depths of probably 3,000 to 8,000 £eet below the surface. 

TYPES OF ORE Dll:POSJTS 

'l'here exists an interesting diversity of ore deposits in 
the area which warrants a discussion that should lead to a 

· clearer understanding of their controlling factors. 
The first is the simple, marginal fisstu·e :in granodiorite 

filled by a quartz vein carrying its mineralization in values 
of silver, lead and copper, named in order of their rank
ing importance. This type is well exemplified by the Kaaba 
and Four Metals veins. 'l'he mine evidence suggests that prac
tically barren qnartz veins were first deposited. The qual'tz 
was subsequently fractured and mineralized by the sulphides. 

'l'he Ruby deposit, a mile and one-}1alf southwest of the 
F our Metals, also occurs as a quartz veill inclosed fo grano
diorite but the fissure appears to have been origi11ally opened 
by shearing movements trending north 45° we t along what is 
now the base of 'hopaka Mountain. The vein which is char
acterized by pinches and swell$, ha flJJed lhls shear zone 
and is found associated with considerable quantities of gouge
matter, which has been added to by post-mineral movements. 

The Copper World Extension deposit on Palmer Moun
tain offers for var iation, chalcopy:rite, marcasite and pyrite 
occurring as an intcrgro·wu sulphide matte, which is found 
in a series of overlapping tabular lenses of varying dimen
sions. 
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The fourth type of deposit is repr~sented by mineralfaa
tion along an undulating shear zone through gr~ite rocks. 
At the 0. K. Mine on Kruger Mountain this shearing action 
has beeu so intense that the granitic rocks for a width of 
:five feet along the zone have been directly transformed into 
quartz-mfoa scltist. Movements along the undulating zone 
have thrown the walls into juxtaposition thus forming pinches 
and swells, both along the strike and dip of the vein. Cbal
copyrite and py1·ite in a matrix of quartz have been deposited 
in these cavities with the resnJt that the ore lies in wedge 
shaped lenses. The 0. K. Company mined its ore from one of 
the large bulged lenses. The Golden Chariot and 4Dth Parallel 
workings could not be examined but tile surface showings 
indicate tJ1at tl1ey are located along the same zone of shear
ing and their production has likely been derived from similar 
lenticular masses. 

Umpleby• describes a large body of low-grade, dissem
inated copper ore, which occurs on Krngcr Mountain imme
diatel.v 1.Yest of Osoyoos Lake. Deposits of similar natm·e are 
known to occur at the Lakeview and Gold Dust properties 
about two miles further north and across the international 
boundary. Only scant developm ent work has been done but 
judging from the t·eports of several competent investigators 
who have visited these deposits, the showings merit more ex
tensive development work. 

VEIN DEPOSITS OF GOLD ORE 

When Umpleby visited the Oroville-Nighthawk Disti·ict 
(1909) the principal mining activity was confined to gold 
veins, certain of these .having tbeir values entirely in gold 
and others carrying associated values in silver, lead and cop
per. WJien, after a period of 10 years the district was re
visited, a decided change had ensued; not a single gold prop
erty was under developmeut and all activity was confined to 
lead-siher ancl copper ores. The mining men of the district 
state that. the lethargy in gold mining is not due to the fact 
that the properties are witl10ut merit but. that the conditions 
are due to the present day status of gold mining. 

•wash. Geo!. Surve~·. Bull. No. 5, p. 85. 
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An interesting question of relation is opened by the oc
currence in this area of quartz veins carrying th.eir chief 
values in silver, lead and copper and only subordinate values 
in gold, while closely associated are other similar quartz -veins 
carrying gold as their chief va1ue. These various veins are 
thought to liave formed at about the same time and from 
the same parent som·ce and their occurrence suggests that 
previous to their injection into the fissures the mineral-bearing 
agents were given the opportunity to segregate into respective 
types. 'rhe fissures in the vicinity of Nighthawk received ores 
principally 0£ lead and silver, while several of those near the 
old town of Golden received gold ores with lesser values in 
lead and silver. 

KAABA 

Gene1·al 1i'eal11res.-'J'he Kanba A[ine is m secs. H and 
23, 'l'. 40 N., R. 25 E., near the base of the southwest slope of 
Little Chopaka Mountain, one mile southwest of the town of 
Nighthawk, and four miles south of the international boun
dary. The branch Tail.road to Princeton, B. C., passes withju 
100 yards of the workings. 

The deposit has been developed intermittently for many 
yea.rs but the .fact that the ore is not of shipping grade dis
couraged extensive development. Duriug 1918 the Benders 
Milling Company erected a 75-ton custom mill at Nighthawk. 
The Kaaba Company mined and shipped 1,800 tons of ore said 
to average $8.00 per ton to Utis mill, but the mill recovery was 
not satisfactor y and shipments were suspended. Since then 
development work has been carried on more or less irregu
larly and it is the p resent plan of the company to install a 
larger surface plant and carry development work ahead to 
develop a tonnage sufficient to insure the erection of the first 
unit of a large-capacity, modern concentrator. 'l'he present 
surface equipment consists of a two-drill air compressor op
erated by a 30-borsepower motor, while a 20-horsepower 
motor .furnishes power to a small hoist. Th.e customary mine 
buildings and auxiliary mining equipment make up the bal
ance. 
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Bead bin and hoist room for inclined shatl on Kaaba vein. The vein 
outcrops Rlong lhe base of Lhe mountain. 

Drscriptiou ol ih r Drvosit.-'l'he Kaaba deposil is a lal'ge, 
normal quartz veiu filling a fissure in granocliorite, which 
strikes north 3° west and dips 43° to 55° west. 'J'he vein out
Cl'ops boldly along the ba:se of fhe mouutaiu slope 100 £eet u:om 
the colmty road. I t has been explored J:or 600 .feet on the 
strike and 240 feet on the clip and ail the head ings at the 
time of examination were in 01·e of appnre11t1~~ fllilling g1·ade. 
The width varies from 6 to 20 feet with 11 feet as an average, 
thus stamping it as one of the large low-grade veins of the 
State. 

The d eposit is a typical example of a marginal vein, 
formed near the contact of intrusive granitic formation and 
the older intruded roof rocks. The south shaft of the vein 
is 500 feet north of the plunging contact between the intrnded 
hornblende-mica schist and the granodiorite, ancl 1l1e strike 
of the vein ·will carry it across the contact into the schist. 
The body of scJ1ist is mentioned earlier in the report (page 22:3) 
and is designated as a roof pendant. Its relations to the ore 
bodies are discussed on page 45. ~ 

The graoitoid wall rocks in t he vicinity of the vein have 
suffered hydrothermal alterations, the basic minerals being 
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partly converted into cblorite and in places slightly serpentiu
ized while the feldspars are altered to kaolin. The quartz 
vein filling has been shattered parallel to the walls by move
ments aloµg the plane of the vein. The ore minerals 0£ argen
tiferous galena (both "cube" and 11 steel11 variety), chalco
pyrite. py1:ite, ancl marcasite, tend to arrange themselves in 
irregular bands parallel to the walls while smaller bunches 
and specks are scattered .iri·egularly through the quartz. 

'l'he tendency toward sulphide banding indicates tl1at the 
quartz was injected first, then soon after shattered and im

pregnated with the sulphides. AJl the development so far 
has found no part of the vein barren of values, but there is 
a tendency for the values to be concentrated in pay-shoots, 
and in mining it may be found necessary to leave blocks of 
ground too low-grade to pay. 

The vein is invaded by t,vo very :fine-grained diabase 
dikes. In the bottom of the shalt these dikes form resl)ec
tively a false foot-wall and hanging-wall. Near the 200-foot 
level the large dike leaves the foot-wall and breaks up 
through the vein to continue near the hanging wall, finally 
50 feet below the collar of the shaft it leaves the vein, breaks 
nearly vertically up th.rough the granodiorite and outcrops 
on the hillside above the shaft. The large dike is three feet 
in thickness at the 200-foot level and narrows down to one 
foot at the 50-foot level. These dikes al'e evidently post
mineral since they apparently have not infiuencecl mineraliza
tion but in. places cut through bands of ore; the force of the 
dike intrusion has caused some of the sulphides to develop 
flow-structure. In places, these dikes form false walls and 
in mining should be broken thl·ough, for in sevel'al -places in 
the mine good ore was fotmc;l between the dike and the true 
,valls. 

Deucloz:nnent.- The vein i. opened by a two-compartment 
inclined shaft sunk to a depth of 240 feet on the vein. From 
this shaft there exists 800 feet of drifting divided among three 
l evels opened at 50, 100 and 200 feet respectively below the 
collar. On the surface south of the working shaft there are 
six shallow exploratory pits sunk at intervals along the out-
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Bender 11[1!1 at Nighthawk. 

CTOP over a length 0£ 350 feet. 'fhe limited exploration work 
has not clcfu1ed either the vertical or Jrnrizontal extent of the 
vein. It has, however, b1ocked out 100,000 tons of low-grade 
ore on two and three sides. 

S1m1mif T'ein.- On the Summit claim, so named because 
of its location near the crest of Little Ohopaka Motmtain, 
one-qttarter mile west of and some 600 feet above the Kaaba 
outcrop, there is a second quartz vein wJ1ich trends parallel 
to the Kaaba vein. It is three and one-half .feet in width 
and its general features form a miniature replica of the Kaaba 
vein. Ope11 cuts have been employed to expose the vein for a · 
length of 500 feet along its trend, ruJd at one point an in
clined shaft has been sunk to a depth of 80 feet. Samples from 
this shaft assay five to seven ounces o:C silver, with minor 
values in lead and gold. 

BENDER MILL 

Dui·ing 1918 a company Ol'ganized as t11e Bender Metals 
Milling Company erected a 75-ton custom mill at Nighthawk, 
utilizing a part of a mill building which :formerly housed the 
stamp mill of the Nighthawk Mine. The plant was designed 
to treat ores from the Gold Bar, Kaaba and surrounding mines, 
b11t due to several local interfering £actors, the mill has op-
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erated only a few months since its installation. For the most 
part, the equipment is modern and by making several changes 
in the £ow-sheet it should be capable 0£ making a good re
covery. 

The present arrangement of the mill is as follows: 

I 

Custorp Ore:; 

50 Ton Head Bin 

' 
0 

,/, 
(:rrizzly set to 

ver.siz~ 
t 

BlaKe uaw Orusher 
produc.t To p,m fYi riri, 

--"------' 

60' BucKet Elevator 
l 

2. - 100-ton Mi II Bins 
I 

Zei<3ler Ffotatfon Machine 
I ' Concenlrotes Tails 
J To WO$T~ 

Deister Slime Table \ 
i ~ -----.. 

Lead - Silver Copper- Con<: . Tails 
Concentrates 1 \ 

De~atertng Bins 

Fig. 18. Flow-sheet or the Bender· Jltill. 
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FOUR M E T A L S 

General Fealures.-For two years the Four Uetals ~fin
ing Company has been actively developing its property which 
is in secs. 14 and 23, T. 40 N., R. 25 E., on the south slope of 
Little Chopaka Mountain, one and one-half miles southwest 
of Nighthawk, and three and one-half miles south of the in
ternational boundary. 

'rhe principal development work has been confined to a 
normal quartz vein filling a fissure in granodiorite, which 
strikes north 7° we t and dips 32° to 37° west. '£he vein is about 
4,000 feet by air line west of the Kaaba vein and trends 
practically parallel to it. Like the Kaaba vein it occurs in 
the granodiorite near the marginal contact of the granodiorite 
and the same roof pendant of hornblende-mica schist and as
sociated metamorphic rocks. The south extension of the vein 
carries it into the schist and several surface cuts show it to be 
quite well mineralized there. The width varies from two to 
twelve feet vrith six feet as an average. The ore minerals of 
argentiferous galena, chalcopyrite and pyrite are concentrated 
in ribbon-like bands parallel to the walls with minor values 
in el'l'atic specks and bunches scattered through the quartz. 

Shamrock Claim .. -About 100 feet back of the experimen
tal mill, at an elevation of 300 feet above the Similkameen 
River, a 70-foot crosscut has been driven to a vein known as 
the Shamrock. The crosscut encounters this vein on an ex
cellent pay-shoot and gives a depth of 100 feet below the 
outcrop. This pay-shoot measures approximately 60 feet 
along the strike of the vein and is said to average four per 
cent lead, one to two ounces 0£ silver £or each per cent of 
lead, one per cent copper and fifty cents per ton in gold. 
The sulphides are quite free from alterations and the galena 
for the most part is well crystallized into cubic form. From 
the crosscut a drift has been carried 57 feet to the north with 
the vein continuing strong in the face of the drift but mfa
eralization weakened. South of the crosscut a short dis
tance, the vein pinches down but surface cuts show that it 
will again widen. Other pay-shoots may exist either to the 
north or south and the mining chance warrants more extensive 
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d1·i£ting on the vein, for in a deposit of this type it is often 
found that pay-shoots are separated by zones that are nearly 

barren of mineralization. Where the surface wash is not too 
deep, test pits along the vein would serve to locate the shoots. 

One hundred feet southeast of the portal of the Shamrock 
Tunnel a vertical shaft has been sunk to a depth of 110 £eet, 
and from tbe bottom of this shaft a 30-foot crossc11t was made 
to the Shann·ock vein . This new work bad been completed 
three weeks prior to the examination and the vein at this 
depth had beeL explored only by a 50-foot drift toward the 
north. All of this work exposes ore of apparent milling grade. 
This new exposure has not yet been systematically ampled. 
Pyrite is the predominating sulphide and associated with it are 
galena, chalcopyrite and minor amounts of sphalerite The 
quartz vein exhibits a considerable variance in width with 
five feet as an average so far exposed. The shaft was sunk 
through the pendant of hornblende-mica but the crosscut 
from the bottom of the shaft soon enters granodiorite. The 
vein is enclosed in granodiorite but is trending close to the 
contact between the grano.diorite and the roof pendant of 
schist. 

Alice Clairn.- On the Alice Claim about 1,500 feet north 
of the Sham1·ock openings, development work was in prog-
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ress on what is evidently the not·tbward extension of the 
vein exposed in the Shamrock workings. The vein here splits 
and the parallel branches are separated by 25 feet of con
glomerate material. 'l'he east branch is opened by a 500-£oot 
drift which exposes a. two to five-foot vein which is badly 
crushed and lined with gouge matter. Considerable miner
alization in dark argentiferous galena, chalcopyrHe and pyrite 
is evident and the shoot as exposed by the drift is reported 
to average 10 to 15 ounces of silver to the ton. The sulphides 
have suffered somewhat from superficial alteration. This vein 
can be traced several hundred feet further northward on the 
surface. 

Near the portal of the .Alice tunnel an inclined ~haft has 
been sunk on the vein to a depth of 135 feet. At the bottom 
of the shaft drifts have been carried 50 feet north and 60 
feet south of the shaft. This work shows the vein to average 
five ~eet in width and to carry mineralization in the form of 
argenti£erous galena, chalcopyrite, pyrite and a little sphal
erite. The suJphid_es exposed in the Alice workings are as 
a rule much finer grained than those from. the Shamrock 
workings. The gangue is crushed quartz which bas been 
partly recemented by calcite. Fresh faces of the vein are 
quite hard but after seveTal weeks' exposure to the air they 
become soft and friable. This section of the vein has been 
traversed by a fault which acted along the plane of the vein 
and severely . crushed the filling. 'l'he principal mineraliza
tion entered the vein after the crushing and was deposited 
roughly in bancls along the fracture planes and in bunches 
through the \)l;ecciated gangue. 'l'l1e calcite accompa11ied this 
mineralization. The horizontal extent of the pay-shoot on 
the lower level has not been determined. 

F rom the lower level a 25-foot raise into the hanging
wall would intersect the parallel branch vein previously men
tioned and such work offers a ready and economical opportu
nity to explore the parallel vein at this depth. 

iJlary Claini.-On the lVfary Claim, 100 £eet aboYe and 500 
feet north of the Shamrock openings, an open cut along the 
contact of the granodiorite and the old roof rocks, ,vhich 
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at this particular locality are calcareous schist1 exposes ir
regular bunches of chalcopyrite, bornite, and pyrite occurring 

in a gangue of garnet and epidote. Tltis mineralization is the 
result of contact metamorphic actions set up by the intrusion 
of molten granitic magma into the older schistose rocks and 
the mfoerals were formed by magmatic gases acting chemically 
upon the older rocks. This contact was followed ~01· a con
siderable distance and other bunchy mineralization found but 
the sporadic character of the mineralization militates against 
the development of a large ore body, and it seems logical 
that work should be confined to the development of the ex
cellent exposures in the Shamrock and Alice workings. 

Mill ,and S-urface Eqnipme11t.- A 25-ton experimental mill 
was completed on the property J une1 1919. The ore is crushed 
by a jaw-crusher followed by a set of rolls, then elevated to a 
trommel and impact screens which size it for jig and table 
feed. Tl.le table tailings are retreated on a slime table. No 
attempt is made to separate the galena and chalcopyrite. 
Since the friable ot·es of the deposit slime badly when crushed, 
a high recovery of values cannot be expected from the pres
ent mill. By certain changes in the design of the mill and the 
addition of a flotation machine, there is no r eason why an 
efficient recovery cannot be made. Power is fm·nished by a 
25-horsepower gasoline engine but electric power from the 
Okanogan Valley Power & Light Company will be available 
as quickly as the new power plant is completed. 

When the property was revisited during 1920 the mill 
was closed down because it had not made a satisfactory r e
covery 0£ the values1 and all work was centered on mine de
velopment. Systematic sampling of the mine exposures should 
prove a substantial tonnage of milling ore. If these condi
tions prove out, several months of vigorous development work 
should secure a tonnage that would warrant the erection of a 
modern concentrator of 100-ton daily capacity. It is highly 
desirable that the exposlU'es be carefully sampled that their 
grade may be accm·ately determined. 
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RUBY 

Gene,·al Feailwes.-'l'he Pyra.rgyrite 1\!ining Company, 
which o~vns the Ruby :Mine, was organized during 1915 and 
has been operating intermittently since that time. Monroe 
Harmon, president of the company, reports a production of 
31 cars of ore which showed a gross value of approximately 
$25,000. During 1919 and 1920 the property was put in 
shape for steady operation. A 75-ton modern concentrator 
was completed August, 1920. A well constructed bunkhouse, 
boarding house, and an administration building also have been 
erected. New mining equipment includes a three-drill Worth
ington compressor operated by a 50-horscpower moto1·, a 
modern blacksmith shop, and three new rock ch-ills. During 
1920 operations were delayed until the Okanogan Valley Light 
& Power Company could complete a larger power unit for 
its plant on Similkameeu River. 

'£be mine is near the level of Similkameen Valley but 
near the base of the east slope of Mount Ghopaka and about 
one and one-half miles north 0£ the bead of Palmer Lake. 
'l'he Oroville-Princeton Branch of the Great Northern Railway 
passes within a few hundred feet of the mine openings. 

Description of th e Depos-it. - '£he cotmtry rock is grano
diorite which shows many marginal basin.cation phases; sam
ples taken :from different parts of tlrn workings vary con
siderably in textme and composition. 'fhe granodiorite makes 
up the core of Mount Chopaka. The deposit outcrops poorly 
on the steep hillside 400 feet above the railroad right-of-way 
The vein occurs as a partial filling of a gouge-lined fault plane 
which strikes north 45° west and dips 42° southwest. 'fhe fis
sure varies irregularly in width from 2 to 12 feet and often car
ries a foot or more of gouge on both wails. The vein material 
occurs as stringers, lenses, and brecciated bunches of milky 
quartz running irregularly through tl1e zone, with a variance 
in width :from a few inches to six feet; three feet being an 
approximate average. Silver is the predominating value of 
the ore, but scattered irregularly through the quartz is found, 
chalcopyrite, pyi·ite, arsenopyrite, sphalerite, galena, pyrar
gyrite, proustite and argentite. The ore minerals sometimes 

I ---., 
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show polished slickensided faces, indicating post-mineral move
ments. The commercial ore lies in two or possibly three 
localized pay-shoots, the value of which are said to consistently 
average $10.00 to $15.00 per ton. 

Development.-Tbe deposit is well developed and the ore 
blocked for mining. Most of the development work was done 
several years ago and consequently the ladders, chutes, etc., 
will have to be renewed and several small caves caught up be
fore actually starting to break ore. At the camp level an 
adit tuimel'has been driven south 55° west a distance of 950 
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New camp hulidlngi! ano.l concenlntLOr at Ruhy .Mine. 

feet to the vein, wliicl1 it intersects at a depth of 5!50 feet below 
the outcrop, measured ou the dip of the vein. From the ailit 
level drifts have been rnn both to the 1101-th west and so nth east. 
Two hundred feet to the northwest an incline winze has been 
sunk on the vein to a depth of 210 feet. This winze was under 
water at the time of examination, but it is stated that a 25-
£oot drift 100 feet below the collar and a 10-£oot drift at 
the bottom of the wi.11Ze1 expose good mjJling ore. The adit 
level is co1mected by a system of raises with the upper inter
mediate levels and in all the underground development totals 
5,000 feet. 'This affords a horizontal development of 800 feet 
on the vein and vertical exploration to a depth of 770 feet. 

Description of Uo11ce11ll'afor.-This mill was completed 
during the stunmer of 1920 and will be put into operation as 
quickly as electric power cau be secru·ed from the loc~il power 
company. The mill is expected to develop a capacity of 75' 
tons per 24 hours. 

The ore from the mine is t r ammed to a 120-ton head-bin 
from which it is drawn over a grizzly set to one incl11 the 
oversize being broken in a 7 by 10-iuch Blake jaw-crusher. 
A 50-foot h1clinecl belt-conveyor elevates the broken ore to a' 
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120-ton mill bin. A Hardinge mill, grinding in closed circuit 
with a drag-belt classi:Ser, takes the material from the bin 
and grinds it to pass a 15-mesh screen. The pulp as dis
charged from the ball mill is screened by passing over a shak
ing screen. The oversize is returned to the mill by the belt 
classiner and the undersize drops to the boot 0£ a bucket 
elevator which lifts it to a Zeigler five-cell flotation machine. 
The flow-sheet is unique in that flotation precedes and also 
follows table concentration. '11he first Zeigler acts as a rough

er cell and the concentrates are recleaned in a second machine 

of the same type, then sent direct to the concentrate bins. 
The rougher tailings are sent to four Deister-Overstrom tables 

which make a shipping concentrate. 'fhe table tailings are 
reground in a second Hardinge mill working in closed circuit 
with a drag-belt classifier. The classifier overflow is elevated 
by a bucket elevator to a settling tank and thickened before 
retreatment by flotation. Mine water is used for the mill. 
and to conserve the supply the water recovered at the lower 
end of the mill is lifted to a settling tank on the upper deck, 
where it is clarified and retumed to the mill cfrct1it. Air is 
furnished the flotation machines by a 6 by 8-inch Worthing
ton compressor. All machines are electrically driven. 

COPPER WORL D E X TENSIO N 

General Featw·e.-The Copper World E'xtension ~fine is 
on Palmer Mountain, two miles east of and 2,600 f eet 
above Palmer Lake and at an elevation of 3,800 feet. It is 
connected by wagon road with Loomis 10 miles and Oroville 
18 miles distant. 

The property is held under lease by the Dempster Mines 
Company which for two yea.1·s has been carrying on pro- · 
gressive development work. This company has also recently 
taken a lease and bond on the adjoining Copper World prop
erty and plans to prospect it with cliamoud drills. A con
siderable production was made during 1917-1918, and 1919, 
but the closing down of certain British Columbia smelters 
which desired this heavy sulphide ore for a flux has caused 
the property to suspend shipments until favorable smelter 
contracts can be made for its sulphide ores. A small crew is 
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employed doing improvement work. A new 5,000-foot Riblet 
aerial tramway with a maximum capacity of 400 tons per 
day was completed during 1919. The lower tram terminal 
is at the wagon 1·oad near the east shore of Palmer Lake and 
four miles from the railroad. Other surface equ_ipment in
cludes the customary camp buildings, a 40-horsepower hoist, 
BO-horsepower boiler, 40-horsepower auxiliary boiler . .fom·
drill air compressor, pumps, blower, etc. Wood is used as a 
fuel; it is cut under contract near the mine and costs $3. 75 
per cord laid down at tb.e mine. 

Description of the Deposit.-'l'be ore is a fine-grained mass 
of an intergrown natunl sulphide matte of marcasite. pyrite, 
pyrrhotiLe, chalcopyrite and a little bornite, which is found 
.in a series of overlapping tabular lenses; the lal'ger lenses 

Fig. 21. Sketch showing c,ccurrence or ore lenses between first and second 
levels, Copper World Extension Mine. 
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measure several hundred tons of ore eaeh. The nlphides oc
cur massive and quite £ree from appreciable quantities 0£ 
siliceous gangue. The ore as mined averages between 2.5 per 
cent and 4 per cent copper. 

The association of the wall rocks with the ore lenses is 
peculiar and has led to considerable confusion of ideas. The 
foot-wall is a medium fine-grained igneous rock that is classi

fiGd ng nn altered andesite. Under the microscope a thin sec
tion of the rock shows remnants of plagiocla e and augite 
severely replaced by secondary epidote: calcite, quartz and 
chlorite. Titanite is present as a primary mineral. The rock 
which might be called the hanging wall of the deposit is 
milky-colored, dense-grained, and in the field was c1assifiecl 
as a silicified limestone. The mieroscope reveals that originally 
it was andesite, the same as the foot-wall material, but that 
it has been highly silicified by solutions accompanying the 
mineralization. The section shows skeletons of plagioclase and 
augite largely replaced by calcite and quartz. The paragenesi!
of these minerals is quite clear. 'rhe secondary veinlets o·f 
calcite cutting the altered mass are in turn cut by later vein
lets of quartz. 

Near tbe ore this formation is badly metamorphosed by 
intense shearing action that has developed serpentine and 
talc and in places converted tl1e rock directly into a schist. 
This altered andesite often occms as a horse two to five feet 
thick separating two overlapping parallel lenses of ore. 

Det• Plopm ent.-'l'11e deposit is worked tbJ·ough a vertical 
shaft 300 feet in depth. Levels are opened at 100-foot inter
vals. 1'1. lens of ore cuts across the shaft between the co11ar 
and 100-foot level. A cros:cut from the 100-foot station picks up 
the ore 18 feet from the shaft and an exploratory drift is 
carried on 60 feet fuTther. Practically all the p1·oduction has 
come from between the 200 and 100-foot levels, where there 
still exists a considerable developed tonnage of ore awaiting 
favorable smelting conditions. On the 200 level the ore was 
picked up 135 feet southwest of the shaft, and followed by 
inclined raises to tlle 100-foot level. In all, there are about 



The Metal Mines of TVashington 243 

700 £eet 0£ drifting and crosscutting on the 200 level. The 300-
foot level was under water at the time 0£ examination. It is 
said that from the shaft a crosscut was run 574 feet to the 
southwest without encountering the ore. Since the lens clips 
away from the shaft it would take a long crosscut to reach it 
on the 300-foot level. This work was clone by the old company; 
a part 0£ their developme11t work on the upper levels was 
poorly directed, and the fact that the ore has not yet beer. 
picked up. on the lower level should not discotu·age a more 
systematic attempt to locate it at that depth. 

LONE PINE 

This property, also known as the Submat·ine, is now 
being developed b.v the Southem Minnesota and W a<;;hington 
.Mining Co., with head offices at Oroville. 1'he new company 
took up development work Mafoh, 1918, and has continued 
more or less regularly since that date with a ere,¥ of two or 
three men. 

1'he property is in sec. 3, T. 40 N., R. 26 E., a few hundred 
yards south of the international boundary and at an elevation 
of approximately 2,600 feet. It is one mile north of and 1,300 
feet above Similkameen River. From Oroville it is reached 
over 10 miles of poor wagon road. 'rhe new county road up 
Similkameen River from Oroville to Nightha~\"k is under 
construction and by building a mile and one-half of switch
back road the property can be connected with this road and 
the transportation problem be simplified. 

The deposit occurs near tl1e crest of a rounded hill, as a 
blanket-like quartz vein which strikes north 50° east and has 
an irregular flat clip with a maximum of 10 degrees from the 
horizontal. This causes the vein to lie with the hillc,ide slope 
and where observed it at no time gained an appreciable depth 
below the surface. About 300 feet down the hillside from the 
main workings a small ravine cuts across the vein at right 
angles to its dip. On the opposite wall of the ravi·ne the out
crop of the vein extension has not been found. 
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The country rock is a greenish-black, holocrystalline r ock 

which in the viainity of the mine is made up largely of horn
blende and plagioclase feldspar and approaches a gabbro 
in composition. It is believed to be a marginal basmaahon 
phase of the Similkameen Batholith. Near the vein, thin skins 
of ~erpentine haYe been developed by shearing movementR. 

'fhe main tunnel is driven 300 feet north 50° west follow
ing the vein toward the crest of the hill. 'l'hese workings ex
pose the vein with a thickness varying from 1 to 10 feet with 

six feet as an approximate average. The ore minerals of argen
ti£erous galena, abacopyrite, pyrite, a litte covellite and bornite 
occur scattered through the vein and in some places localized 
into shoots. The vein ig gh11ttered by post-mineral movements. 
At the tunnel level it can be traced northeastward along its 
strike for a length of 1,000 feet. Sufficient work has not been 
done on this extension to determine the extent of the mineral
ization. 

A lower tunnel, 110 feet. vertically below the upper work
ings, was driven some yeaTs ago £or a total length of 1,000 feet 
in an effort to crosscut the ore body. Apparently the operators 
did not understand the attitude of the vein or were driving 
to crosscut some other ex-posure, for, near the portal of the tun
nel a. 25-foot raise would have enter ed the blanket vein. As 
the tunnel continues the intervening distance increases rapidly. 
Near the face of the old tmmel a raise was attempted to catch 
the blanket vein but the work was not carried far enongl1. 
· The grade of the deposit does not yield an appreciable 

tonnage of shipping ore and its successful operation must come 
from sufficient well-directed development work in an effort to 
block Ollt a tonnage of milling ore that would safely insure the 
erection of a small concentrator. The primary sulphides have 
suffered but little from alteration and would concentrate 
readily. 

