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GENERAL STATEMENT.
INTRODUCTION

While the United States is the world’s largest con-
sumer of magnesite, yet at the time of the opening of the
war in 1914, over 96 per cent of all the magnesite used
was imported from Kurope, principally from Austria-
Hungary. The discovery, during 1916, of the large de-
posits of magnesite in Stevens County, Washington,
came as an answer to appeals for domestic magnesite
with which to meet the emergency occasioned by the
sudden termination of the foreign supply. The Stevens
Cfounty deposits are today the largest source of supply
on the Continent,

SCOPE OF FIELD WORK AND ACKNOWLEDGMENTS

This report is the result of a brief examination made
by the writers at the close of the field season, in October,
1919, To assist the local magnesite producers as far as
possible Mr. Whitwell undertook an extended laboratory
imvestigation of the chemical and physical properties of
the various magnesite products, in an effort to evolve
larger commercial uses for the material.  Preliminary
to this investigation he spent two weeks in the Chewelah
distriet visiting the caleining plants and studving the
local practice of preparing dead-burned and caustic cal-
cined magnesite.  Mr. Patty spent eight days in the dis-
triet, studyving the geology and other general features of
the deposits. This field work was cut short by an early
snow fall which masked the rock outerops and caused the
examination to be confined to the various known de-
posits. No attempt was made to study the dolomite belt
at points between the magnesite deposits; neither was it
possible to attempt a detailed study of the complex
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structural problems encountered. The Double Kagle
and Crosby deposits were examined during August, 1920,
when Mr. Patty was in that section in connection with
metal mine investigations.

The writers are happy for this opportunity to ex-
press their indebtedness to R. B. Rogers, General Super-
intendent, and O. D. Rogers, Quarry Superintendent of
the Northwest Magnesite Company; also to H. F.
Wierum, General Manager, Mr. Griswold, Superin-
tendent, and Dan Lawson, Quarry Superintendent, of the
American Mineral Produetion Company, all of whom
courteously furnished every encouragement possible to
further the mvestigation.

MINERALOGY AND COMPOSITION

The important non-metal magnesite is chemically the
carbonate of magnesium, expressed as (MgCO,), with
a theoretical composition of 47.6% magnesium oxide
and 52.4% carbon dioxide. It has a specific gravity of
3.0 to 3.12 and a hardness of 3.5 to 4.5. The material
is somewhat heavier than caleite (2.7 specifie gravity)
and about one-third harder than that mineral. It is
practically insoluble in cold hydrochlorie acid but dis-
solves readily with pronounced effervescence in warm
acid,

For purposes of classification magnesite can be easily
divided into two distinet classes: erystalline magnesite,
and the non-erystalline or amorphous magnesite. The
eryvstalline variety develops well-defined erystals, which,
in texture, vary from-ine to coarse-grained. The physical
appearance of the material is similar to limestone or dolo-
mite. The crystalline variety of magnesite is usually
found as massive, bedded deposits associated with dolo-
mite and limestone. The deposits of Austria, those of
Stevens County in this State, and the Grenville, Quebec,
deposits are the leading examples of this important type.
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The amorphous variety of magnesite is a compact
fine-grained mineral, which, when pure, has a beautiful
white color. It develops a conchoidal fracture that re-
sembles in appearance broken chinaware. To this group
belong the Grecian and nearly all of the California de-
posits.  They occur as vein-like deposits and lenses in
serpentine rocks.

Crude magnesite possesses but scant utility. How-
ever, when the material is heated to a high temperature,

WASHINGTON GEOLOGICAL SURVEY BULLETIN No, 25, PLaTe 1

A coarsely crystalline phase of the Washington magnesite,

(around 1,200 degrees Centigrade in commercial prac-
tice), the mineral is broken down and the earbon dioxide
driven off as a gas, MgC0O,—=MgO-+CO.. The residue
of magnesinm oxide is an inert material which possesses
high refractory and numerous other properties which
give it commercial value. The loss of weight occasioned
by the escape of the carbon dioxide reduces the weight of
the material a little more than one-half. Tt requires 2.2
to 2.4 tons of erude magnesite to make one ton of caustic
caleined magnesite or dead-burned magnesite.
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GENERAL CHARACTER OF MAGNESITE

The physical appearance of the Stevens Clounty mag-
nesite varies. The untrained eye cannot differentiate
some of the high-grade magnesite from limestone or
dolomite. This resemblance is not so pronounced with
certain phases of the material which is coarsely crystal-
line. Some of the magnesite develops aggregates of
erystals whose diameters often attain one-fourth of an
inch or more. The natural outerops of magnesite often
strikingly exhibit these erystal mosaies which would not
be mistaken for dolomite or limestone by an observer
familiar with this type. Other phases of the material
are very fine grained; in fact all gradations between the
fine and coarse grained varieties can be found in each
deposit. A small hand-sample often shows pronounced
gradations in texture and color, yet, all of the material
may be high-grade.

The magnesite varies through a wide eolor range and
it has been found that color is a poor guide for the de-
termination of the grade. The variance in color is from
creamy-white to almost black and some of the material
exhibits intermediate shades such as pinkish-red, dark
gray, mottled gray, ete. The color is influenced largely
by the amount and nature of the iron impurities, while
some of the darker shades are due to included carbon-
aceous material,
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DESCRIPTION OF THE DEPOSITS
LOCATION

The present known magnesite deposits of Washing-
ton are found in a relatively limited area in Stevens
County. They are 60 miles north of Spokane and at
a distance varying between five and fifteen miles from
the towns of Chewelah and Valley on the Spokane &
Northern branch of the Great Northern Railway. The
occurrence of the magnesite is apparently confined to
a narrow semi-continuous belt of dolomite which trends

along the eastern flank of the Huekleberry Mountains,
well up near the erest of the range.

DISCOVERY AND DEVELOPMENT

Through the history of the discovery and war-time
development of the immense Washington deposits of
magnesite, runs an interesting thread colored with the
romance that so frequently attends the history of mining
activity.

The material was not recognized as true magnesite
in quantity until 1916. The Finch deposit was first lo-
cated for limestone but the owner became discouraged
with his location and it is said he once unsuccessfully
offered to trade it to a neighbor for a second-hand Ford
automobile. This is the ore body that today is credited
with the largest production of any deposit on the con-
tinent. Just across the canyon from the Finch are the
Allen and Moss deposits and these three have supplied
practically the entire production of the distriet. The
others are apparently of equal grade but on account
of the superior location of the Allen, Moss and Finch
quarries they are being worked first and the others held
n reserve.
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The Keystone and Red Marble deposits were first
located for marble and the Keystone is eredited with a
production of $100,000 in dressed stone. In fact some
of the old drill holes of the Marble Company ave still
evident in the quarry face.

The magnesite was mistaken for limestone, marble
and dolomite. In several instances the high magnesium
content of the supposed dolomite was recognized but
the utility of the material as magnesite was not ap-
preciated.

In 1903 Frank W. Clark' described a pseudo-serpen-
tine that was apparently collected from a so-called ser-
pentine quarry adjoining the Keystone: “To the un-
aided eye the rock appears to be an ordinary yellowish-
green serpentine.  Chemical and petrographic examina-
tions were made and the rock found to be, not serpentine,
but rather a mixture of hyvdro-magnesite, brucite, elino-
chlore and serpentine.””’

Shedd,® when reporting on the marble quarries of
Stevens County, recognized the high magnesium con-
tent of some of the material.

When deseribing the deposit of the United States
Marble Co., which is now the Keystone magnesite
quarry, he wrote as follows: ““The material takes a
very good polish but is quite hard and not easily worked.
As shown by the accompanying chemieal analysis this is
almost a pure magnesinm carbonate and has much the
same composition as magnesite but it differs from most
magnesite in the fact that it is erystalline.”’

During 1905 EKEckel* mentioned the occurrence of
crystalline limestone and marble in Stevens County,

PAm. Journal of Seience, fourth series, Vol. 15, pp. 397-8,

2 Shedd, Solon, Wash. Geol. Survey, Ann. Rept., Vol, 2, pp. 87-105, 1902,

* Eckel, Edwin C., Cement Materials and Industry of the U. 8, U. S,
Geol, Survey, Bull. 243, 1905,
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Washington. 1In these descriptions he noted the high
magnesium content of many of the samples.

Shedd' gives the following analyses of limestone
from west of Valley, Stevens County :

1 2 i 4

Silica (8BI0.Y i iviviigiiiaisssbvasisg | 6.48 1=.18 5.70 0.89
Alumina (Al20a). ..o [ssnsnsnaes 0.4 0.43 nons
Ferric Iron (Fe,0,) ........ooinunne. | 420 0.45 0.55 nons
Ferrous Iron (Ie0).oiavesasamves s 1.17 none 0.58
Lime (G0, .ovswammsssenmammse s 2.2 | 24.74 1.69 none
Magnesin (MgO) ... innaa GG 16.10 42,07 45.76
Carbon Dioxide (CO.)........ovcnveifesmaivines :lh'.l:_«‘ 47.23 49.24
MOISENTR L ivsivismemens s monwwvias spe o eamevisiee ll.l?-} .................. e
Undetermined substances ............ ERTERTIORE 0.69 194 3,53

i kv OO | oes 100.00 | 100.00 10000

1. Light gray in color, Sees. 30 and 81, T. 32N., R. 40 E.; A. A, Hammer, Analyst.

2. Pinkish in color, S=es. 1 and 12, T. 31N, R. 39E., and Sees. 6 and 7, T. 31N,
R. 40E.; R. W. Thatreher, Analyst.

3. Dark, coarsely erystalline; Sees, 8 and %, T. 3IN.,, R. #E.; R. W. Thatcher,
Analyst,

4. Pink, cvoarsely erystalline;

Ssze. 19, T. 3IN., R, 39E.; R. W. Thateher, Analyst,

Sample No. 1 was probably taken from what are
now known as the Finch, Allen, or Moss deposits. Sample
No. 2 came from near the Woodbury deposit. Sample
No. 3 was taken from the Keystone. These reports of
Shedd later played an important role in aiding the dis-
covery of the property.

During 1916 the nation was sorely pressed for mag-
nesite and appeals were sent out to stimulate the search
for new domestic deposits. Professor F. M. Handy, of
Washington State College, noted the high magnesinm
analyses quoted in the report of Shedd and was one of
the first to appreciate the true utility of the magnesite
and began actively acquiring property. Apparently at
about the same time several other men recognized the
ralue of the material and it was not long until all the
known deposits high in magnesium had been acquired.
Among the pioneers in the field was R. S. Talbot of the

! Shedd, Solon, The Cement Materials of Washington, Wash. Geol,
Survey, Bull. No. 4, 1914,
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Inland Empire Paper Company of Spokane. Mr. Talbot
came into possession of samples of the material from
the abandoned U. S. Marble Quarry. Analyses showed
these samples to be the mineral brueite, the hydrated mag-
nesium oxide. Title was acquired to the property and the
Washington Magnesite Company was organized. From
November 1916, to May, 1917, about 5,000 tons of erude
magnesite were shipped from this deposit, and these
shipments were probably the first made from the Stevens
County area. The deposit was first known by its old
name, the U, S, Marble Quarry, but to avoid confusion
with the Red Marble Quarry the name was changed to
the Keystone.  The Washington Magnesite Company
also acquired title to the Finch deposit and during May,
1917, Mr. Talbot became associated with California in-
terests and the Northwest Magnesite Company was or-
canized to take over the holdings of the Washington
Magnesite Company. Roy N. Bishop of San Francisco
became general manager and Bart 1. Thane, consulting
engineer. By December, 1917, the company had com-
pleted, at a cost of more than $600,000, a modern cal-
cining plant at Chewelah. The plant has a capacity of
7,000 tons of dead-burned or ferro-magnesite per month.
The Fineh deposit was developed and put on an efficient
mining basis and a five mile aerial tram was built to
conneet the Fineh with the ealeining plant at Chewelah.

About the time the Northwest Magnesite Company
was beginning to take corporate shape the American
Mineral Production Company was organized with head
offices at Chicago. The company acquired the Allen,
Moss, Woodbury, and Red Marble deposits and today
stand second only to the Northwest Company in point
of produection. This company was unfortunate in that
during the ecarly period of its activity it was not as
skillfully guided as should be desired. The costs of de-
veloping their deposits and providing railroad trans-
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portation used up a large part of the working capital.
Later it became necessary to ship dead-burned rather
than cerude magnesite. The uncertainty of the market
following the close of the war further mitigated against
additional investments in a large caleining plant and the
company has been more or less compelled to ““mark
time’’ until the fate of the domestie industry is more
clearly defined. Through various arrangements, men-
tioned later in the report, they are at the present time
actively operating the Moss and Allen quarries and are
mmportant producers of magnesite.

The Allen deposit, now owned by the American Min-
eral Production Company, was located for magnesite hy
Mr. Ravmond Allen of lone, Washington, September
24, 1916, Mr. Allen states' that during the summer
of 1916 he was in  Stevens County looking
for a deposit of very pure limestone. IHe was nsing Bul-
letin No. 4 of the Washington Geological Survey as a
guide and noted in that report the high magnesinm con-
tent of the limestone belt west of Valley. Knowing of
the demand for magnesite he secured samples from the
Red Marble Quarry and sent them to the Harbison-
Walker Refractory Company of Pittsburg, who imme-
diately began to wire and write for particulars and car-
load samples. An attempt was made to secure an option
on the Red Marble Quarry but the owners, who were
holding it as a marble deposit, asked $75,000 for the
property. He visited other localities mentioned in Bulle-
tin No. 4 and soon succeeded in locating the deposit now
known as the Allen Quarry. During December, 1916, he
sold the deposit to Mr. F. M. Handy, who was at that
time representing the American Mineral Production
Company.

! Personal Communication.
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TRANSPORTATION

The most favorably located of the magnesite deposits
are the Finch, Allen and Moss properties which are
five miles by air line, and about six and one-half miles
by highway from the railroad. It naturally follows that
these more favorably located properties should be the
first mined.

The output of these quarries averages from 400 to
800 tons per day. During the earlier days of production
aunto trucks and teams were pressed into service until
cheaper transportation could be istalled.

In order to provide economieal transportation from
their quarries to the railroad at Vallev the Spokane
Valley & Northern Railway Company was organized
during 1917, as a subsidiary to the American Mineral
Produetion Company. A standard guage line from near
the town of Valley to the Allen and Moss quarries was
built, a distance of six miles. Kight additional miles
of erade and bridges were construeted from the Allen to
the Red Marble and Double Eagle deposits. Kven ties
and rails were distributed along the right-of-way before
a sudden break in the magnesite market halted the work.
The total cost of the railroad construetion was about
one-half million dollars. It was built in 150 days under
the handicap of war conditions. The road operates
under the I. C. C. regulations as a common carrier; its
present principal income is now derived from transport-
ing logs and lumber,

The Northwest Magnesite Company built its large
caleining plant at the railroad a mile south of Chewelah
and solved its transportation problem by the construe-
tion of a five-mile aerial tram to conneet the Finch
quarries with the caleining plant. The tram was con-
structed at a cost of about $60,000. 1t is of the double
rope type with a 135" track cable on the load side and a
1”7 cable on the return side; the traction rope measures
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54”. The tram has a capacity of 1,200 tons per day. The
buckets carrving 1,000 pounds of rock are spaced one
minute and 10 seconds apart or each 600 feet on the
tram. The time of travel between terminals is 50
minutes. The cost of transportation is about 50 cents
per ton. A tram line has also been surveyed by the com-
pany to the Keystone deposit about five miles southwest
of the Finch. This additional tram unit will be con-
structed when the necessity arises to open the Keystone.

The entire present production from the Double Eagle
and Red Marble quarries is hauled by auto trucks to
the railroad at Valley, a distance of 12 miles. The aver-
age haulage charge is $4.50 per ton. 1If a large scale
production is required from these two quarries the line
of the Spokane Valley & Northern railroad will prob-
ably be completed over the existing grade.

MINING METHODS

Practically all of the magnesite produced at present
in Stevens County goes into the manufacture of re-
fractories. The manufacturing companies have specified
that the crude produet must not carry over 3.5 per cent
silica or two per cent caleium oxide. These demands
cause a large wastage of medinm grade magnesite in the
quarries and also materially increase the mining costs.
Loading the rock out of the quarries by steam-shovel or
large glory hole methods cannot be considered if the
grade of lime and silica is to be kept below specifications.
Some of the limited richer belts have been mined by
small glory holes but these can never be extended to
large size. The Austrian deposits were very un-
fortunate in this respeet, it being necessary for them to
reject from 50 to 65 per cent of all the material mined
in order to meet grade specifications. The Washington
deposits, however, are more fortunate, only 20 to 45
per cent of the material mined being sent to waste.
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Judging from data furnished by the quarry superin-
tendents and the size of the waste dumps it seems prob-
able that an average of 33 per cent of the material mined
will cover the sorting reject for the Stevens County
deposits. Some of the waste dumps contain magnesite
of medium grade and at some future time these dumps
will no doubt be reworked and efficiently utilized.

The open quarry method of mining is the most com-
mon system employed. Air driven jackhammer drills
are used to put down 12 to 16-foot holes along the breast,
and the rock blasted down. The larger boulders are
blockholed with jackhammers. In order to maintain the
grade the material must be loaded and sorted by hand.
The general physical appearance of the material is a
poor guide in attempting to sort out rock containing high
lime or silica. Theoretically, rock containing six or
seven per cent lime or silica should be discarded while
the material carrying two or three per cent of these
impurities should be retained. The coler and coarseness
of texture are but local guides at the best and it is neces-
sary to continually sample the exposures and to use type
samples to edueate the men that they may know just
what type of rock shold be discarded from a certain face.
In spite of all these handicaps the workmen as a general
rule do remarkably well in maintaining the grade.

The magnesite is traversed with many small one-half
inch to two-ineh seams which often run high in lime or
silica. In blasting this seamy ground the filling in the
seams would naturally tend to go into the *“fines”’. The
companies were quick to appreciate that the ‘‘fines”’
usually ran high in impurities and they are largely elim-
inated by having the loaders use forks instead of shovels
for handling them; and more effectively, by putting an
inch and one-half grizzly ahead of the erusher, thus hy-
passing the fines and sending them to the waste pile.
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The magnesite after being loaded into one-ton cars
at the quarry is usually handled to the main bunkers
by *‘jig-back” or surface trams. Another common prac-
tice is to drive an adit tunnel at a depth of 100 to 200
feet below the quarries and then drive a chute-raise
through to the quarry floor. The rock is dumped down
these raises, drawn off in the adit, and trammed to the
main bins,

In several instances a limited tonnage has been won
by shrinkage stoping similar to metal mining practice.
The magnesite stands well in the stopes without timber
but stoping can only be practiced in certain belts of high-
orade material which does not require sorting.

The slowness of hand sorting when loading adds
heavily to the mining costs. Further, magnesite of ex-
cellent grade is often rejected through carelessless or
sorting errors. Sorting from a picking belt has not been
tried in the district. In metal mining practice, picking
belts are commonly used and if they can be successfully
utilized in the magnesite industry the costs of mining
and loading will be materially reduced and a better con-
trol of the grade secured.

POWER

The Northwest Magnesite Company uses electrieity
for all of its power operations. This was at first en-
tirely secured from the Meyers Falls plant of the Stevens
County Power & Light Company. During low water
periods this plant was unable to meet the heavy demands
and the Northwest Company was forced to install a 100-
horsepower distillate engine, in the caleining plant,
for use as a booster during emergency periods. To re-
lieve this situation a contract was made with the Wash-
ington Water Power Company of Spokane and during
1920 a 30-mile power line was built to conneet the Che-
welah distriet with the large power plant at Long Lake.
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At the quarries not operated by the Northwest Com-
pany, distillate engines are employed to drive the erush-
ing machinery. All railway haulage is done under steam
power.

GEOLOGY
OCCURRENCE

A large portion of Stevens County is underlain by
an extensive series of metamorphosed sediments con-
sisting of argillites, quartzites, limestones and dolomite.
These range in age from possible Pre-Cambrian to the
Carboniferous, and have been named by Weaver! the
Stevens series.  He estimates that their maximum thick-
ness was at one time 42,000 feet.  After deposition they
were uplifted, metamorphosed and severely folded and
faulted. During the ecarly Mesozoie these sediments
were intruded by a granitie batholith which now forms
the basement of the county. Krosion has removed a large
portion of the Stevens series until in places large patches
of the underlying granite are exposed.

One of the lower members of the Stevens series is a
long, narrow, semi-continuous belt of dolomite which has
been named the Stensgar dolomite. Starting three miles
south of the town of Turk, in the Deer Traii Mining Dis-
triet, the belt trends in a northeast direction through the
county for a distance of 20 miles; its width varies between
800 and 1,500 feet. The northeastern extremity is at
the western rim of Colville Valley near the town of Che-
welah, Forits full length the belt conforms to the trend of
Huckleberry Mountains and is found near the erest, on
the east slope of the range.

The magnesite of Stevens County oceurs as massive
bedded deposits associated with this dolomite. All of
the deposits are extensive in size and several of them
will average over 500 feet in length, 300 feet in width,

' Washington Geological Survey, Bull, 20: Weaver, C. K., Mineral
Resources of Stevens County, Wash, po 49, 1820,
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and 200 feet in thickness. The present commercial de-
posits are confined to the northern half of the dolomite
belt. The Finch deposit is near the northern tip of the
belt and nine miles further southwest is the Red Marble,
the most southerly deposit. It is quite likely that new
discoveries of magnesite will be made in that portion of
the belt southwest of the Red Marble deposit.

The Stensgar dolomite is conformably interbedded
between belts of argillite designated by Weaver!' the
Deer Trail argillite. The lower belt of argillite is of
considerable thickness while as a rule the overlying belt
of argillite is comparatively thin. This upper belt is
in turn conformably overlain by the thick belt of Addy

quartzite.
RESERVES

There are seven known commercial magnesite de-
posits in Stevens County. Named in order of their loca-
tion they are as follows: Finch, Allen, Moss, Woodbury,
Keystone, Double Eagle, and the Red Marble. It is con-
servative to estimate the reserves of these deposits as
5,000,000 tons of commercial magnesite, and as mining
is carried on new reserves will probably be developed.
The reserves alone could supply the entire present de-
mands of the American refractory trade for 30 years.
At the end of this time there would still be available a
large tonnage of impure magnesite probably averaging
as low as 12 per cent lime and 10 per cent silica.

STRUCTURE

The belt of Stensgar dolomite lies on the northwest-
ern limb of a prominent anticline, the axis of which
trends about N. 20” K. The belts of argillite, dolomite,
magnesite, ete., have an average strike of N. 20° K. and
dip N. 70° W. at angles varying between 35 and 50 de-
grees.  Another important structural feature is that the
axis of the fold has an inclination toward the northeast.

! Wash. Geol. Survey, Bull. 20, p. 59,
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In the quarries there are many small transverse
faults eutting and displacing the magnesite. The mine
workings sometimes show abrupt changes from mag-
nesite to dolomite or wice versa. Where these inter-
ruptions of strata are encountered, close examination
will usually reveal the tell-tale slip-plane of a fault.

The geologic associations of the dolomite-magnesite
belt are essentially similar in the vieinity of all the major
deposits. The belt is underlain by thick strata of dark-
colored argillite. A similar band of argillite, 200 feet
in average thickness overlays the dolomite-magnesite,
and is in turn overlain by an extensive belt of quartzite.
Certain of the field evidence suggests that these forma-
tions have been reversed by an overthrust and the quartz-
ite and thin band of argillite should normally underlay
the Stensear dolomite. Such a condition is found at the
Crosby deposit and detailed mapping may show that here
the belts are in their normal position.

The structural features of the area are expressed by
the topography. The stream valleys are eut principally
through the relatively soft and platy argillite. The bold
ridges which form the crest of the range are generally
of hard resistant quartzite. These ridges usunally aver-
age 4,000 feet in elevation and boast of an occasional
prominence of quartzite that rises 1,000 to 2,000 feet
above the general erest of the range.

The very complex structural geology of Stevens
County has been ably worked out from a generalized
standpoint by Weaver?, and a portion of his report cov-
ering the area involved is included here.

‘A prominent anticline, trending about N. 20° K., lies
three miles east of the summit of the Huckleberry Range.
The Deer Trail argillite below and the Addy quartzite
above are involved in this fold, which has been deeply

''Wash, Geol. Survey, Bull. 20, p. 108,
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carved by erosion so that for a distance of 15 miles the
overlying Addy quartzite has been removed, and a belt
three miles in width, of the Deer Trail argillite exposed.
The truncated edges of the Addy quartzite, which con-
stitutes the east and west limbs of the fold, form two
broad parallel belts. The latter are on the south, termi-
nated by intrusive granite and disappear beneath a cov-
ering of Tertiary lavas. In the middle portion of T. 32
N,, R. 40 K. the two belts join as the anticline pitches
to the northeast heneath Colville Valley and heyond. The
dips of the strata in this fold vary greatly, but have a
predominant slope to the northwest. This fold is desig-
nated as the Deer Trail anticline.

The Deer Trail anticline erosses Colville Valley be-
tween Addy and Chewelah and continues northeasterly
for a distance of about nine miles where it is terminated
by the batholithic intrusion of the Loon Lake granite.
The continuation of the fold northeast of Blue Creek
is referred to as the Blue Creek anticline. In the viein-
ity of Blue Creek this fold has been greatly appressed
and overturned so that the strata dip to the northwest
at angles as low as 30°. At no point do the underlying
Deer Trail argillites appear at the surface. The north-
western limb of the fold has been invaded by masses of
eranite.

In the southern part of T. 32 N, R. 39 K., the nose of
a synelinal fold has been developed in the western limb
of the Deer Trail anticline (see Plate I). The two limbs
of the fold are composed of the Addy quartzite. The
formation in the central part is the Chewelah argillite.
The axis of the fold trends nearly north and south for
a distance of about ten miles where it terminates against
a mass of intrusive granite. All of the strata in both
limbs are dipping to the west, indicating a closely ap-
pressed and overturned fold. This fold is named the
Addy syneline.”’
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This information furnishes a generalized perspective
of the structure of the magnesite area. When the indi-
vidual deposits are visited it soon becomes evident that
the problem is highly complicated by many minor folds
and faults. These structural problems are so complex
that they can only be solved by the most detailed strue-
tural mapping. Their ultimate solution has a definite
economie bearing, for only in this way can prospecting
for new magnesite deposits be intelligently direected.
During 1920 Dr. Bailey Willis was employed by the
Northwest Magnesite Company in making a geologie
investigation of the Stevens County magnesite. Dr.
Willis informed the writer' that the Stevens County
magnesite area presents the most complex struetural
problems he has yet encountered. He spent some 10
weeks on the problem, during which time it was found
necessary to construet a topographic base map to facili-
tate the geologic mapping.

GENESIS

The origin of the Stevens County magnesite deposits
is rather obsceure and the writer found that the field evi-
dence observed in one part of a deposit was sometimes
contradicted by later observed evidence. The deposits
are undoubtedly of sedimentary origin and are closely
related to the associated Stensear dolomite. This links
us with the problems concerning the origin of dolomite;
one that is perplexing because of lack of tangible con-
clusive evidence, and the contradictory nature of field
and experimental evidence. The origin of dolomite has
been the subject of numerous investigations and since
the best authoritics have arrived at variant conclusions
it can be readily appreciated that the question of origin
of the erystalline type of magnesite (which occurs asso-
ciated with dolomite) is subject to considerable differ-
ence of opinion. The following are the theories that are

POral Communication,
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advanced to account for the origin of the erystalline type
of magnesite:

1. Chemical deposition of magnesium carbonate from waters
rich in magnesium and poor in lime.

2, Limestone or dolomite deposited and then enriched by

hot magnesium-charged waters accompanying basic intrusive or
extrusive rocks.

