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INTRODUCTION 

For the purpose of obtaining more complete information on the 
occurrences of certain minerals, their extent and quality, especially 
strategic and critical minerals, the Department of Conservation and 
Development and the Department of Public Lands, sponsored a state-wide 
mineral investigations project, conducted by Work Projects Administra
tion. A major undertaking under the project was investigation of man
ganese deposits on the Olympic Peninsula.. It was the desire to deter
mine, so far as it was possible to do so, the extent and quality of the 
ores~ the manganese zone extending around the north, east, and south 
sides of the Olympic Mountains. While work conducted under the project , 
was, under the regulations, confined to public lands, it was recognized 
that the infonnation thus obtained would be a very valuable addition to 
that already known or obtained from other sources. These investigations 
were begun in January, 1937, and were carried through to November, 1940. 
The work was concentrated in Grays Harbor County, south and east of 
Lake Quinault, and in Clallam County, mainly west of Lake Crescent. 

The program of investigations was formulated and directed by the 
sponsors, through the Division of Mines and Mining. A state supervisor 
was employed, who had direct charge of all operations . Field supervisors 
were employed to have charge of the crews of WPA workers. A laboratory 
was maintained on the University campus through co-opern.tion with the 
University of Washington, wher e all samples sent in from the field were 
analyzed. 

During the operation of the pro ject, until it expired in October, 
1940, the state supervision was successively under the following geolo
gists and engineers : Claude S. Fowler, Paul H. Knowles, and Edward. J. 
Dailey. Amos Slater was the field supervisor in Grays Harbor eounty, 
and Stephen H. Green, and Pat Crane were field supervisors in Clallam 
County. Field camps were maintained on a co-operative basis . Field 
equipment was furnished by the sponsors and WPA. Substantial contri.;. 
butions in oil and gasoline for transportation, and in equipment, were 
made by the counties in which the work was being done . 

Several agencies in the past have investigated certain of the man
ganese deposits. The published reports of the investigations were 
referred to frequently by the WPA mineral survey personnel in surnmc'lrizing 
their work. A list of the references will be found at the end of this 
report. 

The manganese deposits on the Olympic Peninsula have attracted much 
attention for many years. The predominant l?l[nganese ore consists mainly 
of the mineral bementite, a silicute of manganese with lesser amounts 
of manganese carbonate and manganese oxide . Sufficient me.nganese oxide 
occurred at the Crescent mine to be extracted and shipped in subst~tial 
amounts . 

Heretofore the higher grades of domestic and foreign manganese 
have been available for ferroalloys . Dom0stic low-grade ores have not 

-1-



been exploited. The possibility of the supply of imported mangan-
ese being cut off and the dwindling of the amounts of high-grade 
domestic ore has stimulated various state and Federal and private 
agencies to advance processes to make possible the use of low-grade 
manganese silicate ore on the Olympic Peninsula for ferroall9ys . The 
ore reserves are known to be l arge. Natural outcrops indicateh.mdreds 
of thousands of tons to be present. Trenching has exposed additional 
amounts. Diamond drilling by the United States Bureau of Mines and 
detailed surface examinations by the United States Geological Survey 
will no doubt disclose other mangru1ese bodies. 

G:EOGRAPHY 

The Olympic Peninsula embraces the northwestern corner of the 
State of Washington. On the west, the peninsula is bounded by the 
Pacific Ocean; on the north by the ptrait of Juan ae Fu.ca; on the east 
by Hood Canal and Puget Sound; and on the south by the strip of low
lands drained by the Chehalis River and some of its tributaries. 

The peninsula is bounded on three. sides by tide water with mun
erous bays and inlets on the north and east sides . Ocean- borne com
merce is available from Aberdeen nnd Hoquiam in the aouthwest part of 
the peninsula, to Port Angeles and Port Townsend on the north, and 
to Olympia in the southeast corner. Passenger and freight ferry ser
vice is available between the major cities on the mainlnnd and the 
cities on the peninsula. 

The southern part of the peninsula is serviced by two major rail
roads--the Northern Pacific which connects Olympia and Shelton with 
Hoquirun, Aberdeen, and Moclips; a branch of the Chicago, Milwaukee, St. 
Paul and Pacific R['.ilroad connects Port Townsend with Port Angeles, 
and estends westerly as far D.s Joyce . At the town of Joyce, the Port 
Angeles and Western connects with the Chicago, Milwaukee, st . Paul and 
Pacific, and extends toward the west as far as Lake Tyee. 

Several logging railroads are in operation on the peninsula . The 
Olympic highway entirely circles the mountains. Numerous side roads 
follow major drainage channels into the mountains for a few miles from 
the Olympia highway. These roads are rarely longer than twenty miles 
and the average length i s probably much l ess. 

Except along the margin of t he Olympic Mount~ins the peninsula 
is one of relatively high relief. Beginning at sea level is a fringe 
of low land, hills, and ridges, some of which rise to an elevation of 
about 3,000 feet. The Olympic Mountains rise abruptly from this lower 
fringe and attain elevations up t o and in excess of 7,000 feet. High, 
vertical cliffs, vertical-wall ed canyons, and serrated peaks are common. 
All the char acteristics of a youthful stnge of erosion are exemplified 
in the Olympic Mountains. U-shaped valleys, typical of glaciated areas, 
are in abundance. Valleys that do not show evidence of glaciation are 
an exception . 

The Olympic Peninsula is one of comparatively mild climate . 
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Although the rainfall is excessive and considerable snow falls on 
the higher parts in winter, the range from minimum to maximum tem
peratures is not high. A few glaciers remain on the higher peaks 
throughout the year. Early morning fogs are common even in the middle 
of the summer season. Sea breezes bringing cool, fresh air from the 
ocean waters keep the midsummmer temperatures from becoming excessive. 

A large number of rivers head in the Olympic Mountains. These 
rivers carry large volumes of water at times because the annual pre
cipitation is heavy. Innumerable creeks and tributaries feed the 
major streams. 

Dense forest covers most of the Olympic Mountains. Above the 
timber line on the higher mountains and peaks very little vegetation 
grows. Spruce, fir, hemlock, and cedar make up the major portion of 
the timber. Underbrush consists mainly of maple, willow, and alder. 

GF.OLOGY 

In general the geology of the Olympic Peninsula consists of a 
core of rocks of pre-Tertiary age almost entirely surrounded by a 
fringe of rocks of Tertiary and Quaternary age, composed of both mar
ine sediments and volcanic rocks. 

M:esezoic..~Inasmuch as the manganese ore bodies are found in rocks 
of Tertiary (Eocene) age, and examinations of these ore bodies are not 
dependent on a detailed knowledge of Mesozoic geolog--3, only a very 
brief mention of the Mesozoic rocks will be made. These rocks are 
mainly graywackes and indurated sandy shales and sandstones. 

Eocene--!1ctchosin Volconics e.nd ·crescent Formntd.on--The basement 
rocks of Eocene age on the Olympic Peninsula are the basnltic lavas, 
tuffs, agglomerates, and limestones called the Metchosin Volcanics. 
Except for the relatively thin beds of limestone, these rocks are com
posed entirely of volcanic m.aterinls. Clappl has named and described 
these rocks where they occur on Vancouver- Island. 

Rocks of the Metchosin formntion are f ound in many parts of west
ern Washington and in northwestern Oregon. 

Weaver2 states that, 11The lithologic description of the basaltic 
rocks of the Metchosin formation on Vmicouver Isl::md applies equally 
to the exposures of the same eruptive rocks around the margin of the 
Olympia Peninsula, in the Wildcat Hills of Kitsap County, the Black 

(1) 

(2) 

Clapp, C.H., Geology of the Nanaimo map area: Canada Department 
of Mines, Geology Survey Memo 36, p 86. 

Weaver, Charles E., Tertiary Stratigraphy of Western Washington 
and Northwestern Oregon, University of Wash
ington Publications in Geology Vol. 4, p 28 
(1937). 
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Mountains of Thurston County, the hills between the Chehalis and Col
umbia Rivers Gnd the low hills between Willapa and Grays Harbors." 

Predominant among the volcanic rocks of the Metchosin formation 
are basaltic flow rocks. Considerable variation in color, texture, 
and mineral composition is seen between the various flows. These range 
from fine-grained to porphyritic and dense to vesicular. The porphy
ritic basalts contain scatter ed phenocrysts of pla.giocle.s e f eldspar 
and augite. Some of the pores of the vesicular rock ar e filled with 
amygdules of calcite, quartz, epidote, nnd obicular j asper. 

Pillow structure, in this case indicative of extrusion under water, 
is found in several of the flow members of the Metchosin volcanics. 
These pillows vary in diameter from a few inches to more than 2 feet . 
A finely crystalline material, white to pink to blue in color, that re
sembles aragonite, often surrounds and cements the pillows . 

Fragmental type of volcanic rocks including tuffs and agglomer
ates are interstratified with the flow rocks. In amount these types 
are second in importance to the flow rocks. The tuffs and agglomerates 
range from fine-grained, banded rocks to agglomerates containing fra~ 
ments of lava as l arge as 10 f eet in thickness. Minor amounts of ande
site flows and biabase dikes occur in the Metchosin formation . 

The limestone is fine-grained, dense, and dark maroon to choco
late brown. It breaks with a splintery to conchoidal fra.cture and is 
quite friable. Large pieces, when broken into small fragments, show 
the typical color and texture all the way through. Usually the lime
stone is traversed by small veinlets of calcite . 

On the Olympic Peninsula the Metchosin formation ranges in thick
ness between 2,000 and 3,500 feet. Weavcr3 states that the average 
thickness of the Metchosin fonnation on Vancouver Island approximates 
3,000 feet. In the western part of the peninsula the fonnation is 
thickest , thinning considerably toward the east. Where exposed in the 
Newcastle Hills southeast of Seattle the fonnation probably is not over 
1,000 feet thick. 

Several colors are seen in different members of the Metchosin for
mation. The unaltered lavas are black and dark gray. Green is the pre
vailing color of the lavas that are completely altered to greenstone . 
In some places the altered l avas ar e red and brown, not unlike the color 
of the red limestone. 

The rocks of the Metchosin fonnation have suffered differing amounts 
and kinds of alteration. As a r esult, the alteration products are dif
ferent in different members . 

Weaver4 states that, "Perhaps 25 per cent of the lavas have suffered 
suf ficient alteration to be classed as grecnstones. 11 In these greenstones, 

(3) Weaver, op. cit . p 28. 
(4) Weaver, op. cit . p 28. 
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the minerals of the original lavas have been chaneed to epidote, 
chlorite, and serpentine in large part. Internally the rocks ar e 
slickensided due partly to sv1elling during alteration and partly to 
movement caused by defonna.tional forces . 

