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Gold Ores of Washington and Oregon 
Washington and Oregon rank ninth 

and tenth among the States as producers 
of gold, their respective productions for 
1910 having been estimated' at $711,359 
and $631,173. Washington contains two 
economic gold deposits of exceptional 
geologic Interest, the seleni ferous gold 
veins of the Republic district and the 
joint-crack deposits of the Monte Cristo 
district. Oregon has been an important 
source of gold, the eastern portion of the 
State having produced approximately 
$65,000,000'. The North Pole shear zone 
in argillite is the most important de­
posit. 

TERTIARY PROPYLITIC VEINS 

The veins of the Republic district are 
of special interest on two accounts. In 
the first place, they constitute the north­
ernmost economically important repre­
sentative in the United States proper of 
the group of late Tertiary propylitic 
veins in effusive eruptive rocks which 
includes both gold and silver lodes and 
has numerous members to the south in 
the United States, Mexico and South 
America. North of the Republic district 
no deposit of importance is known until 
the Apollo lode on Unga island, Alaska' 
is reached. Across the Pacific similar 
goldfields occur in japan, the Dutch East 
Indies and New Zealand. The other inter­
esting point is the occurrence of a con­
siderable amount of selenium with the 
gold. Selenium also occurs in associa­
tion with the gold ores of Goldfield. Nev.; 
Redjang-Lebong, Dutch East Indies; 
Waihi and Great Barrier; New Zealand; 
and Falun, Sweden. With silver ores 
the gold of which is of subordinate value, 
it occurs at Tonopah, Nev., and in ~ev­

eral Mexican and South American dis­
tricts'. 

REPUBLIC CAMP OPENED IN 1896 

The Republic district' Is situated in 
ncrtheastern Washington 20 miles south 
of the Canadian boundary. It formed 
part of the Colville Indian reservation, 
which was opened to mineral entry, Feb. 
21, 1896. George and John Welty, who 
had camped upon the ground all the pre­
vious winter, brought into the district 
Philip Creaser and Thomas Ryan, who 
had been grubstaked in Rossland, B. C. 
Creaser and Ryan located three claims 
on Feb. 29, and within two weeks all the 
important claims in the district had been 
staked. The New Republic ground was 
taken up on March 5, 1896. 

In the early days of the camp, the 
high-grade ore was hauled 80 miles to 
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.the railroad at Marcus. Attempts to treat 
the low-grade ore on the ground were not 
.... holly successful. A 3O-ton Pelatin­
Clerici cyanide mill was installed in 1898, 
and the following year this plant was 
dismantled to make room for 200-ton mill 
designed for cyaniding roasted ore, which 
latter plant was in operation less than a 
year. Both mills were expensive to oper­
ate and did not make satisfactory re­
coveries. After the abandonment of mill­
ing operations, there was a temporary re­
vival of mining due to the advent of the 
railroads in 1902 and 1903, but smelting 
rates were so high that it was not until 
1909, when contracts for a period of 
years were made with the smelters, that 
operations were resumed on a large scale. 

The total production of the camp up 
to 1910 was approximately 52,000,000, of 
which 90 per cent. was gold. The New 
Republic mine produced about S 1,400.000 
of this amount, mostly between 1897 and 
1902. The town of Republic has a popu­
lation of 1500 and is the county seat of 
Ferry county. It is accessible by tWI! 
railroads-the Republic & Kettle Valley 
Railroad and a branch of the Great 
Northern system. The camp is situated 
on Granite creek near its confluence with 
the San Poil river and at an elevation of 
2500 ft . The New Republic mine is just 
south of the town and at the same alti­
tude. 

The surface in the Republic district is 
rugged. Many branching streams flow 
through valleys from 2500 to 3000 ft., 
deep. From these stream valleys steep 
slopes lead up to the mountains, which are 
of fairly uniform elevation and all have 
rounded tops. The New Republic vein 
outcrops at the crest of an elongated 
mound on the east slope of Copper 
mountain, which lies on the west side of 
Granite creek. The climate Is semi-arid 
and neither winter nor summer temper­
ature is extreme. The rainfall is about 
1 S in. and the streams carry sufficient 
water for mining and domestic purposes. 

A forest growth of evergreen trees 
covers the greater part of the district. 