3. Replacement of limestone or magnesium-limestone by per-
colating waters carrying magnesium, Dolomite thus being formed
and then further replacement from dolomite in magnesite,

4. Direct sedimentary deposition of mixed salts of calcium
and magnesium carbonates. Soluble caleium carbonate removed be-
fore the mixed salts are converted by metamorphic agencies, to the
double salt dolomite.

(1) For the first day or two in the field an investi-
gator might be seriously tempted to lean toward the first
hypothesis. It is difficult to understand why the asso-
ciated dolomite has not been leached of its lime content,
for it is apparently as badly fractured and offers just as
favorable opportunity for leaching reactions as does the
magnesite belt. However, there is a general assumption
based on chemical and geological evidence that magne-
site would not be deposited in this way. -2

When a perspective is gained of the deposits and
associated formations, it is evident that the magnesite
occurs as localized deposits in the long, narrow belt of
dolomite and the deposits are evidently the result of
localized replacement. The writer believes that the first
hypothesis is untenable.

(2) It is an interesting fact that meta-diabase dikes
cut the formations in the viecinity of each commercial
deposit of magnesite. The Red Marble deposit is under-
lain by a sill-like dike of this character. Stone® suggests
that the reerystallization of the purer magnesium car-

"Van Hise, C. R, A Treatise on Metamorphism; U. 8. Geol. Survey,
Mon. 47, 1904; pp. 802, 8508,

=Johns, 1., The solubility product constants of ecaleium and mag-
nesium carbonates. Jour, Am. Chem. SBoc., Vol. 37, 1815; p. 200,

fStone, R, W, U. 8 Geol. Survey, Min, Res of the U. S.; 1917, part

2, p. T2,
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bonate may have been secondary, possibly influenced by
the basic magnesium intrusive rocks. The rocks ad-
joining these dikes were observed in both the Finch and
Allen quarries. Dolomite was found not far distant from
the dikes but in most cases the nearest commercial mag-
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One of the upper quarries on the Finch magnesite deposit.

nesite was 200 feet or more from the dikes, It is pos-
sible, however, that magnesian solutions accompanying
these intrusions could have ascended along the myriad
number of joints and eracks in the dolomite belt and
locally replaced the caleium with magnesium.

(3) The most generally accepted theory of origin is
that first offered by Redlich! for the magnesite deposits
of Austria-Hungary. He suggested the formation as

1 Tschermak’s Mineralogische Mitt., 1909, p. 459,
=y
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the result of two reactions, dolomite being formed in
the first and magnesite in the second.

1. 2CaC0,+MgCO,=Mg(CaCO,+CaCO,
2. MgCaCO,-+MgCO,=2Mg(C0,+CaCO,

If these reactions hold true for the Stevens County
deposits, the second reaction was not carried to comple-
tion for it is not uncommon to find remnants of dolomite
scattered through the magnesite. Some of the strongest
evidence offered for the replacement hypothesis was
found in the Finch and Allen deposits where in several
instances samples broken from the quarry face showed
the transition from dolomite to magnesite, that is, a

fraction of the specimen was dolomite which graded out
into magnesite.

Redlich’s hypothesis seems to imply first, the deposi-
tion of limestone on the sea floor; later, percolation of
magnesium carbonate solutions through the limestone
effecting a gradual replacement of magnesium for cal-
cium; still later the more soluble caleium carbonate was
washed out and as the further percolation of magnesinm
proceeded the dolomite was gradually carried over into
magnesite. This replacement might be carried on be-
fore the material emerges from the sea. It is more gen-
erally assumed, however, that other sediments were de-
posited over the area and then the belts elevated above
the sea, folded and metamorphosed. These orogenic
movements would cause the belt to develop many eracks
and erevices through which underground waters rich
in magnesium could percolate and effect the replacement.
Van Hise' suggests that pressure tends to promote these
replacement reactions; thus, the deeper the rock the
greater the tendeney of caleium to be replaced by mag-
nesium, for as a result of the substitution of magnesite

'Van Hise, C. R., A Treatise on Metamorphism,; U, 8, Geol. Survey,
Mon. 47, p. 806, 1904,



The Magnesite Deposits of Washington 3

for one-halt calcium there is a volume change of 12.3
per cent.

Weaver! considers that the magnesite is the result of
the replacement of dolomite along fracture zones; this
replacement being effected after the overlying sediments
were deposited and the belts lifted above the sea.

(4) It was largely the writer’s inability to under-
stand how this replacement from dolomite into magne-
site could locally be earried so near the end point, that
caused the advancement of No. 4 as a possible hypothesis.
When we remember that the replacing solutions are sup-
posed to have acted along the fractures through the belt,
one would naturally expeect nearly pure magnesite near
the conduits. In the center of a block of magnesite
bounded by fractures there should be at least a kernel
of unaltered dolomite. As far as the writer could ob-
serve the numerous eracks and crevices traversing the
belt bear little relation to the grade of the material. The
seams were found to be filled with varying types of ma-
terial: some arve filled with caleite; others are rich in
magnesite and still others carry talecose matter high in
silica.

The writer believes that the replacement theory best
explains the Stevens County deposits but he wishes to
advanece certain new modifications that appear to play a
logical part in the solution of this partienlar problem.
There is considerable evidence to support the supposi-
tion that the deposit originated through the direct sedi-
mentary deposition of mixed salts of caleivm and mag-
nesium carbonates,  The ealeium earbonate, which is
highly soluble, could be removed before the mixed salts
are converted by metamorphic agencies to the double
salt, dolomite.

'Wash. Geol, Survey, Bull. 20, p. 322,
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Analyses of oceanic salts show that at the present
time there is over three times as much magnesium in the
sea water as there is calcium. Under certain conditions
it seems possible that this magnesium could be deposited
along with the caleium. In the arms or shut-off portions
of the sea where the conditions are favorable for unusual
concentration, the amount of magnesium in such waters
may be even greater than that in the normal waters and
under these circumstances magnesium would be precipi-
tated. The coral reefs of Metia, which are heavy in
magnesium, form a concrete example.’

Dana compares concentration of magnesium carbon-

ates in lagoons, which are mainly shut off from the sea,
to concentration in salt pans.

If we can assume that under favorable conditions
magnesium and caleium carbonates can be precipitated
together, we must next determine whether this precipi-
tate would be in the form of the mixed salts or in that
of the double salt, dolomite. It is the writer’s belief that
as a general rule the mixed salts are first precipitated
and that these do not combine to form dolomite until sub-
jected to moderate temperature or pressure.

Deposition of magnesium travertine by the mineral
springs of St. Allyre, near Clermont, France, has been
reported by J. Girardin.* In recent travertine he found
28.8 per cent magnesium carbonate with 24.4 per cent
caleium carbonate, and in old travertine the proportions
were 26.86 and 40.22 per cent, respectively. Whether
this represents dolomite or a mixture of the carbonates,
was not determined.

E. von Gorup-Besaney® found that springs from the
dolomites of Jura, which eontain caleium and magnesium

! Dana, Jas. D., Corals and Coral Islands, New York, Dodd Mead &
Co,, 3rd Ed., p. 394, 1890,

? Annales des mines, 3rd Ser.,, Vol. 11, 1837, p. 460,
4 Liebig's Annalen, Beil Band 8, 1872, p. 230,
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carbonates in the dolomite ratio, deposited the mixed
salts upon evaporation, and not the double compound.

T. Sterry Hunt' found that when the pasty mass
formed by precipitating the two carbonates together was
heated to temperatures above 120 degrees, union took
place and dolomite was formed.

That temperature and pressure are important fac-
tors in the formation of dolomite is evidenced by experi-
mental data which show that dolomite can be formed in
several ways. Synthetie experiments® show that mixed
carbonates of caleium and magnesium, and not true dolo-
mite are first precipitated. A study of the literature
reveals that all attempts to produce dolomite artificially
as a direet precipitate under ordinary conditions have
been unsuceessful. Scheerer® failed to obtain it by mix-
ing solutions of CaCO, and MgCO, together in different
proportions and evaporating at ordinary temperatures.
The two carbonates were thrown down separately as
characteristic rhombohedrons of caleite and prisms of
hyvdrous magnesium carbonate. Recently Leitmeir* re-
peated this experiment, evaporating the solutions at tem-
peratures from 10° to 100” but secured the same results.
Van Tuyl® also carried on experiments along the same
line. He reports separate solutions of the bicarbonate
of ealeium and magnesium after being standardized were
mixed in molecular equivalent proportions in order to
give the same ratio of CaCO, and MgCO, as exists in
normal dolomite. The solution was then allowed to
evaporate spontaneously during a period of one month.
It was noted that the carbonates came down separately
with the CaCO, much in advance of the MgCO., which

LA, Jour. Sei., 2d series, Vol. 28, 1859, pp. 170, 365; Vol. 42, 1866, p. 49,
*Data of Geochemistry, U. 8, Geol. Survey Bull. 695, p. 563, 1920,

i Neues Jahrbuch, 1866, p. 1.

‘Doelter's Handbuch der Mineralchemie; Vol 1, 1912, p. 395.

*Van Tuyl, Francis M., The Origin of Dolomite; Ann. Rept. Iowa
Geol. Survey, Vol. 25, p. 299, 1914,
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was deposited in the hydrous form (MgCO,H,0). Nega-
tive results still were obtained when a solution prepared
as above was inoculated with a erystal of dolomite and
allowed to evaporate. The erystal did not grow and no
dolomite could be found in the residue. Nor could the
double carbonate be prepared by evaporating spontane-
ously a solution of the two carbonates obtained by the
action of carbonated waters on normal dolomite, even
when a dolomite crystal was introduced and a concen-
trated solution of NaCl and magnesium salts was also
introduced. Numerous experimenters, however, have
succeeded in preparing dolomite artificially from the
mixed salts at elevated temperatures' under slight pres-
sure.

It seems logical that local replacement reactions could
be much better carried to completion while the mixed
salts were in a more or less unconsolidated stage, and
before they have been combined into the double salt,
dolomite, and then hardened still further by meta-
morphic reactions into a compressed belt. If, at several
points along the belt the caleinm could, by local agencies,
be leached out before dolomitization set in, our condi-
tions would be fulfilled.

The belt of quartzite overlying the Stensgar dolomite
suggests that following the deposition of the dolomite
belt, the material was elevated so nearly to sea level that
sandstone was deposited as a cover over the dolomite.
The weight of the sandstone was enongh to effeet dolo-
mitization. Later, intense metamorphic reaction con-
verted the sandstone into a quartzite, the shale into ar-
gillite and highly metamorphosed the dolomite and mag-
nesite.

The writer’s hyvpothesis concerning the origin of the
magnesite deposits of Stevens County can be summed

'Van Tuyl, Francis M., The Origin of Dolomite, Ann. Rept, lowa
Geol. Survey, Vol. 25, pp. 300-6, 1914,
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up as follows: First, the existence during late Paleo-
zoic time of a long, shallow, inland sea or lagoon. In
this sea concentration of magnesium and caleinm salts
by evaporation and saturation would cause the mixed
salts of caleium carbonate and magnesium carbonate to
be precipitated. Before these mixed salts were con-
verted into dolomite, certain points along the belt were
subjected to local leaching action, which removed the
more soluble caleium carbonate.  Subsequent meta-
morphic agencies, ecither heat or pressure, crystallized
the maenesium earbonate and also converted the remain-
ing mixed salts of caleium and magnesium carbonates
into the double salt, dolomite.
PROSPECTING

It is not likely that all of the commercial magnesite
deposits of Stevens County have been found. Following
the first discoveries in 1916 there was a rush of pros-
pecting carried on in most part by loecal men, but the ex-
citement gradually subsided and at the present time
there is little new prospecting being conducted. The
present reserves are ample for all needs for many years
to come and this has served to partially remove the in-
centive for the search of new deposits.

The flanks of Huckleberry Range are veneered with
a thick coating of hillside wash and glacial debris, which
support a good stand of timber and heavy underbrush.
These combined agencies cover much of the bedrock and
hamper prospecting.

All of the commercial deposits of magnesite occur
in the long, narrow belt of Stensgar dolomite and it is
obvious that this belt offers the most likely ground for
prospecting. Particularly is this true along the south-
western half of the belt which is not so well known, A
number of limestone belts in northeastern Washington
carry an appreciable magnesium content. Samples from
the Old Dominion limestone belt average about 20 per
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cent magnesium oxide and 30 per cent caleium oxide.
Limestones from near the headwaters of Stranger Creek
and from Riverside, Okanogan County, carry similarly
high percentages of magnesium and 1t 1s possible that
lenses of magnesite may later be found in these dolo-
mitic limestones.

On account of its insoluble nature and superior hard-
ness, magnesite offers more resistance to erosion than
does limestone or dolomite. Thus magnesite often forms
small knobs or prominent outerops to aid the prospector.
Another distingnishing feature is that limestone and

WASHINGTON (GEOLOGICAL SURVEY BULLETIN No. 25, PratE VI

Original opening of the Moss deposit, during 1917. In the upper part of the
view note the bold outeropping of magnesite, known as Moss Peak.
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dolomitic limestone (carrying free calcium carbonate)
will effervesce when treated with a drop of cold hydro-
chloric acid. Magnesite cannot be distinguished from
true dolomite by this test, however, for neither effervesce
unless treated with warm hydrochlorie acid. Material
that is apparently limestone yet which will not effervesce
under cold hydrochlorie acid should be considered worthy
of analysis.
NORTHWEST MAGNESITE COMPANY
FINCH DEPOSIT

General Featwres. From this deposit has come the
principal production of the Northwest Magnesite Com-
pany for the past three years. It stands as the premier
magnesite deposit in point of production for the years
1918, 1919, and 1920.

The property embraces the NK14 of the NW1j, the
NW1; of the NW1/, and the SW1/ of the NW1j of S. 30,
T. 32 N, R. 40 E. The quarry proper is situated in the
SW14 of the NW1, of seetion 30, near the northern tip
of the Stensgar dolomite belt and five miles by air line
from the company’s plant near Chewelah.

From November, 1916, to May, 1917, it was operated
by R. S. Talbot as the Washington Magnesite Co. The
present company was organized in May, 1917. The oper-
ating office is located at Chewelah and the head offices
-are in San Francisco. R. B. Rodgers is general superin-
tendent; O. D. Rodgers is superintendent of the quarries.

Description of the Deposit. The magnesite and dolo-
mite outerops extend along the valley wall from near the
level of the valley practically to the erest of the hillside.
The general trend of the belt is N. 5° K. and it
dips 35° to 50° toward the west. The maximum width
of the belt is 600 feet, the length is about 1,000 feet, and
the thickness in some places exceeds 250 feet. All varie-
ties of gradations from dolomite to magnesite are found.
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By referring to the ideal cross-section (Fig. 2) the best
general idea of the relations of the magnesite and asso-
ciated formations can be gained. The deposit is under-
lain by thinly-bedded, argillaceous shales. Argillites
flank the dolomite and magnesite on the east, and a nar-
row belt of overlying argillite on the west gives way to
a bold exposure of quartzite. About 400 feet from the
portal of the lower adit tunnel the dolomite is found rest-
ing on the argillaceous shales. This is the bottom of the
dolomite-magnesite belt. The contact between the two
beds is sharply defined and dips at a 207 angle toward
the north.

The series have been subjected to intense local fold-
ing, buckling and faulting which tend to obscure the
major structural features. Many small seams traverse
the beds. These are usunally high in silica, although in
some cases they may be filled with pure caleite or again
pure magnesite.

At the time of visiting the quarries numbers 10 and 11
were being opened up near the crest of the hill. The
exploratory work has exposed a 12-foot meta-diabase
dike striking east and west and eutting vertically through
the dolomite. This is the only sign of igneous rock so
far exposed in the Finch workings. The rocks in the
vieinity of the dike are badly contorted and some serpen-
tine is developed. There is nothing to indicate, however,
that the igneous activity played any part in the replace-
ment of the magnesite from dolomite, excepting that it
is possible that the heat of the igneous dike assisted
dolomitization of the calcium and magnesium salts.

Mining Methods. The Finch deposit has been care-
fully diamond drilled and the drill records have been
of material aid toward defining the workable zones and
thus promoting more comprehensive development.

At the Finch deposit the magnesite is developed by a
series of quarries opened at intervals up the hillside.
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It is the policy of the management to have several work-
ing faces open at the same time in order to be better
able to meet any peak demands. It is a common practice
to mix rock from two quarries when one quarry is run-
ning high in silica and low in lime and the other quarry
showing high lime impurities and low in silica. The
Finch quarry has also a 60-foot zone of practically pure
magnesite, known locally as the “‘sugar pot.”” This zone
1s mined by underground shrinkage stoping and when
necessary is mixed with the day’s tonnage to “‘sweeten’
the grade.

After the magnesite is loaded into the cars at the

quarry face it has two means of transit fo the eoarse
erushing plant below. A portion of the tonnage is
handled by a ‘‘jig-back’ tram operating from the level
of No. 4 quarry to the crusher bins. At the level of the
crushing plant a long adit is driven under the main
quarries and north far enough to tap the belt of high
grade magnesite on its dip. From the adit, chute-raises
have been driven up to the quarry floor. A large part
of the broken rock is dumped down this raise, drawn off
at will in the adit, and trammed by mule train to the
crushing plant.

All drilling is done by power furnished by a 500 cubie-
foot ten machine compressor operated by a 100 horse-
power, 2,200 volt motor.

Coarse Crushing Plant. The ore from the quarries
is dumped into a 75 ton receiving bin from which it is
fed to an 18x29 inch Bull Dog jaw-crusher breaking to
about five inches. The rock from the erusher falls onto
a 22 inch belt conveyor, set at an angle of 17°, which
clevates the rock to a 75 ton head bin. At the upper
end of the bin the material passes over a grizzly set to
one and one-half inches. The undersize being high in
impurities usually goes to the waste dump. If the grade
is better the ‘‘fines’’ are by-passed to a trommel carry-
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ing a 14 inch sereen; the undersize goes to waste and the
oversize is sent to the ore bins. The rock is next fed to
two Gates No. 5 gyratory crushers breaking to about
two inches. A bucket elevator lifts the erushed rock to
a 300 ton tram bin where it is subsequently loaded into
tram buckets and carried five miles to the company’s
plant at Chewelah. All machines are motor driven. The
bins in the erushing plant are all oversize in order to
provide ample storage capacity to ward against tempo-
rary delays.

Excellently construeted and appointed living quarters
and a club house are provided for the employees and

bungalows have heen built for the superintendents. A
crew of 120 men is ordinarily employed on two shifts.

An average of 12,000 to 18,000 tons of rock are mined
each month at the Finch quarries. About 70 per cent of
this is sent to the Chewelah plant, the remainder being
waste.

KEYSTONE DEPOSIT

The Keystone deposit is now owned by the Northwest
Magnesite Company. It was first known as the U. S.
Marble Co. and from 1898 to 1903 this company opened
a quarry in the magnesite and marketed a large tonnage
of the material under the impression that it was marble.
Their lines of drill holes still show in the quarry face.
Title to the property was acquired by R. S. Talbot of
Spokane who organized the Washington Magnesite Co.
and from this property made the first shipments of mag-
nesite from the Stevens County area. Later, the Wash-
ington Magnesite Clo. was reorganized as the Northwest
Magnesite Co. The Finch deposit was acquired by the
Northwest Co. and on account of its superior location
operations are now centered on the Finch deposit while
the Keystone is held in reserve.

The property is located about 10 miles by road from
Valley and about five miles by air line southwest of the
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Finch quarries. The exact location is in sections 8 and 9,
R. 31 E., T. 39 N. The quarry face is about 600 feet
above the road, the bold outeroppings of magnesite form-
ing a prominent ridge.

The deposit is known to be 200 feet thick, 225 feet
wide and 600 feet long. There are belts of dolomite in-
terspersed through magnesite but the magnesite is said
to average good shipping grade. An estimate of one
million tons of commercial magnesite is probably a con-
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Fre. 2.—Ideal geologic cross-section in the vicinity of the Keystone magnesite
deposit.

servative figure. The outeropping and quarry face have
heen systematically channel sampled.

Near the center of the quarry there is a large lenticu-
lar mass of brucite (MgO, H.,0), about 40 feet long and
20 feet thick. The brucite is frozen to a nearly vertical,
strongly striated face of magnesite. This slip-plane sug-
gests the possible means of alteration from magnesite
to brucite. The zetion of heat and steam from an asso-
ciated igneous dike during its period of cooling may have
used this slip-plane as a vent with the result that a por-
tion of the adjacent magnesite was caleined and hydrated.
On the southwest side of the quarry the brucite merges
into fine-grained, white magnesite. The brucite varies
from light green to a chalky white color and is highly
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translucent. It is capable of being carved into intricate
ornaments and takes a very high polish.

The magnesite from the deposit is generally dark
blue to bluish-black in color and is coarsely crystalline.
The outerops of magnesite weather to a rough pattern
of sheaf-like crystal aggregates.

The magnesite-dolomite belts are underlain by argil-
laceous shales and overlain by quartzite. A dark, fine-
grained igneous dike cuts the belt.

Northeast of the magnesite quarry 400 feet, a second
quarry was opened some years ago and a considerable
production of serpentine-marble made. The lens is
flanked on two sides by dark, fine-grained igneous dikes
which are responsible for the serpentization of what was
once an impure magnesium limestone to which silica was
probably added by the igneous intrusion. The so-called
serpentine is dense and fine-grained, of a light green
color, wax-like luster and quite sectile. It takes a good
polish and should make an excellent ornamental stone.
‘While the material was marketed as serpentine, it is no
doubt the formation from which came the samples ex-
amined by Clark' and pronounced by him to be not ser-
pentine, but a mixture of hydro-magnesite, brucite, clina-
chlore and serpentine.

MIDNIGHT CLAIM

Weaver! briefly mentions the Midnight Claim as be-
ing located in the west half of the SE1; of Sec. 7, T. 31
N,, R. 39 E. No production has been made from this
property, which is owned by the Northwest Magnesite
Company. On account of the time available for field
work this property was not visited. Later, when at-
tempting to plot the deposit on the areal geologic map,
it was found that the Midnight Claim did not fall within
the Stensgar dolomite belt. This suggests that the loca-

'Clark, F. W., Am. Journal of Science, fourth series, Vol. 15, pp.
397-398,
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tion marks an erratic oceurrence of magnesite and the
geological relations at the deposit might throw some in-
teresting light on the struetural and genetie problems of
the area.

AMERICAN MINERAL PRODUCTION CO.
GENERAL STATEMENT

Early in 1917 the American Mineral Production Co.
of Chicago acquired the Allen, Moss and Woodbury quar-
ries and liberally expended capital to develop them and
to provide cheap transportation. A standard gauge
railroad was built to link the quarries with the railroad
at Valley, six miles distant. Four vertical kilns were
constructed at the Allen quarry in 1917. They were built
to drive off a part of the carbon dioxide as a gas and so
reduce freight costs. A considerable production of raw
and burned magnesite was shipped out via Valley in 1917
and 1918, these quarries being second only to the Finch
in point of production. During 1918 the demands for
dead burned magnesite became more incessant and the
company shipped its magnesite to the Inland Portland
Cement Co. at Irvin, near Spokane, where it was dead-
burned in rotary cement kilns. On account of uncertain
market conditions the quarries were idle from Decem-
ber, 1918, until August, 1919. Arrangements have since
been made with the Northwest Magnesite Co. to handle
200 tons daily through their Chewelah plant. The mag-
nesite from the Allen and Moss quarries is now trans-
ported to the Finch quarry over a short, narrow-gauge
road, and from there handled over the five-mile aerial
tram of the Northwest CCo. H. F. Wierum is general
manager of the company and Mr. Griswold is assistant

manager.
ALLEN AND MOSS DEPOSITS

These deposits are opened by two series of adjoining
quarries located on the same magnesite lens. The Alien
deposit is about 600 vards south of the Finch, and on
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the opposite side of the guleh, and
at about the same elevation. The
Moss quarries adjoin the Allen on
the south. It is only 100 yards
from the Allen quarry proper to
the Moss quarries. The Finch,
Allen and Moss deposits were at
one time linked together but have
been severed by erosion.

The belt of magnesite opened
on the two properties is from 250
to 300 feet wide, about 1,000 feet
long, and will average 200 feet in
thickness. This entire belt is, of
course, not all commercial ore.

The magnesite, being very re-
sistant to weathering, forms bold
outerops along an intermediate
crest of the hill. A belt of quartzite
forms a prominent ridge above the
magnesite on the west. The mag-
nesite-dolomite belt is underlain
by argillite, similar to the Finch de-
posit. The beds dip at an angle of
20 degrees to the north, contain
many minor folds and slips, and
like the Finch show the ravages of
metamorphism.  The lime and
silica impurities vary erratically,
making always necessary, constant
sorting vigilance and chemical test-
ing.

\ The ore is mined principally by

\ the open quarry method, similar to
5 that deseribed under the Finch
quarries. A limited amount of un-
derground stoping has been tried.
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The future plans of the management are to complete a
long adit tunnel now in 600 feet, and to handle most of
the tonnage through this adit. This will give them an
effective depth of about 120 to 170 feet below hoth the
Allen and Moss quarries.

The rock from all quarries is broken to about five
inches in a large Blake jaw crusher and is then trans-
ported by a gravity cable car to the ore bins at the rail-
road tracks.

Power for the drills is furnished by a 5-machine air
compressor operated by an 80-horsepower steam boiler.
An experiment of using sawdust as fuel from a nearby
sawmill is proving very successful and results in an
appreciable saving on fuel costs. A erew of about 80
men is employed on the one shift being worked. Dan
Lawson is superintendent of the quarries.

RED MARBLE DEPOSIT

This interesting deposit is at about the center of the
Stensgar dolomite belt and is the most southerly deposit
of magnesite so far located. It oceurs on one of the
ridges of the Huckleberry Mountains in sections 24 and
25, T. 31 N,, R. 38 . The main openings are at an ele-
vation of about 4,200 feet.

The deposit is owned by the American Mineral Pro-
duction Clo. and a railroad grade has been constructed
to the property, bridges built and a considerable quan-
tity of ties and rails distributed along the right-of-way.
These were never laid on account of the uncertain mag-
nesite market which later developed, and also because
the Allen and Moss quarries, more favorably located, are
capable of meeting the present demands. A 6,000-foot
aerial tramway has been constructed from the railroad
grade in Deer Creek Canyon to the quarry on the crest
of the hill. The tram terminals have a difference of ele-
vation of about 1,000 feet. A large quarry was opened
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on the deposit in 1917 and a considerable tonnage hauled
to Valley with auto trucks. The property is idle at pres-
ent, being held by the company as a potential source of
supply for the future.

This deposit should be capable of developing the
largest tonnage of any along the magnesite belt. Its exact
limits are not definitely known as yet. It is probably
1,200 feet long, 400 feet wide and with a thickness that
will likely exceed 300 feet. How much of this is commer-
cial ore 1s not definitely known. If the body will average
fairly consistently, a total of two and one-half million
tons of commercial ore would be a conservative estimate.