On external surfaces the rocks are brown, probably due to the 
production of l:ili1.onite--the hydrous oxide of iron. Of considerable 
impor tance is a red phase of the greenstones produced either by weath
er ing or the chemico-physical alteration of these rocks under somewhat 
unusual conditions. This red phase is found at or very near some of 
the manganese deposits; however, it is not always present. On the sur
face this rock is very similar in physical characteristics to the red 
limestone, but, the inner portions are found to be composed of altered 
greenstone. Undoubtedly the iron in the original minerals has been 
altered to hematite--the red, hydrous, iron oxide . The red color of 
this r.ock has led prospectors to assume that the rock is red limestone 
and that the ore is on the contact of the red limestone und the green
stones. This erroneous opinion has been responsible for the expendi
ture of much misdirected energy. 

Pardee5 in describing manganese deposits near Lake Crescent and 
Humptulips, presents a hypothesis on the origin of the ore that is based 
on replacement of the limestone by bemcntite. Manganese ore bodies 
would then only be found ~t those horizons where limestone hnd once 
existed. 

Pardee further states that, "Under the hypothesis set forth above, 
prospecting for manganese ore should be guided by the geology. The red 
limestone- greenstone horizon should be located and searched for outcrops 
of manganese- bearing material. 11 

It then becomes of importance to know the true nature of the red 
rock and to fully recognize what connection it may have with deposits 
of the manganese ore . 

At least in the northern border of the Olympic Peninsula, the Met
chosin volcanics lie unconform.ably on the arkosic sandstones of the 
pre- Tertiary Sol Due form~tion . The contact between the Metchosin vol
canics and the next younger formation appears to be conformable in some 
localities . Based on contact r elations, type of rocks present, and 
character of the rocks, the Metchosin volcanics are thought to have been 
extruded and accumulated on a relr~ti vely smooth pluin that had been 
slightly submerged below sea level. This plnin, which possibly extended 
from Vancouver Island into California, may have been a coastal plain pro
duced by the .er osion of the tilted Mesozoic rocks. 

In the northern border of the Olympic Peninsula the rocks of the 
Metchosin fonnation have a generol strike of about N. 75°W. and dip be
tween 45°nnd 70° toward the northeast; however, they ar e quite variable. 
Where the Metchosin volcl!nics outcrop in the eastern part of the penin
sula, the strike of the lavas is nbout N. 40°E; the dip ranging around 

(5) Pardee, U. S. G. S. Survey Bulletin No. 795 p 15 (1927) • . 
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35° to 45° toward the southeast . In the vicinity south of Lake 
Quinault, the prevailing strike is nearly east-west and the dip pro
bably not to exceed 10° toward the southeast. 

Weaver6 describes the Crescent fonnation as containing the 
tuffaceous members at the top of the main volcanic sequence (the low
er part of which is the Metchosin fonnation) as well as shales and 
sandstones which overlie the tuffaceous sediments. The Crescent for
mation is confined to the northern border of the peninsula. In thick
ness, it ranges between 600 and 5,600 feet. 

Lithologically, the Crescent fonnation consists of a basal series 
of black shales underlying thinly bedded tuffaceous shales containing 
some flows of vesicular and agglomeratic basalt and thin lenses of tuff. 
The upper half of the Crescent formation, consisting of shales and lay
ers of sandstone, becomes progressively more sandy toward the top. 

Oligocene. ~ The Oligocene is represented on the peninsula by a 
maximum thickness of about 20,000 feet of sandstones, sandy shales, shales, 
and conglomerates. Three f ormations make up the rocks of Oligocene age. 
In the Lyre area, basal rocks of the Oligocene consist of 750 feet of 
sandstone and conglomerate lying upon rocks of the Crescent formation. 
Approximately 4,150 feet of alternating layers of shaly sandstone, sand
stone, and sandy shale lie conformably on the conglomerate. These rocks 
constitute a lithologic unit called the L.YI'e formation. 

Stratigraphically above, are the sandy, clay-shales of the Lincoln 
formation which res~ upon the rocks of the Lyre formation in ~pparent 
confonnity. Weaver measured a thickness of 6,000 feet of rocks of t he 
Lincoln forma.tion between Whiskey Creek and a point on the coast five 
miles west of Gettysberg. 

Conformably overlying the Lincoln formation are the shaly sand
stones with interstratified layers of shale and sandstones of the Blakely 
formation. These rocks are exposed in the sea cliffs between the mouth 
of Sekiu River and the north shore of Cape Flattery. At the latter 
locality, the Blakely fonn:.:tion varies in thickness between 3,000 and 
4,000 feet. 

Miocene .--In the northern part of the peninsula, rocks of the Clallam 
f onna.tion are exposed. These rocks consist of massive sandstones, con
glomerates, shaly and pebbly sandstones, end clay-shales. Good exposures 
exist in the area along the coast between the mouth of Clallam River 
and Pysht. Basal rocks of tho Clallam formation appear to rest uncon
form.ably upon the Oligocene rocks . 

Between the southern flank of the Olympic Mountains and the Colum
bia River, exposures of the Astori! fonnation occur. These exposures 
can be seen along tributaries of the Satsop, Wynoochee and Wishkah Rivers 
in Ranges 5 to 9 W., T. 19 N. , and in the valleys of the Wishkah, 

(6) Weaver, op. cit. p. 29. 
(7) Weaver, op. cit. p. 121. 
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Wynoochee and Hoquiam Rivers in Ranges 8 and 9 W. , T. 18 N. The 
rocks ~re mainly brownish- gray sandstone with intercalations of tuff
aceous shale. All of these become finer graingd toward the west . A 
thickness of 2,500 feet was measured by Weaver. These strat a rest 
unconformably on the sandy shales of Oligocene age in the Wishkah 
syncline. 

Pliocene.-- Rocks of Pliocene age on the Olympic Peninsula consi~t 
of sP.ndstones, shaly sandstones, and conglomerates of the Monte§an~, 
Quinault, and Qu~lla¥Ut~ formations, all of which are of limited extent. 
The MontesP..no formation, composed mainl~ of sandstones and conglomerates, 
is about 2,000 feet in thickness . The Quinault formation probably is not 
much in excess of 1,500 feet in thickness. Similar to the Quinault for
mation is the Quillayute formation with a maximum thickness of 1, 000 
feet or under. 

MINERALOGY 

The principal manganese mineral is bementite a silicate of mangan
ese. It is waxy brown to blood r ed in color and r anges from opaque to 
translucent. The deeper r ed varieties are more translucent. Other man
ganese minerals identified in the ore bodies are neotorite, rhodonite , 
rhodochrosite, and the manganese oxides, hausmannite and pyrolusite. 

Normally bright red jasper composed of quartz and red iron oxide 
accompDnies the manganese minerals . Some of the siliceous material 
resembles the jasper even to fine-banded structure, yet alters to black 
manganese oxides . 

Native copper occurs in several of the manganese deposits. The 
Tubal Cain mine was originally opened as a copper mine on a manganese 
deposit in which native copper occurs. In the Black and White mine 
native copper occurs in specks and flakes disseminated through the bem
entite rock. Traces of gold have been found by assay in some samples 
of the manganese ore . 

A small vein of cinnabar about one-half inch in thickness occurs 
in the ore body exposed on the north bank of a tributary of Beaver Creek. 
This deposit is located in the SE! SE! Sec. 16, T. JON., R. 12 W. 
Cinnabar was found in one sample of ore from an exposure located in the 
NW! Sec. 25 , T. 30 N., R. 11 W. This ore occurrence is on the east bank 
of a small stream which flows nearly to the Olympic highway very near 
the line between Sections 25 and 26 . Similar occurrences are known 
in the manganese deposits of the Sol Due Burn area •. 

The following descriptions are of some of the principal manganese 
minerals found on the peninsula: 

Bementite 

Composition : 8MnO . 7Si02 . 5H20. 

(8) Weaver, op. cit . p 121 
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Structure: Usually finely crystalline. Where coarsely crystal..,. 
line, it tends to be spherulitic. 

Physic.-J. Properties: Hardness =-6. Tough, and breaks with splintery 
fracture. Fresh bernontite vnrios from light gray to 
grayish brown in color. Vitreous luster. Transparent 
in splinters. Splinters soon become dtµ-1 and opaque. 
Fresh samples of the bementite become dull after being 
exposed to the air for two or three weeks. 

Occurrence: 

Composition: 

Structure: 

Specific gravity= J.106. 

Except for tho occurrences on the Olympic Peninsula, 
where bemcntite makes up a considerable proportion of 
the rock, it is .:~ rare mineral of little value. 

Neotocite 

MnO. · Si02. nH20. Composition variable. 

Amorphous. 

Physical Properties: Hardness= about 4, Brittle. Breaks with con
choidal fracture . Color varies from reddish-brown to 
jet black. Resinous luster. Specific gravity~ 2.6. 

Occurrence: 

Composition: 

Structure: 

In the Olympic Peninsula ores, neotocite occurs in small 
veinlets cutting the bementite. 

Rhodonite 

MnSi03. Iron, cnlcium, and sometines zinc replace a 
part of the nw.ngancse. 

Cleavable to compact, granular, mnssive, and as embedded, 
dissemenated grains . Often as crystals which a r e rough 
with r ounded edges . 

Physical Properties: Hardness= 5.5-6.5. Brittle. Vitreous to dull 
luster. Rose-red, pink, to brown in color. Often coated 
with black manganese oxide e.ft cr exposure to air. White 
stre:lk. Tr~nsparcnt to opaque. 

Occurrence: 

Composition: 

Specific gravity-= J.4-3.68. 

Occurs with iron ore in Sweden and in large masses in the · 
Ural Mountnins . Associated vd. th zinc at Fr::nklin Furnace, 
New Jersey. In the Olympic Peninsula mr.neanesc deposits, 
rhodonite occurs as veinlets cutting the bementite and 
as crystals embedded in the bementite. 

Rhodochrosite 

Mn.C03, Iron usually present, replacing part of the 
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Structure: 

manganese. Sometimes calcium, magnesium, zinc, etc. 
repl~ce part of the manganese. 

Occurs as crystals in radiating masses, massive and 
granular masses. RRrely compact, botryoidal, and 
incrusting. 

