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Fo r e w o r d 

Gold  m in ing was the backbone of Oregon's m inera l  industry prior to Wor ld  
War I I .  In the 10-year period from 1930 to 1 940 , Oregon had an average of 
100 produc ing lode gold  m i nes .  In 1940 , of the 304 producing gold  properties , 
1 12 were l ode m ines . Seventeen of these mines were in  Grant County and 26 
in  adjacent Baker County . Gold  accounted for near ly half  of Oregon's m inera l  
production that year . 

S ince Wor ld War I I ,  gold m in ing has been unable to recover from the 1 942 
c losure brought on by Government order . Oregon's m ines are not al one in  this 
respect and on ly  a few go ld  m ines in the United State� have been able to reopen 
and cont inue operations . The Buffal o  m ine in  the Gran ite m in ing d i stri ct of 
Grant County is among these few .  This Bu l let in is to put on record the operation 
of the Buffa lo  m ine and to cal l attention to the geologi cal sett ing of the m ines in  
the cen tral part of the district . Al though i t  is  not thought that there wi ll be an 
earl y resurgence of go l d  m in ing in the State , it was cons idered essent ia l  to the 
knowledge of the State's m ineral resources to record the information that was 
a vai l able in the underground workings of the m ines in th is distri ct . Unfortunately 
most of the m ines producing prior to 1 940 are now caved or unsafe to enter and 
a great deal of valuab le information has been lost . This Bu l let in  salvages in
formation on the core of a m in ing di stri ct where gold was fi rst found nearly 100 
years ago and i t  may encourage further investigations . It is possi ble that other 
properties in the State could be mined profitably if operated on a sca le s im i l ar 
to the Buffalo  m ine . 

Geologi ca l i nvestigations in th is part of northeastern Oregon have been 
the subject of severa l publ ished geo logi cal works . Th is report not on ly  takes 
advantage of the early geo logi cal data but re l ates surface and subsurface g

.eology 
on a more detailed scale than has been previously used . An append ix by Mr . S . H .  
P i lcher reports the findi ngs of a study on wal l -rock a l teration at the Buffalo  
m ine and i t  should afford c lues for future prospecti ng . Bas ic  stud ies such as 
these must be appl ied when i nvest igati ng the geology of the various lode m ine 
areas of the State • 

The author of this bu l leti n ,  Dr . George S .  Koch , Jr . ,  is ass istant pro
fessor of econom ic  geology at Oregon State Col lege . His varied experience 
wh i le  with private min ing compan ies and the U . S .  Geolog ical Survey has made 
h im well qua l ified for th is study . It is be l ieved h is  report will provi de informa
t ion to prospectors and investigating engi neers for the immedi ate future and for 
many years to come, not only in the Gran i te m in ing d istri ct but also in contiguous 
areas of northeastern Oregon . 

February 27, 1959 

Hol l is M .  Dole 
Director 
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LODE MINES  OF THE CENTRAL PART 
of the 

GRANITE MIN ING DISTRICT, GRANT COUNTY, OREGON 

A b s t r a c t 

The Granite m ining district of easternmost Grant County, Oregon, has produced 
about $1, 800,000 in gol d  and s i lver from lode mines since its d iscovery in 1 861 • S ince 
Wor ld  War I I  a lmost a l l of the gol d  produced from lode m ines in Oregon has come from the 
Buffalo  mine, which is in this distri ct . 

The central part of the Granite district is described in this bul let in . Two of the 
mines there, the Buffa lo  and the Cougar-Independence , have maintained production for 
some f ifty years, m in ing ore with a recorded gross val ue of about $1, 650,000 . Four other 
m ines, the A jax, Magnol ia, Cont inenta l, and New York, have an aggregate producti on  
est imated at $150,000 . Other m ines and prospects , of wh ich  the B l ue R ibbon, Standard, 
and T i l l i cum are the best known, have l itt l e  or no known production . 

A l l of the ore is i n  fissure vei ns that cut arg i l l ite of probable Permian age and 
granod iorite of probable Cretaceous age . The ve ins contai n the meta l l i c  m inera ls pyrite, 
arsenopyrite , chal copyr ite, gal ena, spha lerite, tetrahedrite, and nat ive gold, and con
tain the gangue m inerals quartz and cal c ite . Adjacent to the ve ins the granodiorite and 
arg i l l ite wal l rocks have been altered by hydrothermal sol ut ions to produce zones of char
acterist ic  alteration m ineral s . Rocks l ater than the ve ins and their country rocks compr ise 
younger bas ic  l avas and Quatemary a l l uv ium . 

At the Buffa lo mine,  wh ich is the on l y  property that has produced ore s ince Wor ld  · ·  

War I I ,  monthly output i n  1957 was between 150 and 200 tons for the e l even months of 
operations . The gross val ue of ore m ined varied wide ly  from year to year, and averaged 
about $53 per ton in 1 957 when operat ing costs were about $33 per ton . Ore was m i ned 
in cut and fi l l  stopes and concentrated in a 35-ton-per-day bu l k  flotation p lant . Deve lop
ment work on a new leve l be low the two exist ing leve ls was started in the summer of 1 958 . 

Although the other m ines in  the centra l part of the Granite distri ct have not pro
duced ore s ince Wor ld  War I I ,  the various owners have developed ore in some pl aces and 
del imited e lsewhere areas for further exp lorat ion . 

Because of the pers istence of the ve ins in the Gran i te d istrict and the re l ative ly 
high gold content of some of them, cont inuation of  m in ing on a smal l but profitable sca le  
can be expected in  the Granite d istr ict . 



I n t r o du c t i o n  

In t r o d u c t i o n  

The Gran ite m in ing d i strict is in easternmost Grant County, Oregon, (see index map, 
Figure 1 ) . Gold was d iscovered there in 1 86 1 ,  and s ince then the distr ict has produced gol d  
with a gross val ue o f  about $ 1, 600,000 and si lver and base meta l s  o f  l esser va l ue1, Since 
Wor ld  War II gol d  production has a lmost ceased in the district . A notable exception is the 

I 
r-LAGRAHDE 
'L_ U N I 

I I 
Granite �Di.st�ict 

___.1 _ --- -� '+' 
8AKf:R 

,---
'-- -, T::-.-J 

OftfGON 

Buffa lo m ine, which has cont inued to obta in 
a smal l but consistent production of gol d  
comparable t o  that produced in the whole  
d istrict during the best prev ious years since 
the d istrict was discovered . In fact, s ince 
Wor ld  War II pract ical l y  a l l of the gold 
produced in Oregon from lode m ines has 
come from the Buffa lo  m ine . Because of 
the record of consistent gol d  production 
from the distr ict and because various m ine 
workings were access ib le  for study, the 
Oregon Department of Geo logy and Mineral 
Industries made a geo log ical survey of the 
central part of the Gran ite districtduring 
the summer of 1 957.  Th is bu l let in reports 
the work done . 

Previous work 
Lindgren ( 1 90 1, especia ll y  pages 

677-688) * briefl y examined the Gran ite 
d istrict during a geo logical reconnaissance 
of the m ines of eastern Oregon . Mae de:.. 
ta i l ed exam inat ions of some of the m ines 
were made between 1 908 and 1 9 14 by 

Figu re 1 - Ind ex map showing location of Granite geo logists and engineers of the Oregon 
mining district, northeastern Grant County, Oregon. Bureau of M ines and Geology and the 

U . S .  Geological Survey whose reports and 
maps appear in publ ication by Pardee ( 1 908, 1 9 10, and 1 94 1), Pardee and Hewett { 1 9 14), 
and Swart l ey (19 14) . In 1 929 Hewett ( 1 93 1 )  re-examined the mines that were then access ibl e . 
Add it ional  information on the m ines was obtained during the l ate 1 9301s by geolog ists and 
eng ineers of the Oregon Department of Geology and Mineral Industr ies, especia l ly by H .  K .  
Lancaster and J .  E. A l l en, and publ ished by the Department ( 1 94 1) in its Oregon Metal M ines 
Handbook . Al l of these reports contain val uab le information, much of wh ich concerns defunct 
compan ies and inaccess ib le  mines and is not otherwi se avai l ab le today . 

Present work 
The present work was done by the writer, with the able  ass istance of S . H . P i lcher, during 

3 months in the summer of 1 957.  Because I itt le  or no informat ion was avai I able at the inactive 
m ines in the out ly ing parts of the Granite d istrict , work was restricted to the m ines in the central  
part of the distr ict . These m ines are the Ajax, B l ue R ibbon, Buffal o, Continental, Cougar
Independence, Magnol ia,  New York, Standard, and Ti1l icum . Not descr ibed in this report are 

* References fol lowing Append ix . 



2 Lode Mines - Gran ite Min ing District 

the La Be l leview, Cap Martin , Centra l , and Monumental mines, and other smal ler  properties . 
No p lacer properties are inc I uded . 

After Pi lcher's work wi th the Department ended, he d id additional i ndependent research 
at the Buffa lo  m ine which is descri bed in detai l e l sewhere (Pi l cher , 1 958) and is out l ined in  
brief as an appendix to th is bul l etin . 

Of the mines described in this bu l letin , the Buffalo  m ine is mostly access ib le  on the 
l evels and in working stopes but many workings of the other m ines are inaccessib le . Informa
tion about inaccess ib le  workings was obtained from various maps, a number of whi ch are 
pub l ished in this repor t .  New geologica l  maps of the mines made by the writer are based on 
transi t  surveys by various eng ineers and on the writer's tape and compass surveys . Surface 
maps were made with a p l ane table  or on aerial photographs . 

History and geography 
In 1 86 1  gold was d iscovered in the John Day and Powder R iver val leys .  The town of 

Auburn was founded in  June 1 862 and mining activ ity boomed during the summer of that year . 
The "Da i l y  Oregon ian" and the "Weekly Oregonian" for 186 1 and 1 862 carry a great deal 
of mining news about eastern Oregon but a random i nspection of these newspapers indi cates 
on l y  that the Granite district was in production i n  1 862 .  Some reports written years l ater 
state that gold was discovered on Granite Creek in the fal l  of 186 1 (Pardee and Hewett, 1 914, 
p. 9) . In the first few years min ing was mostly for p l acer gold but i n  l ater years mining of 
lode gold became increas ing ly important . Interesting accounts of the h istory of m in i ng in 
eastern Oregon taken l arge ly  from the newspapers of the day were written by Trimble (19 14) 
and Scott ( 1 917} . 

Al though the Granite district is in Grant County , the commercial center for the distri ct 
is Baker, the county seat of Baker County . The vi l l age of Granite is 4 1  m i l es by road from 
Baker via Sumpter . E leven m i l es are paved but the th irteen m i les between Baker and Sumpter 
are narrow forest road that is not open during the winter . The eastern hal f of the district is 
in the Wal lowa-Whitman National Forest and the western hal f is in the Umati l l a  Nationa l 
Forest . The distri ct is within the B l ue Mounta ins whose relief is about 2600 feet . The cl imate 
is temperate; annual ra inf.a l l is about 30 i nches of which about ha l f  fal l s  as snow in the winter; 
the average January temperature is 20° and the average June temperature is 62° . 
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G e n e r a l  G e o l o g y  

G e n e r a l  G e o l o g y  

Introduction 

The geology of the central part of the Gran ife district is shown by the surface 
geologic map (F igure 2 ,  opposite p.S). A l l of the m ines descr ibed in this report, except 
the Continen tal and Standard, l ie wi th in the mapped area. The map represents about 
3! square m i les of the Sumpter quadrang le  wh ich was mapped geo log i ca l ly between 1 908 
and 1 9 14 (Pardee, 1 941 ). The geological setting of the Gran ite distri ct in northeastern 
Oregon may be understood by study ing the maps and reports descri bi ng the Sumpter and 
Baker quadrang les (Pardee and Hewett, 1 9 14; Pardee , 1 94 1 ;  Hewett, 1 93 1 ;  Gi l l u ly,  1 937). 
The rock formations recogni zed by Pardee ( 1 94 1 )  are those used in this bu l let in. 

Except for the northeastern comer, which is reduced fr�m a p lane-tab le  map(F igure 7, 
in  pocket) , the surface geo logic  map was made by p lotting observations on aerial photo
graphs and transferring this information to a p lanimetric map based on the pre l iminary 
Sumpter 2 quadrang le  of the U. S. Forest Servi ce. A l though this does not produce an 
accurate map, the essen tial geolog ic  re lations are shown. Prospect pits, sha l low shafts, 
short adi ts, and trenches are so abundant in the mapped area that only the l arger ones 
can be shown on the sca le  of the map. 

Geologic Setting of the Gran i te Distr ict 

The rocks of northeastern Oregon may be div ided into two groups , those of pre
Tertiary age and those of Tertiary and Quaternary age. A l l l ode gold deposits of the 
Grani te d istri ct occur in vei ns that �ut the rocks of pre-Tertiary age but do not cut the 
rocks of Tert iary and Quaternary age. Therefore the Tertiary and Quaternary rocks 
contain no veins and the ir  re lation to lode min ing is on ly to cover and conceal the veins 
i n  p laces. Most of the fol lowi ng summary of the geology re lated to l ode m in ing is ab
stracted or paraphrased from the text of Pardee's { 1 94 1 )  geolog i c  map of the Sumpter 
quadrang le ,  which is an excel l ent  introduction to the geology of the quadrangle. 

The pre-Tertiary rocks of northeastern Oregon are a group of bedded metamorphic 
rocks that have been intruded by various igneous rocks. The bedded rocks were orig
ina l ly a th ick series of sha les,  wi th lesser amounts of l imestones and sandstones, and 
are interbedded with l avas. In the l im ited amount of geologic mapping that has been 
done in northeastern Oregon , I itt le  attempt has been made to subdiv ide these rocks into 
different formations because the rocks have been intense ly metamorphosed, the ir  meta
morph ic  forms are rather simi l ar, and outcrops are genera l ly poor. 

Pardee { 1 94 1 )  and h is co-workers divided the bedded rocks of the Sumpter quad
rmg le  into an argi l l i te series and a l imestone formation. The l imestone occurs as detached 
blocks near the top of the argill i te series. The on ly fossi l s  tha t have been found in the 
Sumpter quadrangle have come from some of the l imestone outcrops. These have yie l ded 
crinoid stems and indeterminable bryozoans, except at one well-known local i ty 3 m i l es 
south of the town of Sumpter, where there are a l so fusulinids, which have been identified 
by M. L Thompson as Permian (Taubeneck, 1 955b ). From the fusulin id identifi cat i.on 
and other ev idence Taubeneck { 1 955b ) concluded that both the argi l l ite series and the 
l imestone formation are probably entirely of Permian age. 

· 

Pardee ( 1 941) wri tes that before deformation of the argilli te and l imestone was 
extensive , these rocks were intruded by bas ic  magmas that formed sills, dikes, and 
irregul ar bodies. Today these rocks are metagabbros, peridotites, and serpentines. None 

3 
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G e n e r a l  G e o l o g y  

of these rocks crop out within the centra l part of the Granite di stri ct , so they need not be 
considered further . Followi ng the intrus ion of bas ic  magmas and probably during the early 
Cretaceous (Taubeneck, 1955a ) ,  acid magma was intruded to form a bathol ith that extends 
into the northern th ird of the Sumpter quadrangl e . Th is rock was descr i bed as granodior i te 
by Lindgren ( 1901) and the name is retained in this report a lthough geo log i sts who succeeded 
Lindgren in the area have pointed put that port of the bathol ith is composed of other rock 
types . The most recent and deta i l ed invest igat ion (Taubeneck, 1957) indi cates that the 
rock ranges in composit ion from nor ite to quartz mon zoni te . 

The pre-Tertiary rocks have undergone profound structura l deformat ion and metamor
phism . Because the strat igraphy is not we l l  known, the structure of the be�ded pre-Tertiary 
rocks has not been worked out in detail . However, the rocks are known to be compressed 
into c lose folds , many of which are isocl inal . The fold  axes trend more or l ess east-west 
and are hor i zontal or gentl y incl i ned to ei ther the east or the west . An unknown amount 
of fau l t ing , includ ing at least some thrust fau l t ing, accompan ied or followed the foldi ng . 
At the t imes of int rus ion of the igneous bodies the bedded. rocks were further metamorphosed 
near the intrusive contacts with the formation of new structures and m inera l s . 

The pre-Tert iary rocks are over la in wi th profound unconform ity by rocks that consist 
successive ly  of gol d-beari ng gravels, andesite tuff-breccias and l ava f lows, flows of basa lt 
and pyroxene andes ite, flows and tuffs of rhyol ite, stream and l ake beds , and flows of bas ic  
l ava . All of  these rocks are presumedly  of  Tert iary age but the on ly def in i te i nd i cat ion 
comes from leaves that were found in the lake beds and dated as Miocene by F • .  H .  Knowlton 
(Pardee and Hewett , 19 14, p .  44). The Tertiary rocks are overl a in  by terrace grave ls ,  
g lacia l  drift,  and a l l uvium of Quaternary age . 

The Terti ary rocks have been deformed into open folds and have been cut by a series 
of fau l ts that trend northwest . Presumed ly  the faults cut the pre-Tertiary rocks as we l l ,  
a lthough they can se ldom if ever be traced . 

Rock Un i ts 

5 

Only  a few of the rock un its recogn i zed by Pardee are present in  the area of the sur
face geolog ic map (F igure 2 on oppos ite page) . The ve ins crop out in a centra l belt of 
argi l l ite lying between the granod iorite bathol ith on the east and Tert iary rocks on the west 
and south . At l east some of the ve ins of each mine crop out. Although no vei ns were found 
to crop out in the granod iorite , some cut th is rock at depth . The various rock un its are 
described in order of age , fhat is, argill i te ,  granod iorite , dikes, vei ns, younger bas ic lavas , 
and Quaternary alluvi um, with the except ion of the ve ins wh ich are described in the section 
of this bul l et in on. 11Mineral Deposi ts . 11 

Arg i ll i te 
The arg ill i te in  the mapped area is a fine-grai ned and h ighly cherty or si l i ceous rock, 

most of which conta ins more than 90 percent quartz, wi th muscovi te or biotite as the other 
main const ituents . Some of the argil l i te is wh ite to l ight gray but most is darkgray to black 
due to carbonaceous matter scattered through the rock. Some speci mens are so carbonaceous 
that black sta in can be rubbed off wi th the fingers . Most of the argi l l i te is th in-bedded and 
much of it has been intensely deformed ei ther into sheared lenses that have areas of only. a 
few inches in  cross-secti on or into t ight folds whose crests are a few inches to a few feet apart . 

