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FORE:;oRD. 

Oregon chrom1te at present, 1n order to be soJd, must be shipped to 

eastern seaboard reduct :\.on plants. There, our ore must compete in the 
market wlth cheaply-mined foreign ores. The avaUability of cheap power 
from BonnevLlJe dam may change th1s situation by making possible, 1n Ore­
gon, electr1c furnace plants to utilize Oregon chromi te. 

The ma:.n purpose of this geo.logical study of Oregon chromite deposits 
was 1n ant1c1pat1on of a demand for the ore by electric furnaces and other 
e 1ec-cro--:uetallurgical and ferro -alJ oy industries whicll we be J.ieve Bonne-
viJ.le power may encourage. As this is vvritten, there is definite ev1dence 
thr�t some forward-looking groups are consi:ierinp; the 1nstallation of m7.n­

e:;,l·:..t l :r-·ed"tl(".;·t., on })1 ants on the CoJ wnbia ,. 

In reGent years, spec1al purpose steels, notably chrome-bear1ng aU oys, 
are in rapidly increasing demand for the manufacture of the essentiaJ parts 
of modern machines and in making stainless steel with its many uses. 5ith 
raw mater J.al s at hand, and with power for electr_ic furnace reduct ion on 
t1dewater cheaper than at any other point on either coast, Oregon should sup­
port a prom1sJ.ng chrome industry, complete from mines to finished product. 

Chrome operators and miners should note that when chrom1 te ore of 481" 
m1nimurn is q�otod at east coast. market at, say, $20,00 per long ton, about 
half of that sell tng price is consumed J.n freight and various handling 
charges betwee::1 the1r nearest ra1l point in Oregon and the po1nt of conswnp--

tlon 1n the e2.st, ?l1th a r eduction plant near Portland, part of the ocean 
freight and handl1ng charges w ould be saved for the producer, but he would 

DtJ.ll have to compete with ore from New Caledonia and the Philippines, which 
can bo J::nd down 1n Port land cheaper than on the east coast.. An electric 
f'urncce plant 1n the Columb1.a area would favor Oregon producers by furnish­
lng n. st:eady market for their ore, wl:ich would allow them to cut min1ng 
co::>ts by cperating on a regular, even schedule. 

Tlns department wishes to acknowledge its indebtedness to Mr, C. E. 
TuT l • e, PresJ.dent of Rustless Iron and Steel Corporation of Baltimore i':lary­
l�o,-d, who has generously sanctioned the use of private data gathered for 

h1s company during the past three years by Illr. Allen, under whose direc;tion 

the p,eo1oglcal reconnaissance was conducted. It is eminently fitting that 
?.Tr. ,\llen should wr1te this report on chromite, and tllat r.rr. II. 1<,0 Byram, 
Consult 1ng !hning Engineer, and Vice-president of the Rust less Mining Cor­
porat.J.on, Oregon su.bsHliary of the Baltimore corporat1on, should writ.e a 
specHil introductory chapter on the economics of chromi te to accompany I..lr. 
AJJ.en1s report. It is worthy of n ote and commendation that this corportotion 
has carried on pHmeering work in chrom1te during a depression p eriod and 

that lt 1s no·:J will:ng to release the findings obtained to the general 
pubJ.iC;. 

c::.eo:! og1sts w1l. J f1nd Ur. Allen's analysis of the origln of Oregon chro­
mito ores and the ev1dence he gives of the relation of deformation to the 
emplac:.ement of ore bodies, to be a distinct contribution to the geo1 ogy of 
nmgmat ic ore deposi t1.on. 

?ortlc;nd, Oregon, 
;�ugtlst, 1 S 38 .. 

Earl K. Nixon, Director 



Loading high-grade chromite ore �t Portland for shipment to Baltimore, October 24, 1937. 
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THE PRESENT COMMERCIAL ASPECT 

OF WESTERN CHROME ORES 

by 

H. F. Byram 
Consult ing Mining Engineer. 

1 

In the steel industry there is an lncreasing demand for a wide range 
of alloys, with propert ies designed to withstand out-of--the-ordinary con­
ditions of use. Research work has developed new formulae and manufactur­
ers are called upon to furnish a product designed to suit the need rather 
than to make a standardized material. In this development of the industry 
chromite bears an ever increasing part. In fact, it has become an indis­
pensable mi��ral in peace time as well as in war periods. Stainless or 
rustless steel, containing fourteen percent or more of chromium is becom­
ing more and more acceptable each year on account of its wonderful proper­
ties of heat and corrosion resistance coupled with its hardness and tough­
ness. Its use in automobile manufacturing and for decorative purposes in 

building is well known. 

Manufacturers of high refractory materials also consume large quanti­
ties of chromite. Methods have been developed to make brick that will re­
sist higher temperatures without spalling, deformation or fusion, and chro­
mite is the raw material found essential. In this field success was at­
tained only after exhaustive studies of th(1 mineral and its behavior at 
various temperatures and under different conditions of cooling until a 

way was found to convert into a crystalline form the bond of magnesium 
silicate present in the ore. The result was a brick with longer life 
under exacting conditions. 

In the chemical field, chrome plating and paint manufacture are im­

portant and use considerable quantities of chromite. In conunercial use 
today are sodium and potassium b ichromite , chromic acid, chromium chloride 
and chromium sulphate, each with a specialized use and each the base upon 
which an industry rests. Ferro-chrome, while more of a metallurgical 
than a chemical product, is the form in which chromium is used in the man­
ufacture of chrome steel and stainless steel. One manufacturer, however, 
successfully makes rustless steel by mixing scrap steel and ferro-silicon 
with chromite in electric furnaces without the primary preparation of . 
ferro-chrome. 

In these three fields, namely, metallurgi c al , chemical and refractory, 
research continues and each new development accentuates the value of and 
our dependence on chromite. For this reason it is extremely important to 
evaluate domestic deposits. An added reason is that practically all of the 
ore consumed now in this country is imported and there is an ever present 
possibility that disturbed condit ions in for�ign countr ies may at some time 
interfere with the movement of chromite to our shores. This wo�d cause 
serious disruption of manufacturing in our plants. This actually did 
happen during the world war. 
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Inthe following.article by Mr. Allen, :to which this is introductory, 
a large number of the Oregon chromite properties are described and the geol­
ogical conditions surrounding their occurrence. It i.s there shown that the 
host rocks, serpentine and peridotite, cover wide areas in Oregon ; Hence 
aggressive prospecting for new deposits may be rewarded by the discovery of 
additional ores. Most of the known properties c ontaining chromite were 
found because they showed surface float or outcrops , which fact permits the 
expectancy that ultimate reserves may be mater ially increased with skillful 
exploitation of new districts and subsurface formations of the old. It is 
of interest to ment i on that geophysical prospecting has already met with 
some measure of success in locating chromite bodies showing no surface indi­
cations. 

UnfortunateJy, whHe numerous, the known Oregon deposits are for.the 
most part small and widely scattered,, The greatest obstacle against pro­
duction, however, is the cost of transportation for either crude ore of 
shipping gra.··:le or for concentrates. 1'he ore must be hauled by truck to the 
nearest railroad, thence by freight to a seaport and finally shipped by 
vessel to tne east coast , since the present consumption in the west is 
very limj.ted. With the world market between $19 and $23 per long ton, del­

ivered at eastern port s , for ore of 481- chromic oxide, it is apparent that 
the immediate deveJ opment of Oregon deposits cannot yield much prof.:l,.t , but 
with an adv·ancing market, exploitation becomes feasible. 

· 

Phi) ,tppine ore of metallurgical grade is currently quoted at t16 per 
long ton delivered at west coast ports, and new discoveries t here of high­
grade ore may become increasingly competitiv.e witl!- Oregon ores, and proin�

. 
to be a limiting factor both to marketing and profits .• 

The apparent resources of c hromite on the west coast, even if effe,ct 
is given to tonnage increases from aggressive development and pros.pect ing , 
are not sufficient to supply the domestic demand which in 1937 exceeded · 

400.000 long tons. It is possible, however, that a part of this tonnage 
can be supplied from Oregon and shipped each year for a number of years. 
In the event of interruption in the movement of foreign ores, an estabJ,.ished 
industry, stimulated by higher pr ices would b.e capable of supplying the

' ;needs 
of manufacturers to a large extent until normal co nditions re.turned. 

The best picture of t;he situation 1s one of production contintJ,ally 
lagging bellind an evHr-increasing t:onsumptlon, forc ing users of chromite. 
to ·depend on imports for the major part of theh requirements" This foreign 
ore is satisfactory in quality and has been supplied at reasonable pric.e.s. 

Development of Oregon deposits has been retarded in the past by the· 
inaccessibility of the properties, lack of roads, distance from a rail 
shipping point, high cost of transportation and inadequate docking facil­
ities. Should plants be estab li s he d on the Columbia river or elsewhere 
in the west, possibly using cheap electric power, the raw material is. at 
hand to supply them;and chromite, one of the most essential of minerals, 
would tlwn enjoy a profitable local market. Taking all these facts into 
consideration, there is sufficient incentive to encourage prospecting for 
new deposits and to warrant development of known ores where there is a 
comb1nation of favorable faotors, There should also be a willingness on 
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the part of the operator to work pn a reasonable margin of profit. Even 
during normal times it is reasonable to expect a small prof it can be we� 
in well conducted. ente rprises at po ints favorable to low costs, but bonan­
za profits are not in s ight at ruling pr ices . 

PROBLEMS IN MTIHNG CHROMITE ORE. 

Oregon chromite occurs in two ma in types, which may be roughly class­
ed as "kidney" and disseminated. The f i rst may range in size from a few 
pounds to thousands o:i' tons of ore" There is usually a· sharp definition: 
between th<; ore and the wall rock , whereas in the second type the enclos­
ing roiks c o ntain grains of chromite fre quent ly in suff icient amounts to 
constitute low-grade ore of possible milling tenor" 

The obstacles to successful mining are not d iffere nt from those en­
countered in. :� sher ore s except the deposits are for the most part in rel ­
atively inacoessible places, high on mountains where t imber and water are 
scanty. Mining methods must be devised .to suit the ind ividual deposit. 
They will embl'ace underground working in the smaller orebodies and open 
cut, quarry or glory hole in the lar,ger" Since clean bodies· or high grade 
( 45� Cr20; or higher ) rarely occur in large quantities, c ons iderable sort­
ing is nec;;;:'!.sary and advisable. 

Because of the wide range of me t hods that might be used , it is impos­

sible to estimate probable mining costs except thru a st udy of each indiv­
idual property. Roughly in open cut and glory hole work where the ore face 
is wide, a c ost of less than $1.00 per ton is attainable since t he ore is 
usually somewhat friable and re quires a minimum of powder to break , In 
underground work, especially where it is necessary to handle the ore more 
than once and where sorting is re quired , the cost may exceed $5.00 per ton. 

It 1s readily appare nt that a small body of kidney-type ore even if 
hie;: �grade and without gangue is at present valueless if cost of building 
a camp a nd construct ing a road to the property must be borne by relatively 
few tons of ore. It is likewise well to consider that d isseminated ore 
suitable for milling and c oncentrat ion must be in sufficient quant i ty to 
bear the ent ire cost of a plant from profits before the deposit is exhaust­
ed. 

The p roblem is one of balanced j udgment and recognition of the fact 
that low costs are possible through mechanization which in turn .requires 
a heavy investment; avoidance of heavy outlay wnere adequat e tonnages do 
not exist may prevent a serious loss. The need to consider .all cost 
factors is just as important in mining chromite as in other kin.ds of min­
ing and cannot be over-emphasized. 

CHROMTI'E CONCENTRATION, 

During the ''Torld War wrH::m the abnormal ,:�;.·r.und for chromite· induced 
many inexperienced persons to engage in prospac'ting for chrome properties 
and to develop them aggressively, considerabl'3 progress was made ingra�ity 
eoncentration of this mineral. Un:"·:;rtunately the need for chromite at that 

v::me was so urgemt that mills wer0- ,.� ·structee" ith little or no research 
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work to determine proper f low sheets. They were with rare exceptions adap­
tations of quartz mills. Crushing units were not selected to minimize slim­

ing or overgrinding; l it tl e t hought was gi ven to sizing and c lassificat ion; 
and it was not known how fine the ore must be pulverized t o  release the min­
eral grains. 

Since 1918 re search work has proc eeded . Exhaustive t e s t s  have b een 
made of ores from many deposits by federal and state age ncies and by pr i ­
vate individuals and companies in magnet i c  separat ion , flotat ion and grav­
ity concentration. The operator t oday has a great deal of informati on 
available concerning variance in grain size , chemical composition, and 
behavior under different conditions of milling practice. It is known for 

instance t hat some ores needs to be crushed to minus one hundred mash while 
other s  require only minus twent y  mesh gri nd ing for a separation of gangue 

and mineral. 

_ Var iation in chemi cal composition of chromite in different localit ies 
and even wit hin the same deposit i s  often t roublesome. Frequent ly the 
mine�al contains a large percentage of iron, magnesium silicate and other 
impurities, sometimes t o  su ch an ext ent t hat concentrates are low-grade 
even when cleanly separated from gangue. In some d eposit s  the gangue 
has a fairly high specif ic gravity and it is almost impossible to make a 
c lean concentrate by gravity methods. In the cas e of the low-grade chrom­
it es approaching picotite in composition, nothing can be done to improve the 
quality of t he concentrates without a chemical break-down of the mineral. 
This is impractical unless a process for the purpose is perfected and proved 
commercially feasible. 

Where picotitic chromite occur s in small quant it ies in an otherwise ex­
cellent millin g ore, the tails resulting from milling operations may run · 

high in c hrom ic ox ide cont ent. If re=treated, the re sulting c oncent rat e ,  
while comparatively free from gangue , may be disappointing due to the infer­
ior quality of the crystal grains, because various chromites differ widely 
in their chemical composition and spec if ic gravities. This is very appar­
ent where unaltere d olivine is present in the ore as gangue with a specific 

gravity of 3. 37 whereas an impure c hromite can have a spe c ific gravity as 
low as 4.08. It is natural that this type of c rystal will flow over with 
the gangue and if t he re sult ing t ail s are then tabled the yield may be 
below commercial grade. 

In recent tests of ore with which the writer is familiar, a recovery of 
8o1. ot the chromic oxide contents has been obtained by gravity concentra­
tion and it i s  believed this result c an be dup l icated in well de signe d com­
mercia l plants. The indicated loss of 201- was almost equally divided be­

tween slimes and tails , The concentrates assayed above 481. from ores aver­

aging less than 201- Cr203. 

Flotation and magnetic separat ion tests have been run on many ores with 
encouraging result s in some inst anc es , but fur th er research is required be­
fore these concentrat ing methods can be considered sound practice in t reat ing 
chromite . It is quite possible they c an be app lied in t he treatment of some 
ores where tabling has not given good re su lts or where a concentrate is 
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needed which has unusual specifications or chemical properties . This might 
occur if it is required that the marketable product be entirely freed from 
all magnetic material or in the event that a portion of the gangue is val­
uable to Y'2tain. It is deemed advisable to study and test all ores in ad­
vance of designiP� a treatment plant. 

While no serious obstacles exist in treating chromite by gravity 
methods, careful selection of grinding units is very important since slim­
ing is a source of heavy loss. To minimize over-grinding, roll or rod 
mill grinding is preferable to pulverizing in a ball mill. Since differ­
ence in specific gravity between chrome crystals and gangue is relatively 
small, sizing and classification of the pulp will materially assist table 
concentration. The flow she et of a typical mill with almost universal ap­
plication in the treatment of chromite ores would consist of a primary 
crusher, rod mill or rolls, hydraulic classifier with three to six compart­
ments, and concentrating tables to treat separately the pulp from each com­
partment of the classifier. Additional units to treat slimes and to de­
water concentrates can be added if desirable. With some ores, a jig placed 
ahead of the hydraUlic classif ier might be advantageous if it is found a 
concentrate of commerc ial grade can be obtained. In most cases regrinding 
of table middlings will increase recovery and mill e fficiency, and this can 
be accomplished by returning this material to the rod mill or rolls or by 
adding a secondary roll or mill to the flow sheet, in closed circuit with 
table middlings. 

Milling costs should be low c ompared to quartz milling due to the 
friable nature of most chrome ores and also because a complicated plant or 
flow she et is not required, As in treating other kinds of ore, lower 
costs are obtained in large capac ity plants, 

The reader is referred to United States Bureau of Mines Bulletin 
R. I. 3328, Progress Report, Metallurgical Division, by C. W. Davis and 
staff, also t� the California Journal of Mines and Geology of July 1935, 
page 267 ,  for additional information on the subject of chrome concentra­
tion. 

CONCLUSIONS. 

It can be shown that the deposits of chromite in Oregon are extensive; 
that mining costs compare favorably with those of other ores; and that 
milling costs should be lower than in quartz operations. The greatest 
handicap to commercial exploitation is the distance the ore must t rave l t o  
reach a consuming market, for transportation charges constitute the great­
est item of cost. VHth world market quotations based on long tons (2 240 
pounds ) , it is well to remember that all cost factors should be converted 
to this base by adding approximately one-eighth to the usual net ton (fig­
ures of mining costs and freight rates before comparing an estimated price 
at delive ry point with published market price. 
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1'he various items of cost necessary to consider are as follows, and some 
of these are frequently overlooked: 

l .  Mini�g, 
*2. Transportation of ore to mUL 

*3. Milling. 
4. Transporting concentrates to railroad. 
5. Loading charges. 
6. Rail transportation to shipping port. 

7 .  Unloading and storage at shipping port. 
8. Loading and trinuning cargo. 

9. Ocean transportation, 
10.. Unloading charges at eastern ports. 

*These cost factors apply on ly to concentrates and 

not to shipment of high-grade lump ore. Sort ing is 
an additional cost factor if c rude ore is s hipped . 

The shipping port charges of unloading, storage, loading vessel and 
trilnming will total in the neighborhood of $LOO per net ton of ore and 
the present ocean rate to eastern ports is $5.00; unloading at destination 
about 65¢. 1\fter converting these figures t o a long ton basis, the total 

·is close to $7.50 per long ton and this can be considered the present 
cost of shipping from port to market and will apply to ore shipped through 
the Port of Portland. It is worthy of conunent tliat these cost s  which do 
not include freight charges from mine to shipping port, exceed the average 

cost of mining and milling the ore. The pre sent all-rail freight rate to 

eastern ports on chromite is $14.40 per net ton or $16-20 per long ton. 

The present market for chromite delivered to eastern ports is between 

$20 and $25 per long ton for ore containing 481. chromic ox ide , Ore with 

chromic oxide content under this is quoted at several dollars per ton less. 
Seem�'lgly the h1.gher grade should be worth on board cars Portland from 
$12.50 to $17,50 per long ton. However, the hlgher figures represent a 
price situation in the world market due to disturbed political conditions 

abroad which ca nnot be considered permanent, capable of be i'ng sustained 

or normal. It does not seem practicable to ship ores fro:n Oregon to 
the eastern market that contain less than 48f. chromic oxide unless the 
market advances supstantially. 

If a large consumpt:tve market for cbromite is developed on the west 
coast, Oregon deposits are favorably situated and will have a more profit­

able market. Indus-trialization of the west is expanding rapidly and will 
be further stimulated by cheap electric power over the next d ec ade which 

will encourage plant construction to utilize western raw materials essen­

t�al to industry. Evidences of this tre nd are at hand indicating this 
era will not be long delayed, With the elimination of. a portion of the 

present transportation costs, and a further extension of secondary road 
building programs, Oregon chro:nite deposits can be ope rated more extensive­
ly than at present and ores now deemed of little or no .conunercial value 
can be mqrketed profitably. 
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Since industry in this country is at present supplied with ores of 

foreign origin, it can be expected this compet ition will continue and pro­
bably increase. Trans-pacific ohro mite ores, especially from the Philippines, 
are the greatest threat against the development of a·chromite industry in 
Oregon. 
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PROSPECTING FOR CHROMITE . 
BY GEOFHYS ICAL METHODS . 

It was t hought des irable to ascert a in t he value o f  a geophys ical met h -
od o f  pro spect ing i n  l oc at ing c hr ome ore b od i e s  in Oregon . T o  ac c ompl i sh 

t h i s  a c o ope rat ive arrangement was made be twe e n  t he St at e De partme nt o f  Ge o l ­

ogy and lfineral Indus t r i e s  and t he Un i t e d St at e s  Ge ologic al Surve y , whe reby 
Dr " F .  W. Le e ,  head o f  the Ge ophys ic al D i vi s ion o f  the U . S . G . S . , vis i t e d  
Oregon and inspe c t e d  se veral c hromit e pro pert ie s whe re geophys i cal pro s pe c t ­

ing was b e i ng c o nduc t e d  by h i s c rew and e qu i pme nt s e nt out from Washingt on " 

Dr .. Le e gave great a s s i st an c e  to the crew in t he f i e l d  supe rv i s io n and init ial 
work .,_nd made many val uable sugge s t ions . Another pro j e c t was made po s s i b le 
by t he c ooperat ion of the Ru st le s s Iron and St e e l  Corporat ion , a pr ivat e c om­

pany , w i t h  t he St at e De partme nt of Ge o logy & Mine ral Indu st r i e s . 

The re po rt. of Dr . F .  11. Le e c ov e r ing hi s t r ip and init i al superv i s i on 

of t he work fo l l ows . 

PRELDHNARY GEOPHYS ICAL INVEST IGA'riON ON THE SOURDOUGH 
CiffiOMITE DEPOS IT IN OREGON . 

by F .  ?t. Le e .  

'['he purpos e  of t he f ield 1 nve st igat i on was t o  d e t e rmine t he geophy s ­
l C <d  r e a c t  i o ns in Oregon chromi t e  are a s - t o  use t he re sult s of t he se i n -
v-e s t ]. gat l ons as a bas i s  for further pl ann i ng . Te s t s  w e r e  c onf i ne d  t o  

ma�ne t lC �  and e le c t r i c al r e s i s t i v it y  obse rvat ions . 

The a r e a  sele c t e d  fo r this i nve st i gat i o n  was t h e  Sourd ough d i s t r i c t  
i n  .. urry c ou nt y ., Ore gon . Thi s area i s  report e d  t o  have fur n i s he d  i n  t he 
da : -'er i.od o f  1 917 -18 several hundre d t ons of c hrom i t e  ore but has not 

be 1n a c t ive mining operat i o n  s inc e t hat t ime . The are a is loc at ed 
; ' 'out 30 mile s from O ' Brien t o  t he we s t  on f o re s t  r oad s , and any ge ophys ­
i eal work wh i ch is c ont emplat e d  can be s t  be done i n t he dry s e a son . It was 
:::e c e s sary t o  e s t ab l 1 s h  a f i e ld c amp n e a r  t he c hrome depos i t  as a base for 
o:perat i o n . 

DESCRIPr iON OF UINI:;RALIZAT ION . 

The ge o loe; 1c s e t t i ng has been c arefully de s c r ibed by J .  S .  D i l ler ]} . 
The m i neral i za t i o n  he re i s  typi c a l  o f  a great many of t he Oregon and C a l ­

iforn i a  chrome depo s i t s  and gene rally oc c urs ln a we ll def i ned zone e xt end -
lng over a c o ns iderable d i s t anc e , The c ourse of t hi s  z one , exc e pt for 
l and s l id e s  and a pos t -mi neral fault i ng ,  i s  c o nt i nuous and c an generally be 

i: r a c e d  by " f l oat " , The widt h of t h i s  zone is gene raJ ly t oO broud for easy 
pro s pe c t :i,ng , and c lo s e r  d e l i ne at ion , both a c ro s s  and along t he s t r ike , is 
t he imme d iate pr oblem i n  que st io n , not onl y whe re the z one has a d e f i nite 
st r ike but al s o  where it  is  d i  v idod int o s e gment s , e a c h  seg,ment hav i ng a 
cl e f i rl i t e  ch re c t i o n  ge ne rally not in c o i nc idence w it h  the average d ire c t ion 

the rna]. n zone . 
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The mas s i ve c hromite o c curs in kidneys , t he expose d port ions of whi c h  

a r e  in c ont act wi t h  dun i t e  and serpent ine , which in t urn a r e  cont a ine d in 
per idot i t e in var ious degre e s o f  alte rat ion . Of t he se t he dunit e and 

chromit e were r�t magne t i c  and serpe nt ine was e it her non-magnet ic or only 
s light ly magnet i c ; on the ot he r hand the pe r i dot i t e  was very highly mag­
ne ti c  and muc h of it was magne t ic ally polar ized . 

The mi neral ized z one s , t he re fore , would be expe c t ed on magne t i c di s ­
cont i nuit i e s who s e edge s o r  boundar i e s depended upon t he c onf igurat ion 
of the per i d o t i t e , Insuf f i c ient work was d one t o  d i fferent iat e t he c hro ­

m i t e  from t he se rpent ine in t he magne t ic a ll y  d 1 s t urbe d  are a .  Howeve r ,  it 
was def ini t e ly de t e rmine d t hat wherever Jni neral i zat ion o c c urred , i t  was in 
a magne t i c a lly d i s t urbed area . Further geophys i c al r e search on t he ge o ­
phys ic al feat ure s might be used t o  d ifferent i at e  serpe nt i ne from chrome 
in t h i s  are a , and is we ll TJrort h undertak ing . 

PLAN OF SURVEY . 

9 

Line s we re run acro ss t he minera l i z e d  zone in t hree plac e s , averaging 
300 feet apart . The lengt h of t he thre e l ine s  t otalled 1450 feet . The 
magne t ome t e r  s t at ions we re se parat ed by e qual i nt e rvals of 10 feet a long 
t he line , and t he r e s i st i v i t y  stat i ons at 50 feet  and also at 100 fe et 
i nt e rvals . It would have been ve ry d e s irable i f  more l i ne s  had been meas ­

ured . but mv ing t o  t he inc lement we ather , work had t o  be d i s c ont inue d - be fore 
such o b s e r1rat ions c ould be made . 

:MAGNETIC PROFILES . 

The re sult s of t he magne t i c ob se rvat i ons were pre sent ed on se parat e 
profile drawings . Similar magnet ic anomal.i e s appeared on t he three pro ­
f iles as t hey cro s sed the z one of m ineral i zat ion . The c ont rolling fac t o r  

i s  not t he value of t he anomaly b u t  t he lengt h a long t he l ine on w hich i t  
o c c u' s . The form o f  t he anomaly i s  probab ly c o nt rolled b y  t he polar i za ­
t i on and c o nf igurat ion of the perido t ite cont act s i n  t he zo ne . The d i st urb ­
ed zone is not very wide , as was ind i c at e d  by t he mining ope rat i ons . The 
ne arne ss of t he o t her boundary of t he pe r idot it e s o o n  was d e t e c t e d  in t he 
magne t ic anomaly , In one l i ne a hi gher average value to t he no rtheast of 
t he anoma ly i nd i cat e s  a def i n it e d ip of t h0 pe r i.dot i t e  boundary in "that di ­

re c t i on ,  The other l i nes ind ic at e vertical pe ridot it e boundar ie s , o r  

o ne d i pping s light ly t o  t he s outhwest . Al l i nd i c at e  a very narrow mineral­

i z e d port ion and an int e re s t ing but c ompli c at e d  s t ruc ture . 

RES IST IVITY SURVEYS . 

