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INTRODUCTION 
Location 

Th e region described in this paper occupies the extreme north
western cor ner of the State of California extending inl and about 36 
miles from the Pacific Ocean and southward about 20 miles from the 
Oregon boundary. It includes the northern portion of Del Norte 
County an d a small nortlnvestern fraction of Siskiyou County. It is 
in part represented topographically on the Preston Peak quadrangle 
(41 °30'- 42° N, 123°30'- 124° IV ), which contains the western end of 
the Siskiyou Range, a nortlnvesterly member of the Klamath Moun
tains group. 

Klamath I-h ver, the trunk stream of northern California ancl south 
central Oregon, flows through tlte southern portion of the area. Smith 
River, to the north, chains the major basin within Del Norte County. 

Physical Conditions 

Northwesterlllllost California is mountainous with some peaks 
attaining an elevation of over 7000 feet. The region is heavily for
ested, the temperate ancl humid climate being favorable to a multitude 
of plant types. 

The Redwood Highway, formall y completed in 1928, traverses 
this part of California and greatly in creases its accessibility . 'l'he 
interior mountain area is served by a few United States Forest Service 

'\ 
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roads and by a network of trails. Here horses and pack trains are as 
necessary as in the earliest days of settlement. 

Lack of suitable transportation facilities has impeded develop
ment of mineral resources. Products of Del Norte County are com
monly carried by wagon or truck to the harbor at Crescent City, the 
county seat, whence they are transferred to vessels in coastwise ship
ping and distributed. The Redwood Highway now renders fairly 
accessible the Southern Pacific railroad facilities at Grants Pass, Ore
gon, some 66 miles by airline northeast of Crescent City. 

Prev ious Work 

'l'he general geology of the area described in this report has almost 
escaped the attention of geologists. A notable exception is afforded 
by a very brief account of the economic geology of Del Norte County 
by 0. H . Hershey, 1 based upon a reconnaissance made in 1907. This 
paper is accompanied by an areal map showing the general distribu
tion of formations, the only one thus far published. 

'rhe physiography is in part discussed by Diller 2 in ''The Topo
graphic Development of the Klamath Mountains.'' 

Mineral resources of the region have been described by Hershey, 3 

Diller,4 Lowell,5 Aubury,6 and others.6a 

The most recent report on the mineral resources by C. McK. Lai
, zure,r includes the description of a number of properties not visited by 
the writer. 

Object of Re port 

The mineral deposits discussed in this report were studied in con
nection with a program of research in the geology of the western Sis
kiyou Mountains carried out under the supervision of Professor J. P. 
Buwalda. Most of the deposits are not being exploited at present and 
many have not been worked in over a decade. Some occurrences have 
potential economic value, depending upon market and possible improve
ments in transportation. 'l'he study has been made, however, not from 
the standpoint of a mining engineer inter€sted in future production, 
reserves, ownership, etc., but rather from the scientific aspect in regard 
to geological setting and genesis. · 

SUMMARY OF GEOLOGY 

The northwesternmost corner of California may be divided phy
siographically into three parts. Alon.g the Pacific Ocean is the coastal 
province including the shoreline belt and the sub-rectangular emerged 
marine terrace upon which Crescent City is situated. Immediately 

'Hershey, 0. H., Del Norte County geology: Min. and Sci. Press, vol. 1'02, 
p. 468, 1911. 

'Diller, J. S., Topographic development of the Klamath Mountains: U. S. Geol. 
Survey Bull. 196, 1902. 

• Hershey, 0. H., Black Diamond (Del Norte County, California) : Min. and 
Sci. Press, vol. 98, p, 147, 1909. 

• Diller). J. S., Chromite in the Klamath Mountains, California and Oregon: 
U. S. Geol. ::;urvey Bull. 725-A, pp, 1-34, 1921. 

'Lowell, F. L., Del Norte, Humboldt, Mendocino counties: Cal. State Min. 
Dur., Rept. XIV, pp. 373-391, 1916. . 

• Au bury, L. E., Copper resources of California: Cal. State Min. Bur., Bull. 23. 
pp, 97-116, 1'902. 

oa Cal. State Min. Bur., Bull. 50, pp. 133-140, 1908. 
•Laizure, C. McK., Del Norte County: Cal. State Min. Bur., Rept. XXI, pp. 

281-294, 1925. 
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inland is a country of plateaus and accordant ridges separated by deep 
canyons, a region increasing in altitude from about 1400 feet near the 
high sea cliffs to over 3000 feet at the western base of the Siskiyou 
Range proper. This region was reduced to a peneplain before late 
Miocene time, was locally warped and uplifted in the early to middle 

FIG. 2. Looking north at level summit of Pine iFlat Mountain, a remnant 
of the Klamath oldland, over the gorge of the north fork of Smith 
River. Topographic illustration of relationship between surfaces of 
the former and present erosion cycles. 

FIG. 3. Preston Peak from the north. 

Pliocene, and was reduced later to a surface of low relief. Renewed 
uplift in the early Pleistocene initiated the present cycle. This region 
as a whole may be referred to as the Klamath oldland province. 'l'he 
third province may be termed the Siskiyou upland because it includes 
the mountain peak and valley topography of the western Siskiyou 
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Range and possesses elevations up to 7310 feet above sea level (Pres
ton Peak). The range was moderately glaciated in the Pleistocene. 

The oldest formations are largely found in the Siskiyou upland 
and the youngest in the coastal province. The stratigr aphic section is 
tremendously complicated and is witness to a long· and varied geologic 
histor y. Igneous rocks preponderate OYer the entire area and include 
the range from rhyolite to basalt, from granite to peridotite. 

Alg·onkian ( ~ ) 

Schists 
As in other parts of the Klamath Mountains, there are two general 

groups of schists which in the area described, however , were not 
observed in contact. 'rhe characteristic rock of the one group is a 
quartz mica schist. Hershey 8 originally described the unit as the 
Abrams formation and considered it pre-Cambrian. In the Port Orfm·ll 
quadrangle of Oregon, Diller 9 de cribed quartz-mica schists as the 
Colebrooke formation. In the occurrences observed in Del Norte 
County quartz-mica schist is subordinate to interbedded phyllite and 
slate. 'l'he formation represents a dynamo-metamorphosed series of 
shales and argillaceous sanqstones. 

The second group of schists is characterized by hornblende folia 
separated by quartz and feldspar . H ershey 10 described this rock as the 
Salmon hornblende schist. From studies in the southeastern Klamath 
Mountains, Hinds 11 concludes that the Salmon formation represents a 
metamorphosed series of basic-lava flows. H e has grouped the t wo sets 
of schist under the name 'Siskiyou terrane.' 

In the Preston Peak quadrangle the Salmon formation occurs in 
isolated patches, as pendants in various intrusive masses. 

Devonian 

Grayback fonnation 

This formation outcrops in the northeastern corner of th e Preston 
P eak quadrangle where it consists of over 5000 feet of argil lites, cherts, 
limestone (in part marble) and interbedded floKs of basalt. Fossil s 
collected by Diller 12 were determined by E . l\1. Kindle as r epresenting 
Devonian. The formation is in some r espects similar to the Kennett 
formation (middle Devonian ) of Shasta County. 

Late Paleozoic (?) 

Preston dim·ite 

The Preston hornblende diorite (named from occurrence in Preston 
Peak ) intrudes the Grayback formation and is intruded by serpentine 
and by the Siskiyou granodiorite. Thus in age it may come anywhere 
in the great interval between Devonian and late Jurassic. While con-

8 Hershey, 0. H., Metamorphic formations of northwestern California: Am. 
Geo logist, vol. 27, p. 225, 1901. 

• Diller, J. S., U. S. Geol. Survey Geo l. Atlas, Port Orford folio (No. 89 ), 1903. 
1o Hershey 0 . H ., op. cit. 
"Hinds, N . E. A., Paleozoic eruptive r ocks of the southern Klamath Mountains, 

California: California Univ. Dep. Geology Bull. , vol. 20, pp. 375-410, 1932. 
"Diller , J. S., Mineral r esources of th e Gr ants Pass quadrangle and bordering 

districts, Oregon: U. S. Geol. Survey Bull. 380, pp. 50-51, 1909. 
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elusive field evidence is at present lacking, the intrusion is likely to 
prove to be late Paleozoic in age. Certain dioritic and gabbroic intru
sives to the southeast have been considered by Hinds 13 to be probably of 
Paleozoic age. · 

'l'he Preston diorite is commonly a fine-grained, gray rock closely 
cut by quartz veinlets. Green hornblende is more characteristic than 
brown, though both occur. Moderately calcic plagioclase is the other 
important constituent. Minor amounts of quartz and orthoclase are 
sometimes present in granodioritic facies. 

FIG. 4. Dike of Siskiyou granodiorite pe netrating Preston hornblende diorite. 

Jurassic 

Galice formation 

'l'he Galice formation named by Diller 14 for its occurrence in south
western Oregon consists of dynamo-metamorphosed argillites prepon
derantly, with associated sandstones ariel fine conglomerates. These are 
intruded in places by dikes and sills of rhyolite. Fossils collected by 

1a Hinds, N. E. A., op. cit., p, 406. 
"Diller, J. S., The Mesozoic sediments of southwestern Oregon: Am. Jour. Sci., 

4th ser., vol. 23, pp. 404-405, 1907. 
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Diller near the type locality indicate late ,Jurassic age. H e r egard eel 
the formation as a correlative of the Mariposa slates of the Sierra 
Nevada. 