The magnesite varies from coarsely erystalline to a
fine groundmass. It has a distinet reddish-brown to rose-
red cast, which is due to impurities of salts of iron and
manganese. It is from this coloration that the deposit
received its name. At one time an attempt was made to
develop the property as a marble quarry.

Practically the same geologic associations hold here
as observed at the other deposits. The east side of the
belt is underlain by argillaceous shales which dip 45°
toward the N. W. and strike N. 25° E. Then appears a
narrow exposure of meta-diabase intrusive between the
shale and a belt of dolomite. The dolomite dips 45°
toward the N. W. and strikes N. 30° E.; this dolomite
grades into the magnesite. On the west the magnesite is
overlain by a heavy belt of quartzite extending to form
the backbone of a higher ridge of the Huckleberry Moun-
tains.

WOODBURY DEPOSIT

The Woodbury was the first shipping quarry opened
by the American Mineral Production Company. It was
operated from November, 1916, until August, 1918, and
is credited with an output of approximately 25,000 tons
of erude magnesite. On account of the more consistent
quality of the magnesite and cheaper conditions for min-
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ing at the extensive Allen and Moss deposits, operations
were suspended at the Woodbury during August, 1918,
and all work concentrated on the Allen and Moss.

The deposit is in the NW1; of the NW1/ of see. 1,
T. 31 N,, R. 39 E., one and one-half miles southwest of
the Allen and Moss quarries.

There is but one exposure on the Woodbury deposit,
and this permits a quarry face 150 feet long and 25 feet
high. The bed of magnesite is comparatively shallow
and cannot be expected to develop a reserve tonnage com-
parable with the major deposits.

During May, 1917, there was built at the Woodbury
a shaft kiln having a vertical steel eylindrical shell, three
feet inside diameter, 16 feet high and lined with fire
brick. A few months later a second kiln, of brick con-
struetion, was built. This has an inside diameter of six
feet and a height of 20 feet. The combined output of
the two kilns averaged 30 tons of calcined magnesite
daily.

AMERICAN REFRACTORIES COMPANY
DOUBLE EAGLE DEPOSIT

Gieneral Statement. This deposit was discovered and
developed by F. M. Handy, one of the first men to recog-
nize the commercial importance of the Stevens County
magnesite. Upright kilns were built at the property
during 1917 and considerable shipments of both crude
and caleined ore made. For a time the property was idle
but it was reopened during October, 1919, by Mr. Handy
and B. K. Keehler and shipments of caleined magnesite
resumed. Since January 1, 1920, the deposit has been
operated under lease and bond by the American Refrac-
tories Company of Pittsburg. A ecrew of 65 men was
employed during 1920 and a daily produetion of 80 tons
of erude ore maintained. This is burned in the three
upright kilns, and the calcine shipped east for use in the
manufacture of refractories. The burned material can-
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not be strictly classed as dead-burned, for it contains
115 to 2 per cent carbon dioxide. It is not, however,
classed as caustic-calcined magnesite as that term is used
in referring to the produet consumed by the plastie trade.

Location and Accesstbility. The holdings are in sees.
17 and 18, T. 39 N, R. 31 K., which is across Deer Creek,
about one and one-half miles northeast of the Red Marble
deposit. Near the foot of the mountain the kilns and
general camp buildings are located. The quarries are
near the crest of the mountain and connected with the
kilns by a surface tram 2800 feet in length, and by a
switechback wagon road. The calcined ore is hauled to
the railroad at Valley, 12 miles distant. The auto truck-
ing is handled under contract and costs $4.50 to the ton.

Geology. The main quarry when visited during
August, 1920 had a face 70 feet high and 60 feet wide,
while the quarry bench was 70 feet deep. The magnesite
being mined was of excellent grade and requires little
sorting. The impurities are principally in the form of
small stringers of calcite and quartz cutting the beds.
The magnesite varies in color from bluish-gray to white
and does not essentially differ in physical appearance
from the material being mined in the Finch, Allen and
Moss deposits. In point of actual production the Double
Kagle is surpassed only by these three deposits.

The magnesite body occurs in a belt of dolomite
which is 200 feet in average width, and which is in-
volved in a local fold. The magnesite exposed in the quar-
ry has a strike of N. 70° K. and pitches 45° toward the
north. One hundred feet up the hillside from the quarry
the dolomite belt gives way to a band of argillite 150 feet
in width, which strikes S. 40° K. and pitches 65° N. K.
Near the crest of the hill quartzite appears as a broad
belt conformably overlaying the argillite. Above the
quarry these bands of argillite and quartzite are twisted
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into a sharp fold and at a point 200 feet east of the
quarry the compression was relieved by a fault.

At a point 800 feet west of, and 300 lower in eleva-
tion than the main ore body there is a quarry which is
said to have yielded a good tonmage of ore during the
early history of the property. It was abandoned when
the material began to show excessively high amounts of
impurities. These workings are on the same dolomite-
magnesite belt as the main quarry. The continuity of
the beds between the two quarries is broken by several
transverse faults. The Double Kagle deposit cannot be
expected to develop a tonnage of magnesite comparable

with the major ore bodies of the area.

The Double Eagle and adjacent Croshy deposits sug-
cest the presence of two belts of dolomite-magnesite.
However, when the complex structural problems are
solved it may be found that both deposits belong to a
single belt and that they have been duplicated by
faulting.

U. 8. MAGNESITE COMPANY

The most southerly exposure of magnesite is that on
the property of the U. S. Magnesite Company, in see. 10,
T. 30 N., R. 38 K., 18 miles west of Springdale and six
miles from the logging railroad of the Phoenix Lumber
Company. Shipments made from the property during
1917 proved to ecarry execessive amounts of lime and
silica. This caused the property to close down during
August, 1917, and so far as the writer is aware no
further work has been attempted.

The deposit occurs as a lens in the Stensgar dolomite;
it is said to be 75 to 100 feet wide and uncovered for a
length of 150 feet. Weaver! gives the following geologic
section across the deposit: ““Underlying the deposit is
argillite; above this there is a narrow band of dolomitie

"Weaver, C. E., The Mineral Resources of Stevens County: Wash, Geo-
logical Survey, Bull, 20, p. 331, 1920,
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limestone; this is followed by 36 feet of magnesite, six
feet of dolomite, six feet of magnesite, nine feet of dolo-
mite, 10 feet of magnesite, 24 feet concealed, 15 feet of
dolomite and finally an argillite hanging-wall.”’

This section suggests that when the original ship-
ments were mined the dolomite belt was blasted along
with the magnesite, in which event it was hardly possible
to sort the dolomite out completely. If such were the
case, and the analyses show the 36-foot belt of magnesite
to be of commercial grade, it could be won by changing
the system of mining in order to break it separately
from the dolomite. This, however, would entail heavier
mining costs than for the other deposits.

CROSBY MAGNESITE COMPANY
CROSBY DEPOSIT

The Crosby magnesite deposit is one-quarter mile
southwest of the Double Eagle. It was developed dur-
ing 1917 and 1918 but failed to show a large tonnage
of magnesite of a grade sufficient to meet commercial
specifications and operations were suspended. The prop-
erty is owned by Duluth, Minnesota, capital.

Most of the magnesite exposed has the reddish-pink
color which characterizes the Red Marble deposit, a
mile farther southward.

While the deposit has not proven of economic value
it does however offer a possible aid towards the solution
of the complex struetural problems governing the mag-
nesite deposits. The structural relations of the various
belts exposed on the Crosby property are the reverse of
those observed at the Fineh, Allen, Double Eagle, and
other properties visited. The broad belt of quartzite
which overlays the magnesite at these deposits, is found
beneath the magnesite at the Crosby.

A short east-to-west traverse was run in the vicinity
of the Crosby quarry and the following relations were ob-
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served: Kast of the quarry 1,000 feet a broad band of
quartzite appears with a strike N. 40° E. and a dip of 40°
N.W. This is conformably overlain by 600 feet of ar-
gillite oriented in the same general position. The argil-
lite is in turn overlain by the dolomite-magnesite belt,
which when measured at one point was 150 feet in width.
Bevond this belt argillite again appears. The strike of
the dolomite-magnesite belt is N. 25° K. and the dip 60°
N.W. This same series was again observed at a point
1,000 feet south of the quarry where their trend had
changed to an average of N. 10° E.

Since at the Croshy the quartzite underlays the dolo-
mite-magnesite belt and at the other deposits the quart-
zite is above this belt, it follows that in one case or the
other the positions of the belts have been reversed by an
overthrust. On the basis of the number of occurrences
it would be natural to assume that it was the belts in the
immediate vieinity of the Crosby deposit that have been
reversed. On the other hand there is field evidence
which suggests that the quartzite is older than the dolo-
mite-magnesite and that it is the belts in the vieinity of
the major deposits that have suffered overthrust fault-
ing. These problems will only be decisively solved after
the most detailed geologic mapping of the involved area.



DOLOMITE
TULARE MINING COMPANY

The Tulare Mining Company, with head offices at
San Francisco, started in 1917 to open a quarry of dolo-
mite in see. 18, T. 35 N., R. 40 K., about five miles east
of Colville. The first shipment was made during October
of that year and it has been producing regularly since
that time. The average production is about 500 tons of
caleined product per month. The material is hauled
with auto trucks to Colville and shipped to the Crown
Paper Company’s plants at Camas, Washington, and
Oregon City, Oregon, where it is used in making bisul-
phide acid for cooking the woed pulp in paper manu-
facture.

(icology. Dolomite is the double salt of caleium and
magnesinm carbonates.  Its chemical formula is
Ca Mg(CO,).. According to the ideal caleulated per-
centages, pure dolomite should contain 54.35 per cent
caleinm earbonate and 45.65 per cent magnesium car-
bonate, It is notably true that calcium and magnesium
are capable of replacing one another in nearly all pro-
portions to form magnesium limestones, and so the
percentages of ealeium or magnesium may vary through
quite a wide range and for all practical purposes the rock
vet be classed as dolomite. Ordinarily, magnesium lime-
stone is a mixture of dolomite and caleite with other
impurities of a minor nature.

The dolomite ocenrs in the Old Dominion limestone.
It occupies a narrow east-west belt about one-quarter
of a mile wide and likely about one-half mile long. West
of the quarries the material is of uneven grade but east of
the quarries surface sampling has defined an excellent
grade of dolomite over a length of 2,200 feet. The thick-
ness of the deposit has not been determined. The ridge
made up of dolomite attains a height of 500 feet above
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the road which intersects it and this entire depth is in
dolomite of apparently an even grade. It can readily be
appreciated, that if the dolomite continues to sustain its
regular grade the available tonnage, at present demands,
is practically unlimited.

The company desires that the finished product shall
contain approximately 53 per cent caleinm oxide and 47
per cent magnesium oxide. Since calcium and mag-
nesium are capable of replacing one another in almost
all proportions, the company feels fortunate in finding
a deposit so closely approaching the ideal formula.
Analyses of type samples from the quarries gave the

following results !
Sample Number

1 2
Ignition loss ...........cuvvui...n 4.20 4.00
Ingoluble: syawiuadvuisnin i ivieee 3.80 2.00
Iron and Aluminum oxides......... 1.35 1.40
LI op oosnm vy et srmin v wom s a8 50.50 51.50
MgO (By difference)............... 40.15 41.10

The dolomite opened by the Tulare quarries is of the
dense erystalline variety and has been highly metamor-
phosed until the original bedding planes have been
obliterated. It has a bluish-gray cast and contains fre-
quent splotches of caleite.

The dolomite is associated with granite outerops to
the south and east and with quartzite on the north and
west.

Methods of Mining. The hillside slope has been ad-
vantageously utilized in opening the quarries and de-
signing the calcining plant, thus giving a gravity de-
livery from the time the rock is loaded into cars at the
quarry face until the finished product is sacked in the
warehouse at the roadside.

Two quarries have been opened in the hillside, the
quarry floors being at about the same elevation as the

tAnalyses furnished by the Tulare Mining Company,
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head of the plant storage bins. Quarry No. 1 is about 250
feet south of the plant. The face of the quarry is 125
feet high, and 80 feet wide; the depth of the quarry
bench is 60 feet. Ten to 15 foot holes are put down by
double hand-hammer drilling and the face blasted down.
The larger boulders are ‘‘bulldozed” by hand until the
maximum lump of ore will not weigh over 35 pounds.
The waste is sorted out and the dolomite loaded by hand
into one-ton side dump cars and then trammed to the
storage bins at the head of the plant. The waste will
average between 15 and 20 per cent of the material mined.

(Quarry No. 2 is to the west of the storage bin about
300 feet. The height of the quarry face is 140 feet, the
width 200 feet and the depth of heneh 85 feet. The same
mining methods are practiced here as in Quarry No. 1.
The beneh of Quarry No. 2 has now gained sufficient
depth to allow space for a “Coyote hole blast.”” This
method will break several thousand tons of rock at one
blast and at a substantial reduction in cost. It is sur-
prising that in an operation of this size, air drills are
not installed. They should prove decidedly more
economical and efficient for drilling and bulldozing the
rock.

About 1,000 tons of dolomite are mined cach month.
During caleining the loss of weight, due to driving off
the carbon dioxide, is equal to nearly one-half of the
erude dolomite, It is, therefore, necessary to mine about
1,000 tons of erude rock to meet the demands for 500
tons production.

Deseription of the Plant. The purpose of burning
the erude dolomite is to drive off the carbon dioxide as
a eas and to render the caleium and magnesium into the
oxide state for the purpose of hydration. Magnesinm
oxide will not hydrate while caleinm oxide will do so
readily.
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The dolomite is burned in two rectangular upright
kilns. Kach kiln is 12 feet wide, 24 feet long and 12 feet
deep. They are constructed of granite blocks and lined
with fire-brick. Kach kiln has three fireboxes, wood
being used as the fuel.

In preparing to charge a furnace 60 tons of coarsely
broken dolomite are brought down and used in construet-
ing arches in order to better facilitate the passage of
heat and gases up through the charge. The gates to the
storage bins are then opened and 200 additional tons
of raw dolomite allowed to fill in the kiln. The finely
broken material is scattered through the charge to pre-
vent closure of the air spaces between the lumps. The
fires are started and a heat of 1,000 to 1,200 degrees
(. maintained. Usually five days are required to com-
plete the burning.

After being allowed to cool the burned material is
drawn out of the bottom of the kilns and sacked into 250
pound bags for shipment. Eight of the bags in groups
are placed on a board platform and these platforms
handled by a Cowan transveyor, an ingenious trucking
deviee, which promotes quick, efficient handling of eight
bags at once from the sacking machine to the warehouse
or from the warchouse to auto trucks. By using the
transveyor two men can load a four-ton truck in three
or four minutes.

It requires 10 cords of wood per day for each kiln.
The wood is secured locally and 3,000 cords are now
stored in the yards as a reserve. The company has built
an excellent camp and provided good accommodations
for its employees. About 70 men are employed in the
quarries and plant. Mr. W. P. Bartlett is General Super-
intendent of the company.

Possibilities of Developing Other Dolomite Deposits.
There are several large belts of limestone making up the
Paleozoic series of sediments in Stevens County. It
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is notably true that a considerable portion of this lime-
stone is quite rich in magnesia and that it sometimes
grades strongly into dolomite. Since calcium and mag-
nesium are capable of replacing each other in prac-
tically all proportions to form caleium magnesium com-
binations, it should be possible to find almost any desired
grade of magnesium limestones or true dolomite. The
Stensgar dolomite belt along which are located the mag-
nesite deposits, may yield some excellent grades of
dolomite.

—_—



WORLD PRODUCTION OF MAGNESITE

NORTH AMERICA
CALIFORNIA

The only known commercial deposits of magnesite in
the United States are those of Washington and Califor-
nia. The latter are generally of the amorphous variety
and oceur as veins and lens-like masses in serpen-
tine rock. The California magnesite, when compar-
atively pure, is ordinarily a beautiful white, fine-grained
rock with a conchoidal fracture. These vein-like de-
posits are in some cases erratic in occurrence and are
frequently interrupted by faults. Many of the veins,
however, are quite continuous along the strike and it
is fair to assume that the magnesite will normally extend
to depths easily reached by circulating surface waters—
under favorable conditions this may be several hundred
feet. It is not reliable, therefor, to estimate available
tonnages in advance of mining operations.

The California deposits are found along the Coast
Range and on the western slopes of the Sierra Nevada
Mountains. The workable deposits are scattered, oc-
curing in 13 counties, ranging from Mendocino County,
70 miles north of San Franecisco, southward to Riverside
County, a distance of over 500 miles. Approximately
two-thirds of California’s magnesite comes from Fresno,
Tulare and Kern Counties, where are located the hold-
ings of the Porterville Magnesite Company and the Tu-
lare Mining Company.

The magnesite market is east of the Mississippi
River. The California deposits located on the western
rim of the continent, were forced to pay a freight rate,
which before the war averaged about $10.00 per ton and
now averages $15.00 to the ton. Previous to the eurtail-
ment of the European magnesite industry the California
deposits were totally unable to compete with the foreign
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supply in the markets along the Atlantic seaboard. A
few of the more favorable deposits were worked
in a limited and sporadie way to supply the demands of
the Pacific Coast industries, which totalled about three
per cent of the national demand.  When the foreign
supply of magnesite was suddenly stopped the only avail-
able deposits were the seattered undeveloped properties
of California and the semi-developed dolomitic-magne-
site deposits of Quebee. The erisis eonfronting the users
of magnesite was at that time a serious one  The re-
markable growth of the industry in California can best
be appreciated when we remember that during 1917 there
were 65 magnesite mines operating in California, the
total yearly production being 210,000 tons; in contrast
are the 1914 ficures, showing six mines operating and the
total production but 11,000 tons.

The California magnesite is generally considered to
be formed by the breaking down of minerals rich in
magnesinm, that is, from serpentine-making minerals
such as olivine, enstatite, or serpentine itself. Van Hise!
supposes that in the decay of olivine, a third of the mag-
nesium may pass into magnesite, in which case he would
write the reactions:
3Mg, FeSi,0.+3C0,-+4H,0+0=2H,Mg,Si0,+Fe,0,+

Olivine Carbon Water 0 Serpentine Magnetite
Dioxide
3MegCO,+K
Magnesite Heat liberated.

Hess® suggests that to such an equation water might
be added to hydrate the iron (hydrated oxides of iron are
commonly associated with the California deposits). At
the same time vastly more carbonated water is ordinarily
present than demanded by the equation, so that it seems

!Van Hise, C, R., A Treatise on Metamorphism; Mon, U. 8. Geol Sur.,
Vol. 47, p. 309, 1904,

“‘Hess, Frank L., The Magnesite Deposgits of California, U. 8. Geol.
Sur., Bull. No. 355, p. 18, 1906,
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possible under eertain conditions, that with this excess of
carbon dioxide at hand, the entire amount of magnesium
contained in olivine carrying equal numbers of magne-
sium and iron atoms may pass into magnesite.

4Mg, Fe, Si, 0+6H,0-+8C0,+40=2(2Fe, 0, 3H,0)+
Olivine ~ Water Carbon Oxygen Limonite
Dioxide
8Mg(C0,+-8Si0..
Magnesite Quartz
As the magnesium mineral decays the magnesia is

dissolved by carbonated waters and precipitated in rock
crevices as veins. As would naturally be expected these
veins are usually of limited size and extent.

Near Bissell, California, are found deposits of mag-
nesite which are considered to be the results of direct
chemical precipitation. These deposits are regular in
extent and their tonnages can be quite accurately esti-
mated.

NEW MEXICO

Magnesite similar to the California deposits is re-
ported to oceur near Lordsburg, New Mexico. Accord-
ing to analysis' furnished the United States Geological
Survey, the material is of excellent quality.

NEVADA

An extensive sedimentary bed of magnesite is known
to occeur in the valley of Muddy River, Clark County.
The magnesite from this deposit carries more than 5 per
cent lime and more than 11 per cent silica and it has
therefor not been developed.

CANADA
Grenville Distriet, Quebec

('anada. The most important deposits of magnesite in
(Canada are those of the Grenville Distriet, Argenteuil

! Mineral Resources of the United States: U. 8 Geol. Survey, Part 11,
p. 149, 1918,
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County, Quebee. These deposits are of dolomitic mag-
nesite, so-called because they contain seven per cent to
twelve per cent lime. In spite of the high lime content
this material played an important role in supplying the
demands of the refractory trade of the United States
and Canada. It was the Quebec and the California de-
posits which bore the brunt of heavy war demands until
1916 when the Stevens County deposits were discovered
and rapidly put on a producing basis. The production
of magnesite in Canada inereased from 515 tons in 1913
valued at $3,335 to 55,413 tons having a value of $563,829
in 1916.

The Quebec magnesite is a glistening, cream-white
to gray colored material, oceurring in extensive serpen-
tine.! Serpentine also occurs disseminated in the mag-
nesite in places and the magnesite nearly everywhere
contains more or less included dolomite. The most con-
spicuous structural feature of the magnesite deposits is
their lenticular form. The deposits have been intensely
faulted, ecrumpled, and otherwise deformed. Outerops of
the deposits are as much as 1,000 feet in length and 300
feet in width. They are considered to be the result of
replacement of limestone by magnesia similar to the
massive deposits of Austria-Hungary.

According to an estimate made late in 1917 by M. E.
Wilson® the reserves total 686,900 tons of magnesite car-
rving less than 12 per cent lime, and 433,700 tons of dolo-
mitic magnesite containing more than 12 per cent lime.

Atlin District, British Columbin
Near the town of Atlin, B. C., there exists rather ex-
tensive deposits of hydro-magnesite, so-called because
the material earries approximately 18 per cent mois-
ture. These deposits are superficial and are found in

' Wilson, M. E., Magnesite Deposits of Grenville District, Quebec;
C. G. 8, Memoir 98, 1917.

*Idem., p. 62,
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beds of a fine, powdery-white hydro-magnesite; the beds
vary in thickness from six to cight feet and cover an
area up to 18 acres in extent. It is estimated that two
groups of the deposits oceurring in the outskirts of Atlin,
contain approximately 180,000 tons of hydro-magnesite.
Mr. Nichol Thompson," who is interested in the Atlin
deposits, states that the present reserves are consid-
erably over 200,000 tons and that the moisture determ-
inations of some of the material recently mined and
shipped were lower than 10 per cent. During the war
several large shipments of the Atlin magnesite were sent
to England.

Magnesite is known to oceur near the northwestern
end of Liza Lake in the Bridge River Distriet, Lillooet
Mining Division, B. C.

MEXICO

Some excellent deposits of magnesite are known to
occur on the Island of Santa Margarita in Magdalena
Bay, off the coast of Lower California. These are sim-
ilar in character to the California deposits and during
1918 some of the erude material was mined and shipped
to California. The extent of these deposits is not
definitely known at the present time, although it is re-
ported that a considerable tonnage is available.

SOUTH AMERICA
VENEZUELA

Deposits of magnesite of the California type ocenr
on Margarita Island off the coast of Venezuela. Most of
them are in the northern part of the island. The supply
is estimated at 3,200,000 tons in six groups of deposits.
They are reported to have an excellent degree of purity.
(Clertain of the deposits are now controlled by American
capital and during the past few years a number of ship-
ments have been made to the United States.

POral communieation.
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EUROPE
AUSTRIA-HUNGARY

The deposits of magnesite oceurring in Austria-Hun-
gary are among the largest known. Before the war they
dominated the entire refractory market; approximately
95 per cent of all the magnesite used in the United States
at that time came from these large quarries. They were
described by Morganroth' and the following excerpt
from that report made by W. (. Phalen of the U. S.
Bureau of Mines, is recopied here.

THE MAGNESITE INDUSTRY IN AUSTRIA

Location. Though the term ‘‘magnesite’ is gen-
erally applied to the iron-bearing carbonate of mag-
nesium, such as is found in Austria and Hungary, by
some Austrian magnesite is referred to as breunnerite
The mineral breunnerite has become of commercial im-
portance only in Austria. The important deposits are
found in Styria, lower Austria and northern Hungary.
It is of interest to know that the world’s largest deposit
of spathie iron ore, or iron carbonate (FeCO,), occurs
at Kisenerz, Styria, while the world’s largest deposit of
spathic breunnerite is found at Veitsch in the same
provinee.

The Styrian and lower Austrian deposits are located
much nearer the Adriatic sea than are the deposits of
Northern Hungary; and it is from the former that most
of the exported magnesite has come. They are located
southwest of Vienna, and extend west from Semmering
through the Murz Valley to Tyrol. The chief deposits
reckoning from east to west are those of Semmering,
Veitsch, Breitenan, Trieben, Radentheim, and Dienten.

The largest and most important deposit is that at
Veitsch located near Mitterdorf, on the South Austrian

i Morganroth, L. C., The Occurrence, Preparation and Use of Mag-
nesite; Bull. Am. Inst. Min. Engineers, No. 50, pp. 880-896, 1914,
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Railroad in the Murz Valley, Styria. Here the mag-
nesite, which occurs in the form of a lens is quarried on
the slope of a hill in a series of terraces about 50 feet
apart. The entire work extends through a vertical dis-
tance of 500 feet. The huge magnesite lens is nearly
three-fourths of a mile long and over 1,000 feet in width,
and probably extends to a considerable depth.

The formation containing the magnesite extends east-
ward beyond Vienna into Northern Hungary where mag-
nesite 1s quarried beyond Jolsva and Nyustya in the
Gomor district. In spite of the remote location of these
deposits as compared with those in Styria, magnesite
was shipped from them before the war a distance of 360
miles to the port of Fiume for overseas shipments to
other parts of Kurope and to America.

Composition. The average analysis showing the
composition of the Austria-Hungary mineral is as

follows :
MBENeRE 500 745 S e T R GEe @ 38 to 449,
LAMG: comaseani eoseimeiisn oWe B 1to 3%
Ferrous oxide and alumina. ......... 2to T%
BIHCH ..o ¥ oumcnsd oot i il by il B 5 1to 5%
Carbon Dioxide ............cc v s 509
WALEE ivosvoms nnwe e s o vsie w8 0@ W i

Character of the Sintered Product. The magnesite
oceurs as lenticular masses in a belt of Carboniferous
rocks consisting mainly of metamorphosed shales, sand-
stones, conglomerates, and limestone. It is grayish in
color when fresh, and contains sufficient ferrous car-
bonate to blacken it when caleined. It turns brown ow-
ing to the oxidation of the ferrous carbonate when ex-
posed to the air. The quantity of carbonate of iron is
variable and different analyses show that it ranges up
to 13 or 14%.

For the most part, only the sintered article has been
imported into the United States. This material has
achieved an enviable reputation for its uniformity both
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as to chemical and physical characteristies. The homo-
geneity of the sintered Austrian magnesite is doubtless
due in part to the averaging effect of the different opera-
tions, such as erushing, dressing, sintering, and mixing,
an effect which is not obtainable in mere hand samples.