0. K. COPPER 

A company organized as the Oroville Copper Company 
has been spasmodically operating the 0. K. Mine £or the past 
several years. They r eport that since 1917 shipments of 19 cars 
of ore have been made, which averaged 7 per cent copper, 6 
oz. of silver and $2.00 in gold per ton. 
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The holdings, which consist of two and a fraction claims, 
are located on the east slope of Kruger Mountain, four and one
half miles by road northwest of Oroville. 

'l'he deposit occurs in a. shear zone which strikes north 10° 
west and dips 30° to 50° southwest. Along the zone, the 
movement has been so severe that the granjtic country rock has 
been directly altered into crumpled, light-green quartz-mica 
and serpentine schist over a width of 6 to 10 feet along the 
plane of movement. 1'he faulting movements have thrown the 
walls into juxtaposition with the result that pronounced pinc11-
es and swells have been developed along the strike and dip of 
the zone. 'rhe ore minerals of cbalcopy1·ite, U()rnite, pyrite and 
a little tetrahedrite, have been injected into the broken ground 
to fill the receptacles and partly replace the schist along its 
planes of schistosity. 

The production made by the property 11as come from one 
of these large bulged lenses whlch developed a length of 75 
feet along the strike, 6 to 10 feet in average width and a re
ported depth of 70 feet on the dip. An incline shaft was su. k 
on the lens but this and the adjoining grou.nd is 110w caved. 
The hlgh-grade ore was sorted and shlpped while 1,000 t') 
2,000 tons of probably one per cent to two pe1· cent copper ore 
remains on the dump and in the workings. 

About 400 feet north of the lens and at a lower elevation, a 
drift was run south 25° east along the zone of movement. The 
first part of thls drift exposes two to four inches of quartz 
stringers carrying limited mineralization Two h1mclred and fif
ty feet from the portal a small lens of good ore was encoun
tered but not explored. From this point to the face erratic 
stringers and bunches of quartz ancl ore have been found along 
the zone. The face of the draft is now approximately 50 to 100 
feet from being under the shaft sunk on the large lens. Consid
ering the excellent mining equipment already installed at the 
property, this drift should be continued several hundred feet 
further along this zone in an effort to pick up a possible exten
sion of the productive lens or any new lenses that may occur 
further to the southeast. 

The installation consists of a 4-drill air compressor oper
ated by a 75-horsepower 2,200 volt motor, well equipped black· 
smith shop, drills, ore bin, and accessory equipment. 
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GOLDEN CHARIOT 

The Golden Chariot Mine1 now idle, is situated a quarter
mile southea t of the 0. K. and on the extension of the same 
shear zone. An inclined shaft has been sunk on the depo it to 
a reported depth of 320 feet and several earload shipments 
made. The ore is quite similar in appearance to the 0. K.1 

exeept that quartz is much_ more prominently assoeiated with 
the ore than at the 0. K. Mine. There are several hundred tons 
of milling ore on the dump. 

FORTY-NINTH PARALLEL 

Approximately 11500 feet northwest of the 0. K. Mine is 
another former producing property known as the Forty-Ninth 
Parallel. Because it has been idle for some time no examina
tion was attempted. Standing on the 0 . K. workings and pro
jecting a line northwestward along the strike of the sl1ear zone, 
causes that line to pass near the workings of the Forty-Ninth 
P ara11el, which suggests that the production from this prop
erty has come from another bulged lens along the same zone 
0£ movement. 

RUBY-CONCONULLY DISTRICT 
GENERAL FEATURES 

The Ruby and Conconully mining districts are two ad
joining areas in central Okanogan County. The Conconully 
District is directly adjacent to the town 0£ the same name, and 
the Ruby District centers about Ruby Hill, five miles south of 
Conconully. Both areas are directly related geologically and 
for convenience are combined in this report. 

The mines on Ruby Hill are best reached by a good auto
mobile road which extends up Salmon Creek from the town of 
Okanogan, o.n the Wenatchee-Oroville Branch of the Great 
Northern Railway, to the town of Conconully. Twelve miles 
from Okanogan a branch road turns off, and by a series of 
switch-backs gains the crest of Ruby Hill, where all the present 
active miues are located. From Okanogan these mines can 
also be reached by the Loup Loup road, which involves a trip 
of 18 miles. 1l'his road avoids the steep switch-back grade of 
Ruby Hill. However, the northern half 0£ the road has re-
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ceived little attention and is reported to be in poor condition. 
An automobile mail stage operates between the town of River
side, on the Oroville-"\\T enatch ee Branch of the Great Northern 
Railway, and Conconully, a distance of 12 miles. 

HISTORY 

Between the years of 1887 and 1898 the Ruhy and Conco
nully districts formed the most active center of mining in 
W ashiugton. At that time the? were far removecl from trans
portation and supplies were brought by boats up Colt1mbia 
Ri ver to Brewster and then transported overland a distance 
of 35 miles. The shippiug properties developed were located 
chiefly 011 Rub~- Hill. Jonathan Bourne, Jr., was actively 
operating the .A.rliugton, First Thought and Last C11ancc mines, 
and tbe Fourth of July _Uine had made several shipments of 
rich ore. when, during 1893, tJ1e silver market collapsed and 
forced every mine in the djstrict to close down. Aside from 
occasional prospecting and development operations on a small 
scale, the district -was dormant from 1893 until 1905. Sinoe 
thls latter date a number of properties have received more 
vigorous development and a few thousand tons of good-grade 
ore sl1ipped each year. The .Arlington Mine. which has shown 
the most activity, has completed about three thousand feet of 
development work and shipped several thousand tons of hand
sorted ore assaying from 35 to 70 ounces of silver to the ton 
and canying minor values in lead and copper. None of the 
properties immediately adjacent to Conconully were active at 
the time the djstrict was visited by the writer. 

TOPOGRAPHY 

'l'he area is on the western border of the Okanogan Mow,
tains and presents a rolling, fairly rugged mountainous topog
r aphy. 'rhe relief bas been sculptured by southward-moving 
ice-sheets, the paths of which are cho eu by the present-day 
drainage system. 'I'hese ice-sheets left near the margins of the 
Okanogan Valley large roorainal hills of glacial debris. The 
stream valleys vary from 800 to 1,500 feet in elevation and the 
crests of tlJe surrounding hills have an average elevation of 
4,000 feet. The mines on Ruby Hill ar e at elevations varying 
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from 3,000 to 4,000 feet. The first motmtain chain to the west
wal'd attains a maximum elevation 0£ 8,275 feet on Moont 
'l'iffany, while farther westyrnrd across the Methow Yalley 
the eastern flank of the rugged Cascade Range forms a strik
ing contrast with the more moderate topography of the Oka
nogan Highlands. 

GEOLOGY 

The ore deposits of the area are derived from an ex.ten
sive granitic invasion which is directly related to the Similka

meen batholith, so well exposed farther northward, near the 
town of Nighthawk, where it crosses the international boun

dary and is prominent in British Columbia. 

'.Evidence has not yet been found to definitely fix the age 
of this intrusion. It is definitely older than the Miocene lake
bed formations near Oroville• and the physiographic evidence 
has caused most investigators to assign the intrusion to late 
Mesozoic. Daly,t on the other hand, considers that the Simil
kameen batholith was introclt1ced dm·ing early Tertiai·y time. 

'l'be intrusive exhibits various phases but is essentially a 
biotite granite which is composed chiefly of quartz, feldspar, 
biotite, and minor amounts of nornblende. 

Extensive e>..-posures of hornblende-mica schist, limestone 
and quartzjte occur in the area. These formations antedate 
the granitic intrusion and were the older rocks which received 
the magmatic invasion and assisted in forming a cover under 
which the magma slowly cooled and crystallized. All contacts 
observed between the granite and the older metamorphosed 
rocks, were of the plungjng type (steeply clipping). Near 
these contact are found numerous inclusions of the metamor
phfo rocks frozen within the granite. 

•Um1>leby, J. B. Geology and Ore Deposits of t.he Orovllle-Nighlbawk 
Min.Ing District: Wash. Geol. Survey, Bull. 5, p. 69, 1911. 

tDaly, R. A. The Okanogan Composite Balholllh of the Cascade Moun
tain System: Geol. Soc. America, Vol. 17, p. 334, 1906. 
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ORE D~POSITS 

The veins examined on Ru by Hill were all found to follow 
closely the margins of the plunging contact between the granite 
and the older schistose rocks. 'l'hus, there is a pronoW1eed ten
dency for the best veins to be localized near the margins of 
the batbolith. (See page 45 for -ftu·ther discussion) . Generally 
the veins are enclosed, iu granite and are 10 to 100 feet from 
the plane of contact and roughly parallel to it. In other in
stances they cross over into the schist, or ther may lie directly 
along the steeply dipping contact between the two formations. 

The veins are of the normal guartz type, varying in width 
from a narrow stringer up to a maximum of 40 feet. They are 
strongly continuous both along the strike and tl1e dip. 

The localization of the major veins is believed to be the 
combined results of the following factors: 

1. 'l'he adjustments and contractions near the margin, as 
tlle magma cooled down, caused the development of well-de
fined and continuous fissures, whfoh conformed roughly paral 
lel to the plane of contact with the older schfatose rocks. 

2. The cluster of veins in a constricted area on Ruby Hil', 
and a similar cluster eight miles north of Ruby Hill, or one 
mile north of Conconully, suggests that these two areas 1·epre
sent local cupolas into which the mineral constituents from au 
extensive magma were collect.ed and concentrated. (The time 
available for field work djd not permit geologic mapping and 
the theory is advanced only as a suggestion until it can be 
investigated by detailed field work.) 

3. As the outer crust of the intrusive magma crystallized, 
r esidual silica segregated and was injected into the marginal 
fissm·es. This siliceous segregation was but weakly mineral
ized with sulphides. 

4. Ful'thel' adjustments in the contracting and cooling 
magma fractured the q_uartz filling and these latter fractures 
were cemented with sulphides of lead, copper, silver, and zinc. 

As an apparent result of the above reactions the veins are 
not regularly mineralized. Instead, the values occur as rich 
streaks of suJphides 6 to 40 inches in width trending thron~h 
the quartz parallel to the walls. In the .Arlington and L'lst 
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Chance mines these shoots assay 30 to 70 ounces of silver, 5 to 
20 per cent lead, 1 to 4 per cent copper, and 1 to 5 per eent zinc. 
Along the strike of the vein they vary in length from 100 to 
600 feet. Certain of the sti·onger shoots have been developed 
to a depth of 600 feet without bottoming the ore. Several of 
the shoots. however, are more erratic. It is not uncommon to 

£ind ore treaks dissipating at various horizons, while "per 
contra" deeper exploratio11 has disclosed 01·e shoots not pres

ent in the upper segments of the veins. 'l'he veins can be 

expected to extend several thousand feet below the present 

workings on Ruby Hill, but development work has not ~,et been 

prosecuted through a sufficient vertical range to permit an 

intelligent prediction as to the depth to ,~·hich mineable ore
shoots will extend. The Last Cbance workings are approxi
mately 1,200 feet lower in elevation than the Al:lington, yet 
they show excellent ore in their deepest workings. It is unsafe 
to attempt definhe predictions on the ba is of datum horizons 
from surrounding mines, yet this offers evidence in favor of 
a much deeper extension of the Arlington ore-shoot and there 
is no opposing evidence to snggest an early disappearance of 
the Last Chance ore-shoots below the present workings. 

'l'he ore miuerals are galena, chalcopyrite, pyrite, tetrahe
d1:ite, and sphalerite, all o.f which occur as primary sulphides. 
Oxidation is unimportant and extensive downward e1n-ichment 
cannot be expected. 

'l'he Last Chance vein exhibits a series of faults which 
sl1ift segments of the vein laterall,v 4 to 15 feet in eacb instance. 
'.l1he northwest vein segments are generally displaced toward 
tbe southwest. No serious chsplacements were found. 

ARLINGTON 

General F e<du,·es.-A company organized as the Arlington 
Mining Company purchased tb is mine from Jonathan Bourne, 
Jr., dtu·ing 1905. Since that date tl1ey have at various inter
vals carried t1u·ough a total of approximately three thousand 
feet 0£ development work and sorted and shipped several 
thonsand tons of excellent ore. During 1918 the company was 
re-incorporated as the Arlington Silver Mining Company, with 
head offices at Spokane. 
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The mine is on the western slope of Ruby Hill, seven miles 
south of Conconully and two miles by air fo1e south of the old 
mining cam-p of Ruby. From the Salmon Creek l'Oad at Ruby, 
a branch road is built a distance of four miles to the mine; in 
this distance the road ascends 2,400 feet. The miue workings 
are in sec. 5, T. 34 N., R. 25 E., at an elevation o.f approxi
mately 4,400 feet. 'l'he holdings consist of 10 patented and sev
eral lmpa tented claims. 

The property is well equipped for mining operations. A 
pole line was built from Okanogan and electric power is sup
plied by the Okanogan Light & Power Company. This power 
is received at 23,000 volts and transformed to 2,200 volts for 
mine use. Sm·face equipment consists of a 4-drill Ingersoll
Rand compressor operated by a 50-horsepower motor, well 
equipped blacksmith and macl1ine shops, cusltomary camp 
quarters and a large quantity of accessory mining equipment. 

Production.-Prior to 1901 the retnms on 1,000 tons of ore 
are reported at $25,000. During the period of October, 1914, 
to June, 1916, shipment of 15 cars of sorted ore contained 
583.44 tons of ore yielding net returns of $17,021.71. The 
average content of metals in this shipment paid for by the 
smelter was as follows: Gold, 0.025 ounces to the' ton, silver 
75.96 ounces to tl1e ton, and copper 1.3 per cent. Since 1916, 
24 cars have been shipped which totaled 986 tons aud averaged 
66.6 ounces of silver, 1.15 per cent copper, and .02 ounces of 
gold to the ton, and yielded net l'etlll'ns of $31,145.38. 

Dct•clopm.e11f. - The veiJ1 outcrops near the crest 0£ Ruby 
Hill and the early work consisted of sl1alJow shafts and short 
crosscuts to the upper section of the vein. Mining is now con
fined to tl1e lower levels and the upper level was not examined. 
The following information on this upper level is quoted from 
the report of Jones:• 

"In the upper tunnel two parallel nol'thedy ve111s about 
30 feet apart have been cut. The eastern vein Jias been ex
plored for 350 feet along its strike antl dips 60-75° east. 'fhe 
vein is from six inches to five feet wide, but contains little 

•Jones, E. L. Reconnaissance or the Conconully and Ruhy Mining Dis
tricts, Washington: U. S. Geol. Survey, Bull. 640- B, p, 32, 1916. 
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ore. The western vein encountered b~r the upper tunnel is 
that on which the shaft is sunk. '!'his vein is explored for 
700 feet, but differs greatly in character at different points. 
Its maximum width is 10 feet, but it pir1ches out in the fissure 
near the north and south ends of the drifts." 

During 1910 the workable vein was eut -140 feet below tl:e 
outcrop by an adit driven south 0° e~rnt 11 distsnac of 990 feet 
to tllo vein. At the intersection a large statiou has been cut and 
a winze sunk in tl1e foot-wall to a depth of 100 feet. Short 
drifts 11ave been run on the vein from the 50 and 100 levels 
of this winze. On the main adit level drifts have been opened 
on the vein 250 feet to the north ancl 300 feet toward the south, 
several large stopes have been broken, and a raise connects 
with the upper level. The possibilities of the vein have not 
been exhausted and there is a considerable tonnage 0£ milling 
ore left when mining the higher-grade shoots. 

Description of tlt.e O,·e B odlf (l;lld .1lssociated Formations.
The vein is of the marginal type, running practically paral
lel to a plunging contact between hornblende-mica schlst and 
an intrusive body of granite. It. is enclosed chiefly in granite 
and generally maintains a distance of 50 to 100 feet from the 
plane of contact, although at certain points the scltist forms 
one of the vein ·walls. The granite is coarse-grained 11nd com
posed chiefly of quartz and orthoclase so that certain phases 
of it might well be classed as alaskite. Near the contact of the 
two formations angular fragments of the older schistose rocks 
are £oun.d as inclusions in the granite. 

'fhe ore minerals 0£ tetralledrite, argenti£erous galena, 
chalcopyrite, pyrite, antl a littl e sphalerite occur, with a str0ng 
tendency toward banding, in a vein of milky quartz which 
strikes north 15° ,vest and dips 70° west. Silver is the principal 
value; a little copper and lead are present and the ore averages 
about $1.00 in gold. The vein varies in width from 2 to 12 
£eet, while the average is :from £our to five feet. The walls 
show evidence of considerable post-mineral adjustments along 
the plane of the vein. Fifty feet north of the station a pre
mineral fault offsets the north segment of the fissure 10 feet 
toward the ,vest. 
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The mineralization is segregated through the vein in the 
form of pay-shoots and the sections of the vein intervening 
between these shoots show in some places zones of barren 
quartz and in others sporadic mineralization of possible milling 
grade. On the main adit level the vein has been explored 
along the strike for 550 feet. An excellent pay-shoot is expos
ed for a distance of 200 feet north of the station and it is 
from stopes opened on this shoot that many of the sl1ipments 
have been made. South of the station the vein narrows down 
to three feet but exposes a short shoot of ore that is well 
mineralized with tetrahedrite. One hundred and thirty feet 
south of the station the vein disappears and the drift is con
tinued 100 feet farther without eucolmtering tl1e ore. Exam
ining the walls of the drift closely it seems apparent that the 
vein swings out of the drift and should be picked up again by 
a short crosscut to the west. 

From the station the main crosscut is contint1ed eastward 
200 feet. One lrnndred feet east of the station a second quart" 
vein three feet in width was cut and drifted on 100 feet toward 
the sonth. Th:is vein strikes south 20° east, clips 75° east, and 
carries but sparse mineralization. This vein apparently at
tempts to follow the plunging contact between the schist and 
granite. 

Ueuesis.-The vrins were derived from. the granHe shortly 
after its iutrusion into the schist. Undulating fractures de
veloped along the plunging contact between tlie two forma
tions and these .fractures were filled with quartz. The princi
pal bands of suJphides were introduced slightly later than 
the c1uartz, although the entire vein filling was injected dur
ing the crystallization of the magma. 

C1Jncl11sion.- Tbe pi-operty is capable or yielcling a goocl 
tonnage of ore that will permit hand-sorting into a shipping 
product. 'rhere is, however, a large tonnage of medium-grade 
ore that must be concentrated previous to shipment. While 
the ore is composed of mixed sulphides, there is 110 reason why 
it cannot be made amenable to present-day concentration prac
tice. Table concentration, followed by flotation, would natu
rally suggest itself. Preliminary mill tests on the ores have 
proven very promisi11g. • 

•u. s. Geo!. Survey, Bull. 640-B., p. 23. 
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LAST CHANCE 

After an idleness of many years duration, the Last Chance 
1''1ine was re-opened during the summer of 1920. It is owned 
by Jonathan Bourne, Jr., formerly United States Senator from 

Oregon, and during tbe early nineties the several properties 
on Ruby Hill owned by Mr. Bourne were the chief producers 
0£ the district. C. S. Jackson, of Conconully, has now lea -
ed the property and at tlrn time of visit the tunnel had been re
opened for a distance of 500 feet by catching up several small 
caves. A pump was installed to unwater the shaft, and a 

boiler and small air compressor were being placed in operating 
condition. 

The mine is situated in sec. 31, T. 34 N., R. 25 E., at the 
north end of Ruby Hill and at an elevation of 3,100 feet. The 
mine openings are passed by the Arlington Mine road at a. 
point one and one-half miles northwest of the Arlington Mine. 

The quartz outcrops on the hillside above the road and is 
opened by a drift on the vein for a length of 650 feet. This 
drift is caved 500 feet from tbe portal. The vein is variable 
from 8 to 20 feet in width and 12 feet as a general average 
where observed. It strikes south 50° east and dips 70° south
west. The vein is enclosed chiefly in granite but bas :formed 
near the marginal contact between the granite and the intruded 
hornbleude-mica schist. Limited mineralization is exposed in 
the vein at the portal, but 50 feet :from this a pay-. hoot was en
countered which is made up of steel-galena, chalcopyrite, 
pyrite, tetrahedrite (silver-bearing), and sphalerite. The pay
shoot has a width of two to four feet of good ore and trends 
thr6'ngh lhe quartz vein for a distance of 200 feet. Beyond this 
point where the shoot pinche: out the vein for the r emaining 
distance to the cave is made np of normal wl1ite quartz. '1.'he 
quartz at the borders of the pay-shoot contains mineralization 
that in places is of probable mining grade. 'l'he stopiug-back 
between this level and the surface varies from 50 to 100 feet. 
Mr. Jackson, the lessee, has opened a small stope above the level 
and is hand-sorting and shipping the ore. H e reports the ship
ments to average about 30 ounces of silver, 17 per cent lead 
and four per cent copper. 
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The vein is cut by a series of post-mineral faul ts with dis
placements of 6 to 10 feet each. The northwest segments of 
the vein arc generally shifted toward the southwest. 

Near the portal of the tunnel a shaft has been sunk to a 
depth of 300 feet. Water stood almost to the colla1· of th:is 
shaft, hence the vertical extent of the pay-shoot could not be 
determined. The old maps indicate that at distances of 100 
and 200 :feet below the eollar of this shaft, short drifts were 
run on the vein. From the bottom of the shaft a crosscut 
was driven eastward approximately 800 feet toward the down
ward projection of the adjoining First Thought vein. 

FI R ST T HOUGHT 

This property could not be examined on account of the 
workings being closed by caves. It is menti011ed J1ere because 
it was one of the .first properties discovered in the district, 
and in the boom days was the most active mine in tbe camp. 
It adjoins the Last Chance :!\fine on the east. 

The old reports• state that an aerial tram,vay was built 
from Uie mine to the town o.f Ruby, au air-line distance of one 
and one-half miles. At Ruby a mill was built which in six 
months p1·oduced concentrates valued at $66,000. The collapse 
of the silver market theu caused operations to be terminated. 

'l'he vein is developed by cross-cuts from three levels. 
The vertical distance between the upper and lower levels is 
350 feet. 'l'he reports indicate that 4.000 feet of tunnel work 
was accomplished, but the extent of the pay-shoots developed 
is not specified. The vein i:n places attains a width of 40 feet. 
The trencl is north 10° east and the dip 60° northeast. 

FOURT H OF JULY 

The eiu·lr reports·;· indicate that the Fonrth of Jul.r Mine 
was one of tlle most promising properties developed on Ruby 
Hill. During its short period of <>peration a number of rich 
shipments ,vere made. 

•Bethune, Geo. ii. :Mines and l\Ilnerall! of Washington: Flrsl Ann. 
Rept. State Geologist, 1891-1892. 

tRodges, L. K. ?-tining In PacUlc Northwest: Published by the Seattle 
Post-Intelligencer, 1897. 
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The mine is near the crest of Ruby Hill, one-half mile 

north of the Arlington. A shaft was sunk on the vein to a 
reported ideptb of 500 feet but is now inaccessible. This vein 
is said to average 10 feet in width and to contain a streak of 
sulphide ore 18 to 24 inches in average width. 

CARL FREDERICK 

The Carl Frederick is a small property located well up 

near the we tern ere t of Clarke Peak:, at an elevation of ap. 
proximately 71200 feet. '!111.e claims a'l:e 11 miles by air line 
northwest of Conconully and are reached by following up Sal
mon Creek to the headwaters of its tributary, Peak Creek, then 
crossiug over to t11e western flank of the range through a 
mountain gap at an elevation of 7,600 .feet between Mount Tif
fany and Clarke Peak. A good wagon road constructed seven 
miles up Salmon Creek forms the .first lap of the trip. 'rhe re
maining nine miles are covered by a pack trail which leaves 
the creek bottom and trends well up on the north wall of Peak 
Creek Canyon. From the backbone of the range near l\'[ount 
Tiffany the traveler commands an impressive view over a wide 
r ange of the surTounding territor:,·. Particularly is the eye 
attracted to the well-forested water-shed of the Upper Metbow, 
and still illl'ther west to the lofty, even-topped ridges of the 
Cascade Range. 

The miniug holdings, which consist of nine nnpatented 
claims, were located during 1906 and development work bas 
been carried on each summer undet· the direction 0£ C. 
Bernhard. 'l'he first discovery was of rich oxiclized crop-pings 
of silver ore. The outcrop of the small vein was found at an 
elevation of 150 lower than these croppings and a chift driven 
on the vein for a length of 400 feet. '!'his drift .follows one to 
four feet of crushed ledge-matter through which is found a 
quartz vein averaging :from £oU1' inches to two feet in ,vidth. 
st1·iking north 25° to 40° east and clipping 37° to 42° northwest. 
The country rock is a medium-grained granite which in places 
contains enough of tbe :ferro-magnesium mine1·als and plagio
clase feldspar to be classed as a granodiorite. Closely associated 
with the vein and often forming its hanging-wall, is a lampro
phyre dike, one foot in average thickness. In the first part 
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0£ the drift tl1e mineralization is scanty but at a distance of 
350 feet from the portal an ore-shoot was encountered and 
drifted ou for a distance of 50 feet. The vein in th is shoot is 
quite well mineralized with argentiferous galena. An inclined 
winzc sunk 38 feet below the level has not bottomed the ore. 
Short drifts have been run on two levels from this wiuze. 
The fu·st level is 20 feet below tbe collar and here a stopc has 
been broken which contains 200 to 300 tons 0£ broken ore, said 
to average 20 ounces of silver to the ton. '!'his intermediate 
level is about 130 feet below the outcrop and the sulphides 
show slight secondary alteration, black sulphurets of silver and 
silver bromide and chloride being developed. 

Sixty feet northwest of 220 feet vertically below the main 
drift, a tunnel has been driven north 60° east for a rnstance of 
268 feet in an effort to pick up the downward extension of the 
vein. Unfortunately ihe 4-0-degree clip of the vein to the north
west was not fully taken into account and it will be necessary 
to turn the tunnel at almost a right angle and drive toward 
the northwest at least 150 feet to reach the downward projec
tion of tl1e vein. 

'!'he richest ore in the mine will be found in the partially 
enriched zone of the pay-shoot between the main tunnel level 
and the sm·£ace croppings. 

'l'he cost of tunsportation mitigates against the profit
able shipping of any but the very richest 01·e. The gr-eater 
part 0£ the values are in the sulphide form, wbich. would yield 
r eadily to flotation concentration and giving a concentrate 
carrying 300 to 500 01mces of silver to the ton. I£ the ore-shoot 
can be picked up on the lower level and several thousand tons 
of good-grade ore blocked ont, it might then be possible to 
profitably clean up the ore with a small temporary flotation 
plant. 

OTHER DEPOSITS IN OKANOGAN COUNTY 
TRINIDAD 

A company organized as the Trinidad :Mining & Smelting 
Co. has been developing, for the past several years, a group of 
12 claims in sec. 10, T. 36 N., R. 25 E., 10 miles by road south
west 0£ Tonasket, on the shore of Tw·tle Lake, and at an eleva-

; 
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tion of 2,000 feet. 'I.'. W. Brown and Jos. Coleman, the princi
pal owners, carry on the development work themselves, all 
work being done by hand mining. One shipment has been 
made which total 30 tons of ore averaging $12.00 per ton in 
gold and silver. 

On the property is exposed a set of geologic relations 
which differ radically from other deposits visited in Okanogan 
County. The ore occurs as an irregttlaT body in a dike-like 
zone of aplite-porphyry. 'rbis zone is 300 feet wide and trends 
roughly north and south. The rock is a light green siliceous 

ground-mass through which are rounded grains of quartz. 
The siJicified zone is intrusive into a belt of black argillite 

which has been highly silicified by its association with the 
aplite-porphyry. Intrusive into the aplite-porphyry and clean
ly associated with the ore, is a hornblende-porphyry dike 
trending south 10° east a11d having an average width of nine 
feet. 'L'his is made up of a light-greenish ground-mass stndded 
with black slender crystals of Mrnblenclc. 

A shaft has been su_nk in the irregular mineralized mass 
occurring jn the aplite-porpbyTy, and 32 feet below the collar 
a di·ift is driven a short distance into the mineralized zone. 
Fol' the first 17 feet across the zone.it is reported to carry six 
to eig)1t ounces of silver to the ton. The ore minerals are 
galena, pyrite and a little chalcopyrite and sphalerite. At this 
level the 30-ton shipment was mined. The limits of the miner
alization have not been defined. At the bottom of the !JO-foot 
shaft a clriJt is run south 20° west for a length of 60 feet fol
lowing the dike of bon1ble11de-porpl1)T)-. It is likely that better 
ore will be founcl by crosscutting to the east to get tmder the 
ore exposed in the upper level. 

The aplite-porphyry zone has been prospected at several 
points with short drifts and shafts and the owners state that 
assays ranging from $1.00 to $3.00 in gold and silver can be 
secured in.many places along the belt. A crosscut was star ted 
through the silicified argillite to prospect the contact between 
the argillite and the aplite-porphyry but this work was not 
completed. 
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SILVER LEDGE 

Since 1918 a small crew under the direction of L. H. i\Iark

ham has been actively engaged iu exploring thfa rroperty. 
'l'he holdings are fonr m ilcs 11p Gol<l Creek, a small tributary 

wbfrb entel's )fothow River ~O miles above Pateros. The 
nearest raihoad poi11t is Pateros and au excellent automobile 
road leads up l\Iclbow River; al the mouth of Golcl Creek 
a branch road turns westward up the creek to connect the 
property with the main highway. 

'l'hree parallel veins outcrop on the north valley wall of 
Gold Creek. Named in order of their oeeun-ence they are the 
North Star, Truax and Seattle. Limited prospecting on the 
two last named veins has failed to show any commercial ore, 
and all work js confined to the North Star. 

The North Star vein has a filling of milky and bluish 
quartz which has been brecciated and re-cemented. Except in 
one instance, noted later, finely divided pyrite is the only 
sulphide visible to the naked eye. The chief values are in gold 
and silver, which are erraticall.v distributed at points in the 
vein. The vein strikes nearly east-west and dips 45° norht. It is 
entirely enclosed in greenstone, apparently the metamC1r
phie equivalent of volcanic flow-breccia. 