In add it ion t o  t he magne t ic observat ions , e le c t r ical re s ist i v i ty sur­
veys were made a long t he three l ine s . The 5 -po i nt part it i oning met hod of 
ground c ompar i so n  was used with a d i re c t  read i ng ground re s i st ivity me.t e r " 

The ground re s i st i v i t y  var i e d s omewhat betwe e n  the l i ne s . The lower 
re s i st iv it .�e s were of the order o f  2 5 , 000 oh..ms and t he hi gher value s o f  

64 , 000 ohms , wit h ge11e rally inc reas ing value s at  dept h .  Whi le t he  val ­

ue s of t hemse lve s in t he se instan c e s  are not c ont r o ll ing in re gard t o  t he 
lo cal i zat ion of mine ral izat ion , t hey 1 nd 1. cat e , when charge d  as l ine of 
equal re s i s t i v it y , a very d e f in i t e  pc t; t e rn at d a G h  de pt h .  F ive map s we re 
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drawn t o show t he i s ores i s t iv ity l ine s at de pt hs of 20 , 40 , 60 , 80  and 100 
fe e t . 

At two po i nt s  wh i c h  l i e  within t he m i n era1 ized zone t he re is i nd i c at e d  
a very def in i t e  change o f  re s i st iv ity grad ient rang ing from 80  oruus pe r foot 
t o  800 ohms per foot . It may be st at e d t he r e f ore , t hat the e l e c t r i c a lly 
d i s t urbe d areas t hat have been inve s t i gat e d  c o inc ide w i t h t he magne t i c ally 
d is t urbe d one s . 

The e le c t n .c a 1  me t hod of examinat i o n  is preferable t o  t he magne t i c 
met hod as it pe rmit s  c ont i nuous analy s i s  at e a c h  depth and is t he refore 
c apab le of g iv i ng a more d et ai le d  c ompre he n s ive p i c ture of any anomaly 
t hat has a l arge e le c t r i c a l  re s is t ivity c ontrast o It also has t he advan­
t age of affording obs e rvat i o ns  t o a gre a t e r  d e pt h  t han woul d be po s s i ble 
wit h t he magnet ome t e r  in s uch area s ,  On t he o ther hand t he magnet ome t er 
I S  f a s t e r  in out l ining t he general m i neral i z e d  are a  and can be ope rat e d  more 
c heaply t han t he e le c t r i c a l  me t hod . 

C OKCLUS IONS . 

The i nve st i gat i o n  has s hown t hat i t  i s  pos s ib l e  t o  d e l i ne at e in a band ­
ed s e rpent 1ne - c hr ome - pe r 1 dot i t e  c omple x t ho s e  port i o ns i n  wh i c h  t here are 
marked change s in magne t i sm and elec t r i cal re s i st iv ity . If c hromi t e  
bod i e s  in gene ral a r e  r e st r i c t e d  t o  t ho s e  port i o n s , it may b e  po s s i bl e  t o  
e l imina t e  a l arge amount o f  unpr oduc t ive ground ; but t h i s  stat ement d o e s  
not apply t o b od i e s  of chromit e who l ly enc l o s e d  i n  s e r pent ine and not c lo se ­
ly a s soc i at e d  w it h a magne t i c  r o c k  like per idot i te . The i s o re s i s t iv i t y  
curv e s  f o r  20 and 40 f e e t  show a d e f in 1 t e  b reak i n  grad i e nt whi c h  appe ars 
to c o i nc i de w i t h  a change in t he ro c k  t ype ,  The curves f or 60 and 100 
fee t , howeve r ,  c annot be int erpret ed 1n t he l lght of our 1:ores e nt me agre 

knorc .l e dge of t l: e  are a , and le ave unc e rt a i nt i e s re gard ing the downward 
·t re and c o nt i nu i t y  of t he c h an_�e i n  r o c k  t ype . 

'rhe inve s t igat ion als o  shows t hat t he re I S  a c e r t a i n  advan t age i n  
f o ll ow i ng magnet ic s urveys by e le c t r i c al re s 1 s t i v ity surveys . 

MucL add lt i o na l knowle dge c o uld be ga ined if a c hromi t e  k i dney were 
f ound and c arefully ana lyz e d  by geophys i c al me ans bef ore it we re mined . 
Suc h a pro c edure would afford muc h more de t a il e d  dat a and might re sult i n 
a much mo re c ompl e t e  me ans of ident ifying a c hrom i t e  d e pos i t , 
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CiffiOMITE DEPOS ITS IN OREGON 

by John Eliot Allen 
Field Ge o log i s t  

ABSTRACT 

Dome s t i o  product ion of chrome ore reached a peak of 125 , 000 long t ons 
in 1918 , but has s i nc e been negl i g ib le , whi l e  import s  have ri sen f rom 
9 0 , 000 long t ons in 1932 t o  over 400 , 000 long t ons , or nearly 40 per c ent 
of t he world prod uc t i o n , in 1 9 3 7 , Of the chr omi te c onsumed by t he Uni t e d  
St at e s , 5 0  pe r  cent i s  u s e d  for me t allurg ical purpo s e s , o f  which t he man ­
ufac ture of st a inles s and o t he r alloy s t e e ls i s  t he mo st import ant . Re­
frac t o ry u s e s , such as manufacture of chrom i t e  br ic k f or furnac e l inings , 

ac c ount for 40 per cent , and 10 per c ent go e s  f or c hemi cal and othe r  us e s .  

11  

Most of the chromit e bod ie s i n  Oregon are of small s ize and are far 
from t he ra i lro ad , or at s ome d i s t anc e from c o ast port s , while t he  present 
rna.rke t s  for t he ore are at At lant i c  port s . The h igh cost of the t ranspo r ­
t at ion i s  t hus one of t he mo st import ant fac t ors whi ch h as  prevent e d de ­
velopme nt of the loc al de po s it s . The developme nt of large and che aply­
mined fore ign d e pos it s has prevent e d  t he pri c e  from ke e ping pac e  with t he 

demand . 

IIigh-grade ore ( ove r  45 per c ent c hromic oxide ) i s  usually s hipped 
w i t hout c oncent rat i o n  to point o f  consumpt i o n .  Bot h  this and t he l�ne r 

grades have charac t er i s t i c s  making t hem e8. s i ly ident if iable i n  the f i e ld 
by t he pros pec tor who unde rst and s t he ir oc currenc e and a s s o c i at i ons . 
Unde rground deve lopment o f  de po s it s , howeve r � s hould follow t he ore ex -­
c ept in c a s e s  whe re t he bod ie s are very large or c lo s e ly spac e d . 

Chromit e  in Oregon o c curs in t he sout hwe s t ern and no r t he a s t e rn part s 
of" t he s t at e , in rocks of t he pe r id ot i t e  or serpent ine t ype s . The de po s it s  
vary i n  form from thin s t r inge rs t hrough narrow lens e s t o  thicker and s hort ­
er kidneys ; and in s i ze from a few inc hes up t o ma s s e s  whose out c rops are 
40 feet in width and 150 feet or more in lengt h . Only 11 of t ho depos i t s  
v i s i t e d  in Oregon had ind iv idual k idneys o f  ore w i th v i s ible out c rops l arg­
e r  t han 5 feet wide and 10 feet l ong , When ore bod i e s  o c cur in groups , 

whi ch is c ommon , i nd iv idual mas s e s  oft e n  fo ll ow ·a r e c ogn i zable s c heme o f  

or ie nt at ion ; they may b e  in l ine , s t aggered or ove rlapp i ng , parallel , o r  
irregularly plac ed w i th re spect t o  e a c h  o the_r .  Ne arly all t he o r e  bod i e s  
are c ons i derabl y  broken and fault e d , and t hey usually l i e  in a sheared and 

alt ered zone in t he c ount ry roc k .  

C hrome ore c ons i st s  o f  c rystals o f  t he mineral c hromit e  i n  a gangue 

pre dominant ly of magne s ium s i l i c at e s . Pure c hromite would cons i s t  of 68 
per c e nt c hroro.lc ox ide anrl ;i 2  pe r c ent ferrous ox ide , but ores never at t a i n  

t h is r ic hne s s , u s  e it her t he ferrous ox ide is more or l e s s  re plac e d  b y  mag­
nes ia , or the chroml c  oxide by a lumi na , or bot h . The h ighe st grade c hrome 
ore a s s aye d from Ore gon gave 59 per c e nt c hromic oxide , and an average of 
80 a s says gave 39 pe r c ent c hromi. c ox i d e  and 15 pe r c e nt f e rrous iron . A 
p i nk chlor i t e  and a green garne t , a s  we ll as several c arbonat e s  and 
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magne s iwn s i l i c at e s  oft en acc ompany t he c hromi t e  mineral . The t ext ure o f  

t he o r e  i s  usually e v e n  granul ar , e it he r  mass ive or d i s seminat e d . It i s  
le ss c ommonly banded o r  nodular . 

No f i nal c onc lus i o ns have be e n  reache d  as t o  t he or i e; i n  of c hromit e ,  
but H s  emplac eme nt s e e ms t o  have o c c urred large ly by i n j e c t i ons t owards 
t he e nd of the magmat i c  c yc l e , aft er part i al or c ompl e t e  c on s o l idat i o n  of 

t he c ount ry rock , and ma i nly be fore s e rpent i n i zat i o n . 

INTRODUCT ION 

At t he re que s t  of Mr . Earl K .  Nixon , d ire c t o r o f  t he Oregon St at e De ­
par tme nt of Ge o logy and Mineral Indus t r ie s , t ile wr iter . has pre pared t he 

fo llow i ng  r e por t d e s c r i b ing s ome o f  t he c hr omit e de po s i t s in Or e gon a nd 
d i s cuss i ng t h e i r  o r ig i n .  

S i n c e  oc t ober , 193.5 , t he wr iter has been e ngaged in a f i e l d  examina­

t i on of c hromite depos i t s  on t he Pac i f i c  c oast f or Mr . C .  E .  Tut t le ,  
pre s i dent o f  the Rus t l e s s  Iron a nd St e e l  C orpo rat i o n  of Balt imore , Mary­

land . It is only t hr ough Mr . Tut t l e ' s  c ourt esy t hat t h i s  info rmat i o n , 
wh ich has t ake n o ver two ye ars t o  gat her , has bee n re le ased t o  t he pub l i c . 

Over 100 pr ospe c t s  and mine s i n  Oregon have been v i s i t e d  and studied  
in t he f i eld . The re sult s pre s e nt e d  in t h i s  paper have b e e n  re a c he d  o n  
t he b as is o f  f i e ld rat her t han l aborat ory study . The t he ory of origin o f  

t he d e po s i t s  de ve lo ped has a s t ruc tural rat her t han a mine ral og i c al founda ­
t i o n , and i t  i s  hoped t hat t h i s  inve s t igat ion m�;�.y s t imul at e furt he r m i c ro s ­

c o p i c  s t udy o f  the we s t ern o re s . 

ACKNOWLEDGEMEN'l'S 

'rte wri ter w i shes t o  expre s s  hi s d e e p  appre c iat ion fo r the a s s i s t ­
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of ro c k  and ore , a nd his int erpre t P.t ion s hr;. ve been tw e d  in t hi s  paper . 

LITEH�'rt.Hll� 

The c hromi t e  d e po s i t s of sout hwe s t e rn Oregon were s t ud i e d  and t he ir 
or i e; i n  and mode of o c c urrenc e d i scussed at l e ng t h  by D i l le r }} y .  We s t ­

gat e 3/ ha s rev iewed t he d e po s it s  in nort heast ern Oregon . A f'e>'l depos i t s  
in Curry c ounty are ment i oned b y  But l e r  and Mitchell � ·  Depos it s in 
nort hern C a l i f o rn i a , whic h are s imilar t o t ho s e  in s ou t hwe s t e rn Ore go n , 

have been muc h more t horoughly stud i ed by D i l l e r  lJ ,  l!arde r  2} ,  Logan � . 
Johns t on 7/ , !;iaxs on �/ , and ot hers . :te ferences t o  pert i nent works by 
aut hors are made i n  the t ext by numbers as above and re ferr ing to a b i b ­
l i ography g i v e n  a t  t he e nd of t h i s  pupe r .. 
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ECONOMIC CONSIDERATIONS 

World s ourc e s , produc t ion , and c onsumpt i o n . 

C bromit e was f irst d i s c overed in Amer i c a  near Balt imore by Isaac 
Tyso n in 1827 . From 182 7 to 1860 most of t he world ' s  supply c ame from 
Maryland and the ad j o ining reg ions in Pennsylvania and V i rg inia . Wi t h 
t he open i ng of larger depo s i t s  in As ia Minor in 1848 , ��ryland produc -
t ion d imini shed and by 1880 had st opped . Cal ifornia ore s c ont r i bute large ­
ly to t he d.ome st r i c  product i on from 1869 t o  1873 ,  but of lat e nearly all 
c hromi t e  c onsumed i n  the Uni t e d  St at e s  has c ome from fore ign depos it s .  

New Caledonia , As i a  M i nor (ma inly Turke y ) , Ind ia , Rhode s i a , Gre e c e  
and Canada have c ont r ibut ed large ly t o t he world s upply , and ore i s  also 
produc e d  in Russ ia , C uba , Guatemala and t he Phi l ippine s . Dome st i c c hrom­
ite o c curs in California , Oregon , \'lashingt on , Montana , Wyoming , South 
Carol ina and Texas as we ll as in Maryland , Pennsylvania and Virg inia . 

1\nnual summar i e s  o f  fore ign and dome s t i c  pro duc t ion , shipment s ,  and 
pr i c e s  of c hromi t e  ore are publ ished in t he Minerals Yearb o ok of t he 
Uni t e d  St at e s  Bureau of Mine s . 
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Fig ., l b . Graph show ing dome st ic product ion and c onsumpt ion in 
long tons ; and pr ice of chromite in dollars per long ton , 
1925-1936 . The domest ic production as c ompared t o  con­
sumpt ion is so small that the two cannot be plotted on 
the same graph , thus domesti c  production has been placed 
on a sc ale approximately 160 times t hat used for domest ic 
c onsumption .  ( From Minerals Yearbook , 1937 , after Schafer . ) 
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A graph i c  repre sent at ion of t he re lative amo��t s of the world s upply 
produced by t he var ious c ount r i e s  i s shown in f ig .  1 - a . Thi s chart al s o  
s hows t he relat ive amount t hat i s c o nsume d b y  t he Uni t e d  St at e s , and t he 
main us e s t o  whi c h it is put . The fo ur pe r c e nt produc t ion re pre sent ed as 
" o t he r s " ,  c ons i st s , in t he orde r  of importanc e , o f  Gre e c e , Phi l i ppine s , 
C anada , Cyprus , Aust ral i a , Un it e d  Stat e s , and Braz i l , 

The more d e t a ile d f i gu re s  of produc t ion and c onsumpt i on from whi c h  
t he ab ove c h art was drawn are s hown i n  f i g . 1 - c , t ake n from t he 1937  
Mineral s Ye arb ook . 

Fig . 1 - c . 

Product ion of c rude c hromi t e , 1932 -1936 , 
by c ount ri e s , in me t r i c t ons . 

C ount ry 1932  1933  1934  1935 1936  

Aust ralia (New Sout h  Wale s ) 9 9  9 05 1 , 744 605 ( 1 )  
Braz i l  ( 2 )  5 ( 1 )  

4 Bu lgar i a  17 0 85  3 2 5  ( 1 )  
Canada ( s h i pment s ) 7 1  
Cuba ( 3 )  
Cyprus ( sh i pment s )  1 , 000 
Gre e c e  1 , 55 5  
Guat emala ( 3 )  
Ind ia ( Br it i sh ) 18 , 152 
Ja11an 12 , 4 9 2  
New Caledonia 69 , 42 9  
Norway 409 
Phi l i pp ine Is land s ( 2 ) 

I Ruma:n ia 
Sou · : .e rn Rhodes ia 15 , 69 2  
Tur�;cty ( As ia Minor )  5 5 , 19 6  
Un l o n  o f  Sou th Africa 19 , 371  
U .  S .  S .  R .  ( Rus s i a ) 65 , 9 00 ; Uni t ed St at e s  ( Shipment s ) 1 5 7  

i Yue;os l av ia 3 9 , 141 
I 
i 2 9 8 , 6 6 4  

( 1 )  Dat a not yet available . 

( 2 )  Export s .  

27  
2 4 , 1,54  

14 , 7 84 
2 , 094 

15 , 775  
19 , 897 
5 0 , 07 2  

3 2 6  

2 9  
35 , 046  
7 5 , 379 
3 4 , 078 

1 09 , 400 
8,57 

2 6 1 2 4 8  

409 , 241 

( 3 ) Import s i nt o  the Un it ed Stat e s . 

101 1 , 03 8  ( 1 )  
5 0 , 1 6 2  4 8 , 509  71 , 086  

9 82 1 , 19 8  ( 1 )  
30 , 694  31 , 9 84 { 1 )  

805 
2 1 , 9 2 2  3 9 , 75 5  ( 1 ) 
2 7 , 2 2 2  3 6 , 309 ( 1 )  
55 , 182 55 , 311 ( 1 )  

42  ( 1 )  
1 , 2 9 2  5 , 00 6  

( 1 )  
7 2 , 099  10.5 , 9 13 183 . 3 9.5 

119 , 844 150 , 5 14 ( 1 )  
6 1 , 357 9 0 , 431  173 , 141  

127 , 400 177 , 9 00 ( 1 ) 
375  5 2 3  273 

47 1 35 2  5 2 1 367  ,5 4 , 044 

617 , 36 8  7 9 3 , 97 9  ( 1 ) 

I 
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Importat ion of c:hrom1te from var i ous s ourc e s  i nt o  t he Un i t e d  St at e s  i s  

shown in f i g . ld , and graphs showing t he t re nds o f  c onsumpt i o n , pr i c e , and 
dome s t ic s h i pmen t s  of chrom i t e  in the Uni t e d  St at e s  are g iven in f i g . lb . 

F 1 g . 1 -d .  

C rude c hromite impo r t e d  int o  the United Stat e s , 
1 9 3 2 -36 , by c ount r i e s . 

1936  
C ountry ( ., ' ' H...l l l ll  l o ng t on:o ) Long t ons 

Gro s s  Chr omic 
1 9 3 2  1 9 3 3  1 934 1935  We ight Ox i d e  

C ont ent 

Afi· i c a  ( l )  1 7 , 702 l 3 , J 8 6  4 8 , 848 9 2 , 682  120 , 011 54 , 17 9  
Bra z i l  2 
Canada 49 30 2 , 8 8 8  41 15 
Cuba 2 3 , 77 2  49 , 370 47 , 743 69 , 9 6 3  2 2 , 813 
Greec e 1 6 , 3 95 11 , 49 9  2 3 , 301 20 ,. 69 2  2 6 , 688  10 , 87 9  
Guat ema l a  2 , 061 79'2 i 
Ind i a  ( Bnt ish ) '; 85'7 4 ., 1 52  4oo l  1 4- , 9 2 6  14 , 7 95 6 ,. 9 .53  
Net he rl ands 2 .� 9 
New Caled onia "( l .. u . 5 .50  1 5  ' 1 50 19 , 5 30 55  6 8 6  6 5 ,, 450 3 3 , 347 
" Ot he r "  As i a  1 , 1 00 
Phi l  i pp i H.l  I s la11d � 7 87 4 9 8 6  2 ,. 5 04 
Tu:r • ; · 1y � ("; "j ' .l ,_, (.., 2 7 , 854 28, 7 30 } () 060 J 9 , 490 9 , 186  
U . S , 3 . R .  ( Hus s la )  4 , 800 13 , 2 6 1  19 ,. 937  3 · .. 412 2 3 10 1 , 07 0  
Uni t e d  Kingdom 13 , 2 37 4 , 185 
Yugo s l av i a  5 , 527 5 24 2 5 2  

()�! ) j_ l� :;, " ' n J c -• o o •+n> J '  l 
.::.- •- \.I Jo ./ -· .. i _., I '-- � (� 7 / """ �-' ! ; 0 ,  3 2 4· , 2 5 8  141 , 19 8  

( l )  O r l g � nat ed in Sou t h ern [{hocl e D  H "  and Un 1on of South 
,·�fr i o a , rec o rded by Fore ign and Jome st l .. c C omrnerc e a s  
i nrpo r t e d  �"'-ccnr; Uni o n  of a0ut b .. �tr: t e a � O t her Br i t  ish 
;·-:o�! th hf1:r t c. E-t ._, T:1ozr_lmb l que � O t. hb r  ?ortur.�ue �: e  Sout h 
\fT' .J :-; :� ;  u;d i ... l ge r 1 a  a:Hi '.C'un . :·: . >J 

Value 

$2 , 007 , 3 83  

2 47 
358 , 241 
254 , 627 

157 , 5 2 6  

1 , 16 3 , 19 2  

81 , 668  
3 6 4 , 6 6 8  

37 , 3 10 

7 , 036  

$4 , 431 , 8 98  
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OREGON · PRODUC'r!ON 

Chromit e  in Oregon o c curs only in two oppo s it e c o rner s  o f  t he s t at e . 

It i s  found in t he so uthwe s t e rn c ount i e s  of Jo s e phine , Curry , Jackson , C o o s  
and Dougla s ; and in t he nort heas t e rn c o unt i e s  of Grant and Bake r .  The old 
Tyson pro pert i e s  j ust acro s s  t he state l ine in De l Nor t e  c ounty , Cal ifornia , 

were worked from 18 6 9 to 1873 , but in Oregon t here was lit t le produc t ion un­
t i l t he World War , whe n fo re ign import s we re cut off and i ncreased pr i c e s  
st imulat ed ac t iv it y "  Dur ing 1 9 17 and the s uc c e e d ing year numerous pro s ­

pe c t s  a n d  mine s were locat ed in bot h t he southwest ern and northe ast ern part s 

of t h e  state , and the out put i ncrea se d  rapidly . 

The signing of t he Armi s t i c e and t he import at ion of s e veral shi ploads 
of ore demoralized t he dome s t ic market , leav i ng  a number o f  produce r s  wit h 
unmarke t e d  ore on t he ir hand s .  lllith t he except ion of a few c arloads of 

t his ore , t he re has b e e n  no c hrome shipped from Oregon depos i t s  s inc e t hat 

t ime . 

In 1 918 , acc ord i ng t o  D i ller JJ ,  about 18 , 000 long t ons o f  c hrome ore 

we re shipped , about 6 , 000 t ons be i ng from s outhwest ern and 13 , 000 t ons 
from nort heas t e rn Oregon . 

At t he end o f  1 9 2 5  t he t o tal produc t ion o f  c hr ome , t he ava i la ble re ­
sourc e s , and the t otal number of depos it s located in  Ore gon were as fol­
lows 10/ : 

Tot al number of depos it s 
'!:'otal product ion 
Total r e serve s 

104 
3 6 , 5 00 t ons 
6 2 , 000 tons 

More t han two t hirds of t h is produc t i on came from e ast ern Oregon . 

USES OF CHROMITE 

F .  M .  Be c ke t  has made a c ompre hens ive s t udy of t he modern us e s  of 
c hromit e  11/ , and a large part o f  the f o l lowing s e c t i o n  is taken from 
his discuss ion of t he sub j e c t . 

Chrom.i t e  i s  the only c hromium-b e ar i ng mineral found in suff i c ient ly 

large amount s  t o  be of e c onomic impor t anc e . About 40 per c e nt of the 
c hr ome ore c ons umed within t he Unit e d St at e s  i s  use d  in t he manufac ture 
of re fract ory c hromi t e and c hromi t e -magne s i t e brick f o r  furnac e l inings . 
Ore wi t h  3 3  t o  4 3  per c e nt chromic oxide may be use d f or this purpose . It 
i s  somet ime s he at -t re at ed t o  re c rys t al l ize t he chromi t e  mineral and t he 

gangue , whi c h  de c re as e s t he c hemical act ivity so t hat it will s t and up 
better under high t emperat ure s .  

F ifty pe r  c ent o f  t he chromi t e  in t he Uni t e d  St at e s i s  used in t he 
me t allurg i c a l  industr ie s . Whe n c hromit e i s  smelt ed in e le c t r i c  furnac e s 
with a carbonac e ous reduc ing agent , t he product c o nt a ins 68  t o  7 1  pe r c e nt 
of c hromium a nd upwards of 4 per c e nt o f  c arbon , and is known as h igh­
<:; arbon ferroc hromiurn .  It i s  used whenever a c arbon s t e e l  alloy i s 
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permi s s ible , c h i efly i n  t he mi ning , mill i ng and aut omob i le indus t r i e s . 

Low c arbon ferr o c hromium i nc lud e s  a group of a lloys c o nt a i ni ng 68 t o  
7 2  per c e nt chromium and a maximum o f  from 0 . 06 t o  2 per c e nt c arbon . 

19 

The s e  a re pro duc e d  in t he e le c t r i c  furna c e  with s i l i c on as a re duc i ng agent . 
One c ornpany make s t he s t e e l d ire c t ly wit hout the use of f e rr o c hromium , by 

sme lt i ng ferros i l i c on , mi ld s t e e l  s c rap , alloy s t e e l  s c rap , and h igh-grade 
c hromit e o re in e l e c t r i c  furnac e s . Low c arbon ferroc hromium has a mul t i ­
tude of u s e s  i n  t he c hromium s t e e l  f i eld , whi ch may be d iv ided i nt o  four 
groups a c cord i ng t o t he ir c hr omium c ont ent . 

:; teels c ont a 1 n i ng 3 pe r c e nt and l e s s  of c hromium are used for balls , 
rac e s , and roll s of ant i -f r i c t ion bear i ngs , appl i cat i o ns re qu i r i ng exc e p ­
t i onal s t rength , hardne s s  and re s i s t anc e t o  abras ion . They are u s e d  f o r  

re :r'manent magnet s t e e ls , bal ls and s t amp sho es in mi ll ing and for me t al 
viork me t o ol s  such as c h i se l s , f i le s  and dr ills . Wit h the add it ion of 
n i c ke l , t hey are used for he avy duty s t ru c t ural part s .  The add it ion of 
vanad iunt give s t h i s  type a h igh t e ns ile s t rength ; t he addit ion of mo lybde num 
a gre at er fat ieue r e s i s t anc e . Re c ent ly deve loped alloy s t ruc tural s t e e l s  
c ontain small amount s of c hromium , mangane se and s il i c on . 

A s e c ond (.',roup of s t e e l  c ont a i ns 3 t o  12 per c e nt of c hromium . Tho s e 
w i t h  4- t o  6 p e r  c e nt chromium are re s ist ant t o  oxi dat i on at h i g h  t empera­
t ure s , and are used for tube s in the o il - c racking indust ry . St e e ls w i t h  
8 1nd 9 pe r c e nt c hromium and be tv1e e n  2 and 4 pe r c e nt s i l i c on have long 
".>c r. m  u s e d  for valve s in int e rnal c ombust i o n  eng ine s . High s pe ed t ungs t e n 
'� t t:J c .l s  c o nt a i n  3 .  5 t o  5 per c e nt o f  c hromium . 

The e arly s t a i nle s s  s t e e l s  c o nt a ine d from 12 t o  14 pe r c e nt c hromi um ,  
whi c h  i nt roduc e d  t he pro perty of c orro s i on re s i s t anc e , and we re valuabl e  
:t' c:r  <' Ut l e ':"Y , wh i c h  i s  st i ll t he b e s t  known appl i c at i on o f  t hi s  t ype . Lat er 

t he C ':lr bon c ont ent was lowere d , t he product c ou ld be more eas i ly work­

ed ,nd 2 e;re at ffic'lny othe r  u s e s  we re deve lope d . The blades of t he modern 
s t r. �,m. t urbine are an example . V!he n t he c hromium c ont e nt is ra i s e d  t o  18 
'·" I' c e nt , the re s i s t anc e t o  c o rr o s ion i s  increas e d , as we ll a s re s i s t anc e 

s c al ing at high t emperat ure s .  The s e  s t e e l s  are more or l e s s  ac id - proo f , 

and a l u.rge amount i s  used i n  t he produc t i on of n i t r i c  ac id . 