In some places near the contact of arg i l l ite wi th granodi ori te ,  for example near the 
Boston shaft (F igure 2 on opposite page and Figure 7, in  pocket) , the arg ill ite has been re
crysta l l i zed to a coarser-grained sch ist composed of quartz, biot ite , muscovite , and cordierite . 
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The sch ist is more res istant to erosion than the argi l l ite or the gran ite and consequently forms 
ridges . Many trenches and short ad its have been driven at and near the contact between the 
arg i l l ite and granod iorite but there is  no evidence that any ore was local ized along the contact . 

Between the surface exposures of the Cougar vei n and Gran ite Creek the re are a number 
of outcrops of greenstone . This rock presumedly belongs to the metagabbro format ion ·of Pardee 
(1941) but s ince the areas of outcrop are few and discont inuous no attempt is made to differ
ent iate the metagabbro from the arg i l l ite or to p lot it on the map . 

Although the argil l ite un i t  is widespread in  northeastern Oregon , detailed i nformat ion 
on its strat igraphy and lithology is lacking because the rocks have been intensely deformed, 
outcrops are poor, and litholog ies are not di st inctive . Because the h ighly sil i ceous beds crop 
out more strongly than the shaly beds there is a tendency, remarked on by all workers, to over
emphasi ze the i r  abundance . In the Gran ite district outcrops are not good enough to allow the 
measurement of a section ,  but the argi l l ite is s im i l ar to that on Cracker Creek north of the town 
of Sumpter where Pardee (1908 ,  p .  87) measured a 3000-foot sect ion . 

In the Sumpter quadrangle , the argil l ite un it cons isted origi nally of fine-grained sed i
mentary rocks, such as sandstones , shales , and cherts , i nterbedded wi th volcan i c  flows and tuffs 
and cut by dikes . W ith in these rocks, but litho logi cally dist inct ive enough to be mapped 

separately, are the detached blocks of 

Table I. 
Ch e m i c a l  A n a l y s e s  o f  Ro c k  

Ne a r  B a l d  M o u n t a i n (M t .  Ir e l a n d) 

Si02 . 
Ti02 • 

AI203 
Fe203 
FeO 
MnO . 
MgO .  
CoO . 
Na20 
K2o . 
P205 . 
H20+ 
H20-
Zr02 . 
BoO 
SrO 
Li20 • 

Analysis 
I. 

71.23% 
0.34 

14.61 
0.93 
1.66 
0.08 
1.01 
3.29 
4.00 
1.92 

0.14 
0.55 
0.17 
0.02 
0.08 
0.02 

Trace 

100.05% 

Analysis 
2. 

66.18% 
0.50 

16.58 
1.40 
2.59 
0.09 
1.81 
5.09 
3.76 
1.19 
0.15 
0.43 
0.07 

99.84% 
Analysis I - Typ-ical rock from near lake at northern 
base of Bald Mountain; elevation, 7000 feet. Ana
lyzed by W .F. Hillebrand. Lindgren ( 1901, p .587) 
named this rock normal granodiorite. 

Analysis 2 - Collected 3000 feet west of lake at 
northern base of Bald Mountain. Analyzed by 
H.B.Wiik. Taubeneck (1957) named this rock 
Bald Mountain tonalite. 

I imestone that conta in the only known 
fossils . In the Gran ite area the author 
made no systematic  effort to d ist inguish 
the metamorph ic  equ ivalents of the above
ment ioned rock types . The specimens that 
were col lected are most l y  sili ceous but 
they may not represent fa irly the l ithol
ogies present . The author was not able to 
relocate the I imestone outcrop mapped by 
Pardee (1940) in sec . 23, T .  8 S . ,  R . 35� E., 
a lthough l imestone boulders w�re f�und . 
Presumedly the outcrop was covered in 
the construction of the present road . 

Granodiorite 
Granodiorite crops out in  the 

eastern part of the mapped area where it 
is  the wal l rock for a few of the vei ns . 
The rock is of medi um-gra in  s i ze ,  has a 
I ight-gray color, and cons ists of inter
grown crystals of plagi ocl ase feldspar, 
orthocl ase fe l dspar, hornblende , biot ite , 
and quartz . 

The granodi orite in  the Granite 
d istri ct is a part of the Monumental 
salient of the Bald Mountai n bathol ith 
recently described by Taubeneck (1957) . 
There have been publ ished two chemical  
analyses of the rock of  the Monumental 
sal ient (Tobie 1) and several v isual analyses 
of the proportions of m ine rals present (modes) , 
one of whi ch is copied i n  Tabl e  2 ,  page 7 .  
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Table 2. * 

Mo d e  of An a lys i s  2 of T a b l e  1 
(in volume percent) 

Potassium feldspar 
Quartz . .  
Plagioclase • . . 
Hornblende . • .  

Biotite • . . • . 

Opaque accessory minerals 
Nonopaque accessory minerals . 

• 1.5 % 
. 28.1 
. 54.6 

5.0 
9.6 
0.9 
0.3 

*From Taubeneck (1957, p. 199) 

Because most of the v isual analyses of the rock 
as seen under the mi croscope in th i n  section 
i nd i cate that the rock contai ns less than 2 per
cent potass i um feldspar (mostly orthoclase) i ts 
accurate des ignation is ev idently tonal i te (or 
quartz-d iorite) as Taubeneck (1957} points out 
in h is careful and deta iled study . Nevertheless, 
i n  th is paper the name granodior i te is retai ned 
for three reasons: ( 1) The d ifference between a 
granodiorite and a tonal ite is small, depending 
only on the content of potass i um, and has no 
known econom ic  signifi cance in th is d istri ct, 
(2) The term granod iorite is well establ ished i n  
the published descr iptions of the mines of the 

Gran ite and nearby di stri cts, and (3) One of the chemical  analyses (Analys is 1, Table 1) 
is of a rock des ignated as granodi ori te by L indgren (190 1 )  who first defi ned the rock name 
"granod iorite . "  

D ikes 
-- In the Sumpter quadrangle, di kes have been found in all the rock un its except those 
of Quaternary age (Pardee, 1941) . None of the di kes wi thi n  the Gran i te area is large enough 
to show on the surface geolog ic map and no parti cular attempt was made to study them . When 
some of the m ines were more access ible than they are today, numerous d ikes were found, es
pec ially in the Cougar-Independence m ine . Hewett ( 1931, p .  3 1 1 )  writes: 

"D ikes have been observed in many of the m ines, but beyond the fact 
that they are very f ine gra ined and I ight colored I i ttle is known of the ir 
original m ineral compos i tion, as they are now much decomposed . Many such 
premi neral di kes are shown in the wal ls  of the Independence and Cougar m ines, 
and they are also present in the North Pole, Columbia,  Golconda , Ibex , and 
Red Boy m ines . In several places it seems c lear that some dikes were intruded 
before the ve in-bearing fractures were formed; afterward other d ikes were 
intruded on the fractures but before the quartz, gold and associ ated m inerals 
were deposi ted . "  

P ilcher  (1958, p .  27} examined di kes in the Buffalo m ine where they are quite common 
in both the granodior ite and arg ill i te followi ng joints that str ike northwestward . He found 
that most of the dikes are of ap l i te or pegmati te ,  contain ing the m inerals quartz, potash 
fe l dspar, plagioclase feldspar, muscovite, bi otite, pyri te, and molybdenite . 

Younger bas ic  lavas 
Pardee ( 1941 )  recognized two ages of Tert iary bas ic  lavas in  the Sumpter quadrangle , 

but only the younger group is present i n  the Granite d istrict . As these lavas are more recent 
than the ve ins, the ir re l at ion to the ore deposits is only to conceal them . Pardee descr ibes 
the younger bas ic  lavas as follows: 

"Bas ic  lavas erupted after the rhyol ite group occupy the dra inage basin of 
the Midd le  Fork of John Day R iver a lmost exclusively and are widely distri buted 
over other parts of the Sumpter quadrangle except the northeast quarter. Most of 
them are dense to ves i cular, dark-co lored rocks that weather to shades of gray . 
Many contain phenocrysts of plagioclase feldspar or olivi ne. Over some areas 
they show a p laty structure. They commonly weather to small c l iffs and bare knobs, 
and lands underlain  by them are l ikely to be covered with a red clay soil ."  
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Fig ure 3- Gran ite d i stri ct, Grant County, O regon . 
pri nci pal m i nes, road s, and stream s .  
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Quaternary alluvium 
Quaternary al luv ium occupies the f loor of Gran ite Creek . It cons ists of sand and 

grave l  that have been worked at various t imes and places for p l acer gol d . 

Geolog i c  Structure 

The arg i l l ite beds (F igure 2, opposite page 5) strike general l y  northwestward and d ip 
genera l l y  southwestward at steep incl inations . Divergent str ikes and dips are found in 
severa l  p laces but are too few to be interpreted . 

The granod iorite-argi l l ite contact is vert ical or d ips steepl y either into or away from 
the intrus ive . Near the contact the argi II ite and granod iorite are foliated more or l ess 
para llel to the contact . 

The younger bas ic l avas l ie unconformably above the o lder format ions in horizontal 
or subhori zontal layers . The surface on wh ich they poured out was fl at or gent ly  ro l l ing . 
The younger bas ic  l avas probabl y underwent m ild structural deformat ion here as e l sewhere 
in the Sumpter quadrang l e  (Pardee , 1941 )  but evidence is l ack ing . 

M i n e r a l  D e p o s i t s  

General Descri pti on 

The locations of the m ines descri bed in th is bul let in are shown on F igure 3 on opposite 
page . The m ines lie in a li near be lt and are , from southwest to northeast, the Cougar
Independence , New York, Ajax; Magnol ia,  T i l l icum, Buffalo,  B lue R i bbon, Standard , 
and Cont inenta l . Two other Gran ite d istrict mines, the La Be l leview and Monumenta l 
(F igure 3) , l ie to the east and are not descr ibed in th is  bul l et in . The princi pal cl aims, 
grouped accord ing to ownership, are shown on F igure 4, oppos ite page 1 1 .  

Veins and m ines 
The lode m ines of the Granite d istr ict work typical  fissure vei ns that cut the arg i l l i te 

and granodiorite . Displacements of the fissure wal l s  are not known but are probably not 
more than a few hundred feet at most . With few exceptions the veins (F igure 2,  oppos ite 
page 5) strike northeastward and d ip  either east or west at angles of 60° or more . The ve ins 
fal l into the fol l ow ing five principal groups: ( 1 ) The Independence and Magnolia veins, 
wh i ch l ie to the west of the other vei ns, and are in l i ne with one another if not actua l l y  
o n  the same fissure . (2) The Cougar and Ajax ve ins, which bear the same relat ionsh ip  to 
one another as do the Independence and Magno l ia ve ins . (3) The New York No . 1 ve in 
to the east of the other vei ns . (4) The five ve ins of the Buffal o  m ine of wh i ch on l y  two 
crop out; al though somewhat separated from the other veins , they may fol low cont inuat ions 
of the same or closely re l ated f i ssures . (5) The vei ns of the Cont inental m ine (F igure 19 , 
page 27) . 

Each of the veins l isted above has been deve loped by a separate m ine , except for 
the five vei ns of the Buffalo m ine wh i ch have been worked as a group, and the vei ns of 
the Cont inental mine which have l ikewise been worked as a gr()�P�- The Cougar and In
dependence mines have been worked by a single company thr6ughout most of the i r  h istory 
but the workings are dist inct and not connected underground . The Standard , Blue R ibbon , 
and T i l l icum mines worked veins about wh ich litt le  can be l earned at present . Detailed 
descriptions of the mi nes arranged alphabet ica lly beg in on page 13 . 

9 



KEY TO PROPERTIES 

I. Ajax Group 5. Cougar-Independence Group 

1-A. Ajax No. 1 5-A. Gilt Edge 

1-B. Ajax No.2 5-B. Eula 

1-C. Vigilante 5-C. Gold Reef 

· 1-D . Snowbird 5-D. Lillie 2 
5-E. Success 

2. Blue Ribbon Group 5-F. Tomboy 

2-A. Blue Ribbon 5-G • .  Modoc 

2-B. Maziere 5-H. Cougar 

2-C. La France 5-I. Marion 

2-D. Yellow Rose 5-J. St. Paul 
5-K. Kuroki 

3. Buffalo Group 5-L. Evening Star 

3-A. Oregon 5-M. Valkyrie 

3-B. Woodrow Wilson 5-N . Wi Ideal 

3-C. American s-o. Ruth 

3-D. Buffalo Mill Site 5-P. Albatross 

3-E. Monitor 5-Q . . Monte Cristo II 12 
3-F. Buffalo 5-R. Eureka 

3-G . Constitution 5-S. Tame Cat 

3-H. Defender 5-T. South Cougar 

3-1. Worcestf!Jr 5-U, Excelsior 

3-J. Massachusetts 
3-K. Boston 6. Magnolia Group 

3-L. Fitchburg 6-A . Jupiter 

3-M. Monitor Fraction 6-B. Atlas 
6-C. Violet 

4. Continental Group 6-D, Magnolia 

Insufficient information is 6-E. Rose 

avai I able to plot these 6-F. Helena 

claims, which lie in 6-G. Tacoma 

sees. 1 and 12. 13 
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Figure 4- Gran i te d i stri ct . Ske tch map showi n g  l ocati on s of some of pri nci pal cl aims .  
Com pi led from source s of varyin g  re l i ab i li ty and accuracy . 
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As the descriptions of the indiv idual  m ines make cl ear, the principal veins are simi l ar 
in siz;e , hav ing , on the average , been explored to l engths of about 1000 feet and depths of 
400 feet . Devel opment work on the veins was genera l l y  if not a lways stopped because of 
l ack of ore rather than because a part icu l ar vein ended, and so the tota l l engths and depths 
of the ve ins are unknown . S im i l ar mines e lsewhere in the Sumpter quadrang le  have been 
de vel oped to depths of 2500, 1200, and 1250 feet (Hewett ,  1931 , p .  314) and some of the 
veins of the Gran i te d istr ict can be expected to pers ist to such depths . 

Types of veins 

11 

The ve ins are of two types: (1) a type conta ining abundant quartz: and calcite gangue 
that results from the fi l ling of open spaces and the nearly complete replacement of fragments 
of wal l rock wi th in  the veins and (2) a type composed largely of dike materia l , gouge, and 
crushed arg i l lite with sparse quartz: and cal c ite ve in matter . The first type is exemp lified 
by the vei ns of the Buffa lo  mine and the second type by the veins of the Cougar m ine . The 
principal metal l i c  minera ls  in  the veins are pyrite , arsenopyrite ,  sphalerite, cha l copyrite ,  
gal ena, and tetrahedrite , but not al l minera ls  are found in al l veins . The veins o f  the second 
type contain pyrite as the most abundant if not the sole metal l i c mineral . Most of the gol d  
occurs i n  the pyrite and cannot be found by pann ing . 

The veins have been oxidi zed to depths of about 100 feet bel ow the surface; rare ly  
more . Undoubtedly  most or  al l of  the veins were richer at and near the surface than at  depth 
because of residua l concentration of go l d  and secondary s i l ver m inerals resu l ting from the 
leaching of quartz, cal cite, and su lfide mineral s ,  but the evidence of this has l ong s ince 
been stoped out . At depth there was downward enrichment of si l ver according to Pardee 
and Hewett (1914 ) who g ive detai l s  of the ox idation and supergene enrichment . 

Zoning of the veins 
From the k ind and abundance of the m inera ls  present in  the veins of the Sumpter quad

rang le ,  Hewett (1931) was able to separate the veins that lie in and around the Bald Mountain 
granodiorite batholith into four zones . He descr ibes the zones and vei ns and ascribes the · 

z:ones to deposit ion of the minera ls  at successive ly  lower temperatures away from the bath
olith . 

Origin of the veins 
The veins were probably formed by the deposi tion of minerals  from hot gaseous or 

I iquid so lutions (hydrothermal solutions) whose origin is re l ated to and probabl y fol l owed 
c lose ly after the crystal l ization of the Bald Mountain batholith . Since some of the veins 
cut the granodiorite , the magma must have crystal lized before the veins were formed . 
The ve in minerals were deposited both by fil l ing open spaces and by rep l acing previousl y  
formed minera ls  and the minerals contained i n  fragments of wal l rock within the veins . 
L indgren (1933,  p .  555) cl assified the veins as those form�d at moderate conditions of 
temperature and pressure (mesothermal) I ike the we ll-known veins of the Mother Lode 
district in Ca lifomia . 
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Fi gure 5- Ajax m i ne . Map of cl a im s  and princi pal  m i ne workin g s .  
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Ajax Mine 
General description 

The Ajax mine is about 3 miles north of Granite on Lucas Creek (Figure 3, opposite 
page 9) and is connected with the forest rood along Granite Creek by a good road. The 
property consists of four unpatented lode claims, Ajax No. 1, Ajax No. 2, Snowbird, and 
Vigilant {Figure 4, opposite page 11). On these claims two veins crop out, the Ajax vein 
which is developed by drifts on three levels and the Snowbird vein which is developed by 
drifts on two levels (Figure 5 on opposite poge). Most of the gold production was apparently 
obtained between 1905 and 1906 when $40,000 worth of ore is said to hove been token from 
a shoot 90 feet long in the No. 3 tunnel on the Ajax vein. In recent years there has been 
little development work and little or no production. The present owner is Mrs. Rosemary L. 
Guinn, Route 2, Box 558, Washougal, Washington. Mr. Jock Guinn allowed the writer 
to inspect the property and gave useful information. 