Physical Propertie2: Hardness= 3.5-4. 5, Vitreous to pearly luster, 
Dark red or rose-red when transpnrent, light pink to 
brO".vnish-red when translucent or opaque. Exposed sur
faces become dull to black-sub-metallic due to forma
tion of manganese oxides. White stretlk. 

Occurrence: 

Composition : 

Structure: 

Specific gravity = 3.45-J.6. 

Usually associated, as veins, with other rnnnganese min
erals and ores of silver, lead, copper. In the Olympic 
Peninsula ores, rhodochrosite occurs as veins and vein
lets cutting the other manganese minerals. A minor ore 
of manganese except in the Montana manganese deposits. 

Hausmannite 

Mn304. An important constituent of the high-grade ore 
shipped from the Crescent rune, that probably accounted 
for the high manganese content of the ore. 

Finely crystalline, d~se, mn.ssive, to aggregates of 
fine black grains where it occurs at the Crescent mine. 

Physical Properties: Hardness 5-6. Brittle. Varies from darker shades 
of brown to dense, blue-black in color. Has dark to chest
nut brown streak. Specific gravity = 4. 72-4. 86. 

Occurrence: 

Composition: 

Structure: 

Associated with manganese silicates in some primary de
posits . Generally occurs with braunite in secondary con
centrations. In the Crescent mine, hausmannite occurs in 
masses and also in veinlets cutting other masses ~f haus
mannite. 

Pyrolusite 

Mn02• Commonly contains a little wc::.ter. 

Crystals radiating columnar to fibrous, also granular 
massive . Often occurs in reniform coats. Crystals 
.Probably always pseudomorphous after manganite. 

Physical Properties : Hardness= 2-2.5. Usually soils the fingers. 

Occurrence: 

Metallic to dull earthy luster. Iron black color and 
streak. Splintery fracture. Specific gravity= 4.75. 

A secondary mineral, usually. Occurs as a primnry 

-9-



constituent in sedimentary deposits. Nodular deposits 
of _pyrolusite aro found on the sea bottom. Replaces 
such minerals e.s rhodochrosite, rhodonite , braunite, 
hausmrumite, psilomelane, rr~111ganite, and mango.nosite. 
Probably occurs as a secondary mineral in the Olympic 
Peninsula ores. 

ORE DEPOSITS 

Genernl.-- Deposits of ~<\ll1miese or~ on the Olympic Peninsula are 
found in the Metchosin volcanics. Very likely, tho deposits ar e con
fined to certain specific mc~bcrs of this series of rocks although such 
has not been demonstrated ns yet. At least tho Qre is associated with 
the altered, ba.sic flow rocks, rl!ld is sometir•.es found to occur between 
these rocks nnd the red limestone. Some of the ore occurrences nre in 
the altered pillow lav~s and sonc ~re in the groenstone thDt do not 
show the pillow structure. 

The known mrm?,o.nese deposits occur in~ horse shoe-shaped belt 
approx:i.mately one hundred ten miles in length. One end of the belt is 
in T. 32 N., R. 15 W. (Clnllr:.m County on the Pacific Ocean) on the north; 
the other end is in T. 23 N., R. 12 W. (Grays Harbor County) on the south. 
The toe or east 0nd of the belt is found in the eastern part of Jefferson 
County. 

Size of Outcrops.--Outcrops of the mangr.nese ore vary considerably 
in size. A few natural outcrops of ore 300 feet lon~, 85 feet wide, and 
stnnding in bold cliffs 200 feet above the surrounding rocks have been 
observed. However, most of tho outcrops are very small; many are only 
a few feet lone und 2 or 3 feet wide. Except for the r el~tively few 
places where the ore st.:-.nds out in bold cliffs, the m:mganese ore has 
been eroded equally with the enclosing rocks so thnt the outcrops of ore 
c.ssume no topographic prominence. 

Many of the ore deposits are covered with overburden of soil and 
debris. Some of the deposits h~ve been capped and covered by flows of 
basalt younger in nge than the enclosing Metchosin rocks. Some of these 
flows belong in the Metchosin fonno.tion -':'ind sorie are unquestionably 
younP,er than the last flows of this form<1tion. 

Shape of Ore Bodies.--In shnpe, the ore deposits are variable. 
Probably lenses end l enticularly shaped bodies (that usue.lly are thicker 
in the center .:>.nc. thin cut on the ecte~s) arc lJlOSt numerous. It has 
been found by mining experience thnt lens-shaped ore bodies are usually 
about as wide as they are lone. In view of this, the l~nses of mangan
ese ore on the Olympic Peninsul.:-. cannot be expected to be much wider 
( do\·m the dip) th.m thoy are long ( along the strike). In the past many 
tunnels have been driven in the hope of findine the ore from 2 to sev
er:il hundred feet below the outcrop. Almost without exception these 
tunnels have failed to roach the ore. Befor& development of the ore 
bodies is undert v.ken some diamond-drill teats should be mnde to deter
mine the actual confines of the ore . If other de,relopmont means are em
ployed, until the boundaries of the ore boclies at<e J<.nown, such development 
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should be confined to the ore body. 

Tabular-shaped ore bodies are found which might be almost any 
width as comp;:,.red to the length. The occurrence on the Lucky Creek 
group is a good exr'lltlple of a t~bular-shaped ore body. 

Physical Character of Ore.--In general, the ore is dense and mas
sive with a vitreous to dull metnllic luster. Fresh surfaces of the 
ore not uncommonly exhibit bright metallic luster which dulls on ex
posure for a short period of time. Weathered surfaces <1.re both metallic 
and earthy in appe~rance. 

Wide variation in color is experienced between ores from different 
deposits and between different samples of ore from these.me body. Weath
ered surfaces exhibit tan, reddish-brown, brown and black colors. Fresh
ly broken faces show numerous shndes of red, brown and black. 

Depending upon the minerals present, the fracture of the ore is 
v~riable . In the main, the fracture is irregular but occasionally is 
flatly conchoidal. Most of the ore bodies show very irregular jointing. 
Talus, found at the foot of the more prominent outcrops, consists of 
ore ranging from small fragments to blocks up to three feet in diameter. 
Except for weathered portions, the ore is relatively hard. 

Weathering of Ore . --Weathering of the ore has not progressed to any 
great extent or depth. Outcrops th~t have been exposed prob~bly for 
centuries show surprisingly fresh faces. Obviously, spalling is keep
ing apace with if not in advance of oxidizing in these P.laces . In the 
less prominent exposures where spalling is reduced to a minimum, only a 
thin layer of oxidized ore is found which r arely exceeds a few inches 
in depth . It is reasonable to expect that persistent fractures in the 
ore bodies will be found and weathered products may exist to depths of 
20 6r more feet from the land surface. 

Attitude of Ore Bodies.--At places where the walls of the ore bodies 
are well defined and where the deposits are in contact with limestone 
the attitude of the ore bodies can be measured quit& accurately. Much 
greater difficulty is experienced in detennining the attitude where the 
ore bodies are enclosed in greenstone. In general, it may be said that 
the ore bodies conform in dip and strike to the dip and strike of the 
enclosing rocks. 

Contact Relations.--Usually the contact of manganese ore with red 
limestone is fairly sharp. Quit.e different are the contacts of the ore 
bodies with greenstone. In most cases where the ore is in contact with 
greenstone, the contacts .:\re indiscernable because the ore grades out
ward into rock that is only stnined with mangr.nese materials . 

Some of the manganese deposits are enclosed in lava rock th~t is 
only slightly altered. While the contacts of these ore bodies are not 
knife-edges, they can be defined within limits of~ few inches with 
reasonable accuracy. 
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Quality. --Original minerals m.?.ke up the major portion of the man
ganese deposits; minerals produced by weFtthering nre in such minority 
as to be practically negligible. 

The priJnary minerals (those composing the unweo.thered ore) are 
a complex combin&tion of manganese silicates c1.I1d oxides, quartz, ar1d 
iron oxide. Silicate minerals are present in e.ll the deposits so far 
discovered. Likewise, oxides are ever present. Some investigators 
are of the opinion that oxides should predominate at depth, but the 
field evidence appecirs to contrRdict this statement. In view of the 
fa.ct thnt, on the aver['.ge, the deposits are of limited depth, it seems 
unreasonable that conditions of deposition would have changed very 
much for any one deposit . 

COMPOSITION 

The manganese content is extremely variable . Analyses show that 
the manganese content is as high as 50 to 60 par cent and as low as 
10 per cent and under. However, an average of forty-two nnalyses showed 
33.67 per cent m~nganese . These analyses were of samples collected from 
twenty-two different deposits mainly in the northern part of the penin
sula. It will be found that some variation in manganese content will 
be found in different parts of the deposit but this variation should 
not be great. 

Variations in iron content are to be expected . The sa~e forty
two analyses showed an average iron content of 12.12 per cent with a 
high of 27.08 per cent and a low of 1.30 per cent. Some deposits on 
Aurora Ridge, which are exceptional in iron content, contain a high of 
44 . 28 per cent of iron, 30. 22 per cent manganese, and under 15.00 per 
cent of silica. 

Silica, a chemically combined constituent of the ores, also varies 
in amount. An average of the forty- two analyses showed 15.26 per cent 
silica, with a high of 34. 20 per cent and a low of 8.00 per cent. 

Phosphorus ranged between .025 and .049 per cent in eight of the 
forty-two analyses mentioned nbove . The phosphorus CQ'ltent as shown in 
these eight analyses avcrnged .032 per cent . Sulphur in seven analyses 
of the forty-two, showed a trace in five samples and none in the other 
two. 

Many more analyses beyond the above forty-two mentioned were made, 
but their averages do not mnteri~lly change the above figures. They 
merely show in the assay tables the records of specific deposits . 

DISTRIBUTION OF OCCURRF.NCES 

For the purpose of description, the manganese occurrences are· ar
bitrarily divided into the following areas: West of Lake Crescent, 
Aurora Ridge, Stonn King, Little River, Iron Mou.,tain, Dose:wallips Riv
er, North Fork Skokomish River, Steel Creek and Quinault areas. 
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West of Lllke Crescent Area 

In this area the manganese deposits occur on the south slope of 
a long, serrated ridge which extends from Pyramid Mountain, past MoW1t 
Muller to Snider Peclc. Exposures of orG l'l.re found in the broad valleys 
of Bear and Beaver Creeks e.t the western terminus of this ridge . Still 
farther west, occasional occurrences ar e r eported between the valley of 
Beaver Creek and a point on the coast northwE:st of Ozette LL'.ke. In many 
respects the deposits in this area are sufficiently similar that a de
t ailed description of one deposit would be representative of the district . 
The deposits in this area are divided into five localities, n.'.lillely~ Lake 
Crescent, Sol Due Burn, Bear Creek, Beaver Creek, and Sekiu River. 