One group of s t e e ls in t h i s  d i v i s i o n  i s  t he ·ne ll-known "18-8 " ,  which 
denot ed t he o r ig ina l perc e nt age s o f  chromium and n i c ke l , although t he lat ­
t t'l.' has now been increA.sed t o ab out 9 per c ent . The f o od and a s s o c i at e d  ln­
dust r � e s  are among t he large s t  users of the c hromium-nicke l  s t e e ls , be c ause 
c.f t he e a s e  w i t h  whi c h  t hey can be ke pt abs o lute ly c le an and sanit ary and 
b e c ause t hey do no t c ont aminat e food mat er ials . Evaporat ors , s e parators , 

t ank t rucks , and eve n  f re ight c ars are be ing made of · • s t a i nle s s " . Its use 
in hos p i t al s , hot e l s , and r e s t aurant s is b e c oming more and mo re c ommon . 
Be s ide s t he se u se s , t he aut omot ive , arc h i t e c tural , pape r ,  laundry , aviat ion 
end mar i ne f ields a r e  among t he princ ipal c o nsumers . Many of t he new 
s t reaml ine d t ra ins were made po s s ible by t hi s  mat e r ia l wh ich c omb ine s i n ­
e reased s t re ngt h w i t h  le s s  we ight . 

St ee l s w i t h  a c hr omium c on t e nt of ove r 2 0  pe r c ent have t he prope rty 
" wit hstand i ng  ox i dat i o n  at t empe rat tJ re s  a s  r c e;h as 10000 C .  1'he s e  
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he at - res i st ant st eels were t he f i rst to be used in c rack ing gas eous hydr o ­
c arbons , They a r e  us e d  a s  both working a n d  s tat ionary par t s  o f  anneal ing 
and ot her t ypes of furna c es , roast ers , ret ort s , and equipment where res i s t ­
anc e t o heat and ac id are e s pe c ially important . 

Us es ot her t han refrac tory and met allurg i c a l  a c count for t he o t her 10 
per c ent of t he United Stat es c onsumpt i o n . 

C hromi um-plat ing for dec orat ive and prot ec t ive purpo ses is us ed in a 
mult itude o f  ways , probably mo st ext ens i vely in t he automob ile indus t ry . 
It i s  al s o  c ommonly us ed in c hemi c al apparatu s , mac hi ne and e ng ine part s ,  
r: o o l s , and pr i nt i ng plat e s . 

C hromium i n small proport ions alt ers t he propert ies of a luminum , cop­
pe r ,  and ot her no n-ferrous metals . For ins t anc e , low-chromium bronze has 
.�')ur t i me s  t h e  yield s t rengt h and a t hi rd great er ult imat e st rengt h t han 
anneal e d  coppe r . 

There are numerous c hem ical uses for c hromi t e . Among i t s  derivat ive s  
are s od ium and potas s ium b i c hromat e and c hromat e ,  and green , yellow , and red 
,;d.gments . Chrome -t anned l eat her is less expens ive t han ot her t ypes . 

MTIUNG AND 'MARKE'riNG PROBLEMS . 

The out c rop o f  t he average kidney of h igh-grade c hromit e  in Oregon will 
!'lave a w idth of only a f ew feet and a s t r ike lengt h of only a few yard s . To ­
d.ay , depo s i t s  of t hi s  s i ze can o nly be mined at a pr o f i t  when t hey oc cur on 
or ne ar a r oad , and when t here are a number o f  t hem so t hat a full ra ilroad 
c arload c an be made up . Low-grade depos i t s  t hat r e qu i re mill i)'lg and c o n ­
cent rat ion before t hey c an b e  shi pped must s how t onnages t hat will yield a 

pr o f it  suff ic ient to pay for t he erect ion of a mi ll . At pres ent pr ic es t he 
', onnc::-• ':l re •-;_u 1red t o  p ay for a $.5 0 , 000 mill ( probably t h e  smallest s iz e  t hat 
, �  s •  e c onomic al ) is c ons iderable , a nd depo s i t s  of suc h s i ze in Oregon 

are . s ept i onal. Large low -grade depos it s t hat s eem t o  fulf i l t he se qual­
if: , ,ti.ons mus t  als o be t es t ed to make sure t hat by mill ing t he ore it c an 
C""- bene f i c iat ed t o  a sh i pp i ng grade . If t he c hromi t e  mineral i t s elf i s  a 

hrome - p i c o t i t e , i t  oft en c a nnot be ra i s ed t o  market spec if i c at i ons for fer­
' J -alloy us e s  by mecha ni c al c oncent rat ion met ho d s . 

Oregon ores must meet compet i t i ve low pr ic es o f  t he ores from foreign 
and part i cularly t rans -Pac i f i c  depos it s ,  Transport at i o n  is t he c ont rolling 
fac t o r  in the est imat ion of the market ing c os t s  for local c hrome , .  and 
<Y:; ly t he larger and more f avorably loc at e d  pro pert i e s  c an now- expe c t  t o  
;<:e et t he fore ign pr ic e s , 

The c o s t  of haul ing from mine to rai lr oad may vary from 3 to over 25 
c e nt s  pe r ton m i l e , depend ing upon t he charac t er of t he road t rave rsed and 

" k i. nd of e qu i pment used . When t hi s  c ost fac t or i s  added t o  the o t her t rans ­
. . . >rtat i o n  and handl ing c harges nec es s ary t o  del iver t he ore t o  east e rn c o n-
3 ume r s , t he t o tal in ne arly all cases is great e nough t o  prec lud e t he marke t ­
i n g  o f'  ore at pri c e s  t hat exi s t  today .  

'T'he smal l pro duc er may eas ily ,  and o ft en d oe s , overl ook s ome of t he 
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var ious small i nc ident al c o s t  fact ors t hat e x 1 s t  betwe e n  m i n i ng the ore and 

unloading it in e a s t e rn port s ,  and whic h in t he aggre gat e make up a c ons i d­
e rable part o f  t he marke t pri c e , For i n s t anc e , it i s  some t ime s f orgot t e n  
that quo t ed pr i c e s  are o n  a long t o n  ( 2 2 4 0  lbs . ) bas i s , and t hat a long t on 
is approx imat e ly 1/8 more o re t han a s hort t on . It is a fre quent o c c urre nc e 

that the ne gle c t  of one or more of t he se fact o rs may cause t he owner of a 
de po s it t o  c ons id er erroneously t he po ss i b i l ity of prof i t  in o perat ion where 
none exi s t s . 

The pre s ent low pr1c e  o f c hr ome ore is dU8 as s t a t e d  t o  t he exi s t ence 
of large and c heaply mined fore ign depo s i t s i n  such wide ly s e parat e d  l o c a l -· 

i t ie s as New C aledonia , the Ph i l ippine s , Ind i a , Rhode s ia , Turke y , and Hus s ia . 
So long as t he re are ships ava i lable and will ing t o import t he s e  ore s t o  
t he Un i t e d  St at e s  at no rmal sh ipp ing rat e s , t here 1 s  no imme d iat e l ike l ihood 

of an advan c e  in pr ic e , exc ept through suc h a rap idly expand ing demand as 
would t ax t he produc i ng c apac 1t y of the worl d . 

At the present t ime t he large f ore ign depos i t s  are in no danger of de ­
plet ion , and t he smaller or more i s olat e d  depo s it s  whi ch we re l o c at e d  in 
Oregon dur i n;;;; t he Vlorld 7Iar act iv i t y  may not produ c e  aga i n  for many ye ars , 

unle s s t he t ransport at ion setup we re c hanged by inst allat ion of re duc t i on 

plant s in Oregan o 

PROSPECTlliG A}ID DEVELOIMENT . 

Ident i f i c a t i o n  o f Mineral , Or<:; . and Hos t Hocks . 

High--r,rade c hr ome ore ( above 45 per c e nt c hrom i c  oxid e '} is c ompo s e d  of 
closely-packe d c rystals of t he mine ral c hrom1 t e , w i t h  a small amount of t he 
s e c ondary rock mat erial be twe e n  t he gra ins . It has a dense blac k  or even 
blui sh-bl ack co lor , and is e as i ly d l st ingu ished i n  t he f ield f rom t he black 
manr;ane se o re s  b y  i t s  great e r  we ight ( s pe c if i c  p;rav i t y  up t o  4 . 4 }  and fror.1 

o t he r  iron and c o ppe r ore s , magne t it e , c halc oc: i t e , bornit e ,  by i t s c harac t e r ­
i s t ic c ho c o l at e -brovm s t reak when sc rat c hed wit h knife or p i c k  po int . 

In lower g rade s of mi ll i ng  ore ( down t o  15 perc ent c hromi c ox ide ) t he 
black c rystal s of c hromit e make up only a c:;m'lll part of t he rock , s o  t hat a 

s pe c imen has a speckled or s t r e aked appeare,nc e b ut is st ill pre dominant ly 
the c o lor of t he c ountry r oc k .  i'Ihen t he c ru:omi te c rystals oc c ur in bunche s 
or in bands it i s  some t ime s c al le d  " l e opard" or " t iger'' o re ; whe n t he c rys ­
t al s  are s c at t er e d  evenly throughout the rock it  is  calle d  " b ird s e ye " ore . 

Chr omit e  oc curs only i n  t he ult rabas 1 c  1 nt rus ive i gne ous rocks such 

as peridot i t e  ( " buckskin" ) or othe r  members of t hi s  i ron- and magne s ium-n e ll 

group , and in rocks d e rive d from t hem , such as serpe nt ine , The s e  ro c ks c an 
usual ly be i dent i f i e d  by t he ir c olor , whi c h  is dark gre e n  t o  gre eni sh black 
o n  fre sh surfac e s , and usua l ly t an to buff , o r  even redd i sh on we athered 
surfac e s . I n  t he c a s e  of serpe nt i ne , lt  may vreat her to greeni sh gray . 

The se ult ra bas 1 c  ro c ks are heav- ier than t he l ight er c ol ored igne ous 
r o c ks . In most c a s e s  t hey are porphyr l t  i c , ' H  t h  l arge c ryst als of platy 

greeni sh d i allage or e ns t at i t e  i n  a dark gre e n  mat rix , All of t he s e  rocks 

alt er to or are r e p l a c ed by such m :i n<> ta l s a s  c h l o r it e , or magne s it e , 
any or alJ. of wh i c h  may o c cur w it h  c hrom 1 t e . 
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Prospe c t ing for C hromi te 

High -grade c hrome . ore i s  more re s ist ant t o  weathering t han t he rock 

in whi ch i t  o c c urs , and s o  may be picke d  up as " flo�t " on t he surfac e and 
t rac e d  uph i ll t oward it s p o i nt of or igin . The lower grade s may weat her t o  
blac k c hrome sand , whic h c an b e  panned from t he s o i l  a nd t hen re c ogn i ze d  
b y  i t s  brown powde r  when crus hed . Some st r i ngs o f  float do not lead t o 
out c ro p s i f  the sma ll bo di es from whi c h  t hey were der ived have be e n  t ot al ly 
worn away , but t hey usua lly do le ad t o  a " zone " of mo re highly s he are d and 

broken ro ck . Thi s zone c an be i dent i f i ed by i t s  s oft ne s s , by white s t r ing­
ers a nd ve i nlet s o f  a bri t t le a s be st o s - l ike pyroxene ( t remo l i t e ) , and by 
abunda�t t al c , magne s it e , and ot he r  s e c ondary mi neral s . If t he t rend of 

t h i s  zone c an be followed , o t he r  o re bo d i e s  may be disc overed along it . 

De po s it s  have be en loc at e d  by follow i ng t he t re nd s  or d ir e c t i ons of suc h 

z o n e s  for as muc h  as two miles , and genera l t re nds may e xt e nd as far a s  

t h i rt y  mi le s . I n  s out hwe s t er n  Oregon t h e  ma in d ire c t ion of the s e zone s 
i s  a lmo s t  d ue nor t h  and s out h , t hough o c c a s i ona l ly i t  var i e s s light ly t ow­
ard s t he no rt he as t " Ot her cross -zone s  c ont a ini ng o re c ro pp ings may int e r ­
s e c t  more or le s s  a t  ri ght angle s t o  t he se nort h - south zone s t o  f orm s e c ond ­
ary t rend s . Some o f  t he largest bo die s of ore l i e  at t he j unc t i o ns of t he se 

z one s or trends . 

Vege t at ion is o f t en an ald in lo c at ing t he are as of c hromi t e -bear ing 

ro cks , for t he lat t e r  oft e n  support only grass and a few s c at t e re d p ine s , 
wh i le in o t her , l e s s  favorab le areas t he rocks may be c overed by a de nse 
gr owth of brush , fir , "  or de c iduous t re e s . 

Deve lopme nt of De pos i t s . 

The re has bee n no extensive underground deve lopme nt of any chromi t e 
depos it in Oregon . The d e e pe s t  mine workings see n by t he wr it er - t he 
Ware { 28 ) , Grant c ount y - pe ne t rat e d only 60 f e e t  b e l ow t he s urfac e . On 
t he .: 'C her hand , Cal ifornia pro pert ie s have been deeply and int ens ive ly 
m1 • . c d  at a number of places . Several mines in San Lui s  Ob i s po count y , 
C u l i fornia , have ove r t e n  thousand fe e t  of tunne ls on as many as f ive d i f ­
ferent l e v e ls . The orebod i e s  are i rregularly le ns - shape d , vary i ng in 
s ize from a few i nc he s  t o  a few fee t i n  t h ickne ss and t o  t e ns of fe e t i n  

lenp;t h , and usually l i e  in a more or l e s s  b roke n and s he are d zo ne i n  t he 

s�:rpent 1ne , Wh il e  t he se de po s it s were be i ng mined , t he miners aft er ex­
haus t i ng o ne le ns of ore oft e n  f o llowed narrow , s ome t ime s only paper - t hin 

s t r i ngers o r  s e ams of c hromit e ,  wh i c h us ual ly led t hem t o  anot her body , 
some t ime s many feet away . The le ns e s s e em t o  l i e  at an acut e angle,  

or s omet ime s aln;.o s t  at r i ght angl e s , t o t he trend of t he zone , S ome ove r ­

l a p  s l ight ly in a s t aggered manner . 

Underground devel o pme n t  co st s b e c ome e xc e s s i ve whe n ore b o d i e s  are 
small or t o o  far a part , A small out c ro pp ing lens may s ome t ime s be mine d 
pro fit ably , but i t  is s e ldom wi se t o  t ry t o  f o l l ow t he le ad underground 
t o  n n o t her l e ns unle ss t here i s  some way of t e ll i ng from surface ind i c a­
t ions or o t he rwi se t hat the orebod i e s  lying in t he zone are c lo se ly 
s paced . 
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Chrome ore usually o c c urs in bod ie s t hat are bo t h irregular and of l im­
i t e d  ext ent s o  t hat i t  is ��zardous to t ry t o drift in to me e t  t hem at any 
d i st anc e be low the out c ro p , wit hout f irst t e st ing the d epth and e xt e nt of 

t he ore o 

As e arly as 1909 llf it was rec ogm zed t hat e st imat ion of t o nnage be ­
yond t he ore alre ady blo c ke d o ut c annot be made with any c e rt a inty , and t hat 
a l l  ore out c rop s  must be explo re d t o  depth before any de f init e idea c an be 
ga i ne d  as t o  the ir ext e nt . 

· , The rr. i n1nu� of c hromit e has a}viays �� :� en and. w i l l  b e  at t e nded 
it h c on s 1 d e rab le unc e r t a i n t y  on a c c ount of t he very pockety na t ure 

of t he d e po s i t s . 'I'he se mas s e s  or pocke t s  may or may not be c onne c t -

ed w i th one another , and t hey are l im i t ed in ext e nt , so that when a 

d e po s it i s  e xhaus t e d , s ome t 1me s a great amount of dead work has t o  

b e  Q( c:\:" baf'ore anot her depo s .it i s  e rw uunt e re d . It i s , t he re fore , 
Impos b l. e  t o  g ive any e st imat e re gard 1 ng the amount of c hromit e  on 
a property beyond t hat whi c h  is expo s e d.  by ac t ual work done , The 
fac t t hat a l arge amount of ore has been t ake n f rom a depo s i t  doe s 

not nB c' e s cc· ar i  1 y  i nd i c at e  t h at th<3 s :Jme st ill c ontains a large amount 
of orD ; if , however ,  a d e po s i t  has been pro duc t ive of a large y i e ld , 

t h is 'sould s e rve as a st rong i nd ·. '" 'lt i o n  that o t her large poc ket s might 
be p o s s ibly found nearby . Ye t , in V 1. evt of t he t he o ry advanc e d  for 

t h e  o r ig i n  of chr omi t e , lf a large d e po s 1  t is found in an ext ens ive 
serpent ine for:na t i o n , t he re 1 s  a great probab i1 1ty t hat o t her large 

d e po s it s  may be found e l sewhere. In ;: he area , and in t he ma j ority of 
c a s e s , c l o s e  by o "  

It has oft en been s a i d  t hat c hromite bod ies  o c c ur l i ke plums in a pud ­

d i ng .  It  1 s  i n  larr,e part the purpose of th i s  paper t o  empha s ize t hat it i s  

often pc F. s l':)le b y  c are fully workine: out t he cl. e t a i l s  of o c c urrence o f  t he ore 
bori e s , to d e t ermine a def i ni t e  s c heme for 1 oc ut i on o f  furthe r  hidden depo s ­

i t,-;  ne arby . 

OCCUHRENCE 0"' THE OH:-� 

C hror,Lt t e in Orec;on oc c ur s  Hl .:·c c k.:c, of' t. 'te pe r 1 dot i te group , or in s e r -· 
!Jent i ne der ived t herefrom . J\.11 mc::mbe r s  of t h.1 s group are generally c a ll e d  
' ' s e rpent i ne "  b y  mine r <; . 

In t he broad s e :r. s e ,. pe r J.c.:.ot 1t 2 m<r be 1 d  t o  1 nc J.ude dun i t e  a:c.d 
pyroxenit e ,  and t he vur i ous 1nt e rme d 1at e ro c ks . The c ompo s  it ior, and s pec -

i f i c  name s of t h e  pr inc i pal memb e r s  o f  th j. s  e;roup are l i s t e d  below Jl! ;  

Spe c i e s : 
Dunit e 
liarzburg J t  ( saxo� i t s ) 
Xe hrllt e 
Lherzo l: l t e  
Amphi bole -- pe r idot i.t e 

C ort .bnd l t e  
e 

Essent i£11 J;1Jl�:!-:.s,:� C ompOJ.:lf!p.t s .  

OHv i ne 
0 '�. 1 v :i n "" -�::: ·v� d. 
0 .7- ,1, .ine a nd d _� 

n c  pyroxe r:e 
age 

01 � .  trw , d :t a 1 l ,:�ge ,, and rhomb i c  pyroxene 

Ol :lv 1 ,.;c) and a:r ;' .: ·  i b o l e  

OJ i ,  ::un r:'; : , and pyroxene 
A1 J pyn ;xene 
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Suc h ult ra ,bas ic  t y pe s  appare nt ly ne ver oc cur as e x t rus ive roc ks , or 
lavas . The y have b e e n  int rud e d  int o  t h e  cru s t  of the eart h in great 

s hee t s or lens e s , as fluid o r vi s c ous ma@',mas , whi c h  may be part ly c rys ­
t a l l ine , and whic h are usua lly paralle l t o  t he ge neral t rend of t he moun­
t a in ranges in whi c h  t hey oc c ur " Some o f  t he wid e r  mas s e s  may have been 
f orrrre d by suc ce s s ive paralle l intrus i ons . The per ido t i t e - s e rpent ine are as 

of s outhwestern Oregon vary i n  w i d t h  from a few hundred yards t o as muc h  
a s  e i ght mile s , and are as muc h  as f i f t y  mile s in l e ngt h , alt hough usual­

l y  le s s " The pe ridot i t e - s e rpent ine ma s s  i n  no rthe as t e rn Oregon i s  t h irty­
s ix mile s long and over seven mi le s  w i d e  in s ome plac e s . 

In b ot h are as t he " s erpent i ne " bod 1e s s e en: t o  form gre at le ns - l ike 
s ills , wh i c h  have the ir longe st d ime ns i on parall e l t o  t he range s ,  or north 
and s outh i n  southwe s t ern Oregon , and east and we st i n  nor t he ast ern Ore gon . 

By a decrease in pe r c e nt age of the o l iv i ne , t h e var i ous pe r i d ot i t e s 
me rge i nt o  an e q ua lly varied group of pyroxene rocks whi ch o c c ur a s s oc iat e d  
w i t h  t he per ido t it e s i n  Oregon on ly a s  a f ew d i ke s  and lens e s . 

riarzburg 1 t e  i s  pe rhaps t he c ommone s t  t ype o f  pe r idot it e i n  s out hwe s t e rn 

Ore gon . It appears at N i c ke l  Mount a in and e l s ewhere . We hrlit e is also 
abundant , and is usually t he " bucks k i n "  rock of t he prospe c t or .  Th i s 
" buckskin " , s o  name d from i t s  c olor , has rough , we at he red surfac e s with 

c rys t als of d ia ll age st and i ng i n  re l ief above t he dec omposed o l iv i ne gr ound 
mas s . Weat he red dunit e , b e ing c ompos e d of one mineral , o l iv i ne , shows a 

smo o t h  ye l low surfac e .  

The per id ot i t e s and dun i t e s  f r e que nt ly have a d i s t i nc t  banded st ruc t ure , 
and e v e n  o c cas i o nally d is pl ay d ef in it e f i s s il ity . In t he hand s pe c imen 

t h is appears t o  be . due t o  t he pr imary alignment and ori ent at 1 on of t he phe n­

o c rys t s  in paralle l plane s . Whe t her .i t  is a result of primary or me t amor ­

phi c  flowage o r  of c rys t al segregat i o n  ha s n o t  b e e n  d e t ermine d . 

At C o nnor C re ek ( 5 0 ) Baker c ount y , Ore gon ,  pe r idot i t i c  magma was i nt ru­

d e d  1nto o r  alongs i d e  of a l ime s t o ne , re sult ing i n  a t a lc -do lomi t e  ro ck 
whi e h  c ont ains c hromi t e 2.} .  

It is  ge nerally b e l ieve d t oday t hat t he s erpe nt ine i s  due t o  t he a1t e r ­
at ion of per ido t it e  b y  asc end i ng hydrous vapours and liqu i ds whi c h  are fre e d 
in t he f inal s t age s of t he c onsoli d at i on of t he peridot i t e s  t hems e .l ve s  ]:61 .  

The pe rido t i t e s are int rude d  int o  t he Pal e o zo i c  and Jurass ic rocks of 
t he Pac i f i c  Coa st .· In sout hwe s t e rn Oregon s ome of these rocks h ave b e e n  

c orrelat e d wit h t he Franc i s c an f o rmat i on of C a l i f o rn i a  l2J and may i n  part 
be Knoxv i l l e  ( Cret ac e ous ) in age . Ear1y worke r s  s t a t e d  t hat t he per ido­
t it e s and serpent ine s pe ne t rat e d  t he l ower Cre t ac e ous s e d ime nt s , but s ince 

t hen the s e  rocks have i n  large part been a s s :\ gned to t he upper Juras s ic . 

Form and Size of the Depos i t s . 

Bot h t he h i gh and low grade c hromite ore s  i n  Oregon o c c ur i n  several 

d i ffe rent t yp i e al fo rms o They may appear as t hin irregular s t r inge rs 
and se ams whi c h  may widen out t o form l arger ma s se s . The y may o c cur in 
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narrow s hee t s  and thin lens -shaped bodie s , in thicker irregularly kidney­
shape d masses , and as blocks or pat c he s  of ore mixed wit h blocks of ad j o in­
ing serpent ine in zone s of bre c c ia-l ike material . 

The l imi t s  o f  the rock c ontaining chromit e are usually abrupt in all 
of the se occurrenc e s , but i n  some cases t he boundar ie s may show a gradat ion 
from solid ore t hrough low-grade ore t o  c ount ry roc k  carrying only a few 
grains of chromit e . The limit s of the orebod i e s  are usually most sharply 
d e f ine d along t he s i de s  of t he kidneys or lense s .  The ends are not as 
def in it e ly marked , and e ither pinc h , f inger , or grade out int o t he sur­
round ing roc k . 

iVhen several orebodi e s  o c cur in an ore zone , t hey may be arranged 
in several ways wit h re spect to each other and the t rend of t he zone . 
They somet ime s l ie with the ir gre at e st d imens ion paralle l t o  t he t rend of 
t he zone ; or t hey may lie en  echelon , e ac h  body t rend ing at an equal angle 
t o  t he zone , and some t ime s overlappi ng each ot her o This angle may in­
c re a s e  unt i l  t he bodies l i e  at r ight angle s to t he zone , acros s it , and 
parall e l  to each ot her . In any one district , assoc iat ed  orebodi e s  tend 
to have the same general t rends and at t itude s . In Oregon the above oc ­
currenc e s  oc cur in frequency in ab out t he order g iven , t he mo st fre quent 
be ing f i rst . 

In t he banded type of c hromite depos it ,  the layers and bands are ne ar ­
ly always more or le s s  paralle l to t he t rend of the zone in wh ich the ore ­
body oc curs . 

In Ore gon the largest low-grade orebod ies  seen measure d 40 feet  by 150 
feet , but the average s i ze was only 4 feet by 1.5 feet , Narrow bands and 
lenses  of h igh-grade ore are often inc luded in t he d i sseminat ed de pos it . 
In depo s i t s  where low-grade ore is absent , the h igh-grade bod ies usually 
have sharp boundarie s ,  t he l argest be ing about 2 0  fee t  by 6.5  feet , while 
the average is only 2 feet by 7 feet . Only three high-grade orebod ies  out 
o!' one hundred in Curry County are much  over 2 feet by 6 feet in s ize . 

St ructures and Deformat ion 

All t he areas of c hromit e -bear ing roC;ks i n  Oregon show s ome degree 
of j o int ing and fracturing . Eve n  ·where t hi s  fra c t ur ing is at a minimum , 
t he rock and ore is broken i nt o  blocks t hat are seldom more t han 3 f e e t  
in diameter . Movement ac companied the frac turing , rec ognizable by po lish­
ad surfac e s  ( slickens ides ) or by c rus t s  and ve i ns of sec ondary minerals such 
as serpe nt ine , tremol ite  and t alc . The se surfac e s fre q_uen t ly l imit t he 
ore bodie s ,  and may also have d i s lo c a t e d  t hem . 

The re s e ems to be a re lat i o nship betwe e n  serpent inizat ion and movement . 
A'he re one is le as t , s o  is the other . �:There t he alt erat i. on of rock t o  

se rpent ine i s  i nt ense , t he roc k and ore are bJ�oken by a f i ne ne twork of 
s l i p-surfac e s . I!ass ive blocks of c ount ry rc�c J ;: or ore are se ldom seen , 
and i f  present ar.e i s o lat e d . Thi s she are d roc k may appe ar to be t ough 
and hard when fresh but it qu i c k ly bre aks down to small fragment s and flake s 
' : nder weat hering act ion . 
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The " zone s " in wh i c h  t he orebod ie s o c cur around t he S i gnal But t e s 
in Curry c ounty are minutely sheared and fragme nt ed . The ore is ne arly 
always bound e d  by c urve d shear surfac e s , whi le narrow knobby s t r i ngers of 
ore may r e pre sent o nc e c ont inuous bands t hat have b een broken apart . The s e  
int er s e c t i ng no rt h - s o ut h  and e as t -we s t  " zone s "  form a rec t angular network 
( see f i g . 5 )  c ompo sed o f such t horough ly fragme nt e d  and alt e r e d  r o c k  t hat 
they have b e e n  eroded t o  form sadd l e s  whe re t hey c r o s s  t he r idges and 
swale s near t he s t ream c ours e s . In t he Br i ggs Creek d i s t r i c t  t he c ount ry 
rock along t he o re -zone s  is only slight ly alt ered and she ared . The zone s • . '  

c an be t ra c e d  by t he o ut crops o f  seams of l ight c o lored t remo l i t e , c hrys -
ot ile serpent ine , and o t her magne s ium s il i c at e s , wh ich  make up the " c hrome 
b l o om" of t he pro spec t ors . In t his·  are a t he ma j or zone s t rend N .  48° W .  
and N .  70oE . The largest of t he orebod i e s  both in we st Curry c ount y and 
Br iggs Creek se em t o  l i e  at t he int erse c t ions or the s hear zone s , and t o  
l ie paralle l t o  t he  t rend of one o f  t hem. 