Several areas of argillites and slates of doubtful correlation are 
shown on the map as Galice. The area represented as Grayback forma-

FIG. 5. Galice? slates exposed by Redwood Highway cut on Smith River. 

tion near the central portion of the map may eventually prove to be 
Galice. 

Dothan fonnation 

'l'he Dothan formation also named by Diller 15 from occurrence in 
Oregon has been traced by Butler and l\1itchell 16 southwesterly to the 
California line. 'l'wo sandstones are prominent, one a bluish rock on 
fresh fracture which weathers to a gray, the other a brown sandstone 
containing black shale pebbles. Shales and cherts are less abundant 
rock types. Some basalt and rhyolite flows are interbedded. The for
mation as a whole is less metamorphosed than the Galice to which it 
roughly corresponds in age. 'While in some respects lithologically 
similar to the Franciscan formation with which it has been correlated,17 

considerations of proximity and continuity favor use of the local name. 

Serpentine 
With this rock type are included the widespread ultrabasic intru

sives, saxonites and dunites, as well as moderately transformed meta-
1s Diller, J. S., op. cit., p, 402. 
' 6 Butler, G. M., and Mitchell, G. J., Preliminary survey of the geology and 

mineral resources of Curry County, Oregon : Oregon Bureau of Mines, Min. Res. Ore., 
vol. 2, p, 2, 1916. 

"Louderback, G. D., The Mesozoic of southwestern Oregon: Jour. Geology, 
vol. 13, pp. 514- 555 , 1905. 

Hershey, 0. H ., Del Norte County geology: Min. and Sci. Press , vol. 102. 
p, 468, 1911. 
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peridotites. Practically none is absolutely unaltered by hydrothermal 
metamorphi ·m. The group has great areal extent in the Klamath 
Mountains where its age relationship is less clear than in the Coast 
Ranges. The large batholiths of Del Norte County intrude the Galice 
and Dothan formations (late Jurassic ) and the Preston diorite. They 
are intruded by the Siskiyou granodiorite, a correlative of the Sierra 
:Nevadan granodiorite, and are therefore considered late Jurassic. 

Many of the economic deposits, particularly chromite and copper, 
are associated with serpentine or meta-peridotite. 

Siskiyou gmnocliorite 
The granodiorite is a coarse-grained plutonic rock containing green 

hornblende, biotite, sodic plagioclase, orthoclase, and quartz. Apatite 
and magnetite occur as accessory minerals. Facies with quartz low in 
amount or absent are monzonites. With orthoclase also low in amount 
the principal rock type grades into a diorite. This type is of widespread 
occurrence. Augite characterizes a related group of rocks, the augite 
diorites, outcropping principally in the Klamath oldland province. 
Complementary dikes of hornblende-biotite granite cut the batholith. 
A similar petrologic group from southwestern Oregon has been described 
by Winchell,18 

FIG. 6. Surf:1cc aspect of weathered metaperidotite, quartz veinlets and 
ehlorite crystals in relief. 

This group of rocks is correlated with the granodiorites of the 
Sierra Nevadan batholith of late Jurassic age. The Siskiyou grano
diorite was observed to intrude the Preston diorite (Fig. 4) and ser-

18 Winchel l, A. N., Petrology and mineral r esour ces of Jackson and Josephine 
i~~~.ties, Oregon: Oregon Bureau of Mines, Min. Res. Ore., vol. 1, no. 5, pp, 45-46, 
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FIG. 7. Siskiyou granodiorite with xenoliths of peridotite. 

FIG. 8. Siskiyou granodiorite with autolith of hornblendite. 



ECONOMIC GEOLOGY OF DEL NORTE AND SISKIYOU COUNTIES 133 

FIG. 9. Siskiyou granodiorite showing flow banding of hornblende crystals 
cut by lamprophyric dike with flow structure. 

FIG. 10. Siskiyou granodiorite cut by lamprophyric dike. 
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pontine, but to be intruded by the Patrick greenstone of supposed Cre
taceous age. 

It is believed that the magma from which this rock was formed 
introduced the gold of the r egion and some of the copper. 

l<'IG. 11. A pogmat itic facies of Sis kiyou granodiorite showing development 
of large h ornblende c r ystals. 

Cretaceous ( ? ) 

Pat1·ick greenstone 

Greenstone is sometimes loosely used b.)' miners and prospectors for 
fine-grained greenish rocks commonly containing green hornblende, 
pyroxene, or chlorite. The rocks included under this category in the 
present paper are fine-grained intrusive diorites and andesites contain
ing green hornblende and sodic plagioclase with smaller amounts of 
sericite and pyrite. ·with quartz present they grade into quartz diorites 
and dacites, being occasionally porphyritic. 'l'he rock exists in various 
stages of hydrothermal alteration. 

In Oregon, Butler and Mitchell 1 9 observed greenstone cutting lower 
beds of the Myrtle, a Cretaceous formation. In southwestern Oregon 
the greenstone is not known to invade the Arago formation (Eocene) 
and is, therefore, believed to be of Cretaceous age. 

Miocene 

Wimer formation (Wymer formation of Diller) 

The V\Timer formation consists predominantly of shales containing 
kaolin and diatoms with interbedded sandstones and fine conglomerates 
having a maximum thickness of 150 feet. It is flat-lying and exposed on 
plateau tops east of Crescent City. 

10 Butler, G. M., and Mitchell, G. J., op. cit., pp. 31-32. 
"Dille r, J. S., Topographic developme nt of the Klamath Mountains: U. S. Geol. 

Survey Bull. 196, p . 33 , 1902. 
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A flora submitted 20 to F. H. Knowlton was determined as upper 
J\Iiocene. 'l'he marine molluscan fauna contains Pecten discus Conrad 
thus confirming this age determination. 

Pliocene ( ? ) 

St. Geo?'ge formation 

This northeasterly dipping marine formation consists of sandstones 
and shales carrying an abundant fauna of invertebrates. 'l'he total 
thickness exp'osed near Point St. George is somewhat under 100 feet but 
it is presumably considerably thicker. It lies nonconformably on the 
Dothan formation (Jurassic) and is overlain nonconformably by the 
Battery formation (Pleistocene ). 

Dall 21 has correlated the St. George formation with the beds 
exposed at Cape Blanco, Oregon, and with tlw Empire formation of 
Coos Bay. Beds at one time exposed beneath the wharf at Crescent 

FIG. 12. Wimer shale from Bald Hill showing mollusk imprints. 

City and probably part of this formation have yielded Pecten panneleei 
and Terebmtalia hernphilli known from the Pliocene of Santa Barbara. 
The fauna, in the absence of a restudy, is tentatively referred to the 

21 Diller, J. S., 01'· cit., pp. 32-35. 
' 
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Pliocene. 

Klamath olcllancl g1·avels 

Stream-laid conglomerates existing on remnants of the Klamath 
olclland to the east of Crescent City have not yielded diagnostic fossils 
but are rather generall y decomposed to a much greater extent than 
Recent or Pleistocene gravels. For this reason and from physiographic 
considerations t hey are beli eved to be late Pliocene in age. 

'l'hese stream deposits of a former erosion cycle are commonly 
auriferous. 

r lcistocene 

Batlel'y fm··mation 

'l'his is a thin marin c-tenace capping of unconsolidated sands 
exposed over the southern portion of th e Crescent City platform. A fos
siliferous lens contains a small f auna whose genera l aspect is that of the 
upper San P edro stage. On th e map, r ecent beach sands along the 
shoreline are in cluded with this formation. Much of the surface of the 
Crescent City platfonn has been r eworked by the wind. 

Recent 

Alluvium 

Stream gravels occur on terrnces in valleys of the present drain
nge system, in the lo\\'er r eaches of th e principal streams, aml in the 
northern portion'of the Crescent City platform, ncar the Smith River. 

Structure 

The dominant structural axes of this portion of the Klamath Moun
tains strike in general north and south. Individual batholiths have 
similar orientation. l<' or the Siskiyou Ran ge as a whole, however, they 
ar e distributed in an east-west direction. Rocks of the region are in 
most cases metamorphosed and have extr emely complicated r elationships 
to each other, testifying to a long and eventful geologic life. Intrusive 
rocks have by their inj ection separnted and obliterated r~Jationships of 
ilte meta-sediments. · 

'l'o the west of the Siskiyou upland the Jurassic sediments are 
exposed in north-south belts IYith bevelled outcrops, with :Mesozoic intru
sives intervening. The region 1vas apparently the seat of intense 
orogenic activity at the time of the Sierra Nevadan orogeny in the late 
Jurassic. At th is time the sedimentary series were folded, metamor
phosed, and intr uded. Uplift and trunca tion led to the present areal 
distribution exemplified on the Klamath oldland. 

Certa·in formations have on the whole a homoclinal dip, tl~e Gray
back (Devonian) striking northeast and dipping southeast, the Galice 
though locally contorted, strikin g nea rly north-south and dipping east. 
'J'he Dothan strikes in generalnorth1rcst and is folded . 