Westward from LD.ke Crescent, the Olympic highway closely parll.llels 
the south slope of the ridge to its end. Most of this distance (about 
twenty-three miles) the highway is not more than one-half mile from the 
base of the ridge. 

The deposits located in the vicinity of the west end of Lake Cres
cent can be r eached by a county road which extends from Fairholme (on 
the west end of the lake) to Ovington, a distance of three miles. A 
privo.tc road ubout one fourth of a mile in length connects the Crescent 
mine with the Olympic highway one and two- tenths miles west of 1''airholme. 

On the Sol Due Burn, the deposits are accessible from the Olympic 
highway. Several tributnry forest roads connect many of the deposits 
with the highway. 

The Bear Creek deposit can be reached from ttie Olympic highway 
by travelling the Rainy Creek road a distnnce of two miles. From the 
Olympic highway at Sappho., the Beaver Creek deposit is r eached by trav
elling the Clallc.m Bay rond northward for one mile to the jW1ction of 
the Rainy Creek road. This road is traveled in a northeasterly direc
tion for a distance of three miles. From this point on the road, a 
trail, three eighths of a mile long, is followed in a westerly direc
tion to the deposits . 

From the Pyramid Mountain to we~t of the Crescent mine, the m£-in 
line of the Port Angeles and Western Railway follows the base of the 
ridge. Approximately one-half mile west of the Crescent mine, the rail
road turns southwesterly to the south side of the Sol Due Vr.lley. Fol
lowing the south side of the valley, the railroad pv.rallels the high
way e.t a distance of approximately one- hnlf mile to and beyond the town 
of Sappho. 

In addition to the specifically located deposits, it is now defin
itely known that the manganese-bearing formation extends to the Pacific 
Ocean. Considerable manganese float has been found on the westward
flowing tributaries of the Soess River in the southern Neah Bay area. 

Lnke Crescent Loc~lity-Crescent Mine.--The Crescent mine is near 
the line between Sections 23 and 24,, T. 30 N. , R. 10 Vi . , nbout one and 
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one-fourth miles west of Fairhol.me. In September, 1923, the ore 
body was discovered at an elevation of about 1,800 feet on the south 
slope of Mount Muller Ridge. About the middle of 1924, Jamison and 
Peacock, of Duluth, Minnesota, began producing ore which was shipped 
via the Panruna Canul to Philadelphia. Minerr~l Resources of the United 
States, published by the United States Bureau of ?v!ines reports the 
following production for the Crescent mine: 1924 - 5,000 tons; 1925 -
8,113 tons; 1926 - 3,162 tons. 

The ore -0ody was tabular in shape, 180 feet long, 120 feet wide, 
and from 6 to 14 feet thick. Manganese content was high, ranging be
tween 50.92 per cent and 54. 33 per C'Erlt . Si lica avernged between 7.78 
per cent to 8.93 per cent . Very little iron was contained in the ore 
and ranged from 0. 74 per cent to 1.13 per cent . Phosphorus pentoxide 
averaged 0.054 per cent . It can be seen that the ore was high grade, 
having a high content of manganese and~ low content of undesirable 
materials . This is probably due to the f act that the ore was chiefly 
hausmannite with minor amounts of bementitc and manganese carbonate. 

About one-fourth mile northeast of the portal of the long tunnel 
nt the Crescent mine, on the Peggy claim, nn outcrop of ore about four 
feet thick occurs in Sec. 24, T. 30 N., R. 10 W. The ore in this out
crop has ll. massive appearance and may be the exposure of a substc.ntial 
lens . A diamond-drill hole cut this ore body at a depth of 135 feet 
below. the surface . It is reported th ... t the ora body could be t apped 
from some of the underground world.ngs of the Crescent mine . Analyses 
made in 1934 show the ore to be of considerably higher grade than the 
average for this area. 

Eastward from the Peggy clnims are several outcrops near the com
mon corner of Sec . 19, T. 30 N., R. 9 W. and Sec . 24, T. 30 N. , R. 10 W. 
and Sec . 25, T. 30 N., R. 10 W. and Soc. 30, T. 30 N., R. 9 W. The out
crops occur Gt nn elevation of 2,100 feet. Exposures show the ore body 
to average between 4 and 6 feet in thickness . The exposures extend over 
a lateral distance of 300 feet. It hos not been demonstrated that the 
exposures are on the same ore body, however. 

Two other outcrops occur 100 feet up the hill from the county road 
to Ovington. The discovery post is 67 feet east and 7 feet north of the 
SW corner of Lot 4, Sec . 30, T. 30 N. , R. 9 W. The ore body is from 
4 to 6 feet in thickness . 1 

Sol Due Burn Locality. --On the Sol Due Burn, which is on the south 
slope of the ridge between Ut. !luller and Snider Peak and the north wall 
of the Sol Due Valley, are between twenty-five and thirty known exposures 
of mnnganese ore. 

Up to the present time it has been found that the most exposures 
occur in a belt between 1,500 and 2, 500 feet in elevation . However, 
thi s must not be teken to mean thnt no outcrops will be found outside 
of this belt. One outcrop has been found one- half mile east of Kloshe 
Nanich Lookout at an elevation of about 2,300 feet , that from present 
appearances, may prove to be of considerable importance. Investigations 



to uate lead to the conclusion that the lnrger ore bodios are confined 
to certain members of the Motchosin formation which crop out of the 
hillside in the above horizon in this area. In the majority of the 
larger exposures in the aren the ore has ;:i massive appearance. 

Progressing toward the west from the Lake Crescent locality, the 
first showings encountered are found in Sec; 23, T. 30 N., R. 10 W., 
in the NWt of tho NWt, at an elevi•tion of 2,340 feet. An outcrop ap
proximately 24 feet, in length by an average width of 6 feet and a depth 
of 12 feet was stripped. The ore outcrops at the foot of a high cliff 
and is enclosed in greenstone. Red limestone is in evidence approxi
mately 75 feet south of the exposure. The ore is very massive in ap
pearance and gives evidence of being the top of a sizeable lens. 

Continuing westward, the next occurrence opened is near the cen
ter of the north hnlf of Sec. 2), T. 30 N., R. 10 W. Her~ three 
trenches have been dug. The first one (Trench No . 3) at an elevation 
of 1,905 feet, exposed an outcrop 30 feet 4 inches in length by an 
average width of 6 feet . Four hundred 3.nd seventy- six feet northwest 
of Trench No. 3 Trench No . 1 was opened exposing an outcrop approxi
mately 23 feet long with an average width of over 6 feet and a depth 
of 14 feet. Trench No. 2 f ailed to r each ore in plac~, only float 
was encountered. 

Twenty-six hundred and forty feet wost of the above locality 
another outcrop was opened by two trenches at nn alevrtion of 1,875 
feet. One of these exposed an or e body 22 feet in length by an average 
of 12 feet in width Dnd tho other 10 feet in length by 6 feet in width, 
The ore consists of bementite containing in places small amounts of 
cinnabar. 

Along Littleton Creek in Sec . 20, T. 30 N., R. 10 W., there n.re 
two exposures of mnngnnese. One outcrop, about 14 feet long and 10 feet 
high, occurs about 100 feet ecst of the stream at about the 1,400 foot 
elevation. Analyses of srunples show thnt the ore is of higher grade 
than the average in this a.r ec. Approx:imtltely JOO feet higher in ele
vation and on the west bank e.nother lens is exposed and is a.bout 9 feet 
long by 5 feet high . 

Two separate exposures have been found recently which indicate 
the possibility of being fairly l arge lenses of good ore. One lens occurs 
at the 1, 400 foot elevation about 500 feet west of Littleton Creek. Ap-i
proximately 700 feet west of this occurrence the other lens is exposed 
in the west bank of a smDll canyon. The outcrop is about 10 feet long 
and 6 feet high. 

Jun~.GrouP..--Locally called the June Group, in the SE quarter of 
the SW quarter of Sec. 19, T. 30 N. , R. 10 W. , an outcrop occurs. This 
showing is the lowest of any deposit found to date, on the Sol Due Burn, 
being at an elevation of 1,265 feet. It has been opened by a small shaft 
16 feet deep by 13 feet by 9 feet in section. Trenching on both sides 
of the shaft has been done to show the extent of the outcrop. 
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The deposit lies between un"..lter cd basalt on the south and red 
limestone on the north . The basalt next to the ore is the vesicular 
type with calcite forming stringers and filling the vesicules, but away 
from the ore gra.des into the more massive, aphanatic, and heavily 
stained type. The ore is in place on both si des of the shaft and con
tinues to the floor of the same wher e it is still in ev:i.dence. 

The lens stcnds vertical with a strike of S 76° E. Subsequent 
mineralization is indicated by sm..1\.11 veinlets of cinnabar cutting the 
ore . 

Ed B. Grm!P.·--The exposures in parts of Sec. 19, T. 30, R. lOW, 
Sec. 24, T. 30, R. 11 W. are locrllly known as the Ed. B. Group. In the 
SW quarter of Sec . 19, T. 30 N., R. J.O W. , an outcrop has been uncover ed 
by stripping, showing a total length of slightly ov~r 260 feet and an 
average width of over 25 feet. About 100 feet to the east another large 
open pit exposes ore for 64 feet in length and 35 feet in width. It is 
possi ble this is one lens , instead of two, but the 100 feet between 
them is covered by heavy overburden. The strike follows the general 
trend of all the ore bodies in this locality. The elevation at the 
cast end is 1 , 765 feet and d sos to 1,825 feet at the west end. 

In the SE quc~rter of Sec . 24, T. 30., R. 11 W., rtk'Ulg~nese ore is 
uncovered. This occurs ci.t :111 elevr.tic.m of 1,545 feet on the east side 
of Eureka Creek . The stripping and trench:i.ng hes disclosed 1 body of 
ore with a l ength of 125 feet .,nd a width of 82 feet . Pits at t he face, 
to a depth of 10 feet , expose the ore . It is the lr.rgest body so f ur 
discovered on the Burn r.nd undoubtedly will produce a considerable ton
nage. The exposure lies between greenstone and r ed limGstone. One 
distinctive feature of this occurrence is tht!t the red l im1;3stone ac
compe.nying it grades into limonite, with small patches of hematite. 