An inclined shaft was sunk on the North Star vein to a 
depth of 150 feet but this opening is now only accessible for 
the first 100 £eet. rrhe average width of the vein is from two 
to tlu·ee feet, but 88 feet below the eo]lar the vein widens to 
eight feet, only to maintain this width for a short distance 
along its dip, then pinches down again to three feet. It is 
.from this lens-shaped part of the vein that the encouraging 
assays have been secured. This shoot l1as not been explored to 
determine the stope or pitch length of the mineable ore. Super
intendent Markham reports that a test shipment of two tons 
of unsorted ore yielded $20.00 to the ton in gold and silver. 
The quartz of this lens is beavily stained witll iron oxide and 
some samples also show the yellow and blue stains of silver 
chloride and bromide. In one of the vein specimens there were 
noted pin-point specks of a silver sulphide, too sparsely scat
tered through the rock to permit of an accurate mineralogic 
determination. 



260 B1tlleti1u No. 23, Washington Geological Sit'l'vey 

At a point 342 feet below the collar of this shaft, the Sil
ver Ledge Company have driven a crosscut north 15° east a dis
tance of 970 feet (August, 1920), in order to explore the vein at 
depth. '],'his tunnel has been driven entirely through green
stone. At a distance of 870 feet from the portal a small silici

fied fraature zone was encountered and drifted on toward the 
east a distance of 125 feet. This strikes east-west and djps 70° 
toward the north. Believing that the vein exposed in the shaft 
above had been cut, and that it was developing a steepeT dip 
with depth, a raise was driven to connect with the bottom of 
the shaft. This raise was driven on the vein for a distance of 
250 feet and showed it to vary in width from one to five feet. 
Samples taken gave, erratic returns of gold, but the raise ex
poses no mineable ore. When the raise and shaft £ailed to con
nect, a prospect upraise was driven 20 feet into the banging
wall, where it broke into the shaft and thus develQped tho 
fact that the raise had been driven on an unknown, blind vein 
of parallel trend, but of steeper dip than the North Star vein. 
Th~ lower crosscut is now being extended farther to the north 
to cut the North Star vein at that level. 

The only commercial ore so far developed in the mine is 
that exposed in the shaft. This should be explored and its 
limits determined for the future of the deposit depends upon 
the extent to which this shoot can be developed. 



DEPOSITS IN THE CASCADE RANGE 
THE CASCADE RANGE 

TOPOGRAPHY 

The Cascade Range trends north-south through western 
Washington as a segment of a great mountain chain that 
roughly parallels the west coast of North America. Where 
the range crosses the international boundary it is 120 miles 
in width, but further south it narrows until it is but 70 miles 
when crossing into Oregon. The rugged scenic grandeur of 
the range with its serrate ridges flanking deep-cut glacial 
canyons, its rock-bound alpine lakes nestling in cirque basins 
often 5,000 feet or more above sea level, the heavy forest 
mantling the stream valleys and the more gentle slopes, form 
a country that will gladden the eye of the most seasoned 
mountaineer. 

PHYSIOGRAPHY 

From the summit of the range the panorama of the tumb
ling sea of ridges presents a striking uniformity of elevation. 
If the canyons and valleys which gash the mountain chain 
could be suddenly filled in the summit of the Cascades would 
form a gently-sloping, nearly flat-topped plateau. rrhis phe
nomenon impressed even the first geologic investigators and 
gradually caused them to assume that tl1e range represents 
a plateau which has been elevated 7,000 feet OT more above sea 
level and then vigorously dissected by ice and water. The 
snow covered peaks: Mts. Rainier, Baker, Adams. St. Helens 
and Glacier Peak, represent volcanic cones which have been 
bui1t up above the general level of the plateau. These cones 
now range in an elevation from Mt. Rainier at li,408 feet to 
1\ft. St. IIelens at 9,671 feet. 

The physiographic development of the Range has been 
ably interpreted by Russell,• Willis and Smith, t all three of 
whom are in general accordance. Those interested should refer 
to these r eports. 

On the other l1aud, Daly,:!: takes decided exception to 

•Russell, I. C. Twenl!et.h Ann. Ret>I., U. S. Ceo!. Sun•ey, part. 2, 1900. 
tWlllls, Balley, and Smllh. G. 0. Prof. P aper No. 19, U. S. Oeol. Sur

vey, 1903. 
;tDa))•. R. A. Forty-Ninth Para llel Report: Canadian Geo!. Survey. 

memoir No. 38. part II, pp. 621-041. 1912. 
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View or Cascade Range Crom Mt. Rafoier lool<lng south toward M"t. Adams. 
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tbeir conclu.sions and enters into an extended discussion of the 
problem. Briefly stated, he attributes the accordance of sum
mit altitudes to natural inheritance of alpine topography 
rather than to spontaneous erosion in the present environment. 
He states that the hypothesis of late-Tertiary peneplation of the 
range cannot be reconciled with the areas show-ing slow-speed 
of erosion in eastern .America and Europe, nor with the physio
graphic history which is so firmly established in those large 
areas of the earth 's surface. He e.>..'J)lains the accordance of 
summit phenomenon as follows: '' A review of the conditions 
of general degradation show clearly its differential character 
above and below tree-line. Summits already reduced to the 
tree-line are bound henceforth. to be stubborn against further 
erosion. Sw1nnits without the treeless zone are as clearly 
bound to continue wasting rapidly so as to tend to approach 
an accordance of summit levels with thci.r tree-covered neigh
bors.'' 

GEOLOGY 

The rugged topography of the Cascades affords excellent 
rock exposnres from which record the geologic history of the 
range may be in pal't deciphered. 'rhe pancity of fossil re
mains in the older metamorpbooed sediments makes it at pres
ent imposibJe to closely fix the age of these belts. Nor can 
the problem of age be effectively attacked from a i,trntigraphic 
standpoint for the complexity and interruptions of the struc
ture offers barriers that will not soon be surmounted. 

Since the mining men arc not usually concerned with the 
intricate geologic factors, only a generalized synopsis will be 
attempted. 

The oldest r ocks in the Cascades are the highly buckled 
and metamorphosed belts of quartzite, argillitc, schist, lime
stone, conglomerate, and intercalated volcanics. The basal 
members of the belts may be pre-Cambrian iu age. The major
ity of these belts, however, are without question assigned to 
the P aleozoic era, wjth certain oi: the upper, younger beds as 
late in age as the C1·etaceous period of the Mesozoic. Followmg 
deposition they sufferecl the ravages of metamorphism which 
severely foldecl and faulted them. 
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Near the close of the Mesozoic era, the metamorphics 
were invaded by a great granitic batholith and it was from this 
magma that the chief ore deposits were formed. 

A pronounced unconformity separating the pre-Tertiary 

and the 'f ertiary formations evidently marks an extensive 
period of erosion. If we have interpreted the geologic condi-

tions correctly, the present site of the Cascade Range was 
marked only by a low range of mountains during the Tertiary 
period, and in the vicinity of the present Cle Elt1m District, 
large lake basins flanked the hills. The material secured by 
erosion was partly accmnulated in these lake basins and the 
resultant sandstones and shales to-day mark the first recol'd 
of the Tertiary. The Miocene period was inaugurated with 
the most intense period of vulcanism recorded in geologic 
history. Flow upon flow of lava was poured out to cover the 
surface. It was during th.is period that Columbia River 
Basalt Plateau was constructed. In the Cascades the numerous 
flows of basalt, andesite and rhyolite still remain to record 
the period. 

Dw·ing the short lulls in volcanic activity, sedimentation 
was active and when finally vulcanism subsided, erosion and 
sedimentation became once more the dominant £actors. The 
Tertiary formations have been but moderately deformed into 
gentle folds. They contain many leaf and plant impressions 
which give valuable aid toward the fixing of geologic age. 

'foward the close of the Tertiary there came a smaller 
batholithic intrusion of granodioritc. This is represented by 
the Snoqualmie granodiorite described by Smith•. From de
t ailed a1·eal mapping he was able to make the very interesting 
statement that the intrusion of Snoqualmie granodiorite reach
ed within 4,000 feet of the land surface existing at that time. 
This 4,000 feet of cover was sufficient to allow the slow cool
ing necessary for the coarse crystallization of a granitic rock. 

It was during the opening of the Pliocene that the Cas
cades are considered to have been elevated some 7,000 feet or 
more above the level of the sea. This uplift was accomplished 
by the complex arching of the strata which now form the 

•Smith, George Olis. Snoqualmie Folio, Wasblngton, No. 139, U. S. 
Geol. Survey, 1906. 
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range. The steep escarpmeuts on the west flank of the Cas
cades in the vicinity of Startup, North Bend, etc., suggests 
that the arching became so intense in certain areas that the 
strata collapsed and left great fault escarpments. 

Following the uplift and until the present day, water and 
ice have been constantly at work slowly gouging and tearing 
down the range. 

SUMMARY 

Those interested in the ore deposits of the Cascades should 
appreciate that there have been two periods of metallization: 
One, directly associated with the granitic intrusion during the 
Mesozoic and the more recent metallization with a second 
granitic intrusion during late Tertiary time. The Stmset Cop
per deposit represents the older type while the younger bodies 
are represented by the Apex Mine, in the Miller Rivel' District, 
and the l\fineral Creek copper deposit, near the head of Little 
Kacbess Lake. In a few instances the other formations de
scribed have received mineralization given off by the under
lying granitic batholiths. It is of value to understand the re
lations of these formations to the ore deposits and to the in
truded granites. 

ORE DEPOSITS 

The metalliferous ore deposits of the Cascades yield 
principally copper and gold, with lesser amounts of silver, lead, 
and arsenic. The Sunset Copper Mine, in the Index District, 
has, in recent years, been the premier producer in western 
Washington. Other copper properties under development in 
the Sultan Basin area, and north of Lake Kacbess, in Kittitas 
County, may later reinforce the Sunset's production, when 
their transportation and other basic development problems are 
economically solved. These copper properties occur as both 
lodes and veins irregularly replacing the granite and grano
diorite along shear zones through these rocks. 

The ore deposits of the Cascades are prevailingly found 
enclosed in the granitic batholith from which they were deriv
ed. The character of the overlying host 1·ocks was often fav
orable for the deposition of the ore minerals but the granitic 
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rocks appar ently were not able to reject their ores, as in north
eastern Washington. The time elapsing between the batho
lithic intrusion and the subsequent injection of the ore-bearing 
constituents, was adequate to allow the outer crust of the bath
olith to cool sufficiently to thus chill and precipitate the metal 
carriers before they were able to reach the older host rocks. 

It is noticeably true that while the majority of the veins 
in the Cascades are usually n~rrow, they are also remarkably 
persistent for veins of such limited width. There ue instances 
where a vein which does not average over 12 inches in width 
is traceable for a half mile and often more along its strike and 
has been explored to a maximum depth of 700 feet below the 
outcrop without being bottomed. This is a phenom~non not 
common to most mining districts. Such veins evidently formed 
at a moderate depth where the pressure was not sufficient 
t o close narrow, persistent fractures traversing the country 
r ock. 'l'he widening of these narrow fissures was accomplished 
by the metasomatic r eplacement of the walls by the ore-bear
ing solutions and gases. 

'l'his type of persistent, narrow veins is not so common to 
the copper deposits as it is to veins carrying gold values inti
mately associated with arsenopyrite, pyrite, chalcopyrite and 
similar base sulphides. 'l'he Apex Mine, in the Miller River Dis
trict, forms an exeellent type example. 

There are a number of other gold properties in the range 
which will re-open when the present discouraging gold situ
ation is relieved. First to be mentioned is t he B oundary Red 
Mountain Mine in the Mt. Baker District, also the Lone Jack 
Mine of the same area. These deposits are normal quartz 
veins carrying their values in free gold. The tenor of the 
p ay-shoots averages around $15.00 in gold to the ton and the 
character of the gold permits its economic r ecovery by amal
gamation. These mines are 20 to 35 miles from the railroad 
and lack of cheap t ranspor tation has always been a t r ouble
some £actor. 

'rhere has been a strong market demand for arsenic dur
ing 1920, and i£ this condition continues the arsenopyrite prom
inently associated with a number of the deposits will give an 
incentive for the resumption of operations. 
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Several small veins of realgar (arsenic monosulphideJ 
occm· in the Cascades and during 1920 a small mill was built 
to work a deposit in the Index District. '!'bis highly volatile 
sulphide is found filling narrow irregular fractures which 
occur near the roof of the granitic batholith. 

BLEWETT DISTRICT 
INTRODUCTION 

The Blewett Mining District is located in the south central 
part of Chelan County, approximately in the center of the State. 
Tl1e nearest railway point, Pesl1astin, 011 the main line of the 
Great Northern RaiJway. is 18 miles from Blewett and the two 
are connected by excellent automobile road. The center 0£ 
the district is the old town of Blewett, which is situated on 
the Blewett Pass automobile highway across the Cascade 
Range. 

'l'he Blewett District is one 0£ the oldest mining areas in 
Washington. Many prospectors working southward from the 
Cru:ibon_ and Fraser River District in B1·itish Columbia and the 
Similkameen in northern W ashington, are believed to have 
used a trail over Blewett Pass in oTder to cross the Cascade 
Range into western Washington . It was in 1860 when the 
first gold placers on Peshastin Creek ·were discovered and 
tbey have been worked at innumerable intervals since that 
date. About 1874 tbe first qua1'tz claim was located by 
John Shafer, at the head of Culver Goich, and within the 
next few years all the promising ground had been staked. 
The first attempt at the milling of ore in lbe territol'y followed 
when several arrastres ·were built to treat the rich oxidized 
surface ores o.f the district. On the bank of Peshastin Creek, 
100 yards south of Blewett Store, one of these old a1Tastres 
is still well pr eserved to-day. It is shaped from solid rock and 
the symmetrical smoothed surface of both the spindle and 
bowl witness the Jong continued use of this crude crushing 
device. 

During the period from 1891 to 1907 there has been 
sporadic mining and stamp milling of the Blewett ores. The 
gr eater part of the work has been centered about Culver Gulch, 
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just west of the old town of Blewett. No official r ecord has 
been kept of the gold production from the camp, but £rom the 
b est available data it is estimated at $1,700,000 

When the district was visited during the summer of i920, 

there had been no new mining development since the very com
plete and excellent report on the dist1·ict made by Weaver• 
during 1910. 

A company organized as the Amalgamated Gold Mines 
Company, with head offices in Seattle, began work July, 1920, 
on the old workings along the Peshastin vein. This property 
has been in litigation for the past eight years and the title 
has but recently been cleared. A crew of 15 men were employ
ed re-opening the old workfags and remodelling the old Blew
ett Stamp Mill. This mill has been largely dismantled except 
for the old battery of 20 stamps, and it is the plan of the com
pany to begin in an experimental way by first placing in oper
ation five stamps in conjunction with amalgamation followed 
probably by tables and flotation concentration. In the mean
while mining operations will be carried on in an effort to de
velop enough ore to warrant milling on a commercial scale. 

Since there has been no new mining since the Teport by 
Weaver, the writer made only a brief stop in the district and 
examined the series o.£ openings along Culver Gulch that the 
Amalgamated Company plan to r e-open. The examination was 
limited by caves which in places blocked the tunnels and 
stopes. rt ·was surprising, however, to find some of the old 
stopes, mined out 25 years ago, still in part accessible. 

GEOLOGY 

The following geological summary of the district is largely 
abstracts from the report 0£ Weaver• 

The geological history of the Blewett Mining District is a 
part of the geological histor y of the Cascade Mountains. The 
same disastrophic movements involved in the deformation of 
the Cascades during the various periods of its history, the 
changes in the relative positions of land and sea, the metamor 
phism produced by igneous intrusions, the deposition of sedi-

•wea.ver, C. E. Geology a nd Ore Deposits of Blewett Mining District: 
Washington Geological Survey, B ull. 6, 1910. 

Washington Geological Survey, Bull. G. 

II 
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mentary rocks in the large fresh water lake basins and the final 
modification of the topographic features by the actjon of 
stream erosion, which has operated upon so tremendous a scale 
in developing the Cascades as a whole, have been the factors 
involved :in producing the geological and topographical fea
tures in the area under discusion. 

The formations in this region may be divided into two 
series which are separated by a pronounced unconformity. 
The older of these is represented by a bedrock complex, con
sisting of metamorphic and igneous rocks of pre-Tertiary age. 
The younger of the se1·ies is composed of non-metamorphosed 
sedimentary rocks together with igneous intrusive and extru
sive rocks. 

To convey an idea of the geological conditions, the various 
formations exposed in the area will be each briefly discussed 
in order of their age. 

Tbe oldest formation exposed is the Peshastin, which is 
prevailingly made up of black slates and fine-grained dark
colored qnartzites. Extensive exposures o.f Paleozoic rocks 
are present in the northern part of the district and they are 
undoubtedly a part of the great serfos of metamorphosed 
Paleozoic sediments so well exposed in northern Washington, 
parts of Idaho and Oregon, and in British Columbia. 

The rocks grouped under the general term of the Hawkins 
formation constitute the bolder crags and pinnacles such as 
Sheep Mountain, Iron :Mountain and the high, ragged ridge 
between Culver Gulch and Negro Creek. They constitute 
a prominent £eatui·e of tbe areal geology within the district 
proper and are a part of a broad belt extending east and west 
from Mount Stuart. The rocks composing this formation are 
represented by volcanic breccias, tuffs and intercalated vol
canic flows of probable Carboniferous age. 

Thi·ee-fifths of the total area of the district is represented 
by ultra-basic intrusives, classed as perodotite. Where this 
formation was observed in the vicinity of the ore deposits along 
Culver Gulch, the perodotite had been converted into serpen
tine. Such a change was probably effected by the hydration 
of the perodotite by ascending hot waters, either latent waters 
from the perodotite intrusion or from later igneous activity. 
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W ABBINGTON CEOL-OGICAL SUR\EY BULLE'.IL'J No. 23 PLATE J(XVTII 

View of Culver Gulch, Blewett District. Meteor and Pechastio tunnels are 
clirecll:v back of mill. 'l'he dump$ or the Sandell and Humming Bird 
tunnels are visible fo.rther up the gulch. 

The formations of the Blewett area are underlain by an 
immense batholjth of granodiorite of probable Jurassic age. 
Only dike-like apophyses of the granodiorite have reached the 
present land surface of the Blewett area, but the batholith 
is prominently exposed in the vicinity of Mount· Stuart and 
is believed to be directly related to other large exposures of 
granodiorite through the Cascade Range, for example, the ex
tensive exposures of granodiorite in the Index District. The 
ore deposits of the Ble,vett District are found chiefly in the 
serpentinized perodotite and are believed to have been de
rived :from emanations from the underlying granodiorite 
batholith. 

'rhe 'l'ertiary history of th.is region was inaugurated by 
intense deformation of the surface rocks, resulting in the for
mation of a great lake basin in wl1ich were subsequently 
formed beds of sandstone, , hale, and carbonaceous material 
until a thickness of some 5,000 feet was obtaioed. 'l'hese beds 
are now known as the Swank formation. The remainder of 
the Tertiary period was marked by vu]canism with great out-
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pouring of basic lavas and then long periods of erosion until 
the region was reduced to a peneplain. At the close of the 
Pliocene, or beginning o.f the Quaternary, the Cascades were 
again uplifted to at least 8,000 feet above sea level by a series 
of complex deformational movements. Since then the area 
has been vigorously attacked by the erosive actions of streams 
and glaciers with the result that the present physiographic 
mosaic has been sculptured from the uplifted plateau. 

PESHASTIN VEIN 

The P eshastin vein has been the major producer of the 
Blewett District. It outcrops on the south side of Culver 
Gulch a fe,-r hun<lrcd yards wost of the Blew·ett Store and then 
follows rougl,ly tbe westerly trend of th·e gulch up the moun
tainside. Culver Gulch has furnished tbe site for a series of 
drifts driven to the vein at various elevations. A large por
tion of the ground along the trend of tl1e vein between these 
crosscuts has not been explo1·ed. This is largely due to the 
fact that the mining chance of finding new ore-shoots is not 
considered sufficient to warrant the cost of such e~i;ended 
exploration work. 

The treud of the vein is no1·th 65°-75° west and it dips 60°-
750 toward the south. 'rhc vein occurs along au irregular shear 
zone through the serpentine and pronounced pinches and 
swells cause the width 0£ the zone filling to vary from a tiny 
stringer to eight feet as a maximum. The ore lays in lenticu
lar masses along the sheared serpentine ; in some instances 
these lenses attain lengths of 100 feet or more and then pinch 
down until only the sheared serpentine marks the continua
tion of the fracture. Quartz and calcite are prominent as 
gangne minerals, and tlwough the vein matter run ribbon-like 
inclusions o.f serpentine. Arsenopyrite and pyrite are the pre
dominant sul pbides and minor amounts of chalcopyritc and 
galena are present. M:any rich samples of free gold have 
come from this vein and the tenor of the ore mined has varied 
from a few dollars a ton up to a maximum of $10,000 per ton 
form some of the rich pockets. 1n the JV[eteor tunnel dolomite 
was found as a prominent .filling along the shear zone, also 
bright red streaks of iron oxide and associated with these the 
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writer found what appears to be garnierite, the hydrated sili
cate of magnesium and nickel. This was not observed in work
able quantities but its occurrence is of interest and prospectors 
and operators in the district should note the extent 0£ its 
occwTence in other workings. It was intimately mixed with 
green serpentine minerals which rendered it positive identifi
cation imposible. 

U11de1·groi1.,nd Workings.-'fhe oldest workings occur near 
the bead of Culver Gulch in what is known as tb.e Summit 
Pocket. It was reported that these workings were largely 
inaccesible so examination was confined to the accessible 
workings on the Bobtail, Hummingbird, Sandell, Peshastin and 
Black J aak claims. 

Wye .7'1,mmel.- Trus tunnel, also known as th.e Bobtail, is 
the most westerly exposure visited. The workings are on the 
Bobtail claim at an elevation of 3,100 feet, or 700 feet above 
the town of Blewett. A 50-foot crosscut is driven to a lenti
cular quartz deposit which is probably tbe western extension 
of the Pesbastin lead. A small stope has been opened on the 
lens. The amount of available ore appears limited and the 
assays are reported to be of medium grade. 

Uppe;r H-itmiming Bii•d T·U,nnel.-'l'he portal of this tunnel 
is also in Culver Gulch but at a point 75 feet lower in eleva
tion. I t has been. driven 233 feet as a crosscut until a small 
slip was encountered and drifted upon 50 feet without expos
ing any ore. This slip has a well-defined wall of polished ser
pentine which strikes east to west and dips 70° south. 

Lower H u,rwm;ing, Bird Twwn1el. -fl'rus is 100 feet lower in 
elevation , and, like the Upper Humming Bird tunnel, is driven 
220 feet to a shear zone which strikes east and west and dips 
70° south. A drift has explored the vein for 300 feet toward the 
west and a lens of ore encountered from which several hundred 
tons of ore have been stoped. The back of this stope shows a 
quartz vein one foot in average width, wruch £ills the shear 
zone. Arsenopyrite, pyrite and chalcopyrite a.re present in 
moderate amounts. This showing is believed to be on the west
ward extension of the Peshastin fracture. 
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Fig. 22. Map showing mine workings on the east end of the Pesbastln 
vein, ne.ur moulh or Cul ver Gulch, Blewett l)lsl1·lct. 
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Sanden Twinel.-Tbe portal of this tunnel is at an eleva
tion of 2,700 feet, or 200 feet below the lower Humming Bird 
tunnel. It crosscuts the Peshastin vein 300 feet from the por
tal, and drifts are run on the vein several hundred feet both 

east and west of the crosscut. Stopes wel'e opened both above 

and below this level; in part these are still accessible and 
judging £rom the pillars of ore remaining the ore-shoot aver
aged two to six feet in thickness. The quartz is streaked with 
pyrite and some arsenopyrite. ome very rich lenses of ore 

are known to have been mined from these stopes. The pay
shoot is apparently the same as that mined in the Peshastin 
workings, for the two tunnels are connected by stopes. 

Peshastin T1innei.- Tbis tunnel wa blocked by a eave 
near the portal and the workings could not be examined. It 
cuts the Peshastin vein 180 feet below tl1e level of tbe Sandell 
tunnel. Weaver• mentions that on the Peshastin claim two 
ore-shoots were found, known as the "Parish" ancl "McCar
thy" shoots. These were worked mainly from the Pesbastin 
tunnel. They pin.ched down to a very narrow seam above the 
level of the Pesbastin tunnel and also narrowed dO"-'ll to the 
east and west along the general strike of the vein. These 
shoots ue credited with a large production of good-grade ore. 

111 etcor .7'1mmel. -111e Meteor tunnel is about 80 feet below 
the level of the Peshastin and is driven as a diagonal crosscut 
a distance of 700 feet, where it encountered a shear zone cut
ting the serpentine. This was drifted upon for a distance of 
1,000 feet or more without exposing any strong shoots of ore. 
This shear zone is supposed to be the downward projection 
of the Peshastin vein and Weaver• mentions that the two 
workings are com1ected by raises, but the writer was unable to 
find such connections. There is room for doubt as to whether 
the drift on the Meteor level is on the P eshastin veiJ1 . Tt fol
lows more or less of an irregular shear zone, along which are 
occasional lenses of quartz, but such conditions could exist 
parallel to the main P eshastin shear zone. At one point a. 
raise has been carried up 65 feet on some quartz stringers 
lying along a zone that. trends north 65° east and dips 70° 

•Idem. page S8. 
W ash. Geol. Survey, Bull. 6, pa ge 86. 
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south. It should on1.,- Le 11ecessary to continue this raise 20 feet 
to connect ,Yith the Pesl1astin workings and then this question 
could be de:fi.njtel.r settled and development. work .from the 
1\feteor tunnel could be planned in a more decisive manner. 

BLACK JACK VEI N 

'l'be most easterly developmeut on the Black Jack claim 
consists of a tunnel driven westerly from the level of Peshastin 
Creek for a distruice of 1,300 feet, together with a shaft and 
several raises. W eavcr• reports that 3.000 tons 0£ ore averag
ing $10.00 to the ton, was mined from these workings. When 
visited during 1920 this tunnel was caved at a point 500 feet 
from the portal. Very little ore was observed, the best being 
from a narrow lens of quartz explored by a 75-foot raise above 
the level. Directly up the hillside, 100 feet :from the portal 
0£ these workings, a second tunnel has been driven several 
hundred feet in a westerly direction. 'l'he work exposes sev
eral small lenses of ore whieh pinch ont irregularly both along 
the strike and dip of the deposit. 

CONCLUSIONS 

In the workings visited on the Peshastin and Black Jack 
veins very little mineable ore has been left and future produc
tion must come from new exploration work. The deposit can 
ordinarily be expected to extend well below the level 0£ 
Peshastm Creek. ThP pay- hoots were not studied in enongh 
detail to warrant any definite conclusions 1·egarding their 
downward extension. The most promising ground for explo
ration would be tl10 systematic search for these shoots below 
the Peshastin level. The profitable development of the prop
eL·ty will call for the most skillfully directed development 
work. As a preliminary it would be desirable to prepare a set 
of good working maps of the mine openings and when complet
ed these could be compared with any other maps that may be 
available. 'l'here a.re a number of u11derground exposures that 
may be found to carry some ore 0£ commercial gr·acle; all these 
showings should be systematically channel-sampled. Since 
the old workings have been opened and extended at various 
times under diffe1.-ent types of management, ancl in some cases 
by lessors, all unknown factors with respect to the workings 
should be systematically checked. 

•Wash. Geol. Survey, Bull. G, page S6. 
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KITTITAS COUNTY 
CLE ELUM AND ADJOINING DISTRICTS 
SWAUK MINING & DREDGING COMPANY 

September 5, 1920, the Swank Mining & Dredging Com
pany put in operation a gold fu•edge near the junction of 
Williams and Swauk creeks. The dredge began work at a 
point only a few hundred yards from the postoffice of Liberty, 
Kittitas County, and if operations prove profitable the com
pany plans to eventually work over the greater part of the 
Swauk Basin, which would offer them an extensive operating 
area. 

The dredge was built by the American Dredge Building 
Company, of Seattle. It bas a rated capacity of 1,000 cubic 
yards 0£ gravel per day. The buckets are of two cubic yards 
capacity and are equipped with manganese-steel lips. Power 
is furnished by an 80-ho1·sepower gas engine, kerosene being 
used as a fuel. I t is planned to later install elect1:ic power. 
Water is handled by a 12-inch centrifugal pump. 

The bucket-line of the d1·edge discharges over a grizzly 
spaced at two inches. The grizzly oversize passes to a cylin
drical tromm.el 3' x 14'. The trommel oversize is sent to the 
stacker belt and discharged from the dredge. The trommel 
and grizzly unde1·size is passed over riffles then flumed 
through tail sluices and discharged astern 0£ the dredge. 

The Swauk area has been the scene of placer mining 
activity since the coming of white men to the northwest, and 
its sporadic operations have p1·oduced the major portion of 
the State's placer gold. It is undoubtedly one of the most 
favorable areas in the State for cll·edging operations and the 
progress of the present company will be watched with interest. 
The grmmd has been tested a nnmber of times and the erratia 
distribution of gold has caused a variance of opinion as to the 
success of such a venture. 

The gold-bearing gravels of the district are well described 
by Smith,• who worked out the detailed geology of the area. 

The .following information is taken from his report : 'l'he 
gravel deposits vary from a few feet to 80 feet in thickness. 

•Smith, G. 0., Mt. Stuart Folio, Washington. U. S . Geol. Survey, Folio 
No. 106. 1904. 
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Colors of fine gold occur scattered through the gravel but 
most of the gold is found on the bed rock. The marked charac
teristic of the gold is its coarseness. The largest nugget found 
was valued at $1,100. The large nuggets are usually well
rounded, but in the tributary streams wire and leaf-gold are 
found. The source of the gold is from quartz veins known to 
occtu· in the immediate vicinity; indeed, the limited area of 
the Swauk drainage basin precludes any very distant source 
for the gold. 

MINERAL CREEK COPPER 

The Mineral Creek Copper deposit is on a creek of the 
same name, two miles above Little Kachess Lake, northwestern 
Kittitas Oounty. It is accessible only by boat up Kachess La,ke 
to the head of Little Kachess Lake and from this point two 
miles of wagon road connects the deposit with water trans
portation. An attempt was made, during November, 1920) to 
examine the hold:jngs but a severe storm interfered. The fol
lowing information is abstracted from. the notes of a 'responsi
ble engineer who visited the property earlier in the season : 

The holdings of the company comprise two adjacent de
posits, known r espectively as the Mineral Creek and the Cop
per Queen. 