Geology 
The country rock is entirely argillite. Although all of the upper tunnels ore caved 

and only a part of the No. 4 tunnel was accessible in 1957 (Figure 5), surface outcrops and 
plans of the inaccessible 'WOrkings indicate that the strikes and dips of the veins and their 
character probably ore I ike those visible in the No. 4 tunnel. 

Where exposed for 370 feet by the No. 4 tunnel (Figure 6) the Ajax vein ranges in 
width from 1 inch or less to 4 feet, generally widening somewhat where it swings to the left. 

,..,, .. 
I r••• te .. tl 

Note:Wall rock alon; tunnel 

•• oil orgalllte 

Figure 6 - Ajax mine . Geologic map of No. 4 tunnel (at road level ) . 
Caved portions of workings from map by John E. Allen, 1938. 
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In most p l aces the ve in is a brecci ated zone of argi l l ite contai n ing numerous paper-thin seams 
of quartz and cal c ite with a sprinkl ing of pyrite crystal s, but in a few p l aces there is a fa i r  
amount of  quartz and cal ci te vei n matter . E lsewhere part of the vein  is unident ified d ike 
materia l whose age is not known . None of the access ib le  part of the ve in has been stoped 
above this drift, and a grab sample  taken by the writer assayed me re lY.  traces of gold and s i l ver . 

The No . 4 tunne l is connected to a 60-foot dri ft on the Snowbi rd vein  by an 85-foot 
crosscut (Figu re 6,. page 1 3); presumed ly  the northern extension of the Snowbi rd vei n  was 
fol l owed by the inaccess ib le  drift to the north . The access ib le drift fol l ows a vein  that has 
been stoped about 20 feet above the l eve l and is best exposed in the bottom of a wi nze sunk 
5 feet 6 inches be l ow the l eve l . There the ve in was 5 feet 4 inches wi de, incl uding a horse 
of sha le  3 feet wide, and assayed 0 . 06 ounce gol d  and 0 . 30 ounce s i l ver across the ful l  
width . In appearance the Snowbi rd ve in is l ike the Ajax ve in . 

In summary, the maps (F igures 5 and 6) show that the Ajax and Snowbi rd vei ns d ip 
toward each other and intersect in a l i ne that plunges southwestward . F igure 6 suggests that 
both vei ns ex ist on opposite s ides of the intersect ion rather than one or both being cut off . 
Nei ther ve in is strong structura l l y  nor contai ns encourag ing amounts of go ld  where access ib le  
today . Addit iona l development wou ld  soon requ ire s inking as  the No . 4 tunnel level is but 
a few feet above Lucas Creek . 

Blue R ibbon Mine 

Genera l description 
The Blue R ibbon m i ne is d i rect ly  north of the Buffa lo  mine (F igure 3,  oppos ite page 9 , .  

and F igure 7 ,  i n  pocket) and i s  reached by a fai r  truck road that starts near the Buffa lo m i ne 
camp (Figure 3) . There are four unpatented l ode cl aims, B lue R ibbon, Maziere, Ye l low Rose, 
and La France (Figure 4, opposite page 1 1) .  The total gold production is unknown but is 
be l ieved to be sma l l .  The mine was l ocated some time before 1900 and according to Hewett 
( 193 1 ,  p .  3 19) is deve loped by about 2000 feet of tunne ls  fol l owing a ve in  that strikes N .  
65° E. and dips 85° S .E .  The present owner, Mr . Al bert Perard of Granite ,  states that a 
second ve in is deve loped on one l eve l . There has been litt l e  deve lopment work done in  
recent years and the three adit  cross cuts and the shaft were inaccess ib le  in  1957.  

Geology 
Because the workings were inaccess ib le almost no new information about the B l ue Ribbon 

m ine was obtained in 1957 .  The str ike of the principal  ve in, as recorded by Hewett ( 193 1 ,  
p .  3 19), and its l ocation indi cate that the B l ue R i bbon ve ins may be the cont inuat ions of veins 
in the Buffa lo m ine .  Probably the question could be sett led at l itt l e  expense by cl ean ing out 
the underground worki ngs which are very l ike l y  caved for on l y  a short distance from the i r  por
tal s  and by d igging surface trenches . The dumps indi cate that the ve ins contain pyri te in a 
gangue of quartz and ca l cite and that the country rock is arg i l l ite of the type that has been 
recrysta l l i zed and fol iated near its contact with the granod iorite . 
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Buffa lo  Mine 

Location and ownersh ip 
The Buffalo m ine is about 8 m i l es northeast of Gran i te on a good road that branches 

from the main Granite road (Figure 3, opposite page 9) . There are th i rteen c laims (F igure 4, 
oppos i te page 11) of whi ch Buffa lo,  Moni tor, Boston, and Buffa lo  Mi l l  S i te are patented . 
During the l ife of the mine there have been numerous owners (Table 3 ,  oppos i te page 19); 
at present the mine is owned by the Boaz Min ing Company , Seatt le ,  Washington . Mr .  James 
H .  Jackson, Jr . ,  manager, and Mrs . Jackson suppl ied many data given in this bu l l etin . 

H istory and production 
The early h istory of the mine is obscure . S ince l i ttle work had been done by the time 

of L indgren's (1901 , p .  685) visit in 1900 , the record of production beg inning in 1903 
(Table 3) may be reasonably complete . However, Mr . Jackson and the wri ter be l ieve that 
much of the gold extracted in the earl y days was not recorded . The gross val ue of the re
corded production is rough ly  $900 ,000 , and a comparison wi th various accounts of lode gol d  
m ines i n  the Sumpter quadrang l e  (for example ,  Hewett's , 1931) shows that this production , 
wh i le sma l l ,  is comparabl e  to m ines such as the Bais l ey-Eikhom, Gol conda, Redboy , and 
Bonanza that are local l y  considered to be "good producers . "  In fact, the only mines in the 
Sumpter quadrang l e  with a substantial l y  h igher production are three that worked the Mother 
Lode vein in the Bourne district; these, the Col umbia ,  Eureka-Exce ls ior, and North Pol e  
mines , have a combined production �stimated by Hewett (1931 ,  p .  321) a t  $7, 750 , 000 . 
Month l y  production at the Buffal o  m ine in  1957 was between 150 and 200 tons for the 
11 months operated • 

Surface and genera l  geol og 
The Buffal o  m ine F igure 7, i n  pocket) works f ive veins, named,  from west to east,  

Mon i tor , No . 1,  No . 2 ,  No . 3 ,  and Consti tution (or No . 4) . Of these veins on ly  No . 1 
and No . 3 can be recogni zed today in surface p i ts ,  al though various other p i ts and trenches, 
not a l l shown i n  F igure 7, may once have exposed other veins . In fact, a l though the Buffa lo  
m ine is  the largest producer described in  th is bu l l etin ,  i ts veins make the l east conspicuous 
outcrops . This is because the ve ins are narrow and , a l though si l i c if ied in many p laces , do 
not contrast with the i r  country rock in hardness and resistance to erosion as do other ve ins i n  
softer country rock . Moreover, outcrops in  the area shown i n  f igure 7 are few and far between . 
It is poss ib le  that some of the stringers and veins exposed in  the p its south of the Boston shaft 
(F igure 7) may be correlated with veins in  the Buffalo  m ine but evidence is lacking . 

Al l of the known outcrops of veins are in  the argi l l i te ,  a l though underground some veins 
cut granodiorite as wel l . In composi tion the argi l l i te is high ly  s i l i c i c ,  i n  most p laces actua l l y  
a quartzi te ,  and has undergone contact metamorph ism near the granodiorite contact . The few 
observations that cou ld  be made suggest that the arg i l l i te strikes northwest and d ips southwest . 
The granodiorite is s imi lar if not a l ike i n  composi tion to that for whi ch chem ica l  ana lyses are 
ava i lable (Table 1 on page 6) . Information about the hydrothermal a l teration of the grano
d iori te and arg i l l i te is g iven on page 24 and in the Appendix . 

Ve ins and m i ne workings 
The five veins of the Buffa lo  m ine are shown in  plan, cross section , and long itud ina l  

section by f igure 7, F igure 8 on page 1 7, and F igure 9 oppos i te page 17 .  F igures 1 0  and 1 1  
( in  pocket) are deta i l ed pl ans of the two mine l evel s .  These i l l ustrations show that the five 
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veins are essentially paral lel , with strikes of about N.  25° E .  and dips of about 75° W .  The 
single major exception to this parallel ism is the Constitution vein which near its north end on 
the 400 level (Figure 1 1  I in pocket) rolls from a west dip to a dip of about 80° E .  and changes 
in strike to about N .  45° E .  

Underground, the veins are developed on two levels, 200 and 400 {Figures 7 to 1 1) and 
by various raises and winzes. Vein No. 1 ,  Vein No. 2, Vein No. 3, and the Constitution 
vein {Vein No. 4) have been stoped. In  1957 most of the workings on Vein No. 1 ,  Vein No.2, 
and Vein No. 3 were inaccessible and production was entirely from the Constitution vein, as 
it had been since the 1940's. 

The 200 level (Figure 10, in pocket) is kept open for ventilation; there was no mining 
above this level in 1957 and most of the workings were caved. From the portal to just east of 
the No. 3 vein, the crosscut is in argi l l ite. Most of the drifts in this area are caved and none 
were mapped but Pardee and Hewett (1914, p. 107) indicate that they are mainly in argil l ite. 
The eastern part of the crosscut and the entire accessible drift following the Constitution vein 
are in granodiorite. The short crosscut driven west from the Constitution vein at N- 10,515 
reaches argillite within a few feet; this crosscut was reportedly driven to test the possibility 
that the contact was mineralized but no ore was found. The main Constitution vein was fol
lowed by the short stub drifts that extend north and south from E- 10,340; the stringers found 
near the face of the crosscut pinch out in a few feet and the Constitution vein drift had to be 



Table 3 .  

P r o d u c t i o n  f r o m  B u f f a l o  M i n e 
( i n  terms of recovered meto l )  

( G o l d  a n d  si l ver  i n  f i n e  ounces; copper, l ead , a n d  z i n c  i n  pounds) 

Year Tons Gold  S i l ver Copper Lead Zinc  Owners 

1 903 1 0  24 . 1 9  --- --- --- --- W .  K .  Cooper ,  Susanvi l le ,  Oregon 
1 904 50 48 . 38 69 --- --- --- Cooper & Simpson , Susanvi l l e ,  Oregon 
1 906 1 34 362 . 8 1  567 --- --- --- W i l mer,  G ran i te , Oregon 
1 907 230 498 . 74 7, 703 --- --- --- J .  C .  Haski I I ,  Susanvi l ie ,  Oregon 
1 908 400 870 . 75 1 5 , 094 --- --- --- G .  R .  W i egan d ,  G ran ite , Oregon 
1 909 1 0  61 . 87 300 --- --- --- Buffal o - Moni tor , G rani te , Oregon 
1 9 1 9  325 1 , 378 . 69 6 , 473 --- --- --- Buffa l o  Devel opment Company 
1 92 1  800 347 . 1 9  1 , 0 1 1 --- --- --- Beaver G . M .  Company , Mr . Peterson 
1 922 50 379 . 09 1 , 293 

1 923 1 02 6 1 7 . 90 2 , 866 --- --- I I  I I  

1 924 553 70 1 . 80 3 , 974 947 5 1 3  

1 925 1 , 082 1 , 450 . 05 6 , 896 --- --- --- John W i l son , G ranite , Oregon 
1 926 2 , 487 2 , 399 . 56 1 5 , 392 2 , 566 1 1 , 273 

1 927 4 , 3 1 0  1 , 959 . 79 1 0 , 963 1 , 69 1  5 , 300 --- B l ai ne Hal l ock, G ran i te , Oregon 
1 928 2 , 233 900 . 54 1 0 , 1 59 1 , 1 03 9 , 552 752 

1 929 3 , 035 1 , 449 . 00 20 , 037 2 , 835 22, 300 

1 930 98 1 602 . 89 4, 803 m 6, 1 63 

1 93 1  2 1 2  284 . 36 3 , 869 473 1 , 80 1  --- R .  G .  Ami do n ,  Seatt l e ,  Washington 
1 932 1 04 243 . 1 4 1 , 385 1 42 1 , 35 1  --- Buffal o  G .  M .  Company 
1 933 75 30 . 20 493 67 1 7 1  --- I I  

1 934 242 93 . 94 652 226 1 , 1 56 --- Ti l l i c um Cons . & M i n i ng ,  Baker , Oregon 
1 935 1 , 000 304 . 1 8  3 , 890 989 1 , 799 --- G rani te G .  M .  Company,  Seatt l e ,  Wash . 
1 936 50 9 . 24 1 04 --- --- --- Constitution M i n i ng Company 
1 938 250 63 . 00 2 , 1 23 238 1 , 530 --- Ami don & G i bson G . M . Co . ,  G ran i te , Ore . 
1 939 862 1 , 006 . 00 3, 798 2 , 506 4, 600 5 , 348 B ruce Den n i s ,  Port l and , Oregon 
1 940 1 , 483 1 , 0 1 3 . 00 4, 335 1 , 1 16 6, 006 
1 94 1  3, 072 2 , 26 1 . 00 1 1 , 695 2 , 1 42 1 0 , 684 
1 942 540 3 1 5 . 00 1 , 795 368 1 , 022 
1 944 23 1 1 0 . 00 900 1 52 

1 946 3 1  259 . 00 82 1 67 1 , 054 
1 947 622 332 . 00 1 , 976 590 4, 1 49 779 

1 948 1 , 634 1 , 396 . 00 1 0 , 302 2 , 369 1 4, 577 1 6 , 078 
1 949 749 626 . 00 3 , 703 1 , 1 03 6, 924 8 , 286 

1 950 574 599 . 00 4, 22 1 1 , 092 6, 3 1 7  4, 659 F l oren ce J .  Dennis ,  Vancouver, W ash . 
1 95 1  360 270 . 00 2 , 565 353 1 , 7 1 9  2 , 00 1  

1 952 286 428 . 00 2 , 568 487 2, 370 3 , 1 90 Boaz Mining Company , Seattl e ,  Wash . 
1 953 1 , 034 1 , 032 . 00 1 0 , 242 1 , 976 8, 868 
1 954 2 , 004 1 , 002 . 00 1 2 , 8 1 4 2 , 300 9 , 1 00 

1 955 1 , 824 1 , 1 1 7 . 00 8 , 583 1 , 600 6 , 000 

1 956 1 , 390 2 , 1 47 . 00 1 2 , 4 1 2  2 , 200 9, 400 

TOTALS 35 , 2 1 3  28, 994 . 30 2 1 2 , 1 07 32 , 57 1  155, 699 4 1 , 093 
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turned to the left to recover the vein after being driven about 150 feet in waste . The short 
stub drift that extends south from E- 10, 340 contains a vein that at the face assayed 0 . 58 
ounce gold  and 1 . 45 ounces s i l ver per ton across a 1 -foot width . 

The work done between 1 952 and 1 957 i n  the Buffa lo  m ine was on the 400 l eve l 
(F igure 11 , in pocket) and between i t  and the 200 level . Most of the 400 l evel was open 
in 1 957, a l though work was confined to the Consti tution vein wh ich was being developed 
by drifting southward on the l evel and was be ing m ined in  stopes above the north and south 
drifts . 

E astward from the porta l , the crosscut first intersected the Monitor vein whi ch is too 
far to the west to be cut by the 200 l eve l (F igure 8, page 17) and was not found on the 
surface by the writer . The Monitor ve in  is a zone of sheared and brecciated argi l l i te con
tain ing sparse quartz ve in matter and a few gra ins of sul fide m inera ls . The footwal l  of the 
vein  is a strong break with c lay gouge in some p laces but the hangi ng wal l is rindistinct . 
Al though the Moni tor vein  is 25 feet wide where first intersected in  the crosscut, it narrows 
to the north . Work on the Moni tor vein has deve loped no ore . Typi cal assays of the vein  
are .  reported by Mr . Jackson to be from 0.  1 ounce to 0 .  2 ounce go ld  per ton across widths 
of 3 or 4 feet .  

O n  the 400 level the No . 1 vein ,  where fol l owed by drifts north and south of the 
crosscut, ranges in width from 2 to 6 i nches in  most p l aces . The content of gold  is low 
and the No . 1 vein  was stoped above the 400 l eve l to a much less extent than above the 
200 leve l (F igure 9, oppos i te page 17) . This  ve in is enti re l y  in arg i l l i te .  

Parts of the drifts that fo l l ow the No . 2 vein on the 400 level are open and the vei n ,  
where visi bl e ,  i s  composed main ly of quartz and sparse su l fide minera ls  that fi l l  a strong 
fracture 6 to 12 inches wide . Presumedly  the ve in was wider e l sewhere and the sections 
left as roof p i l l ars represent narrow portions of the ve in . L ike the Monitor and No . 1  ve in , 
the No . 2 ve in is entire ly  in arg i l l i te . 

1 9  

Most of the 400 leve l drift on the No .  3 vein  is caved . Th is vein ranges from 9 inches 
to H feet where it cuts through argi l l i te at N- 10, 630 . South of N- 10 , 630 the vein passes 
into gran i te and then back into arg i l l i te near the face of the south drift, at about the p l ace 
where the vein goes into the west wal l ,  so that the l ast 30 feet of drift is in arg i l l i te .  

Except for 30 feet south of the main crosscut, the enti re 400 leve l drift on the Con
sti tution vein  was open in 1 957.  Unl ike the other veins, the Constitution ve in on the 400 
l eve l is c lose to or fol lows the contact between the granodiorite and the argi l l i te . There is 
no evidence that the ve in is more va l uable in one wal l rock than the other, a l though detai led 
sampl i ng might show this . There is, however, evidence that the ve in  is less val ua ble where 
i t  fol lows the contact . Th is contact is characteristical l y  sheared and fau l ted, as wel l  shown 
near the end of the 400 l eve l crosscut . Evidently the gold was dissem inated through the 
sheared zone rather than being confined to a narrow vein . Mr . Jackson states that the ve in  
i s  genera l l y  of low grade where i t  fol lows the contact but that 6-foot holes dri l l ed into the 
wa l ls in these pl aces assay $7 . 00 or $8 .00 per ton (mostly gold ,  cal cul ated with gold  at 
$35 . OQ per ounce) • 

To the north. of the crosscut, the Consti tution ve in  is genera l l y  from 1 to 4 feet wide 
on the 400 l eve l . The str ike of the vein  is genera l ly  constant but,;· where it changes, th in 
stringers continue into e i ther wal l ,  especial l y  the east wal l ,  fol lowing the original  stri ke 
of the vein . At N- 1 0 , 755 where the strike of the ve in changes and stringers continue . .  into 
the east wal l , the dip reverses from west to east . This reversal hl dip is the on ly  one recog
n i zed in the mine and it is poss ib le,  a l though not I ike ly ,  that it is caused by a strong fau l t  
a t  about N- 1 0 , 900 that cuts off the ve in . The l ast 50  feet of  drift is a long th i,s fau l t ,  
wh ich was a l so found in  the stope above the 400 l evel (F igure 9,  opposi te page 1 7) .  
Displacement on the fau l t  is not known . 