In the SW i of the NE i of Sec . 24, T. 30 N., R. 11 W., ore is 
exposed by three trenches at 8.Il elevation of 2,192 feet . This is locally 
known as the Sunrise claim. Trench No . 1 shows ore 50 feet 6 inches in 
length by an average width of I+ feet, . Trench No . 2 shows a length of 
26 feet and ,!'In average width of 3 feet. Trench No. 3 is 21 f eet in 
length with an average width of !9.ppro.ximately 4 feet . While Trenches 
Nos . 2 and 3 have not been joined, it appeurs likely thr:t it is a con
tinuous body in which case it would h;,.ve an overall length of approxi
mately 100 feet. 'L'he ore is enclosed between grecnstone and red lime
stone. It st:mds verticF\l rnd Eitrikcs N 750 w. 

Continuing westward the next occurrence was found Pt a disttnce 
of approximately 700 feet at an elevn.tion of 2,135 feet . A trench ,it 
this point exposes an outcrop 82 feet in length by an aver,,ge width of 
24 feet six inches. About 75 f cet below thu trench a tunnel hc:>.s been 
driven into the greenstonc for 45 feet . No ore shows in the tunnel but 
in the f ace of a short cross-cut to the right mt:ngrmese was cut. This 
exposure is on the east wall of a wide Ccc·.nyon; directly :icross the canyon 
on its west w~ll is m1 outcrop of the r ec limestone . 

Six hundred feet WJSterly in the Ni of the swe of Sec . 24, T. 30, 
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R. 11 W., at an elevation of 2,260 feet two trenches have exposed 
ore . In Trench No. 1 the outcrop is 54 feet in longth with an aver
age wldth of 19 feet. The ore is particul~rly massive and it is be
lieved is the top of a l ~rge lens. Trench No . 2 exposes a length 
34 feet with an average width of over 8 feet. There is a distruice of 
about 100 f eet between these trenches. This ora is entirely surrounded 
by red limestone . Seventy-five f eet west of Trench No. 2 there is .:.n 
outcrop of basalt. 

In the SE! of Sec. 23, T. 30 N., R. 11 W., at an elevation of 
1,735 fei.Jt and about 1,200 feet west of the above exposures another 
outcrop has been uncovered. The trench shows an ore body 32 feet in 
length and 8 feet in width. The ore at this locality is enclosed in 
greenstone. 

Twenty-seven hundred feet farther west and about 3.50 feet west 
of the Kloshe Nani.ch Pack Trail at an elevation of 2,320 feet a green
stone outcrop on the east wall of the cnnyon was ex.."Uluned. Two lenses 
of ore were uncovered in the center of this outcrop. Trench No. 1 shows 
20 feet of ore averaging 5 feet in width. Trench No . 2 exposes a lens 
of manganese 16 f eet in length and 5 feet in width. 

Examinations in Sec. 22, T. JON. , R. 11 W. have not revealed 
any ore bodies. The terrain in this section is extremely rugged, and 
prospectin~. ~~ difficult . 

In the SE! of Sec. 21, T. 30 N., R. 11 W. , at an elevation of 
1,845 feet a trench uncovered e.n outcrop 25 feet in length by 12 feet 
in width. This ore i s enclosed in illtered V(;Sicular basalt. Fifteen 
hundred feet west three more trenches expose the following occurrences : 
In Trench No. 1 at an eleva.tion of 1,675 foet the outcrop is 54 feet in 
length with an average width of 10 feet. In Trench No. 2. , elevation 
1,615 feet, the outcrop is 20 feet long and 4 feet wide. In Trench No. 
3, elevation 1, 745 feet, there is e.n outcrop 26 feet in l ength with an 
average width of 5 feet. All of these outcrops lie between greenstone 
and limestone. The ore is massive in appearance. In uncovering the 
ore in Trench No. 2 a pocket of aporoximately two pounds of cinnabar 
was encountered lying between the manganese and enclosing limestone 
wall rock. 

Bear Creek Locality.- -The Victor Lod.e or Bear Creek exposure is 
in the NW quarter of the SW quarter of Section 24, T~ 30 N., R. 12 W. 
It is reached via the Rainy Creek road thence by approsi.mlttely 1,600 
feet of trail adjacent to Bear Creek. The lens lies between two flows 
of basaltic breccia . No.limestone is in evidence, but a large body of 
red limestone is in place about 300 feet west of and above the ore body. 

The outcrop was less than a foot in width but widened to over 6 
feet when exposed at a depth of several feet. However, within a short 
distance it age.in diminished to a width of only one foot . It is possi
ble, that if this lead were followed still farther, another and l arger 
body would be opened up. The contact between the ore and the broccia 
is very irregular. 
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The ore is largely bementite with some neotocite and has the 
appearance of being high in silica. Some of the bementite is dark 
red and some is the glassy, translucent variety, which occurs in 
masses two or three inches in di.tl.!Ileter, interspersed through the ore. 
The ore shows little evidence of oxidation, possibly because it is 
tightly enclosed in basalt, and thus being less susceptible to weath
ering agencies. 

On the ridge extending from Bear Creek to Beuver Creek prospect
ing disclosed several outcrops of very massj.ve ore. From the ore ex
amined it is believed it is possibly of somewhat higher grade than 
the average. Trenching has not been completed in this area. 

Beaver Creek Loca.lity-{Stn.tc Lease Group)--The Beaver Creek ex
~osure known as the Stute Lease Group, is near the center of the NW 
t of the SE! of Sec. 16, T. 30 N., R. 12 W. about two miles NE of 
Sappho. It is situated in a sm..~11 canyon, a tributary to Beaver Creek. 
Tne ore crops out at the foot of a slide on the east side of the creek. 

This deposit has been opened up by trenching and sluicing and by 
a tunnel 70 feet in length which cuts the ore nbout 10 feet below the 
bottom of the trench. As exposed at present, the lens is shown to be 
a continuous body of 34 feet long 15 feet wide and slightly over eight 
feet thick. Wall rocks ~re rert limestone wlth some concentr ations of 
iron oxide. A thick bas~lt flow overlies the limestone, while the under
lying rock in the creek ,•.nd in the opposite bank is sandy shale. 

The ore is largely hnusrnannite with smtller amounts of bementite 
rind neotocite. This deposit is of somewhat higher gr:tde than the aver
age, owing, to the predominance of haua~annite. It is also noticeably 
more mnssive than the average ore of this area. 

Sekiu River Loco.lity.--In the SE quarter of Sec. 27, T. 32 N., R. 
14 W., an exposure has been found approximately ten miles west of the 
Hoke River bridge. The manganese appears to be of excellent grade. 
Cinnabar has been no+,ed sever.J.l times and free quick-silver present 
occasionally. To date no work has been done. The outcrop is 22 feet 
long and 7 feet wide. 

The proximity of this deposit {only one mile) to the main line 
of the Bloedell-Donovan Logging R.R. and with clll abandoned spur v.ithin 
500 feet of the deposit, together with the high qunlity of the ore makes 
this deposit of particular interest . 

An occurrence of ore is reliably reported in the SE! Sec. 27, T. 
32 N., R. 14 W., which is west of the Hoko River. The deposit is on 
a tributary of the South Fork of the Sekiu River, and r eached by trail 
a distance of five or six miles from the Clallrun Bay-Ozette Lake road. 

Aurora Ridge Area 

Aurora Ridge trends northwest-southeast between Aurora Peak and 
Lizard Head Peak, south of the eastern end of L~e Crescent. It rises 
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from the lake level to elevations of more than 5,000 feet. 

Three mang-'1.nese exposur6s lying on the north slope of Aurora 
Ridge at approximately the 5,200 foot level are known. The deposits 
lie in the headwntors of the thi rd tributary on the south side of 
Burnes Creek, in what probably would be Sec. 7, T. 29 N., R. 8 W. if 
the area were surveyed. A trail brrnching from the Olympic highway 
about one mile e~st of Lnpoel leads directly to Aurora Peak and thence 
follows the crest of Aurora Ridge. The distance, by tre.il, i s approx
imRtely eight miles to the deposits. An easier route, although four or 
five rrd l es longer, is over a trail which bronches from the Sol Due Hot 
Springs road about four miles from its junction with the Olympic highway. 

Mang&nese Deposits. - -One outcrop is exposed on the face of a bluff 
several hundred feet high. On the top of the bluff the ore is exposed 
for a length of 125 feet. The ore body is ncout 50 feet in thickness. 
The ore on the fcce of the cliff cannot be reached, but is exposed for 
an estimated vertice.l dist.:mce of 175 feet. 

Toward the east is unother body of ore enclosed in red limestone. 
Very little is known ~bout the extent of this body. About one and one
half miles 02.st, on the crest of the ridge, is a deposit about fifteen 
feet in thickness; the length has not yet been determined. 

Storm King Area 

Deposits of manganese ~re located on the north slope of Baldy Ridge 
which connects the peaks of Mount Baldy .md Storm King mountain . The 
outcrops .'.1.re due south of the center of Lake Sutherl.mt.l in what would 
be Sec. 29, T. 30 N., R. 8 W., if the area wer e surveyed. These out
crops occur ~tan average elev~tion of 3,400 feet . 

From the site of the old Erickson logging operntions at the enst 
of Lake Sutherland, the mountr.in side must be traverseJ in a direction 
slightly west of south. For a ciste.nce of three and one-h:lf miles 
from the Olympic highway at L:ik~ Sutherlm1d to the outcrops, the rise 
in elevation is about 2,800 feet. 

MmiP-anese Deposits.--Outcrops of ore or rocks are scarce, as the 
slope is benvily tir.1bcred and cov~red with overburden of glaci~l debris 
n..~d top soil. The outcrops ar e situated inn basin ~t the m~uth of a 
glacinted U--sha.ped. v.il.lcy. Over the b.::?.sin floor n.re strev.n innumerable 
pieces of mcngnnese float. These fragments of float r rnge in size from 
a few inches to 2 or 3 feet in di::uneter. 

An open cut P..xpose::i l'n ore body 6 feet in thickness and 7 feet in 
depth. However, the floor of the open cut is still in ore . In this 
cut the ore body appenrs to vii.den townrd the face. Analyses of the 
ore !Ik~de in 1934 showed the ore, to be of about av~r:'..ge grade. 

Little River Area 

In the v~ey of Little R:i.ver are dgl:.t known exposures of ml'nganese 
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ore . These deposits are ~~thin ten miles air line soutr. and c little 
west of Port Angeles. With thn exception of the Skookun and the de
posits on the south side of Mt . Angeles (Third Peak) the deposits are 
situnt~d in the walls of the cirque in which Little hivor pends. Ele
vations rvnge between 3,200 end ,,200 feet. 