The first named property is on the north side of, and a few 
hundred feet above, Mineral Creek. The mineralization occurs 
as a r eplacement along an ii-regular shear zone pattern which 

· traverses a large dike of granodiorite. 'fhis dike is apparently 
connected with a stock of Snoqualmie granodiorite (Tertiary) 
which outcrops a mile north of the workings.• The mineral
ization occru·s along the narrow shear zones and joint planes 
but is not usually strong enongh to link up the fracture pat
tern. '£he brecciated zone is 20 to 40 feet in width and the 
granodiorite is partly replaced by silica, pyrite, and lesser 
amounts of chalcopyrite. 

The deposit is explored by a crosscut 248 feet in length 
and by a 50-foot shaft sunk on the mineralization at a point 
nea1· the portal of the crosscut. These workings are connected 

• Reference should be made to Snoqualmie Folio: Geologlc Atlas No. 
1-39, U. S. Geo!. Survey, 1906. 
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by a short surface tram with a small mill situated near the 
creek level. 'l'his mill was built dul'ing 1920 and has a capacity 
of approximately 25 tous per day. 'rhe ore is first broken in 
a No. 2 Dodge crusher, then gTouncl to flotation size in a For
rester rod mill. Two standard Ziegler flotation machine make 
a sbippiug coucentrate and a tailing product which is re-treat
ed on a Wifley table. rl'he property is credited with several 
small shipments and E. J. Durrwacht~r, superintendent, 

reports that a carload shipment of crude ore averaged 6 per 
cent copper. 

'J.1l1e Copper Queen deposit is one-half mile south of, and 
some 600 feet above, Mineral Creek. Here the mineralization 
occurs in a neck of oxidized rhyolite breccia. 'fb.e largest 
lateral dimension of the mineralized zone is 40 feet. 'l'his area 
exhibits one strong fissure and many minor ones. The miner
alization is chiefly pyrite with which is associated some chal
cqpyrite. 

At the 3,500 elevation a c1·osscut bas be~n driven through 
basalt and sandstone a distance 0£ 550 feet to the rhyolite 
breccia. At tlie 3,660-£oot elevation a second tunnel has been 
driven 230 £eet; this work cuts basalt for the first 55 feet, and 
then rhyolite ureccia £or the remainder of the distance. Only 
40 feet of the breccia shows evideuce of mineralization. No. 
5 famnel is at an elevation of 3,820 feet and has a length of 
65 feet; it is principally enclosed by basalt which exhibits no 
mineralization. 

So far as is known, the deposits have not been systemat
ically sampled. The copper content is relatively low, but no 
exact statement concerning the tenor of tl1e mineralization can 
be made. 
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SXOHOMIBH UOUN'l'Y 
INDEX AND SULTAN DISTRICTS 

GENERAL FEATURES 

The Index and Snltan distl·icts are two closely adjacent 
areas occupying an area of 400 squal'e miles in southeastern 
Snohomish and northeastern King colmties. Although the 
districts are separated from one another by Tugged divides, 
they are intimately related geologically and to gain simplicity 
they will be grouped 1mder one heading in th.is report. 

The dfatJ:icts are in the heart of the Cascades and are 
served by the main line 0£ the Great Northern Railway; the 
stations of Sultan and Index corresponding to the district 
names. A1J operating properties are from 5 to 18 miles from 
the railroad, but are assisted in part by logging railways built 
up the main river valleys to tap excellent stands of timber. 
The cost of transportatiou to tbe railroad has most ofteu been 
a serious retarding factor. 

GEOLOGY 

'l'he geologic conditions met with in this area do not 
materially differ from those encountered in many of the min
ing districts in north central and northeastern Washington 
The older rocks are represented by highly metamot·phosed 
belts of quartzite, argillite, and schist. '11 hese are buckled into 
steeply-clipping folds and have been intruded by an extensive 
invasion of granodiorite. On the basis of correlation with 
similar identified strata occurring elsewhere in Washington 
and in British Columbia these metamorphics are classified as 
belonging to the Paleozoic era, \\'1th some of the upper belts 
possibly passing into the Mesozoic. The intrusion of grano
diorite is definitely related to similar granitic invasions in 
western America during the Mesozoic. 

'l'he metaroorphics, .forming as they do, a sort of roof 
over the batbolith, are usually found to make up the higher 
ridges and peaks over the area. In other instances roof-pen
dants of these older rocks measuring several square miles 111 
extent, are found penetrating clown into batholitJ1 to horizons 
below the level of stream valleys. Such pendants were noted 
near the mines in both the Sultan and Index districts and the 
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contacts between these pendants and the adjoining grano
diorite are usually steep-dipping. 

The ore deposits are believed to have formed soon after 
the intrusion of the granocliorite. They represent segregations 
from the cooling magma which were collected at deeper levels 
and injected along openings formed in the outer crust of the 
magma, and to a le ser extent in the overlying l1ost rocks. Most 
of the deposits are fotmd to be enclosed in the granodiorite but 
not at a great distance from pendants off the older rocks. They 
are of the type formed at intermediate depths below the 
surface. 

Weaver• expresses doubt as to whether the ore-bodies of 
the Index District were derived directly :from the Index Grano
diorite or whether, like ilie ore bodies of the nearby 11:onte 
Cristo and l\llliler River districts, they rep1·esent mineralization 
from a later Tertia1·y intrusion. 'l'o the writer it seems simpler 
and more logical to regard the principal ore deposits of the 
Index District as the final segregations :from the Jurrasic, 
Index granodiorite. Tl1e deposits are predominately enclosed 
in that rock and by reference to the geologic map of that area, 
it will be noted that the ore bodies are quite generally local
ized near the margin~ of the batholith, near the contact with 
the older intruded rocks. This phenomenon is characteristic 
0£ deposits filling marginal openings in their parent batholith. 
Arsenopyrite, galena, and stibnite, often cal'l'ying high gold 
values, are conspicuous in the 'l'ertiary veins of the Monte 
Cr isto and Miller River districts, but their occurrence in any 
horizons o.f the veins so far exposed is rare in the Index Dis
trict. The Index granodiorite was mineralized wiili copper and 
iron sulphides, as evidenced by the m:inor inclusions of these 
sulphides occasionally found entrapped in the granodiorite. 
The existence of magnetite and tourmaline in the Copper Bell 
deposit stamps it as a high-temperature., deposit, thus indicating 
ap immediate cooling magma during the period of ore depo
sition. 

The Monte Cristo and Silverton areas adjoin the Index 
and Sultan districts on the north. They have been relatively • 

•weaver, C. E . Geology ancl Ore Deposits ot the Index llllnlng D is
trict: Wash. Geol. Survey, Bull. 7, pp. 66-G~. 1912. 
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Index Mountain, near Sunset Copper Mine. 
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inactive for the past 20 years ancl were not visited. At one 
time they were the most active camps in the State and are 
credited with a production of $7,000,000, chiefly in gold, but 
have been held back by a number of advers~ factors, which will 
not be detailed here. The gold ore occm·s in a complex mix
ture of sulphides of copper, fron, arsenic, and antimony, which 

presents sel·ious metallurgical problems. It is the belief of 
many who ate familiar with local conditions, that several of 

the deposits in these iclle districts will ultimately be worked 
at a good profit. 

I t was not found possible, before the close of the 1920 

season, to visit several properties at the head of Sultan Basin. 
Of the mines in this section the Florence Rae, Sultan Group, 
Forty Five, and Mystery, have received sporadic development 
during the past 20 years. A crew of three men doing dev.elop
ment work at the Sultan Group, represented the only activity 
during the summer of 1920. Later in the year the Florence Rae 
was takeu under lease and bond by a group of Seattle men, and 
it is probable that this deposit will be further developed dur
ing the summe1· of 1921. Later mention is made in this report 
of the Forty Five, Sultan Group aud .Mystery properties. 

SUNSE T COPPE R 

Generai .Featiu·es.- During recent years the Sunset Cop
per M:ine has been the most consistent producing property in 
the Cascades. A 125-ton concentrating mill was completed on 
the property, August, 1918, and has been operating steadily 
up to Decembe1·1 1920, with the exception of a pel'iod from Feb
ruary, 1919, to AuglLst, 1919, when a depressed copper market 
~orced the closure of many copper mine.. Previous to 1918 
the mine ,vas worked intermittent)~,, and the high-grade ore 
was sorted and shipped without concentration. 

'l'he mine is on Trout Creek, six miles northeast of the town 
of Index, of the Index Mining District, Snohomish County. 
The main line of the Great Northern Railway passes through 
Index and the logging railroad of the Index-Galena Lumber 
Company is constructed from the to,vn to the mine, thus fur
nishing favorable transportation facilities. The Lumber Com
pany operates daily trains to its Camp No . 2 at the mouth of 
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Camp or the Sunsel Copper Company. (1) Portal o! the maln adlt, (2) and 
(3) bunkhouses, (I) boarding house. 

'l'ront Creek. A switch-back line coutiuues up the mountain 
side to the mine, and the Lumber Company handle cars to and 
from the mine. 

The Sunset Lode was first discovered by Arthur C. Egbert, 
June 18, 1897. The original SuJ1set Mining Company was or
ganized Jul.,, 1897, with E . M . Egbert, President; John Mc. 
Manus, Secretary; and Nicholas Rudeueck, General Manager. 
Since that time the ownership of the company has changed 
many times. In recent years George Stevenson has been 
President of the Sunset Copper Company and it was under his 
direction that tl1e concentrator was bnilt and the mine put on 
a shipping basis. During 1819 l1e retired from the Company 
and E. A. Sims became Presideut a11d Genera 1 l\+IanRger. 
J. G. Sheppard is Superintendent. 

Develoznnenl.-'l'he Sunset ) Ji ne has by 1920 been devel
oped through a maximum horizontal range of 1,400 feet and 
a maximum vertical Tange o.f 490 feet. All ground within this 
area has, however, not yet been explored . (See Figm·e 24.) 

The mine is worked through ·an ad it crosscut driven north
ward 600 feet to intersect the SUllset lode 290 feet below the 
outcrop. On this level the lode has been explored 700 feet both 
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east and west of the adit. Stopes and raises connect ·with an 
upper level which has its portal on the hillside above the camp. 

Where the main adit encounters the lode a station has 
been cut and a winze sunk 200 feet below the level. At the 
first level in tl1is winze 100 feet below the collar, 1,000 
feet of drifting has been accomplished in order to get under 
the downward projection of the three ore-shoots exposed on 
the adit level. Large stopes ar.e now opened above this level. 
At the bottom 0£ the ,vinze a new level was started during 1920 
in order to develop additional stoping ground. 

'fhe Copper King lode is 475 feet north of, and practically 
parallel to the Sunset. The working adit is continued past 
the Sunset lode to reach the Copper King ore-body. Thls 
second lode has 1·ecently received several hund1·ed feet of new 
development work from the main adit level. 

Desc-ripti011 of the Dcposit.-Tbe Sunset deposit might 
better be called a lode than a vein, for it consists of a series 
of large lenses of copper ore lyi11g along a shear zone whlch 
traverses the gr:auodiorite coru-1try rock. 'rl1e strike o.C the zone 
is south 65° east and the <lip averages 86° towaL·d 1he north . 
The :predominant characteristic o.E the lenses js tJ1at they pinch 
and swell both along the trend of the lode and along its down
ward projection. Connecting the ore lenses along the shear 
zone are narrow streaks of gouge and shattered altered grano
diorite. In some i:ustances these narrow streaks must be fol
lowed several htmdred feet between lenses. 

In tracing out the origin of the deposit it is found that 
the field evidence wanauts the assumption that the original 
-fracture plane thi·ough the granocliorite was undulating, rather 
than exactly true, ai;,.d movements along the plane o.f the 
fracture threw tl1e walls into such juxtaposition tJ1at at cer
tain points bull.ged opeuiugs wet·e created along the 7.one. 
Connecting these were constricted gouge.filled streaks. When 
the ore minerals were introduced from below they naturally 
filled these bulged openings and the adjacent -fractured coun
try rock, with chalcopyrite, pyrite, bornite, quartz, etc . 
.Along the constricted sections of the zone the gouge matter 
dammed back the ore-carrying agents and they worked along 
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the fractures in the granodiorite and replaced it in part with 

the ore minerals and gangne. 'I1he hea1'ing movements along 
the zone, that served to develop the receptacles £o1· the ores, 
left behind as ev idence of their forces, deep striations in the 
wall rock and treak of. erpentine and tcilc developed through 
the dynamo-metamorphism of f he granodiorite. A t lliu-sec.tion 
of the altered granocliorite contained in the lode, shows tbe 
feldspar!-1 deeply altered to kaolin and the horublcndc largely 
converted into chlorite. 

The .foot-wall of the lode is u ually ,veil developed while 
no definite hanging-wall exists. The width of the lode varies 
from a few inches to a maximum of 16 feet. Usually the best 

ore is found along the foot-wall and leading OtLt into the 
granodiorHe from this are numerous sympathetic fractu res 
along which the ore solutions have worked to part}y r eplace 
the country rock. The ore-shoots are naturally fomad in tbe 
open and fractured ground along the zone and the mineral
ization along these shoots is sufficient to permit opening stopes 
5 to 10 feet wide, with the general run of the ore broken from 
these stopes averaging from two to six per cent copper. 

The shear zone is r emarkably persistent and should be 
expected to extend well below tl1e present deepest workings. 
ConsiderabJe ' 1 dead work" is a necessary prerequisite to the 
development of new ore lenses, for, s i11ce diamond-dri lling is 
seldom practicable £or the explora tion of an ore body of this 
nature, it is necessary to drift on the shear zone 1mtil new 
ore lenses are encountered. Three major ore-shoots have so 
far been developed, all of which have a pro11om1ced rake 
towai-d the east. The ground to the east of the adjt cro seut 
has been c1uite thoroughly explored and fntlU'e development 
"vork should be directed west of the aclit where it is r eason
able to believe tJrn,t new ore-shoots may be clevelopccl. 

On the third level 300 £eet east of the winze a six-foot 
diabase clike follows, fo r a short cl istance, t he ha11ging-wall 
side of tJ1e lode, tlJen leaves the ore body and tr ends south
west through the granodio.rite. 'l'he dike shows in the stope 
above this level. The position of the dike with respect to the 
vein suggests that it is post-mineral. 
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Mi11eralogy.-Chak:opyrite and bornite are the pt·incipal 
ore minc1·als. Bornite is found mixed with the chalcopyrite 
from the surface doWll to U1e lowest level. Massive bodies of 
these sulphides are often encountered. In the upper work
ings the oxide and carbonates or copper have been developed 
in a limited way. 'rhe Coppet· King vein, however, has suf
fered more intense alteration. Where it is cut by the main 
adit, 400 feet below the outcrop, the £oot-wall side of the 
vein is clayey and the sulphides are so severely altered to 
black co11pet· oxide that tl1ey offer difficulties to a good mill 
recovery. Tb:is portion of the Copper King depo it jg more 
open aucl the alte1·ation has natui-ally been effected by down
ward percolating sm-£ace waters. Small amounts or molyb
denite appear at various pou1ts associated with the ore and 
a small fractlll'e, mineralized with this sulphide, is cut by the 
main adit at a ]Joint midway hetwcei1 the Sunset and Copper 
King Jodes. Qua1'tz is sparingly present in the lodes as a 
ganguo mineral. Small quantities or native si!Yer aucl copper 
have been found in the Copper King deposit. 

It has been. suggested that the mas1;ive hornite occmring 
in certain stopes of the Stmsot )line might be the product of 
secondary enrichment, by downward percolating watel's. and 
thus fade out in the lower horizons o.f the deposit. A study 
of the ores in polished section under the microscope reveals 
an intimate inlergrowth of the cbalcopyrite and boruitc. which 
indicates that the bornite was deposited practically contem
poraneous with t11c chalcop)Tite by h.rpogene solulions (pri
mary). 

Copper King Lode 

•r11 is deposit is 4 75 feet nor lb o E the Sunset lode and trends 
practically parallel to it. 'l'he main adit crosscut was extended 
to the Copper King vein several ~"cars ago but uniorttmately 
it has not yet been well explored. At the time 0£ exami11atic~ 
(July, 1920) a stope was being broken above the point "·here 
the ad it enconntered the deposit. '!'his stope was at that time 
up 90 rcet above tho sill-floor ; the pay-shoot had been develop
ed fol' a length of 80 feet along the strike aud the avel'age 
width of the stope was six feet. The characteristics of the vein 
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are simiar to the Simset '\\'ith the exception that it has been 
severely altered b.v infiltrating surface waters. Along the foot
wall t.here is a 12-h:ich sh·eak of clayey ore well mineraHzed 

with black copper oxide. The remaining ·width 0£ the lode 
bas not suffered similar alteration and chalcopyrite and bornite 
predominate. When milling, an effective recovery cannot be 
made of the oxides. During mining they crumble and make 
up a portion of the fine ; by pa ing the Ol'e from this stope 
ov.er a grizzly it is probable that the undersize will catch the 
major portion of the oxides and thus make a shipping product. 

At a point on the hillside 400 feet above and approximately 
1,000 feet west of the main adit, a crosscut has been drjven 
160 feet to the Copper King vein, which it intersects at a point 
130 feet below the outcrop. 'rhc lode here shows a width of 10 
feet of milling ore. The weathered streak of oxide is similarly 
present as in the lower workings. A 16-inch diabase dike 
follows t he foot-wall of the lode at this particular exposure 
but is not e2..t>Osed in tl1e lower '\\'Orkings. 'l'he outcrop of the 
lode is easily traceable fo r several hundred feet on the hillside 
above the tunnel. At several points where it has been opened 
by shallow ct1ts the mineralization is decidedly encoui·aging 
for surface croppings. In these openings about 50 per cent 
of the values occur in tl1e sulphide fo rm as bornite ancl chal
copyrite, while the remainder are in the form of malchite and 
the black. oxide of copper . It\is probable that futtue explora
tion work will prove the Copper King lode to be as important 
as the Sunset. Certainly the surface exposures merit deeper 
exploration work toward the west on the Copper King. Thjs 
can appat·ently best be accomplished by crosscutting to the 
Copper King vein :from tb.e extr elUe west workings on the 
Sunset vein. 

D escription of the Concentl'ato1·.-The Swlset concen
trator was completed August, 1918, and has a capacity of 125 
tons per 24 homs. It is well equipped and is making an 
extraction of 90 per cent of the values. E. C. :Morse is 
superintendent. 

TJ10 breaker house1 which is separated from the mill 
proper, is 400 feet :from the portal of the mine adit. The ore 
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Concentrator oC Sunset Copper l\flnlng Company. 

is trammed to a 100-ton head bin from which it js drawn over 
a grizzly set to l :Y2 inches, and the oversize .feel to a Blake jaw 
crusher. The grizzly un<lersize and crushed ore chops onto a 
14-inch belt conveyor and is elevated to a. 100-ton bin at the 
head of the mill. 

The ore as drawn from the mill bin is conveyed to a set 
of 16" x 24n TJ·aylor roDs, set to one-half inch. A 12-foot 
bucket elevato1· lifts the material to a 6' x 5' Allis-Chalmers 
ball mill. This mill uses hammered steel baUs and a grate dis
charge. An experiment of using steel 1·ails fol' ball mill liners 
has proven highl.v successful and has materially reduced the 
cost of liners. The ball consumption averages about two 
pounds per ton of ore. 

The ball mill crushes to approximately 20-mesh for table 
feed and discharges to a bucket elevator which elevates to a 
cone thickener on the table floor. The thickened feed goes to 
a box classifier where it is divided between four Deister Sim
plex tables, and the slimes over.flowing the classifier are sent 
to a double-deck Wil£ley table. The table concentrates average 
30 to 40 per cent copper. These are sent to a dewatering tan 
preparatory to shipping 

The table middlings and tails go to a Dorr Simplex elassi
fier. The classifier overflow is sent to a Dorr thickener, while 
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the sands ar e delivered to a 6' x 5' Colorado hon Works ball 

mill. This mill is used £or re-grinding preparatory to .flotation. 
It works in closed circuit with a second Dorr drag-classifier 
and the overflow from this classifier and the thickened slimes 
from the thickener tank are elevated to the flotation cells. 
The overflow from the Dorr thlckener is pumped back to the 
tables, where it is used as wash water. 

A Zeigler and a K. & K. flotation machine are used as 
roughing cells. 'fhe tails from the roughe1·s go direct to waste, 
while the concentrates are sent to a small Callow cell used 
as a cleaner. The tails from the Callow are ret1m1ecl to the 
flotation circuit while the concentrates are delivered to a 
small thickener. The thickened concentrates are elevated by a 
drag-classifier to a 6' x 4' Oliver filter. A compressor of 120 
cubic feet capacity and a small blower furnishes air to t he 
flotation machines and the Oliver filter. 'rhe dewatered con
centrates, carrying about 12 per cent moisture, d1·op from the 
filter direct to the concentrate bins l'eacly £or shipment. The 
:flotation concentrates assay 28 to 33 per cent copper. 

A well-equipped assay office is maintained and a system
atic ch.eek over the mine and mill products is kept daily. The 
total milling cost during 1920 was reported a $1.50 per ton 
milled. 

COPPER B E L L 

'l'h.is deposit (also known as the Bunker Hill) ranks 
second among the properties of the Index District, only to the 
Sunset, in point of development. Dal'iug 1905 the company 
erected a 50-ton concentrator and also a well-designed copper 

. reverberatory furnace. Much surface and mine development 
work ha!i since been accomplished. • o important develop
ment has been undertaken during the last ten years, clue to the 

. failure, so far, to develop sufficient ore for profitable mining. 
A watchman is kept at the property and the camp is still in 
fair repail'. 

The .holdings are five miles northwest of Index, or one mile 
west of and 1,000 feet above the siding of Reiter , on the main 
line of the Great Northern Railway. The camp is connected with 

, the r ailway by a narrow-guage surface tram . 
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The deposit is near a plunging contact between the 
older intruded schist and quartzite, with granodiorite. 'l'he 
plane of contact sets at a steep angle, and near the mine work
ings, trends north 40° west. The ore occurs as irregular replace
ment lenses along a shear zone in the granodiorite. Heated 
ore carriers ascending along this zone have sought out the best 
cavities and there partly replaced the granodiorite with chal
copyrite, bornite, pyrite, magnetite, quartz and cafoite. Along 
the zone the femic minerals in the granodiorite are chlori
tized and the feldspars deeply altered to sericite and kaolin. 
A thin-section study of the material by Campbell• revealed 
the presence of well-shaped crystals of tourmaline. Since 
magnetite is prominently associated with the ores, the cliscov
ery of a second high-temperatme mineral fm·nishes cogent 
evidence that the ore body should be classified as a high-tem
perature deposit, and that it is directly related to the grano
diol'ite batl1olith w11ich encloses it. 

'l'he deposit is explored by a long adit which follows the 
shear zoue, 2,000 feet in a, northeasterly direction. Six hun
dred :feet from the portal a short crosscut to the northwest 
encountered an ore-shoot roughly cylindrical in outline. 
Stopes were dl•iven np to daylight on this ore and a winze 
sunk below the adit level. This is now under water but it is 
reported that the ore lens pinches down to a small streak in 
the bottom of the wiuzc. Above the present face of the long 
tunnel a short upper tunnel <liscloses a smaller lens 0£ ore. 
Some years ago tlie deposit was prospected with diamond drills. 
'l'he log of these holes is not available; however, it is known 
that some of the dl·ill cores showed copper mineralization. 

AMERICAN ARSENIC COMPANY 

T11e high price ex.i ·tent for arsenic dm·ing 1920 encouraged 
the organizatio11 0£ tile American Arsenic Company, for I.he 
purpose of developing a deposit of realgar (arsenic monosul
phicle) near Reiter, Snohomish County. 'l'he head office of the 
company is at Burlington, Wasl1ington. 'l'he mine is 2,000 feet 
above, and four miles by trail, north of Reiter, a station on the 
main line of the Great Northern Railway. 

•CampbeD, Roy A. 'Thesis Study, Univ. or Wash. College of Mines. 1920. 
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1'he arsenic occurs principaJly as realgar with subordinate 

amounts 0£ orpiment; slight incrustations of the white arsenic 
oxjde were noted in the oxidized portion of the deposit. The 
ores fill a. small fracture plane in the grauocliorite country 
rock. The main fraetUl'e has .been deveJoped by a drift 150 
feet in length and this development shows the Iracture to trend 
north 20° ea t and dip 70° southeast. 1'he arsenic minerals from 
the entire filling £or the fracture, which varies in width £rom 

2 to 12 inches, with five mches as an average. There are 
also several minor veinlets of ore which fill fractures trending 
off at various angles :from the drift. A small creek which cas
cades down the hillside, near the -workings, has stripped away 
the stu·face material and exposed several othor small veinlets 
of realgar averaging one to three inches in wiclth and trending 
for several hundred feet 11p the mountainside. Evidently 
the granodiorite in this vicinity developed a number of small 
bnt fairly continuous fractures which were used as vents fo1· 
gases of arsenical sulphide. Near the roof 0£ the granodiorite 
these gases were chillecl and the material clepositecl as a filling 
for the fractures. 

'l'he ore froru the largest fracture developed is of sufficient 
width and quality that, wl1ile a favorable market exists, it 
could be sorted and shipped direct. It is the plan of tile man
agement to subject the lower grade material to conceutratiou. 
During July, 1920, a 15-ton milJ was completed at the prop
erty. 'fhe mill is 300 feet bclo,v the mine workings. Water 
is taken from a small creek at a point near the workings and 
delivered to the mill through a six-inch wood pipe, thus fur
nishing sufficient power to oper ate the mill. 'fhe crude con
struction of the mill is justified by the limited size of the 
deposit and the uncertainty of the arsenic market. Iu £act, 
under the existing conditions it would seem more desirable 
to take immediate advantage of the favorable ma1·ket and 
center all efforts on the sorting and shipping of the high-grade 
ore. 

The mill is arranged so that the ore is first broken to one
half inch in a 9":x.5" Dodge jaw-crusher and then passed to a 
8"x36" Hardinge ball mill where it is ground to 60 mesh 
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for flotation. In order to secure a high-grade concenb:ate the 
ore is sent to three rougher flotation cel ls and the concentrates 
thus made are successively cleaned in tla·ee cleaner cells. 
The fiual concentrates are then sent to settling tanks for de
watering. 

-k. - -.G-·=-·~r-:_--.. -::--- -:
KRo Mo NA 

In a glacial amphitheatre wl1ich form the Lasin at the 
head of the South Fork of the Soutll Fork of Sultan River, 
are situated the nine claims o.t the Kromona l\Iining and Smelt
ing Company. These are in the Sultan Mining District, ten 
miles by air line northeast of the town of Sultan, the exact 
location being sec. 13, T. 28 N., R. 9 E. The property is reach
ed from Sultan by an 18-mile journey. The first six miles is 
over au excellent gravel roacl, the next seven miles are covered 
by the old Forty-Five 1'1ine road. This is a corduroy road and 
is suitable onl:r for pack animals or light wagons. At the 
summit a trail turns of£ :from this road an<l trends five miles 
in a southeasterly dfrection to the mine camp. 

The property was prospected some 20 years ago and was 
then kno,vn as the Scriber and Jones claims. lt was re-located 
by the present company during 1916 and they have since 
carried on a limited amount of development work each summer. 
This ·work has so far been largely confined to building five miles 
of trail aud the construction of good camp quarters. Several 
cuts have been opened on the deposit, and the company now 
plans to concentrate all work during the next £ew years on the 
actual exploration of the deposit. 

Geology.- .Aloug the trail leading to the camp were noted 
exposures of both light and dark-colored argillites, which have 
been highly metamorphosed and compressed into steeply dip
ping folds. Near the mine are exposures of impure qual'tzite, 
the beds exhibiting a strike of N. 25° W. and a nearly vertical 
dip. A contact between the quartzite and granodiorite was 
observed in Kromona Gulch, 500 feet below the workings. 
The plane of contact stands nearly vertical and shows no evi
dence of mineralization. The ore cleposit is enclosed in grano
diorite but is near the marginal contact with the impure quartz
ite. Southeast from Kromona Gulch, granocliorite outcrops 
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for a considerable distance, The granocliorite in the vicinity 
of the deposit exhibits many angular inclusions of the quartz
ite. During the intrusion of the granodiorite these were stoped 
off from the older adjacent rocks and only absorbed in part 
by the molten magma. 

The geologic conditions in the area ob. erved were founcl 
to be analogous with those of t11e Index District, si..x miles 
southward by air line, but separated from the Sultan District, 
by high barrier mountains. The argillite and quartzite are 
b elieved to be of Paleozoic age and are the oldest formations in 

western Washington. They were intruded during the Meso
zoic era by the granodiorite and it was from this intrusion that 
the ore-bearing solutions were derived. 

The Deposit.-Tbe ore body is exposed along tile floor of 
a small gulch which drains that portion of the mountainside. 
The small stream which occupies the gulch 11as found that the 
sttlphides yield more readily to erosion than tbe country rock 
and hence has cut its channel along the trend of the vein. 
The deposit is exposed at intervals along the creek bottom 
for a distance of 600 feet and no doubt if the wash ancl vege
t ation were removed it would be found to have a greater length. 
The deposit can better be called a lode than a vein, for it' con
sists of a series o.f copper sulphide stringers laced through 
a shattered zone in the granodiorite. The mineable ore 
varies from a width of one .foot to a maximum' of ten feet 
exposed in one open cut; the average width of the deposit as. 
now exposed is about 30 inches. Considerable quartz is asso
ciated with the sulphides, yet the granodiorite country l'Ock 
intervening between the stringers forms the principal gangue. 
'l'he ore minerals are chalcopyrite, bornite, pyrite, while specks 
and flakes of molybdenite are conspicuously associated with 
the deposit. 'l'he &trike of the lode is north 60° east and the
dip nearly vertical. 