Figure 1 3 - Constitvtion vein, level -400, lOUth drift ot foce (N- 10,270) on Septem�r 5, 1957. Footwall not entirely expoMd. 
Acrou tM 18 inehe1 expc»red, the vein oasoyed O.OS ounce gold and 6 ounces 1ilver per ton. 

Figure 14 • 8ufrolo mine. Cocutitution vein, lOUth foce of stope above 
<100-lovel sovth d<Ht, about 30 foot obovo tho lovol ot about N- 10,300. 

Figure 15- Buffalo mine. Constitution vein, 1howing high--grade ore. Bock of 5t0f)4' above 400-level n«th drift, 
obout 170 feet obove tM level ot about N- 10,900. The vein i1 about Si feet wide here. Woll toek i1 ot;illite. 
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To the south of the ma in  crosscut, the 400 l eve l dr ift on the Const i tut ion vei n  fol lows 
a ve in  that fi l l s a strong fracture a l though the ve i n  i s  general l y  not so wide as that fol l owed 
i n  the north dri ft . F igure 1 3  (on oppos i te page) is a photograph at the face on September 5 ,  
1 957, when the ve in  was 1 8  inches w ide and conta i ned 0 . 05 ounce go l d ,  6 ounces s i lver, 
and 0 .  15 percent copper per ton . The photograph shows the strong fracture wi th c l ear ly 
defined wa l l s ,  a l though the content of su l fide m inera l s  and precious meta l s  was l ow at th i s  
part i cu lar p l ace . 

The main crosscut (F igure 1 1 ,  in pocket) cont inues 50 feet to the east of the Const i tu
t ion ve in . Th is part of the crosscut was driven ent ire ly  in  arg i l l i te .  The arg i l l i te-granod iori te 
contact exposed at the start of the crosscut is a d ist inct fau l t ,  wi th pronounced shearing and 
brecc iation of both the rocks near the contact . From the face of the crosscut,  a hor i
zontal d iamond dri l l ho l e  was bored 260 feet on  a bearing of S .  75° E .  Dr i l l i ng was i n  
arg i l l i te except for the l ast 2 feet wh i ch was i n  v e i n  matter . L i tt l e or n o  core was recovered 
from the ve in  but M r .  Jackson states that s l udge samp les assayed $8 . 00 per ton (most ly  gold ,  
cal cu l ated wi th go l d  a t  $35 . 00 per ounce) . Dri l l i ng was stopped because of bad ground and 
so the tota l width of the ve in  i s  not known . Th is showi ng has not been corre l ated w i th ve i ns 
known e l sewhere . 

A few scattered worki ngs outs ide of the operat ing m i ne need descr ipt ion . The Boston 
tunne l (F igures 7, i n  pocket, and 1 2 ,  oppos i te page 23) is  an adi t  whose porta l at N- 9270 
is at about the e l evat ion of the 400 l eve l . I t  was f i rst driven on a bear ing of N .  42° E .  
fo l l owing a zone of weak quartz stringers that was cut off by a fau l t  as shown and then per
haps recovered at a p l ace where the tunne l is  caved . Probab l y  the ve i n  fol lowed by the 
Boston tunne l is  one of the ve ins known in the operating m ine ,  perhaps the Consti tut ion ve i n . 
Some usefu l information m ight  be obta ined by open ing the tunne l where i t  is caved even 
though the s i ze of the dump ind i cates that the cave is near the face of the tunne l so that 
the amount of add i t ional  information to be expected is  sma l l • 

The two ed i ts at about N- 9450, E- 8900 (F igure 7) were caved in  1 957 . I n  the 
summer of 1 958 the Boaz M in i ng Company set about open ing them but no new informat ion 
was yet avai l ab l e . Noth ing re l iab le is known about the Cox tunne l s ,  that were driven 
southward from about N- 1 2 , 000 (F igure 7) ,  but they are so near the h i l l top that they can 
have developed I i t t le  if any ore . 

Oreshoots 
The stoped port ions of the N o .  1 ,  No . 2, and Const i tution ve ins are shown by F igure 9 ,  

oppos i te page 1 7 . (The No . 3 ve i n  has a l so been stoped but the p l an i s  l ost . )  Most o f  the 
production has come from the No . 2 and Consti tution vei ns . The oreshoots of these ve ins 
doubtl ess correspond c lose l y  to the outl i nes of the stopes a l though certa in  parts of the stapes 
were r i cher than others . A lmost a l l of the few assays that are ava i l ab le  indi cate less go ld  
than the average in  the m i l l heads , suggest ing that the gold is errat i ca l l y  d istri buted in smal l 
shoots . Nonethe less , in  contrast to the Cougar and I ndependence ve ins (F igure 2 1 , page 3 1 , 
and F igure 22,  oppos i te page 35) , most of the deve l oped parts of the vei ns of the Buffa lo  m ine  
were worth stopi ng . There is no evidence that supergene enri chment was instrumenta l i n  
form ing oreshoots . Ev idence o n  the p l unge of the oreshoots i s  scanty, but they are probabl y 
steep i f  not verti ca l . 
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Mi nera l ogy and ve i n  structure 
At the Buffa lo  m ine,  the four pr inci pa l ve i ns are s im i l ar in ve i n  structure and m inera logy . 

I n  1 957 on ly  the Const i tuti on vei n was access ib le  for study and consequent ly  most of th is  de
scr i pt ion is  drawn from observat ion made on that one ve i n . P i l cher ( 1 958) studi ed the Const i 
tut ion ve in  i n  some deta i l  and h i s  account h.as been free l y  used . 

The ve in  m inera l s  are few in  number . Th�r:neta l l i c m inera l s  are pyr i te ,  arsenopyr i te ,  
cha l copyr i te ,  nat ive go l d ,  ga lena,  sphal er i te ,  and tetrahedri te . The gangue m i nera l s  are 
quartz and cal ci te .  I n  studyi ng vei ns that are most ly  or comp l ete ly  inaccess ib le  today , 
Hewett ( 1 93 1 ,  p .  326) found dolom i te wh i ch P i l cher l ooked for but d id not fi nd . 

The metal l i c m inera l s  have characterist i c  textures . The arsenopyrite and pyr i te are 
i ntergrown in  coarse- to fine-gra ined crysta l s ,  most ly  wi th disti nct faces . These crysta l s  
have been fractured  and the i nterst ices fi l l ed wi th coa�se-to-fine gra ins o f  ga lena or 
spha ler i te ,  most of wh i ch l ack crysta l faces . W i th i n  some ga lena grai ns are t iny gra i ns 
of a m i ne ra l  wi th the co l or and hardness of tetrahedri te . Th is  m inera l  has been found on l y  
wi th the m i croscope i n  pol ished sections in  grai �s too sma l l. to ident ify pos i t ivel y wi th the 
faci l i t ies avai l ab le  to the wri te r . Much of the cha l copyri te is c l ose l y  assoc iated wi th the 
spha ler i te ,  ei ther rimm ing it or al ong spha leri te c l eavages . 

Some of the go l d  i s  vi s ibl e i n  i rregu l ar gra ins as much as 1/20 of an i nch across that 
are i n terg rown wi th spha ler i te and gal ena . But the bu l k  of the go l d  is  not vi s i b l e ,  even 
under the m i croscope , and cannot be recovered by pann ing . M i l l ing data indi cate that 
this gold is trapped wi th in  gra i ns of the su l f ide m ine ral s .  The go ld  is  so errati cal l y  d i s
tri buted that regu l ar channe l sam pl ing is not worthwh i l e and g rades are determ i ned in  
vari ous other ways . Samples taken by P i l cher and the writer con tai ned as much as 1 6 . 28 
ounces gol d per ton across an 1 8- inch vei n wi dtk , whereas the average ore m ined in  1 956 
assayed 1 • 545 ounces go I d per ton (Tabl e 6, page 25) . 

No si l ver m i ne ra l s  have been recogn ized and the si l ver  is be l ieved to be presen t . in 
s i l ver-bearing tetrahedri te or trapped wi th i n  g rai ns of one or more of the su l fi de m ineral s .  
The gangue m ine ra l s cal ci te and quartz fi l l  open spaces i n  the ve ins and to a lesser extent 
rep l ace earl ier  m inera l s . Some of the cal ci te was deposi ted before the su l f ides as i t  occurs 
in brecciated fragme nts cut by seams fi l l ed wi th su l fide m i nera l s . 

The typ i ca l  appearance of the Const i tut ion ve in i s  i l l ustrated by F igures 1 3 , 1 4, 1 5  
(opposi te page 2 1 ) ,  and 1 6  (on oppos i te page) . I n  most p laces the vein i s  we l l defi ned wi th 
sharp hang ing wal l s  and footwal l s ,  wh i ch i n  some p l aces are frozen to the wal l rock and 
e lsewhere are kn i fe-edge fau l ts wi th s l i ckens ided surfaces . The ve in ranges i n  width from 
about 1 to 6 feet and averages somewhat l ess than 2 feet . I n  p laces the vein is a s imp l e  
m i nera l -fi l l ed fissure but e l sewhere (F igure 1 6) i t  i s  made u p  of severa l i nterl aced bands of 
ve in matter and wa l l  rock . The content of metal l i c m inera l s  ranges wi de l y  from p l ace to 
p l ace but rarel y  comprises more than 1 0  pe rcent of the vei n . 

The Const i tuti on vei n was empl aced part ly  by open-space fi l l i ng and part ly  by re
p lacement . Open-space fi l l ing i s  ind icated by crusti fi cation of su l fide m i nera l s ,  by comb 
and vuggy quartz, and by sharp and angu lar  fragments of wal l rock wi th in  the ve in . Re
p lacement is  indi cated by r ibbon structure , by pbrt ly  rep l aced fragments of wal l rock, and 
by shadowy outl i nes of fragments of wal l rock that have been al most complete l y  rep l aced . 
Many parts of the ve in were formed by both rep l acement and by open-space fi l l ing . 

After the Consti tution vein was em pl aced, there was some post-ore movement,  most l y  
a l ong the wa l l s o f  the vei n ,  reopen ing prev ious fau l t fissures . I n  some p l aces , th is resu l ted 
in  the formation of a gouge of fine l y  g round metal l i c m inera l s . 
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Rock a l teration 
Near the vei ns ,  both the granod ior ite and the argi  I I i te have been a l tered so that new 

m i nera l s  repl ace some of the orig i na l  m i nera l s  found e l sewhere i n  these rocks . The al terat i on ,  
which i s  evi den t ly  due l arge l y  t o  hydrothermal sol ut ions pass i ng upward th roug h  the ve in 
fissures, produced rocks that  are very di fferent from the orig i nal  ones . P i l cher ( 1 958) studied 
the al teration , and an appendix to th is bul l et i n  g ives a condensed account of h i s  f indings . 

I n  brief, P i l cher  found that the g ranod ior i te di rect ly  adjacent to the ve i ns and certai n 
para l l e l  fractures was a l tered to a wh i te ,  bl eached rock through the rep lacement of horn
bl ende and bi ot i te by muscovi te ,  pyr ite ,  and cal c i te ,and through the rep l acement of p l ag io
c l ase fe l dspar by cal ci te and ser ic i te . Somewhat farther away from the vei ns ,  the g ranodi or i te 
was a l tered to a l esser extent through the repl acement of hornbl ende and p lag i oc l ase fe l dspar 
by ch l ori te and ant igori te , whereas the other m inera l s  were more or l ess unchanged . Where 
the wal l  rock is arg i l l i te ,  a l terati on was s im i l ar but l ess ma rked . I n  general , the al terat ion 
consisted of a l eaching of magnes i um and sod ium and an introduct ion of s u l fur,  carbonate , 
and potass i um . 

Because the al terat ion surrounds northeast-strik ing fau l ts and jo ints as we l l  as vei ns ,  
no  defin i te re l ati onsh i p  exists between the ve in  m i nera l i zati on and the wal l  rock a l teration . 
I ndeed , the sol ut ions that produced the wal l rock a l terat ion may have been unre l ated to 
those that produced the ore . The refore the wal l rock a l terat ion cannot be used as a defin i te 
gu ide to ore a l though i t  does indi cate fissures in  wh i ch m i ne ra l i zation may have oc curred . 

Min ing and m i l l i ng 
Dr ifti ng i s  done wi th a jackl eg enabl i ng a 5-foot round to be set up and dri l l ed i n  

2 hours us ing At l as Copco tungsten carbide insert b i ts . Muck ing i s  done wi th a n  E im co 
No . 1 2-B  muck i ng mach ine . The stapes are cut and fi l l ,  wi th most of the f i l l  obtai ned 
by hand-sort ing of the ve i n  and wal l  rock that i s  broken to obtai n the necessary room to 

Tabl e  4. 

O p e r a t i n g  C o s t s  p e r  t o n  o f  O r e  
a t  B u f f a l o  M i n e ,  1 9 5 7  

Min ing costs 
Labor . . . . . . . .  . 
Supp l ies . • . . . . . .  

Devel opment ($45 . 1 0/foot) 

Total • 

M i  I I  i ng costs 
Labor . 
Suppl ies . 

Total . , 

Misce l l aneous surface costs 
(charged to operati ons) 

Cost of shipping and treatme nt . 

$ 7 . 92 
6 . 57 
7 . 55 

2 . 97 
2 . 45 

TOTAL 

$ 22 . 04 

5 . 42 

2 . 0 1  

3 . 90 

$ 33 . 37 

work in the stapes using a s l usher . A 
g ood deal of timber, al l of whi ch i s  cut 
on the property , is used in  the m i ne . The 
ore is  trammed in  cars drawn by an E imco 
N o . 40 1 air locomoti ve . The m i l l  is a 
35-ton per-day bu l k  fl otat ion p l an t  wi th 
a recovery of from 94 to 90 percent and 
a concentrati on rat io  of from 8: 1 to 1 0: 1  
depending on the amount of su l fide m i n
era l s  i n  the rock . The property works 
1 1  months a year and in recent years 
usua l l y  fqur men have been emp l oyed i n  
add i t ion to  t he  manager,  Mr . Jackson . 
The manager • s  wife keeps the books and 
runs the boardi ng house . Because of the 
remoteness of the m ine and re l ated reasons, 
wages are h igh;  one m i ner,  for examp le ,  
earned about $8 , 000 i n  1 95 7 .  Costs of 
m in i ng and m i l l i ng i n c l ud ing ma intenance 
are g i ven i n  Tabl e 4; average g rade of 
concentrates is g iven i n  Tab le  5 on page 25 . 
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Table 5 .  
A v e r a g e  G r o d e  o f  C o n c e n t r a t e s  

a t  B u f f a l o  M i n e 

G o l d . 
S i lver • •  

Arsenic  • •  

Zinc � • 

Copper • •  

Antimony 
N i ckel 
B i smuth • 

Lead • •  

9 ounces per ton 
68 

6 % 
4 % 
0 . 7 % 
0 . 4  % 
trace 
trace 

I I  

not recorded 

I I  tl 

Note: Averaged from 16 re cent returns 
from Tacoma smel ter, Ame ri can Sme l ti ng 
and Refi n i ng Company . 

E conom i c  cons iderati ons 
Operating costs i nc l ud ing mai n tenance total ed 

$33 . 37 per ton at the Buffa lo  m ine in 1 957 (Tab l e  4, 
on oppos i te page) . Comparison of these costs with 
the grades of ore for representative per iods (Tab le  6 
bel ow) ind icates that a good operat ing profit  can be 
made wi th ore of the grade mi ned i n  1 956, but that 
ore of the average grade m i ned from 1 904 to 1 956 
and from 1 953 to 1 956 wi l l  pay l i tt l e  more than the 
ope rat ing costs . Important factors in keepi ng the 
costs down are the deci s ion to keep produ ction smal l ,  
the unusua l  amount of mechan i zati on for a m i ne of 
th is  s i ze and l ocation , and carefu l management . 

The maps and p l ans show that a substant ia l  
amount of  ore has been stoped above the  400 l evel 

and that,  in fact ,  a h igh  proportion of the tota l drifting on th i s  l eve l was in ore . Therefore , 
there must  be ore bel ow the 400 l eve l and , from the type of m i ne ra l i zati on and pers i stence of 
the ve i n ,  the wri ter expects that about the same amount of ore wi l l  be deve loped per foot of 
depth be l ow the leve l as was m i ned above i t . Furthermore , there is no reason to expect the 
oreshoots to bottom wi th i n  the depth at wh i ch another leve l  or two m ight be driven . Add i
t iona l  ore can a l so be  expected from cont inued devel opment on  the 400 and 200 l evel s .  

Tab le 6 .  

G r a d e  o f  O r e  a t  B u f f a l o  M i n e  

Gold S i l ver Copper 
oz . oz. % 

Lead Approximate gross 
% val ue af 1 957 pr ices 

1 904- 1 956 • • • • •  0 . 823 6 . 03 $ 34 . 26 
1 953- 1 956 ( incl usive ) 0 . 847 7 . 05 0 . 049 0 . 50 37. 69 
1 956 . . . . . . . 1 . 545 8 . 93 0 . 074 0 . 38 63 . 64 

Note:  This table wos cal cu l ated from Tabl e 2 on page 7, wh i ch is in terms of 
rec;Ov.erable metal . Gold and s i l ver are g iven in fine ounces per ton; copper 
and l ead are g iven in percent . G ross val ue of the ore per ton is cal cul ated 
with gol d  at $35 . 00,  si l ver at $0 . 905, copper at $0 . 27, and l ead at $0 . 14 .  