There is comparatively little variability in the
sintered magnesite as marketed, and five analyses of this
sintered magnesite as quoted by Cornu® are as follows:

Magnesia (MgO)................ 85.53 to 90.07
Lime {Ca0O) v S s sm s 8 - 0.96 to 3.52
Ferrous Oxide (Fe,O,)............ 7T.43 to 9.96
Alumina (ALO,) ... .o, 0 to 2.22
Manganese Oxide (Mn,O,)........ 0.15to 0.76
Silfea (810y) ton vvweisen s wen 0.26 to 1.34

Mining and Preparation. The methods of mining and
preparing magnesite in Austria and Hungary are sim-
ilar at most of the different plants. On the outskirts of
the village of Veitsch, about 56 miles southwest of Vien-
na, is found one of the largest deposits, and one which
has been worked the longest. Since the methods of min-
ing and preparation here are fairly typical, they will
be outlined.

As stated above, the magnesite quarry at Veitsch is
worked in a series of steps or levels about 50 feet apart
vertically. The material is blasted out of the solid by
the orvdinary methods of rock quarryving. It is next
broken in pieces which can be handled readily by one
man, and the dolomite and quartz are carefully picked
out. Kven in the best of the deposit, there is a large
quantity of this gangue material and estimates of the
waste rock vary from 50% to 66 2/3% of all the material
quarried. Terrace quarrying and working conditions in
ageneral like these at Veitsch are practised at Breitenau
and at Kichberg,

The coarse quarried material is cobbed to free it as
far as possible from impurities like schist, dolomite, and

*F. Cornu: Zeit, . Prakt. Geol. 1908,
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quartz, and the lumps are sorted. The cleaner portions of
the magnesite are reduced to pieces about the size of a
man’s head. Less pure portions have to be broken into
pieces about the size of a man’s fist. These dressing
operations involve a considerable loss of magnesite in the
form of small fragments—too small to be burned in shaft
kilns. The raw material thus obtained in the quarries at
Veitsch is transported by gravity planes to the sintering
kilns at the foot of the hill.

Other Commercial Conditions. At Veitsch, the mar-
ketable sinter is trammed on an aerial tramway about
4 miles long to Wartherg Station. The works at Treiben
are near the station which is located about three miles
from the deposit at Sunk where the material is quarried.
At Radentheim, work was begun by American capital in
1908, and from that time till the war cut off the supply
a great deal was shipped to Philadelphia, New Orleans,
and New York. The shipments from Europe were
usually made through the port of Trieste and before the
war, ocean freight per ton was $2.50.

The facts that the Austrian deposits are large and
are easily quarried; that they are within casy reach of
transportation facilities, and the additional fact that
labor, at least before the war, was cheap have all tended
to give Austrian magnesite commercial supremacy in the
world’s markets. These conditions, moreover, held to
explain the success which Austrian magnesite has
achieved in the past and indicate the possibility of the
competition which it may be able to exert in the future.
Only the massive deposits of the Veitsch type can be
quarried and worked at a profit, however, and some of
the larger deposits, not well located, have been unable to
compete in the past.

RUSSIA

Magnesite has been mined in the Orenburg Govern-

ment east of Ufa; also in the Kuban District on the north
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slope of the Caucasus, but no information is available
on the deposits.
NORWAY

Magnesite is mined from deposits in Norway at Sna-
rum' in the Modums division of Buskerud bailiwick, on
the Kroder line, a spur of the Dammen Randsfjord line,
35 miles from Dammen, the nearest port. The magnesite
is found in serpentinized olivine rocks which oceur with
quartzites and schists.

There are two principal fields—the Dybingdals, three
miles north of Snarum station and the Langerud field,
one and one-third miles west of Snarum station. In the
former the magnesite area covers about 1,200 square
meters. The veins average about 13 feet in width and
are worked by underhand stoping. In the Langerud
field magnesite is exposed for 135 feet along Snarum or
Halling River, and also 100 yards farther southwest.
There are also smaller deposits in the neighborhood of
these fields. A factory which has a capacity of about
2500 tons of brick per vear is operated near Snarum.
Analyses quoted show the material to be remarkably
free from lime but high in silica.

ITALY

Magnesite veins of workable thickness oceur at
(Castiglioncello and at Monternfoli, near the seaport
Livorno, and have been worked in recent years. There
are veins up to 10 inches thick in the Turin district, and
on the island of Elba there is a stockwork of small veins
in serpentine which have been worked in a limited man-
ner.

MACEDONIA

Magnesite is found in large quantities in Macedonia

near the coast not far from the Greek border. It is of the

Daumann, E., Magnesite fran Snarum: Bihangtill Jern-Kontorels An-
naler for 1905, Stockholm, 1905, pp, 222-235,
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compact type and occurs as veins in serpentine. The prin-
cipal field covering several square miles lies five to ten
miles south of Salonika.

GREECE

The Grecian deposits supplied a large portion of the
magnesite to Kngland and France during the war period.
The most important deposits are on the west side of the
Island of Euboea. The ore occurs in veins and lenses
in serpentine, Some of the veins are of great size, one
50 feet wide, 75 to 100 feet high and fully 200 feet long.
The material is pure white and of very good grade.
During normal times it is used mostly for the manu-
facture of caustic-calcined magnesite.

AFRICA

TRANSVAAL

Extensive deposits of magnesite occur in the Kaap-
muiden and Malelane (Barberton Distriet) two miles
south of the Pretoria-Delagoa Bay Railway. The de-
posits occur as veins in serpentine. The veins range up
to four feet in thickness.

Great deposits of magnesite are reported in Portu-
guese West Africa. The deposits are near, or associated
with, boiling springs.

ASIA

INDIA

The chief deposits are in the Chalk Hills, near Salem,
Madras Presidency. Theé magnesite oceurs as veins in
serpentine. The main deposits occur over an area of
10 square miles and they have yielded more than 2,000
tons in a single year. Magnesite also occurs near
Kadakola in Mysore in the south-central part of the
India Peninsula, also at Yelwai, but apparently the de-
posits are of unknown extent.
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AUSTRALIA
NEW SOUTH WALES

It is reported that large tonnages of magnesite are
available northwest of Fifield. Several thousand tons
of the ore have been marketed.

SOUTH AUSTRALIA

Large deposits of magnesite are reported to occur
east of Port Pirie in Flinders Range; other deposits are
reported near Tumby Bay and Robertstown.

WESTERN AUSTRALIA
Short irregular veins two feet thick oceur at Bulong,
northeast Coolgardie; and in Vietoria. Veins one to six
feet thick are known at Heatheote and a vein two to four
feet thick oceurs near Redesdale.!

MISCELLANEOUS FOREIGN OCCURRENCES

Magnesite deposits are known to occur in the pro-
vinee of Santander in northern Spain; in Macedonia not
far from the Greek border; in Manchuria magnesite is
mined in the Manchurian Mountains near Darien. In
Asia Minor it is reported to occur in beds three to 15
feet thick near Kskechehio station Saruchan Province
about 75 kilometers from Smyrna.?

‘U, 8. Geological Survey, Mineral Res. of the U. 8., 1918, Part 2,
p. 157.
2 ldem., pp. 153-157.



THE REDUCTION OF MAGNESITE FOR
REFRACTORY USES

INTRODUCTION

Magnesite loses about half its weight when heated
to 800-900°C. (1472-1652°F.), evolving all bhut approxi-
mately 7 per cent of its carbon dioxide and forming
caustic caleined magnesite or, more loosely, caustic mag-
nesia.' In this condition, it finds use in various cements
but is in no way suitable for refractory purposes. If,
however, this caustic magnesia is heated still more
strongly, it becomes dense and gradually vitrifies or
sinters and forms a very hard igneous material known.

in this country, as dead-burned magnesite and, in Euro-
pean countries, as dead-burned magnesia. In this form

' Because of the somewhat confusing interchangeable use of the
terms designating magnesite produets dissimilar in character the
authors are reproducing herewith the nomenclature published by
:}’Il'l)ll;\‘t;" IJ.L\;-}I-IU\\‘G. Magnesite Refractories, Journ. Am. Ceram. Soc., Vol
3, n. 201, 1920,

Magnesite: (1) The mineral MgCO,, the crude material of the in-
dustry; (2) a term applied to various products manufactured from the
mineral MgCO,, such as “dead-burned” and “plastic” magnesite, magne-
site brick and so forth. )

Plastic Magnesite or Caustic Burned Magnesia: The product which
results from caleining crude magnesite at a comparatively low tempera-
ture, and which contains about 2 per cent to 5 per cent CO,; called also
caleined magnesite.

Caleined Magnesite: (1) Magnesite which has been calcined at any
temperature, including both caustic and dead-burned:; (2) an inter-
mediate product between caustic and dead-burned magnresite, i. e., mag-
nesite which has been caleined but not sintered, and in which the ().
content i= below 2 per cent, usually about 1 per cent.

Dead Burned Magnesite or Dead Burned Magnesia: A sintered prod-
uct obtained by ecaleining magnesite at a high temperature; it usually
contains less than 0.5 per cent CO, and almost invariably contains 4.5
to 8 per cent Fe,O, either naturally or by additions of iron ore during
treatment,

Electrically Shrunk Magnesia: Magnesite caleined in  the electric
furnace to effect complete shrinkage; usually of a high degree of purity.

Magnesia or Magnesite Brick: Brick consisting essentially of MgO,
generally containing from 4.5 to 8 per cent Fe.0,; It has been suggested
that brick with this amount of iron be called “magnesite brick,” and
those nearly free from iron “magnesia brick,” but the latter term is
more frequently applied to both,

Magnesia: (1) The pure oxide of magnesium; (2) a term applied
syvnonymously with “magnesite” to brick, dead-burned material, and so
forth; (3) to certain magnesite produects low in impurities and high in
Mg, as magnesia crucibles, electrically shrunk or fused magnesia, and
so forth, and (4) also applied to precipitated or basic carbonate of
magnesia,

Basic Carbonate of Magnesia: A light powdery material prepared
either by boiling a solution of acid magnesium carbonate, or by double
decomposition of a soluble magnesium salt and a soluble carbonate. The
composition of the commercial product varies somewhat but is generally
given as 3MgCo.Mg(OH).+3H.0, the same as that of hydromagnesite,
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the produet contains, on an average, in the neighbor-
hood of 0.25 per cent carbon dioxide. It is this material
that possesses the desired refractory properties.

The temperature required to produce dead-burned
magnesite depends upon the impurities present;' usually
it is above 1530°C. (2786°F.) and may reach 1790°C.
(3254°F.). Some of the less serupulous firms sell as
dead-burned magnesite a produet which has not been
heated above 1480°C. (2696°F.). This produet, however,
may be recognized by its low specific gravity (below 3.0)
and by its shrinkage on re-heating to 1580°C. (2876°F.).

EFFECT OF KILN HEATING

It may be well to insert at this time some discussion
of the physical and chemical changes occurring in mag-
nesite as it is kiln heated. Although these changes still
offer a wide field for fruitful research, it will be possible
to give some information here as the result of the work
of the Northwest Magnesite Co.* and others who have
studied the systems involving silica, lime, magnesia and
iron oxide.

““ Although? the ore may be either erystalline or amor-
phous as it occurs in nature with a specific gravity of
2.63 to 3.1, the erystalline ore, when subjected to heat
of 800-900° . (1472-1652 F.) so that caustic calcination
oceurs, becomes amorphous. The distinetion between
crystalline and amorphous magnesite therefore ends at
at this point, the product being composed of oxide of
magnesium in the amorphous or alpha form and of other
oxides oceurring as such or derived from carbonates in
the original ore. Its specific gravity is about 3.01.

“If the caleination be continued long enough and at a
high enough temperature, all of the oxide of magnesium

I MeDowell & Howe, Magnesite Refractories, Journ. Am. Ceram., Soc.,
Vol. 3, p. 185, 1920, Searles, Refractory Materials, their Manufacture and
Uses, Chas. Griffin & Co., p. 119, 1917,

* Advertising booklet of the Northwest Magnesite Co., 1915,
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present will be converted from the alpha form to the
beta form, the latter being the mineral periclase, which
is the stable or unchanging form of crystalline magnesia.
The specific gravity of periclase is 3.67, which gives a
measure of the shrinkage in passing from the amor-
phous or alpha form to the beta or erystalline form. If
the magnesia has practically no other oxides associated
with it, the heat of the electrie furnace (above 1600°C.)
is necessary to accomplish the transformation to peri-
clase. If the other oxides associated with the oxide of
magnesium are those which occur in magnesite refrac-
tory materials, the transformation takes place at tem-
peratures which are practical in brick kilns, rotary kilns,
and shaft furnaces (about 1450° to 1500°C.).

“The resulting material is known as dead-burned
magnesite, as sintered magnesite or as ferromagnesite,
all of these terms being interchangeable, and all being
equivalent to the term refractory magnesite. It is large-
ly eomposed of polygonal erystals of the mineral peri-
clase showing a mosaic structure. The periclase erys-
tals have inclusions of small skeleton erystals or tiny
particles which are the mineral magnesio-ferrite
(Mg0O.Fe,0,)," and their borders are fringed with sili-
cate materials, including the mineral forsterite (2MgO.
Si0.), which fill the ground mass and aid as a binder
for the periclase erystals. The final result is the same
whether the other oxides oceur naturally with the mag-
nesite ore or whether they are intimately mixed with it
before caleination. The same definite transformation
from one mineral form through the amorphous stage to
another mineral form takes place in either case.

t. Cornu, on the Composition of Magnesia Brick, Especially their
Content of Periclase, Z. prakt. Geol, Vol. 16, p, 449, 1908;: F. Redlich,
Doelters Handbuch der Mineral Chemie, Vol. 1, p. 253, 1912 McDowell &
Howe, Magnesite Refractories, Journ, Amer. Ceram. Soc., Vol. 3, pp.
2259227, 1920: H. B. Cronshaw. A Curious Mineral Oecurring in a
Magnesia Brick, Transg. Ceram. Soece. (Eng.), Vol. 16, part 1. p. 101,
1916-17.
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“ Another definition of refractory magnesite may then
be that it is the mineral periclase with which are in-
cluded sufficient other oxides to have effected the trans-
formation from the amorphous form of magnesia at
practical furnace temperatures and to have cemented the
periclase erystals together in a dense, strong mass.

“It is therefore seen that certain other oxides have
a useful funetion in refractory magnesite," for without
them the temperatures required to produce a satisface
tory refractory would be beyond the range attainable in
ordinary commercial practice. The principal oxides oc-
curring in refractory magnesites, other than the oxide of
magnesium, are ferrie oxide, silica, and lime. All of
these oxides function differently. The present state of
our knowledge of their action is not complete, but mi-
croscopic investigations have thus far shown that ferrie
oxide is principally responsible for the conversion of
amorphous magnesite to the erystalline periclase at prac-
tical furnace temperatures, and that a marked advantage
is therefore derived from its presence in moderate
amount.

“It has also been found that a moderate amount of
silica forms the magnesium silicate mineral, forsterite,
which coats the periclase erystals, thus helping to cement
them together and proving of benefit by adding to the
compressive strength of the refractory at high tempera-
tures. Kowalke and Hougen* experimented with mix-
tures of pure magnesia and silica and found that a mix-
ture containing 7.5 per cent of silica gave maximum
compressive strength at high temperatures.

“The action of lime is not yet clearly understood,
but in small amounts it does not appear to be detri-

' A. Scott, Note on the Microstructure of Magnesite Bricks, Ibid.,
Vol. 17, part 2, p. 475, 1917-18; W. Donald, Magnesite and Magnesite
Bricks, Ibid., Vol. 17, part 2, pp. 494, 521, 1917-18,

*Kowalke & Hougen, Crushing Strength of Magnesia-Silica Mixtures
at High Temperatures, Trans, Am. Electro-Chem. Soc. Vol. 33, p, 215, 1918,
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mental.! It cannot be said, however, that lime has any
beneficial effect so that its amount should be kept as
small as possible. All of these other oxides reduce re-
fractoriness or heat resistance, but practical experience
has shown that if their total does not exceed 18 per cent,
the magnesia will be refractory enough for all ordinary
purposes.”

DISSOCTATION OF MINERAL CARBONATES

Much work has heen done on the decomposition of
the mineral carbonates when they are heated. Inasmuch
as this work has pointed the way toward the greatly im-
proved understanding of the heat treatment of carbon-
ates, it is necessary to insert here a brief resume of the
literature on the subject.

In regard to caleium carbonate, Montgomery and
Groves® found that in heating pure precipitated CaCO,,
a loss in weight of 2.35 per cent per hour occurred at
620-627°C. (1148-1160°F.), of 4 per cent per hour at
647°C. (1200°F.) and that after 15 hours at 647°C.
(1200°F.) the CO. was completely driven off. Different
observers give the dissociation point of caleinm carbon-
ate® as 880°C. (1616°F.) (limestone)?, 886°C. (1626°F.)?,
K98°C. (1650°F.)% 910°C. (1670°F.)" and 913-923°C.

'Ferguson & Merwin, The Ternary System CaO-MgO-5i0., Am. J.
Sei., Vol. 48, p. 81, 1919,

S Montgomery & Groves, Note on Determination of Several Dissocia-
tion Points, Trans, Am, Ceram. Soc., Vol. 18, p. 214, 19186,

“1., H. Riesenfeld, The Decomposition of the Carbonate of Lime,
J. Chem. Phys, Vol. 7, p. i61, 1908; Chem. Abstracts, Vol, 4, p, 982, 1910,

‘Bleininger & Emley, The Burning Temperature of Limestones,
Trans. Am. Ceram. Soc.,, Vol. 13, p. 618, 1911.

“ DeForerand, Carbonates of the Alkalis and Alkali-Earths, Compt.
Rend,, Vol, 146, p. 511, 1908,

¢ John Johnston, The Thermal Dissociation of Calecium Carbonate,
J. Am. Chem. Soc., Vol. 32, p. 938, 1510,

TD. Zavreiff, The Dissociation of Caleium Carbonate, Compt. Rend,
Vol. 145, p. 428, 1907; J, Chem. Phys,, Vol. 7, p, 31, 1908; Chem, Abstracts,
Vol. 3, p. 1112, 1909



The Magnesite Deposits of Washington 83

(1676-1694°1.)". In the opinion of McDowell and Howe*
Johnston’s determination of 898°C. (1650°F.) is prob-
ably most accurate. He gives the dissociation pressures
of CaC!O, in millimeters of mercury as

DISSOCIATION PRESSURES OF CaCO,

°C °F Pressure i & °F Pressure
500 932 0.11 850 1562 373.0
G600 1112 2.35 898 1649 T760.0
700 1292 25.3 900 1652 773.0
750 1382 68.0 950 1742 1490.0
800 1472 168.0 1000 1832 2710.0

(foncerning magnesite, data are available on both the
natural mineral and carefully prepared and purified
magnesium carbonate, although the results of the two
are not comparable one with the other. Hedvall® reports
that with the former the dissociation pressure reaches
one atmosphere at 531-570°C. (988-1058°F.). Waulfing!
found that in a furnace kept at a constant temperature
of 500°C. (932°F.) magnesite lost less than half its ('O,
in two hours, and that not all the CO, had been driven
off in 12 hours. Kallauner®, as reported by MeDowell
and Howe", found that amorphous magnesite begins to
dissociate at about 500°C. (932°F.) and that CO, is
evolved very rapidly at 620-625°C. (1148-1157°F.). He
finds also that the dissociation of normal dolomite begins
at 500°C. (932°F.), increases rapidly with rising tem-
perature and reaches a maximum between 710 and 730°C.

tJ. A, Hedvall, Formation and Decomposition Temperatures of the
Carbonates of Strontium, Barium, Caleium and Magnesium, 2. Anorg.
Allgem. Chem., Vol. 95, p. 147, 1916, .

*McDowell and Howe, Magnesite Refractories, Trans. Am. Ceram.
Soc., Vol. 3, p. 193, 1920,

*Op. Cit.

fE. Willfing, 1900, as quoted in Doelters Handbuch der Mineral
Chemie, Vol, 1, p. 231,

5 (), Kallauner, Thermal Dissociation of Amorphous Magnesite, Chem.
Ztg., Vol. 37, p. 182, 1913 ; Thermal Dissociation of Normal Dolomite, Chem,
Ztg., Vol 37, p. 1317, 1913,

¢ Op. Cit.
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(1310 and 1346°F.) ; from 730-870°C. (1346-1598°F.) dis-
sociation is slow, but it increases above 870°C. (1598°F.)
and reaches another maximum at 900-915°C. (1652-
1680°F.). Calcium oxide did not appear in the heated ma-
terial below 875°C. (1607°F.). It was believed that the
dolomite, MgCO,. CaCO,, began to separate into its com-
ponents Mg(CO, and CaCO, at about 500°C. (932°F.),
that the MgCO, formed dissociated rapidly at 710-730°C.
(1310-1346°F.), and that dissociation of the CaC0O, be-
gan at 870°C. (1598°F.).

Working with the prepared and purified materials,
O. Brill' found that magnesium carbonate begins to dis-
sociate at 237°C. (459°F.) under a pressure of one
atmosphere of CO.,; evolution of CO, takes place in steps
forming a series of basic carbonates with different dis-
sociation temperatures. The final member of this series
(TMgO—C0,) dissociates completely at 510°C. (950°F.).

USE OF MAGNESITE IN METALLURGICAL FURNACES

Magnesite is used in metallurgical furnaces in two
ways, first, dead-burned as grain in lining bottoms and
second, dead-burned as brick in lining walls. In the
former case the source of the material may be either
deposits of amorphous magnesite as found in Greece and
California or erystalline as found in Austria and Wash-
ington. It is even claimed that the dolomitic or high lime
content product of Canada will serve for this purpose,
but this question is open to argument, is one on which
the Mines Experiment Station at Columbus is now con
ducting a research, and at best is only the use of a sub
stitute for true magnesite. In the latter case where
bricks are to be made it is apparently necessary to use
for the raw material the erystalline ore of Austria and

10, Brill, The Dissociation of the Carbonates of the Alkaline Earths and
Magnesium, Z. Anorg. Chem. Vol. 45, p. 275, 1905.
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Washington.! In any event the magnesite must be sub-
jected to the dead-burning operation. When satisfac-
torily dead-burned, magnesite will withstand the de-
structive action of high temperatures, hot gases, fluxes
and corroding influences better than any other refractory
on the market.

Much controversy has aiisen since the entry of Amer-
ican magnesite into the field as to the exact effect of and
necessity for the presence of the oxide of iron in manu-
facturing a suitable refractory. One explanation of this
factor has already been given. The discussion was in-
duced because in the content of oxide of iron lies the
great fundamental difference between imported and do-
mestic magnesite, and although the question of the neces-
sity for such iron content has not been settled, the matter
of its deficiency in the domestic product has been
remedied artificially by the actual addition of iron ore
before introducing the material into the kilns. The tables
on page 15, giving analyses of magnesite from various
sources, will serve to show wherein other deposits differ
from the Austrian which may be accepted as the stand-
ard source for refractories inasmuch as it is used without
modification other than that obtained by hand-picking at
the quarries. A further comparison of these tables with
those on page 101 wherein appear analyses of dead-burned
material from Austria and Washington will serve to show
to what extent the reduction process obtains uniformity

0On this point MeDowell and Howe® write, “The fact that amorphous
magnesite is preferred for the production of caustic magnesia, and the crys-
talline variety for that of dead-burned magnesite, has often led to the con-
clusion that amorphous magnesite only can be used in the manufacture of
caustic burned magnesia and the crystalline magnesite only in the preparation
of dead-burned magnesite. As a matter of faet, caustic burned magnesia
of excellent grade (color excepted) has been produced from erystalline mag-
nesite* : and dead-burned magnesite of high guality has been produced in this
country since 1914 from magnesite of the amorphous type.”

20p. Cit.

* R, . Pike, Northwest Magnesite Company, private communication to
McDowell and Howe,
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of chemical composition among foreign and domestic
magnesite refractories.

It can be seen that insofar as magnesia content is
concerned, the domestic product has an advantage in
purity which has been used against it in its fight for
preference in the refractory field. In regard to the silica
and lime impurities, it may be said that a limit is set
upon their content in the finished produet so that all pro-
ducers by judicious mixing of the raw material are able
to come within this limit and, at the same time, utilize
much of their deposits that, worked alone, would be ve-

jected. The content of iron and alumina, reported to-
gether as combined oxides, is in favor of the Austrian
material in light of the fact that about five per cent of
these constituents is deemed necessary for the best dead-
burned produet. An exception to this statement is found
in certain limited California deposits which contain nat-
urally sufficient iron and alumina.

Inasmuch as it has always been believed that the
higher iron content was essential to good refractory
properties, and such belief has not yet been successfully
refuted, the preparation of the Austrian dead-burned
product from the raw material has been a comparatively
simple matter, it having been unnecessary to artificially
raise the percentage of iron.

REFRACTORY REDUCTION METHODS!
AUSTRIA
As an example of the methods of reduction in use in
Austria, consideration may well be taken of the methods
employed in the vieinity of Veitsch.
According to Morganroth, continuous kilns of the
bottle variety are used and producer gas is employed as

‘.o €. Morganrvoth, Occurrence, Preparation and Use of Magresite,
Trans. Am, Inst., Mining Eng., Vol. 50, p. 890, 1914 ; Anonyvmous, Works of
the Austro-American Magnesite Co., Iron Trade Review, Vol. 48, p. 111,
1911 : Anonymous, An Austrian Magnesite Property Developed by American
Capital, Ibid,, Vol. 55, p. 772, 1914.
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fuel. These kilns burn on an average of 15 to 24 tons
of calcines per 24-hour day. Recently a few plants have
installed rotary kilns of the cement type to burn the mag-
nesite, powdered coal being used as fuel. Such a kiln
has a capacity of 50 to 60 tons per 24 hours. The mag-
nesite can be burned as thoroughly in these kilns as in
the bottle kilns, but they have one disadvantage in that
a larger per cent of fines 1s produced. The magnesite as
burned in the bottle kilns is drawn every 6 hours.

The sintering temperature varies from 2700°F.
(1483°C.) for material containing considerable iron
oxide, to 3100°F. (1704°C.) for material poor in iron
oxide. It is generally considered advisable to carry the
sintering temperature to at least 2700°F. (1483°C.) for
best results in dead-burned product. In regard to the
amount of coal required to sinter Austrian magnesite,
two figures are available, first, of coal which gives 10,800
B.T. U. per pound, 600 to 800 pounds are required per
ton of dead-burned magnesite, and second of coal which
gives 7200 B. T\ U. per pound, 1,000 pounds are required
per ton of dead-burned magnesite. In general, it is con-
sidered good practice in Austria if one ton of dead-
burned magnesite is obtained from each two and one-half
tons of raw material into the kilns.

The material from the kilns is quenched, sized and
hand-picked for dolomite, quartz and under-burned ma-
terial. The larger lumps are erushed until the whole is
in pieces the size of kernels of corn when it is again hand-
picked, and is ready to be used directly for grain furnace
linings or made up into magnesite brick for wall lining.

GREECE

Large bottle-shaped kilns are used on the Island of
Euboea'. Producer gas is the fuel employed. The Gre-

1W. C. Phalen, The Present Situation in the Magnesite Industry,
Bureau of Mines Separate, July, 1919,
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cian magnesite, however, is largely only caustic caleined
and before the war was shlpped as such to Germany for
use in building operations.

CANADA
SCOTTISH CANADIAN MAGNESITE COMPANY, LTD.