ROCKS OF THE REPUBLIC DISTRICT 

The oldest rocks exposed in the Repub­
lic district are thc metamorphic equiva­
lents of a great series of shales, sand­
stones, limestones and lava flows of Pale­
ozoic, (perhaps Carboniferous), age. 
These rocks were metamorphosed and 
raised above sea level and either during 
this crustal disturbance or shortly there­
after great batholithic masses of grano­
diorite were intruded into them. The in­
trusions took place in early or middle 
Mesozoic time and were succeeded by a 
long erosion period lasting till the mid­
dle Tertiary and divisible into two stages, 
one by which the entire area was reduced 
to base level in Eocene time, (now sho .... n 
by the general accordance of mountain 
summits), and a second by which after 
reelevation of the Eocene peneplain 
broad valleys at least 2500 ft. in depth 
were developed. 

One of these valleys was occupied by 
dacite flows and included stream gravels 
of Oligocene age. Overlying these. un­
conformably, are andesite breccias, lake 
beds and andesite Rows. These early 
Miocene deposits form the wall rock at 
the New Republic mine. Next in order of 
age come intrusive latite porphyries with 
which the ore deposits are thought to be 
genetically related. Erosion ensued. in­
terrupted by a short period of basaltic 
eruption. In Pleistocene time the entire 
area was covered by Cordilleran ice. 

Two CONTeMPORANeous VEIN SYSTEMS 

The fissure veins of the Republic dis­
trict occur In Tertiary dacite now con­
glomerate, andesile flow breccia and la­
tite porphyry. They were formed in Mio­
cene or Pliocene time, susequent to and 
probably in conneclion with the intrusion 
of the latite porphyry, by hot ascending 
waters rich in silica, lime and pOlash. and 
carried subordinate amounts of sulphur, 
iron, copper, gold, silver, selenium, tel­
lurium and fluorine. The productive belt 
is about five miles in length in a north­
south direction and one mile in breadth. 
Within this belt there are two vein sys­
tems: a north-south system of which all 
but one dip east, and a northeast-south­
west system most of which dip southeast. 
The veins of the first system var), in 
length from less than 100 to 4000 fl .. 
while those of the second never exceed 
1500 ft. in length. The two systems are 
thought to be approximately contempo­
raneous, since the northeast-south,,'e~1 

lodes abut against the north-south lodes 
but in no case continue on the opposite 
side. 

The New Republic vein strikes north 
4 deg. east. At the north end 0 f the 
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claim it splits into stringers, but at the 
south end It continues well dellned be­
yond the limits of the property. Its dip 
Is 60 deg. east, and it has been ex­
plored to a depth of 400 ft. The width 
varies from 2 to 8 ft. Spur veins nar­
rower than the main vein occur in the 
foot-wall. They never extend more than 
15 ft. from the main vein, and when they 
differ in dip always diverge upward like 
the limbs of a tree. The vein is crusti­
fled, the bands being roughly parallel 
with the walls. In detail, however, the 
banding is found te:> be somewhat irregu­
lar and concentric crustillcations occur 
from a fraction of an inch to several feet 
in diameter. Sharply dell ned angular 
fragments of country rock occur in the 
vein. SlIicillcation of the wall rock has 
taken place near the vein and calcillca­
tion farther away. Calcite has been de­
veloped after feldspar and hornblende, 
and chlorite after hornblende and biotite, 
while secondary pyrite has been formed 
extensively. 

REPUBLIC ORE Is OP MEDIUM GRADB 

The district contains large deposits 0 f 
$7 ore and comparatively limited amounts 
of $12 ore. Some high-grade rock is 
said to have been taken from the New 
Republic mine. The ore does not amalga­
mate nor cyanide well and smelting seems 
to be the best method of treatment. The 
ore occurs in shoots pitching steeply to 
the south and containing kidneys and rib­
bons of high-grade ore lying parallel to 
the walls. Rich are occurs in the spurs 
as well as in the main vein. In the un­
oxidized portions of the veins ore may be 
distinguished from waste by its appear­
ance. Where gold and silver occur. there 
are found intermixed with the wavy rib­
bons of bluish-gray vein IIlIing other 
ribbons of bluish-black color and sub-me­
tallic to metallic luster. 

Ninety per cent. of the vein IIlIing is 
quartz. A considerable amount of adula­
ria (the vein variety of orthoclase) is 
fcund, mainly in the form of microscopic 
crystals. There is also some calcite pres. 
ent and occasionally gypsum and an acic­
ular calcium-magnesium salt. The bluish­
black ore ribbons viewed under the mi­
croscope are found to contain dissemi­
nated aggregates of small opaque specks 
which as a rule are indeterminable. Py. 
rite and chalcopyrite are the principal 
exceptions, although one small crystal of 
fluorite and two resembling titanite have 
been observed. A dark metallic mineral 
present in thes8 bands is thought to ' be 
silver-antimony sulphide. Selenium in 
some form is also present. 