Figure 17 • Continental mine. Typicol vein, os exposed in North tunnel, ot E- 9440. Observer 
looking north ot vein exposed on north woll of drift. Vein consists of I S  inches of gouge, 
soft black oxides, ond sparse quorh gongue. It ossoyed 0.08 ounce gold ond 0.60 ounce 
silver. 

Figure 1 8  • Cougar mine. Cougor vein, No. I tunnel, obout 50 feet from portal, looking 
northward ot bad of drift. The vein, which is shown on left side of photogroph, dips 80° 
eost. On the right side of photograph, a vertical dike is shown coming into the drift from 
the eost wall and then narrowing and turning to follow the vein northward. 
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Conti nen ta l Mine 

G enera l  description 
The Conti nenta l m ine,  the most  norther l y one descr ibed i n  th is  bu l l et in , i s  about 6 m i l es 

northeast of G ran i te on the d ivi de between Crane and Onion creeks (F igure 3, oppos i te page 9) . 
The property i s  reached by a fa i r  truck road that extends eastward from the main G ran i te road . 
The re are s ix unpaten ted l ode cl a ims wh i ch were be ing reorgan i zed when th is  bu l l et in  was 
wri tten . The ve ins are devel oped by surface p i ts ,  the North tunne l , and by other ad i ts (F igure 1 9  
be l ow, and F igure 20 on page 28) . Work was begun at the m ine i n  1 880 . Go ld  and si l ver ore 
val ued at more than $50, 000 is sa id to have been taken out,  mostly from one sma l l shoot (Oregon 
Department G eo logy and Mi nera l I ndustri es, 1 94 1 , page 46) , but there has been l i tt le  produc
t ion s ince 1 926 and the m i l l  has been d i smant l ed . At present the prope rty i s  owned by Mr . J . L .  
Gy l l enberg of Baker,  Oregon . 

· Geo logy 

I I  
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F i g ure 1 9 - Con t i nental and Standard m i ne s .  Sketch from aer i a l  
photograph showi ng l ocati ons  of  pri ncipal  adi ts, sh afts, and p i ts . 

The country rock at the Continenta l m ine i s  a sch ist composed ma in ly  of quartz, fe l dspar, 
biot i te , muscov ite ,  and garnet . Th i s  sch ist i s  argi l l i te that has been further metamorphosed by 
the g ranod ior i te batho l i th wh ich  crops out both north and south of the m i ne (Pardee, 1 94 1 )  and 
is probabl y present in  the m ine area at no g reat depth . The sch ist i s  intense l y  contorted so that 
a strong I i neation is more apparent than fo l iat ion; the few measurements made of I ineation and 
fo l iat ion do not ind icate any pattern . The sch ist conta ins numerous l enses and vein l ets of gran
i t i c  pegmati te . 
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Figure 20 - Continental mine.  Plan of North tunnel . 

0 0 ... 2 .. 

Most of the information available on the veins of the Continental mine comes from the 
North tunnel (Figure 20) . This tunnel was first driven as a crosscut nearly due south for 360 
feet to explore at a depth of about 100 feet a reputedly rich shoot of ore found on the surface. 
(The surface pits sketched in Figure 19 on page 27 are largest and deepest to the east .)  At and 
near the end of this crosscut at least two veins were stoped fairly extensively and two winzes 
were sunk (Figure 20) . Then, in recent years, development work was begun to the west, fol
lowing the veins and stringers shown on the map. A small amount of stoping was done at both 
E- 9670 and E- 9800, and a raise may have been driven to the surface from the caved tunnel 
at E- 9775. 

The veins and stringers exposed in the North tunnel strike about east-west and dip south 
at angles that average about 45° .  Figure 17  (opposite page 27) is a photograph of a typical 
vein. The veins follow fractures that are strong and well defined especially on the hanging 
wal ls .  The veins are fi l led with gouge, quartz, and sparsely disseminated sulfide minerals . 
The widths of the veins and quartz fi I I  ings range from paper-thin to as much as 3 feet with 
the average a few inches. The quartz is typical ly concentrated in lenses about 8 inches 
thick that extend for 2 or 3 feet along the strike and are local ized by upward warps in the 
strong hanging walls of the veins. Assays of three sanples taken are very low (Figure 20) 
but may not represent fairly the values of the veins. 
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Aside from the North tunne l , I i tt l e is known about the workings of the Cont inenta l m i ne . 
K l opp ' s  tunnel (F igure 1 9 ,  page 27) , wh i ch i s  reported to be 600 feet l ong and to fol l ow a 

h igh-grade ve in (Oregon Department Geo logy and Minera l  I ndustries ,  1 94 1 , p .  46 ) was 
access ib le  for but a few feet in 1 957 and no ve in  is present at the porta l . Th i s  tunne l can 
scarce l y  l ie more than 1 00 feet be l ow the surface at any point and so at best l i t t le  ore was 
deve loped above i t .  Down the h i ll and to the southwest of K l opp ' s  tunne l i s  another tunne l 
(F igure 1 9 }  that was driven 360 feet on a bearing of N .  57° E .  fol l owi ng a d isconti nuous 
structure that d i ps 68° S . E . and appears to be a pegmati te d ike rather than a ve in . At the 
face a g rab sample assayed a trace of go ld  and 0 . 40 ounce s i lver . Ve ins and stri ngers are 
a l so exposed by various p i ts ,  tren ches , and bul l dozer cuts on the surface; the l arger p i ts 
eviden t l y  fol low the ve ins known i n  the North tunne l . 

The ve ins of the Cont i nental m i ne can not be expected to extend for more than 200 or 
300 feet in  any d i rect ion . Where the dri fts in  the North tunne l were stopped in  favor of 
crosscutt ing (F igure 20 , on page 28} the ve ins were narrow and in p laces were scarce l y  v i s ib l e . 
Where work was f inal l y  stopped at the face of the westernmost dr ift the ve in was extreme ly  
narrow a l though the fracture was st i l l  strong . I t  was imposs ib le  to  enter  the  workings to  the 
east of the l ong crosscut to determ ine why drift ing was not conti nued eastward , but the p l an 
of the workings suggests that severa l short tunne l s  were driven in  search of a l ost vei n  and the 
surface p i ts do not extend far east of the crosscut . 

The best chance of fi ndi ng add it ional ore in the Cont inental m ine wou l d  be to search  
for a cont i nuati on of  the shoot m i ned near the end  of  the l ong crosscut of  the North tunne l . 
A l though i t  is doubtfu l that enough ore cou l d  be deve l oped to pay under present econom i c  
condi ti ons , the ve in cou l d  be tested re l at ive l y  cheap l y  a t  poi nts 5 0  o r  1 00 feet  bel ow the 
e l evation of the North tunne l . Because of the fl at d ip  of the ve in  and favorab le topography 
th i s  work could be done by d iamond dri l l i ng from the surface ,  wh i ch shou ld  be accompan ied 
by mapping i n  detai l the surface geo logy and by unwatering the two wi nzes be low the North 
tunnel  l eve l . 

Y ear Tons 

1 907 44 
1 9 1 1 4 
1 922 1 , 550 

1 923 800 
1 924 5, 497 
1 934 1 0  
1 935 3 1  

1 937 1 

1 938 62 1 
1 939 9 , 049 
1 940 1 8 , 427 
1 94 1  2 1 , 000 
1 942 4, 0 1 1 
1 950 80 

TOTALS 6 1 , 1 25 

* * * 

Tab le  7 .  

P r o d u c t i o n f r o m  C o u g a r - I n d e p e n d e n c e  M i n e *  
( i n  terms of re covered metal ) 

(Gold and si lver in f ine ouncesj copper,  l e ad , and z inc in pounds) 

G o l d  

1 08 . 75 

4 . 59 
434 . 20 
276 . 1 2  

1 , 632 . 00 
5 . 33 

25 . 0 1  

1 . 00 
50 1 . 00 

4 , 609 . 00 
6 , 560 . 00 

7, 364 . 00 
976 . 00 

1 2 . 00 

2 2 , 509 . 00 

S i lver Copper 

1 00 
2 , 397 
1 , 357 
6 , 220 

2 

4 1  

20 
954 

3 , 585 
8, 1 69 
4, 1 1 6 

628 
40 

27, 629 

4, 724 

1 06 

329 
85 

1 , 564 
1 7 1 

1 , 034 

1 9  

8 , 032 

Lead Z i n c  

1 02 
520 
1 87 

57 1 9  

866 1 9  

Owners 

0 .  C .  Wright,  G ran i te 
W .  G .  G l eason 
U n i ted G o l d  M i ning Company 
I ndependence M i n i ng Company 

G ert ie  O ' Rourke , Susanv i l l e  

H .  K .  Bunker, Susanv i l l e  
B .  T .  l sgr ig , Boker 
I ndependence M i n . Co . ,  Appl e ton,  Wis . 

Cougar- I ndependence M i n . Co . ,  Baker 

Langdon Rand,  Baker,  Oregon 

* I ndependen ce m i n e ,  1 907- 1 9 1 1 i  I ndependen ce-Cougar, 1 922- 1 938i Cougar- I nde penden ce , 1 939- 1 950 . 
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Cougar- Independence Mine 

G enera l  description 
The Cougar- Independen ce m ine is the second l argest descri bed i n  th is bu l l et in . Asi de 

from the Buffa l o ,  i t  has the on l y  record of substant ia l  continued product ion over a number 
of years and the on l y  s i zable amount of deve l oped ore . Unfortunate l y  a lmost  none of the 
underground workings were access i bl e  in 1 957 and so th i s  bu l le ti n  adds to the earl ier descrip
t ions mai n l y  in the pub l i cat ion of vari ous maps and secti ons . The Cougar- I ndependence 
property comprises two d i s t inct m i nes, the Cougar and I ndependence . Ore was con centrated 
in a s ing l e  m i l l ,  now d ismant led ,  that was about 2� m i l es north of G ran i te on the main  road 
(F igure 3, oppos i te page 9) . The patented and unpatented c l a ims are I is ted and shown on 
F igure 4 (oppos i te page 1 1 ) .  The earl y h istory of the two mines i s  not c l ear, but the Cougar 
was work ing i n  1 900 (L i ndgren , 1 90 1 , p .  683 ) and the I ndependence i n  1 907 (Pardee and 
Hewett,  1 9 1 4, p .  1 04 ) . Ownersh ip  of the two m ines has changed throughout the years; 
the presen t  owners are Mr . I rvi ng Rand , Attorney at Law, 920 S .  W .  6th Avenue , Port l and ,  
Oregon , and Mr . John M .  Ba l l ie t ,  1 23 S .  App le ton Avenue , App le ton , W iscons in . 

Tab l e  8 .  

P r o d u c t i o n  f r o m  
C o u g a r  a n d  I n d e p e n d e n c e  M i n e s 

( i n  terms of recovered meta l )  
(G o l d  and  s i l ver  i n  f ine  ounces; copper i n  pounds) 

Independence 

Year 

1 907 
1 9 1 1 
1 922 
1 923 
1 924 
1 939 
1 940 

Tota l s  

1 938 
1 939 
1 940 
1 94 1  
1 942 

Total s 

1 950 

G o l d  

1 08 . 75 
4 . 59 

434 . 20 
276 . 1 2  

I , 632 . 00 
355 . 9 1  
390 . 62 

3, 202 . 1 9  

5 1 6 . 1 6  
4 ,  1 22 . 59 
6 , 3 1 3 . 56 
7, 1 98 . 60 

975 . 33 

1 9 , 1 26 . 24 

1 2 . 00 
G RAND 
TOTALS : 22 , 340 . 43 

S i lver 

1 00 . 00 
2 , 397 . 00 
1 , 257 . 00 
6 , 220 . 00 
1 , 286 . 00 
3 , 322 . 00 

1 4, 582 . 00 

Cougar 

20 . 5  
I , 623 . I 
4, 772 . 2  
4, 039 . 1 

52 1 . 4  

1 0 , 976 . 30 

40 . 00 

25, 598 . 30 

4 , 724 . 00 

4, 724 . 00 

8 . 23 

73 . 52 
8 . 55 

32 . 00 

1 22 . 30 

1 9 . 00 

4 , 865 . 30 

The combi ned producti on of the two 
m i nes , as obtai ned  from two d i fferent  sources , 
is g iven in Table 7 (page 29 ) and Tab le  8 . 
Tab le  7 was comp i l ed by the U . S .  Bureau of 
M ines from annua l canvass forms subm i tted 
by the m ine operators and supp l emented by 
add i t iona l data received from the sme l ters 
concerned . Tab l e  8 ,  wh i ch shows the pro
duct ion from the two m ines separate l y ,  was 
compi l ed by Mr . I rv ing Rand from smel ter 
returns in h i s  fi l es . The re l at ive l y  sma l l  
d i fferences i n  the two tabl es presumed l y  
resu l t  from somewhat d i fferent bases of cal 
cu la t ion . The data of Tab le  7 show that 
the average grade of ore was 0 .  37 ounce 
go ld  and 0 .  38 ounce s i l ver per ton , wi th 
a total g ross va l ue of about $750, 000 . 
Most of this product ion was obta i ned between 
1 939 and 1 942 fol l owing wh i ch the property 
was c losed down because of Wor l d  War I I .  
Activi ty s i nce Worl d War I I  has been mai n l y  
assessment work . 

G enera l  geo l ogy 
There are two pr inc ipa l  ve ins,  the 

Cougar and I ndependence (F igure 2, opposi te 
page 5) . These ve ins are more or l ess para l l e l , 
strik ing about N .  50° E .  and di pping about 

70° E .  I t  i s  ent i re l y  possib l e  that the I ndependence and Magnol i a  vei ns are the same and 
that the Cougar and A jax vei ns are the same but to determ ine th i s  wou l d  requ i re examin i ng 
the interven ing ground i n  deta i l  and trench ing the surface . I n  add i t ion to the two princ ipa l  
vei ns there are numerous sma l l vei ns and stri ngers,  some of wh i ch are p l otted on the  surface 
g eo l og i c  map (F igure 2, oppos i te page 5 ) . These sma l l vei ns and stri ngers have been 
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extens ive l y  expl ored at the surface by p i ts ,  ed i ts ,  and trenches wi th resu l ts that were pre
sumed l y  d i sappoint ing as the re i s  no evi den ce tha t a substant ia l  amount of ore was extracted 
from any of them . A l l of the veins are in argi l l i te that str ikes cons isten t l y  northwest and 
d i ps southwest .  The argi l l i te and vei ns are cut by numerous di kes that are descr i bed be l ow .  

G eo l ogy of the Cougar m ine 

3 1  

The deve l opment workings of the Cougar m ine ,  as ind i cated by a l ong i tud ina l  sect ion 
(F igure 2 1 , be l ow) that was up-to-date when the m ine c l osed down in  1 942, consist of four 
ed i ts that fo l low the vein in from i ts surface outcrops , an interna l  shaft from wh i ch extend 
two drifts bel ow the l evel of the l owest ad i t ,  and various ra ises and wi nzes . The section 
shows that the ore occurred in rather sma l l  and errati c shoots and that a l arge proportion of 
the devel opment work was in waste . Various incomple te maps ,  not reproduced in th i s  bu l 
l e t i n ,  show that the vein was cut with l i tt l e  or no apparent disp l acement by numerous fau l ts 
and d ikes . On l y  a sma l l port ion of one ad i t  was access i b l e  in 1 957; th i s  fol l owed the ve in 
i l l us trated by F i gure 1 7, oppos i te page 27, wh i ch is  typ i ca l  of the ve in e l sewhere in  the 
m ine ,  judg i ng by the publ ished accounts . The best descr iption of the ve in , from a persona l  
communi cat ion by Mr . G .  T .  Vande ! , * who was general su

-
per intendent of the Cougar m ine  

i n  1 94 1 , i s  quoted on  page 32 . 

E X P L A N A T I O N 
No . I Level =,,=,,= 
No . 2 " 
No. 3 --

No. 4 11 - · · - · · -

N o .  5 •• = = = = =  

_ _ _ _  lf _ __ _ _  - - -

--- - --- - - -

F i g ure 2 1  - Cougar m i ne . P l an and l ong i tudi nal  secti on showi ng stopes . 

Observer l ook i ng northwestward . 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - -* 
Vande ! , G .  T . ,  1 94 1 , Geology: Cougar m ine ,  2-page typescript prepared for inc l us ion in  
O regon Meta l M i nes Handbook, dated February 1 0, 1 94 1 . 
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" I n  the v i c i n i ty of the Cougar M ine the country rock i s  g rey to b l ack 
arg i l l i te ,  in  genera l th in  bedded . A cons iderab le  amount of carbonaceous 
mater ia l  is  noted in part i cu l ar near the hang ing wal l of the ve i n . Many d ikes 
traverse the arg i  I I  i te hav ing a str ike from north to northwest and d i pp ing to 
the SW from 65° to 85° . The greater percentage of these are I ight-colored , 
where poss ib l e  to study near the ve in zone , but severa l have been noted that 
have a preponderance of dark-colored minera l s  and a more g ran u l ar structure . 
I n  the absen ce of defi n i te data for c l ass i fi cation they are l oca l l y  designated 
as ac idi c and bas i c . They are prem inera l wi th respect to the Cougar ve i n  
hav ing been disp l aced a cons iderab le  di stan ce by the vei n fau l t  wi th the re
su l t ing drag form ing a pa rt of the ve in-fi l l i ng . 

" The stri ke of the ve in ranges between N 43° E and N 50° E wi th  a 
d i p  to the SE from 70° to 83° . Stri k� is remarkab ly uni form over a g iven 
d istan ce wi th i n  the ore zone but the dip varies considerab ly . i n  short d istan ces 
between the l im i ts g iven above . Width is from a few i nches to two feet out
s ide the productive areas to from three feet to n i ne feet wi th i n  the orebodi es 
that have been m ined to date . 