One thousand feet above camp, at an elevation of 3.500 .feet, 
a 70-foot tunnel was driven years ago by the former locators. 
Through a failure to correctly interpret the deposit this tunnel 
f ollows a false wall which trends away from the deposit ancl 
the work is of no value. At the 3,900-foot elevation the present 



The Metai Mines of Washtington 295 

WASHINGTON GEOLOGICAL SCTRVEY BULLETIN No. 23 Pr,An: x.,xxm 

Oulcror, o! Kromona copper vein nlong floor or ,;mall gulch. 

company has opened a small cut which shows tbe miueralized 
zone with a ,vidlh of ten feet. On the north side of the cut 
there fa an J 8-inch quartz vein, and roughly paralleling this 
are a iieries of good-grade sulphide stringers. The entire ex
posure sl1ould average between two and fom· per cent copper. 
The ore is reported to also carry one to two ounces of silver 
and one to four dollars in gold to the ton. This cut was the 
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best showjng observed, and it hould be pro pected more ex
tensively. A drift on tl1e ore from this point would rapidly 
gain mining depth und~r the steep hillside, and such work 
would quickly determine the merits of the deposit. Above the 
cnt tl1e deposit leaves tl1e gulch and is covered nnder heavy 
bjilside wash. 

In order to visit an exposlU'e of ore in a natural cave 
situated in an adjoining glacial basin, the climb was continued 
up the hillside until a pass was reached ·at an elevation of 
4,700 feet. From this point a descent was made 300 feet down 
the steep basin wall at the head of the South Fork of Sultan 
River until the cave was reached. The cave is 8 feet wide, 12 
feet high and 25 feet long. It is enclosed by granodiorite and 
appears to be a natural opening except that it has been length
ened l)y some prospector e}..rploring it mineral showings. , 

Along the roof h·encls a number of rich stringers of ~hal
copy:i·ite ancl bornite partially altered to malachite and aztirite. 
The mineralized zone is four -feet wide and can be obsehed 
tl·encling up the sheer wall of granodiorite above the cave. 
On the basin wall below the opening the downward trend of 
the mineralization was not located. The trend anu position 
of the minel'alization indicates that this is very probab1,v au 
extension of the deposit exvosed on the opposite side of the 
ridge. 

FORTY· FIVE 

Were it not for the serious transportation conditions 
that fetter this property, it would, a<!cording to a11thentic 
reports, be classed as one off the regularly producing mines of 
the State. TJ1e deposit is on Williamson Creek, a bout two 
miles by air line from Silverton. The rugged nature of the 
country permits onJy a trail from Silverton, which passes 
through Marble Pass at au elevation 0£ 4,190 feet. Dm·ing 1897 
the company built an aerial tramway to Silverton but just 
about the time the tram was completed a washout occu1Ted 
upon the branch ra:ihoad, and transportation was intern1pted 
for several years. A puncheon wagon road was then built from 
the town of Sultan, on the Northern Pacific Railway, to the 
mine, a distance of some 30 miles. This road was completed 
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at a very heavy cost but, it rough corduroy nature permits 
its use only for light wagons 01· pack trains. The road now 
ser ves as the only means of transportation into the rugged 
Sultan Basin District, and the cost of the long haul prohibits 
the shipment of any but the richest ore. 

The control of this property, sometimes spoken of as the 
D eu PTee Lode, is now reported to be in the hands of the Lydia 
E. Pinkham Estate. The following description of the property 
is abstracted from an older report.• 

"The ore body is a fissme vein cutting through diorite, 
and strikes a few degrees to the north of west, dipping south 
at an average angle of 80 degrees. The average width of the 
ledge is not fru.· .from six feet and the mineralization is quite 
uniform, there being no distinct pay streaks; the gaugue 
material is largely quartz, much of it somewhat decomposed. 
Although the chief values are in silver and gold the oi·e is 
very base, carrying an average of £our per cent galena, and 
considerable amounts of zinc blende and iron pyrites, besides 
some chalcopyrit.e, arsenopyrHe and tetrahedl'ite. The great
est values of both the precious metals are found in the galena, 
although some ,of the silver is associated with pyrite; near the 
surface considerable ruby silver and the antimouial variety 
(pyrargyrite) are encountered; often in large enough quanti
ties to form handsome specimens." 

In spite of its isolation, the mine is credited with shipments 
totalling several thousand tons. It has been worked at various 
times during the last 20 years under the direction Nate 
Jones. The mine is equipped with ordinary mining machincr.v 
which is operated by water powet·. Five tl1onsand feet of 
development work has been accomplished. 

Apparently profitable operations must be preceded by 
the installation of efficient transportation facilities. I£ the 
topographic conditions between the mine and Silverton are 
at all fnvornble for aerial tramwa~- transpol'tation, this would 
be dccicletUy more economical than the long wagon haul to 
Sultan. 

•Landes, Henry. The '.\1:elaUl!erous Resources ot ',Vnsblnglon, except 
Iron: Wash. Geol. Survey, Vol. 1, part 2, 1902. 
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t 
MYSTERY 

'l'he Mystery is one of the several properties near the head 
of Sutat} Basin ·which could not lJe visited. The following 
data are abstracted from information famished by David 
Boyle, one of the owne!s : 

The property is reached over the old F9rty-Five ~fine 
road, and is on the North Fork of the Sultan River, at a point 
19 miles from Sta1'tup, the nearest railway station. Develop
ment consists of 350 feet of tunnel work and 250 feet of open 
<m~s . . , Th,ree distinct parallel copper veins are said t.o outcrop 
on tlte holdings. These average in width .from 3 to 12 feet, with 
certain showings which average five per cent copper. Mr. 
Boyle t1U1ther states that oue of the open cut exposes a 12-
.foot face of massive copper ore. 

The report of the occurrence of lenses of chromite on the 
same group of claims is decidely interesting, for it suggests 
the existence of ultra-basic intrusives in this area. 

SU L TAN GRO U P 

This property was not visited, and the following informa
tion is furnished by Ira W. Hicks, manager of tl'ie Sultan 
Group: . 

'rhe holdings of 10 claims have been developed intermit
tently for the past 20 years. During recent years a small crew 
has been employed each summer on development work. The 
isolation of this and several surround ing properties has seri
ously retarded minil1g progress. 

'l'he claims are at the head of Sultan Basin, at a.n eleva
tion of 4,300 feet, on the west slope of . the Ch.·ested Buttes, 
T. 28 N., R. 10 E . They are connected with Sultan, the neaTest 
r ailroad point, hy 27 miles of wagon road. Twenty miles of 
this is the Forty-Five Mine road of puncheon construction. 
In the event that sufficient ore is developed, the mine would 
find more efficient transportation by an aerial tramway east
ward to 1\fineral City, on Silver Creek. From Mineral City a 
short wagon hauL would deliver the ore to the logging railroad 
of the Index-Galena Lumber Company. 

In a zo11e 1,000 .feet wide there are seven practically paral
lel veins outcropping. These zones £.ill brecciated fractures 
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through granite. '£hey have an east-west trend and clip 80° 
to 85° toward the south. Ohalcopyrite and pyrite are the 
ehief ore minerals and they carry minor values in silver and 
gQld. Recent development work has been confined to one 
-0£ the strongest veins, and this has been explored by a 100-foot 
drift on the vein a short distance under the croppings; also 
a crosscut tunnel which has been driven 465 feet to the vein 
at a point 418 feet below the upper tunnel. The upper tunnel 
exposes a sh·eak of high-grade chalcopyrite, two to tlu·ee feet 
wide, which averages 5 to 12 per cent copper and two to £.our 
ounces of silver; U1e remaining width of the drift exposes low~ 
gracle vein matter averaging one to t-wo per cent copper. 1rhe, 
lo"·cr tunnel intersected the vein Noveml>cr, 1920, just at thi 
opening of the winter season, and tb'is .fact caused further 
-exploratiou wol'k to be postponed nntil the summer of 1921. 

TJ1e property is equipped with a small Ingersoll-Rand 
compresso r· and good camp buildings. Water power is avail
able near the workings and timber i-s plentiful. 



KING COUNTY 
l\ULLER RIVER DISTRICT 

GENERAL FEATURES 

The mining properties of this area are to the southward 
of the station of 1Vfiller River (formerly Berlin) on the main 

line of the Great Northern Railway, northeastern King County. 
The principal properties are reached by roads, trails and trams 
which extend up Money Creek and Miller River. 

The first discoveries were made cllll'ing 1892, when sm:
veys were run to locate the route of the Great Northern Rail
way across the Cascade Range. No important shipments were 
made until 1897, and between the year of 1900 and 1905 the 
climax of mining activity was reached. Since that time opera
tions have been intermittent. 

Duing 1920 the Apex was the only mine in the district 
that was showing activity. Properties such as the Mono, Cleo
patra, Coney, Dawson and Seattle-Cascade have each received 
considerable development work and several have made small 
shipments. Limitations on field work prevented an examina
tion of these inactive properties. 

When the Apex Mine was visited (l\fay, 1920) theTe were 
five feet of snow remaining at the mine and two 01· three feet 
in the valley bottom, hence very little of the surface geology 
could be stucUed. Along Money Creek bold exposures of 
granocliorit.e persisted. This is noticeably finer-grained than 
the Index granodiorite and Smith,• who studied the petrology 
of the area corelates this intrusion with the Snoqualmje batho
lith of late Tertiary age, described by Smith and Calkinst in 
their report on the Snoqualmie quadrangle, 15 miles south of 
the Miller River District. The deposits in this district are re
lated to this 'rertiary batholith and are much later in age than 
the deposits of the Index District, which are but six miles by 
air-line north of 1\tille1· River. These two batholiths must merge 
into each otber at some point between Miller River and Baring, 
and their :relations would warrant more detailed study. 

•smith, Warren S. Peb·ology and Economic Geology or the Skykomish 
Basin, vVastilngton: Columbla School ot Mines Quarlerly, V. 36, No. 2 . 
.Tanuary. 1915, p. 154. 

tSmlth, G. O .. and Calkins, F. C. Folio 139, U. S. Geol. Surve~·. 1906. 
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Several miles up Money Creek there are rock slides which 
originate from the higher ridges. These slides show float of 
limestone and quartzite identical in physical appearance with 
the older roof 1·ocks of the Index District. 

The ore minerals are chiefly chalcopyrite, arsenopyrite 
(gold-bearing), pyrite and galena, with minor ore minerals 
of argenti.ferous stibnite, a1·seuolite, sphalerite and molybden
ite. The gangne is quru:tz, calcite, and the altered granodiorite. 

The deposits are replacement veins occurring along nar
now fractlU'es traversing the granodiorite. Smitht notes two 
systems of fraeture, the major veins trending either approxi
mately north 45° east or north 78° east. The roineable ore 
along the fractUl'e is usually quite narrow in width but is per
sistent along Ote strike and downward projection of the vein. 

The ores ru:e refractory to early-day concentration methods 
but should be expected to yield to modern ore-dressing prac
tice, proVJded thorough-going tests precede mill construction. 

APEX 

History.-The Apex deposit was discovered dlU'ing 1892 
by John Maloney, an engineer for the Great Northern Rail
way, who was engaged in sm·veying a route across the Cas
cade Range. It was one of the first discoveries in the district, 
and the property is credited with the largest production of 
any mh1e in the Miller River District. After the railroad was 
built as far as Berlin( now Miller River) shipments of ore 
were, for many years, brought to the railroad by pack-trains. 
Later the mine was sold to a company organized and managed 
by Abner Griffin, who e1,.-pended well over $100,000 in devel
oping the mine and equipping it with transportation facili
ties. After several years of operation, during which much 
sorted ore was shipped, the venture proved unsuccessful and 
operat.ions were suspended. The mine was then dormant 
until 1917, when it was re-opened under lease and bond by 
William J. Priestly, who has since made several intermittent 
shipments. Smelter retmns on a shipment of 237 tons of sort
ed ore gave a gross value of ~;9,734.00 or $41.07 a ton, the 
values chiefly in gold. 

ismllh, Warren S. Petrology and Economle Geology ol the $kykomlJJh 
Basin, Washington: Columbia School of Mines Quarterly, V. 36, No. 2, 
January, 1915, p. 154. 
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Lower tram te.rmlna.J, on '.\'Loney Creek, of Apex Gold :Mlnes Coin1mny. 

· Locat-ion.- 'l'he mine is in the northeastern corner of 
King County, near the headwaters of Money Creek, 1 . 2G N., 
R. 10 E., six miles southwest of the Station 0£ l\fillcr River, Ol'.' 

the main line of the Great Northern Railway. From ::V[ilJer 
River a 36-inch guage railroad extends up Money Creek, six 
miles to the lower tram terminal. '£he 11pper te1·mi110 l of the 
aerial tram is perched on the east valley wall at an an elevation 
o:f 3,150 .feet, approximately 1,000 feet above the lower terminal. 

Des,wvption of the Deposit.- 'J'he ore occurs in a narrow 
but exceptionally persistent fissure throu gh tile gra11odiorite. 
'fhe strike of the vein is east-west and the di1> 65° S. The vein 
filling varies in ·width from two to six: feet, aucl consists of 
arsenopyrite, pyrite, galena, chalcopyrite, and quartz. replac-
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ing the granocliorite, which along tlie :fractw·e is soft and 
severely altered. Traversing this vein .fiLHng are narrow 
streaks of high-gracle ore, not nsually over 3 to 15 inches in 
width. Mr. Priestley 1·eports these high-grade streaks to 
assay .from $20.00 to $80.00 in gold. 'l'he gold is canied 
chiefly by the arsenopyrite. Near the east end of the pay-shoot, 
argentiferous galena is promir1ent, but fa:rther westward it 
is quite thoroughly 1·eplaccd by arsenopyritc. The fool-wall of 
the deposit is well-defined, while on the hanging-wall side, 
the ore grades out into the altered wall rocks and leaves no 
clearly marked wall. 

All ore so -far mined lias come from one laq~e ore-shoot 
which has a strike length of 500 feet and has been developed 
through a vertical range of 450 feet without sho)ving any indi
cations of nearing the bottom of the ore-shoot. On the main, 
or lower, level, this shoot is encountered at a point 700 feet 
from the portal. The ore-shoot is marked by many pinches 
and swells, ancl at points where the dip fiatteus out, rich lenses 
of ore usually occur. 

There are several well-mineralized branch veins leading 
off from the main fissure, and when the mine is again in regu
lar operation these should be explored for they offer an excel
lent chance of developing mineable ore. On the second level, 
in particular, there is a branch vein which carries a streak 
o_f high-grade 01·e, which would defray a good portion of the 
cost of exploration work. 

Surface waters which percolate downward through the 
·workings soon dissolve much arsenic which is later precipi
tated as a ripple-coating on the walls and floor of the lower 
tunnel as arsenolite. '£his material is sort when first deposited 
b11t hardens upon exposure to the air. 

Dc1•elop,me11/.- The deposit is developed by foUI' levels 
ch·iven at varying elevations on the steep hillside. The differ
ence in elevation between the upper tunnel, near the outcrop, 
and the lower tunnel, at the tram terminal, is 400 feet. These 
four ttwuels compr·ise a total lineal footage of 2,500 feet. .All 
levels are connected by raises and clmtes. The major portion 
of the pay-shoot above the lower tunnel has been stope<l. 
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When stoping, only the high-grade ore was sorted out and the 
lower-grade vein material was used as sto_pe filling. Thls fill
ing has been sampled by Mr. Priestley, who reports the material 
to consistently average $5.00 to $7.00 per ton in gold. 

To gain depth on the deposit, a lower tunnel was started at 
a point 300 feet below the upper tram terminal. This tunnel 
is now closed by a cave near the portal, but the mine maps indi
cate that it will have to be driven several hundred feet farther 
before the ore-shoot is encountered. There is every reason to 
believe that it will extend to this depth. 



WHATCOM COUNTY 
MT. BAKER DISTRICT 

BOUNDARY RED MOUNTAIN* 

The Boundary Red Mountain Mine is the most important 
gold property in western Washington at the present time. 
It is, however, little known, principally on account of its iso
lated location and the fact that the owners after two years of 
successful operations temporarily suspended· work to await 
more favorable gold mi.uing conditions. 

'fhe mine is in north-central Whatcom County, two miles 
south of the international boundary, and is best reached from 
the town of Chilliwack, British Columbia, a distance of 35 
miles. The rugged nature of the eountry makes · trail trans
portatjon necessary for the last few miles of the trip. 

The property was taken under lease and bond early during 
1916 by George Wingfield and other officials 0£ the Goldfield 
Consolidated Mining Company of Nevada. From April 1st to 
D ecember 31, 1916, they mined and milled 10,441 tons of ore 
having a gross value of $148,578. A similar tonnage of ore 
was handled during 1917 until the property closed down to 
await more favorable gold mining conditions. 'rhe mine and 
mill a.re in good physical condition and the properyt may well 
be regarded as a potential producer wider normal conditions. 

Develop?11.e11t.-il\foun.tainous topograpl'l(y permits the d~ 
posit to be opened o.n tltree levels by driving r elatively short 
crosscuts from the steep hillside. No. 2 level is 140 feet lower 
than the upper level and is driven south 49° east a clistance of 
230 feet to the vein. 'fhc lower, or 500-foot level, is 300 feet 
below No. 2 level aJ1d is driven south 49° cast 494 feet to the 
vein. No. 2 level is worked tln·ough a crosscut driven 230 feet 
to the vein. Tl1e deposit is developed by 3,000 feet of drifts 
equally divided among the three levels. 

Depos-it.- 'l'l1e values occur chiefly as free gold in a vein 
of quartz which averages from t,,,o to three feet in width, but 
varies from less than one foot up to seven feet. The ore-shoot 

•The description of this property Is compiled from notes taken by 
Joseph Daniels while employed by the Survey during 1917. These notes 
were brought up to date by E. A. Julian, consu!Ung engineer tor the 
company, 
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as developed on the 500-foot level, is 520 feet long, averages 
26 inches in width and carries an average of 1.13 ounces of 
gold to the ton. When the vein uanows below one foot it is 
not mined but is left as pillars. The trend 0£ the vein is 
inegular, varying from north il:0° to north 13° east, 
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and the dip va1·ies from 50° to 69° toward the east. 
'l'he wall-rock is a dense, fine-grained djorite, separated 
from the vein by a thin parting of gouge. The free 
gold is finely divided and not usually visible ~o the naked 
eye; pyrite, chalcopyrite, pyrrhotite, and bismuth telluride( Y) 
occm· in minor amounts through the vein. The ore as mined 

averages $15.00 per ton in gold. The silver values are unim
portant. 

Methods.- :M.in.ing is carried on by overhand st.oping. 
waste being used for filling, thus making very little timber 
necessary. Chutes are spaced at 25-foot intervals and raises 
and manways at 150 feet. The mine is comparatively wet 
during summer but di·y in winter; during May and June it 
makes about 500 gallons per minute. A crew of 30 men are 
ordinarily employed in the mine and the normal output is 60 
tons per day . 

Power.-Power is generated on Silesia Creek, about one 
and one-half miles from tbe mill. A Hendy-Francis turbine, 
operating under a 30-foot head, di·ives a 25 KV A generator, 
which furnishes power for both the mill and mine. The mill 
r equires about 70 horsepower. Three 25-horsepower, 2,300-
volt motors drive three 9" x 8" compr essors, furnishing air 
to the mine drills. An impact water-wheel, located at the mill, 
furnishes auxilliary power. 

Descript-ion of Traniway and Mill.-1.'he ore is delivered 
to the tramway from storage bins near tbe portal of No. 5 
level. '£he length of the tram is 1,600 feet, approximately, 
and the difference iJ1 elevation between the terminals is 700 
feet. The buckets have a capacity of 850 pounds of ore and 
the tram delivers to the mill 120 buckets during a nine-hour 
shift. 

The buckets dump into a mill bin from which tbe 01·e is 
drawn over a grizzly set to one inch. The coarse rock is 
broken to one inch in a 7"xl0" Blake jaw-crusher, and 
then joiins the fines, which are by-passed to the stamp bins. 
Two Challenge feeders deliver tl1e ore to a battery of 10 stamps 
weighing 1,000 potmds each. The height 0£ drop varies be
tween seven and eight inches; rate of drop, 101 times per 
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minute, and the height of discharge six jnches, the ore being 
crushed t.o pass a 12-mesh battery screen. There are two out
side amalgamation plates separated by a slight drop. The 
plates are both 5-l/z'xlO' and are set ·with a slope of % of 
an inch to the foot. The pulp next passes through a mercury 
trap delivering to a classifier. The classifier makes two pro
ducts, sand and slime. The sauds go to a small Maratl1on mill 
£or re-grinding and are then returned to the plates. An amal
gamating head is attached to the Marathon mill. The slimes 
are delivered to a Little Betty amalgamation barrel. 

The mill treats about 60 tons or ore daily, ·with a recovery 
of 89 per cent. 'l'hc mercury consumption averages two ounces 
for each ounce of gold. Cleanups are made approximately 
every 15 clays. The total cost of milling for 1916 averaged 
$1.17 per ton . Mining for the same yeai· cost $3.78, and the 
general expense totaled $1.15 per ton, which gave a total cost 
per ton of $6.10. 

LONE JACK 

Th.is mine, which is also known as the Post-Lambert, is 
one of the best known properties in the Mt. Baker District 
and has made an important gold production. It was discover 
ed by Jack Post during 1897 and was one of the earliest loca
tions in the district. Dming 1901 a IO-stamp mill was erected 
and a tramway built to connect the mine, at an elevation of 
6,000 feet, with t.he mill 4,000 .feet below. The venture met 
with success, but a few yea1·s later the mill was destl·oyed by 
fire and oper ations were uot again actively resumed. It is 
owned by the Mt. Baker Mining Company of Portland, Oregon. 

The holdings are nea1· 'l'win Lakes, T. 40 N., R. 9 E ., and 
can be reached by a trail up Nooksack River to Swamp 
Creek, or via Chiliwack, B. C., over 35 miles of road and trail. 

Free gold with minor amounts of golcl telluride, occur in 
a normal quartz vein which is traceable fot· some 2,500 feet. 
The average ·width 0£ the vein is 30 inches, but the values 
are localized into pay-shoots and only portions of the vein 
carry commercial ot'C. The enclosing rock is schist. The gold 
is so finely divided that it is not ordiuarily visible to the naked 
eye, and assays are necessary to approximate the grade. 'l'he 
average tenor of this ore is reported to vuy .from $15.00 to 
$35.00 to the ton. 



PIERCE COUNTY 
EAGLE• PEAK COPPER 

There were a number 0£ groups of mining claims located 
in the near vicinity of l\fonnt Rainier before that area was 
declared a National Park. Of these, the Eagle Peak Copper 
lVLining Compan)7 is one of the few that have carried on suffi
cient development work to maintain its holding.. The pre ent 
owners of the property located tbe claims during 1903 and dur
ing 1908 incor-porated as the Eagle Peak Copper Mining Com
pany. Intermittent development -work has bElen carried on 
eacli year. rl'he property i ou the west slope of Eagle Peak, 
one of the prominent peaks of the Tatoo h Range. The camp 
is one and one-hal£ mile above Longmii-e Springs and 300 
yard· off the Rainim• Highway. Tbe holdings consist of two 
unpatontcd claims ,nth the north end lines near the junction 
of Paradise Creek aucl Nisqually River, and the side lines 
trend southwarc11·udely parallel with NisqualJy R.iver. 

One of the jmporLant features controlling ore deposition 
in this at·ea fa that the granite exbjbHs a series of distinct 
parallel joints or slip-planes which trend south 35° west across 
the granite and cut at steep angle down through it. :i.\fany of 
these planes have been mii1eralized with 11arrow streaks of ore. 
'l'hey arc surprisingly persistent iu length and depth for 
openings of such a t)1pe. 

It is on one of tl1e more favorable of the exposures that 
the company have opened thefr propert:y. A dri£t J 15 feet on 
the ore exposes a width between walls of six inches to five feet 
and through this runs a streak of bjgb-grade ore wl1icl1 varies 
in width from 1 to 14 inches. 'rhe deposit exhibits several 
minor punches and swelJs; the strike is south 35° west a11cl t he 
dip 68° southeast. The ore is made up of chalcopyrite, borrute, 
pyrite and arsenopyrite. The chalcopyrite is effectively ob
scured by a skin-like coating of either covellite or cbalcocitc, 
this development being the result of seeoudary alteration. 'rbe 
arsenopyrite canies appreciable gold values. An 18-ton smelter 
sruproent of ore yielded tlie £ollov,7ing assa;ys : Gold, .09 otmce, 
silver, l.87 ounces,ancl copper, 8.05 per cent. By closer sorting 
of the ore it sl1ould be possible to make a higher grade shipping 
prodnct. A single-rope aerial cableway bas been jnstallec1 to 
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convey the ore to the river level, 400 feet below the workings 
just described. 

Five hundred feet south of the upper workings and 250 
feet lower in elevation a crosscut tunnel has been driven 600 
feet south 50° east through the granite in an effort to crosscut 
the ore. This tunnel has encountered minor streaks and segrega
tions 0£ ore minerals. Several dikes were cut and 200 feet 
from the face a badly fractured zone 20 feet wide was cncount
erecl. This zone is unmineralized and yields a small flow of 
surface water. A care£~ survey should be made to determine 
the distance necessary to drive in order to reach the down

ward projection of the vein. Tl1ese long crosscuts rapidly 
drain the resources of a small company and during the early 
stages of development it' is far better to confine operations 
near the ore. 

Water power developed from Paradise River is used to 
operate a small air compressor aud accessory mining equip
ment. 

PARADISE MI N I NG CO M PAN Y 

Tb.e holdings of tbe Paradise Mining Company adjoin the 
south end lines of the Eagle Peak claims. l\'.[eager develop
ment work has been done on a vein that is either the south
ward extension of the Eagle P eak deposit or a closely allied 
parallel fissure. Its strike and dip a,i·e analogous to the Eagle 
P eak deposit and the only distinctive feature is that it is 
enclosed in andesite rather than granite. This nises an inter
esting point: 'rhe andesite formations of this area are obvi
ously much younger than the granite. The £act that these 
mineralized slip-planes cross from the granite into the ande
site stamps the ore as younger than the audesite and the de
posits did not originate soon after the cooling of the granite. 

The ore minerals are chalcopyrite, bornite, arsenopyrite 
and pyrite. The average width of the ore is 4 to 8 inches, but 
the main lead is often accompanied by minor parallel streaks 
of ore. It is reported that 40 tons have been so1'tcd and ship
ped which assayed 10 per cent copper. A threc-eigths inch 
aerial cable, 2,400 .feet in length, connects the workings with 
the Rainier Highway. 



OLYMPIC MOUNTAINS 

'l'he Olympic l\Iountain Range occupies the peninsula
like northwest corner of Washington. It rises sharply from 
the ·west shore of Roods Canal to :form the roost rugged 
mountain fastness in the State. The sharp serrate ridges 
attain elevations of 5,000 to 7.000 feet above tl1e level of the 
Canal and are separated b:· steep-sided glncier-carved valle.vs. 

The rugged, inhospitable nature of the rauge, the clitfl
culties o.f transportation, and the usual thick manUe of under
brush and wash below 1 imber line has discomaged prospect
ing. It is only along the beaten trails that prospecting has 
been systematically attempted ao.d the vossibilities 0£ finding 
wiknowll mineral resom·ccs are by no means exhausted. 

No detailed attempt l1as yet been made to map and 
work out the geology of tile Olympics. The predominant 
rocks are known to be tinartzite, slate and limesto11c, presum
ably of Paleozoic and J\1Iesozoic age. These formations are 
apparently directly related to similar rocks found in the Cas
cades, and eveu sWl '.further east near the Idaho Boundary . 
.Associated with these steeply folded and metamorphosed 
sedimentaries are altered basic lava flows which for conve
nience are grouped under the general term of greenstones. 
No intrusive igneous l'ocks of the granite family are known 
to be exposed. Granite l.,ouldcrs ue sometimes found in the 
stream valleys but they were transported there by glaciers 
moving down from the north. 

:UANGA.:NESE DEPOSITS 

It was not until the last few years that the existence of 
large bodies of manganese silicate in the Olympics was well 
appreciated. 'l'ransportation difficulties, lack of capital and 
the variances 0£ the westeru ferro-ma.ngauese market have so 
far prevented any important production. 'l'he deposits, how
ev-er, constitute important potential reserves of manganese ore 
which will ultimately be utilized. 

Location 

The manganese-bearing lodes have been found in a well
defined belt two or three miles wide, which lies on the south 
ancl east flanks of the Olympic 1\Iountains, and extends from 
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a point south of Lake Quinalt to t he head of the Dungeness 
River, a distance of 50 miles. Some of the better known out
crops in the Olympics are found along the norlh and south 

forks of the Skokomish River and on Copper Creek, a tribu
tary to the Dungeness River*. 

Mineralogy 

The chief ore mineral is an uncommon brown, hydrous 
silicate of manganese which has been idcntiiiedt as bementite, 
a manganese silicate which previously ha. been known only 
from rare occurrences. Detailed chemical and microscopic 
analyses by Geo. Steiger and E. S. Larsen1 Jr., in the labora
tories of the U. S. Geological Survey have served to definitely 
jdentjfy the mineral. Chemical analysis of a practically pure 
sample gave manganese oxide (l\'1110 ) 41.58 per cent, iO, 
29.92, FeO 4.15, :MgO 4.46, CaO 0.40, .Al:O, 1.32, and "taLer 
8.39 per cent, thus giving a chemical formula (8 l\1n0.7 SiO•. 
5 H20) . Under the :microscope the mineral appears as felted 
aggr egates o.f fibres or plates associated with quartz, rhodo
nite, <:a]cite and mangani£erous calcite, these minerals being 
intergrown with the bementite and also deposited in veinlets 
that cut it. Some specimens of the bementite arc cut by thin 
veinlets of dark brnwu to black amo-::phous neotocile (M'.nO. 
SiO,. n H20) . Near the su1·face the silicate minerals have 
been partly altered to the amorphous black oxide, which fills 
the fractures aud joint planes and paints t11e rock faces a 
showy black color. 