The material is hauled out on a narrow gauge rail-
road and was formerly shipped to the plant of the Cana-
dian Cement Company at Hull, Quebec. Beginning in
October, 1917, one rotary kiln was used with an initial
production of 35 tons of grain magnesite per day, but the
exigencies of the war necessitated further production
until by May, 1918, three kilns were in operation with
an output of 100 tons per day. Such conditions war-
ranted the installation by the company of a new plant
near the Grenville quarry.

In this new plant the selected ltlrli"lit“mlt(' is passed
throungh a jaw crusher and ball mill until it passes a
100 mesh screen, when it is mixed with 6% of iron ore
and fed into three 60 foot cement kilns and subjected
during the hour required for its passage through the kiln
to a temperature of 2800°F. (1538°C.). The kilns are
fired with powdered coal blown in under pressure. The
resulting dead-burned produet is sized and can be used
for brick or grain lining.

INTERNATIONAL MAGNESITE COMPANY
Reduction here is effected in a vertical kiln about 50
feet high and 10 feet in diameter. Wood is the fuel used.
The resulting product, however, is not dead-burned but
caustic caleined so is not suitable for refractory use.

NORTH AMERICAN MAGNESITE COMPANY

Like the International Company, the caleining has
formerly been carried on in wood-fired vertical kilns,
However, a new caleining plant with rotary kiln is being
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installed at Calumet and it will then be possible to pro-
duce about 70 tons of dead-burned material daily.

CALIFORNIA'

Of the operators in California the principal ones that
have produced dead-burned product are the White Rock
mine, Sonoma Magnesite Co., the Refractory Magnesite

Yo. and the Porterville Magnesite Co. and of these, the
first three are not now operating and the fourth is cal-
cining only intermittently.

THE WHITE ROCK MINE

Like the Austrian deposits, this magnesite is a nat-
ural ferro-magnesite and was dead-burned in coke fired
vertieal kilns to a produet carrying as high as 5 per cent
iron oxide.

REFRACTORY MAGNESITE COMPANY

This magnesite likewise is naturally sufficiently high
in ivon to be direetly converted into dead-burned grain.
Here, too, a vertical, eylindrical kiln, 40 feet high, 4 fect
G inches in diameter at the top but 5 feet 6 inches at and
below the flame, is employed. Oil fired, the ore is fed
into the top which is wide open to the air, passes through
the main caleining zone (26 feet in length) where the
maximum temperature is 2200°F. (1204°C.), into a cool-
ing zone 14 feet below the flame and is delivered as pea
size and practically cool from the base of the kiln. Re-
duced to smaller size by rolls, it is powdered in a mill
and is shipped to be manufactured into brick.

THE PORTERVILLE MAGNESITE COMPANY
This company produces both dead-burned and caustic
calcined magnesite. Operating on the principle that long
exposure to high temperature with comparatively slow
removal of carbon dioxide produces a more satisfactory

1W, (. Phalen, Op. Cit.; W. C. Phalen, The Magnesite Industry in
the United States, Mining Seci. Press, Vol. 119, p. 295, 19149,
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dead-burned produet than exposure to excessive heat for
a short time, calcination is here accomplished in a 125
foot rotary kiln fired with erude oil.

WASHINGTON REFRACTORY REDUCTION METHODS'®

The prinecipal producers in the Washington field have
been the Valley Magnesite Co., the American Refrac-
tories Company, the American Mineral Production Com-
pany and the Northwest Magnesite Co. Inasmuch as the
first two concerns are but very small producers, the Val-
ley Co. having operated sporadically and the American
Refractories Company® having entered the field so re-
cently that but little is known of its intentions, the
methods of the last two companies only will be given
detailed deseription.

AMERICAN MINERAL PRODUCTION COMPANY

The practice here was to subject the magnesite,
ground through 200 mesh and mixed with iron ore, to a
temperature of 2900°F. (1593°C.) in a 165 foot rotary
kiln at the plant of the International Portland Cement
Co. near Spokane. Since the early part of 1919, this
company has operated but intermittently, during part of
this time, shipping its produet to the plant of the North-
west Magnesite Company for reduction. Vertical kilns
erected at the quarries have been used to some extent but
were not satisfactory for complete dead-burning so that,
although it was quite common practice to subject the
magnesite to preliminary caleination in these kilns in

1On January 1, 1921, none of the properties in the state of Wash-
ington were operating. R. W. Stone, writing in the Engineering and
Mining Journal, Vol. III, p. 464, 1921, ascribes this faet not so much to
Austrian competition, since little or none of this produet has entered
the United States since the war, but rather to the lack of demand on
the part of the steel industry.

2 PDuring the entire year, 1920, the Double Eagle deposit was
operated by the American Refractories Company. Burning in three up-
right kilns, the calecine was shipped to the manufacturer of refractories
although it contained 1.5 per cent to 2.0 per cent carbon dioxide after
caleination.
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order to reduce shipping weight, it was not possible to
produce a high grade final dead-burned produet without
final caleination in the rotary kilns.

THE NORTHWEST MAGNESITE COMPANY

Inasmuch as this company has apparently been best
able to cope with the technical problems involved and has
erected the most modern caleining plant of all those
which have come to the writer’s attention so that it has
been by far the largest producer of refractory magnesite
in the United States, it has been deemed advisable to give
here a very detailed deseription of the equipment and
operations at this plant. To further explain this process
a flow sheet has been obtained through the courtesy of
the ecompany and is reproduced herewith. Inasmuch as
a detailed deseription of the quarries owned by the com-
pany, together with the mining methods it employs, the
preliminary treatment of the rock at quarries and the
tramway and transportation methods to the reduction
plant have been already set forth on page 41 and follow-
ing of this publication, it will suffice if the further deserip-
tion is limited to the mill and reduction plant located on
the Great Northern Railway one mile south of Chewelah,
Stevens County.

Mill Storage. Directly beneath the discharge end of
the Riblet tramway is located the storage bin for the
2-3 inch raw material that has been sorted, erushed and
delivered from the quarries five miles distant. The stor-
age capacity at this plant is 1,000 tons. With this ar-
rangement and the capacity of the tramway it is neces-
sary to run mill and tramway something less than two
shifts to each three for the caleining furnaces, thus pro-
viding for future expansion of caleining ability to more
than one and one-half times the present capacity without
the necessity for enlarging the mill. Six hoppers lead
from the bin and discharge on a 20 inch collecting belt
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conveyor which in turn discharges on a 20 inch elevating
belt conveyor leading to the first set of rolls. A mag-
netic separator on this belt protects the rolls from any
possible injury because of metallic serap accidentally
mixed with the ore. A representative sample taken from
this belt shows the following chemical analysis':

ANALYSIS MILL STORAGE NORTHWEST MAGNESITE COMPANY

Si0, Ca0 Fe,0, Al,0, Ig Loss
2-4pret  1-3pret  050pret 050 pret 48-49 pret

Crushing and Grinding. Led into a set of 42 inch by
16 inch Allis Chalmers rolls set at 1/ inch the raw ma-
terial is removed and raised by bucket elevator to two

3 foot by 4 foot 2-mesh impact screens where the over-
size is returned to the rolls and the undersize led by
bucket elevator to four 3 foot by 4 foot 8-mesh impact
sereens.  The undersize therefrom is led directly to the
150 ton pulverized magnesite bin; the oversize is put
through a set of 42 inch by 16 inch Allis Chalmers rolls
set at 1,16 inch until it, too, can be conveyed to this bin.
The rolls have proved satisfactory for the work required
of them. The depreciation has not been excessive and
rolls are changed with comparative ease when necessary.
The power is supplied by electrically driven motors as
is all the power used for mechanical work throughout the
plant. In some cases, the motors are directly connected,
in others, the power is transmitted by belts and pulleys.
The dust loss in the mill is low, the air being unusually
free from this sort of contamination.

Treatment of Iron Ore. Iron ore from Chesaw,
Washington, showing an analysis of Fe,0,, 87-93 per
cent; Si0,, 3-8 per cent; Ca0, 4-6 per cent, is introduced
into a 15 inch by 9 inch Blake crusher and the discharge
therefrom is raised by bucket elevator to a 75 ton bin.
From here it is led through 30 inch by 12 inch rolls, ele-

"This analysis and those following, together with plant figures obtained
directly from the Northwest Magnesite Company,
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- vated to another 75 ton storage bin and thence into a
Fuller mill. The powdered ore is raised by bucket ele-
vator to a 6 inch serew conveyor leading to the 40 ton
pulverized iron ore bin located directly alongside of the
150 ton pulverized magnesite bin. This iron ore must
be high grade material in order that as little lime and
silica as possible may be introduced into the final produet
and it must be very finely pulverized. Magnetic iron
oxide is usually chosen.

Mizing. This is accomplished in a 2 ton batch mixer
of the type generally employed in the mixing of concrete
and located under the storage bins. Proper proportions
of iron ore and magnesite are determined by the analyses
of these materials and are weighed on two 1 ton Fair-
banks hopper scales. An average charge to the mixer
would be in the ratio of 1955 pounds of magnesite to
45 pounds of iron ore. The resulting produect is called
the raw mix and is led by bucket elevator and 12 inch
serew conveyor either to one of the 60 ton kiln feed bins
over each kiln or to a 1,000 ton auxiliary storage bin.
The following tables show chemical and screen analyses
of the raw mix:

CHEMICAL ANALYSIS RAW MIX NORTHWEST MAGNESITE

COMPANY
1918 Si0. ALOs+ FelOy Ca Avg, Days
Per Cent Per Cent Per Cent

JALY i 2.94 3.56 0.94 30
August ............ 3.14 3.72 1.81 a1
September ......... 3.42 3.72 1.97 29
October ........... 3.45 3.82 1.85 31
November ......... 3.70 3.91 1.51 29
December ......... 3.61 3.9 1.39 29

1919
January .......... 3.48 3.90 1.91 a0
February ......... 4.40 3.77 1.94 26
MAPrch asizamioimass 3.25 3.58 1.65 25
Aprdl dsnaseetie o 2.98 3.20 1.32 29

Average .s......... 3.24 3.mM 1.63 289
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SCREEN TEST RAW MIX, APRIL, 1919, NORTHWEST MAGNESITE
COMPANY
Per Cent

O B maBR e T e e e Max. 7.1
Min. 2.8

Avg., 4.6

On: 10" mesh o smnnniniina rmaieama e Mag: 19.3
Min., 11.8

Avg, 14.7

On 20 meerbc i R Max. 41
Min, 31.

Avg. 37

1117 L e P e P A U r Max. 5l.
Min, 44,

o = o

On 3¢

Avg, 49

0 1 11 1) . P T T Max, T8
Min. 67.1
Avg, 73.1

N
9
3
g

Chemical eontrol at this stage of the process is a very
important factor in ultimate suceess in the dead-burned
product. Buyers generally place a limit of 7 per cent
on the silica and 3 per cent on the lime content of the
final product so that it is essential that these compounds
show roughly half these amounts in the raw mix. More-
over, as has been pointed out, a successful caleination is
largely dependent upon the iron content of the raw mix.
The proportion of fine material is important for it assists
materially in the reaction taking place between the oxide
of iron and the magnesite in the rotary kilns. It may
be noted that the analysis of the raw mix as herein given
approximates very closely that given on page 72 for the
Austrian raw material.

The Eotary Kilns. The kilns are of the rotary type
7 feet 6 inches in diameter and 125 feet long. They are
lined throughout with 9 inches of No. 1 fire clay brick.
The fuel used is sub-bituminous coal powdered at the
coal mill; treated at the plant and delivered to the burner
under pressure. The feed of raw mix from the kiln stor-
age bin is controlled automatically by the rate of feed
of fuel. Kach kiln is provided with its own stack located
at the charge end and the produet from two kilns leads
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to a common pit where it is elevated to a 5 foot by 50 foot
steel cooler in which the incandescent dead-burned mag-
nesite is air cooled. The maximum temperature used is
about 1550°C. (2800°F.). Five kilns are set up, each
with a capacity of 60 to 65 tons of dead-burned magnesite
per 24 hours or a total capacity of approximately 10,000
tons per month. Aection in the rotary kiln is continuous

WASHINGTON GEOLOGICAL SURVEY BULLETIN No, 25. PLATE XI
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Caleining plant of the Northwest Magnesite Company at Chewelah, Wash.

and control is largely by means of the experience of the
furnace operator who is able to judge by eye the suceess
of the ealcination and, by regulation of the rate of feed
of the fuel and raw mix lengthen or shorten the time of
exposure of the magnesite to a greater or less heat as
it travels slowly down the slightly inclined, rotating kilns.
Figures for six months’ operation show the consumption
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of coal giving 6,000 calories per gram or 10,800 B. T. U.
per pound to be 770 pounds per ton of dead-burned mag-
nesite or about the same as that obtained by the Aus-
trians. In regard, however, to the ratio of the material
charged to kiln to dead-burned magnesite produced, the
American practice is much more efficient in that it shows
approximately 2.2 to 1 as compared with the Austrians
2.5 to 1. The following tables give much data in regard
to analyses, yields and general operations of the plant.

ANALYSES OF DEAD-BURNED MAGNESITE—NORTHWEST MAGNESITE CO.

DATE 502 | Re0s [ €a0 | Me00s[ave.
Per Cent|Per Cont|Per Cent| Per Cent| Dys,
Ty, TOIB. . . esverorrrraennnsenngameae Ghaan s nns e 6,35 T.24 2.15 84,26 0
ANPUBLE ool bpa i g dob s Gl e i daie e .62 6.0 3.42 B2.07 a1
September ... a 6.72 6.76 3.68 52,84 29
LEIC 70 ) 1Ty S was - 6,00 7.15 3.30 82,56 a0
November ....ovvuvennnnns 3 7.27 V1T 2.65 82,91 20
DHCETAIEE o 5 s i aa mbod st oo Fn BURE B b e .15 7.18 2.60 83,07 30
JAnUALY, 10 .. civiraniinias T A 6,88 7.06 3.42 2,064 7|
February . 6.53 6.70 3.55 85,18 25
MATCh coocivivvine WS e s A e siaen 6,50 .86 3.20 83.44 ]
April 6.54 | 6.83 .04 S4.00 430
AVOTRED o0ttt e e ee e e s 6.76 | 7.00 i 3.05 I 83.19 | 20
REPORT OF SHIPMENTS OF DEAD-BURNED MAGNESITE
FROM CHEWELAH, WASH.
DATE Total
Net Tons
MY OB i i i Wy i S R S RS R SR R IR T 45.90
JUNE o il tbatvn soi £ Ao iac e e a0 S S E R S R T A v e T S WA e R 218,14
TOIE v i s e e Gy 3213.39
Augnst ... 4697.00
September ... cee meeen 3764.78
October ..... 4481.68
November ... 4125.61
December ... :.::IEI.!B
January, 191¢ 6344.67
February .. wen|  3001,58
March ....... e o S001.27
15 1) 4 | R AT e e POt iR S S S e S 1573.46
B 1 T PP P P 42,474.50
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RECORD OF MAGNESITE PLANT OPERATION NORTHWEST MAGNESITE CO.

Crude | Iron Ship- | Pro- | Theo. | Act.
DATE Neot Net Total | ments duetion| Yield | Yield | Loss
Tong | Tons Net Net Net Net Net Per
| Tons Tons | Tons | Tons | Tons | Cent
June, 1018, ..aveereineiing 5320 108 5,428 | 2,16 2,473 | 2,763 | 2,473 | 10.5
July..... N [FE T 151 6,605 | 8,213 | 3,064 | 8,423 | 3,064 | 105
B e i v s 09845 297 10,072 | 4,607 | 4,637 | 5,150 | 4,687 | 10.0
S e 8053 185 | 8,238 | 3,765 | 3,940 | 4,212 | 3,0 | 7.4
0 11 PSR 9071 206 9,290 | 4,482 | 4,237 | 4,746 | 4,237 10.7
. (1) S —— =7 212 | 0,890 | 4,126 | 4,176 | 4,806 | 4,176 13.1
DB i o s o s 12311 983 | 12,504 | 5,817 | 5,797 | 6,430 | 5,797 | 10.0
TAR TOI0 . ssmpeis e 14184 297 | 14,511 | 6,545 | 6,485 | T,410 | 6,485 | 12.6
Fobueoeiiiinininininannns T464 173 7,687 | 3,002 | 3,882 | 8,005 | 3,852 | 13.4

COAL MILL OPERATION NORTHWEST MAGNESITE COMPANY
Ratio Net Ratio Net

Coal Tong Coal to/Tons Coal to
MONTH Net Nat Tons Net Tons
Tons Raw Dead Burned
Mix Mugnesite
June, IPIB. i it ivhinvmenessa e s sane 1119 L6 452
July.... ¢ 1251 190 A8
AUBUS . e e ieevneaanisnnnns 7 1739 170 375
BEPLAIIDEY sy o nivvsmniswamvaon vinn da s asres H 1354 8 il 351
October..... i i 1636 RET 386
November. . .....covveun . 147 70 370
December. ... ? amn 70 L3S0
January, 1919, .. 3 26570 L1850 8
PEOTORTY <o v vismsn Dov i asas S B vy a5 T 1367 AT A

b |
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KILN OPERATION NORTHWEST MAGNESITE COMPANY

Raw Mix |Dead-Burned
MONTH Kiln Hours Per Magnesite
Operated Kiln Hour Per
Tons Kiln Hour
B 11T T ) P 1199 4.52 ‘ 2.06
July,...o.ee 1243 5.57 2.47
Angust 1854 543 2.50
Boptembar, ... cooeaivniirsins 1479 5.7 2.66
October............ i G = 1723 540 2.46
NOVEIRDEE oot B i 1707 5.20 | 2.32
Decanber.............. 219 520 | 2.4
SRUOATY, 9. cnvaamat i s by 2663 5.45 2.44
BEDIIAEY v i o e PR TS R S 1261 5.80 i 2.68
|
Ratio Raw Ratio
MONTH Mix to  |Dead-Burned
Dead-Burned Magnesite
Magnesite | to Raw Mix
DB TR e v vesnio s e s i s SR B B i et e e e . 2,19 e
Jul¥.e... 2.19 A48T
Augusl. .. 2.17 460
Soeptember 2,00 ATS
October. . 2.19 460
November, . 2.05 | EET
December. ... T R e e 2.7 | A0
JERNALY ;. 1D oy i wmemm i o 6 sl Sie 98 S 8w s e 2.24 T
DT o st me s nna s mns e v v wnias e s miack act bgcais4:8 VO BT 2.% AdS

RECORD OF KILN NO. 4 NORTHWEST MAGNESITE COMPANY.

Approximatie
MONTH Hours Outturn Shut
Operatad Net Tons Down
1T 1 P T P Ere] L
v 5 %
2 54,0 1635 3 times
Sepiemt i P 39,0 163t 2 times

October. ... resw 572.5 1408 3 times
B L2 111 11 Y 654.5 1519 1 time

TPeeI 0N, an s snss s rnns s e vonn s B Ol 5 1350 1 time
January, 1919, .....00000000 G40,0 1562 4 times
FODTOE Y wve vosrsomivias sy oo o 6 i i i St G41.0 1717 1 time

* Started 2:30 p. m. July 27, 1418,

Kiln Lining. Inasmuch as the kiln lining has given,
at various plants, as much trouble as any other one fea-
ture of the whole process, it will probably be valuable to
give here the factors, which in the opinion of the Harbi-
son-Walker Refractory Company,' are responsible for

! Private communieation from E. B. Guenther to Kenneth Seaver,
both of the Harbison Walker Refractories Co.
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the remarkable performance of the No. 4 kiln as shown
in Table (15). The “blox’’ referred to are H. W. Spe-
cial R. K. Blox.

“Factors Favorably Influencing the Life of the Lining.

“1. Method of laying the blox insuring a tight fit,
thereby preventing heat penetration through the seams.
The blox were placed in the shell and driven up tight
against the shell and against each other. This resulted
in a tight brick to brick joint next to the shell. The entire
lining was then grouted with very thin cement. Expe-
rience at this plant has been that cement gives better
results than fire elay. Whether the fault has been with
the particular fire clay available the writer cannot say.
The fact seems to have been established beyond a reason-
able doubt in the mind of the plant foreman. One claim
he makes which cannot be gainsaid is that the cement
does not dry so fast and consequently more completely
fills the joints. Kxaminations of portions of lining as
they were removed from the other kilns proved this to
be true.

“92. (are exercised in initial heating and building up
of magnesite coating on the lining.

“3. Coal firing which is less abrasive than oil firing
though perhaps not any more so than gas firing.

4, Alignment of coal feed burner pipe. The pipe
is inclined slightly downward and laterally so that the
flame plays upon the material as it comes forward.

“5. Keeping the quality of the raw material fed to
the kilns as uniform as possible, thereby obviating the
necessity of frequently changing the coal feed and bring-
ing about more constant conditions of temperature within
the kiln.

“6. It has never been necessary to resort to the use
of either air or water in cooling the kiln in order to make
quick repairs. The kiln was in every case allowed to cool
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by natural draft. By the use of water the coating can
be made to contract rapidly and break apart, thereby
speeding up its removal. The use of water should never
be recommended because 1t weakens the brick structure
and hence its life,

“7. The kiln is well aligned and runs very smoothly
with no perceptible jarring or chattering. ,

“8, The stack chamber is amply large and is pro-
vided with draft regulating doors. Proper regulation
prevents excessive back pressure on the kiln, hence the
combustion process takes place without pulsations.

€9, It has been the writer’s experience that when

an analysis of the dead-hurned magnesite disclosed a
lime (CaQ) content of five per cent or over there was
an excessive building up of coating on the lining and a
balling up of the material, the balls sometimes becoming
very large (as much as three feet in diameter). This
condition naturally results in a shut-down. Frequent
shutting down lessens the life of the lining. At this plant
both the silica (Si0,) and the lime (Ca0) contents have
been under control and no difficulty has been experienced
due either to excessive coating of the lining or the for-
mation of balls.”’

Final Steps in the Process. Leaving the rotary
coolers, the dead-burned magnesite is transported by
seraper conveyor and bucket elevator to an 80 ton stor-
age bin which leads direetly to a set of 30 inch by 16 inch
rolls and thence by belt conveyor to the storage ware-
house. Here it is distributed and sereened through
% inch sereens hung on 45° angle, the oversize product
being shipped for manufacture into dead-burned mag-
nesite brick, and the undersize being shipped as dead-
burned grain magnesite. Shipment is in box cars. The
following table gives average chemical analyses of
samples of dead-burned magnesite produced from raw
material obtained in Austria and in Washington.
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AVERAGE CHEMICAL ANALYSIS—DEAD-BEURNED MAGNESITE

Austria Washington

Per Cent Per Cent
M . oneevmmaim s smes e 85.6 83.1
CAO vvvovievrass e 2.9 3.1
SI0L oo s am i T i 2.8 6.8
ALy s @ S R 6% 0.6 2.0
R85 o envnmrmumas s i Tl 5.0
MO, s e msmes s s 0.6 Trace

PROPERTIES OF CAUSTIC, DEAD-BURNED AND FUSED
MAGNESIA

In other portions of this report (see pp. 13, 79, 110,
122) the authors have given in some detail the physical
and chemical properties of the raw magnesite and the fin-
ished brick and caustic caleined material. For the sake of
completeness some mention should be here made of the
properties of caustie, dead-burned and fused magnesia as
these products come from the various kilns and furnaces
and before fabrication into finished produets. Inasmuch,
however, as these properties have been thoroughly
treated by MeDowell and Howe it will suffice to here
merely mention the various ones and refer the reader to
the literature for more complete information.

APPEARANCE

According to MeDowell and Howe,' the caustic burned
magnesia sold for various purposes is usually white, the
color preferred by most users; it is sometimes buff or
reddish brown, depending upon the amount and char-
acter of the impurities present. It is easily pulverized,
and lamps fall readily to powder upon exposure to the
air.

Dead-burned magnesite is red, reddish brown, choco-
late brown, black, or of intermediate color. Iron oxide
in the absence of manganese imparts a reddish color,
while the combined coloring effect of iron oxide and small

t MeDowell and Howe, Magnesite Refractories, Trans, Am. Ceram.
Soc.,, Vol. 3, p. 210, 1920,
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quantities of manganese produces rich chocolate hrown
to black. Dead-burned magnesite is hard and dense; it
is marketed in the form of nodules or grains varying
from 94 inch diameter to extremely fine particles.

Fused magnesia prepared in the electric furnace is
generally low in impurities and white in color. 1t is very
hard (hardness 5 to 6) and resembles glazed porcelain.
When cooled rapidly the erystals are minute and com-
pact; if cooled slowly they are fairly large and in well-
defined layers.

The latent heat of fusion of MgO is 700(£15 per cent)
calories per gram.! Its fusion point is 2800°C.
(5072°F.)* while that of commercial dead-burned mag-
nesite containing 12 per cent impurities does not melt
below 2000°C. (3632°F.).3

SPECIFIC HEAT

The mean specific heat of pure magnesia at various
temperatures is as follows:

MEAN SPECIFIC HEAT OF PURE MAGNESIA

Degrees Centigrade Mean Specific Observer
t, t. Mean t Heat Between
t, and t.
-191 -80 -1356 0.1006 Russell*
-79 0 -39 0.1933 Russell
22 99 61 0.2340 Magnus®
15 268 142 0.2520 Magnus
15 559 287 0.2670 Magnus
16 765 390 0.2762 Magnus

B, W. Washburn, Latent Heats of Fusion of Lime and Magnesia,
Trans. Am. Ceram. Soc.,, Vol. 19, p. 195, 1917.

2, W, Kanolt, The Melting Points of Some Refractory Oxides, J, Wash.
Acad, Seci., Vol, 3, p. 315, 1913,

A MeDowell and Howe, op. cit.

* A. 8. Russell, Measurements of Specific Heats at Low Temperatures,
Phys. Ztg.,, Vol. 13, p. 59, 1912,

A, Magnus, Measurements of Specific Heats of Solids at High Tem-
peratures, Ibid. Vol, 14, p. 5, 1913,
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THERMAL EXPANSION, HYDRATION AND SLAKING
Goodwin and Mailey' give interesting information on
these properties. Suffice it here to say that the coefficient
of expansion of fused magnesia is not far different from
that of platinum.

COEFFICIENT OF EXPANSION OF FUSED MAGNESIA

At 120°C. (248°F.) At 270°C. (518°F.)
Fused Magnesia Platinum Fused Magnesia Platinum
1.14 x 10-° 0.904 x10-° 1.278 x 10-° 0.923 x 10-°

Gosrow? exposing one-quarter inch lumps of caustic
caleined amorphous magnesite to the action of moist air
obtained the following figures:

HYDRATION OF CAUSTIC CALCINED AMORPHOUS MAGNESITE

Time of exposure Increase

Analysis of material used to moist air, in weight

Per Cent hours Per cent
MEED) ooy swims R 94.70 30 2.50
Cal ....civvviinrnnnnns 0.10 44 3.25
Ruly o viivs ity deadnmis 1.90 76 3.70
INSOIRBLE oo v swanemmi v 0.85 100 4.60
Ignition loss ............. 2.20 125 5.25
— 150 5.60
99 .75 172 6.00

Campbell* has pointed out that a given sample of
light burned magnesia required 44.59 per cent of its own
weight of water for complete hydration, and that the
temperature of ignition markedly affects the time re-
quired for this hydration. Samples burned at 600, 700
or 8007 (. (1112, 1292, or 1472°F.) were completely hy-

t Goodwin and Mailey, Properties of Fused Magnesium Oxide, Trans.
Am. Electrochem, Soc., Vol. %, p. 8%, 1906,

2R, C. Gosrow, Refractory Magnesia, Met. Chem. Eng. Vol. 17, p.
415, 1917,

P, DeMille Campbell, The Influence of the Temperature of Burning
on the Rate of Hydration of Magnesium Oxide, J. Ind. Eng. Chem., Vol
1, p. 665, 190%; Vol. 10, p. 595, 1918,
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drated when kept barely covered with water three days.
Calcination at other temperatures showed:

HYDRATION OF LIGHT BURNED MAGNESIA
Per cent—complete hydration, years

Temperature of Calcining

1 3 6
1200° C (2192°F) 91.8 100.0
1300° C (2372°F) 64.0 76.2 83.5
1400° C (2552°F) 62.0 75.3 81.0
1450° C (2642°F) 51.2 61.7 70.3

The deleterious effeet of steam on dead-burned mag-
nesite has been reported by Youngman', while MeDowell
and Howe* have studied at the Mellon Institute the re-
sistance to slaking of commercial dead-burned magnesite,
treated dolomite and burned dolomite. Fitzgerald and
Bennie* have published some interesting data on the
effect of water and carbon dioxide on fused magnesia.