Faulting is prominent both on a large and small scale. Contacts 
with serpentine usually sho1Y displacement. Several faults with dis
placements of 100 feet or less were observed. 'l'hree major fault zones 
were located. 'l'o the east, the Orleans fault of H ershey, a steeply
clipping reverse fault, separates the Siskiyou upland with its igneous-



E CONOMIC GEOLOGY OJ<, DEL XORTE AN D SISKIYOU COU .\''l'IES 137 

metamorphic complex from the lower Klamath oldland to the west with 
its Jurassic meta-sediments and intrusives. The throw has been several 
thousand feet. 

A second line of faulting, perhaps a continuation of the Red wood 
Mountain fault of Hershey, strikes northwesterly along the west face 
of the Bald Hills which have been uplifted 400 feet with respect to the 
area to the west. '!'his fault may continue northwesterly to join the 
Del Norte fault. The plane of the Del Norte fault has nowhere been 
observed but is inferred to block out the Crescent City platform and to 
lie offshore to the south. Structural evidence is afforded by the north
east-dipping Tertiary rocks of the platform which if projected would 
abut against the Dothan rocks of the oldland province. 

'l'he Siskiyou H,ange in particular and the Klamath mountains in 
general have been a positive element in the earth's crust during most 
of geologic time and especially so since the Jurassic. In all the long 
uplift, dissection, and intrusion, the region has been a massif receiving 
crustal assaults from all quarters with r esulting fracturing, faulting, 
and metamorphism of the rocks. 

SUMMARY OF MINERAL RESOURCES 

An extremely varied group of mineral resources is found in north
westernmost California. The deposits are not as a rule of high grade 
or large. 'rhese facts, added to the inaccessibility of this region and 
high cost of transportation, are responsible for failure to continuously 
exploit them. 

From time to time mining activity has been stimulated by high 
prices for metals and a number of deposits were exploited for a short 
time. 'rhe first such instance happened in 1863 when copper ore was 
discovered at Low Divide. Some shipments were made via Crescent 
City and the ocean. Sporadic prospecting and development ·work 
progressed. In 1918 the great demand for metals for war use led to 
the maximum expansion of mining activity. The mineral most actively 
sought was chromite because chromium was needed for hardening steel. 
Del Norte County was the largest producer in the northwest. Some 
7903 tons were shipped and 4345 additional tons were mined but not 
shipped. 

The years 1930, 1931, 1932 have seen a marked revival of gold min
ing which had been relatively unimportant since the activities of the 
1850's and 1870's. The high premium placed upon this metal during 
periods of economic difficulty naturally lea ds to redoubled efforts in 
production. Gold has yielded the largest total revenue of any mineral. 
Placer gold has conie from stream gravels of the present cycle, terrace 
gravels, Klamath olclland gravels and beach sands. Some gold quartz 
lodes occur but have been on the whole disappointing. 

Although unimportant in the past, some cinnabar deposits are 
being actively investigated and give promise of future development. 
Such development will be stimulated not only by a higher market value 
of quicksilver but also by the fact that it can be distilled on the spot, 
thus eliminating excessive transportation charges. 

The occurrence of a number of other minerals may be noted includ
ing platinum, osmiridium and awaruite in the placer sands, manganese 
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min erals, talc, l\Iaoric jack, limestone, etc. Brick clay Js found near 
Crescent City. 

The peak production of economic minerals r eached during the war 
did not give Del Norte County a high position among the count ies of 
Californ ia. Production declin ed sharply after the war. During the 
last few years, as the figures for 1930 illustrate, the crushed rock used 
in higlnvay construction and the rock quarried for the Crescent City 
breakwater have increased production values. 

COMM E RCIAL PR OD U CTION " 

1917 1918 
Su bstance Amouut 

Chron1ite -- ---- - -- - 327G T. 
c:old ----- ---------
1'\atinum -- - - --- - - - 10 oz. 
Si lve r ------ - - - ----
Ston e, misc. - -- - ·- - -
Othel· n1in er a1s -----

Value A mount 
$97,255 714~ 'l'. 

1,873 
853 1 oz . 

8 
2 , 700 
2,151 

$104,340 

Value A wo?tlll 
$3G 0, 1 8 G 

5G5 
97 

•l 
8,000 
2,524 

"Ca l. State :IIin . Bureau, Rept. :XVII, JlJ1. G02 - 503, 1n0. 
Cal. State Min . Bureau, Bull. JOG, p. J:lG, H~l . 

Stream P lacers 

$27!1 

1 
17 G,227 

G2 :~ 

$ 17 G,o:;o 

'l'he gravels of the present stream beds and stream terraces havr 
been rather generally worked thronghont nortlnvestrn.m10st Califomia. 
None of the gravels of the present cycle arc bein g worked steadily but 
here and there prospectors arc operating in a small way. It is quite 
certain that gold exists in most of the stream gravels and along the bed 
rock but it is, excepting occasional concentrations, thinly distributed. 
Gold has been derived from quartz veins and stringers and from olrl 
gravel accumulations of a former cycle of erosion deposited on the 
Klamath oldland. 

Smith River was worked in the ca rl~r clays but r elatively little was 
obtained from the north and middle forks. 'I'he south fork was rich in 
places, particularly near creek mouths. 

Throughout the drainage system there are accumulations of black 
sand. Heavy oxides of iron and chromium have been furnished abun
dantly by the areas of basic rocks. Diamonds have been found in black 
sands of Smith River. Platinum and osmiridium derived from the 
ultrabasic peridotites and serpentincs have been in part recovered with 
the gold from the black sand. These metals have not been found in 
place. At Antone Kauss' min e on Craigs Creek pieces of coarse plati
num up to $25 have been found. The gold itself is usually coarse. On 
Myrtle Creek, it is said, as high as $1,100 has been found in one piece. 
The nickel-iron alloy, awaruite, also occurs in the black sands. The 
variety, josephinite, is found on Josephine Creek in Josephine County, 
Oregon, to the north. 'I'he metal is probably not of meteoritic origin 
but is derived from peridotitic rocks. 

Placer properties of doubtful production have been located on 
Smith River (middle fork) n ear Gasquet but have not been operated 
since the completion of the Redwood Highway which greatly increased 
the value of the lancl. The tributaries of the middle fork have at times 
produced gold. These include th e Siskiyou :B1 ork, Patrick Creek, and 
l\Tonkey Creek. On l\Jonkey Cl'rPk is a consillcrabl c acreage of gravel 
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bench which at one time was ground slui crcl in part. Further develop
ment is possible_ 

The south fork of Smith River and its tributaries have been quite 
productive and certain locations may be capable of additional develop
ment and production. Small bars of Coon Creek and Craigs Creek 
h:we yielded small amounts of gold. During the last three years an 

F rc . 13. Ind ex of map of a r ea sh owing location of min er a l d eposits . 
1. Tyson Rowdy Creek Mine ( Chromit e ). 
2. A lta Mine ( Copper ). 
3. Zom·'s Chrome. 
4. High Plateau C hrome No. 8. 
5. B lack Beau ty Prospect ( Manga n ese ). 
G. Cleopatra Mine (Copper). 
7. Sunny B rook P rospect (Quicksilver). 
8. B ig Boy Cinnabar Group. 
9. Britten Prospect (Copper). 

10. Schofield Prospec t ( Copper ). 
11. Monumental Mine ( Go ld lode ). 
12. Anderson Prospect (Copper). 
13. Hard Luck Min e ( Gold lod e ). 
14. Monkey Creek Mine ( Go lcl place r). 
15. Chicago Camp (Copper). 
16. ·white Feather Prospect ( Chrornit e ). 
17. The Chromite P rospect. 
18. Preston Peak Mine ( Copper ). 
19. Oro Pino P rospect (Gold lode ). 
20 . Ora Anna Mine (Gold lode ). 
21. T yson French Hill Mine (Chromite ). 
22. French Hill Mine (G old p lacer). 
23. Coon Mountain m ember of Gord on Mountain Group ( Chromite ). 
24. t::oon Mountain Gold Place r. 
25. Haines Flat Gold Placer. 
2G. Big Flat Golcl Placer. 
27 . Gordon Mountain G roup (Chromite ). 
28 . H iggins Prosp ect (Copper). 
29. Doe Creek P r ospec t (Chrornite ). 
30. Bear Mountain Claims. 

attempt has been in progress to work bench gravels lying up to 50 feet 
above Hurdy Gurdy Creek about two miles north of its mouth. 

On Jones Creek for about two miles north of its mouth and on 
its west side a broad terrace lies about 150 feet above th e stream. This 
is Big Flat and it has an area of several hundred acres. Lower t er
races are extensive at eleva tions of 50 feet and 20 feet above the stream. 

10-1265 
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Work was started here in 1878 by the Big Flat Gold Mining Company 
·which held some 640 acres of gravel. The property was worked from 
1882-1889 and a large gold production was reported. Mter a shut
down operations were renewed in 1895. The gold obtained was coarse. 
No large-scale operations have been attempted for many years. 

Near the mouth of Rock Creek several claims on small stream 
terraces have been developed by Bill Hudson. 'fhe gold obtained is 
very coarse. 

FIG. 14. Big Flat looking northeasterly toward Ship Mountain. 

Tributaries to the lower course of Smith River proper have been 
exploited in the past. On Myrtle Creek in particular a number of 
placer claims are reported to have been profitable. 