Geologic Relations 

The geologic r elations of all the deposits are similar. The 
lodes occur in greenstones, argillites and limestone, all of 
which are regionally metmorphosed. In the limestone were 
found poorly preserved fossils of minute foraminjfera de
termined by Dr. 'l'. W. Stanton as most probably belongi11g 
to the genus Globerina, which may indicate the rock to be 
Mesozoic or :·ouuger. The limestone bas a deep red color 

•Pardee, J , T . Miscellaneous report for U. $. Geo!. Su1·vey, 1918. 
t J. T. Pardee, E. S. Larsen, Jr .. a nd Geo. Steiger. Hemenllte a nd N eo

cile from Western w,ashington: Journal or the Washington Academy of 
Sciences. Vol. ll, No. 2, .lanuary 19, 1921. 
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which is distinctive; it is vei·y fine textured and exl1ibits a 
conchoidal fracture. Its red color should serve to make it a 
good marker for use when prospecting for new deposits. 

APEX 

The Apex 1\1:ine is near the North Fo1·k of the Skokomish 
River, six miles above Lake Cushman. The mine camp is 
near the river and the deposit is 5,000 feet by air line up the 
mountain1,ide and 1,500 feet vertically above the camp. It is 
r eached by trail suitable only £or men or pack animals. 

The ore-body is cut by a small mountain stream aud the 
solid 01·e is exposed on both sides and in the bottom of the 
creek. Beyond the stream the formations are covered with 
underbrush and 3 to 12 feet 0£ hilJside wash. '!'est pits through 
this have exposed the ore at a distance or 200 feet back from 
the creck-uncloubteclly the ore extends still £mtb.er. 

The oTe-body as exposed by the water has a width of 
15 feet and is opened to a depth of 30- feet. The crude ore 
averages 29 to 35 per cent metallic manganese, but by hand
sorting it should be possible to raise the grade. (See figure 
27 £or geologic associations) . An important tonnage of ore 
could be cheaply mined at this deposit by open quarry methods. 
I t would require a tramway one mile in length to clelivel' the 
ore at the foot of the mountain. Marketing conditions should 
be thoroughly studied before making such au installation. 

The holdings are now under lease to tl1e 1\It. Elinor Man
ganese 1'Iining & Smelting Company of Seattle, which has a 
small crew at the property. 

TRIPLE T RIP 

The Triple Trip deposit is approximately 200 feet above 
the river camp of the Apex Company. I t is developed by 300 
feet of tunnel work. Apparently, the failure to tmderstanu the 
position 0£ the deposit caused much of the work to be value
less. 

The manganese occurs as a vein-like body averaging 24 
to 30 inches in width and is traceable along the strike for 
600 feet. The trend is south 60° west and the dip nearly vertical. 



WASHING TON GsOLOOlOAL SURVEY 

Olympic Range as viewed from near Seattle. Note low gla,clal platn In 
foreground and Mt. Constance In background. 

BULLETIN No. 23 PLATE XXX:V1 



The Metal Jl:tines of Washi11gton 

0UT(ROPS COVERED 

6Y 11ILLS10£-WPSH 

60' 
SCR&.E 

317 

foRMATJON5 
NUT" EXPOSED 

Fig. 27. Geologic sltetcb map or ore-body and associated tormatlons at 
Apex :Manganese ~Tine. 

The ore is closeJy associated with the same belts of green
stone and red limestone found at the Apex property a mile 
distant . 

.A.n erosion remnant of the deposit is exposed at the portal 
of the lower tunnel. This, apparently encouraged the driving 
of 150 feet of tunnel which exposed no ore. Continuing up 
the creek the lode is exposed by a 50-foot trench along the 
outcrop. A short distance further up-stream it has been cut 
at a depth of 50 feet by a 35-foot crosscut. 'l'hese showiJ1gs 
were sampled and the ore not enriched by the black oxi<le 
averages 30 per cent metallic manganese. 

McKEAN CLAIM 

This deposit adjoins the 'l'riple Trip. It is much similar 
in character. 'The ore e}...'J)OSed in seYeral small pits shows a 
body of manganese associated with hematite. The total width 
is six feet but not all this is commercial ore. Dm·ing the war 
small production was made from this property and taken out 
to Lake Cushman on pack horses. 
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TUBAL CAIN 

The Tubal Cain deposit is on Copper Creek, a tributary 
to the Dungene s River, and in T. 27 E., R. 3 W. 'rhe hold
ings are at an elevation of 6,300 feet and to secuTe transpor

tation for the ore it will be necessary to build an aerial tram

way from the 1·idge down to the bottom of the stream val
ley, where water-grade can be secured for highway or rail
way construction. 

Dean Hemy Landes examined this deposit dtu·jng 1918 
and the following description. is abstracted from his r.eport: 

"The Tubal Cain deposit is situated above timber line, 
the outcrops attaining a maximum elevation of 6,300 feet, 
so that tl1e exposures are exceptionally good. The lenses of 
brown silicate are developed in a red limestone, and they form 
practically a continuous Lode at least 1,500 feet long and six 
feet ·in average width. The nattwal cross-sections show that 
the lode persists to a depth o.f at least 500 feet . It is con
servatively estimated that this body of ore contains 450,000 
tons of or·e. Adjoining the manganese lode i':l a bed of shale 
carrying impregnations of copper minerals. 'l1his copper was 
the object of considerable mining development and it was 
not until recent years that the tmc nature o.E the manganese 
was appreciated. The property is well equipped with mining 
and power machinery and has camp buildings suitable for the 
accommodations of 35 men. 

COPPER DEPOSITS 

At various times reports have come in of copper :finds in 
the Olympics. Prospectors have retnrned with rich samples 
of native coppe1· and of copper sulphides but so far no pro
ducing mine has been discovered. Several prospects have re
ceived considerable development work. One of the best 
known of these properties is the Tubal Cain, where beds o.f 
shale canying impregnations of copper minerals are closely 
associated with the manganese lode just described. Several 
years ago a crosscut was driven 2,300 feet to cut this ore at 
the level of the creek but the ventuL·e has so far been un
successful. It is not known whether this crosscut has yet been 
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driven far enough to deftnitely expell any chance of encoun
tering ore at depth. 

During October, 1920, a company organized as the Big 
West Copper Syndicate, began development work on a group 
of claims on the South Fork of Quinault River, 20 miles above 
the lake, bearing t.he same name. Aside from the company's 
announcement that it has an extensive low-grade copper or e 
body, no daia are available as to the character or possibili
ties of the deposit. 



DESCRIPTION OF SMELTING PLANTS IN WASHINGTON 

TACOMA SMELTER 
The Tacoma Smelter, owned by the .American Smelters 

Security Company, is located near Point Defiance and on the 
outskirts of the city of Tacoma. It is on the west side of 
Commencement Bay and offers wharfing facilities to any 
size vessel. It is also accessible to all the principal railroads, 
thus making it possible to handle ores shipped either by 
rail or boat. 

The Smelter receives ores from the states of CaUfornia1 

Oregon, W ashington1 Idaho1 and Montana i from British Co
lumbia, .A.laska1 West Coast of South America1 and at times 
from Me:rico and Korea. At one time Tacoma also operated 
lead stacks, but of recent years these have been done away 
with and all the plant devoted to the treatment of copper ores. 
Fr·om 1904 to 1907 some electrolytic refining of copper was 
done on a small scale, and in 1911 a large refinery was added 
to the plant which now makes it possible to turn out direct 
to the trade from Tacoma the pui·est refu1ecl copper. The 
smelter has a capacity of approximately 45,000 tons 0£ ore per 
month, while the refulery at present tum.s out some 180,000,000 
pounds of refined copper per year. 

Being on tidewater the bulk of the ore natmally comes 
to the plant by boat . The dock is in the shape of a letter " L" 
and can accommodate at least four of the largest vessels at 
one time. Two lines of standard gauge railroad tracks run 
the full length of the dock and extend from it to all parts of 
the plant and also connect to the outside railroad spurs. The 
ores shipped by boat are shoveled by hand into large buckets 
which are hoisted to the traveling clock bunkers, where they 
are automatically tripped. From these dock bunkers the ore 
is loaded into steel railway cars and taken to the track scales 
where it is weighed and a moistm·e sample taken and then 
sent dil:ectly to the sampling mill, in the case of ore, and to 
concentrate storage bins in the case of concentrates. 

The sample mill consists of two units which are duplicates 
of each other and a third mill of smaller capacity for handling 
high-grade shipments of small lots. 

In the case of the big mills the entil:e lot is sampled 
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through antomatic samplers of the 'Vezin bell-t:vpe. One-tenth 
of the entire lot is first cut and as this fraction is again \:e
duced the ote is reground so that the bulk reduction bears an 
approxjmate ratio to the reduction in fineness. When the 
sample has aimiuished to about one-five hundredth of the 
original lot it is further gronncl to pass a11 eight-mesl1 screen 
and then sampled on down by baud until a 50 to 100-pound 
sample is secured. 

'l'bis goes to the bucking room where it is flll'ther crushed 
and a 5 to 10-ponnd sample riffled out and dried for one or 
two l1ours at a temperature 0£ 100° C. 'l'his is IlU'ther ground 
to pass an 80 to 200-mesh screen and riffle c:ut to 20 or ·30 
ounces wrucb is thoroughly mixed and cul into three samples, 
one for the smelter, one for the shipper and one for lhe um
pire. 

Jn sampling concentrates, which includes flotation concen
trates, the fu·st cuts are made by taking cacl1 lOtu shovel 
as a car is unloaded. ~l'his lot is reduced in the sampling room 
by the ring and cone method and then sent to the bucking 
room where it receives the same treatment as the other ores. 

In the treatment of small lots it is not necessary to make 
so many reductions and so the smaller sampling mill is used. 
'£his operates on the same principle described above. 

Quite often it is impossible to take a Jot directly to the 
storage bins after sampling antl it is necessary to store it 
out in the yard. In order to lrnndle thjs material a bypass is 
arranged on the main conveyor belt by which the ore is de
livered into a loading station on a Bleichert aerial tramway. 
The towers of this tram are arranged over the storage yard 
iu such a ·way that a bucket in making the complete circuit 
passes over all parts 0£ the storage yard and hence materials 
can be piled in any place desired by first ru:ranging an auto
matic skip clurnpiug decisc on the tramway. 

For preparing the blast furnace charge there are 44 charg
ing bins holding the ore, li.me1'toue and coke. They are hopper
bottomed and m1derneatl1 each one is a separate hopper and 
scales. 

•Abstracted from a. report by Dale Pitt, formerly manager of the To.
coma Smelter. 
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Steel dump cars having a capacity of 4,000 pounds each 

and handled by electric locomotives pass under the bins and 
draw a calculated amount of certain ores and of limestone 
and coke to make up the calculated blast furnace charge. The 
car is then taken to the side of the blast furnace and dumped 
directly into it. 

There are three blast furnaces 48x261 inches at the 
tuyeres and set with their long axes on the same line. The 
available column is 13 feet giving a daily capacity of 700 tons 
each. The tapping floor is some twelve feet above the main 
floor, giving room for a 17-foot settler three and a. half feet 
deep in front 0£ each furnace. These settlers are lined w1th 
refractory brick and have one slag tap over the top and two 
matte taps near the bottom. 

'l'he slag is taken in ten-ton slag pots by electric loco
motives and automaticaUy dumped into the bay. The slag 
keeps building up and gr adually reclaims additional land sur
face for use of the smelter. 

The matte taken from the settlers is run into ·12-ton ladles 
and handled to the converters by traveling electric cranes. 

The fine ores, such as :flotation concentrates, are more 
troublesome to handle. When wet they tend to cake and clog 
up any machinery used and if dried dusting losses are ex
cessive. This type of ore is first roasted in a H erresboff roaster 
and then smelted in a reverbatory type furnace. The feed 
entering the top deck of the roaster carries about 25 per cent 
sulphur and is roasted to an 18 per cent product. Upon leav
ing the r oaster it is taken, ,vhile still hot, in steel cars and 
dumped into hoppers above the reverbato1·y fw·nace. 

The r everbatory furnace is 23Y2x130 feet and bas a 
daily capacity of 600 tons. The heat is produced by five oil 
burners at the back end, pulverized coal is also used. The 
furnace bottom slopes slightly toward tbe back encl of the 
furnace, permitting the matte to run that way as it is formed. 
It is tapped out on one side through a launder iu.to tbe same 
type of ladle used at the blast furnaces. As the slag accumu
lates it rises to the top of the mass and is tapped off and sent 
to the slag dump. 
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The waste beat from this furnace goes to three Sterling 
boilers of 512 horsepower each, which fumisbes steam used 
in the air compressol's. The exl1aust from these compressor 
engines is conveyed to the refinery where it is used to beat the 
electrolyte for the tanks. 

Th.e matte from both the blast furnacPs and the reverber
atory furnace is taken direct to three c<mverters where it is 
blown to blister copper. 'l'he slag froni the converters is 
poured onto a casting machine, cast into blocks and returned 
to llie head of the blast furnace as part of its charge. 

The b1iste1·, when properly blown, is taken in the large 
ladles and empued iuto the a;,.ocle furnaces. There are three 
of these fmnaces, and two smaller £U1'.naces held in reserve 
for emergency use. In front of each fm'nace is a standard 
Walker anode casting machine. These a1·e 30 feet in diameter 
and carry 25 moulds, each o_f which will cast an anode weigh
ing 485 pounds. 'rhe wheel slowly revolves in a horizontal 
plane and the copper wh:ich has heen properly treated with 
air and green :poles, is poured out into each mold as it passes 
the spout. Thfa is aecomplisl1ed by tilting the whole fnmace 
slightly. As each mould passes from beneath t11e spont it is 
sprayed with colcl water until it reaches the other side of the 
eil'cle when it is sufficiently cooled that it may be mechanically 
handled to the refinery. 

'l'he gasses and fumes from all the different furnaces 
and converters a.re carried by a system of flues of tl1e balloon 
type, into brick flues and to a Cottrell plant for fmther treat
ment before they are finally sent to the stack and out into the 
air. In the Cottrell plant the gas passes up through a vast 
series of 12-incb pipes set vertically, 15 ieet in height. Within 
these pipes are set up a highly charged electrical field. 'l'be 
smoke particles being very fine take on either a positive or 
negative charge. NatUl'ally they now seek the opposite pole 
of their charge which is either the casing or the electrical 
wire st1spendetl through the center of the casing. In either 
case, when they touch it they are neutralized and either fall 
to the bottom or stick to the sides. By cutting off the smoke 
and electrical charge and tapping the pipes with hammers, 
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all the dust falls to the bottom, where it is gathered by drag 
conveyors, briquetted and fed back into the furnaces. After 
passing t11rough the Cotttell plant the smoke is canfod to 
'a stack 572 feet 10 inches high. A.s far as is known. this 
is the highest stack in the world. 

In connection with the smelter there is operated an ar
senic plant which turns out some 150 tons of white arsenic 
per month. 

Another very interesting by-product is the manufacture 
of liquid sulphur dioxide. This is made by taking fumes 
from the converters, wa bing out the dust, absorbing them in 
water, boiling Ollt the ,rater, drying, compressing and cool
ing them down until they liquifJ. This liquid SOz is put on 
the market in steel cylinders of Yarious sizes and i11 tank 
car lots. 

The last and probably most interesting process nsed at 
the smelter is the electrolytic refining of the co pper. The 
blister as it ~01ues from the converter s is practically free from 
iron and sulphur but contains as impurities gold. silver, co
balt, antimony, etc., in varying amounts. By the electrolytic 
proc~ss. the anodes cast at the anode furnace are eaten away 
in a copper suJphate solution 1.l1rough whi.ch a ctuTent is 
passing, using this anode as one pole ancl r edepositi11g as pme 
copper on a thin sheet of r efined copper used as the other 
pole. All the impurities .fall to tbe bottom of the ta11ks ana 
leave a finished product of copper of a fineness ranging from 
99.90 to 99.98, containing as impurities As, Fe, Sb, and Ni, 
so small that they are beyond the limits of complttation. 
This r efu1ed copper is again melted and cast into shapes as de
sired by the trade. 

There arc three large buildings housing th e r efinery. To 
give some idea of the size of these buildings, th e small one 
has floor space enough to accommodate 466 tanks 8 feet 2 
inches long by 33 inches wide by 44 inches deep. The next 
one 480 tanks lZ feet 4 inches long by 33 inches wide and 44 
mches deep, and the third 240 tanks 14 feet 6 incl,es long b,v 
33 inches wide by 44 inches deep. The smaller tanks bold 

,21 anodes of 485 pounds each and tl10 larger 32 anodes of 
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the same weight. '.l'he entire number for each tank ii; handled 
at one time on a special frame, and tbe same is true of the 
cathodes. 'l'o do ·this 6% and l0-to11 electric cranes travel 
the entire length of the buildings and can reach every tank. 

During the 1;efini.ug process the gold, silver and other iin
put·ities :from the anodes fall to the bottom of the tanks as a 
black spongy mass. The solution from the tanks is syphoned 
off and the mass gatJicred and taken to bullion furnaces in 
the precious metals house ,,,here it is .fUl'thor treated and 
1·e.6ned. 

The refined copper is sent to melting furnaces where the 
temperatrn·e is gradually raised lmtil the copper is again 
molteu. A certain amount of air is introduced into the ba tb 
and the charge is skimmed and covet·ed with coke. It is 
then polled with green poles to a proper set aud is 1·eady 
£or easting, into ingots, wire bars, or the various kinds of 
cakes £or the trade. 

NORTBPORTSMELTER 
The plant of the Northport Smelting & Refining Company 

at Northport, Washington, has been operated for the reduc
tion of lead ore and concentrate from the Coeur d'Alene Dis
trict to base bullion and copper matte siuce March 8, 1916. 
Previous to that date it had been used as a copper smelter 
by the LeRoi Mining Company. Some crude lead ore is re
ceived but most of the material is the 1n·oduet from jigs. 
tables and flotation machines. Receipts arc classified and 
sampled as crude ore, coarse concentrates, fine concentrates 
and slime. Ore is received priucipalJy from the Hercules 
and the Tamarack & Custer mines of the Coeur d'Alene Dis
trict. Some custom silver-lead ore from district b·ibutary to 
Northport is treated. 'l'he company operates properties at 
Republic which produce the silicious ore reqnired and it 
owns a quarry near the plant which supplies the necessary 
limestone. 

Frozen ore is thawed in the cars in a steam-heated brick 
building in which the temperature can readily be held at 
110° F. '!'he building is equipped with a double track. which 
will hold 16 railway cars. 

• 
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Crude ore and coar. e concentrate are mtloaded on belt 
conveyors which deliver to the crt1shiog . plant. This is 
equipped with two 10 by 20-inch Blake crushers and two, 
18 by 42-inch sets of rolls, one trammel with three-eighths

inch round holes and two VJ}zin samplers. These samplers cut 
ont one-tenth of the stream and are set m series. The reject 
is delivered to the charge bins of the sintering pla11t. The 

sample go to a plate room wlierc they are ringed, coned and 
quartered to about 40 pounds, which goes to the Englebach 
mills. 'l'he product from the mills is quartered down to 32 
ounces, whicl1 is bucked to pass a 100- 150 or 200-mesh sareen 
and divided into samples for assaying. Fine concentrates 
aml slime are unloaded on belt conveyors which deliver c1i-
1·ectly to the charge bins of the sintering plant. Every tenth 
shovelft1l is reserved for a sample and this is cut down in 

• the plate room. 
1'he sintering plant is equipped with seven D,nght-Lloyd 

machines with pallets 42 inches wide and suction boxc. twen
ty-two feet long. Fuel oil is used for ignition . In order to 
control the production of matte, a large part of the lead ore 
tl'eated is roasted twice. 1'be charge for preroasting consists 
of about 80-85 per cent lead ore with l imestone and silicious 
ore. 'rbe product forms 60-75 per cent of tbe charge for 
final roasti11g, the remainder being unroastecl le,Hl ore. 'l'o 
the futal sinter, limestone aud coke are added to make up 
the cha1·ge for the blast furnace. 

There are three blast furnaces, each having a hearth 
area of 42 by 192 inches and twelve tuyeres on each side. 
The shafts are water-jacketed for fourteen feet above the 
crucible and have brick walls fo1' five feet above the jackets. 
'l:wo matte settlers are nsed and the slag is granulated. 1'he 
matte and settler-barrings are handled by hoists and 15-
ton bridge crane. The furnaces are rnn with a heavy bnllio11 
fall and a light matte faD. 

The bullion is hauled in cast steel pots by storage bat
tery locomotives to the drossing plant. 'l'his contains six 50-
ton kettles commanded by a 10-ton bridge crane. A Howard 

•Information furnished by E. H. Laws, manager, Norlhport Smeller. 
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press, operated by compressed air, is used for skimming. The 
dross is r etui-ned to the blast furnace charge. The bullion 
is sampled by dipping 80 "gum-drops" weighing approx
imately 0.5 assay ton each, and is pumped to a casting ma
chine. The bars are transported by storage battery trucks 
to two scales for weighing and then to railway cars. 

The small amount of copper which the ores contain is 
recovered in a leady matte carrying about 10 per cent cop
per. This is accumulated for ninety days, then crushed, sin
terecl with limestone and silicious ore and smelted. Lead 
bullion and matte carrying 40 per cent copper are produced 
and shipped. 

The combined gases are Jnu11idilled by sprays set in the 
top of the flue and pass through a Cottrell treater. This has 
832 steel pipes ·which are 12 inches in diameter and 16 feet 
long. The fume is precipitated by a high voltage electric 
current and falls into brick cellars. It burns or oxidizes to a 
gray product which is lumpy or granular and which can be 
readily handled. It is shoveled to flat railway car1,1 crushed 
and added to the sintering machine charge. 

'l'be plant is supplied with water from Deep Creek by 
means of two miles of box flume and wood pipe. Electric 
power is furnished from Canada over a double transmission 
line. The cm·1·ent is transformed from a voltage 0£ 60,000 
to 2,300 at power company's substation. The smelter is com
pletely equipped with shops and laboratory. 

BILROWE ALLOYS COMPANY 

The use of the electric flll'nace for the smelting of certain 
types of ores seems destined to become a process of consider
able importance here in the north.west where so abundant a 
supply of cheap water power awaits further development. As 
a trail-breaker the fenomangariese plant of the Bihowe .Al
loys Company of •racoma have been operating for several 
years a number of electric furnaces for the manufacture of 
ferromanganese. 

The company has six resistanee type electric furnaces. 
These are single-phase, open-top shaft furnaces and each 
has a capacity production of 1.5 to 2 tons of ferromangancse 



328 B ulletini X o. 23, TV ash ington Geological Stt1'vey 

per day. Only four of these fnrnaccs were in opcrati011 rloring 
the summer of 1920. The four operating fmnaces are en
closed in shells of three-sixteenths inch boiler plate, the out
side diameter being 77 inches and the height 69 illches. TJ1e, 
hell are water cooled by a spray .from a perforated pipe 

which encircles the top of the shell . Ordinary fire brick. are 
now usecl £or lini.ug tl1e :side 0£ the crucible and the bottom 
lining is a rammed-in mixti,re of grom1d-up graphite carbon 
and coal tar. 

A single amorphous carbon electrode 16 inches square 
is u ed for each furnace. These are · upported hr teol cables 
from a car track overhead. The electrodes have threaded 
recesses in each end and new electrode· a.re joined to the old 
by means 0£ a th1·eaded plug screwing into both pieces. 

Power is purchased £tom the city 0£ Tacon.ia under a 
favorable co11tract. Tl1e rates vary as the load £actor and 
tJ1is is 11sually such as to earn a rate 0£ £rom 3.31 to 8.52 
mills per kilowatt hou1·. Under the power contract the plant 
is subjeet to shutdown in cases 0£ low water. 'l'l1e power 
required £or each furnace is approximately 375 kilowatts. 
'l~he ctuTent supplied at the terminals carries abot1t 50 volts 
and measures 7,500 amperes. The po,Yer £acto1· is said to be 
ab.out !)0 per cent. 

Tlrn two furnaces not now in operation are of 1·einJ'orce<l 
concrete construction, seven and one-half feet square on the 
outside with a central circular shaft 79 inches in d iamete1·. 
The essential operating principles 0£ these :furnaces are 
similar to the £our just described. 

The mixed charge of ore, limestone, aucl coke is regularly 
shoveled into the top of the furnace and ar e kept poked down 
at all times except 20 minutes be:fo1·e tapping. I t is desir
able to have the fm·naee crust over before tapping so that 
no imperfectly separated material will be tapped out. At 
regular intervals of two hotm, the :ferromanganeses and slag 
are tapped into small cars and allowed to cool for several hours. 
'I'he ferromanganese sinks to the bottom and forms a pig 
and the crust of slag is broken from the pig with sledge ham
mers and if the charge has been correctly proportioned the 

.. 
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l inc of separation between the slag and pig is clean cut. The 
following analyses of the ferromanganese and slag produced 
are repol"ted: 

Analysis of Ferromanganese 
Manganese . . . . . . . . . 80.03 % 
Iron . . . . . . . . . . . . . . . 11.5 Yo 
Silicon . . . . . . . . . . . . 0.6 'X 
P hosphorous . . . . . . . 0.274 °,., 

Ana lysis of Slag 
Manganese .......... 13.97% 
Ferrous oxide . . . . . . 1.22 % 
Silica .............. 34.7 % 
Lime ............... 35.8 % 
Alumina . . . . . . . . . . . . 4.6 % -, 

'rhe manganese ore used comes :from Phillipsburg, l\Ion-
tana. This is partly in the form of table concentrates and the 
fineness of the material often gives some operating difficulties. 
The packing of the charge often prevents the gases ,rnrking 
up through the charge until enougl1 gas is present to :force a 
passage. These "blo·ws" materially increase the electrode 
conswnption and make fm·nace losses. In other instances the 
fine 01·e is melted and entangled in the slag before coming 
in contact with the coke a sufficient length of time to be 
reduced. When the slag runs high in manganese it is crushed 
up and passed through a Faust jig where the ferromanganese 
is recoveretl as a jig concentrate. 

'l'he ferromauganese is sold to various foundries and iron 
works along the Pacific Coast. The market price £or ferro
manganese dtuing 1920 averaged appl'Oximately $150 per ton. 
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.AMALGAMATED GOLD MINES COMPANY ........ .. Chelan County 

Blewett District 

Local postofflce address: Blewett. 
Head offices: Seattle. 
Officers: President, C. R. Hesseltine; Secretary, J. E. Reynolds; 

Treasurer, G. W. Walker; Manager, C. R. Hesseltine, Seattle, 
Wash. 

Number of men employed: 20. 
Class of ore: Gold. 
Miscellaneous information: l\iine has reopened after an idle

ness of about 10 years. See page 268. 

AMAZON MINE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Stevens County 

Chewelah District 

Local postoffice address: Chewelah. 
Officers: Owned by J. Oppenheimer. 
Class of ore: Copper. 
Miscellaneous information: Property bas been idle for several 

years. See page 132. 

AMERICAN ARSENIC MINING COMPANY ...... Snohomish County 

Index District 

Local postofflce address: Index. 
Head offices: Burlington, Wash. 
Officers: President, A. F. Kirkpatrick; Secretary-Treasurer, 

Chas. Callahan; Superintendent, C. W. Hager. 
Number of men employed: 5. 
Class of ore: Arsenic. 
Miscellaneous information: Mine recently opened and small mill 

built, to take advantage of favorable arsenic market. See 
page 291. 

AMERICAN FLAG MINE ............................. Ferr~ County 

Sheridan District 

Local postoffice address: Republic. 
Read offices: Aberdeen, Washington. 
Officers: President, M. V. Snider; Secretary-Treasw·er, W. D. 

Hoove r, Aberdeen. Wash.; Superintendent, J. S. Stevens. 
Number of men employed: 4. 
Class of ore: Silver. 
Miscellaneous information: Operations suspended September, 

1919. See page 196. 

ANDY O'NEAL MINE . . . . . . . . . . . . . . . . . . . . . . . . . . . Okanogan County 

Nespelem District 

Local posto.ffice: Nespelem. 
Number of men employed: 5. 
Class of ore: Silver and copper. 
Miscellaneous information: Under bond and lease to Frank 

Hammond and Roy Smith, operations suspended dul'ing 1919. 
See page 214. 
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APACHE MINING COMPANY . ... ............... Okanogan County 

Nespelem District 

Local postoffice adclress: Nespelem. 
Head offices : Pioneer Bldg., St. Paul, Minnesota. 
Officers: President, F. A. Hoyt; Secretary-Treasurer, M. H. 

Evans. 
Number ot men employed: 7. 
Type of ore: Silver. 
l\'liscellaneous information: Most consistent producer of Nes

pelem Distri~t. Under bond and lease to Beggs & Ostrowski 
of Nespelem. See page 207. 

A:l?.EX: GOLD :i\'IlNING COMPANY ........ . ..... ,, .... King County 

Miller River District 

Local postoffice: Miller River. 
Number of men employed : 5. 
Type of ore: Gold-silver-arsenic. 
Miscellaneous information: Workecl by Wm. PriesUy of h1lller 

River under lease and bond. See page 301. 

APEX MANGANESE MINE . ... .............. . .. .. . . Mason County 
Manager: A. Kelly, Seattle. 
Local posloffice: Lake Cushman. 
Number or men employed: 3. 
Type of ore: Manganese. 
Miscellaneous information: Under lease to Mt. Elinor Man-

ganese Mining & Smelting Company of Seattle. See page 315. 

ARK MINES COMPANY ............................ Stevens County 

Kettle R Iver District. 

Local postoflice: Kettle Falls. 
H eacl offices: Spokane. 
Officers: P1·es.ident, J. J. Budd; Secretary-Treasurer, 0. L. Budd; 

Manager, J. J. Budd, Kettle Falls. 
Number of men employed: 3. 
Type of ore: Silver. 
See page 143. 

ARLINGTON SILVER MINING COMPANY ... .... . Okanogan Coiinty 

Ruby District 

Local postoflice: Okanogan. 
Head offices: Sherwood Building, Spokane. 
Officers: President, H. E. Rhodenhamel; Secretary-Treasurer, H. 

S. StooLflse : Superintendent, J . E. Stoolfire, Okanogan, Wash. 
Number or men employed : 10. 
'l'ype of ore: Silver-lead-copper. 
See page 250. 
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BEAD LAKE GOLD-COPPER MINING CO ........ Pend Oreille County 
Newport District 

Local posloffice: Newport. 
Head offices: Hyde Building, Spokane. 
Officers: Presidenl, G. C. Geisler; Secretary-Treasurer. W. .E . 