Eit!:'ler of two routes can be followed to reach these deposits . 
One is a road to the summit of Hurricane Ridge, which f orms the south 
and west v,alls of the cirque, via Elm Ranger Station and the Hurricane 
P.ill Lookout road. At the eleven-mile post (from Elwha RangGr Station) 
on the Hurr:i.cane Hill road, a trail turns eastward down the hill to 
Whistler Flats on Little River. 

The other route is over the Black Diamond road to Coleman's ranch, 
a distc)Jlce of five miles . From here, a good forest trail, suitable 
for pack animals , follows the Little River to its source beyond Whistler 
Flats. The deposits are accessible from this trail which is about seven 
miles in length. Recently a good grade has been surveyud and locnted 
with a view of tapping the ore deposits in this area. 

Manganese Deposits . -Two €xposures, knovm locally <' S the Skookum, 
occur at an elevation of 3, 900 mid about 4,500 feet in whet probably 
would be Sec. 12, '11

• 29 N. , R. 7 W., if the area wer e surveyed. These 
deposits are on a ridgE: trending northward from Unicorn Peak. At the 
3,900 foot elevntion, one outcrop has been extended along the strike 
for 200 feet by four open cuts. At the higher elevati on, the outcrops 
have not been extended, but this appears to be an entirely separate ore 
body differing in attitude from the lower body. The oro is exposed for 
a vertictl distance of 20 feet nnd is 25 feet in thickness . 

Southwest of Whistler Flnts, on a spur connecting Unicorn Peak 
and Hurricane Ridge, manganese ore outcrops in bold cliffs . These ex
posures are in what would be Sec . 24, T. 29 N., IL 7 W., had tht:i area 
been surveyed. As exposed in the cliffs, there are se·veral different 
ore bodies . These d,::posi ts stnnd verticnl ,.nd r:mge in height from 
120 to JOO feet. The ore varies in width from 2 to 5 f0et. With the 
exception of places where the orE::: bodies nre masked l;>y narrow patches 
of talus or younger bnsalt, tho ore is f}xposed for u lrJ.teral distance 
jn excess of one-fourth mile. 

For a distance of two miles along the crest of the ridge extend
ing westerl y from Hurricane Hill Lookout, several smull natural out
crops of ore occur. 

South of Whistler Flr.ts, on H ridge locally known as Hutton Ridge, 
are several bold outcrops of m(mganese ore . About one mile south of 
the cabin on vn1istlcr Flats , the first known deposit is exposed between 
elevntions of 4, 020 feet and 4,200 feet . This deposit has been opened 
by open cuts exposing the ore over n lateral distl'.nce of 259 feet . An 
open cut on the other side of the ridge o.t nn elev.'.l.tion of 4,190 feet 
exposes nn outcrop of or0 which mo.y be an extension of the same ore 
body although it is covered for the 380 feet separating the two open 
cuts. In width, the ore body ranges from 6 to 4J feet, c.ver ~ging about 
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20 feet where exposed. 

About half a mile south is a ridge on the crest of which ore is 
exposed intennittently for a distance of about three quarters of a mile . 
The western portion of this ridge stands up in cliffs from 20 to 50 feet 
in height . In many places, these cliffs &re composed al.1nost entirely 
of ore. On the western end of the ridge, the exposures are more than 
500 feet lower in elevat,ion. Mnssi ve outcrops of the ore r,mge in width 
from 20 to 125 feet, in l ength from 50 to 200 feet and in height from 
20 to 50 feet . 

On the south side of the Third Peek of Mt . Angeles, are some ex
posures which arc r Eiported to be of substnntial siz.e . 

Iron Mountain Area 

Iron Mountain is at the headwaters of the Big Quilct':ne River and 
Copper Creek which :i.s .!'. tributary of the Dungeness River, in J efferson 
County. The Tubcl. Cain mine is on the northwest side of Iron Mountain 
in Sec. 7, T. 27 N., R. 3 W. 

The area can be r eached by either of two r outes . One route is by 
the Louella Guard Stution road which branches from the Olympic highway 
about two miles west of Blyn. Eight miles fro!1,. the highwa.,, at the 
Crunp Colonel shelter, a trail follows the east side of Dungeness River 
to Copper Creek, thence up Copper Creek to the mine~for n total dis
tance of about nine miles. 

The other route is by road a.long the Big Quilcene River for a dis
tence of about seven miles. From the end of this road a steep truil 
about eight m.i.les long follows the river to Iron Mountain. 

Manganese Deposits--Tubal Ccin Mine.-- On the northwest side of 
Iron Mountnin manganese orE.: is exposed in tabular bodies cbout 6 feet 
in thickness . These bodies fem n nen.rly continuous lode for a length 
of ahout 1,500 feet, and in places are exposed vertically for 500 feet. 

Published9 analyses show the ore averages 37 per cent manganese, 
5. 5 per cent iron, and 35. 5 per cent silica. Native copper occurs in 
the bementite rock, and it was the copper that beg11n the original ex
ploration. 

Dosewallips River Area 

The Dosewallips River flows into Hood Canal near Brinnon. This 
river occupies a narrow valley from the mouth to beyond the manganese 
deposits . The north slope of the .valley forms the south slope of the 
ridge upon which is Mount Constance. 

M3nganesc deposits occur in tho north vnlley wall on Miners Creek 
approximately thirteen miles from the mouth of the river. On tho south 
side, 1ru.1.nganese ore crops out on Lucky Creek. 

(9) Pardee, U.S. Geel . Survey Bull. No. 725 p. 241 . 
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The area is reached by a rocd that br~.nches from the Olympi c 
highway and leads up the valley of the Dosewallips River. 

MangD.nese Deposits.--Three quarters of u mile south of Corri
genda Guard Station, is on outcrop of m...'mganese ore on the east valley 
wall of Lucky Creek. This outcrop is continuous for 500 feet in length, 
beginning at the 1,725 foot elevation. The ore body is between 2 and 
3 feet in thickness. This ore is enclosed in basalt, It is reported 
that the ore can be traced to Mt. Jupiter, but it is more likely that 
outcrops of other ore bodies occur between the exposure on Lucky Creek 
and Mt . Jupiter. 

On Miners Creek, a south-flowing tributary of the Dosewallips 
River, are separated exposures r eported as occurring at various ele
vations on the slope between the road and the 5,200 foot elevation of 
the south slope of Mt . Constance. These outcrops ar e r eported to be 
10 or more feet in length end width . One exposure whi ch had been 
opened by an open cut was examin,;d. In this open cut ore was uncovered 
for little over 10 feet in l ength and about 6 feet in depth. 

North Fork Skokomish River Area 

Severru.. deposits occur on tribut aries of the North Fork Skoko
mish River and range from four and one-half to eleven miles northwest 
of Lake Cushman . The Triple Trip ruid Apex deposits occur on Boulder 
Creek, which flows into the North Fork Skokom.ish River about four miles 
above Lake Cushman. Some additional deposits nre reported as occurring 
south of the northwest end of Lake Cushman. A road extends from Hoods
port past Lake Cushmcn and for several miles up the North Fork of the 
Skokomish River. 

Manganese Deposits--Triple Trip. Apex. Dnd Black and White Mines. -
The outcrops of manganese ot the Triple Trip mine occur on Boulder Creek 
about one-half mile from its confluence with the North Fork Skokomish 
River . Exploration has been by open cut and adit levels. 

One ore body has been explored th~t ranges between land 4 feet 
in width and at least 50 feet in length. Both bementite and the oxide 
minerals occur. Up Boulder Cr eek from this body for a. distance of about 
n quarter of a mile, sir.J.lar outcrops have been exposed in trenches and 
open cuts . 

Pardee9areports tho.t six samples said to be representative of 
the lode explored by the adits rnn6ed fro~ 6 to 25 per cent mnng~nese, 
21 per cent iron, 11 to 37 per cent silica, and 4 to J6 per cent lime . 
One sampl e that was ~nalyzed f or phosphorus and sulphur showed only traces. 

About one-half mile up Boulder Creek from the Triple Trip ar e the 
exposures on the Apex property. These exposures ar c r ec.ched by a steep 
trail from the Triple Trip mine . Natural out.crops show one lode to be 
at least JO feet wide in one place and at ler.st 50 f eet in length and 

(9a) Pardee, op . cit . p . 236. · 
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depth. The layer of bementite r ock is reported to be at : least 10 
f eet wide by Pardee o. Other exposur es below the Apex ,mine show out
crops of similar material along the strike of the mineralized zone. 

According to Pardee, one sample across the outcrop for a distance 
of 6 feet carried 33 . 39 per cent metallic manganese, 8.85 per cent 
metallic iron, 3.87 per cent lime, and l~.81 per cent silica. The ore 
consists of bcmentite and mnnganesc oxides . 

Six miles nort h of the Triple Trip mine, on the di vi.de e0.st of the 
North Fork Skokomish River, is the Black and Wnite minE'l . This deposit 
i s reached by tro.il n distance of ten r:uL)s from the Triple Trip mine. 
The mine i s ut mi elevation of 4, /.i.OO feet. 

Development consists of t. 200-foot tunnel, a 40-.foot shnft, and 
sever al pits and open cuts . About 100 tons of ore were shipped to the 
Bilrowe Alloys Compc:.ny of Tacoma a.s copper ore . The lode consists mo.in
l y of bementite rock cont aining sme.11 fb.kes of native copper. 

An aver age sample ncross 8 f eet of the lod~ contained 22. 81 per 
cent metal lic mrmganese, 8.66 per cent iron, 0 ,706 per cent lime, and 
24.35 per cent silic~ according to Pardee+!. The oper ators report that 
other samples r ange from 16 to 38 par cent manganese, 2 to 11 per cent 
iron, 17 to 38 per cent silicn, end~ trace to 3 per cent lime . 

Near the Black M d White mine :i.r e sever c1l deposits which are said 
to be sim.i.lar to th;,.t body. This aren should prove to be a fertile 
field for futur e prospecting. 

Steel Creek Area 

Ore bodies occurring on what is known a s tho Steel Creek group, 
are locat ed in T. 2.3 N., R. 6 W. The outcr ops occur on the valley wnll 
of Steel Creek, n tribu~ry of t he South Fork of the Skokorn:Lsh River. 
The Steel Creek group is reached b:r road following tht:? Skokomish and 
South Fork Skokom.ish River s for six or seven miles . Fr om t he end of 
this ro1>d, a trail follows the northeastern side of the South Fork of 
tho Skokomish Ri•:er. This trail is crossed by Steel Creek some twenty 
mil es from the end of the road . Up Steel Creek , a tra.il is traversed 
for about three miles to the deposits. 