"M inera l i zat ion occurs a l ong a fracture that has approx ima te l y  340 feet 
hor izonta l d ispl acement with considerabl y l ess vert ica l  movement as deter
m i ned from corre l ation of footwal l  and hang ing wa l l  d ikes . For a l l practi cal 
purposes the di kes  may be cons idered as stri k ing at r ight ang l es to the ve i n  
fracture and are d i sp l aced by the ve i n  fau l t .  I n  the l oca l i ty o f  numerous 
footwa l l  and hang ing wa l l  d ikes the ve i n  conta ins a cons iderabl e  amount of 
m i neral i zed,  a l tered d ike materi a l  and is  cons idered to be present as drag 
i nto the ve in fissure during movement al ong the vein wa l l s .  The ve i n  fi ssure 
i s  cons idered to be a norma l fau l t  wi th movement a long a northeast di rection 
at  a re l at ivel y f lat  ang l e  and as a consequence d ike mater ia l  f i l l s the vei n .  
I n  other sect ions of the m ine  where no di kes on ei ther footwal l  or hangi ng 
wal l are in  evidence wi th suffi c ient wi dth to produ ce the amount of d ike 
fi l l i ng that exists i t  is conc l uded that a d ike was i ntruded i nto the ve in  
fracture before the vei n  m i nera l s . 

" The Cougar vei n i s  of the ' compos i te type • made up of severa l strands . 
The wi dth seems to be i nfl uenced to a great extent by the enc l os ing rock as 
shown where an appreciabl e increase in  ve in  w idth resu l ts where the ve i n  
fracture passes from arg i l l i te to a di ke zone . The cen tra l port ion of the ve in  
often is  a brecc ia  composed of  angu l ar s l ate fragments cemented by  quartz 
and dolom i te wi th m any open vugs l i ned with need le- l ike quartz crysta l s .  
The hangi ng wa l l  secti on of the vei n shows considerab le  bl ack gouge and 
carbonaceous ma ter ia l  whereas in  many cases the footwal l  shows on l y  a very 
narrow band of broken gougey materia l ;  gold val ues are confi ned to the area  
between foot and hang ing wal l s  a l though from assay of mater ia l  go l d  i s  shown 
a cons iderabl e d istan ce from the vein in m inor amounts . "  

Some i nformation about the ore known to rema in  i n  the Cougar m ine i s  g i ven i n  Tabl e 9 
on page 33 . Th is tab l e shows that on Leve l 4 a drift 500 feet l ong deve l oped a shoot of go l d  
ore 475 feet l ong wi th a gross val ue of $ 1 8 . 1 0  per ton and that o n  Leve l 5 a dr ift 465 feet  
l ong devel oped two shoots of goid ore total i ng 3 10  feet wi th an average gross val ue of  $ 1 6 . 59 
per ton . Cons idering that the ve in was somewhat wider on Leve l 5 ,  a l though of l ower grade , 
i t  is probab le  that the grades of the m i l l he ads from the two l evel s were s im i l ar because of 
d i l ut ion from m in i ng wa l l  rock on Leve l 4; neverthe l ess , the l ength of the oreshoot is d ist inct ly  
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l ess on Leve l 5 al though the l engths of the drifts on the two l eve l s  are nearly the same . 
Future drift ing northward on Leve l s  4 and 5 shou ld  devel op some ore be low the stopes that 
I ie above Leve l s  2 and 3 but most of th is  dr ift ing cou l d  be expected to be in  waste . 

Level  

4 
5 
5 

5 

Leng th 
(feet) 

500 

465 

Table  9 .  

C o u g a r  M i n e  
Comparison of Ore Devel oped on Leve l s  4 and 5 

Vein  
Length W i dth Assay 
(fee t) (feet) (oz . Au/ton) 

475 3 . 1 4  0 . 5 1 7  
2 1 5  4 . 53 0 . 492 

95 3 . 06 0 . 399 

Combi ned ore in both shoots on l eve l 5: 

3 1 0  4 . 1 4  0 . 474 

G ross Va l ue per ton 
($ 35/oz) 

$ 1 8 . 1 0  
1 7 . 22 
1 3 . 97 

$ 1 6 . 59 

33 

Geology of the I ndependence m ine 
L i tt le  wo rk has been done at the I ndependen ce m ine s ince 1 93 1 , when the worki ngs , 

a l l of wh i ch fol l ow the I ndependence ve i n ,  were as shown in  F igure 22 (oppos i te page 35) . 
There are three l eve l s  reached through an i ncl i ned shaft and an 1 1 00-foot ad i t  that i s  a 
crosscut to the ve in on the l owest l eve l . The orig i na l  p l an and section from wh i ch F igure 22 
was drawn show that the ve i ns and argi l l i te were cut wi th no apparent disp l acement by por
phyry di kes of f ive d ifferent types . The orig i na l  sect ion a l so shows that on the l owest l eve l 
an oreshoot was devel oped 6 1 5  feet  l ong and 2! feet wide wi th an average val ue of $9 . 73 ,  
presumed l y  cal cu l ated wi th go l d  a t  about $20 per ounce . The best descr ipt ion o f  the vein , 
wh i ch was wri tten before the lowest leve l was driven,  is by Pardee and Hewett ( 1 9 1 4, p . 
1 04) and i s  quoted in fu l l  be low . 

1 1 The ve in i s  exp lored for about 1 1 00 feet  a long the str ike , N .  50° E . ,  
and to a depth of 1 90 feet bel ow the outcrop . The ve in di ps 65° S .  E .  Two 
shoots , 320 feet  and 1 20 feet l ong , hav ing average widths of 3 and 2 . 8  feet 
respect ive ly ,  have been devel oped . The f i rst of these has been stoped to a 
he ight of 60 feet above the tunne l ,  and is known 1 00 feet  l ower in  a dr ift from 
the shaft . I n  the access ib le  workings the ve i n ,  wh ich conta ins on l y  a meagre 
amount of quartz, is composed of sheared arg i l l i te and gouge much sta ined 
w i th l imon i te . Unoxid i zed ore from the 1 00-foot l eve l shows a l tered arg i l l i te 
breccia cemented by dense dol om i te with m i nor quartz . Local l y ,  a breccia 
of both m inera l s  is cemented by chal cedon i c  s i l i ca .  Pyr i te and arsenopyri te 
were observed both i n  the arg i l l i te fragments and i n  the cement, a l though 
tetrahedri te and pyrargyrite appear to be confined to dol om i te . Fai nt stai ns 
of proustite occur on fractures . The total content of su l ph ide m inera ls  does 
not exceed a few per cent . I n  the oxi d i zed zone , manganese sta ins are 
abundant, both on the wal l s  and i n  the ve in  m i ne ra l . 

1 1 Accord ing to Mr . Wal ter G leason , an owner, the average of a number 
of assays in  the ox id i zed zone of the l onge r  shoot is 2 . 66 ounces s i l ver  and 
. 43 ounce gold per ton , and in  the unox id i zed ore , 1 00 feet l ower, the av
erage is 9 . 3  ounces s i l ver and 1 . 06 ounces go ld . These averages ind i cate a 
rat io  of si l ver to go ld  in oxi d i zed ore of 6 to 1 ,  compared wi th 9 to 1 be l ow,  
as  we l l  a s  considerabl e increase in  the val ue of the ore . The  associati ons of  
the r ich s i lver m inera l s  strong l y  suggest that th is  i ncrease in  val ue is  to be 
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F igure 22 - I n dependence m i ne . P l an and l ong i tudi na l  sect ion showi ng stopes . 

Observer l ooki ng westward . 
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attri buted to downward enrichment ,  fol l owing the weathering and eros ion of 
the superfi c ia l  portion of the vei n . The extent of expl orat ion on the ve in , 
however, does not warrant a statement  of the extent to wh ich ore has been 
enriched by th is  process . 

" Severa l  l ight decomposed d ikes , 2 to 4 feet w ide , wi th southeast 
courses , have been found in both wal l s . These term inate aga inst the ve i n  
and indicate that i t  f i l l s a fau l t  fissure , a l though the amount o f  displ ace
ment has not been determ ined . "  

Mi l l ,  camp, and equ ipment 
The m i l l  and equ ipment were descri bed in  the Oregon Meta l Mines Handbook (Oregon 

Department of G eology and Minera l  I ndustries, 1 94 1 , p .  49) . Most of this  i s  gone , a l 
though some o f  the houses i n  the once extensive camp remain i n  goad cond i tion . 

Magnol ia  M ine 

35 

Genera l  description 
The Magnol i a  m i ne is on Lucas Creek about 3! m i l es north of G ran i te (F igure 3, opposi te 

page 9) and is connected with the forest road a l ong Gran i te Creek by a good road . There are 
seven unpatented l ode cl a ims: Jup i ter,  Atl as ,  Vio let ,  Magno l i a ,  Rose , He l ena,  and Tacoma 
(F i gure 4, oppos i te page 1 1 ) .  The m ine worked one ve i n ,  the Magnol i a  (F igure 2 ,  oppos i te 
page 5) , wh i ch is deve l oped by an ad i t  (F igure 23, in pocket) about 1 050 feet i n  l ength whose 
porta l is near the l eve l of Lucas Creek and by shorter ad i ts and p i ts on the h i l l s ide northeast 
of the creek . L indgren ( 1 90 1 , p .  684) states that the Magnol ia  m ine began operation in 1 899 
when a 1 0-stamp m i l l  was bui l t ,  and ore conta in ing an unknown , but certa i n l y  smal l ,  amount 
of go ld was extracted unti l about 1 904 (Pardee and Hewett, 1 9 14 ,  p .  1 05) . Ev identl y most 
of the work accompl i shed after 1 904 consisted of driving the princ i pa l  adi t  about 1 00 feet . 

The wri ter was a l l owed to i nspect the Magnol i a  property through the courtesy of Mr . Ri chard 
E .  Boyce , West 41-37 Avenue , Spokane , Wash i ng ton , who hol ds a 2/5 interest i n  the m ine . 
Mr . C .  M .  Boyce of St . Maries , I daho, has another 2/5 interest , and Mrs . V ida V .  W i lder, 
8 1 6 Westford Street ,  Lowe l l ,  Massachusetts , has the rema in ing l/5 i nterest . Mr . Boyce a l so 
supp l ied an assay map (F igure 23) of the main ad i t  made by Mr . Ed  McAl l i ster and Mr . Haro ld  
Cu l p  of  the Cougar- I ndependence Company . 

Geology 
On the surface the Magno l ia  ve in  is c learl y exposed from the porta l of the ma in  ad i t  

northeastward to where the vein , if  st i l l  present ,  i s  covered by the younger vo l can i c  rocks of 
Tert iary age (F igure 2) . The ve in has not been found to the southwest of the main ad i t ,  but 
it i s  probable that a deta i l ed inspect ion of the heav i l y  wooded h i l l s ide between the main adi t  
a n d  the outcrop of the I ndependence ve in ,  perhaps a ided by some trench i ng ,  wou ld  ind icate 
that the I ndependence and Magnol i a  ve ins are the same . 

I n  1 957 the upper workings on the Magno l i a  ve i n  were caved and the main ad i t  was 
caved at a point about 650 feet from the porta l (F i gure 23, i n  pocket) . The access ib l e  part 
of the vei n  is a lmost enti re ly t imbered so that the rocks and ve in are not exposed . About 
500 feet  from the porta l the ve i n  i s  v i s ib le  where i t  was stoped to a height averag ing about 
20 ·feet above the l eve l . There the ve in  is  2! to 3 feet in wi dth and composed of b lack-to
wh i te gouge wi th sharp ,  d i st inct wal l s indi cating a strong fracture of the arg i l l i te . No su l fi de 
m i nera l s  or gangue of quartz or cal ci te were noted . Measurements in  the stope and e l sewhere 
indicate that the strike of the vein is consistent ly  about N .  58° E .  and that the d i p  i s  con-
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s istent l y about 7 1 °  SE , Some add i t iona l  information about the vein and the workings is g i ven 
in the Oregon Meta l Mi nes Handbook (Oregon Department of G eo logy and Minera l  I ndustries , 
1 94 1 , p .  55) , from wh ich  the fol l ow ing is quoted: 

"At one poin t  70 feet from the end of the l ower tunne l the ve in  is offse t 
1 7  feet to the north by a cross-fau l t  wh ich  occurred during or before m inera l 
i zat ion (as the quartz ve in  carr ies around the curve) . The country rock is 
arg i l l i te . The ve i n  cons ists of spotted gray quartz and s i l i c i fied arg i l l i te up 
to 14 inches wi de but averages much l ess . There is a b l ack crumb ly  arg i l l i te 
gouge and the wal l s  a re not we l l  defined . Chal copyr i te and some other su l 
ph ides are present . There has been some stopi ng between the l ower two l eve l s  
but none was seen above the centra l l eve l . 

" Accord ing to Mr .  R .  B .  McG inn i s ,  manager of the La Be l l ev iew m i ne ,  
the average width of va i n  i s  4! feet; i n  the lower tunne l , both north and south 
of the l arge fau l t ,  widths ran up to 6! feet . "  

The assay map of the mai n ad i t  (F igure 23, i n  pocket) shows that a sma l l amount of 
marg i na l  go l d  ore has been deve l oped in th i s  dr ift , As the face of the drift is  at a point be low 
the contact between the arg i l l i te formation and the Terti ary vol can i c  rocks , noth i ng is known 
about the expected cont inuat ion of the Magnol i a  ve i n  be l ow the cover  of Tert iary rocks , and 
the I i ke I i hood of add i t iona l marg i na l  ore exist ing there is good . F igure 2 ,  oppos i te page 5; 
F igure 22, oppos i te page 35; and F igure 23 show that extens ion of the I ndependence ve i n  
work i ngs wou l d  both fac i l i tate future exp l oratory work on the Magno I i a  ve i n  and make more 
va l uab le  any new ore found . 

New York M i ne 

The New York m ine workings center  around the d ismant led m i l l  wh i ch is on the east 
s ide of G ran i te Creek a l ong the road about 2! m i l es north of G ran i te (F i gure 3 ,  oppos i te 
page 9 ) .  The re are two princ ipa l  ve ins wh i ch have rece ived various names in the past and , 
i n  th is report,  are ca l l ed for conven ience New York No . 1 and New York No . 2 .  A number  
of c l a ims have been staked on  these vei ns in the past but no  assessment work is  known to have 
been done in recent years . The New York N o .  1 ve i n  (F igure 2 ,  oppos i te page 5 ,  and F ig
ure 24,  on page 37) is  deve loped by three ad i ts and by a I ine of p i ts and trenches extendi ng 
the l ength of the ve in . The ad i ts are caved but where the ve in is v is i bl e i t  is a strong fracture 
from 5 to 6 fee t  wide conta i n i ng buff-co l ored gouge and brecc ia  fragments of arg i l l i te rather 
than quartz or ca l ci te vei n  fi l l ing . The New York No . 2 ve in was exp l ored by two adi ts 
c l ose together of wh i ch the l ower is p l otted on the surface geo log i c  map (F igure 2) . The vei n 
cons i sts of sheared arg i l l i te that has been s i l i c ified and is i ron sta ined; i t  i s  about 5 feet wi de 
and makes a d ist inct outcrop . Two samp les taken across 4-foot and 2-foot widths of the ve in  
i n  d i fferent p l aces assayed a trace of  go ld  and  no s i l ve r; where th i s  ve in  was cut  by  a cross
structure resembl i ng a fe l s i te d ike ,  the cross-structure assayed 0 . 03 ounce go l d  and 0 . 30 ounce 
s i l ver . As the outcrop pattern on the map (F igure 2) suggests , the New York No . 2 ve i n  may 
crop out on the west s ide of G ran i te Creek . 

Add i t iona l  i n formation on the New York m ine was recorded by J .  J .  G rove ( 1 940) in  
an exce l l ent thes is wri tten when the m ine was i n  operat ion . G rove wri tes that the m i l l heads 
averaged $ 1 5 . 00 per ton in 1 938 when he was employed at the m ine and tha t production was 
enti re l y  from ox id i zed ores . He g ives assays to show that marg i na l  to submarg ina l  go l d  ore was 
deve l oped in the surface p i ts (F igure 24) . Near the face of the lowest ad i t  the vei n  changes 
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F igure 24 - New York m ine . Long i tudinal  secti on of New York No . 1 vein showi ng underground 
workings and surface p i ts .  Observer looking westward . After G rove ( 1 940 ) Pl ate 25 . 

from oxide ore to su l fide ore , conta in i ng the m i nera l s  quartz, arsenopyri te ,  chal copyr i te ,  
and go ld . G rove states that the New York and Cougar ve ins are a l ike .  From G rove ' s  
report and map  (F igure 24) it i s  c l ear that the New York No . 1 ve in has not been com
p le te l y  exp lored be low the surface outcrop and that a lmost a l l explorat ion was confined 
to the oxi de zone . 

Standard Mine 

The Standard m i ne is i n  sec . 1 2 , T .  8 S . ,  R .  35� E . ,  and is connected to the G rani te 
road by a fa i r  truck road (F igure 3 ,  oppos i te page 9 ,  and F igure 1 9, on page 27) . The re are 
two unpatented l ode c l a ims, Roxa No . 1 and Roxa No . 2 ,  l ocated by Mr . W .  L .  Amos of 
La G rande , Oregon . The worki ngs cons ist of a shaft now caved 30 feet be low the surface , 
and a tunne l reported by Hewett (1 93 1 ,  p .  3 1 9 )  to be 400 feet l ong . The tunne l  is caved 
at the porta l ;  a grab sampl e of quartz ve in matter from the dump assayed 0 . 0 1  ounce go ld  
and no  s i l ve r .  The fol l owing add i tional  i nformation on  the property is  g iven i n  the Oregon 
Metal M ines Handbook (Oregon Department of G eo logy and Minera l  I ndustries,  1 94 1 , p . 64) : 

" H istory: F i rst d iscovered in the earl y 80 ' s ,  and l ast worked in 1 899 . Leuck 
(the owner i n  1 94 1 )  started reopen i ng the worki ngs on December 24, 1 938 . 
$ 1 1 00 is sa id  to have been taken out of the o ld  shaft; some of the ore was 
sh ipped , some haul ed to an o ld  arrastre . " 

" Deve l opment: 1 00 feet of c rosscut and 50 feet of dr ift reopened in  o ld  
worki ngs . 25-foot shaft dug . O l d  workings sa id to tota l about 300 fee t . 