NATO'RE OF THE ORE 

Chromite and it s a s so c i at e d mine rals . 

Chromite i s  t he only mineral us ed as an ore of c hromium .  It s f ormula 
is usuall y give n a s  FeO . Cr2 03 , whi ch would c o nt a in 68 per cent chromic oxide 
and 3 2 per c e nt f err ous iron ,  but this  is  found in nat ure only i �  me t e o r i t e s ,  
The ferrous iron i s part ly replaced by magne s i a  or the c hromi c oxide by 
alumina or b ot h . The c ompos it ion fre quent ly var i e s  t hrough c hrompi c o t i t e 
t o  pic ot ite  (Mg . Fe ) O .  {Al , C r ) tf.J 3 , which c ont a i ns up t o  10 per c e nt of c hrom­
ium , It may a l s o  vary t hrough chromhercynit e to herc yni te ( c hromium oxide 
c omple t e ly re plac ed by alumina ) , and t o  magne s i o c hromi t e  and the c hromife r­
ous spine ls 16/ . 

C hromi t e  c rys t al l i ze s  in the i s ome t r ic system as o c t ahedrons . It s 
s pe c if ic grav it y var i e s from 4 . 3 2 to 4 . 5 7 ,  and may be lower i n  s ome of t he 
less  pure var ie t i e s . The c o l or is black , t he st reak brown , the hard ne s s  
5 .  5 ( j ust soft e r  than quart z ) ,  it  i s  gene rally non -magne t i c . Al t hough 
these c harac t e r i s t i c s  s hould afford - sat i s f ac t ory ident i f i c at i on ,  a c hemic al 
t e st may be de s i rable . Chr omit e  g ive s a gre en c o lor with a borax bead in 
both oxid i z ing and reduc ing flame s , but it must be very f i nely ground and 

on ly a small amount used . 

Ac c ord ing t o  Se.i l  ]Jj c hrome ore i s c ompos ed of a " primary c omponent " , 
t he  mineral c hromit e ,  whi c h  i s  a c hemi c a l  ent ity in whi ch the mole c ular 
sum of t he FeO and t h e  MgO e quals t he molecular sum of t he C r2 03 and t he 
Al20 3 ; and a " s e co ndary component " ,  t he gangue , wh i c h  c ons i st s predominant ­
ly of magne sium s i l ic at e s , s ome c ont aining i ron and a luminum .  The fol lowing 
have be e n  fo und in t he gangue or var ious c hrome ore s :  
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C l inoens t at i te 

Ens t a U t e  

Fors t e r i t e  

Parase p i o l i t e  
Chrys o t i le 
Ant igor it e 

Talc 
Hypersthene 
Serpent i ne 
S e p i o l .i t e  

MgO . Si02 
MgO . S i02 
2Mg0 . 8 i02 
2Mg0 . 3Si02 , 4H20 
3Mg0 . 28102 . 2II20 
3Mg0 , 3Si02 , 2H2 0 
3Mg0 . 48i02 . 2H2 0 
(MgO .FeO } o Si02 
3Mg0 . 28:102 2H2 0 
2He;0 . 3S 1 0 2 . 2H2 0 
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Ar alys e s  o f  4 3  ore · s pe c 1mens from 3 4  loc a.l i t 1 es i n  s outhwe st ern Oregon 
and of 39  s pe c imens from 16 local i t ie s i n  nor t heast ern Oregon were average d 
t o  give t he following : 

Southwe s t e rn Oregon 

Northeas t e rn Oregon 

Chrom:il.c 
Ox ide f. 

42 
36  

Ferrous S i l i c a  j. 
Oxide 1. 

15 
15 

5 
5 

The pure s t  chromi t e  a s s aye d 5 8 . 74 per c ent chromic ox ide , from Eight 
Dollar mount a in ,  Jos e phine county . 

The c rys t a l s  of c hrom1t e ord i na r i ly vary from m i c r o s c opic s i ze t o  about 
3 mi ll imet e r s in d iame t e r , alt hough l arger c rystals may form , In low-grade 

ore t hey are usua l ly nre gular and s hapele ;S ( anhe dral ) ; in the highe r 
grad e s  s ome po s se s s a f ew c rys t a l  f ac e s  ( sL 'Jhedral ) ,  but only rare c rystals 

are perfe c t  ( euhe dral ) .  The gra ins may al so appear irregularly rounded in 
out l i ne , 

A p L:k platy m1neral i s  of t e n  found b e t ,o,rc e n  the gra ins 1n t he htgh 
e;rar1 P o r e s , and on s J. icke ns i de surfac e s . Tn i s  has been var iously ident :if1ed 
as c: 1 ther o f  two c hlor i t e s , kanunerer i t e  (Hg (M&",E'eCr ) 51U2Si 3018 ) a c hrome 
pe nninit e , or ko t sc hube i t e  (Hg (MgC r } 5Al2S1.301B l a chrome c l inochlore . A 
sample from s out hern Curry county has t he mic ro s e op )_ c  charac t er i s t ic s of 
kanune re r it e , 

The chrome garne-r uYaro·; i  t e  ( Ca 3Cr2J\  30 J 2 )  o c t; 1-lrs a s  minut e b r i l ­
liant gra s s  -green dodec ahedrons 1 n  c r,en G l'acb:: 1n t h e  ore , or a s  green pol ­
i s he d  crus t s  on fault surfac es . 

Var i ous c arbonat es and zeo l i t e s  are fo und in ve i ns o r  open c av i t ie s  in 
o r  ne ar t he o re bodie s ,  and magne s i t e  J e n s e s  and ve inle t s  are c orrun-:m . 

Texture and minor st ruc tures . 

The t extur·:l of chrome ore 1 s  usually e \re n - granular , but t h e  structure 
is e ither mas s J.v e an<l uniform , s pot t ed , band e ·:l  c )r nodular .. High -grade 
ore is c ompos e d  o f'  c hTorr• it e gra i lVc' c l :; se1y p , :  d t oget he r , w i t h  but a 

small and inc o ns p i c uous amount of I nt erst it in '  l i c a t e s . In s ome c as e s  
whe n t he ore i s  very f ine -gra 1ned , no ganeue c an b e  s e e n  in the hand spec i ­
men ,  al t hough even in t he b e s t  grad e . ,  of ore r; C ew grains o f  one o r  more 
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of the s e  mineral s  which make up the '' s e c o ndary c omponent " of t he ore can 
be seen under t he mic ro s c o pe . Mo s t  of t he smal ler depo s i t s  are of t h i s  
type . 

Alt hough t he t exture of t he ore rema i ns e ven-granular , the amount of 
gangue may i nc rease and c omple t e ly s e parat e t he chromite part ic l e s  s o 
t hat t hey appear d i sseminated or s pot ted e venly throughout t he roc k . Go od 
examples o f  t h i s  t ype appe ar at the C ho ll ard ( 18 ) , Iron King ( 43 )  and Marks 
& Thompson ( 2 7 ) mine s . Commonly such ore bodies have as sharp c lear boun�· 
darie s as do t hose of higher grade , but t h e  d i sseminat e d  ore may also grade 
into t he c ount ry roc k . 

One d is t inc t t ype of ore c ons i s t s  of a lt e rnat e layers of varying grade s 
of d i s s eminat e d  ore or of gangue , pr oduc i ng a banded appearanc e .  Somet ime s 
t h i s  t ype o ccur s  as a c ompo s i t e  " d ike " wit h  sharply def i ned b and s , t he 
lower grade on t he o ut s ide , and suc c e s s ive bands o f higher grade ore t owards 
t he cent e r , wh i c h  o c ca s ionally penet rat e t he out e r  ones , s howing t hat t hey 
are lat e r . Thi s  type may b e  seen i n Oregon at t he Bald Fac e ( l )  , Mungers 
Creek ( 10 ) , Dry Camp ( 3 3 ) ( and s ee phot o ) and Marks & Thompson ( 2 7 )  mine s ,  
alt hough it i s  st i ll more c ommon i n  t he Californ ia depos i t s . 

"Nodular ore " c o nsis t s  of aggregat e s  of c hromi t e -gra ins from one quar­
t e r  t o  t hree quart e rs of an inch in diame t e r , whi c h  are usually rat her 
smoot hly oval , although t hey vary from s phe r i c a l  t o  l e nt icular i n  s ha pe . 
The grains are usually t ight ly packed in t he se nodul e s , of whi c h s ome are 
s light ly br oken and t he c racks filled with s er pe nt ine . Thi s  t ype is st i l l  
rarer , but may b e  s e en at t he Ce lebrat ion ( 5 2 ) and Aj ax ( 5 4 ) depos it s . 

A s ummary of t he fre que nc y of o ccurrenc e s  of t he vari ous c harac t e r i s ­
t ic s  o f  t he Orego n depo s i t s  i s  g iven i n  f i g " 1-e . 
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Fig . 1 -e . 

Fre quency of oc c urre nc e of var i ous c haract e r i s t ic s of 
depos i t s  at 2 0 local i t i e s  in s out hwe s t e rn and 17 local­
it ie s in northe a s t ern Oregon . In a number o f  cases more 
t han one f eat ure in each group appears i n  the same local­
ity . 

Number of localit i e s  in : 

Maximum s i z e  of bod i e s  o b s e rve d �  
Small ( less  t han 2x5 ft . ) 
Med i um  ( 2x5 t o  2xl0 ft . ) 
Large ( ove r  5xl0 ft . )  

Shape of orebod i e s : 
Lense s ( d i am . /t hickness 
Kidney ( 11 11 

Narrow seams 
Irregular bod ie s  

over 3 )  
le s s  t han 3 )  

At t itude of bod i e s  t o e ach ot he r � 
In line of zone 

Sout hwe s t e rn 
Ore gon 

10 
6 
4 

11 
7 
8 
2 

En e c he lon in zone ( s ome t imes overlappi ng ) 
C r o s sways in zone 

7 
6 
7 
1 
1 

Parallel t o  zone and each other 
Irregular , no zone s e e n  

Degree o f' frac t ur ing :  
Int e ns e  ( f i ner than 2 inc he s ) 
Med i um  ( 2  inches to 1 ft . ) 
Slight ( ove r 1 ft . ) 

M inor s t ructure s of ore � 
Eve n  granular mas s ive 

" " d is s emina t e d  
Banded 
Nodular 

6 
12 

2 

18 
7 
3 
0 

ORIGIN AND EMPLl\.Clll.mNT OF THE ORE .  

Nort he a s t e rn 
Oregon 

7 
5 
7 

12 
3 
0 
3 

4 
3 
2 

3 
3 

4 
11 

2 

15 
9 
3 
2 

2 9  

Wit h in the last decade some doubt has been cast upon t he previou s ly 
ac c ept ed t heory of t he or i g in of all c hromit e as a pr imary magmat i c  segre ­
gat ion . 

Several authors 1§1 have been c onvinc e d t hat the great e r  quant i t y  of 
chromi t e  i s  lat e  magmat i c , repla c ing e it he r  par t ly o r  c omplet ely t he 
groundma s s  minerals ; t hat part s of t he depo s it s are also hydrot he rmal in 
orig i n , b e i ng i nt r oduc e d  by t he s e rpent inizi ng vapours of t he last st age s 
of cons o l i dat ion of t he paren t rocks with whi c h  t he ore s are a s s o c iat e d . 
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In t he study of t he origin o f , c hromite deposits  a d i s t inc t i on must be 
made between t he t ime o f  s egre gat i on of the c hromite f rom t he magma and i t s  
f i nal emplac ement as  a n  orebody . The c rys t a l l i zat i o n  of  t he c hromite may 
have begun e arly in t he magmat i c  s t age of t he per i dot i t ic i nt rus i o n , but it 
pr obably c ont inue d over a wide range of t ime , with cont inu ing e nr i c hment . 
The emplac eme nt of t he ore , however , seems to have been in large part after 
t he ma in per i od o f  rock intrus ion , and dur ing o r  j us t  before t he per iod o f  
serpe nt i n i zat i o n . In ot her words , a c hromi te - r i c h  magma , segregat ed early 
deep within t he intrus ion , might be inj ected int o  fractures in already c on­
so l idated roc ks above ,  without appre c i ab ly replac ing t hem . 

In the banded c hromite ores ( Gr iff in , Valen ) ,  t he layers of high-grade 
are oft e n  folded a nd c ontor� ed , w it h  lat er in j e c t ion , always of higher grade 
ore , c ut t ing acros s t he earlier , The c o nt ort e d  layers suggest that t his 
t ype of depos it at lea st , was i n  t he s t a t e  o f  a " c rystal mush" , rat her t han 
a liquid . Intrus ive re lat i onsh i ps here and e l s ewhere are a l so i nd i c a t e d  
b y  the freque nt oc c urrenc e of b ranc hing ore stringers hav i ng sharp c ont ac t s  
w ith the barren surround ing rocks . 

Orebodies  are very c ommonly al igne d w ithin d i s t inct shear z o ne s , sug ­
gest i ng a structural c o nt r o l  over the ir  emplac ement . When ,  as at Br iggs 
C re ek and in we st ern Curry c ount y ,  t he s e  z one s have constant t re nds over 
cons i derable d i st anc e s  and o c c ur in two or more intersec t ing set s , t he evi ­
denc e be c ome s impre ss ive . The oc c as i onally overla pp ing and c r o s swise orien­
t at ion of t he o re lens e s  within t he s e  zone s  sugge st s t hat they were intrud ­
ed i nt o shear fract ure s . 

The se l ine s of fract ur i ng , wh i ch seem t o  have governed t he emplac ement 
of the orebodi e s  c o uld not have e x i s t e d  bef ore t he c onso lidat ion of t he 
rocks in wh ic h t hey occur . On t he o ther hand , the  movement s acc ompanying 
s erpent in i zat io n have in many plac e s  frac t ured and displaced t he ore bodie s . 
'rhe t ime of emplacement is thus dat e d as aft er t he ma j or i nt ru s ion of t he 
parent roc k and t owards the beginning o f  t he per iod of s erpent inizat ion . 

Orebodies are fre quent ly found w it hin the � ridot ite  or s erpe nt i ne a 
short distanc e f r om t he contac t s  with o lder roc ks , or near xe no l iths or 
inl iers of sc hist , chert , or quart z it e . If t hese c ont ac t s  and inliers ac t ­
e d  as " s e t t ling t able s "  f or t he c o llec t i o n  of c hromite c rys tals fa ll i ng i n  
a l iquid magma , t he ore would  seem t o  have formed e arly . An alt ernat ive 
explanat ion i s t hat t he s t rong and more compe tent inliers and contac t s  
wi t hst ood stresses  better than t he immediate ly surround ing rocks with t he 
result ing deve lopment of zone s of strain near them , during or s oon aft e r 
t he rock c o o l e d  and solidif ied . These zone s in t urn governed t he emplac e ­
me nt o f  t he ore . It ha s been sugge st ed that t he ore b o d i e s  themse lve s might 
have ac t ed as c ompe t ent bod i e s  t o  local ize t he fract uring . In most of t he 
Oregon lo c a l i t ie s t hey are too  sma ll in relat io n t o  t he ext e nt of the 
zone s  t o  have c aus e d  the lat t er t o  deve lop in t hi s  way . 

In c entral Curry c o unty t he l at e  magmat i c  mineral s  t remo l ite and d i al ­

lags are o ft e n  bo th i nt imat e ly assoc iated w i th the ore . Dikes o f  d i allag ­
i t e  paral lel t he ore lens e s . At one local! ty in southern Curry county 
large , part ly re sorbed diallage crys tals appear t ot ally surrounded by c hro ­
mit e . 
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No chromite of defini t ely hydrot herma l orig in has bee n not ed . Large 

ve ins and vugs of aragonit e  at t he Iron King mine c ont a i n  c hromi t e  c rys ­
t als wh i c h  may have be e n  p ic ke d up dur ing their lat e r e mplacement . The 
fre que nt o c currenc e  of orebodie s  near ac id d ike s in t he Agne s s  d i s t ric t 
may be expla i ne d  by t he i r f ollm'l i ne; t he same fract ure s .  The hydrothe rmal 
minerals such as kammerer i t e  i n the ma t e r i a l  betwe e n  t he c hromit e c ryst als 
in high-grade ore may have re plac ed prev ious gangue mi nerals . 

By far t he great er number of t he depo s i t s  in Ore gon s e em t o have been 
emplac e d  in frac ture s in t he alre ady more o r le s s  c onsol idated ro cks , af ­
ter t he i r part ial or c omple t e  c oo l ing and b efore mo s t  of the serpent iniza­
t ion ,  and t hus re pre sent i nj e ct e d lat e magmat ic rat her tha n  e arly magmat i c  
or hydrothermal depo s it s . 

CHROMITE DEPOSITS IN SOUTH\'::ES'ER!\f OREGON . 

General De s c r ipt ion . 

Topographic ally , t he regi on in whic h  the se de po s it s lie i s  known 
as t he Klamat h Mount a i n  prov i nc e , whi c h  was one of t he so -ca lled "Two 
Is land s "  de s c r ibed by Thoma s C ondon , t he p i o ne er Oregon ge ologi st . The 
ot her " Island " was t he Blue Mount a ins , in whi c h  the de pos it s of nort h­
e as t e rn Oregon l ie . 

The Klamat h prov inc e i s ��de up of o ld rocks , and is b ounded on t he 
north by Eocene s ed iment s o f  t he Oregon Coast Range , and on the e ast by 
t he volcan i c  roc ks o f the C as c ade Range . The prov ince ext e nd s nearly t o  
C o o s  Bay on t he north , and alt hough Te rt i ary rocks appear in plac e s a s  far 

south as t he Rogue Rive r and a long t he c o ast , t hey do not ext end inland . 

The prov inc e extends s outh far int o northern C aliforn i a , where it is f i nally 
t ermina t e d  by t he C oas t  Range . 

Ge olog i c  and t o pographic maps o f t he re gion pub l i she d  by t he Uni t ed 

S t at e s  Geo l og i c al Survey are l i s t e d  as fo llows : 

U .  3 .  C� ol . Survey Ge ol . At las , Port Orford Fol i o  ( no . 89 ) 1903 . 
Ro seburg fo l i o  ( no . 49 ) 
Riddle f o l i o  ( no . 2 18 ) 

U .  S .  G .  3 .  Topographi c Quadrangle s :  Kerby 
Grant s Pass 
Port Orf ord 

Ashland 

The U .  s .  Fore s t  Se rv ic e Map of t he S i s k iyou Nat i o nal Fore s t embrac e s  
a l l  but t he eastern exte ns ion of t he region . 

The ro cks of the Klamat h provinc e are t t:s o lde s t in we st ern Oregon , 
and are relat ed to t ho se of t he Blue 11ount o.1 ns of e a s t e rn Ore gon and t he 

S ierras of C a l iforni a . Diller d i scus s e s  them as f ollows J:J..I : 
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"The Klamat h  Mount a i ns c ons i s t  of two broad b e lt s  of c lo s e .l y  
r e l at e d  r o cks , of ,whic h t he mo st anc i e nt a re pre -Cambri an c ryst a l ­
l i ne roc ks , mica and hornb lende s c hi s t s  . . .  o I n  a general way 
t he s e  two be l t s  show b road s t re t c he s  o f  Pa l e ozo ic rocks , i nc lud ing 
many areas of s l a t e , s ands t one s , and l ime st one s  apparent ly of S i l ­
ur ian and Carboniferous age , be s i d e s  great v o l ume s  o f  Pa le o z o i c  
vo l c an i c  r o c ks a rd  l at er i nt rus ive ro c ks o f  b o t h  ac id i c  and b as i c  
types . The ac i d i c  t ype s a re re pre s e n t e d  b y  var ious forms o f  gran­
i t ic and d iori t i c  r o c ks ; t he ba s i c  i ntrus ive r o c k s  are gabbr o s  and 
perido t i t e s  or serpent i ne s " . 

It i s  in t he last group of intrus ive s ,  whi c h  are probably lat e Juras ­
s ic in age , t hat t he c hromit e depo s it s are f ound . 

The I{lama t h  prov i nc e  i s  o ne o f  predominant ly h i gh re lie f and rugge d  
c haract e r . The d if ferenc e s  in el evat ion betwe e n  t he ma i n  r ivers ( Rogue 
and Ill inoi s )  and t he r i d ge t ops is well o v e r  3 000 feet . The valleys , 
Wl th t he exc e pt ion of t he upper I l l i no i s  and Rogue , are ne arly all s t e e p ­
s ided and narrow , b e i ng i n  t he s t age of t opograph i c  yout h . rtemr,ant s of an 
old ero u lo n  surfac e ( de s c r ib e d  by D i l l e r  � in d e t a i l ) rema i n  at e leva­
t l ons varying from 3 000 to 4000 f e e t , and are e s pe c ially prominent in 
s out hern Curry c ount y . Remnant s of a s e r i e s  o f  rai s e d  s e a  beac he s  up t o  
15 00 fe e t  e levat i o n  c an b e  s een a lo ng t he c oa s t , and the se c orre s pond t o  
at le ast t hr e e  e r o s i onal int e rvals s hown in t he val ley p rof i le s  o f  t he 
larger s t re ams i n  Curry c ount y , 

The great e r  part of t he Klamath prov i nc e  i n  Oregon is d r a i ne d  by t he 
Rogue river and i ts t r i but ar ie s , t he l argest of whi c h  i s  the Ill i no i s . 
Sout hern Curry c ount y  i s  dra i ne d  by the C he t c o , Pi s t o l , v'H nc huck and Smith 
r iver s . To the nort h  t he C o qu i lle , Elk , and S i xe s r ive rs , t oge t he r  with 
t he Umpqua , ac c ount f o r  t he d � a i nage o f  t he rest of t he reg i o n , 

Thr e e  kind s o f  c l imat e me e t  in t he Klamat h reg i o n  of Ore go n ,  e a c h  with 
a c harac t er i s t i c  f or e s t  growt h .  The southern fog be lt w i t h  it s redwo od f o r ­
e st s  j o ins t he no rt hern "rain fore s t " o f  Douglas f ir ,  S i t ka s pruc e a n d  Port 
Orf ord c e da r  ne ar t he Oregon l ine ; and bot h pas s i nland int o t he dry t ype 

of fore st , w it h  sugar and ponderosa pine , i nc e ns e  c e dar and Dougl as fir . 

The sc e n i c  Roosevelt o r  C o ast highway skirt s t he we s t  e dge of t he 

Klama t h  re g ion ; t he Pac if ic h ighway t ou che s it on t he e a s t  along t he st re t c h  
be twe e n  Med f ord and Ro s eburg . The Re dwo od H ighway t rave rs e s  i t  from Grant s 
Pas s  t o Cre s c e nt C i t y ,  The c e nt ral part of t he are a i n Oregon i s  ac c e s s i b l e 
only in summe r t ime by f or e s t  roads and t r a i l s . Lack of ade quat e  t rans por­
t at i on f ac i l i t ie s  has prevent e d  e ar l i e r  deve lopme nt o f  a numb e r  o f  t he chro ­
mit e de pos i t s  in t he region , and in t urn , s everal road s  in t he reg ion have 
be e n built t o  o pe n  up chrom i t e  propert i e s . 
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Fig . 2 .  Key map for s ome of chromite depo s i t s  in southwe stern Oregon . 
Cros s e s  are depos i t s  not v isited . 
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CDTIRY COUNTY 

Baldface ( 1 ) 

Loc at e d  in S1J1i s e c . ? 6 , T .  40 S . , R .  11 VI . , at e nd of s pur from Wimer 
road , 2 mi le s north of Sourd ough guard s t at ion on Baldfac e c reek , Curry Count y . 

The c ountry roc k  i s  a dunit e . t ending t o  b e  mas s ive near t he zone in 
whi ch t he orebod les  lie . The re i s  no gre en t alcy serpent ine pre s ent 
( as in o t her Curry county de po s it s ) ,  and t he ore l i e s  in so lid  and rather 
c oarsely j o int e d  rathe r than in f ine ly broken roc k .  The depo s i t s  are band ­
ed rat her t han kidney - l ike , t he b od i e s  b e i ng very long and narrovr , and are 
offset several t imes , lying en echelon in t he zone . The z o ne appears t o  be 
bounded on t he we st by an e s pe c ia l ly r e s i s t ant r idge o f  pe r idot i t e -dunite 
wh i c h  stands up i n  c l i ff s and pinnac le s ,  ( See f ig .  ? ) . 

The ore -be ar 1ng zone has bee n devel ope d  by pits , cut s , and ad i t s  along 
a hor i z ontal d i s t anc e of about 1 ?00 fe et , and ext ends another 700 feet s out h ­
e a s t  t o  the bed o f  Baldfac e c r e e k , and may go farther . The ends of t he o b ­
a erved z one are 2 000 fe et apart , and t he d i ffe renc e in t he ir e levat ion i s  

8 0 0  fe et . The zone and t h e  roc k s t ructure s s t r ike northwe st ( on a n  ave r ­
age ) and d 1 p  4.5 - 5 0 °  t o t he nort heast . 

The orebodie s vary in width from narrow seams up t o over 8 feet , t he 
average widt h as d i sclosed in t he l arger c ut s be ing .5 fe et . Of t h i s  widt h , 
perhaps 3 f e e t  is of me d ium-grade ore and 2 feet of higher grade ore , t he 
lat t e r  o ccurring in band s up t o  1 foot wide within the f orme r . 

Figures supp l i ed on t onnage s hi ppe d in 1 918 g1ve 700 t ons of unsort e d  
( 40 -42 per c e nt c hromi c oxide ) ore ; and a smal l amount of hand -picke d  
( 49 p e r  c ent c hromic ox i de ) ore . Ore -- p i l e s  a t  pre sent t ot al 7 .5 -100 t o ns 
of unsort ed ore . 

The Sourdough forest road from t he old Wimer road , ext end !'!  t o  t he de ­
po s i t . If the b r i dge over the north fork of Smit h r iver i s  c omple t e d , 
ore c oul d be t ruc ked t o  t h e  t own of Smith River ove r a f ore st road ( 3 2 
m i l e s ) and t o  Brookings ( 4.5 miles ) . At present t he ore can be t ruc ke d  
? ?  mi les t o  t he Re dwood highway at Waldo Junc t i on ,  and 40 mi le s t o  Grant s 
Pas s . 

Che t c o  ( 2 )  

Thi s de pos i t  l i e s  li miles by t r a i l  nor t h  o f  t he Che t c o  river cro s s ing 
at Tolman ' s  ranch near t he center of Twp .. 3 8 S ,  , R ,  12 VI .  

The d e po s i t  oc cur s  near t he c e nt e r o f  t he  south end o f  a s erpent ine 
band 1000 fee t wi de ,  whi ch e xt ends ab out half a mile north up t he r idge . 
The wor k i ngs are le s s  t ha n  500 fe et from t he c o nt act in any d irec t ion but 
north .. 