Manganese Deposits .--Several claims ar e included in this group. 
An ore body on the Bosnia clD.im is reported by Par dee to be 200 feet 
long, 8 to 10 feet wide, and to ho.ve c. vertical extent o.f 100 feet . 
Sevor r l other outcrops in the r.rec ar e from 10 to 15 feet wide and. cs 
long as 50 feet . Several analyses reported by Pardee avGraged 24 per 
cent m,.mgruiese , 10 . 5 per cent iron, and 30 per cent silica . The bcm
entite boct.ies are similar to those of the North Fork Skokomish ar en. 

(10) Pardee, op. cit. p. 237. 
(11) Pnrdee, op. cit. p. 239 . 
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Quinault Area 

Deposits in this nrea occur in a belt o.pproximo.tely two miles 
wide and about eight miles long. This belt is mainly east of the Olym
pic highway and extvnds from Lake Quinault to about half way to the 
town of Humptulips. In this belt, manganese silic~tG rock outcrops 
in a score of plo.ces. Most of these outcrops are fow1d in western 
tiers of Sections in T. 22 N., R. 9 W. Forest roads a.nd trails lead 
from tho Olympic highway to the deposits. 

Manganese Deposits .--The Stevens Creek deposits nre at en eleva
tion of 790 f eet in Sec . 30, T. 22 N., R. 9 W., north of the cabin on 
the creek. The predominant minerals are bemcntite and reotocite and 
substantial amounts of manganese oxide. This deposit occurs at the 
top o~ and embedded in greenstone. 

At an elevation of 1,150 feet on the bluff forming the west flank 
of the north fork of Stevens Creek there is exposed an outcrop of man
ganese ore occurring between grccnstonc :-md red liJllestone. 'T.'ho miner
alization here is predominantly bementite . 

Near the center of Sec . 30, T. 22 N., R. 9 W. , at an elevation of 
1, 300 feet: field work exposed an outcrop on one of the Old Star claims. 
The principal mineral is bementite. Following the trail to the crest 
of the ridge in the north half of Sec. 30, T. 22 N., R. 9 W., at an 
elevation of 1,470 feet in bluffs facing north, an outcrop of rnAnganese 
ore is exposed. The deposit occurs in contact with greenstone; under
lying the gr1;enstone is ll dark r ed limestone. The contact between the 
two rocks is not easily det(;rrnined due to the depth of debr is . H0re 
ag~in the ore is bementite and oxides. 

The manganese ore exposed from Stevens Creek to the summit of the 
divide between Stevens a.nd Skunk Creeks has a north- south trend. The 
several exposures may be on one continuous ore body. However, the gen
eral trend of outcrops in the entire area is about N300E. 

Exploration of manganese deposits in the Skunk ereek region con
sisted in trenching ar ound an outcrop that had been prospected by a 
short tunnel about twenty yenrs ago. Float lying on the hillside, which 
is covered by over burden, indicat ed the possibility of underlying de
posits . The ore i s principally bementite .:i.nd oxides quite similar to 
the exposures on the Stevens Cr eek drain~ge . 

On the north side of the divide between Skunk Creek and Cook Creek, 
in the southeast quarter of Section 19 nre deposits of manganese . The 
deposits are composed principD.1.1.y of bementite . The mineral is found 
at the base of an overlying band of gr eenstone. The underlying rock is 
not exposed at the outcrop, but farther down the trail red limestone 
outcrops . This deposit was prospected some years e.ge by a short tunnel, 
exposing ore, some of which is piled on the dump. Approximately 600 
feet northeast is another small outcrop at the base of the same green
stone bluff . 
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On the south side of Cook Creek is an outcrop of mangnnese ore 
at an elevation of 1,170 f eet. This deposit occurs e.t the top of and 
enclosed in greenstone . The ore mineral is princi pally bomentite with 
lesser amounts of rhodonite. It is hard mid resists weathering more 
so thmi the surrounding greenstone. 

In the NE~ of the SVl t cf Sec. 20, T. 22 N., R. 9 W., is an out
crop of rnangeneso ore which h~s been exposed by c tunnel. This deposit 
is bementite occurring in greenstone .'.l!ld et an elevation of approximately 
1,250 feet . 

.METHODS OF TREA'IYENT 

Imports of mnngcmese ore are the oxides whose tre~tment for the re
covery of mr.nganese is r el~tively sir.:plc. Domestic production is main
ly from the oxides with D. mino1· rur.ount from the cnrbonato and :,. very 
.minor amount of the silicate. 

Consumers of mf-l.ngru1est: in the steel n.nd alloy industries use fer ro
mcngrmesc or spiegeleisen, both containinr, mc.ng::mesc in ths oxide form. 
Use of eleraentol m211gr.ncse in thes3 r.l::>. jor industries would require con
siderable changes in methods now in use. 

The Olympic Peninsula mangt>.nesc is chemically combined with silica 
and oxygen. At least in the surficial ore, rat;.ngnnese silicate min<.,rals 
pr~domin~tc over th~ oxides. Trontmcnt of the silicate minerals require 
breal;:ing the bond between th\3 rnruig.:,nesc r.nd silica. The manganese must 
be removed and. then deposited. It has been only in recent years thf'.t 
the Olympic Peninsulc deposits were consider ed to be of co!!l!t1ercinl size . 
SevBral individual worker s attacked th;:; problems of r .:::covering tho man
gMese silicate minerals . 

In the following pages several methods of recovery ·;.re briefly 
outlined without co!lID'ent. 

SULPHURIC ACID Bi\KING - ROASTING, AND LEACHHJG12 

l. Mix thoroughly approximately 30° Be . sulphurtc acid with man
ganese ore grr,und to 100 mesh. 20 to 30 per cent excess acid 
over thc:.t required to ccnvert the mnngimcse to sulphate is 
added to convert the cc1lcium, iron, alunri.num, m:,gnesium, etc . , 
to sulphates . ' 

2. Heat to 150° C and maint.?..in this temperature: from one to 
three hours. 

(12) Parkman, Howf.!.rd C. , and Durwny, Chnrles : "The Development of a 
Sulphuric .A.cid Baking - Ro,.stinr{ and Leaching Precess for the 
Extraction of Manganese fri:,ra the High-Silica Or0s of the Olympic 
Peninsuln of We.shin~ton. 11 Th<;: Steto College of VJr-.shington, 
State Electr0meta:Llurgic.:u Research L~boratorics ,!Jld Wcshington 
State Pl~nning Council, WP A Feder~l Project N~. 3 O. P. 65-93-
832. Bulletin M. First Progress Report. 
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J. 

5. 

Heat to 200°c and ~int, in this tempt·r~ture fro~:1 two t o three 
hours . 

Roast four hours nt 650° C, 675° C, or 700° C. 

A~itate in Water he~ted t~ about the boiling point (95° to 1000 
CJ for one hour or less to extract the manganese sulphr.te. 

The solution should conttdn in excess of 7 per cent of mangan~se 
and less th?n 0.1 per cent ir0n. 

By el ectr odepositi on, manganese m<:tal of high purity of manganese 
dioxide can be recover ed from the mc:·nffanese sulphr,t e solution. 

GREENE PROCESS FOR PRODUCTION OF FERROM,~GJINESE13 

In one process, the ore is heated in an electric furnace in an 
excess of finely divided carbon (cocJ.). Both manganese and iron a.re 
reduced; thG silica is not r ectuctjd . In the. sintered me.ss the nm.ng<'nese 
is removed as small metallic globules by mcchr,nic2.l mecns. 

In thu second process a molton b~th of ferromanganese is provided. 
Limestone is a.d1led tc the er e ~s £: flux. As the t cmpor aturo is r aised, 
mcte.llic globules of manganese St.p&rnte out <md sink into the molten 
bath. A slag containinf( the silica , limestone , and excess carbon floo.ts 
on the bath. Prnducti()n of t:'k".Ilga.nesc can be ma.de ccntinuous by provid
ing taps to withdraw the sl~g an(t th..: man~anese . 

In laree-sca.J.e production the ore mix w~ultl be pre-heated by means 
of burning unconsumed gases in ~ pr~he~ting chamber. 

PRODUCTION OF MANGANESE DI0XIDE14 

1. SW.phurous ga ses a r e blown into either a moist mass of the ore 
or into a. cold liquor in which the finely gr-::und or& is suspended. 
Acid sulphites tm d sulphat es r r e r ~rmed th, t can be separated 
frorn the insoluble qu~rtz nn:l ferric oxide ( j asper). 

2. Filtration r:n ct r e j ection of ins')luble rcsi6ue . 

J . Filtrr.te c<.mtainine m&neonese, iron, lime and silicic acid is 
dischc.rged into pachuca. tl!nks wher e thu solution is b~)il ed .:ind 
aerated. 

4. Iron, lime, ~nd silicic aci d is nrecipitat cd . Mnnp,~nese remains 
in soluti0n an sulphntc . 

5. Filtration t o rem0ve precipitate which c~n be trev.t ed f or con
stituents if desirc)d. 

6. Sulphurous gases s et free nre injected into tho burner or ro~ster 

(13) Greene, Albart E. "Report on Reducti0n of Manenne::ie Ore. 11 

(14) Personal. communication from Westby. 
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gases used in decomposing the ore . 

7. Regener ated sodium carbonate is ndded t o the solution of 
mang.nnese sulphat e to form r.. flocculent prccipit!'.te of mr.1.n
gancse carbonat~. 

e. Precipitde is aerated and dried c.s it is conveyed in u thin 
l<1.yer t o a roaster hopper into which it is disclmrged. 

9. Mruignnese carbonat e heated t o 680° Fin a Herreschnf type 
r oaster t o pr:.>duce 1nmganose dioxide. 

10. Manganese dioxide is discharged into the co<)ling and p.:>.cking 
depnrtment. 

PRODUCTION OF METALLIC 1.ihNG;JJESE BY ELECTROLY3Isl5 

1 . Manganese sulphate soluti0n discharged int~) electrolytic cells . 
Mnnganese iron concentr.:i.tion rnt~.intained by adding manganese 
ce.rbonate precipi t nted from the solution by ammonium car bon
ate which can be regenerated. 

2 . Ammon:i.um sulphate added to solution to maintc.in NH3: Mn r atio . 

J. S02 continuously added to the cathlyte as eas, sulphur ous ncid, 
or runmonium sulphite . 

4. A diaphram between the electrodes permits the continuous oper
ation. A concentration of 15 gr.::uns of mangnnese per liter is 
necessary. 