Auriferous Gravels of the Oldland Cycle 

Gold-bearing· gravels occupy valleys of stream cour es developed 
in the former cycle of erosion when the region was worn down to low 
relief. Patches of these gravels occur on plateaus which have escaped 
the dissection of the present cycle. Diller's 23 conclusion that auriferous 
gravels near Waldo, Oregon, were Cretaceous shoreline deposits and 
Dunn's 24 similar conclusion with respect to deposits on Cottonwood 
Creek in Siskiyou County, California, have led to statements 25 . that 
the shoreline could be traced through Del Norte County where high
lying gravels occur. The following evidence leads the writer to beiieve 
that these gravels are tenestrial. Rounded pebbles are found on many 
plateau remnants of unequal elevations, i.e. Bald Hills 1900 ft., Childs 
Hill 2200 ft., Rattlesnake Mountain 3600 ft., Elk Camp Ridge 3300 ft ., 
French Hill 2000 ft., ridge south of Gordon Mountain 2500 ft., Haines 
Flat 2200 ft. , and were apparently deposited by streams on a land 
surface of this irregularity. On French Hill and Haines Flat the large 

23 Diller, J. S., Mineral resources of southwestern Oregon: U. S. Geol. Survey, 
Bull. 546, p. 94, 1914. 

" Dunn, R. L ., Auriferous conglomerate in California: Cal. State Min. Bureau, 
Rept. XU, 1894. 

"Haley, C. S., Gold placers of California: Cal. Slate Min. Bureau, Bull. 92, 1923. 
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gravel accumulations occupy shallow valleys and dip definitely in the 
direction of valley slope. Shingling of the gravels occurs indicating 
unidirectional current movement. Pockety distribution of the gold has 
resulted from current irregularities. The gravels themselves are 
moderately consolidated, uncemented, though deeply weathered, and 
have a somewhat recent aspect. The Klamath oldland on which the 
gravels are found was formed during the Pliocene. 

Consequently the gravels are Pliocene, not Cretaceous, and fluvia
tile, not marine. 

F1·ench Hill Mine. The French Hill Mine, located on the almost 
flat summit of French Hill three miles south of Gasquet, is one of the 
oldest placer properties in the county. Work was started by the Siski
you l\'Iining Company in 1860. \Vater was obtained from the head
waters of Craigs Creek. Insufficient water supply proved to be a heavy 
handicap. The mine is at present owned by the French Hill Mining 
and Milling Company of which C. P. Terwilliger is president and G. l\IL 
Willoughby is secretary. 

A newly constructed ditch to Craigs Creek is expected to provide 
ample water during the winter for operating two or three giants. The 

FIG. 15. Gravels of the French Hill Mine. 

gravels lie in a shallow southwest-striking valley on the French Hill 
remnant of the Klamath oldland. The deposit is about 1~ mile long, 
300 ft. wide, and 30 ft. in thickness. The gravels and cobbles are 
larg·ely of serpentine and diorite from 4 inches to 12 inches in diameter, 
averaging 10 inches, while some boulders up to 2 ft. in diameter are 
present. 

l\IIetaperidotite and serpentin e gravels are usually so thoroughly 
decomposed that they may be crumbled in the hand. For a few feet 
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above bedrock they are saturated with water and when exposed to the 
sun they shrivel and break spontaneously. 

The black sand is richest along the dacite (greenstone) bedrock 
and is spotted in a way characteristic of stream deposits. The gold is 
coarse and is associated with platinum. During former operations the 
platinum formed 5% of the total values. 

FIG. 16. Looking northerly in the oldland valley of Haines Flat showing 
former placer workings. 

Haines F'lat Mine. Work was carried on here in 1877. According 
to reports mining was never profitable. A large flume and ditch car
ried water from Gordon Creek to the fiat. The Klamath oldland rem
nant has the gravels preserved in a shallow southward-sloping valley. 
The deposits are extensive and reach in places 50 ft. in thickness. On 
the whole they are much finer than those at French Hill. 

On the greenstone bedrock is a stratum of fine gravel with some 
coarse material, then 3 ft. of cobbles, followed by 2 ft. of sandstone 
which dips about 7 degrees to the southwest. Contrasted with the 
deposits of French Hill the sorting is good. All the rock types found 
in the neighboring territory are found in the gravels including meta
peridotite, greenstone, diorite, slate, and quartzite. The metaperidotite 
cobbles have a noteworthy peculiarity: they show a concentric ring of 
weathered rock about i inch in thickness on the outside separated by a 
thin sheath of quartz from the inside. It is possible that this phenome
non was caused by processes of hydration being continued for a time, 
followed by mineralization which · filled the crevice beneath the 
expanded shell. 

A large cabin was built in the workings with accommodations for 
a large staff. It is now disintegrating. Several years ago attempts 
were made to ground sluice some of the gravels, with unsatisfactory 
results. No information could be gained regarding the character of 
the gold. 
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Coon Flat Mine. This property includes an area of gravels on 
Coon Mountain 5 miles south of Gasquet. They are up to 30 ft. in 
thickness and occupy a defined channel. Water bas been obtained 
from Coon Creek. The gravels have occasionally been worked by 
ground sluicing. 

Rattlesnake Mountain Mine. A considerable area of gravels on 
Rattlesnalre Mountain, a plateau with an elevation of 3600 ft. about 14 
miles south of Gasquet, has been prospected with unsatisfactory gold 
showings. 

Other Oldland Placers. A number of other gravel accumulations 
of the Klamath oldland remain on certain remnai!ts. Very interesting 
deposits occur in Josephine County, Oregon, just north of the State 
boundary of California and south of Waldo. The Osgood or High 
Gravel Mine has been operated rather regularly over a long period 
and has produced large amounts of gold. The gravels resemble those 
at French Hill and rest on a weathered and eroded greenstone base
ment. They were considered Cretaceous shoreline deposits by J. S. 
Diller but they appear to the writer to be correlated with the other 
Pliocene oldland accumulations. 

Beach Placers 

The beach sands of the Crescent City platform like those of Curry 
County in Oregon to the north contain large amounts of black sand 
and considerable values in gold and platinum. A concern known as 
the Oro Del Norte Company erected a plant two miles south of Crescent 
City in 1913 and attempted an electromagnetic concentration. The 
plant was built near the beach and was supplied by a suction pipe and 
conveyor. The sand was passed to a revolving screen, water was added 
and the sand and water passed over several plates, the first being large 
aluminum plates with riffles, the second being small aluminum plates 
with riffles, and the third a metal plate of unknown composition. An 
alternating current was passed through the plates and the black 
sands were supposed to be repelled leaving the gold and platinum. 
The enterprise failed and no traces of the plant are left. 

Small quantities of gold and platinum have been obtained with 
rockers on Pebble Beach. When the Cresent City breakwater was 
being constructed it is reported that black sand accumulations in 
fissures along the bedrock carried fair values. 

Gold Lodes 

H a1·cl Luck Mine. This property consists of six claims on upper 
Monkey Creek. Two tunnels were driven on the leached outcrop of a 
quartz vein. The vein carries arsenopyrite and some gold. 

Sttmmit Claim. This is located on the divide between Shelley 
Creek and Monkey Greek east of Baker Flat (formerly site of Shelley 
Creek station). Staked by E. A. McPherson and F. A. Sanford. 

Mon1r,mental Consolidated ()uadz Mine. The Monumental Mine 
was developed by Col. Draper. It consists of eight claims northwest of 
the old settlement of Monumental on Shelley Creek. They were 
patented in 1916 and the present owner is the Gunn and Davis Estates. 
E. A. McPherson of Grants Pass is the local agent. The mine was 
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worked until 1905 and maintained until 1910. Plans are now under 
way to unwater and resurvey the \Yorkings. 

'rhe veins are associated with the east-west contacts of Galice ( ?) 
slate and gr eenstone. 'l'his contact dips 70° south. A hoist was 
built over the hanging wall and th e shaft passes into the igneous foot 
wall at a depth of 70 ft. 'l'here are a number of levels with drifts at 
40 ft. , 100 ft., and 120 ft. The ore was stopecl out along the drifts, 
hoisted, transferred to mule carts and hauled one-half mil e clown the 
hill to the mill which is located on the old Gasquet stage road. A 
large camp was located here. 

The ore is soft and leached near the surface but passes into a 
hard arsenopyrite ore with depth. Th e gold in the quartz vein is 
associated with specular iron, arsenopyrite, and some copper minerals. 
The ore is said to average $40 per ton with the high-grade .ore varying 
from $100-120 per ton. 

Ore& Anna Mine. This mine is one of the older mines of Del Norte 
County. It consists of one patented and three unpatented claims on 
the east side of Bald Hill at an elevation of 1400 ft. 'l'her e are two 
parallel veins between a slate hanging-wall and a diorite footwall. 
The vei ns average 6 ft. in width, striking east-west and dipping 45 ° 
north. They are r eached by a tunnel 300 ft. long. The ore consists of 
free gold, arsenopyrite, and other sulphides. Th e property has been 
idle since 1897. 

Oro Fino Prospect. 'rhis property is on the east side of Bald Hill 
and is owned by '1'. S. Stevens. An inclined shaft has been sunk 75 ft. 
on a quartz vein in decomposed pyroxene diorite. The vein strikes 
north 46 ° east ancl dips north 53°. Th e gold is fine and fiaky . It 
occurs in pockets in the vein . Associated minerals are pyrite and 
limonite. Small-scale operations have been in progress during the 
last few years. 