ACTION OF CARBON, PHOSPHORUS AND SILICON AT HIGH TEMP-
ERATURES UPON DEAD-BURNED MAGNESITE.,

Many observers have reported the effeet of these ele-
ments upon magnesia at high temperatures. The inter-
ested reader is referred to the literature for further
details on this subject.!

MAGNESIA CRUCIBLES

There is much in the literature on the manufacture
of magnesia erucibles so that it is here merely the inten-

'R, H. Youngman, The Effect of Steam upon Magnesite Brick and
Caleined Magnesite, J. Ind. Eng. Chem., Vol. 6, p. 1037, 1914 ; Met. Chem.
Eng., Vol. 12, p. 620, 1914,

* MeDowell and ‘Howe, Basic Refractories for the Open Hearth, Trans.
Am, Inst. Mining Eng., Vol. 55, p. 201, 1919 ; Magnesite Refractories, Trans,
Am. Ceram, Soc., Vol. 3, p. 216, 1920.

* Fitzgerald and Bennie, Trans, Am. Electrochem. Soc., Vol. 9, p. 103,
1906 F. A, J. Fitzgerald, Refractories, Met. Chem. KEng., Vol, 10, p. 129,
1912,

1O, P. Watts, The Action of Carbon on Magnesia at High Tempera-
tures, Trans. Am. Electrochem, Soc,, Vol. 11, p. 279, 1907; Goodwin and
Mailey, Physical Properties of Fused Magnesia, Ibid, Vol. 9, p. 89, 1906;
E. F. Northrup, Ibid. Vol. 27, p. 234, 1915;: Kowalke and Grenfell, Ibid.
Vol. 27, p. 221, 1915: R, E. Slade, Reduction of Magnesia by Carbon, J.
Chem. Soc., Vol. 93, p. 327, 1908; P. Libeau, Reduction of Magnesia by
Carbon, Compt. Rend., Vol. 144, p. 789, 1907: MeDowell and Howe, op. cit.
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tion of the authors to mention a few of those who have
published their results. Liddell' has had sueccess in
muffle practice by machining magnesite brick. Watts?
has made magnesia linings for graphite laboratory
crucibles.  Yensen® has fused caleined magnesia in an
electric are furnace, thereby obtaining cerucibles for lab-
oratory use. Fitzgerald® had best success in erucible
manufacture when he heated above cone 35 (1755°C.)
and slowly cooled. Searle® has a short deseription of
the manufacturing methods usually employed. MeDowell
and Howe® have briefly reviewed the subject of magnesia
crucibles.

THE MANUFACTURE OF DEAD-BURNED MAGNESITE BRICK

It is diffieult to give, without going too completely into
individual processes, a detailed method for the manufac-
ture of dead-burned magnesite brick. Kach manufae-
turer has unique features which he has found useful and
which, in some cases, are considered trade secrets and
have, therefore, not been divulged. However, it is pos-
sible to briefly outline the general features of the process
with whatever detail the importance of each individual
step may require. The writer has found the system em-
ployed by A. B. Searle in his ‘‘Refractory Materials:
Their Manufacture and Uses’” of value in the presenta-
tion of this phase of the work.

BINDERS

Among the binders found in connection with the man-

ufacture of magnesite bricks may be listed the following:

' Donald M. Liddell, Magnesite Crucibles, Eng., Mining J,, Vol. 96, p.
503, 1913,

20, P. Watts, Making of Magnesia Crucibles, Mining Sci., Vol. 66, p.
413, 1912,

a7, 1. Yensen, Magnesia Ware, J. Am. Ceram. Soc, Vol, 1, p. 730, 1918,

1 F. A, Fitzgerald, Refractories, Met. Chem., Eng.,, Vol. 10, p. 125, 1912,

5A., B. Searle, Refractory Materials; Their Manufacture and Uses,
C. Griffin and Co.,, Ltd., p. 303, 1917,

¢ MceDowell and Howe, Magnesite Refractories, J Am. Ceram. Soc.
Vol. 3, p. 207, 1920,
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1. Caustic magnesia. The drawback to the use of
this bond is the large amount required and the-great
shrinkage of the bricks on burning. Its use is gradually
diminishing and has been abandoned in many works.

2. Clay.

3. Water glass. This 1s too fusible to be very satis-
factory.

4, Milk of lime. Unavailable for best bricks.

5. Feldspar or fluorspar. Too fusible.

6. (elatinous silica. This combines with the mag-
nesia, forming strong bricks, but is difficult fo use.

7. Boric acid, caustic soda, slag, sulphurie acid, mag-
nesium chloride or magnesium sulphate, serpentine.
These are mostly patented devices and can hardly be

WASHINGTON GEOLOGICAL SURVEY BULLETIN No. 25. Prare XII

L

Kilns for dead-burning magnesite raw mix at the Chewelah plant of the
Northwest Magnesite Company.
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regarded as more than experimental bonds worthy of
further attention.

8. Colloidal matter other than silica. In the patent
of K. Podzus, 1912, this consists of finely powdered
magnesia (all the particles being less than 0.05 mm.
diameter) mixed with a solution of magnesium nitrate
and 0.3 per cent of nitrie acid. The mixture is dialyzed
to separate the colloidal matter. When in use the col-
loidal particles become enmeshed in the coarser ones and
the material as a whole is made more plastiec.

9. A temporary bond, such as tar, boiled linseed oil,
fat, cellulose, lye, peat, gelatine, molasses, sugar, dextrine,
gum or starch may be used to unite the particles until
they have attained a temperature at which they will
be united by the flux produced on heating them. These
temporary bonds burn away in the kiln.

10.  Plumbago or graphite.

Of these, the bonds which act as fluxes reduce the
refractoriness of the magnesia, while those which burn
out produce bricks which are somewhat deficient in
mechanical strength.

CRUSHING

The dead-burned magnesite and the bond should be
crushed separately and sereened so that all particles
over 1-16 inch diameter and all very fine material are
removed.

PROPORTIONING

A bond may be added in sufficient proportion to the
dead-burned magnesite but the best present practice
is to omit the bond altogether inasmuch as it is believed
that, under proper conditions of burning, the finest par-
ticles of magnesia sublime, pass into the interstices of
the mass of magnesia, when they form a erystalline bond.
In this case the material is moistened with sufficient
water as determined by trial, in general about 1 per
cent, and thoroughly mixed. When a bond is used,
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caustic magnesia is considered the best one to employ,
the dead-burned material being mixed with 10 to 15
per cent of its weight of caustic magnesia and 10 to 15
per cent of water. The use of bonding material is not
customary in American practise.’

MIXING

“The materials and water are mixed in an open
trough mixer with two sets of blades, though in some
works a pan mill is preferred. The plasticity of the
materials is so slight that there is little, if any, difference
between the produets of these two types of mixers, pro-

vided that each is allowed to do its work thoroughly.

“The mixed material 'should be allowed to stand
for two or three days, so that the moisture may be
uniformly distributed, and should then be passed through
a sieve to insure the mixing being complete.

“It is very desirable that the volume-weight or ap-
parent density of the powder should be determined at
this stage, so that the mixture sent to the presses shall
be as uniform as possible.

“The volume-weight gives an indieation of the
amount of shrinkage which is likely to oceur, and its
determination enables the manufacturer to make a uni-
form product by mixing several batches of magnesia
together, so as to form a material with a definite volume-
weight.”’

PRESSING

The damp powder is next pressed into bricks in which
any press suitable for making bricks by the semi-dry
process may be employed. The pressure required varies
with the nature of the magnesia of which the bricks are
made and upon the temperature at which sintering will
occur. If it is easily fusible with a specific gravity of
about 3.4 and contains grains of all sizes up to 1-16

!MeDowell and Howe, Magnesite Refractories. J. Am. Ceram. Soc.
Vol. 3, p. 208, 1920,
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inch in diameter a pressure of 3,550 pounds per square
inch will suffice; if more refractory and & finer flour,
5,000 to 7,000 pounds per square inch will be necessary.
With ready sintering a pressure of 4,000 pounds per
square inch is sufficient, otherwise 5,000 to 7,000 pounds
per square inch will be required.

DRYING

““When the bricks come from the press they should be
placed on racks and dried in a well-ventilated shed with-
out heat, though steam pipes may be used during the
winter months. Magnesia bricks vary greatly as regards
their tendency to crack during drying, and each manu-
facturer must, therefore, ascertain by trial what condi-
tions of heating are applicable to his bricks. :

““Steam-heated floors and tunnel dryers are seldom
satisfactory for magnesia bricks, as they dry the bricks
too rapidly.

“If magnesia bricks are kept in a warm, moist at-
mosphere for some time, they can afterward be dried
more rapidly and at a higher temperature, with very
little tendency to erack. The importance of this has
not been recognized by most manufacturers of mag-
nesia bricks.

*“As the burning is a costly part of the manufacture,
several continental firms have placed the freshly made
bricks in an autoclave heated with steam at 120 pounds
pressure. This hydrates a portion of the magnesia and
makes hard bricks of considerable strength. These are
sold in an unburned state, but the shrinkage they under-
2o in use is so great that they are not likely to replace
well-burned bricks, except in a few special cases.”’

The bricks must be set in the kiln with great care,
as any slight load may cause them to become deformed.
Hence it is quite customary to burn them in the same
kilns with silica brick, the latter so arranged as to take
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the load and protect the magnesite bricks from direct
contact with the flames.
BURNING

“The finishing temperatures for magnesia bricks
correspond to Seger cones 11 to 12 for bricks rich in
iron and cones 17 to 18 for the best magnesite bricks.
The higher the finishing temperature the better will be
the quality of the bricks as it is almost impossible to
overheat magnesia bricks during manufacture. A num-
ber of (German manufacturers heat the bricks until Seger
cone 26 (1580°C.) has been bent down and the Societe
des Travaux Publies et Communaux, which is the chief
brick manufacturing firm in Kuboea, have stated that
they burn all their bricks in a Mendheim gas-fired kiln
at Seger cone 35.”

SORTING

“The bricks must be carefully sorted according to
size, thickness, and regularity of shape, as it is of great
importance that they should be laid in the furnace with
the thinnest possible joints. This is the more necessary
as magnesia bricks are too hard for them to be cut to
shape without a very wasteful expenditure of time.”

PROPERTIES OF DEAD-BURNED MAGNESITE BRICKS
GENERAL

Accordaing to Searle, magnesite bricks are usually
gray or dark brown in color; have a dense structure,
ereat mechanical strength, and emit a clear, ringing
sound when struck; if heated slowly, are very durable,
neither expanding nor contracting in use; if heated or
cooled rapidly, however, crack badly; and can attribute
their value to basic properties combined with high re-
fractoriness.
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CHEMICAL COMPOSITION

This depends on the bond (if any). The following
are typical analyses:

CHEMICAL ANALYSIS DEAD-BURNED MAGNESITE BRICK®
Veitsch English Bricks of Greek
Bricks Magnesite

Per-Cent Per Cerlt | Per Cent

MAZDEEIR . o ioes canan s iiiiis s Tsad s s s s san Kai 85.31 04,74 ‘ 01.86
Alumina..... 1.08 2,67 1.95
Iron oxide 8.02 trace | trace
Manganese oXido. .. ...ioiiiiiiiiiiiiiiiiiie i 1 S e P T e
Lime...... v trace 0,60 | 0.92
IO L o acurimcn b mmc s o e AT b . 5.0 1.53 4.68
Losgomlgnition, . Ji5 sl S iann iy S e 0.24 0.22
IPORRIS. ce e eeeeeeemeennesmeesnessmsennannnes L ws ‘ 90.78 | %.63

SPECIFIC GRAVITY

The specific gravity varies from 3.05 to 3.58 accord-
ing to the extent they have been burned and the amount
of impurities present. McDowell and Howe® give the bulk
specific gravity as 2.60 to 2.75; the true specifie gravity
as 3.44 to 3.60, averaging 3.52.

REFRACTORINESS,

Well made magnesia bricks should not begin to lose
their shape at a temperature below Seger cone 40
(2000°C%.) and the best grades will usunally withstand
a temperature of 2150°C. (3900°F.) for two hours.
Meller® attributes the eracking of these bricks at high
temperatures to the change from amorphous magnesia
to periclase, a change which should not oceur, however,
if the magnesite has been completely dead-burned.

HEAT CONDUCTIVITY, DIFFUSIVITY AND POROSITY

The following tables are of interest as giving com-
parative data on these properties:

'A. B. Searle, op. cit.
20p. cit.

=J, W. Mellor, Spalling of Magnesite Brick, Trans. Ceram. Soec, (Eng.)
Vol, 16, p. 85. 1916-17; Eng. Mining J., Vol, 104, p. 229, 1917,
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HEAT CONDUCTIVITY AND POROSITY DEAD-BURNED MAGNESITE

BRICK!
CONDUCOTIVITY POROSITY
K_g. Cal. per.| Kg. Cal. per
TEMPERATURE OF BURNING See. per Sq. |Hr. per Sq. M. Per
Cm. per Cm.|per M. Thick- Cent
Thickness ‘ ness per “C. by
per “C.Temp. Temp. Volume

Difference | Difference

1300° Q. (BBTE )\ o v v wwssimmnmgumsmsmrsaasmres 0. 0065 ‘ 2.3 41.0

HEAT CONDUCTIVITY AND POROSITY DEAD-BURNED MAGNESITE

BRICK*
Temp. Range
of Measurement
Chemical Pa Pb Mean
Analysis | Per Cent | Thickness | Sp.Gr. Lower | Upper K
Surface | Surface
*0 0
350 a7 0.0170
B0 425 0, 0151
GO0 400 0.0148
700 450 0.0132
a0 470 0.0116
875 5% 0.0110
1025 DR 0.0101
1040 590 00068
1370 390 0. 0001

Pa is the ratio of the volume of the pores to the total volume of the brick_.

Pb is the ratio of the volume of the pores to the volume of the solid portion of the
brick.

K is the thermal conduetivity in gram calories per second per “C for a cube of 1 em,

ANALYSIS OF BRICK

Porosity Si0., ALO, Fe 0, CaO MgO Ig. Loss Ap. Density
% %o Jo Yo Fo %
i 2,50 0.50 T7.00 2.75 86.50 0.10 2.46
34 2.66* 6.47 4.45 .... B86.42 .... 2.34

HEAT CONDUCTIVITY

Mean K.
Exp. Temp Over Av. K.
Range Exp. Range at 1000°C, (1832°F)
445-830°C (833-1526°F) 0.0135 0.0135
0-1000°C.( 32-1832°F) 0.100 0.0080

LA, B. Searle, op, cit.

? Dougill, Hodsman and Cobb, Thermal Conduetivity of Refractory
Materials, J. Soc. Chem, Ind., Vol. 34, p. 465, 1915,

* Boyd Dudley, The Thermal Conductivity of Refractories, Trans. Am.
Electrochem. Soc,, Vol. 27, p. 285, 1915,

‘Goerens and Gillis, The Thermal Conductivity of Refractory Ma-
terials, Ferrum, Vol, 12, p. 17, 1915,
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MceDowell and Howe! have plotted the results shown
in the foregoing table and have compared them with
similar data for silica and fire brick. In general the
thermal conductivity of magnesia brick is higher than
that of other common refractories and seems to decrease
with rise in temperature.

THERMAL EXPANSION

MeDowell and Howe* give an excellent table on this
property of magnesia brick.

PER CENT LINEAR EXPANSION OF MAGNESIA BRICKS.

| Per Cent °C.

Souree of

Raw Material | Observer 200 | 400 | 600 | §00 | 1000 | 1200 | 1400 | 1600
WAShIDELOn. v vveer 8. B, PHENE. creresleeree ol crveslevrred] 108 |oerei]oenen 1.05 |
Washington........[8. M, Phelps. ....oolsvene ofvarreafennrae] 290 ovinai]ovsnns] 181 [aeeeis
Austria | LeChatelier, ......| 0,21 | 0.55 | 0.85 | 1.10 |......
Greeee. ... | LeChatelier ....... 2% 02 || 9] 30082 Je s [ermre| sommmafamnsaa
Austria |R. H. H. Plerce....| .25 | .46 | .57 | .79 |1.08| 150 | 1.8 | 1.88

AVerage............. | s mmamssssaae 24| 1| | 7| nes 150 1Lss | 1ss

In addition it was found that under load the figures
did not differ appreciably from those given in the table.

1OP. Clt

: MeDowell and Howe, Magnesite Refractories. Trans, Am. Ceram.
Soc., Vol. 3, p. 226, 1920,
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SPECIFIC HEAT

According to K. Heyn' the specific heat of magnesia
brick is as follows:

ANALYSIS OF BRICK

MgO CaO Si0, Fe.,O, AlO,
Per Cent Per Cent Per Cent Per Cent  Per-Cent
88.85 0.35 0.20 9.31 0.17

Specific Heat
Mean Specific Heat

+ °C. 4+ °F. True Specific Heat Between
at + °C. (4 °F.) 25° C.-and J °C.
(77 °F. and + °F.)
0 32 0.208 ...,
100 212 . i 0.220
200 392 203 . 233
400 752 .2TH .250
600 1112 . 290 L260
800 1472 .316 . 269
1000 1832 .324 .278
1100 2012 .332 .282
1200 2192 L340 287
1300 2372 . 349 .291

Steger® gives the mean specific heat between 20°C.
and 200°C. (68°F. and 392°F.) of magnesia brick con-
taining 84.5 per cent MgO as 0.225.

RESISTANCE TO ABRASION AND MECHANICAL STRENGTH

Magnesia bricks have a very low resistance to ab-
rasion, the purer bricks being friable and the less pure
ones soft at the very high temperatures at which they
are used.  The mechanical strength is somewhat higher
than that of ordinary fire brick.!

11, Heyn, Thermal Conductivity of Refractory Building Materials,
Mitteilungen a. d. kgl. Material priifungsamt. Vol. 32, p. 185, 1914,

W, Steger. The Specific Heat of Refractory Materials, Silikat-%Z.
Vol. 2, p. 203, 1914,

i Le Chatelier and Bogiteh. The Refractory Properties of Magnesia,
Trans. Ceram. Soc. (Eng.), Vol. 17, Part 1, p. 18, 1917-18; ;. H. Brown,
Load Tests on Magnesia, Chrome and Silica Brick, Trans. Am. Ceram.
Soe., Vol 14, p. 391, 1912; MeDowell and Howe, Basic Refractories for
the Open Hearth, Trans. Am, Inst, Mining Eng., Vol. 55, p. 201, 1919,
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CHEMICAL REACTIONS

Magnesia bricks are essentially basic in character,
though if well burned are so dense and hard that a short
heating in contact with acids such as silica or clay will
not seriously corrode them. They are not affected by
heating in contact with basic slags. The material with
the most corrosive effect on them is iron oxide which is
more powerful in this respeet than silica, alumina or
phosphoric acid. They are not appreciably attacked by
water or water containing carbon dioxide or other acids,
but are soon reduced to powder by the action of steam
as this slakes the magnesia.



MAGNESITE IN CEMENTS
GENERAL STATEMENT

When magnesite is subjected to caustic caleination so
that it contains 3 to 8 per cent carbon dioxide it will
react with a solution of magnesium chloride to give a
produet which, upon chemical analysis, shows a consti-
tution believed to conform to the symbol MgCL.5MgO.
10H,0. This material, mixed with suitable mert fillers,
hardens to give a strong cement, known as oxychloride
or Sorel cement. Applied in plastic form it sets m a
few hours as a tough seamless surface having a very
great bonding power and holding firmly to wood, metal
or conerete as a base.

This effect was noted about 65 years ago by a chemist
named S. T. Sorel, when he observed a similar phe-
nomenon upon the mixing of zine oxide and zine chloride.
Although this latter mixture has not come into general
use, the discoverer’s name has clung to the magnesium
oxvehloride cement.

The temperature of caleination of the magnesite for
use in cements is important and serves as the essential
difference between the treatment of the raw material
for this purpose and for refractories. If the mineral
be caleined at a moderate temperature, say 1600°F.
(8717C.), or considerably below the temperature of
fusion, dissociation is not complete and the residual
product is not inert but will recombine with carbon
dioxide gas and moisture. As has been already shown,
dead-burned magnesite is not chemically active in this
manner. The caustic caleination in practice removes all
but 3 to 8 per cent of the carbon dioxide so that the
produet not only reacts readily with the air but also
with certain compounds like magnesium chloride and
it is upon this reaction that its use in making oxychloride
cements depends. To obtain the best results the tem-
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perature of caleination is varied from 1300 to 1700°F.
(704 to 927°C.) depending upon the quantity and nature
of the impurities present. For instance, magnesite con-
taining much iron oxide may be caleined at a lower tem-
perature than when this ingredient is absent owing to
the lower fusion point of this, one of the commonest
impurities present.

The growth of the industry argues well for its future
development. The manufacture of oxychloride cements
began in the United States about 20 years ago but up
to the last 6 or 8 years it was primarily in the experi-
mental and development stages. Today the manufacture
of this produect consumes approximately 10 per cent of
the erude magnesite used in this country. The number
of manufacturers is close to 200 and it is elaimed that
they provide employment, under normal conditions, for
from 5000 to 10,000 men. The volume of business trans-
acted amounts to more than ten million dollars annually.

SOURCES OF RAW MATERIAL

The first magnesite used in caustie caleination was
imported from the Grecian deposits. Later imports from
Venezuela were found satisfactory, and in recent years
the deposits of California and Canada have been drawn
upon as sources of the raw material, while small quan-
tities have been provided from the Washington field.
These facts bring forcibly to the attention the prefer-
ence that has been shown toward the pure amorphous
magnesite, with limited use of the pure crystalline ma-
terial in Washington, the high-iron erystalline Austrian
ore having been generally disregarded for this purpose.

In choosing between domestic and imported magne-
site, the relative costs were, before the war, the deciding
factor, thus throwing the bulk of the business to the
Greeks and Venezuelans. With the war, however, Cali-
fornia provided the bulk of the trade. In regard to
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the suitability of this domestic raw material for the
purpose, Mr. T. G. Alvord, writing in the New York
Herald of June 21, 1919, states that no complaints have
been received by government representatives regarding
the quality of the West Coast ore. On the other hand,
John F'. Shanley, president of the Special Service Floor-
ing Corporation, in a letter to the Congressional Com-
mittee investigating the advisability of a proteetive tariff
which would inerease costs to consumers, wrote that at
a meeting of a composition flooring association, without
exception every member present had complaints to make
of the quality of the West Coast material. Such con-
flicting opinions have caused investigation into this fea-
ture of the situation with the result that the trouble
experienced with the domestic material has been prac-
tically traced to caleination methods.

CAUSTIC CALCINATION

But little has been known regarding whatever relation
may exist between the quantity and nature of the im-
purities present in raw magnesite and the temperature
and time of caleination so that regardless of composi-
tion, all raw material may be converted into a caustic
caleine capable of giving a standard uniform cement.
Believing this to explain the unsatisfactory results ob-
tained from domestic magnesite, the Bureau of Mines
at its experiment station at Berkley, California, is now
proceeding with exhaustive research into this calcination
problem and expects to establish the factors influencing
the properties of the resultant cement so that it may
become a standard product just as the refractory pro-
ducers have been able to produce a magnesite brick by
artificial treatment that is generally accepted as being
as satisfactory as brick made from the Austrian ore.
The results of this research are not yet publie, but will
be available as soon as completed in the reports of the
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Burean. It is expected that the report will do much
toward giving impetus to use in the cement trade of
domestic magnesite, from both California and Washing-
ton.

“In practice,’ it has been common to conduct the
caleination in (1) shaft kilns, particularly those gas-
fired, (2) continuous chamber kilns, and (3) rotary kilns.
In the shaft kilns, of course, the raw magnesite and coal
are fed into the top, and caustic caleined magnesite is re-
moved at the bottom. Inasmuch as magnesia may fall
to powder if shaken during burning and, with careless
firing, shows a tendency to bind into lumps, such ag-
glutination being particularly marked with high silica,
continuous acting shaft kilns are unsatisfactory unless
especially modified for the purpose. Gas or oil firing
is generally preferred to the use of coal. However, a
shaft kiln designed by K. Schmatolla has proved excellent
for burning Greecian magnesite. In this country two
(California operators offer examples of methods em-
ploved. The Western Magnesite Development Company,
in Santa Clara County, employvs two low vertical kilns,
approximately 15 feet in diameter, tapering to a cone
above the main part of the kiln. The raw ore is fed in
at the top, falling gradually by gravity. It is thus grad-
nally heated and caleined, falling finally into four com-
partments of which the main kiln is composed and where
final caleination takes place. The fuel is distillate, which
is sprayed into the kiln with air at four points, the flame
impinging directly on the magnesite for about 214 hours.
The produet is sorted and sereened, going not only into
the plastie flooring trade but also to manufacturers of
paper pulp and Kpsom salts. At the Tulare Mining
Company, caleination is accomplished in two low verti-
cal kilns, wherein erude oil is atomized with steam into

'W. C. Phalen. The Present Situation in the Magnesite Industry.
Bureau of Mines Separate, July, 1919,
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each of the four compartments of each kiln. Raw lump
ore is added every two hours and calcines are drawn
every hour or three-quarters of an hour. After coming
from the caleining plant, the calcines are carefully
sorted, any unburned material being reburned. The
product is graded, crushed, ground, and packed or
barreled for the plastic flooring trade. This plant for-
merly furnished magnesite for use in the manufacture
of paper. The operations at the plant are but a fraction
of what they were during the war. Electric power ob-
tained from Porterville is employed in the various
mining and grinding operations.”’

It can be seen from this brief review of the practical
operation of caustic caleining plants that the burning
is not scientifically conducted, nor is it to any great
extent, chemically controlled. However, when more
knowledge is available as to just what takes place during
caleination and upon just what factors a satisfactory
product is dependent, undoubtedly this troublesome
phase of the utilization of magnesite will have been
removed.