The ore appe ars in f our l o c al i t ie s  lying in a north-trend ing l ine . A 
c hrom i t e  boulde r 2 fe e t  s quare lies  1 0  fe e t from t h e  southern c ont a c t  of 
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t he s e rpent ine w i t h  a t h i n - bedded sandst one . To the nor t h  300 feet 
e ight t renc he s  and open c u t s  expo s e  two ore band s w hich s eem t o  t rend north­
east . One of t hem i s  at le ast 4 feet w ide and ) 0  feet long , and t he ot her 
i s  not so w id e  or regular , but i s  po ss i b ly 5 0  feet i n  lengt h .  Near .one of 
t he se cut s a large bould er o f  c hromit e c ont a i ns c rystals o f  part ly re s orbed 
d iallage as large as 1! i nche s i n  d iamet e r , c omple t e ly surrounded by t :ne ore . 
Two smal l c ut s  50 f e e t  north of he re show c hr om i t e on t he i r  dumps , a nd 2 00 
fe e t north t he main wo rkings , wh i c h  c ons i s t of e l eve n cuts of var i ous s i z e s , 
expose an ore zone 15 0 f e e t  long . 

The zone t re nd s  s outheast , and at t h at e nd t lJe o re  i s  15 feet wide and 
d i ps 55°  N .  To t he nort hwe s t  75 feet ,. t he o re i s  8 fe e t t hick , but f'rom 
here on t he mai n  body bre aks up int o a numb er of band s a nd f inally splay s  
out i n  small s t r i ngers . Some small float was found 400 fe et st i l l  fart he r  
nort h o  

The ore on t h i s  c l a im i s  o f  f a i r  grade , assaying ?4  per c e nt c hromi c  
ox ide ,  w i t h  a high i r on c o nt e nt . The s t e e p  Che t c o  c anyo n  li e s  between t; he 
claim and t he Long Ridge Lookout r oad , whe nc e it is 2 2  m i l e s  to Brookings o 

W i ndy Valley Group ( 3 )  

Seve n c laims e ast o f  W i ndy Val ley in T ,. 37 S .  , R .  1 2  W .  , l i e  i n  two 
n o rth- t rend ing l ines , a bout half a mile apart . Lit t le work h as been d one , 
but t h e  orebo d i e s  t hat appear are of fairly h igh grade , a lt hough probab 1 y  
smal L Mos t  of t hem l ie in she ared z o ne s  in se rpe nt ine ; four of t hem he 
w1 t h i n  a few hundred f e e t  o r l e s s  of c hert and quart z it e  inc lus i ons in t he 
serpent ine , or ac i d i c  i nt rus ions . 

Game Lake Gr oup { 4 )  

In t hi s  area of about 1 0  square mile s , mos t ly in T o  3 6  S " , R "  1 2  W . , 
2 4 eo la ims were v i s it e d  and s t ud i e d , o nly a rew of wh i c h  are loc ated o n  
f ig . 1 .  One l ine of c la ims i s  a c ont inuat i o n  o f  t he north t rend i ng l ine 
in t he Agnes s  group , and two ot her l ines wi t h  se veral depo s i t s  in e a c h  
cro ss Hor s e s ign and t he nort h fork o f  C olliers creeks . Many c l aims in t h i s  
area we re loc a t e d  b y  followi ng t he se north t rend i ng l ines . 

The c ount ry rock i n  t he s outhern half of t his are a is " buckskin" 
per i d ot ite -porphyry , and t he orebo di es li e i n  J O int e d  but relat ive l y  u n ­
a l t ered rock . In t he nort h part or t he area t h e  de pos it s are in highly 

alt ered serpent ine s im i L� r  to that i n  t he Agness group . Only a few l 1 e  
near c ont ac t s  w i t h  ot her roc ks . A t  one local i t y  a s t r ing o f  small ore -­
b od i e s  l i e s  paral l e l to a d i ke bf d iallag i t e ,  whi c h  ave rage s 2 feet  wide 
a nd 30 f e e t  long ,  w it h  crys t a l s  over ! inc h i n  d ia met e r . 

The e xt ent of the o rebodies c annot be de t ermined , as onl y l o c at i o n  work 
has been d one o n  t he c la ims , but t hey appear . to be rat her s ma l l , a l t hough 
of fair grade . 
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S igna l But t e s  Group ( 5 )  

Thirty-f ive c laims , s c at t ered over about 5 s quare mile s around S igna l 
But t e s  were v i s i t e d  and several of them stud ied i n  deta i l . These are shown 
in f i g . 4 ,  wit h s e c t i on and t owns h i p  loc at ion . 

The S i gna l But t e s  d i s t r i c t  is o ne of cons iderable ge o log ic c omplex i t y . 
The s e r pe nt ine s were int ruded int o  a s e r i e s of shales , sand s t one s , banded 
c he r t s  and quart z it e s . The dense h ighly s il ic e ous members suc h a s  c hert s 
and qua r t z 1 t e s  seem t o  have bee n left rel a t ively unaltered ; sand s t one s were 
replaced in all degre e s , and shaly s e d ime nt s seem to have been more or l e s s  
c o�.pl e t e l y  re plac ed over large are as w i t h  only occas ional rema i n i ng pat c he s , 
now al t e re d  t o  s c h is t . The "but t e s "  t hemselves are lat e r  vo l c an i c  plugs 
and great d ikes , wh ich c ame up along t he re c t angular l ine s of we akne s s  whi c h  
are prominent i n  t he are a , and t h e y  now st and up a s  a number o f  p i nnac les 
and b o s se s . 

Nearly all the orebod ies  li e i n  wid e zone s  of more or le s s  c omplet ely 
alt ered ser pent ine , wh ich appe ars as a s oft , f i nely d iv i ded and flaky ( or 
clayey when wet ) ma s s , probably in great part t a l c , c hlor it e ,  and various 
serpe nt i ne minerals , Vlithin t h e s e  zone s are st r ingers of sandy chromite , 
which oc c a s ional l y  widen t o form t he ore bod i e s , Chromite gJDains also are oft en 
scattered t hr ough the z one s , Magne s it e  and quart z lens e s  and str inger s  of 
sec o ndary or igin are not uncommon . 

'l'he se zone s may be t rac ed by t he s t n ngs o f small. c hromit e float t hat 
weat he r s  out along them . South of Signal But t e , t he south-t rending ridge s 
are cut by e as t ·-we s t  t rend i ng soft z one s . The se soft zone s have e roded 
to form a s e r ie s of t he sout h -t re nd ing r i d ge s . The zone s  are s o  wide 
t hat t he more re s i st ant s erpent ine often stands as p innac le s . The s e  pin­
nac l e s  occur i n  regular line s , paral l el to t he zone s , i n several areas . 
1\cr-c h - south t rends of t he l i ne s of float are promi nent in t he area around 
S it'. c�l But t e , a s  wel l  as farther nort h .  To t he nort heast t he lines run 
ens ·� -we st . 

A vert i c a l  s e c t i on through one prospe c t  cut shows band s of harde r s e r ­
pent ine { 1 )  l n  t he a l t e red z. o ne . ( See f ig .  5 a ) . Are a s  of a light gree n ,  
flaky serpent i ne with numerous smal l  s oft  whit e pe l le t s  o f  magne s it e  O ::'  
s ome othe r  c arbonat e are pre se nt here and i n  other loc ul i t ies . ( 2 ) .  The 
c hr omit e o c curs as narrow str ingers and sma ll kidneys ( 3 )  in t h i s  cut and 
e ls ewhe re , all lying in t he alt ered z one mat er ial . 

In s e veral p l a c e s  b ande d  green chert s e err.s t o  form t he hang ing wall of 
the a lt e red zone , and c an be t ra c e d  f or s everal hundred f e e t . It s c o nt a c t  
w i t h  t he p er idot i t e  grades t hrough a zone of magne s i t e , a n d  t he lat t er pene ­
t rat e s  t r�  serpent i ne , in a d e ns e  ne twork of t hin s t r i ngers and f i lament s ,  
for s everal feet _ 

'rlte o re b o d i e s  s out h of the But t e  are un :· orrnly s ma l l , rare ly be ing ove r  
5 feet  long a n d  2 f e e t  wide , and no t very c l o s e ly s pac e d . The a s s ays show 
about 50j. c hromi c  oxide , 
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Chromite depo s it s  near Signal Butta , Curry county . 
Showing at t itud e s  and t rends of orebod ies . 
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Fig . 5 . Nort h ·south sect ions at Signal Butt e .  
A .  Pine Flat . 
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( 1 )  Mas sive serpent ine 
( 2 )  Magne s i t e  lens 
( 3 )  C hromite seams and small bodies 
( 4) Alt ered zone 

B .  Se c t i on c orner 25 -36 , 30-31 . 
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· .  Se c t ion taken through 8 -foot high-grade orebody . 
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O ne d e p o s i t  had a n  o re b od y  20 feet l ong , 8 feet t h i c k , and 15 feet on 
the d i p . It strike s  N ,  70° "i/ . , a nd d ips 30° S .  ·. The body i s  rounde d at the 
edge s , and l ie s  near t he c enter o f  a zone of soft gre e n  talc os e s e r pent ine , 
with iron - s t a ine d s e ams and c hromi t e gra i ns sc at t ered t hrough i t s  e nt ire 
width of 60 f e e t . ( Se e  f i g . 5 - b ) . fl. d i s c ont inuous 10-fo ot ledge of quart z -
i t e  f orms t h e  foo twall of t he z o ne 3 0 fe e t  be l ow .  

T he ore from e leven of t h e  d e po s i t s  i n  t he S i gn��Ht t e s  area averaeed 

over 50 per c ent c hromic oxide ; from 14 to 18 pe r c e nlt pro t ox ide ; and from 
3 to 9 per cent s i l i c a . 

Ind i go C la .ims ( 6 }  

One of these c laims l ie s  o n  t he p o i nt be twe en Ind igo c reek and t he 
I l l ino is r ive r , an d t he o the r l ie s  d i re c t ly s out h on t he we st b ank o f  t he 
r iver , in T .  3 6  S , , R .  ll W .  Bot h  are w i t h i n  a few hundred feet o f  t he 
c ont act of t he s e rpent ine wit h s and s t one and gabbro t o  t he  east . A small 
h i gh-grade body was mi ned from t he no rt h d e po s i t , which lay i n  a s heared 
green serpe n t ine . A narrow quart z d i ke l ie s  above i t  on t he t op o f  t he 
ri dge . The sout hern d epo s i t  c on s i s t il  of a small k i d ney 5 feet t h i ck and 
at le ast 5 feet long , s t r i k i ng  east and d ipping 5 0° S .  Le ns e s  o f  whit e  
s il i c eous roc k a l s o a ppear abov e  and c a n  be traced  f o r  .5 00 feet s out h . The 
o re from t he s e  propert i es assayed 35 and 39 per cent c hromi c  ox i :i e . 

At=;ne :; s Gr oup ( 7 ) 
Nine c la ims sout h of Ag ne s s  and nort h of Lav1son c r e ek were v i s i t e d . 

Four of ihe s e  He in a l ine t rend i ng  almo s t  s outh from . Agness and c ont i n ­
uir.g int o t he Game Izke group . Four ot hers W>ke up a s imi lar l i ne fc:rour 
m ile s long , lying about two and a ha lf mil e s  to t he we s t of t he f irst . 
These l i e  in T .  35 and 3 6  S . , and R .  11 and 12 W .  

All tlle depo s it s  a ppear in zone s  of sheared gre e n  talc o se s erpent i ne , 
Irregular are as o f  dark brown serpent 1ne wit h a p it chy lust re , and t h i n  l e n s  . .  
e �; of white s i l i c e ou s  magne s it e are f re quent ly found near t he depos it s .  
In f i ve of t he l o c al i t i e s  t he c o nt ac t of t he s e rpent i ne w i t h  greenst one , 
schist , sandst o:J.e , or dac it e porphyry was w it hi n  2 00 yards of the depos it s . 
At two lo c al i t ie s t h e  c hromi t e , be s i de:> o c curri ng in small high-grade bod i e s  
was f ound i n  narrow s e am s  in t he z one , a s  we ll as d i s s emina t e d  t hrough more 
mas s ive porc e l lane ous s e rpent i ne nearby .  

Illahe Group ( 8 )  

Eleven c la ims were v i s it e d  in t hi s  ar e a . They l i e  within t he nor t: h ·-
t re nd i ng  narrow bands of se rpe nt i ne mappe d by D i l le r  ?!/ to t he west and 
northwe st of Illahe . 

The c ountry rock is e it he r  a s heared green s erpe nt ine in t he narrow 
mapped areas , c::r yel low weat her ing " bueksk i n "  per i d o t i t e -·porphyry 1 11  t . .  :·w 
wider are a s , sllch as t he o ne nort h of Red Houn t a in .  
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On cla ims where ore was found in plac e , it lay in nort h-t rending zone s 

of soft t alco s e  s erpentine , in t he form of smal l  l ent i l -s haped bodies , not 
o ver 2 feet thick and 8 feet long . One exc e pt ion c ons ist e d  of a s oft fri ­
able ore in a band 15 feet long and 2 fee t t h i c k . Most of the c la ims showed 
only float of high-grade ore , but in a few places  t here was also low-grade 
b anded ore . An a s s ay of ore from one property gave 48 per c e nt c hrom i c  
oxide , 

JOSEPHINE C OU!I.TTY 

Elkhorn Creek ( 9 )  
There are two depo s it s east o f  what i s  known as t he Br iggs c ree k chrome 

depos i.t :  ( 1 )  The Nigger ,. lying north of t he old c hrome t ra i l  and ( 2 )  Ro se 
C ity ,, ne ar t he c orne r  c ommon to See s . 13-14·- 2 3 - 24 , both in T .  36 S . , R. 9 w . , 
Br iggs Creek Lii n ing D i s t r ic t , Jos eph i ne c ounty . 

1 .  lhecer . An ope n cut , ab out 15 feet de e p , extends for 3 0  feet 
int o t he rat her s t e e p  hills i de , w ith a tunne l ( now c aved ) c ont inuing in a 
?L 50° ·:Io d irect ion ,, probably not for any gre at d istanc e . The banded me t a ­
J1e ri dot i t e  appears t o  s t r ike N .  85° 'N . ,  dipping 37° N .  The c o nt ac t  with 
the old er me t amorplu c rocks (q uart z i t e s  and s c M. s t s ) lies only a hundred 
feet or s o  d ownhill to t he east . Some c hlor i t e  schist  fl oat ne arby sug­
e:est s inc lus ions o f  t hi s  o ld er rock wit h i n  the per idot i t e . A sma l l e r  cut 

20 f e e t  above t hEl f i rs t  shows rock wi t h  t he same att itude , and a few pounds 

or float ore . 

Thi.s d epos it is said t o be t he only one in t he Br i ggs creek area from 

wh ic h chromit e was actually s hi pped in any quant i ty . It i s said t hat about 

f ive or s i x  c arloads ( 2 50 - 300 t ons ) of o re were taken from t he large c ut 
and t unne l ,  and packe d by mule t o  t he road , over five miles away . Now only 
a f e w  hundred pounds of loose c hrom it e remain . It is probable , however ,  

thr: t h e  d e po s it i s  not exhaust e ·l .  '2''1e ore i s  sai d t o  have averaged just 
at '.; ; e  4 7  pe r c e nt chromi c oxide . 

2 .  Ro se C it y .  One s hal low l o c at i o n  cut has exposed a fac e of ore 

in t he bo'; t om , 3 a i d  to be ( it was f i lled w it h  snow when v i s ited ) l im i t e d  
on only on.-3 s i de o f  t he cut , the boundary cut t ing ac ross t he bot t om at 
an angle , l'L Soo E,  Only about 2 00. pounds of ore have bee n  taken out . 
Heavy float ( boulders from 6 i nc h e s  t o  2 fee t  in d i ame t e r ) extends f or 2 00 
fee t  t o  the e ast , and i'or 100 f e e t  t o  t he we st , perhaps a s  muc h as one t o n  
in al l .  I t  i s  s a i d  t hat smaller float e xt e nds furt he r east down t .he hill 
for another quarter mile . 

The o re appear s t o  be o f go od grade , a nd assays 45 , 87 pe r c e nt c hrom­
ic ox ide . 

It i s  about one m i l e  down a very s t e e p  t ra.i l  t o  Briggs c ree k , and 
thence o ne and a half m i l e s  t o  t h e  fore s t  ro ad a t  t he Ferren Range r sta­
t io n . By forest road it i s  about 16 mile s t o  t he Hedwood highway at t he 
foot of Haye s Hi ll ( But cher Knife creek )  and t hence about 14 miles to Grant s 
!'ass . 'Ehe t o tal i s  about 41 mi le s  1'rom claim t o  t own . 
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Hor s e  I.!ount ain (1 4 ) 

Loc at e d  near the cent er of NW± of Sec , 3 ,  '1' , 3 7  S " , R ,  9 W .  The de 
po s it s  lie at e levat ions o f  2 5 00 t o  2 7 00 feet on the no rthwe st r idge of 
Horse mount a in , east o f  Br iggs c reek , J o s e phine c ounty . 

4 3  

The chr om i t e  l 1e s  i n  narrow b and s , s t r i nge r s , and fat t er l e ns e s  o c c ur ­
r l ng a long a fai r ly narrow z o n e  f or 6 00 feet , 1n a c ount ry r o c k  of med ium 
t o  f i ne -gra ined banded dun it e wh ic h s t n .ke s  generally nort h - s o ut h ,  vary ing 
fro:n ; .: . 1 5 0  E .  on t he lower { nort hern ) part of t he z one t o  N ,  S o VL on t he 
uppe r ( i'a t:t l:w : n )  port- i on .  The narrow s t r ing8 2S and lenses v1 i t hin the zone 
oc c ur ·- - ec r�E:'J:on , be i ng offset progre s s ively as o ne goe s sout hwards .  

The z o ne l 1 e s  a pproximat e l y  paral le l t o ,  and 100 t o  200 fe et from , 
t he ( (JT! t a c t  o :t'  the d un. i t e  l nt i'us1ve w i t h  t he o l der s c h i s t s  l y i ng t o  t he 
e a E H , 'rh : ;, c ont ac t; go'l e rns t he c ours e  of a small creek , and out l ine s t he 
.r i dge upo n mn c h  the zone lie s . To the we s t  the r 1 dge drops o ff stee ply 

in a ser ies of c l i ffs t o  Briggs creek , 1000 feet be low o 

The on: uppear lng 1n al l t he c hromite out c; rops was low-grade , d i s -

semH;.at e d  .:. a  c haract e r ,  and soft . ;. few port ?. o ns t owards t he c e nter of t he 
.J arge r bod i e s  are more c ompa c t  wi th li'l .'>s gangue , but the average is perhaps 
no t over 35 per c e nt c hromic ox1de . The c harac t e r 1 s t i c  o c c urrence in this 

v 1 c in 1  ty seems t o  be in narrow st r ingers , which Yary from the center , where 
t ·' 'e chromi te grains are fai rly well-packe d , outwards to t he edge w i t h  mor e  

and more o l iv 1 ne be ing i nc lude d  and t he ind ividual gra ins be c oming more and 
more s parse . 

Alt hough t he Br1ggs c re ek chrome bunkers and road are only 3 /4 of a 
rrn 1 e  t o  t he nort h ,  and l ie at about t he same e le v at ion , the s t e e p - s ided 
1 000 ·-foot va lley of Swe de c re e k l i e s  betv;een . From t he bunke rs to t he 
h1r �, wny it 1s about 12 mi l e s , t he nc e  14 m1les to Grant s Pa ss . 

Illino i s  R1ver ( 3 )  

I.o eat ed near t he c: e nt e r  of N� s e c . 2 1 ,  'l' 37 S o , H 9 V L , on Illino i s  
r iv er road , J o se phi.ne c o unty . 

A1. the present tlmc: t he undergrour,d wor k i ngs are covered by a l arge 
c> 1.1de wh1 ch ha s broken down s ince c e s s at ion of war t 1me o perat i o ns and c om·· 
pletel.y masked t he several drift fl whi c h  1 nt ers e c t ed t he ore bod ie s , Ac -

c o rd i ng  to Ed C ox , who was in c harge of operat i o ns f or the California 
C hrom i t e  C ompany dunne; t he war , t he re ,·:ere t hree k i dneys ( now almo s t  
c omplet e ly mined out ) whic h y i e ld e d ov e r  5 000 t ons of o re , averag i ng 47 
per c ant c hromic ox ide . 

Of t h1s DilJer say s : 2 2/ 

� � ��lle ln1\:_se ;·-�. t body· Df' ox··�:; found i n. eounty we:.. s on I l l ino 1. s  
r1ver ( 3 ) , and t he llll i l l n g  o f  this body v,c; begun 1 n  1917 and c omplet ­
ed 1n 1 9 1 8 , yield i ng a t ot a l  of about 4 , {, c;o t ons o f  s h i pp ing ore . 
�he ore body was made up of a x• • .•mbe r of' p · : ral lel. lens e s , one of 
wh 1 c ;c W<6 6.5 fe6 t .i 11 l e ngth N '1°  :·; . 1u; ' 2 :J f e e t  thick and d ipped 
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about 45 ° E .  The ore generally c ontained 50  pe r c e nt o r  more of 
chromic oxide , and but l i t t le lower grade ore was found . No pur ­
ple c hrome c hlor it e s or gree n c hrome garnet , suc h as are c ommonly 
see n e lsewhere , was noted at t h is loc al i t y . 'rhe c ount ry roc k , dun ­
ito , i s  c omple t e ly c hanged t o  s erpent ine . " 

The o re z one ext e nd s  downward t o  t he river o.nd ac ross t o  the other 
s ide , but t he c ropp ings are smal l . 

The mi ne i s  about 18 mi le s  by r oad from Se lma which i s  2 2  mile s from 
Grant s Pas s . 

Jac k Shade ( 4 )  

Lo c at e d  in Se c t i on 2 1 ,  T .  3 7  S . , R o  9 W , , Jo se phine c ounty . 

The c o untry rock is a mas s ive serpent ine , t h e  c hromi t e -bear ing zone 
lying betwe e n  two hard out s t and i ng c l iffed r idge s . The depo s i t  l i e s  1700 
fee t abov e the Ill ino i s  r iver , w it hin 4 0 0  f e e t  of t he t o p  of t he mount a i n , 
on an ext reme ly steep slope . 

The ore c rops at t he surfac e in s everal sma ll irre gular pat c he s  arid 
bands , t he large st 4 feet long and 2 f e e t  w ide , whose general t rend i s  E-W , 
d i pp ing about 2 0° S ,  They are cu t and offset by s everal s t e e ply d ipp i ng 
fault s . A 40-foo t dr ift has int e rsected t he ore about 2 5  feet be low t he 
surfac e , and pe rhaps 15 0 t ons have be e n  remove d ,  le avi ng at least t hat muc h 

in plac e . The fac e  o f t he s t ope at the end of t he d r i f t  is ne arly all ore , 
wh ich measure s 2 0 feet wide by 8 f e e t  h igh , w i t h  t he s ame att it ude as at 

t h e  surface . 

The mine is located prac t i c ally on a c l i ff fac e ; dur ing t he war t he ore 
was c hut e d  down 2 00 feet to t he end of a s l e d  road a mile in lengt h t o t he 
ma i n  r iver road , and t ruc ke d 16 mile s t o  Se lma on t he Re dwood Highway , whi c h  
i s  22  mile s from Grant s Pas s . 

Daley C re e k  ( 7 ) 

The Black Bear and C hrome King c la ims are at an elevat i o n  of about 3 000 
fee t ; near t he c ent er of E�- se c . 3 6 , T . 37 S o  , R .  10 7Jo , 1t; miles nort heas t 
of Pearsall }'e ak , J o s e phine c ount y , 

The country rock in t his are a is a per i dot i t e porphyry ; and nort h -e a s t 
trending :o:ore zones are re c ognizable by a dee per red c o lor o f  t he ov erly i ng 
res idual s o i l . In these  zone s a green non-porphyrit i c  dunit i c rock oft e n  

appe ars . Ne ar t he k idneys small lent i ls and st ri ngers of low -grade ore 
from t to 3 inc he s wide c ommonly e xt end outwards for s hort d i s t anc e s  from 
t he kfdneys . The roc k  of t e n  c an be seen t o  cont aj_n minut e c hromi t e  c rys t als , 

C hrome King C la im . ( 800 fe e t to t he s o u t hwe st of t he Lit t le Bear c la im 
and 200 feet highe r in e levat ion ) . The ore bear ing zone on the Chrome King 
s eems to be 30-50  fe et wide ( j udg i ng by t he red s o i l , abundant �hromit e  
f loat , t he phys i ographi c  s addle and f l at ) and ext ends N .  70° E . , d ipping 
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steeply sout h .  Some float was found over a d i s t ance of 200 feet , 
t hickly s cat tere d  for at least hal f  t hat d i s t anc e along t he zone . 
( 4-6 fe et wide ) ledge of hornblende schi st appe ars t o  paralle l t he 
i t s  . sout h s ide for part of i t s  ext ent , t rend ing N .  65°  E .  

45 

and it i s  

A narrow 
zone on 

In this area as e lsewhere , the kidneys seemt t o  lie more or less at 
r ight angle s t o  the zone s . At pre sent the ki dney as exposed in o ne s ide of 
t he badly c aved pit about 1 0  feet be low t he surfac e is 4 feet wide and se ems 
t o  s t r ike N. 6oo W .  and d ip 800 S .  Mr , C ox says t hat t he pit origi nally 
was 20 fe e t deep ( and at least 6 feet wide  and 10 f e e t  long ) and t hat at t hat 
depth the kidney , which w idened downwards , was 8 feet in widt h . The ore is  
med ium in appearanc e , and dur i ng  t he t ime s ince i t  was mined has s lac ke d  
down and bec ome very soft and friable , s o t hat a t  pre sent it  i s  mos t ly i n  
small p i e c e s o r  sand . I t  assays 43 . 5  p e r  c e nt c hromic ox ide . 

Lit tle Bear Claim .  At present no o re shows in t he  p i t , now c ave d  in , 

but which vn{s orig inaily about 12 feet deep , 10 fe e t  long , and 6 feet wide . 
The ore removed s e ems t o  have c ome from a kidney striking N .  65 ° W .  and 
d i pping Boo N .  , which was about 2 feet wide o Ed C ox , one o f  t he owners , 
says that it w idene d  d ovmwards , and whe n operat i o n  c eased it was 2i- feet 
wide and ut least 8 feet  long in  t he bot t om of t he 12 -foot pit . The ore 
is fair in appe aranc e , wit h only a sma ll amount of int erst it ial rocky 
mat erial , and fa irly c oars e  c ryst all izat ion . Th i s  ore has s t ood up under 
weat hering , and after 18 years e xpo sure i s  s t i l l  for t he mo st part in solid 
blocks and chunks . It assays 40 pe r c e nt c hromic oxide . 

Unc laime d l o c a l i t y  600 feet t o  the northeast of the Chro�e King c laim 
along zone , and 450 feet due s outh of  t he Lit t le Be ar c l a im .  At t h i s  un­
developed s pot s everal large boulders of med ium grade ore l i e  on t he r idge ­
t o p , just north of a le dge of hornble nde schist which st rike s  N .  60 E .  

The c laims lie a l i t t le over two mile s and 2000 feet i n  e levation from 
t hs ne are s t  road , about half of thi s two mil e s  be i ng over s t e e p  and rugged 
t e rrain . From t he Illino i s  r iver cros s i ng it is  about 10 miles by good 
forest road to Se lma , and thence 2 2  mile s by paved highway t o  Grant s Pas s ; 
a haul in all o f  about 35 miles . 