·o r ig in of the Gold 

The gold belt of the K l am<~th Mountains lies in a terrane pctro
gTaphically similar to that of th e Siena NeYada. Quartz veins in the 
Klamath r egion have, however , been only slightly productive as com
pared with those of th e Sierra Nevada. 'rhey have, in general, b.een 
pockety and discontinuous. Th e intrusive monzonites and granodio
rites correlated with those of th e Sierra Nevada were probably respon
sible for the secretion of the gold-bearing solutions. The fin e quartz 
stringers widely distributed in serpentine and olclel' intrusive . rocks 
during the deep denudation of the Klamath region yielded th e gold 
of the placer concentrations. 

COPPER DEPOSITS 
Hist ory 

Copper was discovered in the I.1ow Divide District in 1853. Mines 
were developed in 1860 and shipments of ore were made to Swansea 
and Germany. This ore brought $41 to $102 per ton. Between 1860 
and 1863 some 2000 tons wer e shipped from the .Alta and Union Mines. 
After 1870 the district deteriorated. During th e heyday of mining 
activity a typical mining camp of several hundred inhabitants existeQ. 
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at Altaville. 'l'his site is now known onJy as I_jow Divide and there are 
scarcely any vestiges of the former village. Frank Zoar, an old-time 
min er, is the only inhabitant. 

In the later 19th century there was considerable activity in pros
pecting numerous other deposits in Del Norte and Siskiyou counties. 

Nature and Occurrence 

The ores of northwesternmost California are usually rich in chal
copyrite. Pyrite and pyrrhotite are also present. Supergene sul
phides are of minor importance as are the oxidized copper min erals. 
'l'he zones of oxidation and enrichment are relatively shallow. Long 
continued erosion has been in part responsible. Heavy annual rain
fall keeps the water table close to the surface. The ore deposits are 
frequently found in the serpentine or near the contact of serpentine 
and diorite. In the Preston Peak quadrangle the diorite concerned is 
usually the Preston hornblende diorite. The veins themselves ante
date serpentinization for in some cases they are extensively brecciated , 
and fragments of ore are coated with serpentine. 'l'he major deposits 
are related to the Siskiyou granodiorite and its correlatives among the 
Sierra Nevadan intrusives. In Del Norte County the (Cretaceous) 
Patrick greenstone (dacite and fine-grained quartz diorite) is respon
sible for some small deposits. 

The pyrite-chalcopyrite deposits of Shasta County, California, 
which have been large producers, are found in alaskite porphyry, pre
sumably the equivalent of the grandiorite of the Sierra Nevada. 

To the northwest in Siskiyou County, California, and Josephine 
County, Oregon, are a number ·of deposits which may be grouped in 
three north-south belts. The easternmost one contains the Blue Ledge 
Mine near the middle fork of the Applegate River in California and 
several prospects on Squaw Creek in Oregon. 'l'he ore of the Blue 
Ledge Mine occurs in a vein averaging 5 ft. in width increasing to 40 
ft. in places. The country rock is a micaceous schist. The chalcopy
rite-pyrite ore is said to average 6% copper and $5 in gold per ton. 
Some 250,000 tons are reported to be blocked out. 

The second belt is represented in the Grey Eagle JVIine near Indian 
Creek five miles north of Happy Camp, California. According to the 
"Mines Handbook" of 1926 the mine is located on a fiat -dipping lode 
varying from 10 to 80 ft. in width. The underground development is 
extensive. Reserves of 1,045,000 tons of ore averaging 3.23 % copper 
and 40¢ in gold are reported. 

The third belt is of immediate interest to this paper and reaches 
from Preston Peak, north into Oregon. The deposits in California will 
be described in detail. Those in Oregon near Takilma are especially 
significant in having been active producers. They have been described 
by G. F. Kay 26 and by P. J. Shenon. 27 

The Queen _of Bronze Mine at Takilma, Oregon, is located on scat
tered orebodies in serpentine and along contacts with diorite. The 
nearby Cowboy Mine is similar in the general occurrence. In the 
Queen of Bronze Mine the largest body removed contained about 10,000 
tons. 'l'he oxidized zone is less than 90 ft. deep. The primary ore 

20 Diller, J. S., and Kay, G. F., Mineral resources of the Grants Pass quadrangle 
and bordering districts, Oregon : U . S. Geol. Survey, B ull. 380, p. 76, 1909. 

"Shenon, P. J ., A massive su lphide depos it of hydrothermal origin in serpentine: 
Econ. Geol., vol. 27, pp. 597-613, 1932. 
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contains clwlcopyritc, pyrite, pyrrhotite, quartz, and calcite. The ore 
averages 8~ % copper witlt $3 in gold and17¢ in silYer to t he ton. Th e 
ore is transported to Taeoma for smeHing. Reel uction in copper values 
led to closing in 1()30. 'l'he r eported total production is about 
$1,500,000. 

P1'eston Peale Mine. This property consists of five patented claims 
on the north slope of Cop per P eak and adjacent to Preston Peak. It 
is r eported to be owned by IV. 'l'. Thompson and Edgar L . \Vallace of 
Los Angeles. 'l'h e deposit was one of the pioneer discoveries in the 
region. It "·as opened up and considerable nndcrground work was 
clone in 18!J9 by the Preston P eak Mining Company. Since l!JOO no 
work has been done. Cabins built in Indian Creek Valley have fa llen 
in ruins. The shafts are filled with water. 

lVIr. K. J. Khocery of 'l'akilma who had visited tl1 e workings g·ave 
information regarding· the development. 'l'he main tunnel was drivrn 
southerly in the diorite some 405 ft. At 250 ft. this cros~cut an 8-ft . 

l<'ig. 17. ~~\ ~bei=itu~ vei n::; in sc 1·pentinc fron1 ~e l ~uu l 1r ul=ilJl'l!l Ull B ea r 
Mountain. 

vein of ehalcopyrite ore averagillg 16 '/o copper and $2 in gold per ton. 
Here a winze was sunk 40 ft. and at thi s depth the mineralized zone 
was 40 ft. in width. A 30-ft. drift driven to the west of this orebody 
disclosed another vein 12 ft. thick containing the oxidized copper 
minerals. 

A large tonnage is indicated by the exploration. Conditions 
appear fa\·orable to perseverance of or e with depth. 'l'he exploita
tion of this promising ore deposit will probabl y not take place in tlte 
immediate· future because of its isolation. It may be reached only by 
trail and is in the center of a rugged ar ea. 

B ear il1ollnlain Prospects. Several copper prospects are locat ed 
on Bear Mountain near the Devil 's Punch bowl. They were located by 
Fred Nelson, now deceased , who lived at 'l'rout Camp. Nelson's P1·os
pect on the north slope of Bear Mountain is located at the contact of 
serpentine and Salmon hornblende schist. A tunnel 20 ft. long driven 
south into the ridge has disclosed no trace of ore . The serpentine is 
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ra th er genera ll y cut by stringe rs and vein s of asbestos as sh0\\"11 in th e 
aecompanying figure . 'l'he deposit docs not have any commercial 
interest from this standpoint. Th e back of tlte tunnel disclosed some 
lenticular dikes of altered aplite related to the Siskiyou granodiorite. 

Chicago Camp. The Chicago Camp (also known as the Del N ort c 
Cam p ) is located n ear \Vhiskey Lake about { mile east of Sanger Peak. 
Some 178 claims were staked by a Chicago association of claim-holders. 
An extensive program of development was carried on in 1917 and 
1918. Five miles of road were built south of \Valdo, Oregon, the 
whole route of about 10 miles surveyed, and the stumps blasted along 
t!te route for two miles north of the camp. The proposed grade of 
the road would not have exceeded 5% . Cabins, laboratories, and power 
equipment were installed on the site of the deposits. In connection 
\\'itlt the claim-holders association a large sanatorium was begun at 
'Naldo, Oregon. At the end of the war with drop in copper and 
::;bortagc in fund s the exploration ceased . A year later all interests 
were r elinquished by the Chicago group. lVIost of the claims including 
the office building are now held by K. J. Khoeery. vValdo itself is 
deserted and lar gely in ruins. 

'l'he copper deposits of the district do not make an impressive sur
face showing. Several tunnels have been driven on Yeins in various 
parts of the property and some low-grade chalcopyrite-pyrite ore has 
been removed. It is r eported that a magnetic survey and diamond 
drilling r evealed a very large or e body at a depth of 300 f t. As in the 
other deposits of the r egion serpentine and diorite figure prominently. 

Higgins Copp er G1·01ip. The group consists of five claims on the 
cast slope of Higgins :Mountain. They are on the Siskiyou Fork of the 
Smith River five miles south of its mouth. A few open-cuts have been 
made on the oxidized outcrops of veins in serpentine. · 

Ancle1·son P ·rospect . 'l'his is located one-half mile east of Baker 
l<'lat (site of old Shelley Creek Stage Station) and one mile northwest 
of Anderson's Ranch on Shelley Creek. The veins contain some 
chalcopyrite and pyrite and occur along the contact of the Patrick 
greenstone and the Galice slates. Four short tunnels have been driven. 