PREPARATION OF OXYCHLORIDE CEMENT

““In general it may be said that in the preparation of
oxychloride cement, the magnesium oxide (caustic cal-
cined magnesite) is mixed with the other dry materials
and magnesium chloride is added in the form of a solu-
tion. Almost any strength of magnesinm chloride solu-
tion will produce the effect of setting but a solution of
about 20° Baume (specific gravity 1.16) is usually em-
ployed. The magnesium oxide and chloride may be com-
bined in dry form in any proportion desired and, to the
resulting mixture, water and the remainder of the dry
materials added. This latter method, however, is not

'W. €. Phalen. The Present Situation in the Magnesite Industry.
Bureau of Mines Separate, July, 1919,
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satisfactory and its use has been abandoned. Some man-
ufacturers make a semi-fluid mix of eement and solution
and then add the rest of the dry materials. The better
way on the whole is to add the chloride in the form of a
liquid in which form it may be purchased on the market
and reduced to the density desired.”’

The preparation of the cement is not difficult and
many satisfactory combinations have been patented.

OTHER MATERIALS FOR OXYCHLORIDE CEMENT

Aside from caustic caleined magnesite, magnesium
chloride and fillers are required. The former was ob-
tained principally from Germany before the war. Since,
however, a satisfactory material has been obtainable
from California and Michigan where the chloride is a
by-produet in the manufacture of salt and bromine. To
offer substantiation of this last statement there is avail-
able the following extract from the letter of J. F. Stan-
ley! to the Congressional Committee. ““To cite the other
material which is used in connection with magnesite in
making oxychloride floors. This material is magnesium
chloride and was formerly imported from Germany. A
short time after the war broke out, the Dow (hemical
Co. started making magnesinm chloride. We feel sure
that you will find every one connected with the use of
magnesium chloride will have a good word for this com-
pany.”’

As fillers the following have found use: wood flour or
cork, asbestos, ground quartz or silex, ground tale or
soapstone, and various mineral pigments depending
upon the desired color effect.

INDIVIDUAL PROCESSES

While it is undesirable to give here any detailed de-

seription of processes used or formulas followed in the

! Hearings before the Committee on Ways and Means, H. R. 5218,
P. 216,
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manufacture of oxychloride cements, as these are avail-
able in the patent literature, it may perhaps be valuahle
to present here a few of the ccmpositions as patented in
order that some general idea of the subject may be aveil-
able.

1. U. S. Patent 1183446, Mix caustic calcined mag-
nesite, cellulose, magnesium chloride and enough water
to wet all before the fibre is added. Magnesium chloride
added should be just sufficient to combine with the oxide
as follows:

MgO-+Mg C1,--2H,0=2 Mg (OH) Cl+H,0.

It is better to use too little than too much magnesium
chloride. The cellulose is added as desired.

2. To 100 pounds of fibrous vegetable matter add 2
to 5 pounds linseed oil; mix; add 14 to 3 pounds caustic
soda or caustic potash; mix; add 80 pounds caustic cal-
cined magnesite; 40 pounds dry magnesium chloride,
mix with water and lay.

3. To 100 pounds powdered sawdust, add 3 pounds
raw linseed oil, 1 pound powdered caustic soda; mix;
add 100 pounds caustic caleined magnesite, 250 pounds
powdered marble or other hard material, 3 or more
pounds of eolor, 215 pounds of casein and 50 pounds dry
magnesium chloride.

GENERAL PROPERTIES OF OXYCHLORIDE CEMENT!

““The cement may be finished with a very smooth, even
surface which will take a good wax or oil polish. Its sur-
face is deseribed ag warm and quiet, as a result of the
elastic and non-conducting character of the composite
material.

“The desirable qualities of any flooring material (cost
not considered) are listed for purposes of analysis or
comparison, under eighteen heads as follows: Cleanliness

! Fletcher Hamilton, Magnesite ; Its Occurrence and Applications, Mineral
Foote Notes, Foote Mineral Company, Inec.,, Phila,, Pa,, Jan,, 1918,
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(sanitary qualities), quietness, immunity from abrasion
(surface wear), resilience, immunity from slipperiness,
appearance, water proof character, plasticity, warmth
(thermal insulation), life (immunity from deterioration
with age), acid-proof character, fire-resistance, alkali-
proof character, elasticity, erushing strength, structural
strength (rupture), immunity from expansion and con-
traction and lightness. The importance of these several
qualities varies with the varying requirements to be met.
For instances, in some places, as in hospitals, cleanliness
is one of the prime considerations; in other places, im-
munity from abrasion might be one of the principal
requisites.  As to most of these qualities the conelusion
is reached that magnesia cement affords one of the most
satisfactory flooring materials for use in kitchens, laun-
dries, toilets and bathrooms, corridors, large rooms or
halls in public or other buildings, including hospitals, fac-
tories, shops and restaurants.

“There is no doubt that the material is steadily com-
ing into more general recognition and favor for these
uses. For a few special uses, it is more or less disquali-
fied, as an instance, it is not suited for construection of
swimming tanks or for conditions of permanent wetness,
since under constant immersion it gradually softens,
although it is said to withstand intermittent wetting and
drying and is recommended for shower baths. Naturally
it is not acid proof and not wholly alkali-proof, which
might be a disadvantage in its use for laboratory floors
and tables, but these are rather special requirements. Its
cost per square foot is estimated to be 25 to 33 cents, de-
pending on area, which is said to be lower than marble,
cork, rubber, clay or mosaic tile, slate or terrazzo,
although more expensive than wood, asphalt, linolenm or
Portland cement.

““When unsuccessfully used, the causes of failure are
aseribable to uneertain climatie changes, lack of uniform-
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ity in the mixture used, lack of care on the part of those
handling the materials, possible deterioration of ma-
terials used through exposure (either before or after
mixing), lack of proper preparation of foundations on
which the material is to be laid, and, as a very important
factor, experience or non-experience in the manipulation
or actual laying or troweling of the material.”

PHYSICAL PROPERTIES OF OXYCHLORIDE CEMENT!

“The physical properties of magnesia cement have
been investigated by Raymoend J. Roark? and his re-

sults show what may be expected of magnesia cement
when used for flooring purposes.” Preliminary tests
were made with neat cement, a 1 to 3 mortar of standard
Ottawa sand, and a standard floor mix. The standard
floor mix which gave good results consisted of the follow-
ing proportions by weight:

Cement ..............c.o0vu... 49.3 per cent
g e 1) £ PR 29.2 per cent
ABBesTOR: i sl SR A SR B 13.4 per cent
Coloring matter ............... 8.1 per cent

““Tests were also made omitting the coloring matter,
but keeping the proportions of the other constituents the
same. The results showed that the absence of coloring
matter had no effect.

“At the suggestion of the manufacturer, the mag-
nesium chloride solution was added to the standard mix
in the proportion of 85 cubie centimeters to each 100
grams of solids, i.e., one gallon to 10 pounds of solid ma-
terial. The specific gravity of the solution was about 1.22
(26° Baume).

““A sufficient number of tests was made on the three
mixes, the neat, the 1 to 3 sand, and the standard floor

U Abstracted in part from an article in the American Architect, Vol,
CXIV, nos, 2220-2231, Sept, 11-25, and Oct. 9, 1918, by W. C. Phalen, op. cit.

f Engineering Experiment Station, University of Wisconsin, Bulletin
879,
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mix to ascertain whether the three were similarly af-
fected by the different variables, and to ascertain which
vielded the most uniform and consistent results. Three
cements were used. The first tests were made for tensile
strength. The second series of tests was made to check
the first series and to compare the results obtained by
different operators working simultaneously. Samples
were made up of the same three mixes together with the
same three cements that were used in the first experi-
ments. A third series of tests was made in which the
specimens were made at different times and the tests
also to determine the effect of different temperatures and
humidities at the time of preparing the specimens, dur-
ing storage, and at the time of the test. It was found
that very considerable differences exist between the re-
sults of tests made on different dates.

“The results of these three series of preliminary
tests showed that, in general, all tests intended to show
the effect of variables other than the amount of aggregate
should be made on specimens of standard floor mix; that
specimens should be stored in normal air; that tests
should be made at any time after three days; and that
all tests, the results of which are to be compared quan-
titatively, should he made at the same time on specimens
made at the same time and by the same operator.

““A mineral like magnesite varies, and the caleined
product from one mine may be different in composition
from that of others. The caleined product, however, is a
crude material, and to make it uniform it would have to
be treated chemically, which would involve prohibitive
expense. Up to the present time, and for this reason, no
standard produet has as yet been placed on the market,
and for this reason again, the consulting architect can
make no detailed specification as to the chemical com-
position of the material he wishes to use unless it is the
produet of a certain mine with which he is acquainted.
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“The application of magnesia cement, therefore, is
governed by the particular produet used and the methods
employed will vary with the nature of the cement,
weather conditions, and other variables. The specifica-
tions are usually restricted to a statement of the results
to be accomplished and to the fundamental factors com-
mon to all these cements.

““In order to gauge the effect of these variables, tests
were made to determine the effect of :

1. The chemical constitution of the eement.

2. Variation in the amount of MgCl, solution; den-
sity constant.

3. Variation in the density of the MgCl, solution;
amount constant.

4. Variation in both the amount and density of the
MgCl, solution; amount of MgCl, constant.

9. Variation in the proportion of cement to aggre-
gate.

6. Variation in the moisture content of the aggre-
oate,

“To determine the effect of the variables listed, tests
were made as follows:

1. Tension test.

2. Compression test.

3. Cross-breaking test.

4. Hardness test.

5. KExpansion test.

6. Change in weight test.

7. Pat test.

“The results of these tests are summarized in part
as follows:

1. The standard floor mix, gaged with a magne-
sium chloride solution having a density of 1.20 (24°
Baume) in the proportion of 85 c.c. of solution to 100 g.
of solid material (1 liquid gallon to 10 pounds) was found
to have:
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An average tensile strength of 593 pounds per sq. in.

An average compression strength of 2340 lbs. per sq.
in. at seven days, and 4,000 lbs. per sq. in. at 28 days.

An average modulus of rupture of 1,200 Ibs. per sq. in.

An average modulus of elasticity of 650,000 lbs. per
Sq. in.

An average Brinell hardness number of 7.3.

A coefficient of expansion of 0.0000126 per degree F.

2. Specimens made of this mix were found, in gen-
eral, to inerease in strength as time went on, and the in-
crease in compressive strength was greater than the in-
crease in tensile strength; but in some instances a de-
crease in tensile strength was noted.

3. Specimens of this mix were found to expand dur-
ing setting, and for some time afterward. In a dry at-
mosphere, the maximum expansion varied from 0.10 per
cent to 0.30 per ceent and oceurred in from 70 to 140
hours. After that time, the specimens began to shrink
and the ultimate length of same was less than the orig-
inal. In a moist atmosphere, the specimens expanded
continuously during the period of observation. The rate
of expansion varied.

4. The weight of specimens as a rule decreased dur-
ing storage in a dry atmosphere, but inereased during
storage in a moist atmosphere.

2. It was found, in general, that the strongest mix-
tures were those made with cements having a high mag-
nesium oxide content, and a low lime content. The ad-
dition of lime was found to produce a marked decrease
in tensile strength. No consistent relation was found to
exist between the strength and the amount of any other
chemical constituent of the cements.

6. The tendency to shrink or expand was not found
to bear any relation to the chemical constituents of the
cement.
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7. The maximum strength and hardness were ob-
tained with that quantity of magnesium chloride solution
necessary to give good working consistency, that is, with
about 85 cubie centimeters of solution to 100 grams of
solid material (one gallon per 10 pounds).

8. In a dry atmosphere, the per cent (percentage)
of expansion of the specimens was found to increase with
the quantity of solution used; in a moist atmosphere, the
per cent (percentage) of expansion was found to de-
crease with the quantity of solution used.

9. In dry air, the per cent (percentage) of loss in
weight of the specimen was found to increase with the
quantity of solution used; in moist air, the per cent (per-
centage) of gain in weight was found to increase with
the quantity of solution used.

10.  The strength, stiffness, and hardness were found
to increase with the density of the magnesium chloride
solution used. A density of 1.15 appears to be the least
that should be employed in any case.

11. In a dry atmosphere, the percentage of expan-
sion of the specimens was found to inerease with the
density of the solution; in a moist atmosphere, it was
found that the percentage of expansion varied at first
inversely, and later on, direetly, as the density of the
solution. The relation between percentage of expansion
and density of solution do not, however, appear to be
clearly defined.

12. In dry air, the percentage of loss in weight of
the specimens was found to vary as the density of the
magnesium chloride used. In moist air, the percentage
eain in weight was found to vary indireetly as the den-
sity of the solution.

13.  The results of the tests on mixes in which differ-
ent quantities of solutions had been used, but in which
the quantity of magnesium chloride was practically the
same, showed that strength and hardness increased with
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the amount of solution so long as this amount was less
than that required to give normal consistency. This
shows that the physical properties of the mix are not
dependent simply upon the ratio of magnesium chloride
to magnesia, but depends also upon the quantity of water
used.

14.  Strength and hardness were found to increase
with the ratio of cement to aggregate. This inerease be-
came less marked as the richness of mix was increased.

15. The tendency to expand was found to inerease
with the ratio of cement to aggregate.

16.  Tests made on mixes in which the aggregate had
been moistened before mixing, in order to secure normal
consistency with less magnesium chloride solution,
showed that the strength varied direetly with the amount
of solution used.

17. The time of set was found to be affected by the
temperature and humidity, and also by the density of the
magnesium chloride solution. High temperature, low
humidity, and the use of a dense solution were found to
produce quick setting of the cement.”

USE IN INTERIOR WORK'

““Magnesia cement, or magnesium composition floor-
ing has been compared with other flooring materials.?”’
It differs from other flooring materials with the exception
of asphalt, conerete, and terrazzo in that it is installed in
the plastie condition. Floors made of magnesia cement
may cover quite a range of hardness which is accom-
plished by varying the character of the aggregate, for
example, by using variable quantities of sand. The
harder the floor, naturally the more noisy it will be as

1W. (', Phalen, Magnesite, Monthly Reports of Investigations, Bureau of
Mines, Oct.,, 1919, p. 8.
* See American Architect, July 24, 1918, p. 116.
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compared with a less dense and resilient floor made from
such materials as wood fiber, saw-dust, or cork. The re-
silient floor is quiet, elastic, warm, and agreeable to the
tread, and the wearing qualities of such floors is consid-
ered to be equal to that of the hard type, in which silica
sand is largely used.

“Magnesia cement flooring may be planed, drilled,
seraped, and burnished. The extent to which it may be
thus treated depends naturally upon the character of
the ageregate. The resilient floors are more easily
worked. Such working qualities of magnesite cement
are marked when compared with conerete which is brittle,
and unelastic.

“Magnesite cement floors may be colored with mineral
pigments. Such colors as red, buff, or black appear to
give the best results, but gray shades may be made by
mixing white and black. Other colors are apt to fade,
and are not so desirable. Floors may be laid in two or
more colors, the added cost depending on the design and
arrangement.

““The foundation provided for the magnesite cement
floors is of importance. Lime is detrimental and it is
necessary that all traces of it be removed from the foun-
dation. The floors should be laid in two layers, an
under layer 3/16-inch thick, and a top layer 5,/16-inch
thick. In the case of wainscoting or closet floors, a thick-
ness of 34-inch is ample. The surface should be bronght
to a true plane with a trowel, and should have a uniform
color. Burnishing, rubbing or seraping should not be
resorted to. The finished floor should be protected with
I4-inch layer of sawdust or fine shavings. The tem-
perature of the room where such a floor is being in-
stalled should not be less than 50° F. (10° (.). Such
floors should be gunaranteed for a period of at least two
vears.
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USE IN EXTERIOR WORK

“The qualities of magnesia cement requisite for sue-
cess in exterior finishing are resistance to abrasion, im-
pact and struectural stresses. Durability when subjected
to the action of the elements and stability fo minor dis-
arrangements of the base on which it is placed are of
immportance. It must be relatively unaffected by changes
in temperature, by the action of water and the elements
in general, should adhere to the material on whieh it
is placed, and should be free from shrinkage eracks due
to setting up the material.

“The elasticity of such cement is the outstanding
quality which makes it desirable for exterior work. Tt
also possesses the ability to adhere to all materials in
a marked degree. Its freedom from expansion and con-
traction after setting is one of the principal reasons for
its adhesive quality. It may be applied to old briek or
stone walls, even though they have been repeatedly cov-
ered with paint, and the quality of adhering to wood
makes it possible to seeure a weather-proof protection
to the woaden casings and trim of exterior openings.
The quality of adhesion and elasticity is easily proved
by applying a 14-inch layer to a 1-inch board which has
been first covered with metal lath. Such a board, about
8 feet long, may be repeatedly deflected about 3 inches in
the center without breaking the bond to the board, or
causing any cracks to appear in the magnesia cement.
The ability to resist fire as well as the possession of
insulating qualities are also desirable characteristies of
magnesia cement stucco.

““Magnesite cement stucco should be applied in two
coats, each 1/4-inch thick, on various surfaces such as
wood lath, metal lath, sheating board, brick, hollow tile,
or stone; care being taken as regards the presence of
lime, unless the same has been rendered, or become
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inert as with very old walls. The first coat made up to
a consistency that works easily under the trowel is ap-
plied in the usual manner. No water should be added
to the liquid chloride as it would alter its density and
injure the work. The second or finishing coat is then
applied. The aggregates are different in each, and no
other dry material should be added to them as they
come to the trade. The cement may be applied in zero
weather without damage. Setting is quite slow under
such conditions, but the cement ultimately becomes hard.
It should always be applied to a dry surface excepting
that under certain conditions it is desirable to apply a
solution of magnesium chloride before using the stucco.

“The temperature is of importance. If the tempera-
ture is over 50° K. (10° C.) only so much of the first
coat should be applied in one day as can be covered with
the second coat. In this way, the finishing coat is ap-
plied before the first coat has become hard. If the
temperature is below 507 F. (10° C.) the finishing coat
can be applied 24 hours after the first coat is applied.

““Magnesia cement stucco may be colored with any
mineral color or combination of such colors. The fac-
tory-made product is produced in colors, and thus pre-

pared, the shade is uniform.”’



KECONOMIC FEATURES OF THE MAGNESITE
REFRACTORY SITUATION
QUALITY OF AMERICAN MAGNESITE

Leaving, for the moment, the geological, mining and
industrial phases of magnesite, it will be well worth
while to consider briefly some opinions on the value of
American refractories made from domestic raw ma-
terial. It must be borne in mind that the birth of the
industry came at a time when the treatment received by
its products was unusually severe. There can be no doubt
that metallurgical furnaces were run at more than
capacity in the universal endeavor to supply the world’s
war needs. Perhaps, the care that was formerly given
to furnace linings slackened a bit; certainly these linings
were taxed as never before.

It is true that the first grain and brick magnesite did
not come up to expectations; over-capacity conditions
could not explain their undoubted failure; it was due
to lack of knowledge as to just how to artificially supply
the iron which, naturally in the Austrian raw material,
was lacking in that from the Pacifiec Coast. Later,
though, it was a different story; tons of domestic re-
fractory gave satisfactory results.

Lest there be doubt regarding the authenticity of this
last statement, attention is directed to the many opinions
as to the ability of American magnesite to do the work
required of it, that came to light during the recent Con-
gressional hearing.”  Without going into detail inas-
much as this data is all a matter of record in the pub-
lished report of the hearing, the summary of these
opinions as set forth by Phalen* are herewith given,

! Hearings before the Committee on Ways and Means, H. R. 5218,

*W. C. Phalen, Magnesite. Monthly Report of Investigations,
Bureau of Mines, July, 19189,
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“The Washington magnesite, according to Harbison-
Walker Refractories Company (a very large manufac-
turer of magnesite brick) has been substituted for the
Austrian for every purpose for which the Austrian for-
merly was used or sold, either in the manufacture of
steel, copper, or other metals and no conclusive evidence
WASHINGTON GEOLOGICAL SURVEY BuLLeTIiN No. 25, Prare XIII

-y

Aerial tramway of the Northwest Magnesite Company extending across
Colville Valley to the company's calcining plant,

has appeared that the Washington produet is inferior to
the foreign. As a matter of fact, the testimony of some
of the largest consumers of magnesite is to the effeet
that the Washington mineral, as now produced, is as good
as the Austrian. Brick manufactured by this firm have
been made exclusively from the Washington magnesite
sinee the middle of 1918, and during this period nearly
60,000 tons of magnesite in the form of dead-burned
grain and brick have been use and marketed.”’
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The general situation regarding the American mag-
nesite refractories insofar as production and quality are
concerned may be therefore briefly restated. First, the
Austrian and Washington magnesite are both erystalline
in character, and so suited for refractory use; second, the
American reduction practice, though complicated through
the necessity for the addition of iron ore, is more modern
and efficient, there being less waste in quarrying and a
greater recovery in caleining with about the same fuel
consumption; third, the dead-burned grain resulting
from both Austrian and domestic practice shows praecti-
cally the same chemical analysis and seems to have un-
dergone the same bonding action during sintering; and
fourth, to the extent of 60,000 tons marketed and used
complete satisfaction with the American produet is ex-
pressed by a leading refractory brick manufacturer.

COSTS

Turning from the question of the quality of American
magnesite with the belief that it is satisfactory as a
refractory in metallurgical furnaces, attention may be
directed to the relative costs of the imported and do-
mestic produet. Abundant sources of information on this
subject are available because of the data recently pre-
sented at the Congressional hearing on the subject. For
the sake of brevity the facts brought out in this hearing
have been abstracted.

It is estimated that the total plant investment in
(Cfalifornia and in Washington for mining, handling and
caleining magnesite is $3,500,000 to $4,000,000. The in-
dustry would normally employ more than 1,000 men, with
1,500 as maximum, although it is doubtful whether at
present more than 25 per cent of this number are so
engaged. These figures refer only to the actual pro-
ducing and transporting end of the business and have
no reference to the manufacture of magnesite brick.



136 Bulletin No. 25, Washington (feological Survey

Figures on the cost of producing dead-burned magne-
site in the United States, freight rates to the castern
market and pre-war figures on the cost of Austrian
magnesite at the same eastern points have been compiled
as follows:!

Highest cost per ton U. 8.0 $28.43
Frelght: s vaii iy amisswieiinm e 16.07

Cost at eastern market.............. $44.51
Lowest cost per ton U, B......ooviiiiiin $21.15
PREIEIE  onn et e e e 4 ST 16,07

Cost at eastern market........vovenen $37.22
Averagecostperton U. 8........oovvvveinn $25.13
Freight' cooonssarenivinimmps s s 16.07

Cost at eastern market.........ouviun §41.20
Pre-war cost of Austrian, per ton......... £16.15
Average differential per ton.............. 25.06

It should be noted that the American costs include
no profit for the producer, whereas the Austrian figures
do. On the other hand, the Austrian costs are for pre-
war conditions, no figures being available on quotations
since the cessation of hostilities.

Insofar as the State of Washington is concerned, it
is possible to give still further cost data as provided for
the Congressional Learing.

!'The following figures were taken at the time of the Congressional
Hearing. The present (April 1, 1921) freight rate from Chewelah, Wash.,
to Pittsburgh, Pa., is $18.40 per ton and to Chester, Pa., $20.80 per ton,
exclusive of war tax, which amounts to approximately $1.00 per ton.
Domestic manufacturing costs have changed but little from those pre-
vailing in 1919; what change has occurred, however, has been down-
ward,



The Magnesite Deposits of Washington 137

COST OF PRODUCNG CALCINED (DEAD BURNED SINTERED)
MAGNESITE—NORTHWEST MAGNESITE CO.
June 1, 1918, to May 1, 1918,

‘ Per ton
| Amount Dead-
Burned

Mine Expense 26,16
Treatment Plant 2 9.4
Tramway Expense........ .03
Total direet operating expense.......ooocviiiiimimrrnmraznns £701,302.92 216,50
Administration and General... ... cciviiivieiviisiisisiiinisiaisii, 26,232,006 .61
Taxes, Insurance and Interest. ..o i3, 457 .54 1.32
#784,082.52 $18.43

DEPTOCIAEION: oo s i v b G A A R 64,331.13 1.51
DADISLION i wruvmsimimvnsim rvn so e ssgin e s i s a0 S e 48,0755 1.15
Tota) COBE: oumesasm st s coin e b avee 2807,35%0.20 221.09

COST TO KILNS—AMERICAN MINERAL PRODUCTION CO.

| Cost | Cost

perTon|  per

| Dead- | Ton
Burned| Crude

B 611 ) 1T N RN SR $7.28 2200
R. R. to Valley.............. 5.00 2,00
3.2 1.40

WORBUE. v ianni i e e s | Lot ;‘1_.:;- —3_;5_{[}

Assume 25 ton ernde=1 ton dead-burned.

It is therefore apparent that the Northwest Magnesite
Company shows a cost sheet which is apparently a mini-
mum for dead-burned magnesite in the United States.
An estimation of the caleining cost for the American
Mineral Production Company, whether its caleination
was accomplished at the kilns of the International Port-
land Cement Company or those of the Northwest Magne-
site Company, would put its total production cost at
about an average for the United States. In the former
case, there would exist at the eastern market a differ-
ential in favor of the Austrian produet of 1.05 cents per
pound, and in the later case, 1.25 cents per pound, based
upon the above mentioned conditions of no profit to the
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American producer and pre-war production and ocean
freight costs for the Austrian.

To meet this differential, Representative Hadley of
Washington introduced into Congress in the form of
H. R. 5218, a bill which when amended after hearing
before the Ways and Means Committee provided the
following protective tariffs:

1. A duty of i-cent per pound on erude magnesite

ore.

2. A duty of 3j-cent per pound on calcined, dead-

burned grain magnesite.

3. A duty of #-cent per pound and 10 per cent ad

valorem on magnesite brick.

There is much to be said on both sides of the ques-
tion of the advisability of these tariffs, but such argu-
ments have no place here sinee they are obtainable in
the public document on the hearing. Suffice it to say that
it was believed that these duties, because of increased
Austrian producing costs since the war, would provide
sufficient protection to enable American producers to
compete with the imported refractory. In other words,
it was the belief that in Austria labor and other operat-
ing costs, handling and transportation will have in-
creased to the extent of 14-cent per pound on dead-burned
grain, so that the differential of 114 cents per pound in
favor of the pre-war imported produet will have been
eliminated by the imposition of a tariff of 3/-cent per
pound. However, although the bill, as amended, passed
the House of Representatives, it failed of passage in the
Senate because of the 1920 adjournment and again in
the 1920-21 session.

Under present conditions, therefore, the cost of cal-
cined magnesite at Chewelah, Wash., for instance, will
not vary much from the mneighborhood of $35.00 per
ton. Freight rates plus war tax to the Kast from Cali-
fornia and Washington points are approximately $20.00
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per ton. These figures offer no great hope for any
appreciable change from the present quotations in tech-
nical journals of £55.00 to $60.00 per ton for dead-burned
grain magnesite and $90.00 to $100.00 per ton or $450.00
to £500.00 per thousand for magnesite brick, these quo-
tations being f.o.b. Chester, Pa.

A factor that must be taken into consideration, how-
ever, is the substitution for dead-burned magnesite, of
much dead-burned dolomitie Canadian magnesite and
dead-burned dolomite, of which data of the U. S. Geo-
logical Survey shows 340,000 tons were marketed in
1917.  The freight rate on the Canadian magnesite to
Pittsburg, Pa., is a little more than half of what it is
from western points to that city.