Sguav; Creek ( 15 i 

Locat e d  one -half mile up Squaw creek , nort h of Ill inois  river road , 
about two miles west o f  Se lma , near t he cent er of Se c " 4 ,  T o  38 S o , R o  8 W . , 
Jose phi ne county . 

The de po s i t  lie s i n  dial lage - pe r idot ite porphyry , c omposed of c rystals 
averaging 2 - 3  mm. in d iame t e r , in a f i ne -grained o l iv ine mat rix . Loc a l ly 

t he rock has been highly alt ered , both i rregularly and along east -we st 
areas , int o  sheared and broken green shiny s erpent i ne " Elsewhere in ot her 
are as it apparent ly grades int o dunit e .  

The c hromit e depos it l i e s  vnthin a sheare d , fault ed , and alt ered zone 
at least 500 feet wide ; and t he ore b od i e s  t hems e lves are broken and displac ­
ed . The ore appears as various s i.zed lens e s  within the more or le ss ser­
pent inized peri dot it e . The c e n t e :r·c' of t he 'b;:· oken blocks of c ou.tl.t ry rock 
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oft en remai n unaltered , but t he ir r ims are of d ense , porc e l laneous serpen­
t i ne . The c ros s -sect i on o f  one small lens of c hr omite e xposed i n t he c ut 
i s  6 i nche s w ide and 2 feet long , dipp ing t o  t he east , and s t r iking north­
sout h . A larger body is expos e d  on thre e s id e s , apparent ly be ing ) 0  inc he s 
t hick , and having minimum o t her d imens ions of 6 by 7 feet . It s lowe r sur ­
face s t r i ke s  north - s out h a nd d ips ) O O  E .  Lit t l e  c an be t old from s t ructure , 
due t o  t he broken charac t e r  of the roc k .  

The se two de pos i t s  appear i n  place near t he end o f  a 5 0 -foot open cut , 
whi ch ext e nd s  nort hwe s t  i nt o the h i lls ide , and probably was dug t o  follow 
a " lead" , or st r inge r , of c hr omit e .  It i s  over 10 feet deep at t he e nd , 
c oming in under t he larger ore - body . Another s ha llow d i t c h  runs N .  7 0° W .  
for 5 0 feet , 2 0  feet south o f  t he f irst , and a t h i rd c ut l i e s  ) 00 feet 
down t he  hill t o  the s out heast . No ore appears in e it he r  o f  t he se . 

Although the ore is o f  fa ir appear i ng grade in unc ontaminat e d  p i e c e s , 
it is usual ly somewhat mixed wit h a nd frozen t o  a s s o c iat ed serpent ine , 
whi c h  woul d make c obb i ng ne c e s s ary o It a ls o  var ies from c ompac t  near t he 
cent e r  to d i s s eminat e d  at t he edges of t he bod ies . 

Charles Owen ( 17 )  

Loc at ed in t he N! sec . 11 , T .  41 S . , R .  5 E . , two mile s sout h o f  
Taki lma . 

The so i l  mant le i s very heavy , and bot h dr ift s , dug dur i ng the war , 
have c o llapsed s o  that a ll data are t aken from surface indi.cat ions , or by 
word of mouth f r om Mr .  Owen . 

The north -sout h trend ing ore -be ari ng zone of s heared s erpe nt i ne i s  
about ?5  feet w ide , bounded by out c rops o f  mass ive gabbro id roc k  o n  bot h 
s id e s . It l i e s  o n  a s out h  s lope , near t he t op of t he east -we s t  r i dge . A 
c hange in t he veget at i o n  2 00 fee t  north o f  the t unne l e nt ranc e s  on t he level 

r idge t o p  als o apparent ly marks t he edge o f  the s erpent i ne i n  t h at d irec t ion . 

Ac c ord ing t o  Mr . Owen , most of t he ore was t aken from t he dr ift driv­
en along the east wall of t he zone , following along a c hr omit e  s e am  locat ­
ed by a small ore out c rop . Three k idneys , e a c h  larger t han t he last , were 
t aken out as t he dri ft progre s s e d  over a d is t ance o f  about 7 5 feet ; t he 
last giving about 5 0 tons o f  ore . 

Ano t her tunne l dr iven in at a level t e n  feet below a nd twe nty feet t o  
t he we st of the f irs t , inters e c t ed a kidn ey at t h i rt y  fe e t , at a po i nt only 
ten feet from t he end of the f i rst t unne l . 

No e s t imate of reserve c an be made , as no o re outc rops and bot h drift s 
are closed . C .  Owen s ays t ha t  when the mine was closed down they were work­
ing in s o lid c hromit e in t he east  dr ift , a nd t he we st drift had j ust reach­
ed a so l i d  face of ore . One hundred and f i ft y  t ons were said t o  have been 
t aken out by t hat t ime , t h i rty tons of whi c h  remained p i le d  at Takilma and 
was t aken out in 19 ) 6 . 

A s le d  road leads from t he depo s i t  o ne mile t o  t he ma in road ; thenc e 
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two mile s t o  Taki lma and s ix t o Redwood Highway at Waldo Junc t ion ; t hence 
40 miles t o  Grant s  Pass . 

Chollard ( 18 )  

The main workings lie at an e levat ion of about 2 3 00 £eet , on t he 
s outhwe st bank of Sowe l l  c reek , ac ro ss from t he Kerby Que en mine , in 
Sec . 17 , T. 40 S . , H. 7 W .  

4? 

The de pos i t s l i e  within a w ide band of dense f ine -grained s erpe nt ine 
and duni t e , t he borde r s  of which are over a fourth of a mi le t o  t he east , 
and west from the main work ings . Oc c a s i onal vari at ion of c ompo s it ion 
( such as magne s it ic b and s ) within the serpent ine i nd i c at e s  t hat t he for­

mat ional d ips a r e  about 45° t o  the e ast , wit h a st rike approximat e ly north­
sout h .  The main ore body l ie s  upon a gently north-sloping ridge , at its  
upper junc t ion wit h t he larger ma in ridge t o t h e  west . O n  t he e a s t  t here 
i s  a s t e e p  drop of ab out 2 00 feet t o  the bed of Sowe ll creek . l'he c hromit e ­
bear i ng zone seems t o  vary in width from a few feet t o a s  much as 30 feet . 

The previous somewhat e xt ens ive operat ions seem t o have been conf i ne d  
t o  a nort h - s out h lent icular are a  a t  le as t Bo feet long w it h  a maxim�� wi dth 
of 30 feet . The opencut and glory hole workings are now 15 t o 30 feet in 
dept h .  Unre liable indic at ions a r e  t hat th� o re body was i n  the shape o f  a 
nort h - sout h  e longat ed c hut e , plung ing t o  t he north or nort heast . 

About 1600 cubic yards of mat e r i al ( ro c k and ore ) have b e e n  removed 
from t he two l arge pit s .  They were t appe d from t he north by a tunne l ,  
dr iven at a 2 0  t o  3 0  foot le ve l . Anot her 200 -foot tunne l was driven from 
the northeast , at a depth of at least 40 feet b e l ow t he first . The pits 
were in part s t o ped out from t h is level , 

The narrow l e nt ils or band s of high-grade ore run as high as 49 . 44 
per c ent chromi c oxide whe n analyze d ,  but appare nt ly t hese  c ompose  only 
a s mall part of t he ore -bearing zone , within which an average c ro ss -cut 
sample m i ght run only 10 per c e nt .  

App are nt ly when the m ine was previously in operat ion , t he pro c e dure 
was t o  run t he ore t hrough a j aw c rusher whic h operated at the mout h o f  
t he lower t unne l , and then chut e t he � t o  1 inch  mat e r ia l  ZOO feet down 
the hill to b ins at the mill j us t  above t he creek , where it was ground 
and c onc e nt rated . The me thod of concentrat ion c ould not be told from 
what evidence st ill rem� i ns , but a s ample of t he concentrat e s  as sayed 
45 . 5 1  per c e nt c hromic �x ide . 

The c once nt rat e s  were forme rly truc ked down t he creek bed about one 
mile and thence anot her mi le by t h ird -grade road t o  grave led c ount y road 
and s ix m i le s  on this t o  t he paved highvrey near Cave Junct ion , 31  miles 
from Grant s Pa s s . The t o tal haul i s  3 9 mi l es . 

Esterly C hromite Mine . 

Lo cat ed near t he cent e r  of the Nf! of s e c t ion 22 , T .  40 S . , R .  8 W . , 
J o s e phine c ount y . Elevat ion 1600 f e e t . 
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The main workings lie  on a gent le south slope at the north edge of t he 
Est erly swamp . 

The c ountry r ock 1s c ompo sed of irregularly north-south trend ing ledges 
of more mas sive and re s istant peridot ite porphyry alt erna t i ng near t he de ­
posit  with at least two zone s  of more highly serpent inized and sheared ro c k . 
Thi s terra ne s lopes ge nt ly sout hward under t he overlapp i ng  gravels of t he 
Este rly placer mine . The workings lie  i n  a serpent ine -t alc -magne s it e  zone 
from 6 to 10 feet wide within one of t hese serpent inized areas . Numerous 
k idney shaped bod 1 es of white magnes it e  averaging perhaps 2 feet in d iameter  
are expose d  in both  walls of  the ma in cut e 

The ore -bear ing zone may be t rac ed N .  2 0° E .  up the hill for 1000 feet 
by means of t he s e  le ns e s  of magne s i te and the higher degree of s erpent iniza­
tion of t he c ount ry rock . 

'J.'he ma i n  workings are 100 feet long , str iking N .  20° t o  300 E .  Two ore 
bod ies  appe ar to have been mine d , t he s outhern ( smal ler ) having been bound ­

ed o n  the e ast by a we ll defined vert ical fault t rend ing N c 300 E ,  At 
t he prese nt t ime t he p i t s  are f i lled wit h wat e r , but t hey appear t o  be of 
c ons iderable depth , It is said t hat t he o re was mined down t o  40 feet in 
dept h ,  and not bot t omed . Very l it t le o re can be seen in plac e . 

A sha llow c ut in green sheared serpent ine 100 feet north up the hill 
shows no ore . 

Three hundred and f ifty feet no rth of t he ma in workings a 30-foot 
north-south c ut shows s ome magnes it e  lense s  but no o re in place . Several 
shallow pro spect ing d it che s apparent ly failed t o  pick up any ore he re . 

Eight hundred and twenty f i ve feet north of the ma in work ings ( 175 
feet from the t op of the ridge ) about half a t one o f  ore has be en mine d 
frorr narrow lense s ,  only a smal l one - inch stringer now appe aring i n  place . 

If t he ore -bearing zone has an e astward d i p , all these worki ngs would 
lie  ac curat ely upon a }L 2 0° E .  str ike . 

The ore var ie s  from t he predomlnant ly spotted  and nodular medium grade 
var i e t y  to a sma ll amount of de nse ma s s iv e  h igh grade wit h  a metallic  lus t re 
on fre sh surfac e s . 

The property i s  � mile we st of the market road ( old highway ) at a point 

6 mi les south of Cave Junc t i on ,  wh ich i s  3 3  mil e s  from Grant s Pas s , south 
on the Redwood Highway o 

Mungers Creek ( 10 )  
Three c laims , name d Silver Tip 1 ,  2 ,  and 3 ;  lie at an e levat ion of 

3700 feet , near the c e nt e r  of ;'{� sec o 2!i T .  :'i S S , , R" 6 W .  

This depo s it lies  i n a north �sout h  band o f  s erpent ine , bounded on both 
sides by o lder schist s , s andstone s and l ime s t one s o  The band is at least 
half a mile wide and the roc k is a muc h sheared non--porphyr i t i c  serpent ine , 
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in which f i ne d i s seminat e d  c hromite  is no t i nfre que nt ly found . The ore oc ­
curs pr inc ipally in .  two areas , an eas t em and we s t ern , ly ing about 400 feet 
apart . 1'he s e  will be d i scus s e d  se parat ely . 

Eas t ern : Tvro and perhaps t hr e e high-grade ore -band s have here been 
mined by open cut s for a distance of perhaps 2 00 feet , to an average depth 
of 10 fe e t and a max imum o f 2 0  f e e t . The b ands str ike N .  30° t o N .  40° E . , 
and d i p  from 3� t o  60° SE . They are more or le s s  d i s c ont i nuous and lent i c ­
ular a t  t he ir widest po int s ; tho se that c ould b e  measure d were 18 t o  3 0  
inc hes i n  w i d t h . An average c o nt inuous w id t h  would b e  about 6 - 8  i nche s . 

The more o r le s s  parallel band s are about 3 ·-4 feet apart . 

We s t ern : Two o re -bands about 8 feet apart have he re been mined by 

tunne l and ope n c ut fo r a d i st anc e o f  50 fe e t and a dept h of 10-20 feet , 
The se band s s t rike N .  150 E , , d ip 7 50 E . , average 1 · ,4 f e e t  w ide and c on­
s is t  of smaller sheared irregular lent ic ular bod i e s  o f ore ( 4� ) ly i ng in 
a mat rix ( 6oj. ) of broken s erpent ine . 

Another ore -body lie s 100 feet t o  t he N. 400 E .  Thi s  b ody st r ike s 

N ,  50°  E .  and apparent ly is vert icaL It is over 2 0  feet long as exposed , 
a nd 1 2 - 2 0  in c he s  w ide . 

From t he e nd of t he road at t he de po s i t s , it is four mi l e s  t o  the val­
ley by fo rest r oad , and from t here ( ne ar Wi ll iams } 2 2 m i l e s  :t o Grant s Pas s , 
a t o t al of about 2 6  mile s . 

' 

Grave s Creek ( 12 )  

Lo cat ed in t he NWi sec . 6 ,  T . 3 4  s . , R o  5 W . , Josephine c ounty . 

The de :Jos i ts l i e on t he east s lope of a sout h - t re nd i ng r i dge at an 
e levat ion of about 3000 feet , .  perhaps 2 00 fe et be low t he t op of t he ridge . 
The z.;ount ry rock is an ext reme ly hard serpe nt i ne , which , although broken 
somewhat by shear p l ane s , st i ll is very t ough , and · st r i ngers of green 
pyro xene are not unc ommon . 

Several paralle l le nse s of ore strike nort h and d ip about 45 ° ti. 
�no of t hese lens e s  show in cut s . The s o i l  is l-2  feet t h i c k  and may 

e a s i ly Cl over ot he r bod i e s . 
·. 

Duri ng  the wart ime ,  ore was appare nt ly t aken from a c ro s s c ut reache d  
b y  two short ad it s ,  as well as from t he surfac e c ut s . The t unne l entranc e s  

�re nqw nearly hidde n , and t he ir locat ion can only be i nferred . Three new 
cuts l-ie about 6 feet above t he old workings . At one pla c e  a cut bre aks 
i nt o  t he old subt erranean c ro s s cut , but t he lat t e r  was not ent e red . 

Fifteen 
on t he dump , 

cut , but ha s  
wide . Thi s  

t on s  o f  o r e  have be e n  taken from t he new c u t  and l ie piled 
A st il l  more recent s lide has c ove re d t he ore fac e in one 

expo s e d  a k idney which is at least 5 feet long and 1-2 f e e t  
k idney was t he only o re seen in place on t he property . 

The o re is ve ry hard , dense , and t o ugh . It is c oarse -grained , and 



5 0  Chromit e Depos i t s  i n  Oregon 

as says 35 per c ent c hromi c oxide . It bre aks c leanly from t he wall rock . 

The d e po s it l i e s  about 1! mile s by s le d  road and 2 mile s  by grave led 
road from t he Pac if i c  H ighway at Graves Cre e k  ( 18 mi le s f rom Grant s  Pas s , or 
6 mile s f r om the railroad at Le land ) , a t o t a l  d i st anc e o f  only 22 mile s 
from Grant s Pa s s . 

DOUGLAS COUNTY 

St arve out C re e k  ( l ) 
Lo c at e d  near t he c ent er of Wi of s e c . 5 ,  T .  3 3  S . , R .  4 W . , on �uart z ­

mill Peak . 

The c ount ry rock i s  a dark gre e n i s h  b l ac k  s e rpen t i ne , highly sheared 
and broke n ,  and s ho t  t hrough wit h ve i ns of magne s it e  and l i ght - c o lored py­
roxene . The large s t  d i gg i ngs lie at t he s out hern end of an indist inc t ore ­
bear i ng zone perhaps 2 0 00 feet long , ext e nd ing N .  20° E .  This zone i s c ov ­
e r e d  b y  t he  f i rs t  two c la ims , Blac k Boy and June Bug . At t he sout hernmo st 

e nd , two large o pe n  cuts are found f ifty feet apart , on t he crest o f  a st e e p  
ridge , a t  about 4000 feet elevat ion on t he e a s t  s lo pe o f  Quart zmill peak . 
Only a small amount of ore appe ars in plac e in t he se c ut s , wh i c h  are about 
100 feet long , 20 feet w ide , and 30 feet or mo re d e e p  in the bac k ends . lfJrrat 

ore doe s  a ppear l i e s  in irregular much- sheared pat c he s  o The highly d is turb ­

ed nature of the ro c k  i ndi cat e s  that t he ore d e po s it mus t  be muc h  adult erat ed 
by rock mat e r i al and i rre gular i n  outl i ne . 

Smaller c ut s  show s ome ore cropping f o r  2 00 fe e t  t o  t he nor t h ; and 2 000 
feet s t ill farther nort h severa l d i t c he s  cut t ing a c ro ss t he t o p  of an e a s t ­
we st r idge e xpo se low-grade ( 10-20 per c e nt c hr omi c ox i de } d i s s eminat ions 
and f i ne s t r e aks o f  ore , a l s o  runn ing l' L 10° E .  

On t he t hird c laim , Grey Boy , wh ic h l i es a half mi le t o t he e a s t  and 
500 fe et l ower down t he h i ll , ano t he r l arge open cut expo s e s  ore in pla c e  

in i t s  f a c e  a t  least 3 feet wide , t he o t h e r  d imens ions not be ing d i s c e rn i b l e  
A rat her la rge ore pi le a l s o  l i e s  at t h i s  cut " Ot her c ond i t ions a r e  s imi lar 
t o  t ho s e  above , t he k i dney here apparent ly st r iking N and S ,  and d i pping 
45 ° E .  

The large amount of de ve l opment work ( including o ld c hut e s , t rac ks , 
dump p i le s , e t c . ) sugg e s t  t hat c on s iderable t onnage of ore was mined from t h i s  
depo s i t , pe rhaps a s much as several t housand t o ns . Some ore was shipped in 
t he fall o f  1 9 3 7 , 

Ore s t i ll appear s  in t he cut fac e on t he lower c la im ,  and 5 0  t o 75 t ons 

of o re l i e  mine d  a �d p i le d . 

The o re is almost e n t i r e ly o f  a medium grade wh i c h  may not run much over 
40 per cent chromic ox i d e  on the upper c la ims ( where i t  is of t he soft c hoc ­
olat ey f ine -graine d  var i e t y ) , or 35  per c ent on the lower c laim .  

A s t ee p ,  t hi rd - c la s s  r oad ab out 2i mile s long le ads d own t he mount a in 
2000 f e e t  t o  St arve out Creek . From t here it is s ix miles by logg i ng road 
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t o  t he Pac ific Ihghway at Azalea , and thenc e  1 2  miles to t P.e railroad at 
Gle ndale , a t ot al of about 21 mile s from mi ne t o  railroad . 

Days Creek ( 4 )  

Located in t he cent er o f  Se c , 2 2 , T .  3 0  S ,  , R .  4 If o ,  on, t he Umpqua 
r iver . 

.5 1  

A chrome "·bea:ring zo ne l i e s  w ithin 5 0  feet o f  t h e  eastern c ont ac t o f  a 
band of gre e n , non-porphyr i t ic , highly s heared and altere d s e rpent i ne 

wh ic h t rend s somewhat east of north . The main out c rop of o re c ons ist s of 

a kidney striking E-W and d i pping 70° to t he sout h ,  It is 2 feet wide , at 
least 8 f ee t  long and of' unc ertain dept h ,  t hese d !mens io ns not be ing c om­
ple t e ly e xpos e d by the diggings ,. Th irty f e e t  be low t h i s  cut t o  t he 
S .  3 .5 °  E . , c hromite i s  e xpos ed in another cut , about 2 00 t o  3 00 pounds havi ng 
b e e n  removed .  The c ut is c aved , and at pre sent no ore shows in plac e . 

The ore in both c ut s  appe ars low-grade , but a SOJ!lple assayed 4,5 . 84 
pe r c e nt c hr omic ox ide . It inc lude s c o ns id erabl e roc k mat e r ial and i s  much 
sheared a n d  broken . 

The out c ro p  11e s about 200 yards north of ( and 300 f e e t  ab ove ) t he 
Umpqua river road , wh�ch is a good sec ondary h1ghway , at a po int about 1 3  

mile s from t he railroad a t  Riddle , Orego n . 

OTHER DEPOSITS NOT VISITED . 

A number of c hromite d e pos i t s  in s outhwe s t e rn Oregon were no'); vis it ed 
by t he wr it e r . Twe lve of t ho s e  ment i oned by Di ller · l2f  have not been re ­

ported upon , and are listed as follows : 

C o o s  County : 
1 .  Black Sand . 
2 .. Wh i t e  Roc k .  

Douglas C ount y :  
l " Oregon Nickel Mining Co " 
2 .  C ow Creek . 

Curry C ounty : 
2 "  C .  & 0 ,  Lumber Co , 

Me se rvey . 

Jacks on C ounty ; 

1 .  Applegat e  group , 

2 ,  Ho rse shoe group , 

3 ,  St ray Dog . 
4 ,  J .  H .  Pease 

Jos e ph ine County : 
5 . J .  B .  Harvey 

6 .  Logan . 
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(Manuscript c over ing 
(this  property unav-o i d -

Sordy ' s ,  Br i ggs Cree k ( 9 )  ( ably d e layed , henc e 

( not in ·proper posit ion 
( in t ext " 

The se are J o c a t e d  a long t he summit of "Chrome Ridge " , we st of Br iggs 
Creek , mo s t l y  i n  s e c t i on 14 , T . .  36  S . , R , 9  'N , , J o s e ph i ne c ounty " 

De po s i t s  in e l even loc al i t i e s , w 1 t h  a t o t a l  of about 40 openings 
( t unnels , ope n cut s ,  pit s ) were v i si t e d , All of t he s e  d e pos i t s  l ie upon 
t t1e s urface of or j u st be l ow t he r im of t he p .l. a t e au , with ave rage s 4000 
feet in el evat ion , r i s ing s t ee ply from a n  average dra inage leve l of ' about 
2 00 fe e t . All t he depos i t s V l s i t e d  lie within  s e c t ion 14 . 

'rhe c o untry roc k o f  t he region i s  t he u sual " buc kskin" or peridot i t e ­
porphyry , vrh i c h  c onnnonly var ie s , e spe c ia l ly ne ar t he ore bod i e s , t o  a dense 
dunit e , and mor e  rarely to t he non-porphyr i t i c  e qu igranular p er idot i t e  o r  
t he e quigranular pyroxe n i t e . 

Serpent ini zat ion 1s pre s e nt o c cas i onall y , but it appears t hat in t h i s  
reg i on i t  i s  more o r  l e s s  l ine ar i n  i t s  ext ent rat he r  than re g i onal , be ing 
re s t r i c t e d  to zone s  of moveme nt or shear i ng .  

As c an be s e e n  i n  f i g . 8 -·a  ·( and empha s i zed by t he 1 i ne s ) t he ore c _rcip­
p i ngs fall int o t hree ma in t re nd s . The f irst and mo st def in i t e  lie s  about 
?L 48° W . .  , t he al: tgnme nt of t he bod i es in f i ve of t he areas s t ud i e d  · ( 3 ,  4 , . 
5 ,  9 ,  10 ) be ing on t his o rder , 

The s e c ond and le s s  d i st inct alignme nt i s  N .  7 0 °  K, , wh i c h  re pre sent s 
a t re nd from d e po s i t  t o  depo s it ( 6 -0 , 2 3 -4 - 5 , 10-11 ) and t he t h ird a lign ­
me nt i s  even l e s s  d ist inct in a N .  1 0 °  E .  d i re c t i o n  ( 2  8 ,  3 7 ,  4 - -10 , 5 6 ,  
11 - .· 2 ) .  Thi s  last c orre s ponds w i t h  t h e  t re nd of t he pe r id o t i t e - s c h i s t  

c o n v a c t , which l i e s  hal f  a m i l e  t o  t he e a s t , a n d  d i ps t o t he we s t . 

St ruc tures in t he reg i o n  are s hown by d i st inct f l ow - band ing in t he 
·pe r idot ite , c onnnon but not a lways pr e s e nt , and by band i ng in some of t he 
low - e;rade o r e s . The s e  t re nd in a l l  d i r o c t 1 ons , but t ho s e in t ho 80° of 
az imut h around nort h are mo s t  fre que nt . The ne usua lly have d ip s  from 60 
t o  v e rt i c a l , more c ommqnl y t oward s  t he east . 

In t h i s  reg i o n  j o int ing i s  on a rat her large s c ale of several feet , 

and nnparent ly quite  i rregu lar . Locally ( e spec ially whe n c ompl i c at e d  
w it h  fault ing movement s )  it grades t hroue;h h ighly b :roken roc k  int o t rue 
s he ar zo nes . 

Faul t 1.ng i s  pre s e nt in mo s t  of t he opEmi ngs exami ne d , alt hough not 
t o  a prominent d e gre e . Tho s e  not e d  all s t r ike betwe e n  1� " 40° and '7'5 °  " .  
n nd d ip 6 0 - 8 0 °  N .  

The orebo d 1 e s  are of two d i s t i n c t  type s , of low - grade ( 10-30  per c ent 
c hromic ox 1de ) d is seminat i ons , ( o f t e n  more or less d i s t i nc t ly bande d ) , whi c h  
some t ime s grade i nt o  d e pos it s of fai r grade ( 30 - 3 5  pe r c ent ) , and sma ll 
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le ns -s haped k idneys of high - grade ore ( ab ov e 35 per cent and averag ing 40 . 3 7 
per c ent chrom i c  oxide , ac c ord ing t o  a l i s t of 2 3  assays t ake n in 1 9 J 8 and 
furni s hed by t he owne r ) .  Q.ui t e  oft e n small kidneys of h igh-grade o c c ur 

w i t h i n  de po s it s of t he predominant l ow grade . 

The l�T grade usually oc c urs d i ss eminat e d  in f ine - graine d  t o aphan i t 1 c  
duni t e , in bands o r  s t re aks o f what might b e  c a lled " b irdseye " ore . In 
t he large s t  de po s it t he zone i s 6 to 10 fe e t in widt h ,  and at least 190 
feet l ong , de pt h undetermine d .  Some o f  the ore here i s  of f a ir grade , w i t h  
a few h igh-grade bodie s . Ot her d e po s it s are o f  sma lle r s i ze , n o t  opened 
up or deve loped , and are also usual ly more i rregular and d i sc ont inuous , w i t h  
t he b and i n. , broke n , wit h s ome good grade o r e  s how ings . 

What is sa id t o  be t he large st showi ng of h i gh - grade ore , d e s c r 1bed 
by the owner a s  " an open cut 5 feet d e e p  with h igh grade full width and 

s t i l l  g o i ng down " , l i e s  one m i le north by t ra i l  and was not v i s i t e d  for lack 
o f  t ime . 

The ge net ic and prac t ical s i gn i f i c ance of t he t re nds or al ignments 
of t he orebo d i e s  might be int erpre t e d  as f o l l mvs : 

1 .  The no rt h  t rend i s pr imary , and re pre sents t he or ig inal schl ieren 
f orme d dur i ng the int rus ion of t he l i qu id rock . 