County Recor ds: 

Hodge, Edwin T. , 

Landes, Henry 
Par dee, J. T. , 

Pntty, Ernest N., 
Patty, Ernest N., 

and 
Glover, Sheldon L. 
Robinson, John . , 

B I B L I O G R A P H Y 

Port Angeles, Clallrun County 
Port Townsend, Jefferson County 
Shelton, Mason County 
Montesano, Gr~ys Harbor County 
Preliminar y report on some Northwest Manganese 
Deposits (1938) . 
Washineton Geological Survey Bulletin No . 11 (1914). 
United St~tes Geological Survey Bulletin No . 7~5c 
(1921) . 
United States Geologicnl SurveyBulletin No . 795a 
(1927) . 
Washington Geological Survey Bulldin No . 23 (1921) . 
Washington Gcologice.l Surv0y Bulh:tin No . 21 (1921) . 

General Geology of the Lruce Cushman a.nJ Hrunma Hamma 
River Area of tho Olympic Mounfa:..ins, University of 
Wnshington Thesis (1q38). 

(15) Dev~lopod by S. M. Shelton, Associate Metallurgist, United Stutes 
Bureau of Mines . 
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ANALYSES 

West of Lake Crescent Area-Sol Due Burn Locality, Sec,19,T.30N. ,R.10W. 

Sam:ele No. Mn Fe Si02 Sam12le No . Mn Fe Si02 
1 llJ: , 28 23.61 30,22 18 2~ .89 ll...19. '.22,30 
2 16.22 23.16 27..!:J:2 19 31,LL7. JJ_,65 2216'.Z 
] 18.18 . 12,31,J, 26.7.8 20 21. l i:J l:Z162 3Q,63 
!! 28 . 5k l'.Z192 26al8 21 23. 'i2 2L.,ll 26,73 

.. 5 l'.Z,:Z3 l8.lJ.S -l9..l.3 22 1. 3:Z 31..1~2 !:J,9.'.Zlt 
6 15,24 2Q,'.Z3 35,62 23 16. 66 3!:i.162 l'.Z15l 
'.Z 21,J;. '.Z'.Z 1619.2 22.39 21,. J.lt.17 2,Q1l6 2'.Z.QS 
a lli• 55 2s,1..a 22,63 25 l <i 31 23,5Q 28, 52 
9. '2138 l3,Ql 2l1?1 26 J.7,60 26.29. 18,32 

lQ l?.01 22,81.. 28.~5 22 J.Q. ~a 32.42 36.62 
11 2].23 22,QQ 55.9.1:. 26 19,29 2Q.2l 3l,7.'.Z 
12 13,63 2!:i., 5Q 34.W.. 29 2Q.25 25 .93 30,9Q 
13 31,3'.Z 18.12 12.25 30 24. 22 19.87. 18.1,.8 
l4 lQ,26 32,6!:i. 2l ,2l 3l l'.Z,95 23 ,QB 32 ,Ql 
l5 22.82 22.8Q 23.22 32 251;~2 l'.Z.35 28,Q'.Z 
J.6 11...!:i.lt 2!..,66 22.1a 33 25.29 ll,2Q 3Q,9.2 
l'.Z 18.55 30. 33 23,11 34 12,78 28.24 29.22 

Sol Due Burn Locality, Sec,20,T,30N, ,R,lOW. 

Sam12le No. Mn Fe Si02 
l '.B,2Q 2.12 23.66 
2 3'3.08 2.42 25. 54 

Sol Due Burn Locality, Sec .24,T.30N,,R.11W. 

SamJ2le No. Mn Fe Si02 Sam12le No. Mn Fe Sj:02 
1 28.19. l5.'.Z3 lS.36 21, lQa59 21.18 3Q,ll 
2 12.(28 2Q .6'.Z 25 , LA 2~ 19161 l'.3154 31.l'.Z 
3 /:is6!:.. l'.ZsOl Q3s~B 23 J.8.0'.Z 2~.'.Z8 28,65 
4 1Q.£l3 31,..85 2S .2Q 21:l l'.Zt66 ;aQ.82 '.B 1li.5 
5 J.3.93 l21~B flQ.122 25 '2,6.9l ll.l.0 23.18 
6 16t23 26.3Q 3Qt9Q 26 22.13 ll.sl3 25.~8 
!J. 12.20 21.12 !±2,51 27. 27.. 9:.8 17..34 ~0.22 
8 22 ,85 16.20 18.63 28 2,2 . 80 16,22 26 . 7.2 
2 2!:J:.01 12. 7..0 2l.. .15 22 12, '12 12.18 ,22 . !±7. 

10 25 .18 14..28 26.30 20 33.00 13.00 20.2,2, 
ll 20.62 12,42 22.2s 21 24.22 18,22 12,89 
12 17. 72 17. 52 ]5,24. 32 2/:± .02 l!:J:. 57 29:..28 
13 21.12 22.61 27.30 33 24.26 18.62 21:J:.22 
19:. 26.22 20.27 22.28 3!± 20.17 33.15 18.33 
15 20.82 12,20 .22,17 35 22.11 26.67. 21.28 
16 18.2!:J: 18.42 27..69. ]6. 25 .69. 19,82 26 .22 
17 17.J} 21.60 28 ./:±0 37. 12.22 11.22 60.62 
18 20 .32 15 .9.8 ,26.41 38 22.29. 22 .57. 23 .2!± 
12 22-2'1 13. 8'.Z 22 .06 32 19. . 46 20 .. 9.4 32.22 
20 24.57 12,76 32.88 40 22.81 20.68 30.2'1 
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Sol Due Burn Locality, Sec . 24 , T. 30 N., R. 11 W., Cont'd 

Sample No . 
41 
42 
43 
1+4 
45 
46 
47 
48 
49 
50 

Mn 
14.05 
14. 53 
16.57 
9.55 

15.27 

16 .36 
13. 73 
13. 56 
12.36 

Fe 
19.86 
19 .38 
24.33 
20 .41 
22.15 
23.86 
20.74 
20. 30 
25.25 
28.62 

32.20 
41.53 
44 .08 
50.47 
46.52 
35.02 
34. 50 
33.76 
38.29 
35.83 

Sample No. 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 

Sol Due Burn Locality, Sec.21,T, 30N. ,R,lOW, 

Sample No. Mn 
l 34,80 
2 34, 50 
3 32,20 
4 32.60 

Fe 
14.32 
6.68 

19.47 
9.61 

17.?3 
17,22 
13. 54 
25.88 

Sample No, 
5 
6 
? 
8 

Sol Due Burn Locality, Sec.20,T.30N. ,R.11W. 

Sample No. Mn 
1 9. 59 
2 6.84 

Fe 
11.96 
12.43 

44.24 
41+.88 

Sol Due Burn Locality, Sec.21 ,T.30N.,R.11W. 

Mn 
12. 34 
12. 53 
9.18 
7.66 

10.92 
17.09 
25 .00 
15. 51 
15.85 
17.38 

Mn 
40,74 
26,38 
27.02 
36.25 

Fe 
28.47 
30.63 
32.12 
9.97 

35. 43 
37.60 
27 .00 
30.12 
56.82 
34.87 

Fe 
8. 56 
7, 45 
8, 59 
6.?8 

Si02 
37,85 
30.16 
44 .14 
70.18 
42 .87 
29.28 
24 .92 
26.66 
17.49 
35.57 

9,07 
32.40 
30.04 
29,09 

Sam le No. Mn Fe SiO Sam le No . Mn Fe SiO 
l 15.70 29.69 25 . 51 15 23. 54 16.49 28.2 
2 13.71 18.50 41.51 16 22.68 14.44 28.95 
3 30.92 17. 79 23. 51 17 24.66 16.01 29 .94 

7 17.40 26.28 23.97 21 19.02 14.95 37.75 

10 20 .16 19.05 32.38 24 14.65 20.48 46,12 
11 23.35 13.22 32,01 25 18,85 23, 20 37,94 
12 28.17 8.90 35.12 2h 15.73 23.76 34.73 
~ 17.55 10.69 58. 54 27 32. 22 15.63 17.17 14·-----'::-24~.-=77~~167"','"""9~2-~2?=.:....:3;::x.9 _ __:2:::.18,----~32~.:..;;4::;:.g ~ 1+6 ~. 06~---":'1+6.;.;;;. 5:::.19-

Sol Due Burn Locality, Sec . 23 ,T.JON. ,R. llW. 

Sample No . 
1 
2 
3 
4 

Mn 
16, 51 
19.64 
39.80 
28.63 

Fe 
17.87 
14,63 
19.11 
21.75 

Si02 
34,60 
44,,85 
37-92 
40.76 

- 29-

Sample No. 
5 
6 
7 
8 

Mn 
23, 32 
30,85 
19.77 
30.00 

Fe 
13,67 
12, 56 
11.69 
14.09 

38,13 
30,01 
31.59 
31.47 



' 

Bear Creek Locality, • Sec . - 16,T.30N.,R.12W. 

Sam:ele No. Mn Fe Si02 
1 41.84 3.21 lJ.68 

Little River Area-Sec. 20, T. 29, R. 6 w. 
Sample NQ. Mn Ee SiQ2 Sainpl~ 

1 l3,8/.i. l3.Q2 53.59 l2 
2 ~5.Q6 l2.l4 so.as l3 
3 lQ.9.2 l3,5l 6Q.66 lk 
4 a.2i 25.33 31.Su l5 
5 s,a6 23.55 31...,23 l6 
6 8,tB 16.oa l..3,88 l2 
7 l2,2J. lS,9.6 t.6.6o ia 
8 9,92 l.3,46 63.66 l9 
9 a. Sl 13.88 62,61 20 

10 21.60 9.,26 50,'.ZS 21 
11 10,81 9.:n 65,63 

Dosewallips River Area , Sec .30 ,T. 26N .,R. 2W. 

Sample No. Mn Fe Si02 
1 25 .2 6.1 30.6 

Quinault Area - Pride and Kainber Claims 

Sample No . 
1 
2 

Mn 
24.51 
27. 58 

Fe 
17. 58 44.14 
24.95 23 .81 

-30-

NQ. Mn Ee QiQ2 
3,1..2 lQ.9l 2/J.,Q2 

12.21 16. sa 42,23 
6,23 6. Qli. 7.2.9.2 

2s.a 15.2 34.l 
13.2 a.li. 68.3 
25,2 5,2 43.'.Z 
12,4 is.o 22.a 
6.6 ll,2 l.5,2 

34,2 9,2 19.2 
3Q,6 6.2 34.2 
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