B1·itt en Prospect . Th e Britten Prospect is about a mile and a half 
north of High Dome on upper Diamond Creek. The ore-bearing veins 
are in schist and are associated with some diorite. A shaft 60 ft. deep 
and a drift of 35 ft. disclosed a 9-ft. vein. 

Schofield Prospect. 'J'his prospect is located on the east side of 
Patrick Creek about a mile and a half northeast of the old Patrick 
Cr eek station. 'l'wo tunnels have been driven east into the ridge on 
veins in the Patrick greenstone. The ore consists of chalcopyrite in 
quartz. 

Jhenrh H ill Prospect . An open-cut a short distance west of the 
French Hi ll P lacer Mine has cliseloscd a deposit of pyrite and chalcopy
rite in the Patrick greenstone . P yrite crystals arc commonly found in 
outcrops of this formation as at Hiouchi Bridge. The Patrick green
stone is believed to be genetically related to the last four occurrences 
described. 
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Cleopatn~ Mine. The copper deposit is located north of Diamond 
Creek and just south of the Oregon line in Sees. 3 and 4, T. 18 N., 1~ . 2 
E. It is one of the older mines of the region having been opened by 
an English company in the 60's. Ore was then packed by mule to the 
old McGrew Road. After its abandonment it passed through a succes
sion of hands. More money was invested without return. The seven 
claims are now held by Paul Dressle of Grants Pass, Oregon. 

Several veins from one to two feet in width have been followed 
by several hundred feet of underground workings. Th e veins are in 
serpentine and are apparently associated with dikes and stocks of 
diorite . The ore observed was of low-quality pyritic type. -

Alta. Mine. Th e Alta Mine vvas one of the earliest developed ll1 

Del Norte County. It has been abandoned for many years. A dump 
is the only marker of the site where formerly between 1860 and 1870 
was located a steam hoist, air compressor, mine buildings, shafts, etc. 

FIG. 18. Chalcopyrite-bearing quartz ve in from Schofield Prospect on Pat
rick Cr eek. 

In those days there was an incline 455 ft. deep with four levels' and 
over 1000 ft. of drifts. 'l'here was also an adit drift reaching the 
incline from the gulch. A second ve in was opened by a winze below 
this drift. The Union Mine was located on the northward extension 
of the Alta vein and had very extensive und erground workings. Ore 
varied from 10% to 18% in copper. · 

The mines are located on a vein in serpentine which runs north 
and south on the ridge east of Copper Creek. It dips east 40° to 60°. 
The principal minerals of the ore are pyrite, chalcopyrite, bor11ite, and 
phyrrhotite. Locally there is some supergene enrichment and chal
cocite is present. 

Zoar P1·ospect . To th e northwest of his cabin at Low Divide, Frank 
Zoar has several claims. 'l'hese lie near the head of Copper Creek on 
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the ridge to the east. SeHral prospecting tunnels lmve been driven 
through the Yein. The ore is soft and shows supergene alteration. 
Chalcopyrite is the principal ore mineral. Samples are reported to 
nm 18% copper. 

CH ROM ITE DE P O S ITS 

History of Ch rom ite Mi n ing 

Chromite was found in the country back of Crescent City before 
the Civil \Var. It was brought to the attention of the Tysons in 
Baltimore who had been mining chromite in Maryland since about 1838. 
They acquired property on French Hill at I_jow Div ide. From 1869-
1873, 1500 tons of ore were shipped annually from Crescent City 
around Cape Horn to Baltimore. \Vhen imported chromite from 
Greece and Asia lVIinor reached the United States these Del Norte 
mines were shut down. Th ere was no further activity until after the 
-world \Var had begu n . Imports from New Caledonia., th e pr incipal 
produ cer , were p ractically cut off. After the entrance of the United 
States into the war the government set about the exploitation of 
domestic deposits. Large amounts of chromite were mined and 
shipped . 'l'h en the p r ices broke becat1se of importation of several ship
loads of ore from New Caledonia.. Chrome mining was demoralized. 
\Vhen the end of the war came a. large amount of chromite r emained in 
depots where it may be found today. Operators were partially 
recompensed for their loss by the government. Since 1918 there has 
been no activity. Prospects for future activity are not good in view 
of smallness of deposits, lack of adequate transportation, and cheap 
sources of supply from Rhodesia. and New Caledonia.. 

Occu r re nce of t he Ore 

Chromite deposits investigated by the writer were always found 
in serpentine or metapericlotite . None was observed in the unaltered 
rock although such occurrences have been noted. 28 'l'he association 
with ultra.basic rocks, however , appear s universal. Serpentine is widely 
distributed in th e Preston Peak and Cr escent City quadrangles and 
wherever it is present chromite is apt to be found. Chromite prospects 
are located both in the broad belt of serpentine of the Klamath oldland 
and in the serpentine stocks of the Siskiyou upland. 

The bodies of ore themselves are usually somewhat tabular . 'l'hey 
are in r eality flat lenses. Althoug:h cases of gradational conta cts ·with 
the country rock are known the lenses studied in Preston Peak and 
Cr escent City quadrangles have sharply-defined boundaries. These sur
faces are frequently slickensides. 

Natu re of th e Ore 

Minerals 

The principal 6re minera l is chromite whose formula is F eO.Cr20 ", 
r epresenting 68% chromic oxide and 32% ferrous oxide. The iron may 
be replaced by magnesium and the chromium by aluminum and fer 
ric iron. In this way a gracl<1tion may be observed from spinel; 
i\'[Q·O .Al"O", through picotite, (MgFe) O.(AlCr ) 2 0 " to the chromite. 

os Vogt, Ze it. f. prakt. Geol., J a hrgang 1894, pp. 384-393. 
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Chromitc is coal bl<tek in a hand specim en. In thin sec tion it is reddish 
brO\rn. The streak is brown and hardness is 5.5. 

Picotite, the chrome spinel, va ri es in color from yellowish brown to 
greenish brom1. It h<t s not been identifi ed in Del Norte County ores by 
the writer. 'l'he chrome g<~rnct , uvaro\·ite ( 3Ca0. ( AlCr ) 2 0 3 .3Si0 2 ), 

occurs sparsel~· alon g th e joint p l<tn es of the chromite. The green 
euhcdral crystals of uva ro vitc m·c usuall y ve ry small, r<~rely exceeding a 
millimeter in diameter. Anoth er silica t e, the chrome chlorite known as 
kammererite or kotschubeite (41T 2 0.3.:\Ig-O.(AlCrL0 3 .3Si0 2 ), is occa
sionally found in cavities and along joints. It i:; a pink mineral of 
micaceous habit. 

Struct1wc 

Even-grmn1lar s1Tuctnrc. This is ihc com)non strncturc of th e 
chrome ore. Th e chromite eryst <t ls arc r elativel." uniform in size. 
They r arely exceed two millim eters in diam eter in the coarsest ore and 
in th e fin er types th e chromite individu<tls may be less than 0.5 mm. in 
diam eter. In the most profitable bodies th e ore consists largely of 
closely-packed h~'pidiomorphic chromite grains with minor interstitial 
olivine, pyroxene, or serpent in e minerah. In the coarser and lower
g-rade ores th e miner<tl gra ins are frequently loose mal\ing the mate
rial very friable . 

Disseminated stru cture. In this type of ore the chromite grains 
11rc euhedral 11 ncl ar c sc<tttcrcd in a m<ttrix of serpentin e. Portions of 
th e Tyson deposit on French H ill contain oct<thedra or nc<tr-octrahedra 
of chromite in light-green serpentin e, each formi ng about 50% of the 
total. The chromite was rviden tlv th e first-formed miner<tl. Chromitc 
crystals are intricatel.v fractured .as a r esult of movements durin g ser
pentinization. 

Nodular structmc. This structure has been noted by Diller in ore 
from Brush Cr eek, a tributar.v to Briggs Creek, Josephine County, 
Oregon. Th e nodul es according to Dill er rang·e from one-tenth to 
three-fourths of an in ch in d i<tmctcr and may be either spherical or 
ellipsoidal in form. Th e lentils <tre usu::tlly par<tllel in orientation. 
Th e nodules of chromite ar c sunonndcd by th e altered primary sili cates 
(olivine and pyroxene) . Veins of serpentin e cut the nodules indicating 
their prior formation. 'l'he nod ul es in ore from the Placer Chrome 
Mine of El Dorado Count\·, C<t lifomia , arc cnt by veins of serpentine 
derived from tremolitc which "·as in turn derived from pyroxene. 

Banded structure. Chromite commonlv occnrs in more or less 
parallel layers which may var~' f rom 5 or 6. em. in thickness down to 
about a millimeter. At first sight the black bands of chromite appear 
to stand out sharply from the lighter-colored alternate layers. It is 
Reen , however , that the b<tnds are not pe1·sist cnt in many case~. 'l'he 
intervening matrrial ma:v be the origin<tl olivine <tnd pyroxene or vari
ous minerals derived f rom them. Srrpentin e minerals, antigorite, p en
ninite, clinochloritc, <~ ncl chnrsotil e. <tre most common. Magnesite is 
sometimes present. On close investig<ttion it is seen that the contact is 
not sha rp. Chromite crystals along the margin are interlocked with 
th e serpentin e min erals. ·whil e chromite is concentra ted in the bands, 
secondary minerals are found in interstices and in t he bands of sec-



ECOKOi\i!C GEO LOGY OF DEL, :\OWI'E AX D S ISK IYOU COU X'l' TES 151 

ondary minerals themselves occur scattrrccl chromite crystals. These 
scattered indiYiduals usually sho\\· alig-nment. 