" Geology: Country rocks g ran i te and sch ist . The re are two ve ins: one is 
small (up to 8 i nches wide) str iki ng northeast and southwest; the other 
l arger (at l east 4 feet) strik ing east-west . Va l ues are said to be most at 
j unction of veins in  shaft , wi th up to $25 go ld and 20 ounces s i l ve r .  
Su l fides most l y ga lena and pyr i te ,  wi th some arsenopyri te (? ) ,  ser ic i te ,  
I imon i te ,  etc . The l arge ve i n  i n  the shaft is hard quartz at l east 6 feet 
wide . I t  stri kes N .  65° E .  and is vert ical . "  
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Ti l l i cum M i ne 

The T i l l i cum m ine ( F igure 3, oppos i te page 9) is on the north s ide of G ran i te Creek, 
in part to the east of the surface area that was mapped (F igure 2 ,  oppos i te page 5 ) . The 
pr inci pal m i ne workings (F igu re 3) are two caved ad its ,  50 feet vert i ca l l y  apart, in  grano
d ior ite but there are other sma l l ad i ts and p its . Most of the work appears to have been done 
on short vei ns and str i ngers of l ess than a foot i n  th i ckness . I n  recent ye ars the Boaz M i n i ng 
Company had s ix c l a ims (T i l l i cum Nos . 1 to 6) i n  the area but in  1 958 the ground was be l ieved 
to be vacant . Add i ti ona l i nformat ion about the T i l l i cum m i ne was publ ished in the Oregon 
Meta l Mines Handbook (Oregon Departmen t of G eo logy and M ineral I ndustri es , 1 94 1 , p . 64) . 

C o n c l u s i o n s  

Two of the m ines descr i bed in  th is  bul l et in , the Buffa lo  and the Cougar- Independen ce , 
have maintai ned a sma l l but more or l ess cons i stent production of go l d  for some 50 years . 
The i r  combi ned recorded produ ction has a gross val ue of about $ 1 , 650 , 000 and there is good 
reason to bel ieve that a substant ia l  add i t ional production was not recorded and so is unknown . 
Four other m i nes,  the Ajax, Magnol i a ,  Cont inen ta l , and New York , have an aggregate pro
duction est imated at $ 1 50 , 000 . I n  each m i ne ,  the bu l k  was obtai ned du r ing a bri ef per iod 
of operation a l though activi ty at the prope rti es extended over many years . The production of 
the other  m ines and prospects i s  e i ther unknown or is very smal l .  

At the Buffa l o  and Cougar- I ndependence m ines the ve ins ,  a l though ei ther narrow or 
l ow grade , pers ist l atera l l y  and vert i cal l y  wherever they have been devel oped . Under the 
d i ffi cu l t econom ic  condi t ions prevai l i ng between 1 953 and 1 958, wh en the pri ce of go l d  
rema ined constant whi l e  costs o f  production stead i l y  i ncreased , the Buffa l o  m i ne obta i ned 
the l argest year l y  product ion from the h ighest-grade ore in i ts recorded h istory . Al though 
the Cougar- I ndependen ce m ine has not ope rated s ince 1 942, indi cated and inferred reserves 
of ore shou l d  permi t  resum ing production under somewhat more favorab le  econom i c  cond i t ions . 

The l arger  ve ins of the d istr i ct persist both l atera l l y  and downward and have not been 
fu l l y  deve loped except in a few p l aces . Because the enr iched ore of the near-surface ox id ized 
zone has l ong s i nce been exhausted , produ ction in the d i strict in  the l ast 25 years has been 
a lmost exc l us ive l y  from primary ores that can be expected to pers ist at depth . I t  is poss i b l e  
that n e w  veins not recogn i zed a t  the surface wi l l  be found a t  depth through exp l oration , as 
some of the best ve i ns be i ng m i ned in the d i stri ct today , such as the Const i tut ion ve i n  of the 
Buffa lo  m i ne ,  make i nconsp i cuous outcrops , if they crop out at a l l . 

The fu l l extent of most of the ve ins is not known , l arge ly  because re l at ive l y  l i ttl e ex
p lorat ion work has been done in  the d istr ict i n  recent years . Some of the ve ins warrant add i 
tional exp loration work wh ich cou l d  best be done i n i ti a l l y  by surface trench i ng and by d iamond 
dri l l i ng . These are des i rab le  me thods of exp loration in th i s  d i stri ct because much i nformation 
i s  conceal ed beneath a th i n  so i l  cover and because the topography i n  man y  p l aces favors 
d iamond dri l l i ng . I t  must be recogn ized , however, that once a ve i n  is de l im i ted by trench ing 
and di amond dri l l i ng , i nformati on about i ts grade wou l d  requ i re drivi ng deve l opment head i ngs ,  
for the  go l d  is  di stri buted so errat i cal l y  that representat ive samp l es can be  taken on l y  from 
actua l m i ne work ings . 

The refore , because of the pers i stence of the ve ins  and the re l ative l y  h igh  go l d  conten t 
of some of them , cont inuation of go l d  m i n i ng on a sma l l  but prof itabl e scal e is to be expected 
i n  the G ran i te di stri ct . 
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The granod iorite at the Buffa lo  m i ne exh ibi ts two types of rock a l terat ion . One of 
these is a deuter ic  a l terat ion produced by a reaction between l ate magmati c fl u ids and the 
ear l ier-formed crystal s .  The other i s  a hydrothermal  al terat ion associ ated wi th the vei ns . 

Deuteri c Al teration 

The deuter ic  a l teration is character i zed by a part ia l  a l terat ion of hornb lende to 
b iot i te and ch l orite and a part ia l  a l terati on of bi ot i te to ch l or i te . The a l teration m ineral s 
are usual l y  m i nor i n  amount ,  and in  none of the th i n  sections studi ed were enti re crysta l s  
of hornbl ende or bi ot i te rep l aced . 

The bi oti te whi ch rep l aces the hornbl ende occurs as sma l l rounded fl akes or e l ongate 
l aths scattered throughout the hornb lende crystal s .  

The ch lor i te is  bright-green and is  b iax ia l  negative w i th a 2V of 5° to 1 0° ,  an Ny 
between 1 . 620 and 1 . 624, and an anomal ous b l ue interference color . I n  W i nche l l ' s 
c l ass i fi cati on ( 1 95 1 , p .  38 1 -385) th i s  m i ne ra l  is d iabant i te ,  a ch lor i te w ith nearl y equa l 
proportions of i ron-magnes ium and s i l i con-al um i num . 
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The re are severa l occurrences of the d iabant i te . A sma l l amount that forms iso lated 
masses of inter lock ing  l aths appears to have crystal l ized d irect l y rather than as a rep l ace
ment of previous mafic m i neral s .  But most  of the d iabant i te occurs as e i ther e l ongate crysta l s  
penetrati ng l arge c rysta l s  o f  primary b ioti te a l ong the i r  c l eavages or assoc iated wi th the 
hornbl ende . Whe re associ ated wi th the hornbl ende some d i abant i te rep l aces the sma l l  l aths 
and rounded fl akes of deuter ic  bi oti te wh ich  are present  in a number of the hornbl ende crysta l s 
and the rest is intergrown i n  fl akes w ith i n  the hornbl ende crysta l s  and appears to rep lace them 
d i rectl y .  

Sphene common ly  occurs wi th the di abant i te i n  fi ne l y  crystal ! ine aggregates that are 
e l ongate para l l e l  to the orig ina l  c l eavage in the biot i te and are i rregu l ar masses i n  the 
horn bl en de • 

The occurrences of these deuter ic  m i ne ra l s  suggest that when biot i te was crysta l -
l i zi ng d irect ly  from the magma , so l ut ions reacted w i th the ear l ie r  formed hornbl ende to 
form add i tional  bi oti te . Apparent ly ,  potass i um was used up before the magma had com
p l ete l y  crystal l i zed , after whi ch ch lori te (var . d iabant i te) crysta l l i zed instead of bi oti te 
and the res idual  so l ut ions al tered part of the earl ier  formed hornbl ende and biot i te to 
ch l ori te . 

Hydrothermal  A l terat ion 

G ranod ior i te 
The hydrothermal  al terat ion m i ne ra l s  in the g ranod iori te are zoned wi th re l at ion to the 

vei ns . The wri ter d ist inguishes th ree zones based on d i fferent a l terat ion m i nera l s  (Tabl e 1 0 , 
page 42) . I n  an outer  green zone , wh ich  is farthest from the ve ins and grades i n to fresh rock, 
t he granodior i te is co l ored pal e  g reen by ch l ori te , antigori te , and a green m i crocrysta l l i ne 
m inera l  that may be montmori l l on i te . These m i ne ral s were formed by the a l terat ion of b iot i te , 



Figure 25-o - Outer green zone. Hornblende portly altered to antigorite. 
Note remnants of unaltered hornblende. Small block dots ore finely crystoll ine 
material which may be sphene . Width of field is 2 mm. Plain I ight. 

Figure 25-b - Outer green zone. Unknown green, microcrystoll ine mineral 
portly replacing plogioclose . Width of field is 2 mm. Plain light. 

Figure 25-c - Inner green zone . Typical alteration minerals shown in this 
photograph ore on intergrown moss of chlorite, calcite, ond pyrite completely 
replacing on elongate crystal of hornblende. Width of field is 4 mm. 
Crossed nicols. 



Figure 25-d - Inner green zone. Biotite crystal almost completely replaced 
by chlorite. Chlorite is light gray; Iorge dark areas ore unaltered biotite; 
ond small opaque crystals around edges ore pyrite. The radiating needle
like growths ore rutile. Width of field is 2 mm. Plain light. 

Figure 25-e - Bleached zone. Pyrite, muscovite, and calcite completely 
replacing biotite. Width of field is 2 mm. Crossed nicols. 

Figure 25-f - Bleached zone . Biotite completely altered to calcite, muscovite, 
and pyrite. Note lenses of col cite parallel to original biotite cleavage . Width 
of field is 2 mm. Crossed nicols. 
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hornb lende , and p l agi ocl ase fel dspar . I n  an in termediate zone ( i nner g reen zone) , horn
b l ende and bi oti te are increasi ng l y  rep l aced and some of the p l ag ioc l ase is  a l tered to seri ci te . 
I n  a bl eached zone ad jacen t to the ve ins, the g ranodiorite is b l eached wh i te and quartz is 
the on ly  unal tered m ine ra l . Al teration m inera l s  present in  th i s  zone are ser ic i te ,  muscovi te ,  
ca l c ite ,  and pyr i te . 

M I NE RAL 

FRE S H  TONALITE 

Hornblende 

B iotite 

P lag iocl ase 

Table 1 0 .  
A l t e r a t i o n  o f  G r a n o d i o r i t e a t  B u f f a l o  M i n e 

ALTERATION PRODUCTS 

OUTER G RE E N  ZONE 

Antigorite 
Chlori te 

(var . jenkinsite) 
Sphene? • 

Chrysoti le? • 

Carbonate • 

B ioti te 

Montmori l l onite ?  • 

I N NE R  GREEN ZONE 

Chlorite 
(var . rep idol i te) 

Chlorite 
(var . diabani te) 

Cal c i te 
Pyrite 
Ruti le  • 

Quartz • 

Chlorite 
(var . repido l i te) 

Chlori te 
(var . d iabanti te) 

Cal c ite 
Pyrite 
Ruti l e  
Quartz • 

Serici te 
Cal ci te 

*
I ndi cates m ineral is present in minor amounts . 

BLEAC HE D ZONE 

Muscovite 
Cal ci te 
Pyr ite 
Ruti l e  • 

Muscovi te 
Calci te 
Pyri te 
Ruti l e  

The a l terati on of the granodior ite at the Buffa lo  mine i s  s im i l ar to that descr i bed 
e l se....vhere , for exampl e ,  in  a quartz monzon ite at Butte , Montana (Sa les and Meyer,  
1 948) , i n  a granod iori te porphyry at Santa Rita, New Mexi co (Kerr and others , 1 950) , 
and in a quartz monzon ite at Castle Dome , Arizona (Peterson and others , 1 946) . 

Outer green zone: I n  the outer green zone on l y  the hornbl ende and p l ag i oc l ase have 
been a l tered . I n  progressing from fresh rock toward a ve i n ,  the fi rst noticeable change is 
an a l teration of hornbl ende to ant igor i te . The antigorite is green in p l a in l ight  and greenish 
ye l low in  po l ar ized I ight . I t  i s  b iaxia l  negat ive wi th a 2V of about 30° , an Nz  between 
1 . 572 and 1 . 574, and an Ny between 1 . 568 and 1 . 570 . The an t igorite forms coarse aggre
gates , anhedra l crysta l s  in  a few pl aces , or rare l y  f i l l s cracks i n  the m i ne ra l s  surroundi ng 
the al tered hornbl ende crysta l s . In the beg inn ing stages of a l terat ion the antigor i te occurs 
as th in  seams penetrating the hornbl ende crysta l s  al ong cl eavages and cracks . Near the 
i nner marg i n  of the green zone the ant igori te has grown outward from the cracks and c leav
ages unti l on l y  i so l ated remnants of unal tered hornb lende remain  (F igure 25-a , fol l ow ing 
page 39) . 
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A green chl ori te occurs wi th the antigor ite . I t  is d i st inguished from the ant igori te on ly  
by  i ts l ower 2V and i ts h igher refractive ind ices . Th i s  ch l ori te i s  bi axia l  negative wi th a 2V 
of about S0 and an Ny between 1 . 600 and 1 . 602 . Accordi ng to Winche l l ' s c l ass if i cat ion , 
th i s  m i neral  is jenk insi te ,  a s i l i con and magnes ium-r ich ch l or i te which is very s im i la r  i n  
composi tion to ant igor i te . 

Severa l m inor m inera l s  are al so associ ated wi th the ant igori te . Some of the an tigor i te 
conta ins a smal l amount of carbonate . There are a l so some long , pa l e-green fi bers wh i ch may 
be chrysoti l e . Another m inera l occurs as t iny aggregates scattered un i form l y  throughout the 
ant igor i te (F ig ure 2S-a,  fol l owing page 39) . Th is  m inera l  has a h igh re l i ef and i s  probabl y 
sphene , but no pos i t ive iden t ifi cat ion cou ld  be made because the crysta l s  are too sma l l for 
the determ ina tion of opti cal  propert ies . 

I n  some of the l arge bi ot i te crystal s wh i ch occur near a l tered hornbl ende , there i s  an 
increase i n  the amount of d iabant i te ,  the deuter ic  ch lor ite previous ly  described . Th i s  
ch lor i te is more abundant in  the granodi or i te of  the outer green zone than i n  any of  the 
samples col l ected for study of deuter ic  a l teration . 

The p l ag i oc l ase in  th is  zone has been part ly  al tered to a pal e-g reen m i nera l wi th a 
m i crocrystal !  i ne aggregate structure . No opt ica l  propert ies cou ld be determi ned nor could 
the m inera l  be separated for ana lysis . I t  common l y  occurs as  th in  bands and i rregu lar patches 
a long certa in  compos i t ion zones wi th in  the p l ag ioc l ase (F i gure 2S-b, fol l owi ng page 39) . 
Th is  m i nera l g i ves the p lag i ocl ase a g reen ish co l or i n  hand spec imens . I t  is s im i l ar i n  appear
ance and occurrence to the montmor i l l on i te descr ibed by Sa l es and Meyer ( 1 948) at Butte . 

I nner g reen zone: I n  progress ing toward a vei n  from the outer green zone , the i nner 
g reen zone is  d i stingu ished by hornb lende and b iot i te increas ing l y  rep l aced by ch lor i te ,  
cal c i te ,  pyri te ,  ruti l e ,  and quartz . I n  add i t ion some of the p l ag ioc l ase i s  partl y al tered to 
ser ici te . 

I n  the trans i ti ona l area between the inner and outer green zones the ch l or i te ,  cal ci te ,  
pyr i te , rut i l e ,  and quartz in  some p l aces , where rep l aci ng hornbl ende , surround cores of 
the ant igori te type of al teration wh ich is  prom inent in the outer g reen zone . Th i s  feature 
ind icates that there has been some growth of the inner green zone at the expense of the 
outer g reen zone • 

The hornbl ende crysta l s  i n  the inner green zone have been complete l y  repl aced by an 
in te rgrown mass of ch l or i te ,  ca l ci te ,  pyr i te ,  rut i l e ,  and quartz (F igure 2S-c ,  fol l owi ng 
page 39) . Rep idol  i te i s  the most common m i ne ra l  rep l ac ing the hornbl ende . This  ch l or i te 
i s  pa l e  green to col orl ess in p l a i n  l ight  and is dark gray under crossed n i col s . I t  usually 
forms rad iating aggregates . The m i nera l  is biax ia l  pos i tive with a 2V of about S0 , and an 
Ny  between 1 . 6 1 2  and 1 . 6 1 4 .  Accord i ng to W inche l l  ( 1 9S 1 )  i t  has a composi t ion i nter
mediate in  i ron-magnes i um and s i l i con-a l um inum content .  

D iabanti te ,  wh i ch i s  a ch l ori te s im i l ar i n  composi tion to repido l i te ,  a l so repl aces 
hornb lende in th is zone . I t  occurs as compl ete rep l acements of hornbl ende or as int imate 
i ntergrowths wi th the rep ido l i te .  These forms evi dent ly  i ndi cate that at l east part of the 
d iabanti te in th is  zone was produced al ong with the repido l i te as a resul t  of hydrothermal 
rather than  deuter ic a l terat ion . 