.Allen; General Manager, W. E. Allen, Spokane, Wash. 
Number ot men employed: 16. 
Type of ore: Copper-silver-lead. 
Miscellaneous information: Building 100-ton concentrator during 

1920. See page 75. 

BELLA MAY MlNE-See Diamond R. l\Ilnlng Company. 

BLEWETT l\ITNE-See Amalgamated Gold l\Iines Company. 

BONANZA MINE •................................. Stevens CQunty 
Northport Dlatrict 

Local postofflce: Bossburg. 
Head offices: Spokane. 
Number of men employed: 8. 
Type of ore: Silver-lead. 
Miscellaneous information: Now being reopened by Spokane 

capital after au idleness of several years. J. Verwacke, sup
erinterulent, Bossburg, Wash. See page 117. 

BONANZA COPPER MINE ......................... Stevens Countlr 
Deer Trail District 

Postotflce address: Spokane. 
Type of ore: Copper. 
Miscellaneous information: Idle cluring 1920. See page 151. 

BOUNDARY RED MOUNTAIN MIN1NG CO ......... Whatcom County 
Mt. Baker District 

Local postoffice: Chiliwack, B. C. 
Rea.cl office: Reno, Nevada. 
Oflicers: President, Geo. Wlngtleld; Secretary, C. F. Burton; 

Manager, E . .A. Julian, Reno, Nevada. 
Number or men employed: 40. 
Type of ore: Gold. 
:r.tiscellaneous iu!ormatlon: Closed down temporarily to await 

more favorable gold mining conditions. See page 306. 

CARL FREDERICK M1NlNG COMPANY ........... Okanogan County 
Conconully D istr ict 

Local postoJttice: Conconully. 
Head offices: Coeur d'Alene. Idaho. 
Officers: Presidenl, C. Bernhard; Secretary-Treasurer, C. W. 

Quarries; l\lauager, C. Bernhard, Conconully, Wash. 
Number of men employed: 4. 
Type ot ore: Silver. 



334: Directory 

CASTLE CREEK MiNE Ferry County 

Park City District 

Postoffice address: Republic. 
Number ot men employed: 5. 
Type of ore: Lead-silver. 
Miscellaneous information: Operated under lease by C. E. 

Cross. Building small mill during 1919. See page ........ . 

CAREY MINI NG & DEVELOPMENT COMPANY .... Okanogan County 

Sheridan District 

Local postoffice: Republic. 
Head offices: Spokane. 
Number of men employed: 5. 
Type, of ore: Silver. 

• 

Miscellaneous information: Through mis-management a receiver
ship was forced onto the company during 1920. See page 194. 

CHATTERBOY MINING COMPANY ... .. .............. Ferry County 

Danville District 

Local postoffice: Danville. 
Head offices: Dayton, Wash. 
Officers: President, A. Monett; Secretary-Treasurer, C. F. Mel· 

ton; Superintendent, J. E . Leonard, Danville. 
Number of men employed: 5. 
Type of ore: Copper-gold. 
Miscellaneous info'rmation: Formerly known as Lucile Dreyfus 

Mine Reopened during 1919, idle dw·ing 1920. See page 202. 

COPPER BELL MINE (Western Copper Mining Co) Snohomish County 

Index District 

Local postoffice: Index. 
Head office : 1123 Broadway. New York. 
Officers: President, C. G. Reiter; Secretary, J. J. O'Brien; Treas

urer, J. D. Campbell; Superintendent, C. Hendricks. 
Type of ore: Copper. 
Miscellaneous information: Property bas been idle for 10 years. 

Reincorporated April, 1917, ur.der laws or Maine. See page 290. 

COPPER KING MINE 

Chewelah District 

Local postoffice: Chewelah. 
Type of ore: Copper-silver. 

Stevens County 

Miscellaneous information. In receivership. Worked !or time 
during 1918 and 1919, under lease and bond by United Silver· 
Copper Mining Company, who operate an adjoining property. 
See page 131. 

• 
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COPPER WORLD EXTENSION MINING CO ....... Okanogan County 

Oroville-Nighthawk District 

Local postoffice: Nighthawk. 
Head offices: Columbus, Ohio. 
Officers: President, W. A. Boyle; Secretary, Alfred F. Carman. 
Number of men employed: 15. 
Type of ore: Copper. 
Miscellaneous information. Property under lease to Dempster 

Mines Company who !lave installed two miles of aerial tram, 
and equipped property for production. See page 240. 

DAISY MJNE-See Silver Mountain Mining Company. 

DEER TRAIL CONSOLIDATED MINING COMPANY .. Stevens County 
Deer Trail District 

Local postofflce: Springdale. 
Head office: Spokane. 
Number of men employed: 5. 
Type of ore: Silver. 
Miscellaneous in.formation: The mine was extensively worked 

20 years ago and made an impressive production of high-grade 
silver o,re. It bas been in litigation for years. Now being re
opened by Clarke Brothers of Spokane. Page 149. 

DIAMOND R MINING COMPANY ........ . .. . ... Pend Oreille County 

Metaline Mining District 

Local poslofflce: Metaline. 
Head offices: Spokane. 
Officers: President, Wm. Kroll; Secretary-Treasurer, A. H. 

Kroll; Manager, C. L. Wickstrom. Metallne, Wash. 
Number of men employed: 8. 
Type of ore: Silver-lead-zinc. 
Miscellaneous information: Erected small concentrator during 

1919. See page 85. 

DOUBLE HEADER MINE . . . . . . . . . . . . . . . . . . . . . . . Okanogan County 

Nespelem District 

Local postoffice: Nespelem. 
Officers: President, G. M. Quinn; Secretary-Treasurer, L. C. 

Shuff. 
Number of men employed: 4. 
Type of ore: Silver. 
Miscellaneous Information: Exploration work during 1919, but 

idle during 1920. See page 213. 

EAGLE PEAK COPPER 1\UNING COMPANY .......••. Pie rce County 

Local postoffice: Longmire Springs. 
Head offices: Tacoma. 
Officers: President. R. H. Wheelock; Secretary-Treasurer. Mary 

Long; :Manager, R.H. Wheelock, Longmire Springs, Wash. 
Number ot men employed: 3. 
Type ot ore: Copper-gold. 
See page 310. 
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ELECTRIC POINT MINING COMPANY .. . ........... Stevens County 

Northport District 

Postotlice address: Northport. 
Officers: President, Roy A. Young; Secretary, F. M. Turner; 

Treasurer, H. M. Waddell; SUPerintendent, C. D. Belser. 
Number of men employed: 60. 
ClMs of ore: Lead-silver. 
Miscellaneous information: Contributes the major portion of 

Washington's lead production. See page 9S. 

FIRST THOUGHT GOLD MINING COMPANY ....... Stevens County 

Orient District 

Local postoffice: Orient. 
Head offices: Calgary. Alberta. 
Officers: President, P. Burns; Secretary-Treasurer, W. J. C. 

Wakefield. 
Type of ore: Gold. 
Miscellaneous information: Property has been idle for several 

years but is credited w-ith substantial produ<:tion and is ex
pected to reopen when gold mining conditions Improve. See 
page 164. 

FIRST THOUGHT .SILVER .MJNING COMPANY ... Okanogan County 

Ruby District 

Head offices: Portland. Oregon. 
Olficers: President, Jonathan Bourne, Jr. 
-T ype of ore: Silver-copper-lead. 
Miscellaneous information: Property idle. See page 255. 

FOUR MEJTALS MINING COMPANY Okanogan County 

Oroville-Nighthawk District 

Postofflce addres1:1: Nighthawk. 
Officers: President, R. S. Grant; Secretary-Treasurer, C. Arkins; 

Manager. R. S. Grant, Nighthawk, Wash. 
Number of men employed: 8. 
'l'ype of ore: Silver-lead-copper. 
See page 233. 

FRISCO-STANDARD MINING COMPANY ........... . Stevens County 
Northport District 

Local postoffl'ce: New Boundary. 
Head offices: Spokane. 
Ot:ficers: President, G. n. Harrington; Secretary-Treasurer, 

James T. Bui-cham. 
Number of men employed: 3. 
'fype of ore: Silver-lead-copper-gold. 
Miscellaneous inlormation: Under lease to J. Astloford and W. 

E. Hightower of Northport. See page 112. 



Dfrccto111 337 

GALENA HILL MlNTNG COMPANY ............... . . Stevens County 

Orient District 

Local postofflce: Orient. 
Head offices: Reardon. Washington. 
Officers: President. W. L. Shearer; Secretary-Treasurer, V. A. 

Firu·ow; l\Lanager, W. S. Bliss. Oriem, Wash. 
Number ot men employed: 8. 
Type of ore: Lead-silver-zinc. See page 162. 

GLADSTONE MOUNTAIN l\IINING- COMPANY ...... Stevens County 

Northport District 

Local postofflce: Leadpoint. 
Head offices: Sherwood Building, Spokane. 
Officers: President, Thaddeus Lane; Secretary-Treasurer, Wal-

ter J. Nicholls; Superintendent, Dan Docld, Leadpoint, Wash. 
Number of men employed: 12. 
Type of ore: Lead. 
See page 102. 

GREAT METALS MINING & l\ITLLING COMPANY .. Okanogan County 
Nespelem District 

Local postofflce: Nespelem. 
Head offices: Nespelem. 
Officers: President, WUlis Schrock; Secretary-Treasurer, Adam 

Rinehart; Manager, E. C. Williamson. 
Number or men employed: 10. 
Type of ore: Silver. 
Miscellaneous information: Operated during 1919 but idle dur

ing summer of 1920, account shortage of water. See page 211. 

GRIDAT WESTERN 1\UNE ........................ . .. Ferry County 

Ke lle r District 

Local postolfice: Keller. 
Ntunbe1· of men employed: 3. 
Type of ore: Silver. 
Miscellaneous information: A recent location wWcb is being 

prospected by W. H. Galloway and C. Koenig. See page 217. 

GORIEN ZINC :\Ill\'E .............................. Stevens County 

Nort hport Dist rict 

Local postoffice: Northport. 
Number of men employed: 10. 
Type or ore: Zinc. 
l\Liscellaneous Information: A recent important discovery .of zinc 

carbonates leased to Jolrn Gorien o! l\1lnneapolis, l\I.lnn. See 
page 111. 
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illON CREEK MINING COMPANY ....... .. . . ...... Stevens County 

Keller District 

Local postoffl.ce Keller. 
Head offices: Spokane. 
Number ot men employed : 10. 
Type ot ore: Silver-lead. 
Officers: President, R. J. Clark; Secretary-Treasurer, J. E. 

Angle; Manager, R. J. Clark. 
See page 218. 

KAABA MINES COMPANY 

Oro ville-N ighthawk District 

Local postotlice: Oroville. 
Head offices: Spokane. 

Okanogan County 

Officers: President, J. W. Douglas; Secretary-Treasurer, S. Barg-
hoorn; Manager, J. w. Douglas, OroviJle, Wash. 

Numbgr of men employed: 8. 
Type of ore: Silver-lead-copper. 
See page 228. 

KNOB HJLL MINING COMP ANY 
Republic D istrict 

Local postofflce: Republic. 

Ferry Co11Dty 

Heacl offices: Old National Bank Building, Spokane. 
Officers: President, John Byrne; Secretary-Treasurer, 0. A. 

Broyles; Superintendent, J. E . Daley; Mine Superintendent, 
Horace Mason. 

Number of men employed: 10. 
Type of ore: Gold-silver. 
See page 175. 

KROMONA 1\flNING & SMELTING COMPANY .... Snohomish County 
Su I tan D istr ict 

Local postoffice: Sultan. 
Head offices: Peyton Builcling, Spokane. 
Officers: President, C. B. Krom; Secretary-Treasurer, C. B. 

Krom; Manager, J. F. Krom, Spokane, Wash. 
Number of men employed: 8. 
Type of ore: Copper. 
See page 293. 

LA FLEUR MT. COPPER COMPANY .................. Ferry County 

Danvi lie District 

Local postoffice: Danville. 
Head offices: Colville. 
Officers: Pr esident, W. A. Acorn; Secretary-Treasurer, I. J. 

Lasswell ; Manager, I. J. Lasswell, Colville, Wash. 
Number of men employed: 4. 
Class of ore: Copper. 
See page 200. 
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LAST CHANCE MINE ................. . ......... Okanogan County 
Ruby District 

Local postoffice: Okanogan. 
Head offices : Portland, Oregon. 
Officers: Owned by Jonathan Bourne, Jr. 
Number of men employed: 2. 
Class of ore: Silver-lead-copper. 
Miscellaneous information: Under lease to C. W. Jackson ot 

Okanogan, ·who is sorting and shipping high-grade ore. See 
page 254. 

LEAD KING MINE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Stevens County 

Northport District 
Address: Northport. 
Officers: President, Roy Young. 
Number of men employed: 2. 
Type of ore: Lead. 
Miscellaneous information: Idle since 1919. See page 106. 

LEAD TRUST MINE 
Northport District 

Local postoffice: Lead point. 
H ead offices: Wenatchee, Wash. 

Stevens County 

Officers: President, J. A. Scaman; Secretary, D. A. Shiner; 
Treasurer, F. N. Mintzer; Manager, F. C. Scaman. 

Number of men employed: 10. 
Type ol ore: Lead. 
Miscellaneous lnlormation: Completed small concentrator dur

ing summer of 1920. See page 104. 

LONE PINE-SURPRISE CONSOLIDATED MINING COMPANY 
(Last Chance Mine) ................ . ....... . . Ferry County 

Republic District 

Local postoffice: Republic. 
Head offices: Hyde Block, Spokane. 
Officers: President, C. P. Robbins; Secretary-Treasurer, C. Theis; 

Manager; 0. P. Robbins, Republic, Wash. 
Number of men employed: 15. 
Type of ore: Gold-silver. 
Miscellaneous information: Workings are con.tined to Last 

Chance Claim, and mine sometimes spoken of as Last Chance 
Mine. See page 185. 

LOON LAKE-BLUE BIRD COPPER MINING CO ....... Stevens County 
Springdale District 

Local postofflce: Loon Lake. 
Head offices: Spokane. 
Officers: President. H. D. Trunk.ey; Secretary-Treasurer, Jos. 

McCarthy; Manager. J. C. Haas, Spokane. 
Number of men employed: 6. 
Type of ore: Copper. 
See page 158. 
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LOON LAKE COPPER COMPANY . .. ... ...... .. ... .. Stevens County 

Springdale District 

Local postoftice: Loon Lake. 
Head offices: Spokane. 
Ofllcers: President, Mr. McCormick; Secretary-Treasurer, M. 

Brock ; Manager, W. L. Zeigler. 
Number of men employed: 25. 
Type of ore: Copper. 
Miscellaneous infol'lllation: Company passed into receivership 

during the latter part of 1919. See page 163. 

MELROSE MINING COMPANY .. .. . . . .. .... ... .... Stevens County 

Northport District 

Local postoffice: New Boundary. 
Head ottices: Spokane. 
Officers: President, Jos. Cohn; Secretary-Treasurer, S. Edel· 

stein; Manager, O. Matlhews, New Boundary, Wash. 
Type of ore: Leacl-silver. 
Miscellaneous Information: Idle since 1919. See page 116. 

l\tETALlNE ORTOLEJ MINING COMPANY ....... Pend Oreille County 

Metali ne D istrict 

Address: Metaline. 
Officers: President, Fred N. Davis; Secretary-Treasurer. Ella M. 

Davis; Manager, Fred N. Davis. 
Number of men employed: 2. 
Type of ore: Lead-silver-zinc. 
See page 87. 

'MINERAL CREEK COPPER COMPANY .............. Kittitas County 
Cle E lum Distr ict 

Local postofflce: Cle E lum. 
Officers: President, Charles Durrwachter; Manager, E. J. Durr· 

wachter, Cle Elum. 
Number of men employed: 5. 
Type of ore: Copper. 
Miscellaneous in(ormation : Completed small concentrator during 

summer of 1920. See page 277. 

MT. ELINOR MANGANESE MIN. & SMELTING CO- See Apex Man· 
ganese Mine. 

MYSTERY l\UNE . . ............................. Snohomish County 
Sultan District 

Address: Sultan. 
Officers: David Boyle. 
Type of ore: Copper. 
See page 298. 
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NEW ENGLAND MINE Stevens County 

Northport D istrict 

Address: Nor thpor t. 
Officers: Owned by Ben Stout and L . M. Cook. 
Number of men employed: 2. 
'fype of ore: Zinc. 
See page 110. 

NORTHPORT MTNTNG- COMPANY ................ Stevens County 

Northport District 

Address: Northport. 
Head otHces: Minneapolis, Minn. 
Officers: John Gorien, Secretary-Treasurer and Manager. 
Number of men employed: 5. 
Type of ore: Zinc. 
l\,IiscellaJleous information: Idle since 1919. See page 107. 

NORTHPORT SMELTING- & REFINTNG COMPANY (Republic 
Mines Branch) ..................... . ....... . . Ferry County 

Repu bl ic D istrict 

Local postofflce: Republic. 
Head offices: Wallace, Idaho. 
Officers: President, Jerome Day; Manager, Frank Bailey. 
Number of men employed: 8. 
Type of ore: Gold-silver. 
Miscellaneous Information: Supplies siliceous gold ores to the 

Northport Smeller for use in fluxing heavy sulphide ores. 
See page 185. 

0. K. MTNE (Oroville Copper Company) ............ Okanogan County 

Orovil le-Nighthawk D istrict 

Address: Oroville. 
Officers: President. Theo. Wondra; Secretary-Treasurer. H. D. 

James; Superintendent. J. P. Gormely. 
Number of men employed: 3. 
Type of ore: Copper. 
:Miscellaneous information: No shipments made since 1919. 

See pag,e 244. 

0-LO-LIM COPPER 1"UN1NO COMPANY ............ Stevens County 

Loca 1 posto ffice: Davenport. 
Head offices: Hyde Block. Spokane. 
Officers: P resident. James Keith; s~cretary-Treasurer, B. R. 

Riegel; Manager, Jas. Keith, Spokane, Wash. 
Number of men employed: 5. 
Type of ore: Copper. 
See page 160. 
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PANAMA SILVER MINING COMPANY .... .. ..... Okanogan County 

Nespelem District 

Local postoffice: Nespelem. 
Head offices : Seattle. 
Officers: President, H. P. Dickinson; Manager, H. P. Dickinson, 

Seattle. 
Number of men employed: · 3. 
Type of ore: Silver. See page 209. 

PARAD1SE MINE .... . ............... .. .... . ....... Pierce County 

Address: Longmire Springs. 
Miscellaneous information: A copper _prospect owned by Sher

man Evans and Ike Evans. See page 312. 

PYRARGYRITE MINING COMPANY . . .. . ..... . .. Okanogan County 
Oroville-Nighthawk District 

Address: Oroville. 
Officers: President, Monroe Harmon; Secretary, C. A. Andres; 

Treasurer, W. C. Jones; Manager, M. Harmon. 
Number of men employed: 15. 
Type of ore: Silver. 
Miscellaneous information: Completed 75-ton concent.ratlng mill 

dw·lng 1920. See page 287. 

QUILP GOLD MINING COMPANY 
Republic D ist r ict 

Local postoffice: Republic. 
Head offices: Spokane. 

Ferry County 

Officers: 'President, J. Hutchinson; Secretary, G. R. Dodson; 
Treasurer. Thos. Hooker; Manager, W. G. C. Lanskail; Con. 
Engr., Sam Richarclson. 

Number of men eroployecl: 10. 
Type of ore: Gold-silver. See page 180. 

REJARDON COPPER COMPANY (High Grade Mine) .. Stevens County 
Deer T r ail D ist rict 

Local postoffice: Turk. 
Heacl offices: Reardon. 
Officers: A close corporation, Directors: Oscar Carstens, T. J. 

Carstens, Henry Carstens, and A. H. Kenyon. 
Number of men employed: 2. 
Type of ore: Copper. 
See page 146. 

REBECCA MINING COMP ANY . . . . . . . . . . . . . . . . . . . Okanogan County 
Nespelem Dist rict 

Local postofflce: Nespelem. 
Officers: President, H. J. Neely; Secretary-Treasurer, J . Mc-

Carthy; Manager. H. J. Neely. 
Number of men employed: 5. 
Class of ore: CoJ)per. 
Miscellaneous information : Idle since 1919. See page 216. 
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GIANT SIL VER MINING COMP ANY ................ Stevens County 
RED CLOUD MINING COMPANY ................. Stevens County 

Deer Trail District 

Local postofflce: Fru!Uand. 
Head offices: Hatton, Washington. 
Officers: President, J. K. Fields; Secretary-Treasurer, A. J. Rails-

back; Manager, A. H. Anderson, Fruitland, Wash. 
Number of: men employed: 5. 
Class of ore: Copper-silver. 
See page 150. 

RIES MINING COMPANY Pend Oreille County 

Northport District 

Address: Newport. 
Officers: P resident, A. L. Ries; Secretary. E. E. Jones; Treas· 

urer, F. Vawter; Manager, A. L. Ries. 
Type ot ore: Lead-silver-copper. 
See page 80. 

RUBY MINE-See Pyrargyrlte MJning Company. 

SAN POIL MINE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Ferry County 

Republic District 

Local postoffice: Republic. 
Head offices: Trail, B. C. 
Officers: Owned by Conaoliclated Smelting & Ref. Co. of Trail, 

B. C. 
Type of ore: Gold-silver. 
Miscellaneous information: Supplies siliceous fluxing ore to Trail 

Smelter. See page 188. 

SILVER LEDGE MINING COMPANY 

Methow District 
Local acldress: Methow. 
Head offices: Waterville, WashJngton. 

Chelan County 

Officers: President, William Dunn; Secretary-Treasurer, A. L. 
Mal tby; Manager, L. H. Markham, Metbow, Wash. 

Number of men employed: 6. 
Class of ore: Gold-silver. See page 259. 

SILVER MOUNTAIN MINING COMPANY ........... Stevens County 

Kettle River District 

Local address: Daisy. 
Head offices: Spokane. 
Officers: President, P. ID. Seelye; Secretary-Treasurer, R. J. Nev-

ers; Manager, P. E. Seelye. 
Number of men employed: 5. 
Class of ore: Silver. 
See page 136. 

SIL VER QUEEN MINE-See Ark Mines Company. 
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SOUTHERN MJNNESOTA & WASIIlNGTON MINES COM· 
PANY (Lone Pine l\1ine) •.....••••..•..• Okanogan County 

Orovllle•NighthilWk District 

Address: Oroville. 
Officers: President, E. A. Williams; Secretary-Treasurer, F. B. 

Sangers; Manager, H. W. Holley. ,'; _ 
Number of men employed: 4. 
Class of ore: Silver-lead. 
See page 243. 

SUNSET COPPER COMPANY . . ................ Snohomish County 
Index District 

Local postoffice: Index. 
Head offices: Seattle. 
Officers: A close corporation; E. A. Sims, president and man· 

ager; J. G. Shepherd, Superlntendent, and E. C. ,M:orse, mill 
superintendent. 

Number of men employed: 50. 
Type of ore: Copper. 
See page 282. 

SWAUK MINING & DREDGING COMPANY .......... Kittitas County 
Swauk District 

Local postoffice: Liberty. 
Head offices: Yakima, Wash. 
Officers: President, Mark Pennington; Secretary, D. J. Bryant; 

Treasurer, l\I. Bernarcl; Manager, Frank Bryant, Liberty, Wn. 
Number of men employecl: 12. 
Type of ore: Gold. 
Miscellaneous information: Began dredging operations during 

September, 1920. 
See page 276. 

TEMPEST MINING COMPANY ..................... Stevens County 
K ettle River D istrict 

Local postoffice: Daisy. 
Head offices: Spokane. 
Officers: President, F. H. Schindler; Secretary-Treasurer, C. W. 

Hill, and J. N. Horton. 
Number or men employed: 2. 
Type or ore: Silver. 
See page 140. 

TIP TOP MINE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Okanogan Co11nty 
Nespelem D istr ict 

Address: Nespelem. 
Miscellaneous information: Idle since 1919. 
See page 215. 
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TRTNTl)AD l\flNlNG & SMELTING COMPA.i'l:IY ..... Okanogan County 

Adcb·ess: Tonasket. 
Officers: President, J. Coleman; Secretary-Treasurer. T. W. 

Brown. 
Number of men employed: 3. 
Type ot ore: Silver. 
See page 257. 

UNITED SIL VER-COPPER MINING COMP A.l'IY ..•... Stevens County 

Chewelah District 

Local postofflce: Chewelah. 
Bead offices: Symons Building, Spokane. 
Officers: President. Conrad Wolfie; Secretary-Treasurer, M. E. 

Poole; Manager, E. A. Wolfie, Chewelah, Wash. 
Number of men employed: 50. 
Type of ore: Copper-silver. 
l\'liscellaneous intormation: One o! most consistent producers 

in the State. See page 123. 

YOUNG AMERICA MJNE . . . . . . . . . . . . . . . . . . . . . . . . . . Stevens County 

Northport District 

Address: Bossburg, Washington. 
Number of men employed: 5. 
Type of ore: LeacI-silver-zinc. 
Miscellaneou a iruormation: Owned by Mrs. C. W. ConnelJ of 

Bossburg. Under lease to Cuprite Mining Company, who 
built 15-ton concentrator and did considerable development 
work during 1919. See page 119. 

ZALLA M. MINE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Okanogan County 

Sheridan District 
Address: Republic. 
Officers: H e ld by Rossland, B. C., branch of the Bank of Mon

treal. 
Type of ore; Silver. 
See page 198. 
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A B 

Amphiboie, the generic name for Back, that part of a lode which is 
the group of li>isilicate minerals nearest the surface in relation to 
whose chief rock-making mem- any portions of the mine ; thus 
ber Is hornblende. n is often the back of a level or a stope is 
pre-fixed to those rocks which that part of the unstoped lode 
have hornblende as a prominent which is above. 
constituent. Barite, sulphate of barium BaSO,; 

Amygdaloid, a -vesicular igneous also called heavy spar, from its 
rock whose cavities have be- high specific gravity. 
come filled with secondary min- Basalt, in a broad sense basalt in
erals. The fillings are called eludes all the dark basic volcanic 
amygdules. rocks. It is the most common 

Apllte, an acidic phase of a gran- extrusive rock. 
itic rock occurring as a dike. Basic, a general descriptive term 

Argentiferous, sUver-bearing. for those Igneous rocks that are 
Argentlte ; Silver glance, a silver comparatively low in silica. 

sul hid Ag s Contains 87 per Abou~ 50 to 55 per cent is the 
P . e, , · superior limit 

cent silver. · 
. Batnol ith, a huge irregular mass of 

Argil hte, an 8:rglllaceous metamor- plutonic rock that has crystal
phosed sed1mentary rock, that lized at depth, and bas been ex
may or may not possess a slaty posed only by erosion, or subse-
clevage. quent uplift. 

Arkose, a sedimentary rock com- Bed Rock, the solid rock underlyi.ng 
posed of_ materi~l derived fr?m son. sand, clay, etc. 
the dismtegration of granite. Bi t ·t i m I · 
transported and redeposited with O I e, a magnes u -. ron mica. 
little sorting. The common black mica. 

A t . t f . di Bornite, peacock copper. A sulph-
rras re, appa1 a us or grm ng Jde of copper and iron. Also 
ores by means of a heavy stone called horseflesh ore. 
dragged around upon a circular . 
bed. The a rrastre is chiefly used Breast, the face of a working. 
for ores containing free gold, and Breccia, a fragmental rock whose 
amalgamation ls combined with components are angular and 
the grinding. Use now practical- therefore, as distinguished from 
ly obsolete. conglomerates, are n ot water 

Arsenolite, a white arsenious oxide, worn. There are friction of fault 
breccias. talus breccias, and 

sulph- eruptive breccias. 
As,O •. 

Arsenopyrite; M ispickel, a 
arsenide of iron; FeAsS. 
tains 46 per cent arsenic. 

Con- Brittle Silver, a synonym for steph
anlte. 

Augite, the commonest rock-mak- C 
ing pyroxene. _Contains_ large Calcareous, consisting of or con-
amounts of alumma and iron. taining carbonate of calcium. 

Auriferous, conWning gold. Calcite, calcium carbonate, (rhomb-
Azurite, blue copper carbonate, hedral). The more common form 

CuCO,Cu (OH),. Contains 46 of CaCO.. Contains 56 per cent 
per cent copper. lime, CaO. 

"The definitions for the most part are taken from U. S. Bureau of Mines 
BuJletln No. 95: A glossary of the mining and mineral l.ndustry, A. II. Fay, 
1920. 



348 Glossm•y 

Chalcedony, a transparent or more Contact metamorphism, a general 
generally translucent crytocrys- term applied to the changes 
talline quartz. 1t often lines or which take place along a contact 
fills cavities in rocks. such as the recrystallization oC 

Chaleoeit e, a copper sulphide Cu2S, lim~ston~ _or the ~onning of the 
containing 79.9 per cent copper. typical silicate mmera ls. Meta-

Chalcopyrite, the most common sul- morp~sm pro~uced _by the heat 
phide of copper and iron, CuFeS,. of _an igneou~ intrusion. . 
Contains 34.5 per cent copper. Cordi(lera, strict!~ a continuous 

Chert, a compact, siliceous rock ~h:1~ ~ mou~tams. ~nerally a 
formed of chalcedonic or opaline O ountam prov1nce. 
silica. Flint is a variety of chert. Count ry rock, the general mass ot 

Clastic, a descriptive term applied adjacent rock as distinguished 
to rocks formed from the frag- from that of a dike, vein, or 

lode. 
ments of other rocks; fragmental. c I t · f th -. ropp ngs, por ions o e vem as 

Clea~age, a tendency. to cleave or seen at the surface. 
spht along definite, parallel, . 
closely spaced planes. It is a Crosscut, a level . dnven across the 
secondary structure commonJy course of a. vem. 
con.finecl to bedded 1·ocks, is de- Crystall ine, of or pertaiolug to the 
veloped by p1·essU1·e and ordinar- nature of a crystal, having regu
ily is accompanied by at least Jar molecular structure. 
some recr:isstallization ot the Cupola, a domlcal-sbaped projec
rock. tion of igneous material .trom a 

Cobbing, breaking ore to sort out batholith. Many stocks are cu-
lts better portions. polas on batboliths. 