The ratio of gold to silver is I : I at the 
surface and 1:6 on the lower level. All 
of the gold which is not free, and some 
of the silver, is thought to !Ie associated 
with the selenium. In this connection it 
may be ()f interest to recall that the form 
of the gold at Tonopah, where selenium 
occurs in the ore, is an as yet unsolved 

problem, but that at Goldlleld the sele­
nium is present in the mineral goldlleld­
ite, which has been found intergrown 
with native gold'. Again, the form in 
which the gold occurs in the selenifer­
ous ore of the Redjang-Lebong mine, 
Sumatra" has nev.:r been ascertained, but 
in the Falun mine, Sweden', It is inti­
mately associated with seleniferous ga­
lenite. 

JOINT CRACK DEPOSITS OP MONTE CRISTO 

Monte Cristo' lies in the heart of the 
Cascade range In central Washington, 40 
miles east of the city of Everett on Puget 
sound. The two principal mines, the 
Mystery and Pride, are owned by a single 
company which is controlled by the capi­
talists who built the smelter at Everett 
and the Everett & Monte Cristo Railroad 
which connects Monte Cristo with the 
outside world. The camp has not been 
very active recently, owing to the lower­
ing of the grade of the ore with depth. 
The town lies in the valley of the head 
waters of the Sauk river on the western 
slope of the Cascade mountains at an ele­
vation of about 3000 ft. above sea level, 
while the mines are about a thousand feet 
higher up the slope. Deep, narrow gulches 
are tributary to the valley basin, and the 
slopes of the mountains are quite steep. 
The higher mountains contain lIelds of 
perpetual snow and small glaciers. 

The country rocks exposed in the 
Monte Cristo district are of Tertiary and 
Quaternary age and consist of an Eocene 
sedimentary series and a later series of 
volcanic rocks ranging in age from Mio­
cene to Pleistocene. The sedimentary se­
ries comprise several thousand feet of 
arkoses, conglomerates and quartzites be­
lieved to have been derived by the erosion 
during early Tertiary time of the Meso­
zoic granite rock which in the Republic 
and other districts has been found to 
make up the core of the Cascade range. 
Following the deposition of the sedimen­
tftries came a long period of volcanic ac­
tivity. This began by the extrusion of 
andesite, followed by tonalite intrusion, 
which was succeeded by a period of era· 
sion. Scanty rhyolite was then extruded, 
followed by abundant olivine-basalt flows. 
The rocks were then folded and eroded 
and a later andesite flowed out upon the 
erosion plain. Before the completion of 
the extrusion of the later andesite, the 
region was elevated. Profound fracturing 
and slight faulting accompanied the up· 
lift. A period of erosion followed. 

GASH VeiNS PREVAlENT 

The ore deposits of Monte Cristo oc­
cur mainly in joint cracks and, there· 
fore, belong to the class commonly 

'P"OfC8Idonal Paper, on (1!lO!), fr. s. Grot. 
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termed "gash veins." While jointing is 
developed equally in all the rocks of the 
district, the ore has been deposited 
chieHy In or near the tonalite and to a 
less extent in the andesite and other 
igneous rocks, while the sedimentary 
arkoses contain lillie. It is of interest 
to note that the Monte Cristo tonalite is 
of similar geological age and chemical 
composition to the Republic latlte to which 
the ores of that district are &enetlcally 
related. The Monte Cristo ore is be­
lieved to have been formed since the last 
elevation of the district, deposition hav­
ing begun with the dissection of the 
plateau in Iste Pliocene or Pleistocene 
time and continued until the present day. 
According to SPUrT'S hypothesis, the ores 
have been leached from the surrounding 
rocks by downward percolating waters, 
\I'hich have iater precipitated their min­
eraI contents in favorable localities. The 
ore is often especially localized at the 
intersections of fractures and areas of 
profound fracturing are generally the 
areas of greatest mineralization. 

On account of the narrowness ot the 
IIssures, replacement has been of much 
greater importance than IIssure filling. 
The IIrst stage of alteration of the ton­
alite is represented by the change of 
feldspar to sericite and ferrom:;gnesian 
minerals to glaucophane. In a more ad­
vanced stage the quartz grains increase 
in size and the feldspars and ferro­
magnesian minerals are replaced by cal­
cite, kaolinite and sulphides. The changes 
in the andesite are somewhat similar, 
save that epidote develops In pre fer­
ence to glaucophane. 

GOLD AND SILVER OCCUR WITH 

SULPHIDES 

The ores carry small amounts of gold 
and silver. The surface ore from the 
Monte Cristo mine contained 0.95 oz. 
gold and 12 oz. silver per ton and the 
deep ore 0.6 oz. gold and 7 oz. silver. 
Owing to the nature of the deposit, the 
shoots are extremely irregular in shape. 
The ore differs from the altered country 
only in its increased sulphide content. 