Cal ci te ,  pyr i te ,  ruti l e ,  and quartz are other a l teration products of the hornbl ende . 
The cal c i te forms i rregu l ar aggregates wh ich occupy as much as 40 percen t of the vol ume 
of the orig i na l  hornbl ende crysta l s . The amount of  cal c i te increases toward the vei ns . 
Pyr i te commonl y  occurs as smal l  rounded or e l ongated crysta l s  wi th i n  the ch l or i te and 
ca l c i te . The amount of pyri te increases toward the ve ins and in  some i nstances rep l aces 
more than ha l f of the orig ina l  hornbl ende masses produced by the coa l escence of many 
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sma l l e r  crysta l s . Quartz and ruti l e  are m inor al terat ion products of the hornbl ende . The 
quartz occurs as sma l l rounded aggregates, and the ruti l e  as a few scattered need l es . 

I n  the part of the inner green zone most d istan t from the ve ins most of the b ioti te is  
fresh , but toward a vei n  i t  has been a l tered to the same m inera l s  wh i ch rep l ace the horn
b l ende . That the crystal structure of the b iot i te had a strong infl uence on the a l terati on 
is ind icated by the way the a l terat ion proceeded and by the form of the a l teration m inera l s . 
At fi rst ch lor ite penetrated the biotite crysta l s  a l ong cl eavage p l anes . G rowth of the 
ch lor i te proceeded paral l e l  to the cl eavage unti l ent ire crysta l s  were rep laced (F i gu re 25-d, 
fol l owi ng page 39) . Most of th i s  ch lor i te is repido l i te; however, some d iabant i te rep laces 
ent ire biot ite crysta l s  or is  i ntergrown wi th the rep idol i te .  The repido l i te wh i ch rep l aces 
biot ite has a prismat i c  form rather than the radiat ing ,  fibrous form devel oped where i t  
rep l aces hornbl ende . Cal c i te forms crysta l s  e longated para l l e l  to the b iot i te c leavage . 
Larger crysta l s  of pyri te are e l ongated para l l e l  to the biot i te cl eavage . Ruti l e  forms 
rad iating or intergrown need l es wi th in  the ch lori te . I n  some p l aces the rut i le  and pyri te 
rep l aced biot ite crysta l s  so comple te l y that these areas appear a l most opaque when  v iewed 
under l ow magn ifi cation . 

The p l ag iocl ase a l teration changes from the green m i crocrysta l l i ne m i ne ra l  to seric i te 
near that part of th i s  zone where the bioti te exhi bi ts i ts first stages of a l te ration . The 
seri ci te i s  b iaxia l  negat ive ·with a 'N of about 30° , and Nx between 1 . 554 and 1 . 556, 
and an Ny between 1 . 588 and 1 . 590 . In the begi nn ing stages of devel opment the ser ic i te 
is in smal l i so la ted fl akes rep lac ing the p l ag iocl ase a long cracks and composi tion zones 
wi th i n  the p l ag i ocl ase crysta l s . As the al teration becomes more intense the seri c i te forms 
masses of intergrown flakes tha t in th i s  zone never rep lace more than 20 percent of any 
fel dspar crysta l . D i fferent ia l  thermal  anal yses ind icate that no hydrous c l ay m inera l s  are 
m i xed wi th the seri ci te . 

B leach ed zone: The bl eached zone l i es between the inner green zone and a ve i n . 
I n  th i s  zone al l of the orig i na l  m inera l s  of the granodi ori te except quartz have been a l tered 
to various combi nations of muscovi te, ser i c i te ,  cal c i te ,  pyrite, and ruti l e . O n l y  the quartz 
is unal tered . 

I n  progress ing from the inner green zone to the b leached zone the fi rst noticeabl e 
changes are an i ncrease i n  the amount of seri c i te rep l aci ng p l ag ioc l ase and the appearan ce 
of a co l orl ess, h igh ly  b i refringent m i ca interm ixed wi th the ch lorite-ca l ci te-pyri te al tera
t ion of the hornbl ende and b iot i te . In the bl eached zone the colorless m i cd takes the p l ace 
of ch lori te wh i ch is enti re l y  absent .  

The m i ca i s  apparent ly  muscovi te; however, i t  has an opt ic  axia l  ang l e  wh i ch is  much 
smal l e r  than that character ist i c  of most muscovi te . The m ineral is opti ca l l y  negative and i s  
near ly  un i ax ia l . Ny and N z  are between 1 . 588 and 1 . 590, and Nx i s  between 1 . 550 and 
1 . 552 . Spectrograph i c  anal yses ind i cate that th i s  m i ca is essent ia l l y a potass i um-r i ch 
a l um inum s i l i ca te wi th a l l other e l ements each present in amounts of l ess than 5 percen t,  
therefore correspondi ng to the composi tion of m uscovi te .  Muscovi te wi th a sma l l opt i c  
axia l  ang l e  has p revi ous ly  been descri bed (Axe l rod and G rima ld i , 1 949) . 

The hornbl ende crysta l s  i n  th is zone have been a l tered to i rreg u l ar g roups of muscov i te ,  
ca l ci te ,  and pyri te . A sma l l  amount of  ruti l e  i s  sometimes present .  The or ig ina l  out l ines 
of the hornbl ende crysta ls are comp le te l y  destroyed . 

B ioti te is a l te red to the same m inera l s  as the hornbl ende , but these m i nera l s  tend to 
have an e l ongate form where rep l aci ng the biot i te (F igures 25-e and 25-f, fo l l owing page 39) . 
The muscovi te common l y  occurs as s ing l e  crysta l s  comp lete l y  preserv ing the outl i nes of the 
orig ina l  biot i te crysta l s . The ca l c i te and pyri te are present  wi th i n  the muscovi te as e l ongate 
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crysta l s  or as bands of smal ler rounded crystal s  paral l e l  to the origi na l  bi oti te c leavage . 
Ruti l e  i s  abundant as masses of i ntergrown need l es wi th i n  the muscov i te .  

The fe l dspar crysta l s  are compl ete l y a l tered to aggregates of smal l ser ic i te f lakes . 
I rregu lar ca l ci te grai ns common l y  occur wi th i n  the seri c i te . Near the ve ins some d i ssem-
i nated crysta l s  of euhedral pyri te are present i n  the al tered fe l dspars . Th i s  pyr i te does 
not rep l ace any maf ic  m inera l s . 

Both pyri te and cal ci te i n crease i n  quan ti ty toward the ve ins, and i n  a few p laces 
a lmost the en t i re space occupied by the former bi oti te or hornbl ende crysta l is  fi l l ed wi th 
pyri te or ca l c i te . These two m inera l s  are distri bu ted uneven l y, for i n  some of the b l eached 
rock e ither one i s  absent even though it may be abundant in the rock a few feet away . 

Near the main su l f ide vei ns the amount of quartz i n  the granod iorite i ncreases . 
Many tiny vei n l ets of quartz cut the b l eached granodior i te and ore so abundant i n  some 
p laces that the rock cons ists essentia l l y  of o series of i nterconnecting vei n l ets separated 
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by a sma l l  amount of al tered granodiorite . Some of these quartz ve i n l ets a l so conta i n  sma l l 
rounded crystal s  of pyr i te . There are al so some sma l l vei n le ts of cal c i te . Some l arger l ens
shaped bodies of quartz occur in the b l eached granodi ori te where the bl eached zones are 
wi dest . The la rgest of these are severa l feet l ong and as much as 2 inches wi de . Excess 
s i l i ca is produced by the a lteration of fel dspar to seri ci te and i t  i s  qu ite poss i b l e  that some 
quartz i n  the l enses and vei n l ets was derived from the a l tered fe l dspars . 

Whe re the fau l ts cut through the bl eached granod ior i te there is common ly  a pure 
wh i te gouge zone adjacen t to the fau l ts .  The gouge consists of f ine l y  ground quartz and 
seri ci te whi ch are moist and have been compacted i n to a cl ayl ike ma teri a l . D ifferen t ia l  
the rma l  analyses show that no c l ay m i nera l s  are present i n  the gouge . 

Re l ationsh ips of the al teration zones: Besides surrounding the ve ins, the a l terat ion 
zones in  the g ranodior i te surround sma l l fractures and barren fau l ts that are paral l e l  to the 
vei ns . The al terat ion adjacen t to the barren fractures is l i ke that near the ve ins and no 
d i fference has been seen on the two leve l s  of the mine . The tota l wi dth of a l teration 
varies from about 25 feet near some veins and fau l ts to l ess than a foot a longs ide sma l l 
fractures . The a l teration zones are narrower near vei ns whi ch are frozen to the wa l l  rock 
than near those wh i ch are separated from the wal l rock by fau I t  surfaces . 

The outer green zone i s  the wi dest of the th ree al teration zones and is as much as 
20 feet  across . I n  some p l aces the outer g reen zones from ad jacent veins have merged so 
that no unal tered granodiori te remains between the veins . The inner green zone is much 
narrower with i ts greatest width not more than 3 feet . I n  som e p l aces it i s  represented on l y  
b y  a few biotite and hornbl ende crysta l s  wi th ch l ori te-ca l c i te-pyrite a l teration . B l eached 
zones as much as 1 0  feet wi de occur in the g ranod ior i te in  p laces where there are severa l  
c l ose l y  spaced veins or fau l ts . Bes ide any  s ing l e  vei n  b leached zones are not more than 
3 feet wi de, and they are absent ent ire l y  near sma l l  fractures wh i ch have a l terat ion zones 
on l y  a few inches wide . 

Because the di fferent a l teration zones have a defi n i te spat ia l  re l at ionsh i p  and grade 
into one another, one may reasonab ly  assume that they are the resul t  of cont inua l l y  vary ing 
physiochemi col conditions in  the wal l rock . 

Chem ical  gains and l osses i n  the al tered granodiori te: A quanti tati ve measurement 
of chem i ca l  gains and l osses in a l tered wal l rock can be determ i ned on l y  by a series of 
comp lete rock ana lyses whi ch were not feas ib le . But an estimate of the gains and l osses 
can be made by considering the m inera l ogi ca l  changes in the wal l rock . The fol l ow ing i s  
a I i s t  o f  ga ins and l.osses determ ined by  the m inera l ogy in  the a l teration zones of  the grano
d iori te:  
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G a i n s  

l o s s e s  

Lode Mines - G ranite Min i ng Distri ct  

O U T E R  G REE N ZO N E  

N one apparent 

N one apparent 

I N NE R  G RE E N  ZONE 

Sul fur 
Carbona te. 

Sod i um 
Magnes ium 

BLEACHE D ZO N E  

S u l fur 
Carbonate 
Potass i um 

Sod i um 
Magnesium 

I n  the outer g reen zone where hornbl ende and p l agi ocl ase are the bn l y  a l tered m i neral s,  
the a l teration m inera l s  possi b ly  represent on l y  a rearrangement of the e l ements present i n  the 
fresh granodi ori te . The i ron, magnes i um,  s i l i con, a l um inum ,  cal c ium, and ti tan ium present 
in the orig ina l  hornbl ende can be accounted for in. the antigori te-ch lor i te-sphene a l teration 
wh i ch rep l aces the hornbl ende . I f  the green m i nera l rep l aci ng p l ag ioc lase is montmori ll on i te ,  
then any sod ium and potass i um from the hornbl ende cou ld  have crysta l l i zed wi th the c l ay 
m inera l  a l ong wi th sod ium ,  cal c i um,  si l i con , and a l um inum from the p l ag iocl ase . 

I n  the i nner green zone su l fur and carbonate have been introduced in to the rock, and 
some sod i um and magnesi um have probabl y been removed . The hornbl ende in  th is zone has 
been a l tered to ch lori te , pyrite ,  ca l c i te,  and ruti l e . Part of the i ron from the hornbl ende 
has combined wi th su l fur to form pyri te . The cal c i um from the hornbl ende has combi ned  
wi th carbonate to  form cal ci te . The t i tan i um has crystal l i zed i nto ruti l e . Sod i um and  potas
s ium present in the hornbl ende may poss ib ly  be in the green m i ne ra l  partl y rep l aci ng the 
p l ag iocl ase . The potass i um may a l so have gone into the seri c i te wh i ch partl y rep l aces the 
p l ag ioc lase . 

The repi dol i te wh i ch rep laces the hornbl ende apparen tl y formed from i ron, magnes i um ,  
s i l i con , and a l um inum derived from the hornbl ende . The change from rep lacement by antigor i te 
and jenkinsi te i n  the outer green zone to rep lacement by rep idol  i te in the i nner green zone 
represents an increase in the i ron / magnes i um rati o .  Because magnes i um has been a lmost com
p lete l y l eached from the ad jacent b leached zone , the increase i n  th is rati o i s  probab ly a 
resu l t of removal of some magnes ium rather than an add i t ion of i ron . 

B iot ite has a l so a l te red to ch lori te , ca l ci te ,  pyri te , and ruti l e  i n  th is zone . The 
ch lori te evident ly  conta ins some of the i ron , magnes ium ,  a l um inum,  and s i l i con present  
i n  the bioti te . Some of th i s  i ron has combi ned with sul fur to form pyri te . The cal c i te wi th i n  
the al tered bi ot i te crysta l s  apparent ly represen ts a m igrat ion o f  cal ci um from surrounding 
a l tered p l ag i ocl ase or hornbl ende and a combi nation wi th introduced carbonate . The t i tan i um 
has crystal l i zed into ruti l e . The potassi um from the bi ot i te can be accounted for i n  the seric i te 
wh i ch repl aces some of the p l ag ioc lase . 

The on l y  e l emen ts bes ides oxygen present i n  the p l ag ioc l ase wh i c h  are a l so presen t i n  
the serici te rep l aci ng i t  are s i l i con and a l um inum . The potassi um present i n  the seri ci te may 
have been derived from horn bl ende and bioti te . The ca l c i um I i berated dur ing the a l terati on 
of p lag ioc l ase to seri c i te can be accounted for in the cal c i te occurr ing i n  the a l tered biotite 
and fe l dspars . The sod ium in  the origi na l  p l ag ioc lase has apparent ly been removed from the 
a l tered rock • 

I n  the bl eached zone sul fur, carbonate , and potass i um have been i ntroduced and sodi um 
and magnesium have been comp lete l y leached . The re , the hornbl ende and bioti te are a l tered 
to m uscovi te , ca l ci te ,  pyri te , and ruti l e . The i ron , ca l c i um ,  s i l i con , a l um inum ,  potass i um ,  
and ti tan i um presen t i n  the fresh hornbl ende can be accounted for in  these m i nera l s . The sodi um 
and magnesi um have been removed . Su l fu r  and carbonate have been i ntroduced and have .com-
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b ined wi th i ron and cal c i um respective l y  to form pyri te and cal c i te .  The b iot i te i n  the 
b leached zone has a l so al tered to muscov i te ,  pyr i te ,  cal ci te ,  and ruti l e . A l l the e l ements 
present i n  the b ioti te except the magnes i um can be accounted for in these m i nera l s . The 
magnes ium has been l eached . Cal c i um may have m igrated from the surrounding a l tered 
hornb lende and p l ag ioc lase . Su lfur and carbonate have been i ntroduced . 
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I n  the bl eached zone the p l ag i oc l ase has been cOmpletel y al tered to seri c i te and cal 
c i te . Potassi um and carbonate have been i ntroduced . A l um inum may al so have been i ntro
duced s i nce there is more a l um inum i n  ser i ci te than i n  p l ag ioc l ase per un i t  vol ume; however, 
s i nce part of the orig ina l  fe l dspar crysta l s  are rep l aced by cal ci te ,  such an i ntrodu ction can 
be determ ined on l y  by chem i ca l  ana lyses . The sodi um of the p l ag ioclase has been l eached . 
The pyr i te d issem inated th rough some of the a l tered fe ldspars must represent a m igrat ion of 
i ron and an i ntrodu cti on of su l fur . 

The m inera l s  presen t i n  the a l tered granodior ite show that the sol uti ons produc i ng the 
a l terati on carr ied sul fur, carbonate , and potass i um and that they leached sodi um and mag
nes ium . Poss ib ly ,  however, part of the potass i um wh i ch has been i ntrodu ced in to the b leached 
zones has m ig rated i n to these zones from l arge vol umes of green zone a l teration . This potass i um 
wou l d  have been derived ent ire l y  from biot i te and hornbl ende . Nonethe l ess, some potass i um 
has been supp l ied by the a l teri ng sol utions because i n  some p laces where there are many 
c lose l y  spaced vei ns or fractures, wi de bl eached zones are surrounded by narrow green zones . 
Poss ib ly  the potass i um in the sol utions was orig i na l l y derived from l arge vol umes of g reen zone 
a l teration at dep th; al though,  if these sol utions were re l ated to l ate magmati c acti v i ty ,  they 
probabl y carr ied potass i um from thei r source . 

Arg i l l i te 
The arg i l l i te wi th i n  severa l feet  of the veins and i n  the shear zones i s  l ighter g ray than 

the rest because i ts f ine-gra i ned biot ite has been a l tered to seri c i te .  Pyri te and ser ic i te form 
tiny el ongate crysta ls  wi th i n  the bi ot i te . Pyri te al so oc curs as anhedra l to euhedra l  crysta l s  
d isseminated abundant l y  th roughout the a l tered argi l l i te .  The quartz g rai ns i n  the arg i l l i te 
occurr ing i n  the she ar zones exh ib i t  extreme granu lat ion . Some ch l or i te rep l aces the biot i te 
but there are no we l l -defined ch lori te zones . 

Where the argi l l i te has been most i ntense ly  a l tered i t  has a s i l ky l uster . This  l uster i s  
produced by the large amount of seri c i te i n  the rock . The seric i te i n  th i s  h igh ly  a l tered rock 
rep l aces quartz as we l l  as b iot ite . I t  common l y  forms al ong the boundaries between adjacent 
quartz grai ns, and t iny seri c ite fl akes actua l l y  penetrate the quartz crysta l s . Some vei n le ts 
of cal ci te a lso occur i n  the h ig h l y  al tered argi lli te .  The arg i l l i te exh i b! t ing th i s  i n tense 
a l teration is very restr i cted in occurrence, and indeed many of the argi l l i te fragments con
ta i ned wi th i n  the ve i ns themsel ves are unal tered . 

Potass i um ,  a l um inum, carbonate ,  and su l fur were introduced in to the a l tered arg i l l i te 
wh i l e  the magnes i um from the bioti te was l eached . The ga ins and � osses are very sim i l ar to 
those i n  the a l tered granod iori te . 
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