2 .  The N .  48°  '11 . t rend was e s t ab l i shed dur ing t he lat e or deut e r .i c  
st ages of t h e  c ool i ng , whe n v i s c ous chromi te was s que ezed up from t h e  bas ­
o.l c ont ac t ( be low and t o  t he east ) along ma j or st ra i n l ine s de l i ne at e d  by 

t lJ is t rend . It may be t hat t he s e t o f  N "  70° E .  c ro s s  fract ure s was e s t ab ­

l i:-;hecl a t  much t he s ame t 1m� , a nd he lped gove rn t he emp l a c ement of ore at 
t he int e rs e c t i o ns w ith the f i r st t re nd . 

3 .  In deve lopme nt of ind iv idual pro s pe c t s , the t re nd l in e s  ( e s pec ial-· 
ly H .  48G W . ) mus t be kept in m i nd as t he ore i s  f o ll owed d own . 

Most of t he de po s it s  lie withi n a f ew hundre d yards of t he " c hrome road " , 
bu i lt  by Harry Sordy dur i ng t he war , and shown on S i s k iyou forest map , i n  
'1' . ") 6 ;� . , !L 9 'iL ,  Jos e phine c ount y , as it pa s s e s t hrough s e c t i o n  14 , Thi. s 
t hrEw mil e s  of road vras bui l t  t o  conne c t  vT ith the m i l e - l o ne; c able ac r o s cl t h e  
Br i[',gs c reek c anyon , 2 000 fee t de e p  and 5000  feet w ide , in s e c t i o ns 2 6  and 
35 . The c ab le was used for c arry i ng over t he t rucks and f or get t i ng out 
one car o f  o re be fore t he armi st ic e  of 1 9 1 8 . From t he o ld bunkers at t he 
s cnth e nd of t he cable , it is 13 nli les by f o re s t  road t o  the hi ghway at 
the foot of Haye s Hill , and t hence 16 mile s t o Grant s Pa s s . 

It i s  four mile s by trail on :'! t eep swi t c hbacks t o  t he e nd of t he for-­
est  road at Ferre n . Guard stat ion on Br igg s c reek , and thence 27 mi l e s  t o  
t he highway a t  t he f o ot o f  Haye s .  h i l l . 

It is thre e t o  four mile s by trail north along t he ri dge to t he end 
o1' t he Gali c e  c reek fore s t  road at Lone Tre e i�'lounta i n ; and t he n::: e  s i x  
mile s t o  Gr.J. l i c e , and t hi r t e e n  miles by grave l highway t o  the ra ilro ad at 
Me rl in . 
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Thu s ,. t he pro perty c an b e  appro a c he d  from two po i nt s , one fro:n t h e  Red ­
wo od s hi ghway n e a r  Wat e rs c re e k , a n d  t he ot he r  from Merl i n  on t he Sout nern 

Pa c i f i c . 
Ab s t ract of Re port by l!' , B . Caldwe l.l 

for t he U .  S .  Bureau of Mines Eng ine e r s  

June 17  a n d  August 11 and 1 2 , 1 918 . 

Th i s  pr ope rty is l o c at ed i n  Jos e phine e ounty in the Br iggs c r e e k  d i s ­
t r i c t  o n  t he d iv ide b e twe e n  Br iggs c reek and S i lv e r  c re e k .  Wat e r , fuel , 
and power are abundant . The prope rty is upon a fairly l evel plat eau , and 
roa d s  are e a s i ly built . The re i s  li.t t le overburde n .  

The o re is assoc i at e d  w i t h s erpent 1ne and o c c urs i n  kidne ys o f  various 
sha.pe s aml s i ze s , all s t rike s , and d i p s . Ti:te ore var i e s  f rom he avy , b l ac k ,  
c le an high grade t o  d i s seminat e d  ore . Be t t e r  grade i s  s a i d  t o  run 431-
C r 2 0 3 . 

The re are ove r 60 o pe ni ngs and a l l  c onta i n  o re in plac e , seve ral s i t ­
uat e d  d i s t anc e s  apart w i t h  go od c ro pp i ng be twe e n . 

"Re a sons for e st imat e of probable and po s s i b l e  ore : 

" S i nc e  last v i s i t  more work has been d one on t he Violet  C la im 
and t hose ad j o i n i ng at t he wr i t e r ' s  sugge st i o n , w i t h t he result t lk1.t 
an appare ntly a lmos t  cont inuous oreb o dy of mixed high and se cond 
grade h a s  b e en opened , over a d i stance o f  ove r 2 00 feet in l e ngt h ,  
a n  ave rage w id t h  o f  over 2 0  fe e t , and t o  a de pth o f  over 2 0  feet , 
with every ind i c at ion t hat it w i l l e x t e nd in e ac h  dimens ion . "  

"For a l ineal d is t anc e of over 1 5 00 f e e t  wherever p i t s  o r c ut s  
have be en sunk , ore has b ee n found o f  vary i ng grade s ,  wi t h  c ropp i ngs 

between . Croppings and work ings would i nd i c at e  t hat more t han one 

z one of mineral , more o r  l e s s  paral l e l , w i l l  be opened w it h  mo re 
deve l opment . "  

' 'The ore is o f  t he s andy d i s seminu.t e d  c har a c t e r , 40 t o  481- , 
mixed wi th l ower 15 t o  30'f. grade . It is fa i rly soft , e a s i ly 

broke n , and m i n i ng c os t s  w i l l  be v e ry low . Be l i eve t he po s : nb i l · ·  
i t i e s  are by f ar t he large s t  of a ny mine v i s i t e d , part i c ularly as 

to good c oncent rat ing grade . . . .  " 

''The property , alt hough it w i l l  produc e  a large t onnage of 
shipp ing grade ore , looks l ike a c onc ent rat i ng propos it i o n , and 
shou l d  be t e s t e d  f or t reatme nt an d a m ill i nst a lle d w it hout d e l ay 
t o make ava i lable the low grade chrome o r e . "  

Not e : - In l i ne w it h  our pol i c y  of d e s c r i b i ng t h e  locat i o n , g e o logy , ore gen­

e s i s , and deformat i on i n  re l at i o n  t o  t he s e  var i ous c hrome depo s i t s  and of 

omitt i ng e st i ma t e d  t o nnages a nd re c ommendat ions as t o the relat ive v alue s  o f  
t he pro pe r t  i. e s  a s  m i ne s , w e  have d e le t e d  from C a ldwe ll 1 s re port referenc e s  

w h i ch h e  make s t o  h i s  t onnage e s t imat e s . 1'he re ade r may refer t o  t h e  o r i gin­
al o f  Caldwel l ' s  re port ( No . 16 , No . 7 1 , Briggs C r e e k  Swe de Bas in Mines ) 
for ful l  part i cul ar s , 
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Key map for s ome of the · chromit e deposits in Grant c ounty , nort heastern Oregon o 

Out l ine of serpent ine belt s and numbers aft e r  We stgat e . 
Cro s s e s  show depos its not vis ited . 

i\J'i 
!\) 
P ·  

0 
it 
� .... c+ 
([) 
t:l ([) 

0 0 
ro ..... 
ci· 
m 

j l-'  l ::l  
0 
'i ([) 
J\l 0 
::I 



Chrom i t e  Depos i t s  i n  Oregon 

CHROMITE DEPOSTIS OF NORTHEASTERN OREGON 

General De s c r i nt lon . 

The Blue Mount a i n  prov inc e is essent 1ally an area o f  hig}l , re l ief  and 
o l d  rocks , b ounded by lat er overl app inp; l avas o f  the C o lumb ia "Ri:vor lava 

plat eau . It c ompr i s e s mo s t  of no rthe ast ern Orego n , but t he c hromit e d e -

.5 3 

po s i t s  are re s t r i c t e d  t o  areas of s erpen t i ne and re lat e d  r oc k s  ly ing w i t h -

· i n  Grant a n d  Baker c ount i e s . The mos t import a nt o f  t he se areas are out l i ne d  
in f ig . 8 ( aft er ifestgate � ) .  The re are t hree ot he r  small areas with i n 

,1.5 m i le s of Granit e ,  and two on C o nnor creek , a small tribut ary e nt e r i ng 
t-he Snake r iver from t he west , 12 mil es north o f' Hunt ingt on . 

There i s  no t opograph i c  map of t he St rawbe rry Range s erpent i ne are a , 

but t he U .  S .  For e s t  Serv ic e map o f  t he Mal heur Nat i o na l  Fo re st is ava i l -
able . The Co1mor c reek loc al ity i s  1 n  t he southwe s t  c orner o f' t he Pine 
quadrangle . 

The o lder rocks of t he re g i on are c omposed of s c h i s t , slat e , and s hal e , 

wit h small amount s of l ime s t o ne . In plac e s  t hey are int erbedded w i t h  
lavas and pyroc last ics , and a r e  a ll h i gh 1 y  folded and fault ed . Foss i ls 
are rare , but t he rocks are be l ieved t o  range from Carboniferous t o  Juras s i c 
in age , The s e  s ed ime nt s a nd  lavas were i nt rude d by both a c i d i c  and bas i c  

rocks , t he la t t e r  c on s i s t ing of the gabbros , per idot i t e s , and s e rpent ine s  
with whi c h  t he chr omit e depos i t s  are a s s o c iat e d . Thes e J. nt rusions are 
t hought to be upper Jura s s i c  in age , alt hough t hey may be as e arly as Tr i ­
a s s i c , 

The great lava flood o f  t he Mio c e ne rose around t he mountai.ns o f  t hat 
t ime  and c overe d t he ir fl anks on all s id e s . Lake b e d s  of grave l , sand , 

and v olcanic a s h  l i e  upon or are int erbedde d wit h t hese lava f l ows , In 
place s  t he lavas have s i nc e be e n  eroded away , but they s t i ll c over great 

are r; ·.  o f  nor t he ast e rn Orego n ,  le av i ne; t h€1 Blue Mount a i ns as an i rregular 

s prm: H ng i s l and of older r o cks . 

The Blue Mount ains are an are a of h i gh rel ie f , some of t he peaks r i s -

ing t o  o ver 9 000 feet above s e a  le vel . The St rawberry Range , the c r e s t  
and north fl ank of wh ic h i s  large ly s erpe o :  ' .. ne and includ e s  mo st o f  t he 
chromi t e  der o s i t s under d i sc us s i on , r 1 s e s  ,'; OClO feet ab ove t he John Day . 
valle y , w b i. ch paral le ls it on the nort h f'or over 40 mile s  from Prai r ie 
C i t y  t o  Dayville , 

The c l ima t e of the John Day va lJ. e y  i s  semi -ar id , alt hough t he SUll1rnit s 
of t he St rawberry Range c o l le c t  e ncue;ll r:x• 1 ;1t u :·e to supply nearly all of the 
s t r e ams wit h wat er even dur ing t he dry s o a s o E . The uppe r s lo pe s  are we ll 
t imbered exc ept on rocky c re s t s . Pond e r o s a  p ine and Douglas fir  are t he 
mos t  abundant t ree s . 

The John Day h ighway parall e l s  t h<; :3 t raw U'c'c'Y Hange on t he 
t he Burns -Pe nd l e t o n  highway follows Grtnj'DC: · "l t o  b i s e c t  it . 

fore st r oad s reach many o f  t he d e pos i t s  and s .Lo d.  or wagon roads 
during wart ime operat ions , t o  ot he rs . 

nort h , and 
Numerous 

were built 
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Plate l .  

Plate l. 

Chromite Deposits i n  Oregon 

(A )  Quarry at Iron King mine , Grant Count:r, showing 
outline of orebody , below the dark line 

( R )  Banded ore dipping south, near entrance t o  eastern 
tunnel at Dry Camp mine , Grant County (See p .  62 ) 



Chromit e  Depo s 1t s  i n  Oregon 

GRAN'I' C OUNTY 

Iron King ( 43 ) 
Loc at e d  on t he sout hwe st slope of C anyon mount a in , 3-fa: mile s sout heast 

of Canyon City , i n  t he SE� of s e c . 20 , T, 14 S . , IL 32  E o , Grant count y .  

5 5  

The c laims are on a very s t eep south s lope near t he head of Dry Gulc h . 
The country rock is a dark green , c omple t e ly serpent inized but not highly 

. sheared rock , orig inally probably a peridot ite , in s e veral areas grad ing 
int o a pyroxenit e ,  Three hundred feet t o  t he east a large gabbro body l i e s  
wi thin the serpent 1 ne and fo rms a c lear·· cut c ont act up and down t he slope . 
Bot h  rocks s t and out locally as c l iffs and bluffs . 

The ore in t he main quarry at the end of t he road i s  exposed in t he 
face for 125  f'eet , wi th a minimum t h ickne s s  of 8 feet , and an average of 
over 10 , alt hough at the east end o f  t he cut it is at least 2 0  feet t hick . 
( See plat e I-a ) . The ore appears t o  be bounded on t he west by s everal fault s 
and appears t o l i e  nearly hor i z ontal , or d ip gent ly t o t he no rt h .  It i s  
muc h sheared , fault ed , and broken , and i n  plac e s hard to  d i st i ngu i sh from 
the dark s erpent ine . It h as undergone much moveme nt aft e r  emplacement , 
with format i o n o f  se condary uvarovite , calc it e , aragon it e in vugs , etc o 
There has been s ome brecc iat ion . Band ing , when present , i s  very ind i s t i nct . 
There are s everal i solat ed smaller f latt ish bodies  in t he face above t he 

ma in ore . 

Bes 1de s  t his body in the ma in cut , c hromite out crops in four ot her 
localit ie s ( l - 4  in f ig .  6 )  as f o ll ows : 

( l )  Ore at leas t  8 feet long and a maximum of 3 feet w ide , alt hough 
rat he r irregular in outline . 

( 2 ) Ore exposed 3 feet long in a N . 400 E o  d ire ct ion , t he loil foot w ide 
banG d ipp i.ng 6 oo ;·r . 

( 3 )  Magne s it e  d ike 6 inc he s wide , ass oc iated  wi t h  narrow c hromit e  
s t r i nge r s . 

( 4 )  Ore expos ed 1n two cut s  for a d 1 st. anc e of 60 feet , in a N "  60° W .  
dire c t i o n .  The band i ng i s  N-S , d i pp i ng 2 00 ·,·Je s t ; wi t h  a maximum width. 
of 8 feet , and a minimum o f  4 feet . 

I:!os t  of t he ore is me dium or l ow i n  grade , averag i ng 34 pe r c e nt chromic 
oxi de o It i s  hard , t ough , and brit t le " Some are as of d i s s eminat e d  ore 
appear better than t hey re ally are , as the d ark s erpent ine is muc h t he 
same c olor as t he c hromi t e . 

A stee p . t h i rd -c lass road lead s from the de po s it t o  Canyonv i lle . about 
6 . 5  miles . 

Ward ( 2 8 )  

Locat ed in the W2 s e c . 17 , T .  1 4.  S . , R .  3 2  E . , Grant c ounty . 
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The c ount ry roc k  near t he orebody i s  a dens e , ye llow-we at he ring , dark 
green dunit e ,  cut by numerous sma ll ve i ns of c hrys ot i le s erpent i ne . A 
mas s ive ledge of peri dot i t e parallels the orebody on the s out h .  All of the 
rock i s  sl i ght ly s erpent inize d . 

The ore body has been mine d out t"o a de pt h of o ver 50 feet , along a ver­
t ic a l  zo ne extend i ng  N. 62° W. for 120 f e e t , w i t h  a w id t h  of f rom 4 t o  15 
feet . The l ower port i on of thi s zo ne was t appe d by a 7 0 -foot t unne l ( c ro s s ­
c ut ) runn i ng S .  }0 ° W • .  The we s t e r ly ext e ns i on beyond t he orebody i s  cut off 

by a s er ie s o f  para lle l  fault s , along whi c h  s everal movements have t aken 
pla c e . 

We st gat e d i s c us s e s  t he mine as follows E2./ :  

"The Ward mi ne , s out he ast of Canyon C ity , s t art e d  a s  an open 
cut 80 feet long on a ve inl i ke body t hat be ars N. 70° W .  and d ips 
70-80° S .  Mining ha s been c arr i ed t o  a d e pth of  71 feet , and t he 
ore i s  now reache d  by a t unne l . The c ount ry r oc k is s erpe nt ine , and 
he re t he ore i s  hard . The ore is bande d ; in plac e s  t he  bands are 
t h i ck a nd mas s ive ; e ls ewhe re t he y are narrowe r a nd l i e  parall e l  in 
t he s erpent ine mat r i x . Ne ar t he surfac e at t he we st e nd o f  t he pro ­
perty banded ore 2 feet t h i c k  narrows t o  no th ing at t he t op .  He re 
s everal v ert i c al narrow c hromit e s t r i ngers pass off i nt o  t he s erpen­
t ine at an angle of 2 0° , as i� f ollow ing c racks in t he s erpent i ne . At 
t he e ast end t he body i s c ut0�'t t h?:l surfac e by a fault . At t he de pt h  
of 5 0  f e e t  it i s  s l ig ht ly d i s pla c e d b y  a hor i z ontal fault , and it may 
be fault e d  at t h e  bot t om .  Mos t  of the ore i s  spot t e d , t hough in t hi s  
s pot t e d  o re l ie mas s e s  o f  bla c k  ore . The ore a s s ays from } 1  t o  4 7  
p e r  c e nt o f  c hromic oxide ; t he b e s t  ore s hi ppe d c ont a ine d a l i t t le ove r 
40 per c ent , and large amount s of }1  t o  }2 pe r c e nt ore have been 
shi ppe d . "  

" The t'Tard mine and t he Mc intyre mine are t he only mi ne s i n  t he 
di s t r i c t t hat reach any c ons iderabl e  de pt h  { bo t h  about 7 0  f e e t ) • • •  

Bot h mine s  are on t he po int of b e i ng abandoned " .  

The ore now v is i ble i s  of t he d is s eminat e d  t ype , and would pr obably 
run only 2 0 - } 0  per c e nt . 

The mine is re ache d by a road ( now muc h in ne e d  of repa ir ) about four 
mile s from t he hi ghway b e twe e n  John Day and Pra irie C i t y . 

Kings ley ( ? 0 ) 

Loc at e d  on t he headwat ers of t he east fork of Dog Creek , j ust out s ide 
t he fore s t  boundary , i n  t he SE-t o f  s e c . 17 , T . l4 S . , R.  } 2  E . , Grant c ount y . 

The c ountry rock i s  a muc h b roke n a nd s he ared p er idot i t e ; w i t h  t he ma i n  
ore z one c ons i s t i ng of v ery irre gular and s��ll d i s c ont inuou s high-grade 
kidneys s t r i k ing east -we s t  and d i pp i ng 45° lL in a no rthwe st s loping h i l l s ide . 
The z o ne average s no t over } fe e t i n  w idt h , u s ually l e s s , and has been mined 
for over 30 f e e t  h o r i z ont ally ( int o t he hill ) and about 25 feet vert i c ally . 
Ore s eems t o  have be e n t aken f rom o t he r  smal l cut s and t unne ls fo r a d i s t ance 



� �-N 

1:1 0 
llll 
a> 
�I 

0 
.:: ·--< 
Ul 

+> ... -) 
ttl 
0 
"" 
a> 

t:l 
(j) 

+' ..... I a 0 
1:1 
e 

I 

-

. ·  ... ··� 

0 

F ig . 9 .  

� I 

50 

f" e  e f  

Ske t c h  o f  c hromit e  depos it and work ings 
at Silver ' s  mine ( see  p .  66 ) 

1 0() 

[; 
I I 

I I 
I I 

I I 
I I 

'r-1 I /  P L A N  

� 
·:.-::_ :.� 

�-· 
�.=:? Fi l l  

-,_-.:_J;··�· ... -::; ::=.::-'i_ .=�·�_; ·::. 
S E C T I O N  I N  Z O N E:  

N 

� 
S E C T / O N A L O N G  T UN N E L  

0 60 1 @0 ISO 

· Fig . 10 . 

F" e  e t 

Ske t c h  map and sect ions 
of iVard mine . 

" · ·----------------·--·- ·-··· · -·----�--------------------'----------------·-----· 



Chromit e  De pos it s in Ore gon 

of 1 .50 feet a long a N .  7 00 W ,  l i ne , Only a small t onnage has been removed . 

We st gat e says of t his � :  

" The Kings ley pros pe ct  c ons ists  of lense s of c hromit e  in 
sharp c ont act w it h  serpentine . The s hat t e re d se rpent ine , with 
no we ll �marked wal L is in c o ntact w i t h more ma s s ive basic  rock . " 

The prop erty i s  re ac he d by the same ro ad t hat t aps the Haggard and 
New and l i e s about 1 mile north of t hat pro perty . 

Haggard and New ( 31 )  
Loc ated on t he headwat ers o f  t he e ast f ork of Dog creek , i n  t he north­

wes t  c orner of s e c . 2 1 , T , 14 S . , R" 3 2 E . ,, Grant c ounty . 

The c o unt ry rock i s  of normal " bucks k i n "  peridot i t e , varyi ng t o  a f ine ­
grai ned aphanit i c dunit e , a nd  i s  relat ively unaltered and mas s ive , w ith 
widely s p ac e d  j o int ing . 

Two ma in o pe n ings l i e about 2.50  feet apart , one be ing N .  40° vr .  o f  t he 
other and almost 60 feet be low . 

The lowe r  opening c ons i st s  of a t unne l and immed iat e ly super j ac e nt 
open cut ru nni ng int o t he h i ll S .  7 0° E .  f or 6.5 feet , a long what appe ars t o  
have been a z one o f  low-grade ore perhap s 2 -4 f e e t w ide and nearly vert ical . 
At t he end of the t unne l  a 30-foot ra ise reac hi ng to t he surfac e ,  i s  sa id 
to have ext e nded along a hi gh-grade ( 46 per c ent chromic ox ide ) chute of ore 
4 by . 6 feet across , cut off on t he east by a vert i c a l  N. 10° W. trending 
fault . 

Up t he h i ll  t o  t he s outheast l i e  tm ma i n  workings . Here cons iderab l e  
vrork was done during t he war , inc lud ing a tunnel i n.to  t h e  hill and po i nt ed 
S .  300 E .  for 80 feet , thenc e N ,  2 00 E ,. f o r .5 0  feet , w ith a 1.5 -foot winze 
at t he t urn . At t hi s po i nt t here is ev idence of stoping and square s e t t ing 
above , and extend ing to t he surfac e . Anot her tunne l 30 fe e t  abo ve t he 
f'i rst , lie s just  a b ove on e  of t he st a pe s and t re nds approx imat e ly s out h for 
50 f e e t . 

Sma ll ki dne ys of high grade , a ppare ntly striking nort heast and d ipp ing 
up t o  4.5 °  to t he s out heast , make up t he ore which was mine d . The main 
zo ne , wh i c h  i nc l.ude s bot h de po s i t s a nd  anot her c ropping of small s t r ingers 
1.50 feet fart her up t he . h i l l to t he southeast , t rend s  nort hwe st . 

The ore in the small k id neys is of rat her soft , friable chromi te with 
very l i t t le gangue . The se are said to have run over 4.5 per c e nt chromic 
oxide The ore a lso o cc urs in larger d i s s eminat e d  bands which may not 
reac h 30 per c e nt in grade , 

'rhe m ine is re ache d  by a thirdclass road , now muc h in ne e d  of re ­
pa ir , or by s l e d road from d own c re e k .  It i s  loc at ed at an e l evat ion of 
3 000 feet a bove t he val ley about 4� mi le s from t he highway at a po int 
about midway b e tween Jo hn Day and Pra i r i e  C i t y . 
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Present Nee d  ( .5 1 ) 

Locat ed 1000 feet sout h of t he Haggard and New mine and }00 fe et 
higher , in NWi of s e c . 2 1 , T .  14 S . , R .  3 2  E . , Grant c ounty . 

.59 

The c ount ry rock is a rat her ma s s ive aphan i t i c  dunit e ,  s omewhat f ault ­
ed and j o int ed but not badly s heared . 

A short t unne l and a par a l l e l  o pe n c ut 10 feet t o  t he we st ext end due 
sout h int o t he h i ll for about 30 or 40 feet , and expose ore 3 or 4 fe e t  wide 
which a ppears t o  st r i ke a l i t t le nor t h  o f we s t , and whi c h  dips gent ly to 
t he nort h .  High-grade ore ( assaying f? l pe r c ent chrom i c  oxide ) and probab ­
ly 3 feet t hick , is e xpo sed a long t he s t r ike for at least 1.5 feet , and for 

25 f e et along t he d i p .  Some o re i s  e xpos e d  at a lower leve l and may be 
another k idne y .  

The depo e i t  i s  lo c at ed o n  a very s t eep slope , 1000 feet from t he near­
est road ( at t he Haggard and New ) . Timber and wat e r  are abundant . 

C e l e brat ion ( .5 2 ) 

Loc at ed on t he east f ork of Big Pine c reek , .5 00 feet s outh of t he creek 

and trai l ,  at t he three -mi le t ra i l  marker , in N-� s e c . 2 7 , T. 14 S . , R. 3 2  E . , 

Grant c ount y .  

The c ount ry rock i s  a ye l l ow-weather ing dunit e , vary i ng  lo c a l ly t o  a 
pyroxeni t e , gabbro , or , more c ommonly , serpent i ne . 

The o re body is from .5 t o  8 f e e t  t hi c k , po s s i bly t hicker in plac e s , and 
ext end s for at le ast .50 feet in length , d ipp ing 2 .5 0  S . E .  int o t he hill s i de , 
and s t r i k i ng N . ,  6.50  E .  It i s  rat her irregular i n  out line , be ing c onsider­
ably j o i nt ed and fault ed in blocks up to 4-.5 feet acros s . Oft e n  t he ore i s  

infm.t lt e d  wit h b locks of serpe nt ine and dunit e . 

Two large o pen cut s about 20 feet apart expo se t he ore -fac e and one in­
'"  line goe s  down i nto t he ore for 3.5 feet . 

The ore 1s of t he nodul ar t ype , c on s i s t ing of round aggregat e s  averag ­
ing .5 mm . in d iame t e r , in a mat r ix o f  more or le s s  a l t e r e d  f ine -gra ine d 
ol. i  v i ne .  It is qui t e  uni form in grade . An average of 60  chip s arnples from 
t he p i l e d  ore and from t he expo s e d  fac e s  of the orebody as sayed 40 per c e nt 
chromic oxide . 

Thi s  d e pos it is now re lat ive ly i nac e s s i b le . The nearest roa d s  are 
t hre e mi le s  d i s t ant along a ge nt ly graded t rai l down Big Pi ne c r e e k , or 

one and a half m i l e s  by s t e e p  t ra i l  over t he ridge t o  t he Chambe rs mine . 

From the e nd of t he pre sent road i t  is anot her three mile s out by a 
t h i rd - c lass roacl whi ch J O ins t he  highway , at a po int midway betwe e n  John 

Day and Pra i r ie C it y .  
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Chambe rs (38 ) 

Thi� de po s it l ie s  on t he northwe s t  s lope near t he we st end of Ba ld 
Mount ain , j u st at t imber l i ne , and at an e l evat ion o f about 6300 f e e t . 
It i s  in t he N-?i- sec o  2 6 , T o  1.5 S " , R ,  3 2  E . , Grant c ounty . 

A dark -brown , locally yel low -we at heri ng ,  f ine-grained dun it e forms 
t he c ount ry roc k .  It i s fre que nt ly cut b y  minute serpe nt i ne st r ingers . 
In s ome plac e s  it var i e s  from dunite toward a porphyri t i c pe r idot it e 
and in o t hers be c ome s more or le s s c omplete ly serpent inized . 