The principal ore minerals are pyrite, 
pyrrhotite, arsenopyrite, sphalerite, gal­
enite and chalcopyrite, while the rarer 
ones include chalcocite, bornite, molyb. 
denite and stibnite. Realgar has been 
produced by the alteration of arsenopy­
rite and among the oxidation products of 
the sulphides occur malachite, limonite, 
hematite, melaconite and scorodite. The 
gangue minerals are the minerals of the 
altered country rock, quartz and calcite 
being the most important. 

There is a rough succession of the 
minerals in the order of their solubility 
which from the surface down is gale· 
nite, sphalerite. chalcopyrite. pyrite and 
arsenopyrite. The upper zones, charac­
terized by galenite, sphalerite and chal­
copyrite carry more gold and silver than 
the lower ones characterized by pyrite 
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and arsenopyrite. The order of deposI­
tion of the minerals was as follows: 
First, arsenopyrite, pyrite and quartz 
were deposited; then chalcopyrite, py­
hotite, sphalerite, galenite and quartz; 
and finally realgar, stibnite, molybdenite, 
chalcopyrite. quartz and calcite. The 
gold and silver occur chiefly in the sul­
phides. Of these, arsenopyrite carries 
the most gold and pyrite and galenite 
the most silver. Pyrrhotite is compara­
tively barren, while realgar contains 
neither gold nor silver, 

NORTH POLl! SHBAR ZONE IN ARGILLlTB 

The most important goldfield of Ore­
gon is situated in the Blue mountains in 
the northeastern part of the State, The 
best known mines of the Blue Mountain 
helt are situated on the North Pole shear 
zo~e' · in the Cracker Creek district. The 
principal settlement is Bourne, six miles 
north of Sumpter, which is on a branch of 
the Oregon Railroad and Navigation 
Company's line from Baker City. The 
placer deposits of the Blue mountains 
were discovered by a prospector named 
Griffin and a party of men in 1861. 
In 1862, D. littlefield and his party dis­
covered the rich placers of Auburn, Not­
withstanding the difficulty of access at 
that time, the population grew to 5000 in 
less than a year. Using Auburn as all 
outfitting point, prospectors scoured the 
Blue mountains and discovered practic­
ally all the mining districts by 1864. 
Quartz mines were found early, the Vir­
t~e being discovered in 1862, 

The country was first made readily ac­
cessible by the construction of the trans­
continental railroad In 1885, and its ac­
tive development dates from that year. 
In 1889 the lode mines first made a not­
able production, and it was in the same 
year that the Cracker Creek district was 
first considered worthy of exploitation. 
There are four mines on the North Pole 
lode in this district which, in order from 
northeast to southwest, are the Nortn 
Pole, Eureka and Excelsior, Columbia, 
and Golconda, Previous to 1880 the 
production of the Blue Mountain belt is 
but imperfectly known, and even since 
that date there have been many blanks 
in the records. The goldfield is located 
in Baker, Grant amI Union counties, and 
the production of gold from both deep 
mines and placers in these counties from 
1880 to 1908, inclusive, was approximate. 
ly $24,000,000. The total production of 
the North Pole shear zone, known local­
ly as the "Mother Lode," was estimated 
in 1908 to have been at least 57,000,000. 

The Cracker Creek district is moun­
tainous. The valleys, generally V­
shaped, are sometimes U-shaped in their 
upper courses. They are separated by 
steep rugged ridges from 1000 to 2000 
ft. in hight, which have narrow, some-

"'~ "nual Report 22. I'ort 11 11001) . pp . 
561 :7711: null. 380 (1909), pp. 85·03, U. S. 
Oeol. Surv. 

what serrate summits. The elevations 
range from 5000 to 8400 ft. above sea 
level. At Baker City the temperature is 
moderate and the climate dry. Going 
west toward Cracker creek rain fall 
and snow fall increase rapidly with the 
elevation until summer showers become 
frequent and winter snows are from 5 
to 15 ft. in depth. The timber is of poor 
quality. consisting mainly of black pine 
and tamarack. 

THE SEDIMENTARY ROCKS 

The country rock consists of sediments 
probably of Paleozoic, perhaps Carboni­
ferous, age, which form an apparently 
conformable series. The members of this 
series range from cherts to clay slates 
and either grade into one another or oc­
cur interlaminated. An interbedded 
greenstone, 600 ft . in thickness, Is also 
present. To the north and northwest the 
sediments are cut off by intrusive 
granodiorite. Altered feldspar-porphyry 
dikes cut hoth granodiorite and sedimen­
tary rocks. A few aplitic dikes and 
serpentine masses also occur. Pleis­
tocene morainal deposits have been 
formed in the creek valleys. 