Widely differing- theories are held as to tltc origin of this banding. 
Vogt 20 illustrates a number of banded chromite orcs from Norwa~· 
and ascribes their formation to th e magmatic period. The basis for 
regarding bands as a flo,,· ph cnonH'JlOn rests in the prrccdence of chro
mite in crysta llization and its separation before the congealing of the 
magma. The transecting bands which he mentions are more difficult of 
explanation and, of course, were formed later. Grout '10 through his 
studies of the Duluth gabbro rej ects many preYious ideas of banding 
of igneous rocks, namely, 1. partial assimilation of inclusions, 2. lit. par 
ld or fluidal gneiss, 3. clrformation dnring solidification, 4. deforma
tion just after soliclification , 5. streaked differentiation, with r efer
ence to rhythmic cooling or intrusive action, 6. snccrss ive in1Tusions, 
7. heterogeneons intmsions. After noting parallelism of banding to 
boundaries and conhJ cts, h(• ascribed banding to CO ill·ection during crys
tallization. 

FIG . 19. Banrl erl .ohromilc from the Chrom itc Prospect on C'o ppcr Pf'fl l<. 

Diller 31 in connection with the banded orcs of th e Hambnrg region, 
Siskiyou County, California, noted parallelism with adjacent gneissic 
structures and believed the conditions operating to prodnce the latter 
also produced the former . R ecently Rogers"~ has explained the struc
ture as a replacement phenomenon during a late magmatic stage. 

The banded ores of Del Norte County show parallelism to contacts 
and are believed to have r esulted from fio11·age prior to congea 1 ing of 
t he magma. 

Or·igin of the Chr·omite 

Chromite is generally recognized as a product of magmatic segre
gation. In this respect it is r elated to magn etite, which also occurs in 
segregations. Vogt has established the igneous origin of chromite 

"'Vogt, J. H. L., Zeitschr. prakt. Geol., pp. 381-399, 1894. 
ao G rout, F. F., Internal structures of igneous rocks, their significance and 

orig in; with spec ia l r e fe rence to the Dulu th gabbro: Jour. G eo logy, vo l. 2G , pp. 
439-458, 1918. 

31 Di ll e r, J. S., Chromite in the Klamath Mountains, California and Oregon : 
U . S. Geo l. Survey, Bu ll. 72G-A, p. 18, 1921. 

"Rogers, A. F., 30th Ann. Meeting Geolog ica l Society of America, Cordi lleran 
Section. 
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deposits in Norway. Diller regarded the deposits of the Klamath 
mountains as products of magmatic segregation (crystallization 
differentiation). All the great chromite deposits of the world are found 
in serpentine. Those of Asia Minor, New Caledonia, and southern 
Rhodesia are in this rock. Those of Maryland, North Carolina, Cali
fornia and Oregon are similar though smaller. Occasional association 
of periodotite, pyroxenite, or dunite indicate the original chemical and 
mineral composition of the magma from which the chromite was derived. 

Of late, doubt has been cast on the wholly magmatic origin of 
chromite. Sampson 33 has suggested the possibility of the serpentiniza
zation and introduction of chromite being coincident because of asso. 
ciation with hydrothermal minerals. 'fhe writer r ecognizes movement 
of chromite during the hydrothermal stage. H e regards the amounts 
so transported and deposited as small in comparison with the primary 
ore. The early crystallization of the chromite of the Klamath deposits 
has been shown by Diller. In the Castle Crag Mine near Dunsmuir, 
California, the chromite in places is in direct contact with pyroxenite, 
clunite, and saxonite. The marginal portions of the chromite are 
poikolitie with minute serpentine inclusions, the serpentine having been 
derived from the primary silicates. Thin sections of ores from the 
Chromite Prospect on Copper P eak north of Preston P eak show pene
tration of the chromite along fractures by antigorite. Parallel to th e 
contact with the serpentine the chromite crystals are cut by fine, 
multiple, parallel fractures. The pre-existent chromite lens was thus 
fractured along its margins by movements during serpentinization 
resulting from hydration and expansion. 

A clear and convincing account of the origin of chromite has been 
given by Fisher. 34 His conclusions are that there are three periods of 
chromite deposition which may be stated as follows: 

1. Early magmatic chromite, crystallization of chromite well 
advanced before crystallization of silicates but some overlap. 

2. Late magmatic chromite, chromite replaces, surTounds, embays. 
and cuts cleavable minerals. This exists in largest quantity. 

3. Chromite of hydrothermal period, early associated minerals. 
anthophyllite, actinolite, tremolite, later minerals chlorite talc, kam-
mererite, penninite, mag·nesite. . 

Studies of Del Norte County chromite deposits give substantially 
concordant evidence. Dunite adjacent to chromite lenses in serpentine 
contains chromite embayed by olivine. Yet some chromite grains in 
th e same thin section exhibiting this phenomenon are interstitial to 
olivine. Elsewhere chromite has been found concentrated along highly 
serpentinized fissures in dunite or along contacts between serpentine 
and chromite lenses. This chromite has probably been dissolved by 
hydrothermal solutions passing through chromite segregations and 
chromite-rich silicates and r.edeposited. Doubt may be expressed 
whether the late magmatic chromite is as important quantitatively as 
the early magmatic chromite . It is to be emphasized that chromite 
of the early magmatic period is very important in developing lenticular 

"Sampson, E., May chromite crystallize late? Econ. Geology, vol. 24, _p. 632 , 
1929. The comprehensive later paper by this a uthor, Magmatic Chromite Deposits 
in Southern Africa, Econ. Geol., vol. 27, pp. 113-144 (1 932), was not available a t the 
time this study was made. 

34 Fish er, L. W., Origin of chromite deposits: Econ. Geology, vol. 24, '12· 691, 
1929. 
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accumulations through crystal settling. The Del Norte County chro
mite deposits are believed to have formed before the congealing of the 
nltrabasic magma. 

Description of the Deposits 

The Chromite Prospect. 'l'his prospect is located on the northeast 
slope of Copper Peak about t mile west of Cyclone Cap. It has been 
held by A. C. Hoofer and George Elder. Some chromite has been 
mined but none has been shipped. 

The deposit is a north-south directed lens in serpentine country 
rock. The lens is about 40 ft. thick and unknown length and depth. 
It is probably at least 100 ft. long while a test shaft shows it to be over 
20 ft. in depth. In addition to the test shaft there are two tunnels 
about 20 ft. long. 

FIG. 20. Glaciated outcrop of chromite lens in valley of Doe Creek. Lighter 
patches on top are serpentine. 

Most of the ore is massive of the even-granular structure although 
some banded ore exists near the contact. 'l'he chromite is frequenH~r 
veined with chrysotile and in places is coated with serpentine. Breccia
tion is general. 

Doe Creek P1·ospect. This is northwest-southeast striking lens in 
serpentine located on Doe Creek at an elevation of 3400 ft. No explora
tion or development has been done. The prospect is held by Homer 
White and Jim Hogue. The lens is about 10 ft. thick, 50 ft. long, and 
of unknown depth. It is shown in Figure 20. 

White Feather Prospect. This prospect is located on the ridge 
east of Young's Peak. It is a lens in metaperidotite which on the 
sm·face appears small. No development save a small open-cut has been 
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clone. 'l'he chromite appears to be high grade. The prospect has been 
held by A. C. Hoofer and George Elder. 

The White F eather and the two previously described prospects are 
unfavorably situated with respect to tran portation. Ore would have 
to be carried 'by pack train for about 12 miles. This feature will 
undoubtedly prevent development for many years. 

FIG. 21. \Vorkings of Hi gh P la teau Chrom e N o. 8 looking northwesterly 
a long the s trike of the len s . B ody bounded sh a rply by j oint pla n es. 

Go1·don Motmtain Group. The group of chromite deposits on aml 
about Gordon Mountain were operated by the California Chrome Com
pany during the World W ar. Much preliminary labor was r equired 
to render them accessible. 'l'he road was extended from French Hill 
some six or seven miles to Gordon Mountain. Since abandoning of the 
deposits the U. S. Forest Service has extended this road south to Big 
F lat. 

The group consists of five deposits, -the Zinc Saddle, No. 7, No. 8, 
Rowen, and the Madrone. To the southwest of the highest point on 
Gordon Mountain a short distance is a chromite lens in serpentine. Most 
of the body appears to be buried and comparatively little worked by 
open-cut. The shaft is filled with water to within 30 ft. of the surface. 

Another chromite lens in serpentine occurs on the slope north of 
the gap between French Hill and Coon Mountain. This lens strikes 
northwest-southeast and varies in breadth from 10 ft. on upper slope to 
20 ft. lower down. The ore was high grade but r elatively small in 
amount, much of the body having been eroded away. Some of the ore 
contained admixture of serpentine. 

French Hill Mine. This mine was one of the first located on Del 
Norte chromite. It is owned by the Tyson Mining Company of Balti-
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more, l\1d. 'fhe mine is located on the southern margin of French Hill 
at an elevation of 1700 ft. 