The ro ck has a p laty c harac t e r c ause d by i t s  be ing � n rally broken 

by j o ints wh ich are of t e n  prominent in o ne d ire ct ion . It i s  int ruded 'i n 
a few plac e s  by vei ns of a d i orit i c  r oc k . Several gabbro id boulders were 
f ound n ear t he de pos i L 

The ore - zo ne str ikes about N, 4.5 ° E , , and probably d i ps st e e ply t o  t he 
s out heast ,  a l though t h i s  i s  only t o be s urmi s e d  by the alignment of t he 

ou tc rops . 

The sout hwe s t ern ore body is expo se d in s ix p i t s  and c ut s for at least 
100 and po s s ib ly 1.50 feet , with  a widt h o f  f rom 40 to 4.5  fe e t . It s t r ike s 
N .  4.5°E . , and i s c ut off abruptly at r ight angle s on t he so uthwe st . On 
t he northeast end it a pparent ly pinches out le ss abrupt ly , although there 
are no prospe c t  c ut s t here . No work has been done i n  t h e  100 fe et between 
t h e  two ma in o reb odie s , but o re shows in a c ut 20 f e et s outhwe s t  of t he 
c e nt ral body , so it may be c overed with s o i l  or l ie at depth . The sout h ­
we st o re body h a s  only been opened by s hal low cut s , a nd  i s prac t i c ally un­

deve lope d . 

The c ent ral o re body , 1.50 f e e t  t o  the northeast of t he fi r s t , has been 
st oped t o  a dept h of over 3 0  feet t hrough a tunne l from t he north , in a 

g lory-ho le ab out 100 fe e t  long by 70  fee t a c ros s . Ore st i ll appe ars in 
place on two wall s  of t he pit and appe ars as a mass ive body e xt e nd ing from 

t op t o  bot t om w i t h  a 20-30  foot width in t he no rt he as t wall . { s e e plate IIa ) . 
It is  much more broke n and i rre gular on the s outhwe st , where at one plac e 
it is a bout 20 feet wid e , w it h ot he r more or l e s s  i s olat e d  pat che s . Even 
in the se good expo sure s ,  t he numerous fault s i n the ore and t he c olor and 
broken c hara c t e r  of t he rock made it impo ss ib le t o  work out any d e f inite 
s t ruc t ure under t he c o nd i t ions exi s t i ng whe n t he depo s i t was v is it ed . 

Thi s ore body se ems t o  wi den as it goe s down ( as a ls o i ndic at e d  in West ­
gat e ' s  sec t ion and plan , 27 ) ,  and i s  probab ly over 100 f e e t  in length .  

Two pit s c ut int o low-grade ore at a po i nt .5 0  fe e t  lowe r i n elevat ion 
and 300 feet to t he no rt he ast from t he c ent ral workings . No c roppings were 
observed between . 

The ore var i e s  from t he e xt reme ly low-grade d i s s eminat e d ( 10�20  pe r 
c ent c hromic oxide ) up to a me d ium high grade of 40 :pe r c e nt . The h igh­
e s t grad e s  show only a bout .5 per c ent of i nterst it ial rock mat er i a l  on 

the surfac e of t he sp ec imen , a lt hough the l owe s t grades may s how only 
20 pe r c e nt c hromit e .  The ma in ore bod i e s ave rage abou t  3.5-3 6  pe r c ent 
c hromic oxide . 
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Chrorr.ite Deposits in Oregon 

Plate I I .  

( A )  Orebody i n  east 
end of glory 
hole at Chambers 

mine , Grant 

County . 

( B )  Old trestle and bunkers at Chumhers mine , Grant Count y .  
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Since t he orebodie s are c ons iderab l y  sheared and fault ed , t he ir out ­
l ines are rat he r i ndef i n i t e , Uvarov i t e  garne t is c ommon on t he s he ar 

plane s , a nd s e c ondary magne s i t e  in ve ins oc cur s w it h l i ght gre e n  magne s i an 
pyroxene and c a l c i t e not infre quent ly . Ant igor i t e  al so appears in long 
br it t le f i b e r s . 

The de po s i t  is re1:1che d  by a t h i rd - c lass road , about 8 mi l e s  long , which 
t ake s  off s out h from t he ma in highway , at a po int midway b etwe e n  John Day 

and Pra i r i e  C it y . 

Bald Eagle (5 3 )  

Loc a t e d  in  t he S\Vt s e c . 2 3 , T ,  14 S . , R .  3 2  E . , about i mile down t he 

r idge , nor t hwe st of t he Chambe rs mine . 

Geo l ogic  c ond it ions are much t he same he re as at t he Chambers mine . 
Appare nt ly the orebody strike s almost no rth and d i p s  about 35 ° t o  t he we s t . 
It l i e s  on t he re lat ively flat t op o f  a nort h- slop i ng r idge . Two pit s 
10 t o  15 f e e t  l ong and 6 feet wide expo s e  t he o re , at po int s about 2 0  feet 

apart . 

Dry Camp ( 3 3 )  

Loc a t e d  on t he NN s l ope of the r idge , at about 4000 feet e le vat i on , 

in the NN! of s e c . 19 , T . l4 S . , R .  3 2 E . , Grant c ounty , _  

The c ount ry rock i s  more o r  le s s  serpe nt i n i z e d  pe r idot it e ,  apparent ­

ly vary ing t owards a duni t e ne ar t he orebo d � e s . Two or poss ibly more 
para lle l z one s of b and e d  c hromit e oc cur , both s t r iking N .  5 5 ° - 60°� , d 1pping 
s t e eply t o  t he s out h and lyi ng abo ut 2 20  feet apart . 

The we s t e rn ( lower ) zone has bee n o nly part ly s t r i pped on it s s urf a c e  
exiYJsure , and i s  prac t i c a l ly und eve l o pe d . Float appears for ove r 100 f e e t , 
and at t he sout h  e nd ore in plac e has a t ot a l w i d t h  of 1 fo o t of h igh- and 
3 feet of low -grade , in a b and a bout 8 f e e t  wide . The hi gh-grade o c c ur s 

in narrow b ands 1 - 3  inc he s w ide ,  whi c h  s t r ike N .  5 5 °  E . , and d i p  60° t o  

t he s outh . 

The e as t e rn (main ) work ings l i e  abo ut 2 30 fee t uph i ll t o t he sout heast , 
Here a zone of banded or e from 8 t o  2 0  feet i n  wi d t h  whi ch has b e e n  mined 
t o  an ave rage d e pt h  of about 10 feet , s e ems t o have averaged at least 2 feet 
in wid t h  f or t hat d i st anc e . Thi s z o ne str ike s N o  60° E .  and d ips about 
7 5 -800 S .  near t he s out hwe s t  e nd . Thi rt y  f e e t  no rthe ast from t he p i t  whi ch 
was opene d ,  t he ent ire zone is 8 f e e t  wide and t he zone of highe s t grade 
t ot als at le ast 30 inche s in w idth . At t he nort he ast end t he o r e - zone 

is 2 0 - 2 5  feet w i de and s t r ike s N. 3 0° E . , d i pp i ng 4.5° sout h .  ( s e e fig . 11 ) .  
Over t he entire distance , t he highe s t  grade o re app ears t o  lie neare st the 
"hanging wall " or oo uth s i de of t he z o ne . 

Ne ar t he nor·t heast end of t he wo rk ing what was apparent ly a " c ro s s  
v e i n "  was mi ne d by t unne l extending 80 f e e t  i nt o  t he h i ll  in a S .  60° E .  
d irect ion : It i s  s a i d  that the orebody was very irre gular , var i e d  from 
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8 t o 2 0  inc he s in w i dth , was somewhat d is c ont inuous , and s loped upward as 
t he tunnel went in and the ore was st oped d own . No ore was s e e n  in t he t un­
ne l or f a c e . It is said t hat 2 00 t ons were remove d from this body . We s t -­
gat e give s one int erpretat ion o f  t he s t ruct ure he re 2 8/ .  

From 10 t o  2 0  feet fart he r  t o t he no rtheast o f  t he ma i n  workings , two 
shallow c ut s  expose the ext ens i on of t he ore body in t hat d ir e c t ion , making 
a t ot al ore zone lengt h of well over 12 0 f e e t . 

One other orebody , probab ly sma ll but high-grade , appears in a sma l l  
cut 70  feet we st o f  t he mai n  workings . 

The ore is ne arly all of t he d i sseminated and banded t ype , o c c urr i ng 
in para llel bands which vary i n  c hromit e  pe r c e nt age from 10-20 t o  about 80 
per c ent , and in chromic oxide c ont ent probably from 10  to 40 per c e nt . 

The de po s it l ie s  about 1 mile by s le d  road and 3 miles by t hird -grade 
road from t he highway at a po int 3 miles we st of Prairie C i t y , and 10 miles 
from John Day . 

Ray C hromi t e Depos it ( 39 ) 

Located near top of ridge o n no rth s ide , at the end of t he c hrome road 
in the Ei s e c . 30 , T. 14 S . , R. 3 2  E . , Grant county . 

Close t o t he orebody , t he c ount ry roc k is a fi ne -gra i ne d , somewhat al ­
t e red duni t e , but predominant ly i t  is  a se rpent inized peridot ite , often 
showi ng pr imary platy s t ruc t u re and med ium f ine j o int i ng , whi c h  s tr ike s 

E-W a nd dips 480 S .  on t he r idge -t op <  

The uppe r o pe n c ut o f  t he mine was c omple t e ly c overed with snow at t he 
t ime t he mine was v i s it ed , so t he follow ing data (which corre sponds t o  We st ­
gat e ' s  observat i ons 2 9 / ) is by word of mouth from Clint Ha ight , The ma in 
o re body , as expo sed in t he uppe·r cut , was 125 fe e t l ong with a maximum widt h 
of 75 fe e t . It st rike s about E-W and d ip s  s t e e ply t o  t he south . Thi s body 
is f igure d  by We s t gat e 22/ ·  

A 6 0-foot pr o s p e c t  tunne l , s t arted at a po int 150 feet S ,  65°  E .  from , 
and 5 0  feet below , t he bunkers , has int ersected t he or e . The t unne l runs 
from east t o  we s t , and its  last 15 t o 25 feet expos e s  a l arge body of ore . 

Another pit l ie s about 500 feet nort hwe st of the ma in worki ngs ( ove r 
the r idge ) .  Here a long pro s pe ct cut was dug fo r 60 feet i n  a N-S d i re c ­
t ion . Another cut l ie s  3 0 0  feet fart her nort hwe st . 

The ore from t he t unne l is s oft , more or l e s s  fr iable , and rat her f ine 
gra ined . Int erst it ial serpent i ne i s  v is ible , but usua l l y  do e s not s eem t o  
make u p  more t han 151,  o f  t he ore . Ore from t he uppe r c ut l S  harder , but 

ot herw i s e  s imi lar . Vve st gat e report s 3 2 -45 per c e nt chr omic oxide c ont ent 

31/ . 
The de po s it i s  about ni ne mile s by t hird-c l as s  f orest road from t he 
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highway , at a p o i nt halfway be tween Pra i r ie C it y  and John Day . 
drops about 3000 feet in t h is nine mile s . 

Ajax ( .5 4 ) 

6.5 

The r oad 

Lo c at e d · ha lf a mi le east of t he c hrome r oad to t he Ray mine , on t he 

we st s i de o f Ind ian c reek , ne ar c ent e r  o f s out h half of s e c . 16 , T .  14 S . , 

R ,  3 3  E , , Grant c ounty , 

The de po s i t  l ie s on a c l iffed h i ll s i de , in porphyr it i c  per id o t it e , of­
t e n  plat y in c harac t e r , and l o c a l ly s omewhat s e rpent inized , Close t o  t he 

chromite bod ies t he rock los e s  i t s  porphyr it i c  c harac t er a nd be c ome s  f ine ­
gra ined and de ns e in appearanc e , w it h  a f ine blocky c leavage . Large bould ­
e r s  of per idot i t e  l ie i ncluded within t h is zone . 

Three open c ut s and n��er ous surface out c rops expose t he ore over a 

d i s t anc e of  abou t 140 feet . It is pre dominant ly l ow-grade and d is seminat ed 
in charac t e r .. The t re nd o f t he ore -zone is about N ,  10° E . , but the t hree 

or more main : ; segre gat ions wi t h i n  the z one l i e  e n  e c he lon , s t r ik i ng N • .5 0° 

t o  N ,  60° and d i pp i ng  s t e e ply t o  t he nortmve st .
--- The c ountry rock i s  much 

broken and j o int e d ,  and t he orebod ie s qui t e  i rre gular , chang ing abrupt ly 
in s i ze and shape . 

About 2 .5  t ons have be e n  m ine d from a cut 2 .5  feet long and .5 fe e t  w i d e  
and .5 f e e t  dee p , The oreb ody is from 4 t o  6 feet w ide in t he end o f  t he 
cut . In anot her cut 3 0  fe e t  s out hwe st , t he maximum width of several small 

or e -bands is 6 inches , the intermed iat e rock be ing alt ered dun i t e . Fart he r  
s o u t h  about 2 0  fee t , more or l e s s  c o r:t tguous k i dneys appear , t he i r  maximum 
widt h be i ng 4 feet , and t he ir t otal le ngt h b e i ng about 1.5 feet . 

In a cut 50 feet nort h of t he others , the ore body s t ands ne arly vert ical , 

s t r i ke s  l 'L 60°  E . , and it s e x po s e d  d imens i ons are 2 -3 feet wide and at least 
6 fe'"t  long and 6 feet deep . Farth er t o t he no rt h , t he c hromi t e  z o ne may be 
ind l c a t e d  by a pr omi ne nt dark ledge of s e rpent i ne in per idot i te . 

The ore i s  of the no dular and banded t ype , as we ll as a type in which 
smal l ,  e longat ed and para lle l but i solat e d  fragment s of dunit e , up t o 40 
per c ent ,. a r e  i nc lud e d  w it h i n  t h e  o re . The ore a s s ayed 3 4  per cent c hrom­

ic oxide . 

The d istance over t h·3 Ray road t o  t he hghway is about seven mile s . 
From t he po int of j unc t ion w i t h  t he John Day·�Prai r i e  C i ty highway , it i s  
about s e ven mile s t o  e 1  t h e r  of t hes e t o11ms . 

Marks and Thomp s o n  { 2 7 ) 

Lo c at e d  in t he Wi- s e c . 1 0 ,  'I' . H S . , R .  3 3  W . , Grant county . 

The depos i t  l i e s  half way up a fai rly s t e e p  r i dge on t he we s t  s ide of 
Ind i an c reek 2 0 0  f e e t above t he vall ey bo t t om . The ore was mine d  in two 
large open c ut s , the southern one b e i ng lat e r  glory -ho led from a t unne l 
at road le ve l .  A 2 0 -foot ( or longer ) t unne l was s t art e d from whic h t he 

operat or expec t e d  t o  wo rk t he ot her ,?it by t he s ame met hod . 
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The c ountry r o c k  is predominant ly a more or l e ss c omplet e ly se rpe nt in­
ized pe r idot i t e . 

The ore lies  in an area 125 feet long and average s 15 - 2 0  feet wide . 

It is d isc ont inuous in at l e ast one place , and may actually repr e s e nt two 
or more ad j ac ent kidne ys . The banded c hromi te in t he nort hern port ion 
s t r i kes N .  2 0° E o  and d ips 5 0° E , and is a bout 1 0 ·-1.5 feet t hick . The ore 
in t he s out he rn cut strike s N, 300 E .  and d ip s  30° E ,  , .  be ing at least 2 0  
feet wide a t  t he surface , We s t gat e g ive s a good d i agram o f  t hese de po s i t s 
32 / ,  

I n  a N ,  6 0 °  E ,  d ire c t ion 1 60 feet d own t he h1ll f rom t he are a not ed 
above , two ot her s ha llow cuts expos e a body at le ast 1 0  feet wide and pos ­
s ib ly 5 0  feet long , st r iki ng N-S , 

The ore is rat her law-grade and d i s s eminat e d , w i t h  loc al s egre gat ions 
of ma s s ive c hromi t e  of med i um  grade as say i ng 3 5 per c e nt c hromic oxide . 
One spe c imen of t he d i s s eminat ed ore as s aye d 1 9 , 5 1 per c ent c hromic oxide . 

The d e pos i t  may be reached by a road wh 1 c h  t ake s o ff  

h ighway a t  a po i nt 6 mile s we st o f  Pra ir ie C i ty and leads 
miles s out hwest i nt o the h i l l s , It c an be reache d  also 

e a s tward from Sene c a a mat ter of 35 mil e s , Se ne c a  i s  o n  

S i l ver ' s  ( 10 )  

from t he ma in 
a mat t e r  of 5 
by a road le ad ing 
the ra ilroad . 

Located two mile s north of t he �ohn Day highway in t h e  SEi se c , 18 , 
T .  13 S o , R .  31 E .  

The c ount ry rock i s  serpent ine , wh ich near t he o re and above i t  i s  
b lack , but whic h  grad e s  int o a ye llow dun it e be l ow t he ore , A nort h ­

trend ing gabbro i d  d ike penet rat e d  by t h e  gl ory -ho l e  adit l i e s  t o  t he east 
of t he depos it . The re has been c ons iderabl e fault ing and s l i ckens i d ing , 

but not enough to make m i ning t o o  d iff i cult , 

The orebody c ons i st s  of bands and irregular bo d i e s of chromi t e whi c h  
s e e m  t o  s t r ike about N ,  60° W , , and d ip 55°  N .  The band whi ch l ie s  from 
2 - 5 f e e t  above t he ma in e xpo se d k i dney , var i e s  i n  t h i ckne s s  f rom 15 inches 
t o  3 feet , and is rat her c ont i nuous for 3 0 --40 fe e t , The kidne y i s  very 
.irregular ,  but i t  is at least 4 feet t h i c k  whe re 1 t crops at t he surface 
and has appare nt ly been followed by a c ut t o  a dept h  of 2 0 -3 0 fe e t . Ore 
appe ars over a ho r i z ont al d ist anc e of ab out 75 fe e t , and t he average t ot a l  
t h i ckne s s  may be a s  muc h  as  10  fee t . The depo s i t  i s  by no means exhaust ed , 
s i nce t he ore appe ars promine nt ly from t op t o  bott om ( se e  f i g . 9 )  in t he 
west f ac e of t he glory - ho le o It was mine d , as has been · ind i c at e d , by 

an ad it whi c h  t aps the glory-hole at a bout 3 0  to 40 f e e t  in dept h . 

The ore appe ars t o  be of uverege me d i um grade , abov e 30 per c e nt , but 

probably no t o v e r  4.5 per c e nt c hromi c ox ide , 

The d e pos i t  may be re ache d by a road l e ad i ng from Mt . Vernon up Buck 
Creek . It i s  ab out 3 mil e s  from t he ma i n  highway . 



C hromi t e  De po s i t s i n Oregon 

Benson { 9 )  

Loc ated just we s t  of d ivide at he ad o f  sma ll c ree k runn ing we s t  int o 
Be ach c reek , in Sec . 6 ,  T 1 3 S . , R .  :n E . , Grant c ount y . ' See map . 
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The depos 1 t  lies in she ared and s l i c kens ided , green s e rpent ine . A 
few large , mass ive boulders are pre se nt in t he pred ominat e ly broken and a l ­
t ered mat erial . Muc h s e c ondary magne s it e  and l ime are pre sent . 

The o re z one ext e nd s for 100 feet in a N . 75° W .  d irec t ion , apparent ly 
d i pping about 4 5 °  to t he north , but ac t ua l c ropp i ngs of ore appear o nly in 
two very smal l i s o lat ed k idne ys , and in one e longat e d  irregular band , about 
25 fe e t  in lengt h . The s e  b o d i e s  now appe ar t o  be exhaus t e d , as no ore ap­
pears in plac e . 

The ore , l i ke t he c ount ry rock , is muc h  broke n  and s heared and c ut by 
c alc it e and magne s it e  v e i ns , but it is rat her s oft , very f i ne -gra ined ·; and 
a d e e p black whi ch g ive s a rich c ho c o lat e brown s t reak .  It a s says 3 0 - 3 6  
per c e nt c hr omic ox ide . 

Spr i ng and Chr ome R idge ( 45 )  

Loc a t e d  about o ne mile nort h up Oregon Mine c re ek, from Murderers 
c reek ; ne ar the t o p o f  t he r idge on t he we s t ; i n  the 5Ei se c . 2 ,  T ,  15 S . ,  
R .  28  E . , Grant c ounty . 

The depos i t  l i e s  in a z one of hi ghly s heare d dark gree n  t o  black ser­
pe nt i ne about 100 feet wide , whi c h  cut s N .  2 0° W. ac ross a s out hwest -tre nd i ng 
ridge spur betwe e n  more ma s s ive out c rops . The o re o ccurs re gularly in small 

rounded k idneys with c l ean wal l s , and is f i ne -gra i ne d , dense , and fa irly 
high-grade . There are no s e ams or ve i ns whi c h  t he mine r  c ould use t o  follow 
from one body t o  ano t he r , and t he re s eems t o  be no regular ity in t he ir loc a ­

t ion . The large s t  lens s e en was 6 inches thi c k  and about 2 feet in d i ame t e r . 
Ano t he r  was 2 by 8 inc he s . Ot her larger bod i es may have been removed from 
the worki ngs wh i c h  c on s i s t  of one s hallow c ut 50 feet long ac ross t he ·· zone 
end i ng at i t s east ern t erminus in a 2 0-foot s haft . There are four . other 
prospe c t  c ut s  and d i t ches . 

A sled r o ad extend s  t he las t m i l e t o  t he prope r t y  f rom t he f ore s t road 
on Murderers c reek . It is t oo st e e p  for a mot o r  grade . From its j unc t ion 
wi t h  t he Murderers creek r oad , i t  is 15 mi l e s  to t he John Day h ighway to a 
po int about n i ne mile s wes t of Mt . Ve rnon . 

Re c o rd ( 1 )  

Loc ated 3 1  mi l e s  we s t  o f  Sumpt er o n  t he Olive lake ro ad , and about two 
mile s nort h of t he l ake , in t he SWi of Sec . 3 ,  T .  9 S . , R. 34 W , , Grant 

c ount y . 

A s e r ie s  of shallow p i t s  has be e n  dug alone; a roughly nort h - s outh l i ne 
for a d i s t anc e of about Boo fe et a c ros s  t he wide , gent ly- s loping s addle of 
an e as t -we st trend i ng r i dge .  The p it s  do not vary in e levat ion more t han 
5 0  feet . 
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The c o unt ry roc k is a dark green t o brown i sh-black she ared and s l i c ke n·­
s ided s e rpent i ne , in whi c h  t he ore appears as a few small c onc e nt rat ions 
of rather s oft , blac k , very f ine -grai ned c hrom1t e ,  and a s  i rregular , in­
d i st i nc t and d i sc o nt inuous ba nds of d is semina t e d  c ry s t al s , The large st of 
t he h igh -grade bo di e s , if s u c h  we re mine d , c ould only have run a few hund ­
red pounds at t he mo s t ; and t he d i s s eminat e d  ore , e v e n  whe n we l l  sorted , 
d o e s  not appe ar t o  run muc h over 10 pe r c e nt i n  chromic oxide . 

S ix p i t s were e xamine d  and no ore was seen in plac e i n  four of t he s e , 
although c olle c t e d  f loat and s ome s or t e d  ore was pi l ed at t he s ide s o f  two 
of t he se pit s . D i s s em i nat e d  ore s hows 1n band s  t o t all i ng no t o ver 3 f e e t  
i n one of t he cut s . No a s suranc e of any c ont i nu i t y  is  i nd icated . 

The depo s i t s  are l o c at e d  3 1 mile s by f o r e s t  road t o  t he narrow gauge 
ra il road at Sumpt e r , Oregon . 

BAKER COUNTY 

Connor C r e e k  ( 50 )  ( Lambert and Fl ick }  

Lo c a t e d  four mi le s  we st o f  t he Snake r iver , up C o nnor cree k ,  1 3  m i l e s  
north o f  Hunt ingt on , Bake r c o unty . 

He re c hr omit e oc curs w it h  a le ngt h of 1.75 feet ,, s t r iking l L  55° E .  and 

d i pp i ng s t e eply t o  t he sout h ,  or s t and ing vert i c a l , Throughout most  of t h i s  
l e ngth o nly small s t r i ngers are i n  ev idenc e , b u t  t he ki dneys t oward t he c e n­
t e r  are as much as 3 - 4  fe e t  t hi c k , and irregul ar i n  o ut l i ne and loc at i o n .  
They l ie i n  a highly s il ic if ie d a nd s heare d  f ormat ion c ompo sed appar e nt ly 
of broke n , e l ongat ed and she ared fragment s of c halc edony (whit e , gree n i s h , 

and bluish ) ,  d o lomit i c  lime , and buff -weather ing s erpent ine . There are 

many opal ine ve i ns and ope n vugs , t he r o c k  hav ing t he appearanc e of a typ­

i c a. " c alc - s i li c at e "  roc k ,  One - quart e r  o f  a m i l e t o  t he no rt h , an i nt ru-­

s ive appears in c ontac t wi t h  a wide l ime s t one band o f  suppo s e d ly o l der 

age . There may be a fault ne ar t hi s  c ont ac t as i ndic at e d by a saddle in 
t he r idge , by numer ous s pr ings , as well as by gold mineralizat i o n . 

The ore i s  predominantly of t he nodular t ype , and probably d oe s  not 
run muc h ove r  40 pe r c ent c hromic oxide . T h e  k i dneys a l l  s e em t o  be sma l l , 

t he maximum ob s e rved width b e ing 5 feet , w i t h  le ngt hs only s l ight ly great e r . 

Ac c ord ing to We s t gat e , t here is anot her l arger b o dy ac ross t he c re e k  
a m i l e  t o  t he southwe st 2lJ, but t hi s  was no t v i s it e d , as i t s  pre se nc e wa s 
not known at t he t ime . 
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OTHER DEPOS ITS NO T VISITED . 

Twenty-e ight of t he c hromi t e  depo s i t s  and pros pe c t s  not ed by Westgat e 
2!/ were e ither no t  ident if i e d  or not v i s i t e d . The s e  are l i s t ed as f ol- ,  
J,ows : 

She e p  Rock : Hanenkrat ' s  ( 40 ) , Morgans ( ' 6 ) ,  C ampb e l l s  ( 37 ) ,  Howard ( 2 6 ) ,  
Norway ( 2 0 ) . 

Sma ll pr opert ie s on le ns e s : Lyon ( 41 ) ,  Patterson and George ( 42 ) ,  
Smit h  and Get sf i e 1d ( 18 ) , Reed ( 13 } ,  C ampbell ( 14 ) , Powers ( 2 1 ) 
Louie ( 32 ) ,  Ac c ident 05 ) ,  Anderson { 34 ) . 

Propert ies near we st e nd of b e lt : �ue e n o f t he May ( 16 ) ,  Unc le Sam ( 15 ) ,  
St one and Hawk ins ( 17 ) .  

Sou t h  fork of t he John Day r iver : East Side ( 11 ) , Mas c all ( 12 .) . 

Sumpt e r  be lt : Gardner ( 8 ) . 

Granit e be lt : Meadows and Duckworth ( 2 ) ,  Fo rd and Meyers ( 3 ) .  

Greenhorn b e lt : C ampbell ( 6 ) ,  C o omb s ( 5 ) . •  

Connor Cre ek : Kromi te  Mining C o . ( 49 )  

Sene c a  be lt : Vanc i l s  ( 48 )  

Mur derers Creek b e l t : She lby an d Hamer ( 46 ) ,  Delore ( 47 ) .  
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