Collar of shaft, .the first frame of Cuprite, red copper oxide, Cu,O. 
timbers around the top of a Contains 88.8 per cent copper. 
shaft. 

Conclio ldal, shell shaped. The more D 
compact rocks such as flint. ba- Daclte, a vitrophyric, generally vol
salt, etc., break with concave ancl canic, igneous rock, containing 
convex su.rfaces and are there- essentially plagioclase and 
fore said to be conchoidal. quartz. 

Conformable when beds or strata Diabase, a basic fine-gl'alned Jg. 
lie upon dne another in unbrok· neous rock usually occurring in 
en and parallel order, and this dlkes or i11t:usive sheets, and 
arrangement shows that no dis- composed c~1~fly ?f plagloclase 
turbance or denudation has tak· feldspar. D1stmgu1shed from oth
en place at the lGcality where er dike rocks by its fine-grained 
their deposition was going on, and mottled texture. 
they a.re said to be conformable. Differentiation, the process or pro
But if one set of beds rests upon cesses whereby cooling magmas 
the upturned edges of another, separates into rocks of different 
showing a change of conditions kinds, u.sually connected by grad
or a break between the forma- ations. 
tions, they are said to be un- Dike, a long and relatively thin 
conformable. body of ign.eous rock, whlc.h, 

Conglomerate, an aggregate of while in a state of fusion has en· 
rounded boulders and pebbles ce- tered a fissure in older rocks and 
mented together into a coherent has there cWllecl ancl solidified. 
rock. Dior ite, a granitoid rock composed 

Contact deposit, a mineral deposit essentially of hornblende and 
found between two unli ke rocks, feldspar wWch is mostly or whol· 
usually applied to an ore body at ly plagioclase, with accessorv 
the contact between a sedimen- biotite and augite. A basic meni-
tary rock ancl an jgneous rock. ber of the granite family. 
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Dip, the angle at which 
strata are inclined from 
zontal. 

beds or 
the hori

Dolomite, the double salt of calcium 
and magnesium carbonate. Lime

F 

Face, in any adlt, tunnel, or stope, 
the end at which work is pro
gressing or was last done. 

stone often contains enough Fault, in geology, a break in the 
magnesium to be classed as a continuity of a body of rock, at· 
dolomite. tended by a movement on one 

Drift , a horizontal passage under
ground. A drift follows tbe vein, 
as distinguished from a crosscut, 
which intersects i t. 

side or the other of the break 
so that what were once tiarts of 
one continuous rock stratum or 
vein are now separated. T he 
amount of displacement oI the 

Dynamic metamor phism, metamor- parts may be a few inches or 
phism produced by earth move- thousands of feet. Various de
ments In regions of great dislo- scriptive names are used to des. 
cations, shearing or crnshing of ignate the va..rious types of faults. 
rocks. Distinguished from chem-
ical processes but the former Fault breccia , the breccia which is 
are seldom ~attended by the frequently found in a shear zone. 
latter. more especially in the case of a 

E 

Effe rvesce, lo bubble and hiss as 
l imestone on which acid is 
poured. 

th1·ust fault. 

Fault escarpment ; Scarp, an escarp
ment or clifl' resulting from a 
fault, or a dislocation of the 
rocks adjacent. 

. Fault fissure, the fissure produced 
Enstatite, a magnesium ~i11~ate by a fau lt, even though it is aft

mlneral. ~gSiO~. The va_net) of erwards rilled by a deposit of 
orthoromb1c pyroxene w1th less minerals. 
than five per cent FeO. 

Epidote, a basic ortJ10silicate of Feldspar, a gen·eral n~me f?r . a 
calcium, alumium, and iron. Oft- group of ab~nda_nl rock-fou~ung 
en tound along contact 2ones as minerals, which is further d1vid
a product of contact metamor- ed into two br<?ad groups:. Ortho
pbism. Usually has a greenish cl~se f~l.dspar, a potassn!m-alu-
cast mma s11Jcate, ancl plag1oclase 

· feldspars which are a subgroup 
Exposure, the condition or fact of of triclinic minerals at one end 

being exposed to view, either of which is alblte, a sodium-alu
natural or artificially; hence, also minum silicate, ancl at the other 
t hat part of a rock, bed or for- end anorlhite, a calcium alumi
mation which is exposed; an out- nuru silicate. 
crop. 

. Femic, standard minerals of the 
Extralatera l. right, in t~e United second group, comprising min-

~tate mlrung law, . said of the ei·als Low in silica but high in 
right which one wh1ch loca:tes ~u iron magnesium or calcium. 
the public domain, a claim m ' ' 
which a vein comes to. an apex, Ferromagnesian, in petrology, con
has to parts of the ve~n beyond taining iron and magnesium. Ap
t~e planes pa_ssed th1ough the plied to certain dark silicate min
s ide _lines of _his claim, but lying erals, especially amphibole PY· 
within vertical cross planes roxene, biotite, ancl ol'ivine, and 
passed through the end lines. to igneous rocks containing them 

Extrusive , a term applied to those as dominant constituents. 
igneous · rocks which have cooled 
after reaching the surface. Ferruginous, containing iron. 
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Fissure, an extensive crack, break, Geosyncl ine, a great downward 
or fracture in the rocks. A mere flexure of the earth's crust op
joint or crack persisting only for posed to Geanticline. 
a few inches or a few feet is Glacier a stream or sheet of ice 
not usually ter!11ed a fissure by form~d by the compacting and 
geolo~ists or .miners, al~bo~gh in recrystallization of unmelLed 
a stnct physical sense it 1s one. snow accumulated to a great 

Fissure vein, a cleft or crack in the thickness, flowing down a moun
earth's crust, filled with mineraJ tain valley or outward across 
matter different from the walls country in all directions from a 
and precipitated therein from center of accumulation. 
aqueous solution, or introduced . . 
by sublimation or pneumatolysis. Gne!ss, a layered crystallme rock 

w1tb a more or less well-devel· 
oped cleavage, but without the 
fissility of schist. A foliated 
granite. 

Float, a term much usecl among 
miners and geologists for pieces 
of ore or rock which have fallen 
from veins or strata, or have 
been separated from the parent Gouge, a layer of soft material 
vein or strata by weathering along the wall of a vein favoring 
agencies. Not usuaJly applied to ihe miner, by enabling him after 
stream gravel. Used also as an "gouging" it out with a pick, to 
adjective. attack the solid vein from the 

Fold, rocks or strata which have 
been bent into domes and basiI)s, 
or rolls. This structure is ob

side. Gouge is rock l'lour and is 
usually produced by crushing and 
grinding actions. 

served mainly in mountainous re- Granite a granular igneous rock 
gions, and is characteristic or comp~sed essentially of quartz, 
both the altered and unaltered orthoclase or microline. Common-
sedimentary rocks. Jy a part of the feldspar is pla

Free milling, applied to ores which 
contain free gold or silver, and 
can be reduced by crushing and 
amalgamation, without roasting 
or other chemical treatment. 

G 

gioclase. The ml.ca present may 
be either biotite 01· muscovite, or 
both. Hornblende is common 
augite an uncommon component. 
Commercially, almost all com
pact coarse grained igneous rocks 
are called granite as distin
guished from slate, sandstone, 

Galena, lead sulphide PbS. Contains and marble. 
86.6 per cent lead. The com- Granite-porphyry, practically a 
monest lead mineral. quartz.porphyry with a coarsely 

Gangue, the non-metalliferous or crystalline groundmass and pre
non-valua ble metalliferous min- ponderating phenocrysts. 'I'he 
erals in the ore; veinstone or chief phenocrysts are, however, 
lode-1illing. The mineral asso- feldspar. 
elated with the ore in a vein. 

. . . Granodiorite, a term which is em-
Garnet, a group of silicate minerals ployed for the fntermecliate rocks 

including sev_eral species with. between granites and quarlz-di
related chemical structures. Gar- orites. It is a contraction for 
net often occurs as a contact- quartz.cllorite and is a very use
metamorphic mineral in associa- ful name. 
tion with metallization. 

. . . . Grizzly, a grating of iron or steel 
Gash vein, a mineralized fissure bars for screening ore etc 

that extends only a short distance ' · 
vertically. It may be confined to Ground-water level the level be
a s1ngle stratum of rock, but is low which the r~ck and subsoil 
comparatively shallow type of down to unknown depths, are full 
vein. of water. 
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H 

Hanging valley, a valley the floor 
of which is notably higher than 
the level of the valley or shore 

Intrusion, in geology, a mass of ig
neous rock which, while molten, 
was forced into or between other 
rocks. 

to which it leads. Intrusive, in petrology, having 
Hanging wall, the upper wall of an while molten, penetrated into. or 

inclined vein, or that which ~e.tween other rocks, but solidi
bangs over the miner at work. ymg before reaching the sur

face. 
Hematite, one of the commonest 

ores of iron, Fe,08, which when J 
pure contains about 70 per cent 
of iron and about 30 per cent of Jasper, red, brown, green, impure, 
oxygen. The hydrated variety of slightly translucent cryptocrystal-
this ore is called limonite. line quartz with a dull fracture. 

Holocrystalllne, a textural term ap- Juvenile water water from the in
plied to those rocks that consist terior of the' earth which is new 
entfrely of crystallized minerals or has never been a put of the 
as distinguished from those with general system of groundwater 
more or less glass. circulation. 

Hornblende, a variety of the min-
eral amphibole. Color between K 
black and white, through va1·ious 
shades of green. inclining to Kaolinite, A white soft earthy min
blacldsh green; also dark brown. eral consisting of a hyd1·ous sill
The name of the minerals is pre- cate of aluminum and one of the 
fixed to many rock names. chief constituents of clay. A 

common product of rock decay 
Horn silver, chloride of silver. and of oxidation in veins. 
Horse, a mass of country rock ly-

ing within a vein. 
L 

Hydrous, containing water chemic-
ally combined as in hydrates. Labradorite, A lime-soda feldspar. 

Hypersthene, an orthorhombic PY· Laccolith, in geology, a mass of in-
roxene. (FeMg) SiOi. trusive igneous rock, of approx

imately circular outline and len
ticular cross-section with a flat 

Igneous, in petro,logy, formed by 
solidification from a molten state: 
said of the rocks of one of the 
great classes into which all 

base. which has been forced be
tween strata so as to raise the 
overlying beds in the form of a 
dome. 

rocks are divided and contrasted Lamprophyre, a general term, now 
with sedimentary. Rocks formed used in somewhat wider sense 
in this manner have also been than originally proposed. Gen
called plutonic rocks. and are erally a fine-grained basic dike 
o!ten divided for convenience Into rock witll a sugary texture. A.s· 
plutonic and volcanic rocks, but sociated with granite intrusions. 
there is no clear line between the Latite, a name suggested by F. L. 
two. Ransome for the rocks that are 

Inclusion, in petrology, a crystal or between the tracbytes and ande
tragment of another substance, sites. Latite is meant to be a 
or a minute cavity, filled with broad family name and to include 
gas or liquid inclosed in a crys- the effusive representative of the 
tal. A fragme·nt of whatever Platonic monzonites. The tex
size, of another rock enclosed in ture may be glassy, felsitic, or 
an igneous rock; a xenolith. porphyritic. 
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Limonite, brown, hydrous oxide of Massive, in pet1·olpgy, (a) ot homo
iron containing, when pure, 85.6 geneous structure, without strati
per cent of iron oxide and 14.4 fication. flow-banding, foliation, 
per cent of water. The mineral schistocity, and the like; said or 
is earU1y or of irregular form, the structure of some rocks; oft
never in distinct crystals. It is en but incorrectly used as syuon
the usual product left behind in ymous wilh igneous and erup
the oxidation of pyrite, chalco- live. 
pyrite and other il·on-bearing 
minerals. 

Lode, strictly a :fissure in the coun
try rock filled with minerals; 

(b) Occurring in thick beds, free 
from minor joints and lamina
tions; said of some stratified 
rocks. 

usually applied to J?etalfiferous Matrix, the rock or earthy materiiil 
lodes. In .general mmers usage, containing a mineral or metallic 
a lode, v~ID, or ledge ls ~ tabu- ore; the gangue. Sometimes 
Jar deposit of valuable mIDerals called Grotind mass 
between definite boundaries. · 
Whether it be a fissure forma- Megascopic, large enough to be dis
tion or not is not always known, tiuguished with the naked eye; 
and does not affect the legal the antithesis of microscopic. 
title under the United States 
Federal and local statutes and Melacon ite, black copper oxide. 
customs relative to lodes. It CuO. Contains 79,8 per cent cop
must not be a placer deposit, i. per. Tlte name given to an 
e., it must consist of quartz 01· earthy. black massive variety of 
other rock in place and bea1·ing tenorite. 
valuable mineral. 

M 

Metallization, the process, or group 
of processes. whereby valuable 
metals, or minerals containing 
such metals, are introduced into 
the rocks. 

Macroscopic, in petrology, recog-
nizable by the unaided eye; said Metamorphism, in geolog;v, any 
of characters of rocks. Now re- change in lhe textuTe or compo
placed by 1\fegascopic. sition of a rock atte1· Its indura-

Magma, in petrology, liquid molten tion ~r solidification, produced by 
rock: the molten material from extenor agencies, especial!)• by 
which igneous 1·ocks are formed deformation and by rise of tem
by solidification. An original, perature. The processes and re
parent magma may break up into suits of cementatlon and weath
several delived ones. ering are not ordinarily included. 

The most important agents are 
heat, moisture and pressure. Magmatic differentiation, in petrol

ogy, the process by which differ
ent types of igneous rocks are Metasomatlc, in geology, character
derived from a single parent istic of, pertaining to, produced 
magma, or by which different by, or occurring during metaso· 
parts of ,a single molten mass as- matosis. The term Is especially 
sume different compositions and used in connection with the orig
textures as it solidifies. in of ore deposits, to designate 

the Teplacement of the wall rocks 
by ore bearing a.gents. Magnet ite, magnetic iron ore. The 

magnetic iron oxide, FeO.Fe,O,. 
contains 72.4 per cent iron. Meteoric water, water that pre-

Malachite, green basic copper car
bonate, 2Cu0.CO,H,O. Contains 
40.3 per cent copper. 

viously existed as atmospheric 
moisture, or surface waler, and 
that entered from the surface 
into the voids of the lithosphere. 
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Minerallze rs, the dissolved vapors Ore body, generally a solid and 
Jn an igneous magma, such as fairly continuous mass of ore, 
steam, hydrofluoric acid, boraclc which may Include low-grade and 
acicl and oLhers, that exert a pow- waste as well as pay ore. but is 
erful influence in the develop- individualized by form or char
ment of some minerals and tex- acter from adjoining country 
tures. The word is also technic· rock. 
ally used in some definitions or . . 
ore. Thus il is said thai an ore Ore-s hoot, ~ large ~nd vs~ally r1~h 
is a compound of a metal and ag~regallon or .mmerals 1n a vem. 
a mineralizer. such as copper and lt 1s 3: more 01 l~ss ver~cal zone 
sulphur iron and oxygen etc. or chunney . or rich vein matter 

' · and has definJte width laterally. 
Molybdenite, sulphide ot molyb- Sometimes called pay-streak, al-

denum. Mos,. Contains 60 per though the latter applies more 
cent. molybdenum. specifically to placers. 

Moraine an accumulation of earth Orthoclase, the monoclinic potash 
stones. etc., carried and finally lelds1>ar. Contains 16.9 per cent 
depositecl by a glacier. A mo- potash. 
raine formed at lhe extremity or Overth rust, the lateral thrusting of 
a glacier. is called a terminal a mass of rock over or upon otb
moraine; in the center and par- er 1·ocks along a thrust fault. 
allel with Its sldes, a medial mo-
raine, ancl beneath the lee but p 
back from Its end 01· edge, a 
ground moraine. Paleonto logy, the science that deals 

with the liCe of past geological 
M uscovite, potash-bearing white ages. It Is basell on the sti1dy or 

mica, H .KAl, ($10,)1• tossll remains or organisms. 

N 

Nephellte, an orthosUicate or sodi
um, potassium and aluminum. 

Normal fault, am incUned fault of 
which the down-thrown side is 

Paragenesis, a general term for the 
order or rormation of associated 
minerals in time succession, one 
after another. To study the par
agenesis is to trace out In a rock 
or vein the succession in which 
the minerals have deposited. 

hanging-wall side. Also called a Pegmatlte, an igneous rock, gener
tensiou fault or gravity fault. ally coarse-grained, but usually 

0 

irregular in texture ancl composi
tion, composed mainly or. slllcate 
mineTals of large size, including 

Olivine, an orthosilicate of iron, quartz. feldspar, muscovite. bio-
and magnesium. The name of the tite. tourmaline, beryl, llthia min
mineral Is often prefixed to the erals, zircon, etc. Some pegma
rocks that contain it. Olivine ls lites carry minerals containing 
of especial Importance in the re- rai·e earth metals. tin, tungsten, 
s11ect that ils presence marks a tantalum, uranium, and others. 
more basic development in the Peneplai n, a surface of slight relier 
rocks. that contain. it. as co1:1t:rast· and very gentle slopes, rormed by 
ed with those which lack 1t. the subae1ial degradation of the 

Ore, a mineral or mineral aggre,, land almost to base level. 
gates containing precious or use- Peridotite, a granular igneous rock 
tul metals or metalloicls, and composed essentially of olivine, 
which occurs in such quantity, generally with some Corm ot 
grade and chemical combinations pyroxene. and with or without 
as to make extraction commel'- hornblende, biotite, chromite, _gar-
cially profitable. net, etc. 
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Phenocryst, a porphyritic crystal; Prospect, the name given to any 
one of the t·elatively large and mine workings the value of which 
ordinarily conspicuous crystals of have not get been made manifest. 
the earliest generation in a por- A prospect is to a mine, what 
phyritic igneous rock. mineral is to ore. 

Phonolite, a fine-grained or porphy- Prousti~e, a lig~t-ruby silver-arsenic 
ritic igneous rock consisting or es- sulphide mmeral, 2Ag:S,As.iSi, 
sentially • orthoclase or anortho- Contains 65.4 per cenL silver. 

clase and _nephelite, and acces- Pyrite, a hard, heavy, shiny, yellow 
so.ry amph1bole, pyroxene, or mineral, FeS2, generally in cubic 
mica. crystals. It may be distinguished 

Plagloclase, the tricllnic feldspars from cbalcopyrite by being of a 
are called collectively plagioclase. paler yellow, harder, and giving a 
The principal triclinic feldspars black powder, whereas cbalco
are albite, anorthite, labradorite, pyrite gives a yellow powder. 
and oligoclase. AS constituents MarcasiLe bas the same compo
of rocks they occul' generally in sition, but is white and crystal
small crystalline grains and with- lizes differenUy. 
out a microscopic examination it . . . 
is difficult to distinguish them in Pyroclast,c, of igneous origin and 
this form from one another. fragmental lexture; said of some 

rocks, as tull', agglomerate, vol-
Pluton lc, of igneous origin. A gen- canic breccia, elc. 

eral name for those rocks that 
have crystallized in the depths of Pyroxene, a metasillcate chiefly of 
the earth, and have therefor as· calcium and magnesium, also 
awned, as a rule, the granitoid iron. 
texture. 

Pneumatolytic, a general name ap- Q 
plied to those minerals that have . 
been produced in connection with Quartzite, a metamorphosed quartz 
igneous rocks through the agen- sandstone formed by the 'deposi
cy of the gases or vapors called tion of ~econda17 silica between 
mineralizers. They may be in the o!·igmal grams, so that the 
the igneous mass itsel[ or in rock is more firmly cemented 
cracks in the wall rocl<s. and less porous than before and 

tends to break across the grains. 
Porphyritic. A textural term for 

those rocks which have larger Quartz monzonite, an igneous rock 
crystals (phenocrysts) set in a of granular tex1:ure containing 
finer-grained ground mass. quartz without orthoclase and 

Porphyry, any igneous rock in plagioclase in equal proportions. 
which relatively large conspicu- Quartzose, 
ous crystals (phenycrysts) are principal 
set in a finer-grained ground-
mass. 

Portal, the surface entrance to a 

containing quartz as a 
ingredient. 

R 

drift. tunnel, adit or entry. Raise, an opening lik e a shart made 
in the back or a level to reach a 

Propylitic, a term that may be ap· level above. 
pUed to any kind of a vein, mean-
ing that the ore sol_uti~m which Rake, as applied to pay-shoots. etc., 
has furnished the ve.in lillmg has lo designate their inclination 
also effected a decomposition or from the vertical. 
al teration of the wall-rocks as 
well, so that the walls of the vein Realgar, arsenic monosulphitle. AsS. 
consist of clay, talc, or other al· Contains 70 per cent elemental 
tered rock. arsenic. 
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Replacement vein a vein in which Serpenti ne, (a) in mineralogy a hy
certain mineral; have passed Into d1·ous magnesium silicate, com
solution and have been carried monly green, greenish-yellow or 
away, while other minerals from greenish-gray, and massive, fib
the solution have deposited 1n rous, Jamellar. It is an important 
the place of those removed. The constituent of some metamorphic 
process is called metasomatic re- rocks and is everywhere secon
placement. dary after olivine, amphibole, 

R hyoli te, a porphyritic to vitre~us pyroxene, etc. 
igneous rock composed assent1al- (b) In petrology, a metamorphic 
Jy of quartz and alkalic feldspar, rock composed chiefly or wholly 
or of rock glass having substan- of the mineral serpentine. 
tially the same composition with 
or without biotite, hornblende, Shaft an excavation of limited area 
pyroxene, etc. lt Is also defined coni.pared with its depth, made 
as a lava, usually of Ught color for finding or mining ore or coal 
corresponding in .chemical com- raising water, ore, rock or coal, 
position to a gramte. The same hoisting and loweTing men and 
molten liquid that at great depth material or ventilating under
within the earth solidifies as a ground workings. The term is 
granite, would, it it flowed out often applied to approximately 
on the surface: cool more quick· vertical shafts, as distinguished 
ly and crystalhze less completely from an inclined shaft. 
as a rbyolite. 

Shale, a fine-grained, fissile, argil
laceous. sedimentary rock char

Scheelite, calcium tungstate, CaW acterized by rather fragile and 
o.. Contains 80.6 per cent tung- uneven laminae and commonly a 
sLen trioxide. somewhat splintery fracture. 

s 

Schist, a crystalline rock that can 
be readily spilt or cleaved be- Shear zone, in geology, a zone in 
cause of having a -foliated or which shearing has occurred on 
parallel structure, generally sec- a large scale, so that the 1·ock is 
ondary and developed by shearing crushed and brecciated. 
and recrystallization under pres-
sure. Slderite, spathic iron ore, iron car-

bonate, FeCO,. Contains 48.2 
per cent iron. 

Secondary enrichment, an enrich
ment of a vein or an ore body by 
material of a later origin, often 
derived trom the oxidation of de- SI iicate, A salt or este1· of any of 
composed overlying ore masses. silica!e . acitls. I~ mineralogical 
Nature's process of making high- chem1~try the sihcate~ are of 
grade out of low-grade ores. great importance forming by far 

S di t f d b d 'ti the largest group of minerals. e men ary, orme y epos1 on 
or accretlo~ of grat?s or f~·~g- Sill, an intrusive sheet of igneous 
men ts of 1 ock-makrng .mat~nal, rock. of approximately uniform 
commonly ~rom suspension 10 or thickness, which is slight com
tl'ansportation ?J: '".ater or air. pared with the lateral extent. 
or by the prec1p1tat!on or . such forced between level or gently in
material from solut1on. WJth or clined beds 
without the aid of living organ- · 
isms; said o~ one of the two.great Slate, a dense fine-grained meta
cl~ssE:s or 1 ocks and coutI asted morphic rock whose separate 
wtth igneous. minerals are indistinguishable to 

Sericite, a talc-like hydrous mica Ute unaided eye. and which has 
(a variety of muscovite) occur- an excellent parallel cleavage so 
ring in small scales ancl some- that it breaks into thin plates or 
times fonuing sericiLic schists. pencil-like shapes. 
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Sllckenside, a polished and some· Syncline, a fold in rocks in which 
times striated surface on the the strata dip inward from bolb. 
walls of a vein, or on interior sides. The opposite of anlicline. 
joints of the vein material, 01· of Syngenetlc, in miueralogy, formed 
rock masses. Produced by rub· at the same time as the inclos
bing during faulting. ing country rock; said of some 

Slip, a fault. A smooth joint or ore deposits. 
crack where the strata have 
moved upon each other. T 

Talc. a hydrous magnesium silicate. 
Smithsonite, ~ry bone ore. C~r- Has a greasy or soapy feel and is 

bonate of z11,1c, ZnCO. (Contams soft and easiJy cut. Occurs in 
52 per cent zmc.) beds more or less impure and is 

Step fault, a series of parallel faults then known as steatite or soap-
forming steps, stone. 

Stephanlte, brittle silver ore. Sil- Talus, a heap of coarse rock-waste 
ver antimony sulphide, 5 Ag.S. at the foot of a cliif, or a sheet ot 
Sb,S3• Contains 68.5 per cent w~ste covering a slope below a 
silver. chff. 

Stibnite, antimony glance; gray Tennantite, gray copper ore. Cop
antimony; antimony sulphide per arsenic sulphide, 3Cu,S.As,S,. 
Sb,Ss, Contains 71.4 per cent Contains 57.5 per cenl copper. 
antimony. Composition varies as tetra-

s k b d f l k I hedrite, into wWch It grades. toe , a o y o gneous roe · n-
truded upward Into older forma- Tenor, the pe1·centage or average 
Uons. [n ground plan a stock is metallic coment of an ore, matte, 
circular or elliptical but In croes- or impure metal. 
section It may increase down- Tenorite, black oxide of copper in 
ward. minute black scales, CuO. Con

Stope, an excavation from which tains 79.8 per cent copper. 
the ore has been extractecl either Tetrahedrite, gray copper ore. Cop
above or below a level, In a se- per antimony sulphide. essenti
r les of steps. The term stoping ally 3 Cu,S.Sb.S,. Contains 52.1 
is usually applied to any subter- per cent copper. Tn many tetra
ranean e1>traction of ore except bed.riles the copper is 1,artly re
that which is incidentally per- placed by iron lead zinc. mer
formed in sinking shafts, driving cury, and silv~r. an'd the anti
levels, etc., for the purpose of mony by arsenic. Through the 
opening the mine. last replacement tetrahedrite 

Strike, the course or bearing of the 
outcrop of an inclined bed or 
structure on a level surface. 

grades into tennantite. Argen
tiferous tetrahed1·ite is correctly 
known as l'reibel'gite. 

Throw, the amount of vertical dis-
Supergene, applied Lo ores or ore placement up (upthrow) or down 

minerals that have been formed (downtbrow) produced by a. 
by genei·ally clescending water. fault; sometimes. loosely, a dis
Ores or minet·als formed by down- location not vertical the clirec-
warcl enrichment tion being specified. ' 

Syenite, any granular igneous rock Tonalite, a quartz-mica hornblencle 
composed essentially of ortho- diorite. 
cla~e, wit? 01· witho~t .microli.ne, T rachyte, a tine-grained igneous 
alb1te, ho1 nblende, b1otite, augi.te, rock composed essentially of al
or corundum. Jf a small .quantity kalic feldspa rs 
of quartz Is present it 1s called · 
quartz syenite. T remolite, white fibrous amphibole. 
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Tuff, a sedimentary rock composed for it. The courts have placed 
of fine material, volcanic dust. various interpretations on the 
so called ash and cinder. and lap- numerous definitions provided to 
illi, ex1>losively ejected trom a cover a vein or a lode. 
volca~o. 1:uff may _or may not be Vein system, a term applied to the 
?epos1ted m '!ate1 · Tt may be veins of a given area. disti·ict, or 
mcoberent or mdurated. age, regarded as a whole. 

Tunnel, a tunnel, strictly speaking, 
is a subterranean passage open 
at both ends. .An adit, if con w 
tinued through a hill would then Willemite, zinc silicate, ZnSiO,. 
be a tunnel. General usage: A.ny Contains 58.6 per cent zinc. The 
level or drift in a mine open at zinc is commonly replaced in 
one end, or which may serve for part by manganese. 
an adit. 

Witherite, native barium carbonate. 
u BaC01• 

'Unconformity; unconformable, dis· Wolframite, a series of minerals 
cordant in attitude with the un- com1,>osed of tungstate ot iron and 
derlying rocks, due to overlap or manganese. An. important ore of 
to a lapse in deposition, during tungsten. 
which the rocks beneath were de-
formed or partly eroded away or Wollastonlte, a white mineral of 
both. the proxene group consisting of 

'Unctuous, having a greasy, oily or 
soap feel when rubbed or touched 
by the fing-ers. as talc, serpen· 
tine, etc. 

Unit, a term used In smelter settle
ments for valuable contents of 
ores and is equivalent to one per 
cent of a short ton or 20 pounds. 

silicate of calcium (CaS101). A 
common product of the metamor
phism of limestone by intrusive 
igneous rocks. Often in aggre
gates of flat prismatic crystals 
without district crystal planes or 
faces. 

z 
'l.lplift, elevation of any extensive Zeolite,_ a generic ter':l.l fo~ a group 

pa1·t or the earth's surface rela- of mmerals occurrmg m cracks 
t!vely to some other part, opposed and ca vi ties of igneou~ rocks, 
to subsidence. especially the more b~S!C lavas. 

Zeolltes are hydrous sillcates ot 
V aluminum with either sodium or 

calcium or both, and rarely bari
Vadose, extending only a short um or strontium. They have lit-

depth below the surface; said of tie economic importance. 
the shallower portions of the Zone, in geology, used in the same 
ground water. sense as horizon to indicate a 

Vein, an occurrence of ore, usually certain gP.ologlcal level or chron
disseminated through a gangue, ological position, without refer
or veinstone, and having a more ence to the 1,cal attitude or dip 
or less regular development in of the rork. 
length, width and depth. .A vein (b) An area or region more or 
and a locle are, in common usage, less set off as characteristic or 
essentially the same thing, the distinct from surrounding parts, 
former being rather the scientific, as in a metalliferous region, the 
and the latter the miners' name mineral zone. 
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