The ore lens strikes northwest-southeast and plunges south beneath 
the hill slope. It lies in the serpentine at the contact with micaceous 
schist on the east. This schist strikes north-south and dips about 30° 
east. The serpentine is extraordinarily brecciated and contains scattered 
small pieces of chromite. Much of the ore is of even granular structure 
but near the northwest part of the deposit a low-grade disseminated ore 
appears. This ore consists of euhedral chromite individuals in a matrix 
of serpentine. 

The ore was mined from a glory hole about 50 ft. in diameter and 
removed through two tunnels striking the orebody about 50 ft. below 
the surface. The ore was transferred to trucks. The 'wooden bunkers 
have slid into the road with about 15 tons of ore in them. 

High Plateau Chrome No. 8. This deposit was one of the largest 
producers in 1918 when it was owned by E. J. Hawkins of Crescent 
City and operated under lease by Adams and Maltby. It lies on the 
north slope of Low Plateau at an elevation of 2700 ft. in the north half 
of Sec. 28, T. 18 N., R. 2 E. A narrow-gauge road from 5 to 6 ft. wide 
was built up Diamond Creek to connect with the Wimer Road. In 1918 
the ore was transferred from the bunkers to narrow-gauge Ford trucks 
which carried it to bunkers at the junction with the Wimer Road. Here 

FIG. 22. Hoist and bunkers over ore lens, Tyson Rowdy Creek Mine. 

it was passed via standard-gauge trucks to Grants Pass. The deposit 
is now claimed by A. P. Jepson. 

The orebody is arcuate, striking in general northwest. In places 
the lens is shallow. While many tons have been removed a large quan
tity remains. The contact with serpentine is not sharp and small 
nodules of chromite are found in the adjacent country rock. Toward 

11 - 1265 
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the northwest end a cross-section of the orebody may be seen. The 
north l i ft. is of high-grade ore probably running over 52% chromic 
oxide. .About 20 ft. of low-grade ore is exposed to the south. The 
chromite in this ore is coar sely crystalline with a matrix of decomposed 
serpentine minerals. This ore is very friable. Chrome garnet and 
chrome mica are common. 

Rowdy Creek Mine. This mine is owned by the Tyson Mining 
Company and consists of one claim located on Rowdy Creek (Copper 
Creek) and three claims on High Divide Mountain about 2 miles south
west of Low Divide itself. High Divide Mountain is fiat-topped, an 
oldland remnant, lying at 2200 ft. elevation. 

The orebodies are lenses in serpentine and dunite. The main body 
was worked through a shaft now filled with water to within 40 ft. of 
the surface. .A hoist and dump fed ore to the bunker whence it was 
passed to trucks. The ore was transferred at Crescent City to ships. 
1'he lenses strike northwesterly . Those to the northwest of the main 
orebody were mined by open cuts. 

Most of the ore is of even-granular structure but some is banded 
chromite and serpentine. · 

Zoar's Ch1·ome. This lies 100 ft. southwest of the cabin at Low 
Divide and is owned by Frank Zoar. 'fhe ore occurs in a vein 8-10 
inches ·wide and as nodules in serpentine. .About 40 tons of 54% ore 
were r emoved during the war. 

QU ICKSILVER DEPOSITS 
H istory 

Cinnabar was discovered on Diamond Creek in the northwest il; of 
Sec. 11, T. 18 N., R. 2 E. , in the early 50's . .At that t ime placer miners 
from as far as K erby, Oregon, a distance of 35 miles, went there to 
obtain mercury for amalgamation processes. It is r eported by K. J . 
Khoeery who obtained his information from Bill W imer that a shaft 
was sunk on the cinnabar ledge. .A fire was built in the shaft and 
mercury condensed on the walls, which were wetted occasionally to keep 
them cool. .After such crude roasting the quicksilver was collected 
from the bottom of the shaft. The property was first located by au 
English company in the 60's. It was claimed by many others there
after. In1916 it was claimed by John Taggart and associates of Smith 
River. They built a r etort in 1917 with three units and underdraft. 
'fhree-inch pipe condensers ran into water . 'fhe retort had a capacity 
of 500 pounds of ore and was retorted for six hours. One flask of quick
silver was r ecovered in 1917 when operations ceased. It was found that 
most of the quicksilver was being lost. 

Sunny Brook Prospect. This property is now held by Lee Brown 
of Los .Angeles, who has two center claims, and by John Taggart of 
Smith River, who has two claims to the south and one to the north. 
In 1930 some development work was being done. The main shaft which 
was caved in 1917 was being uncovered. 

The ore mineral is cinnabar, HgS, which occurs in stringers in 
quartz veins with serpentine country rock and in fissures in the serpen
tine itself. There seem to be two parallel lodes striking due north. 
These are much fissured. They may be associated with the broad dikes 
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of hornblende diorite outcropping 100 ft. to the northwest. These may 
have served as the source of the ore as they are also associated with the 
Big Boy cinnabar deposits. 

The workings and retort are on an extensive terrace on the north
west side of Diamond Creek. Above the ledge is an overburden of a 
few feet of creek boulders. A cut has been made 100 ft. north of the 
retort which is 40ft. long in a north-south direction and 10ft. in width. 
A crosscut below the creek level is being driven to connect with the old 
tunnel. In this working blmches of native quicksilver were found along 
1he strike. 

Some of the ore seems to be of good grade running from 1% to 
2% mercury. The average run is reported to be 10 pounds of mercury 
to the ton. 

Big Boy Cinnabar G1·o1tp. The Big Boy cinnabar deposits lie on 
the north fork of Diamond Creek at an elevation of 2150 ft. They are 
four miles northeast of the Sunny Brook Group. Two claims in Curry 
County, Oregon, are owned by H,. E. Strayner and J. J. Hoogstraat. 
'l.'hree claims in California are owned by 0. H. Hagberg, H. W. Lipple, 
and George Davis. The group is operated under a partnership arrange
ment. 

The cinnabar is not found in the typical vein occurrence but is 
scattered along fine joint fissures in a huge mass of propylitized diorite. 

FIG. 23. Sunny Brook cinnabar ledge on Diamond Creek. 

In this rock the feldspars have completely altered to kaolinite, and to 
sercite, and the amphiboles to limonite, etc. The altered diorite is 
exposed over the top of the ridge west of the camp, and on the west 
is in contact with or continuous with the dikes passing· near the Sunny 
Brook Prospect. On the north is a tongue of serpentine while to the 
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east less-altered rocks occur including a fresh hornblendite or gabbro 
containing inclusions of serpentine. 

The alteration of the diorite is 110t believed to be the result of 
meteoric waters connected with the Klamath oldland stage, although 
remnants of this surface are found nearby. Rather the cinnabar was 
introduced and then the rock was altered simultaneously by pneumato-

FIG. 24. Propylitized diorite of Big Boy Mine containing cinnabar along 
joint fissures. 

lytic action in a late magmatic stage. This view is significant in 
implying alteration and mineralization to an unknown presumably 
great depth. 

Thus the deposit is very large. A report by W. A. Hutton esti
mates that it contains 25,000,000 cu. yds. carrying 3-5 pounds of cinna
bar to the ton. 'fhe difficulties encountered are principally connected 
with the concentration of this low-grade ore. 

'l'he original locator, John Griffin, put in a ditch along the top of 
the ridge and ground sluiced what was originally a small slide. 'l'~e 
water was run through a 10-inch sluice box with Hu11garian block 
riffles. The concentrates were retorted in two 4-inch pipes. 

The present equipment, installed by the J . I. L. Dredging Com
pany of Spokane, which leased the property, is essentially a refinement 
of the above. A 3-inch giant was operated in the slide and the material 
run through a series of sluices making a gravity separation. It was 
hoped that in this way the heavier cinnabar crystals could be concen
tl·ated. The process was extremely inefficient, however, and the property 
is at present idle pending installation of more efficient equipment. 
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Fras. 25 and 26. Sluice boxes for c innabar gravity separation. 
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M ANGANESE DEPOSITS 

Black B eauty P1·ospect . This prospect is located on the east side 
of the north fork of Smith River at an elevation of 1400 ft. It lies in 
southeastern Curry County, Oregon, about one mile north of the State 
boundary. It was located in 1918 by John Ta ggart, James Keaton and . 
Reves Costello and r estaked in 1924. Its present ownership is in doubt. 

The deposit appears to be a r eplacement body along a brecciated 
zone in Dothan cherts and jasper. The surface outcrop on the slope of 
th e hill is 65-70 ft. in width and runs 150 ft. or more in a direction N. 
35° \N. The ore min erals are pyrolusite and man ganite. The oxidized 
zon e extending to the depth of exploration ( 15 ft.) has considerable 
wad. The gangue consists of suspended chert fra gment<; and porous 
silica. 

Th e ore is r eported to be of high grade, namely 72% manganese 
dioxide, but so far as may be seen from the exploration such high-grade 
ore occurs only in small masses. 'Nith depth , however, the chances for 
high-grade ore appear good. 

The development is small and consists of a cut and tunnel extending 
30 ft. to the east from the fa ce of the hill. Th e ore disappears at the 
back. One short cross-cut extends to th e north of the open-cut. Obser
Yations indicate that the orebody cl ips about 60° southwest. A cabin 
has been built south of t}le workings. 