The North Pole lode is a mineralized 
shear zone in hard, black, silicious argil­
lite. The lode was probably formed in 
early Cretaceous time by hot ascending 
waters of magmatic origin containing a 

. considerable amount of carbon dioxide 
and alkaline carbonates. It belongs to 
a system of linked lodes, the Elkhorn­
Cracker Creek-Cable Cove system. The 
lode has a general northeast-southwest 
strike, but is curved. It is continuous 
for at least four miles and occupies a 
normal fault which extends beyond the 
limits of the district. It dips 70 deg. to 
the southeast and displaces the country 
400 ft . vertically and 1800 ft . horizontal­
ly, the movement having taken place 
along a line in the vein pitching gently 
southwest. In width it varies from 5 to 
500 ft. with an average of about 25 ft., 
but although it occupies a shattered area 
of such variable width , the North Pole 
shear zone commonly has well defined 
walls. Fractures and fissures have been 
filled and in some instances the filling 
exhibits comb structure. Metasomatism of 
the country rocks has taken place, the 
slates having been pyritized and to a 
slight extent silicified and the porphyry 
dikes in the slates sericitized and car­
bonated Faulting has taken place within 
the vein subsequent to its formation. 

CHARACTER OF GOLD ORe VARIES 

The character of the ore varies consid­
erably in the different mines on the lode. 
In value it averages from 56 to $15 per 
ton with occasional carloads runQing as 
high as 51000 per ton. From 6 to 50 per 
cent. of the gold is readily amalgam able. 
Concentrates make up about 10 per cent. 
of the ore and range in value up to $200 

per ton. The pyr:te formed metasomatic­
ally in the country rock is always poor 
in gold .and silver, so that the core con­
sists mainly of cavity fiilings. Four large 
ore-bearing shoots are known, three of 
which had been explored at the time of 
Lindgren's examination. These were each 
several hundred feet in stope length, 
from 2 to 12 ft . in width, and were sep­
arated by long stretches 0 f barren ground. 
Two of these shoots pitched from 20 to 
30 deg. to the southwest and the third 
was irregular, insofar as explored. The 
gentle southwest pitch common to both 
fault movement and oreshoots is sug­
gestive. 

Within the large ore-bearing shoots, 
the ore is confined to smaller and 
more definite oreshoots which usually 
have a width of from 1 to 4 ft . These 
may occur on either the foot or the hanging 
wall, cross diagonally from one wall to 
the other, or form several distinct string­
ers. These oreshoots are lens-shaped, 
frequently overlapping, and bounded by 
fault planes filled with thinly laminated, 
striated, black gouge. 

THE PRINCIPAL M INERALS 

A small amount of sulphides is present 
in the ore and lacking in the waste, but 
otherwise there is no apparent difference 
between the two. The ore minerals occur 
finely divided in quartz. Arsenopyrite, 
marcasite and pyrite are by far the mosr 
important. Chalcopyrite, galenite and 
sphalerite are uncommon. Among the 
rarer minerals are cinnabar, tetrahedrite, 
mercurial tetrahedrite, stibnite, hessite, 
sylvanite, native copper and pyrargyrite. 
A small amount of calcite occurs with 
quartz as a gangue, and more rarely 
chrome mica and vanadium mica are 
found. Examination of the are shows 
that primary quartz and arsenopyrite 
were crushed and recemented by quartz 
containing sharply defined pyritohedrons 
of pyrite. In narrow cracks in quartz 
of both ages, calcite pyrite and arseno­
pyrite occur. 

GOLD MOSTLY IN SULPHIDES 

The finely divided sulphides are usu­
ally rich in gold . Native gold is seldom 
seen. Rich pockets contain pyrite, chal­
copyrite. tetrahedrite, native gold and 
sometimes telluride, in a gangue of 
quartz and roscoelite (vanadium mica). 
Rich ore from the North Pole mine 
shows hessite filling cavities in quartz 
which nre sometimes lined, next the 
quartz, with native gold and more rare­
Iv with a pale yellow telluride which, in 
~ne instance, adioins the gold. These 
three minerals seem to be contemporan­
eous and nre said to occur in apparently 
primary quartz. In the Columbia mine 
native gold occurs intergrown with color­
less or brownish sphalerite and with 
tetrahedrite but not with pyrite, and is 
also found intergrown with roscoelite. 