As an example of just what the cost of magnesite
really means in industry and the effeet of increasing
costs, it is interesting to consider the quantity and cost
of the magnesite used per ton of steel." Prior to the
war between six and fourteen pounds of magnesite were
used per ton of steel, according to estimates of several
prominent eastern steel manufacturers. The quantity
used was cut in half during the war owing to a greater
measure of economy and the substitution for magnesite
of dead-burned dolomite. About three to seven pounds,
or an average of five pounds per ton of steel was used
during 1917, which quantity may be considered approxi-
mately that used now. The cost of magnesite per ton of
steel is small.  With magnesite brick $450.00 per thous-
and and grain magnesite at $48.50 per ton f.o.b. Chester,
Pa., the cost of magnesite per ton of steel on a basis of
all briek, would be about 2214 cents, and on a basis of
all grain, 1214 cents. 'With half brick and half grain the
cost would not be far from 17 to 18 cents, with two-
thirds brick and one third-grain, 19 cents,

TW. C. Phalen, The Present Situation in the Magnesite Industry.
Bureau of Mines Separate, p. 5, July, 1919,
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It is not difficult to see then, that, regardless of
production costs, tariffs, and competition rates, the cost
of the magnesite when it is considered in the final analy-
sis as to its effeet upon the price of a ton of steel will
make very little difference whether the consumer uses
the imported or domestic produect, with or without pro-
tective tariffs.

PRODUCTION, CONSUMPTION, IMPORTS AND EXPORTS

With regard to supplies of magnesite available for
use, but little can be added to the information contained
in the early pages of this report. The foreign supply
is vast, the domestic supply extensive and, were all of
the California raw material to be devoted to other uses,
there is a sufficient deposit in Stevens County, Wash-
ington, to provide for the metallurgical needs of the
country for many years.

The econsumption for all purposes of erude magnesite
in the world is estimated at 500,000 tons annually, and
of this, the United States consumes about 70 per cent
or 350,000 tons. Before the war approximately 96 per
cent of the material used in this country was imported,
and of the material imported 95 per cent came from
Austria. Pre-war production in the United States, all
from California, was 10,000 tons crude annually. The
total production in the United States during 1917 was
317,000 tons by at least 30 producers.

Today there are eight leading producers, six in Cali-
fornia and two in Washington. These concerns have
ample caleining capacity to supply the needs of the
country. Of brick manufacturers, nine or ten supply
most of the finished produet, there being four large com-
panies leading the field.
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Only two states, Washington and California, produce
magnesite. The entire Washington production comes
from Stevens County. The first production from these
deposits was made during December, 1916, when there
began a feverish growth of the new industry in answer
to incessant war demands. During 1917 Washington
produced approximately one-half as many tons as Cali-
fornia. The 1918 production wasg an increase of 40 per
cent over the previous year and it placed Washington
as the leading magnesite producer of the country, which
position it has since maintained.

The production figures are as follows:

PRODUCTON OF CRUDE MAGNESITE.

| WASHINGTON CALIFORNIA

YEAR | Quantity Quantity
Short Value Short Value
Tons (a) Tons (n)

$783,188 154,250 $1,338,331
1,050, 700 211,663 | 2,116,630
1,565, 000 24,077 761,811

743,442 0,020 a4 ,973
1,664 888 81,782 | 1,083,262

(n) Caleulated to a erude basis,

CRUDE MAGNESITE PRODUCED IN THE UNITED STATES 1913-20,

Quantity

Short Value
Tons

0,632

11,203 :
30,499 274,41
154,474 1,393,693
316,828 2,800, 518
231,605 1,812,601
136,226 1,248,415

303,767 2,748,150
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MAGNESITE IMPORTED FOR CONSUMPTION IN UNITED STATES
1909-19,

| ? CALCINED,
CRUDE | NOT PURIFIED
YEAR s | i -
Quantity Quantity
(pountds) Value (pounds) ‘ Value
DO i b Ko i s S5 i 19,635,479 46,005 | 208,947,602 | 030,014
OV 0t A e T A R A Bt s 52,002,557 162,069 | 297,652,901
B soviois S R SR A 25,948,797 76,007 | 244,149,581 |
B L1 S N R T O R e B Bt 35,810,752 104,326 | 250,508,372
TR it n s S SO B R A 26,479,100 84,011 | 324,187,404 JRili5]
1914 26,708,351 54,677 | 243,638,205 | 1,323,1
113 99,527,772 235,140 | 53,148,739 232,071
1416 150,689,445 134,447 | 18,589,704 204,183
M7 (60,534,420 232,105 7,081,158 232,601
1918 i 10,864,000 | 103,233 | 28,008,815 824,022
W G s s | 12,261,280 | 103,311 | 18,941,440 210,721

The following tables, taken from the Mineral Re-
sources of U. S., Part 2, page 145, show by months the
rapid increase and decrease of imports from Canada in
1918, and are of especial interest in showing the results
of the competition of the Canadian and domestic magne-
site. The imports from that country had already begun
to decline before the armistice was signed.

MAGNESITE, CALCINED, NOT PURIFIED, IMPORTED INTO THE
UNITED STATES 1318,

MONTH Seot-

Canada | land
JHNUATY wovussrrmns s snsnasssssnsanns essnstpmrsssssssnze 215 152
February R 08
Murch v [543 53
ADHL cvvinesnaiansevempnsstanessasessnssse s psan st o Smatoss noslaade s os s 2600 kil
111 £ 5 et ee RS o e TR R 2,076 82

TUADIE oo doa s o o a0 808 073, 0 R0 SR A ek b e 2965 |.......

JUIF o vevnsnsensannngsimesssssrasssssssssnyssissnrasssassdnesinetasion ciares 2660 |.......
August .. 2,480 272

September . 8317 |avrnnss
October ......coeciee 2128 [
November 254 24
Deeomber 52
Mota]l OB e s s s im0 Wb bimie e 20,003 86T
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The Bureau of Foreign and Domestic Commerce re-
ports the following importation of magnesite during
1919 and 1920:

MAGNESITE IMPORTED INTO THE UNITED STATES.

1190 1920

Short | Long

Tons Value Tons Value
Austria 2,650 | $64,933 |.........
Germany 34 2023 713
TERLY  oisiins fair i s aek fiatan mimiin s v h m s A 3 2,416 62,733 | 21,185
Czecho-S1ovaKIL «ovvvnrinriiiiir it nas 3,820
EETROOD . |5 oavs b4 fonie walees wn b s aald o amn e sie/e o #h 8 FAp RN wa 4,000
Torkey In. EUTODS:is cim'ss e aseie s s inansve 3,028
WELHOYTATIS oco.0v mim v iaimmmicmanc st i oy e aAdian b e btos L i oot e i s19
England . 4,849 28
Seotland o, 360 190 13,72
Canada .. 216, 605 6,028 184,060
Mexico ... 13,500 S 1, 300
WODEZUETH o vvvvvnvrnnrnonnsnnannnsranasrosensssmssssastlons sasssnlsssnssssss 2,500 11,500
Apsbrallh o is el e s e S e B e S A a4 417
Biralts Betblanmits. oo v annsevessiremasins s wam o [reas e 4

TPORRYE s s 3w o s s e o 15,8 43,154 F780,078

74,082 |
1

The imports for 1919 were extremely small in com-
parison with pre-war figures. This is largely due to
the unsettled foreign conditions and it is only a question
of time until European competition will be severely felt
by the domestic producers of magnesite. Grecian mag-
nesite was not entered in 1919, and the California ma-
terial continued to supply the bulk of the magnesite
used by the plastie trade. Likewise, the Stevens County
magnesite continued until the close of 1920 as the prin-
cipal source of magnesite used for refractory work. The
several Washington producers closed down entirely dur-
ing December, 1920, but this has apparently been caused
more by the present lack of demand for refractories,
rather than by a sudden increase in importations of
foreign magnesite.

All of the material is now caleined or dead-burned
before being shipped to the eastern markets. The car-
bon dioxide and moisture thus eliminated cuts the freight
costs in half. The expansion of coastwise shipping tends
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to encourage the belief that it may be found cheaper to
ship the material by boat through the Panama Canal.
At the present time there is no direct service from
Seattle to New York by water, but it is hizhly probable
that such service will be established in the near future
and it is likely that the re-entrance of foreign compe-
tition will force some such shipping arrangement for
magnesite. The deposits are 360 miles by rail from
Seattle, and the fact that a part of the haul is over the
(ascade Mountains would tend to make the freight rate

still an important cost item.



RESEARCH CONDUCTED ALONG LINES OF
PROPOSED NEW USES FOR
MAGNESITE
INTRODUCTION

With a situation, such as has been described in the
preceding paragraphs, facing the magnesite industry,
research into the present and possible new uses for mag-
nesite was undertaken in the belief that improved and
more varied produets would insure perpetuation of
the industry regardless of the results of the foreign
competition in the dead-burned refractories.

In outlining the field for possible development, it
appeared that research might be undertaken along the
following lines:

1. More complete geological investigation in an
effort to determine extent of present domestie deposits
and to loeate any new ore bodies.

2. Improvement in refractory praectice.

a. Further study of the exaet kiln reactions by
means of metallographical and chemical re-
search.

b. Development of satisfactory mechanical
methods for the concentration of magnesium
oxide in erude magnesite.

c. Utilization of more of the ore body.

d. Manufacture of new refractories.

3. Study of caustic caleination, particularly in regard
to the possible relationship between content of impuri-
ties and time and temperature of caleination.

Study of magnesia cement.

5. Reduetion of magnesite to metallic magnesium,
6. Precipitation of light magnesia.
7. Development of magnesium alloys.

8. Utilization of magnesite as source for magnesium

chloride.
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9. Manufacture of anhydrous magnesium nitrate or
basic nitrate for the fertilizer trade and as a carrier for
nitrie acid.

10. Investigation of minor possibilities with magne-
site for raw material of which the following is but a brief
list to indicate the trend of new uses.

a. Refining and drying of vegetable o1ls with mag-
nesia or magnesium carbonate.

b. Improvement of utilization of magnesium salts
in fire-proof paints,

¢. Use in wood preservation.

d. Production of magnesium sulphite for paper
manufacture.

e. Production of magnesium sulphate for textile
industry and medicine.

f. Production of magnesium hydrate for sugar

industry.

Production of magnesium perborate for bleach-

ing purposes.

h. Use of hydrated calcined magnesia in the
ammonia soda process.

1. Production of inorganic salts of magnesium,
such as the fluoride, fluo-silicate, peroxide and
silica flnoride and organie compounds contain-
ine magnesinm.

"J.Q

Upon consideration of the foregoing field, the imme-
diate possibilities of research were narrowed down to
three general types: First, improved high temperature
refractories, through metallographical and chemical in-
vestigation and new compositions capable of use in re-
placing fire-brick and other low temperature linings;
second, improvement in the magnesia cements with par-
ticular reference to the caleination problem inasmuch
as the many patented cement mixtures are apparently
satisfactory; third, selected miscellaneous products that
have never before been seriously commercially contem-
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plated in conneetion with magnesite as the source. The
first problem has been attacked by the magnesite in-
terests themselves and, although results are not definitely
known, it is understood that considerable progress has
been made. The second problem was turned over to the
Mines Experiment Station at Berkeley, California, and
definitely favorable results are expected which will be
available in publications of the Station; some phases of
the third problem as dealt with at the University of
Washington will be set forth in this chapter, while
others were investigated by the Washington State Col-
lege. The work of the latter institution was confined
to precipitation of light magnesia and production of
magnesinm salts, on both of which favorable results were
reported and the preservation of wood with magnesite for
the raw material, on which the results were negative.

Three prineipal lines of attack were followed in the
chemieal laboratory of the University of Washington:
First, attempts at concentration of the erude magnesite
with elimination of sufficient lime and silica so that
quarry run material might be available for refractories
without the necessity for hand picking; seeond, a study
of magnesinum nitrates and basie nitrates to produce non-
hygroscopic fertilizers and ecarriers of nitrate acid;
third, the precipitation of light magnesia for use in heat
insulators.

CONCENTRATION OF CRUDE MAGNESITE

But little work was done on this problem as all ave-
nues of attack seemed on the face to lead to processes
which, if commercially possible of achievement, would
cost too much to offer any solution of the problem.
The lines chosen for consideration were table concentra-
tion and the use of hydrofluorie acid with regeneration
of the reagent. Tt was finally concluded to abandon the
work, at least temporarily, and turn to the possibilities
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of utilization of the waste raw material offered by a
development of nitrate and basic nitrate of magnesium
or light magnesia.

PROCESS FOR THE MANUFACTURE OF NON-HYGROSCOPIC
MAGNESIUM NITRATE OR BASIC NITRATE
INTRODUCTION

At the present time in the United States, the question
of sufficient nitrate fertilizers to satisfy the ever-increas-
ing demand is becoming one which requires immediate
attention. Nitrate from the Chile saltpeter deposits is
quoted at $50.00 to $60.00 a ton laid down on the eastern
seaboard. Caleium nitrate or basic nitrate, whether
manufactured in the United States or imported from
other countries, commands a like price and has the ob-
jectionable feature that the product, even the best obtain-
able, requires great care, with corresponding cost, in
packing and shipping because of the hygroscopic nature
of the material.

Moreover, concensus of opinion has seleeted the
Pacific Northwest as the most favorable portion of the
United States in which to develop a profitable are pro-
cess for the fixation of atmospherie nitrogen.

In view, then, of the demand for nitrate fertilizers,
the necessity of utilizing magnesite in new and profitable
products and the favorable location of nitrogen fixation
plants, an attempt has been made to develop experi-
mentally on a laboratory scale a process for the manu-
facture of a non-hygroscopic magnesium nitrate or basie
nitrate which will undersell Chile saltpeter and cal¢ium
nitrate or basic nitrate, will permit of cheap and con-
venient handling, packing and shipping and will provide
a market for two of the natural industries of the State of
‘Washington.

A careful search through the literature failed to show
that any attempt to manufacture magnesium nitrate or
basie nitrate for fertilizer had ever been made. How-
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ever, considerable work has been done in determining
the effect of magnesium carbonate on plant life and it
lias been found to be much more injurious than caleium
carbonate. Whether magnesium nitrate or basic nitrate
would likewise be toxic could not be determined in the
literature. However, at the present time, experiments
are being conducted by the Department of Agrieulture
in an attempt to determine the fertilizing value of these
salts and upon the results of this investigation will de-
pend largely, of course, their availability as fertilizers.

It has been claimed that magnesium nitrate should
offer a convenient and fairly cheap method of transport-
ing nitric acid. It should be possible to make a non-
hygroscopic magnesium nitrate from magnesite of suffi-
cient purity to carry 15 per cent or 16 per cent nitro-
gen. But little care would be necessary in shipping and
the freight rate should not be excessive inasmuch as
the product could be classed as a fertilizer. In re-
generating the nitrie acid, the method used could be the
same as that emploved in the manufacture of the acid
from Chile saltpeter inasmuch as the resultant mag-
nesium sulphate or acid sulphate or mixture of the two,
melts at a slightly lower temperature than the sodium
acid sulphate resulting from the use of sodium nitrate.
This would permit of the utilization of the excess niter
pots and nitrie acid condensors and towers at present
in the United States as a result of the great inerease in
the production of nitrie acid during the war. This
apparatus would undoubtedly give a recovery of at
least 98 per cent of the nitrie acid.

The magnesium sulphate or acid sulphate released
from the niter pots in a molten condition could be turned
into a very profitable by-product by allowing it to
harden, dissolving in water and precipitating light mag-
nesia as discussed later under the work done on that
problem.
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Therefore, in connection with the laboratory work
on a magnesium nitrate or basie nitrate for fertilizing
purposes some additional laboratory work has been at-
tempted in an effort to produce a purer non-hygroscopic
magnesium nitrate than that suitable for fertilizer so
that it might be used as a means of transporting nitrie

acid.

MAGNESIUM NITRATE OR BASIC NITRATE FOR USE
AS FERTILIZER
EXPERIMENTAL WORK

All experiments were performed on a small labora-
tory scale, solution and evaporation being obtained in
12-inch evaporating dishes heated on a gas hot plate.
Filtration was by means of a laboratory suection filter.
The final product was allowed to solidify in small iron
pans and the produet was broken into small pieces by
means of a hammer and small laboratory jaw crusher
set for 1/4-inch,

The tables and reactions on pages 152-155 are suf-
ficiently complete to show the method of conducting ex-
periments and the data obtained. The conclusions here-
inafter set forth will be most readily understood by
reference to these tables.

Analysis of solutions and final produet for nitrogen
was by means of titration with standard ferrous sul-
phate, the method having been developed by F. (. Bow-
man and W. W. Scott.

DISCUSSION OF RESULTS

Solution. Lamp magnesite through a number 5
gvratory (2 inch-3 inch) reacts with least loss of HNO,
when it is present in excess and the temperature is main-
tained between 40° C. and 507 C. (104° F. and 122° )
The laboratory experiments were conducted with lump
magnesite and 42 per cent HNO, because the magnesite
is delivered from the quarry in this condition and the
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HNO, from the arc process is of approximately this
strength. However, other conditions were tried. Finer
magnesite causes the reaction to proceed too fast so that
the temperature is raised above the limit of 50° C. (122°
I.) and there is undue loss of HNO, in the form of
volatile oxides. HNO, of greater or less concentration
does not apparently affeet the rate of reaction but with
too concentrated acid there is loss of volatile oxides.
Therefore both of the original materials ean be used in
the condition in which they are most readily obtainable.
A 98 per cent utilization of HNO, was obtained and is
possible of attainment on a commercial scale. The re-
maining 2 per ecent can be recovered in the final neutrali-
zation of this acid solution of Mg(NO,)..

Purification. The principal impurities present in the
magnesite are silica, iron, alumina and lime. The silica
is insoluble as is whatever iron, aluminum and caleium
present as silicate. The remaining iron and aluminum
precipitate as hydroxide when the solution is neutralized
with caustie ealeined magnesite and all insoluble ma-
terials can be removed by filtration or decantation. The
remaining lime is soluble as caleium nitrate and, in it-
self, a good fertilizer, it does no harm when present in
the final produet. Removal of the other impurities is
necessary, however, because, although probably not
harmful if added to the soil with the fertilizer, their
presence necessitates a lowering of the nitrogen content
of the final produet below that necessary for successful
competition with the ealeium nitrate or basic nitrate al-
ready on the market. IHowever, this purification can
probably be realized by merely settling and decanting
and is so inexpensive as to have practically no effect on
the cost of the final product. Moreover, inasmuch as
neutralization must be accomplished in any case, the
purification can be readily carried on in conjunection with
it so that its cost is reduced to practically nothing.
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Neutralization. The greatest item of expense in the
manufacture of the magnesium nitrate or basic nitrate,
is the nitric acid. Therefore, less of this constituent,
even so much as a fraction of a per cent must be avoided.
To further this end, the magnesinm nitrate solution is
neutralized with caustic calcined magnesite, added in
finely divided form (through 100 mesh). The neutraliza-
tion should be with caustic caleined magnesite for two
reasons, 1st, because this reaction gives least rise in
temperature with consequent loss of nitrogen, and 2nd,
because any excess added reacts with the magnesium ni-

trate solution to give soluble basic nitrate, whereas there

would be no reaction with excess magnesium carbonate.
Some form of agitation should be provided for the tank.

REACTION AND SOLUTION DATA-—-MAGNESIUM NITRATE OR
BASIC NITRATE RESEARCH.

Excess
Experi- DATE Maug- HNOz HNOs | Mag- | Excess
ment ———— | nesite H:0 e.c. HNO= Per nesite | HNOa
Number 1919 Grams | e.e (1.42) | Grams | Cent Per Per
Cent Cent
1. July 30 100 125 142 141 43 |
B July 31 25 a0 a5 35 43 |.
3... July 31 25 40 B a5 o |
4. July 31 25 a3 40 an 45
B.. July 31 25 0 36 35 0 |.
[ July 81 25 300 36 a5 m |
7 July 31 5 a0 a6 a5 43 |.
s July 31 25 ] B 35 T
9.. July 31 25 300 a6 25 10
10. July 31 5 33 40 3 43
n Aug. 1 1150 125 142 41 43
12... Ang. 4 25000 B ARI) S 42
18.. Aug. 6 25000 500 BRI B 42
TEMPERATURE |
Experiment Number e — - Time Residue
*0. [ “F. Hours | Grams
B TR TS e o e g SRS A En BRI, | KRS s
230-284 | 2 56
| 50— G4.4| 15 25
50- G4.4 15 25
50 (1.4 15 25
50~ 64,4 15 23
50— 044 15 2
155-176 3 1=
158-176 4 18
158-176G 8 20
158-176 3 15
158176 3 1105
140-147 1% 2150
13-122 | 2% 2130
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1953

EXPERIMENTAL DATA IN FORMATION OF MAGNESIUM NITRATE

AND BASIC NITRATE.
Lump H=0 [
Experi- Mag- | HNO=z | HNO: | Added HNOs| H20 in | Wash
ment DATE nesite 0.0 Grams at Start, Per | HNO: | Water
Number Grams | (1.42) [ Cent e. G [ LI
Aug. 4 2500 5 42 20 240
Aug. 4 o [ 1T W N i LN, NN ) -
Aug. 6 2500 300 42 | 2 0
Aug. 6 H O T N
Aug. 7 2300 B 42 24k 240
Aug, ¥ Ay i T e e e s
Aug, 8 1200 250 42 130 120
Aug. 11 1200 250 42 130 120
Aug, 12 1200 250 42 130 120
Aug. 13 1200 250 42 130 120
Aug. 14 2500 SO0 42 240 2 1]
Aug. 15 ¥
Aug. 18 2500 S0 42 240 240
Aug. 19 b IR =Rt s i) PSR TG £ R PP
Aug. 20 2500 ] 42 260 440
Aug. 21 oA (ORI v o Py Eyns|
s co Aug. 22 2500 300 42 260 440
1 TR ) Aug. 25 e e LumuImwal (o,

* A and B combined until MGNO, solution divided into two equal parts.

EXPERIMENT NUMBER

H:0
Due
to
Reaction

. C.

1
12-B

s

Domrr oar

Tem-
peraturs
f

o
Reaction
HNO=2 +
MgCOs

*C

Reaction
HNOs +

MgO
for
Neutra-
lization
Grams

Girams
Caunstic
Caleined
Mag'site
for
Neutra-
lization
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Utiliza- C.c.of
tion HNOz| Tempera- | Time of | Solution
Resi- Solu- in Reac- ture of | Evapora-| When
Experiment due tion tion HNO:z| Evapora- tion Excess
No. Grams c.e + MgCOs tion Hours Oxide
Per Cent *C. Added
12A . o mimsnninnnnses| S0 1500 90 100-123 3.5 200
12 ...‘.,,‘..........‘.!,.......... 3 - 100-1%5 2.5 0
134, cvecvvenrensnnenns| 2180 1400 08 100-125 4.0 a0
1B % il 100125 1.0 00
H-A.L .. veevens] 2200 1300 100-150 4.0 )
IA!-B...“..H ......... P FXDTI CEPETTREPESt PP 100150 4.0 200
! ¢ T N 1167 . veen [ 100-150 35
98 100-150 3.3 250
) 100-150 3.3 250
098 100-150 3.5 00
" 100-150 3.3 200
] 100-150 3.3 A0
99 100-150 3.3 200
9 100-150 35 | a0
a5 100-150 35 250
a8 100-150 3.5 -]
= 100-150 3.8 | 50
08 100-150 3.5 | 250
*A and B eombined until MgNQs =olution divided into two equal parts.
Grams
: Grams MgO Caustie Loss HNO=: Nitrogen
Experiment Addead Caleinod in Final in Final
Number to Give | Magnesite Evaporation Product Product
Mg (OH) | Added for Per Cent Grams Per Cent
(NO=2) Mg (OH)
NOz)
0 10 405 10
12 410 11
12 il 10
| 12 330 10
10 400 0
12 #4350 10
2 390 15
2 ¢ adn 1
1 510 12
1 525 11.5
1 50 11.5
1 a1l 12
0 455 12,5
0 500 12
1] 440 13.8
(1] Y85 13.9
0 #4460 13.4
o =400 15.0

** Impurities filtered out.
*** Dead-burned magnesite added.



1
1

The Magnesite Deposits of Washington 15:

—

1 Non- Non-
Per Cent Hygroscopic | Hygroscopie
EXPERIMENT NUMBER Over All Loss | Propertiss of | Properties of
of Nitrogen |Final Produet Final Product
Aug. 25, 1919 | July 1, 1920
20) Fair No good
22 Poor No gooid
14 Fair No good
14 Fair No good
4 Fair No good
46 Toor No good
4 Good Giood
4 No good | No good
3 Fair No good
3 Good o Gioodd
2 Good Good
2 Good | Good
1 Giood Good
1 No good No good
2 Gioonl Good
2 Good Good
2 Giood Good
2 ! Good Goord

The final product resulting from experiments
where there was complete neutralization showed better
non-hygroscopic characteristies than where an acid so-
lution was evaporated and allowed to solidify.

Evaporation. Evaporation after neutralization pro-
ceeds at 100°C. (212°F.) until all water in excess of that
necessary to give a solution of Mg(NO,),. 2H,0 is driven
off.  When this point is reached, the temperature begins
to rise. If now approximately half the theoretical
amount of caustic calcined magnesite necessary to com-
pletely convert the magnesium nitrate to the basic ni-
trate, is added in finely divided form (through 100 mesh)
and the temperature allowed to rise until it reaches an-
other stationary point (145 to 150°C.—293 to 302°F.)
the material may be poured and allowed to set giving,
finally, a product that shows good non-hygroscopic prop-
erties.  Many methods of conducting this evaporation
were tried and discarded in favor of the one outlined
here. Variations in temperature only served to empha-
size the fact that the method outlined here was most
easily controlled, permitted of simplest methods of me-
chanical handling and gave the most consistently non-
hygroscopic produet.
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No matter what the subsequent method of evapora-
tion it is self-evident that the first step is to eliminate
the water in excess of that necessary to give Mg(NO,)..
2H,0. This point is easily detected for when it is reached
the temperature begins to rise above 100°C. The point
at which to add the caustic calcined magnesite was more
difficultly determined. However, it was found best to
convert the nitrate to the basic nitrate as soon as possi-
ble after the temperature started to rise because other-
wise there seemed to be decomposition of the nitrate with
consequent loss of nitrogen. This decompesition is not
evident with the basie nitrate nor with the nitrate in the
presence of basie nitrate until a temperature of 145°C.
150°C. is reached. At this temperature, however, there
is evidence of decomposition and the temperature re-
mains stationary. If now the solution is poured it is
found that the produet is very satisfactory. The ques-
tion of how much ecaustic caleined magnesite to add
offered difficulties. Over half the theoretical amount
cansed erystallization of nitrate and basice nitrate from
the solution before the time to pour. The resunlting final
product was poor as a mnon-hygroscopic material and
moreover was removed from the evaporating dish with
great difficulty because of its semi-solid character. Less
than half the theoretical amount of caustic caleined mag-
nesite converted too small a part of the two molecules of
water of erystallization in the Mg(NO,).. 2H.0O into the
hydroxyl radical of the basic nitrate so that the final
product was unnecessarily high in nitrogen content for
suceessful competition with other nitrate fertilizers. The
result of repeated experiments showed it to be best to
add approximately one-half of the theoretical amount of
caustie caleined magnesite necessary for complete con-
version to basic nitrate. The resulting produet is an in-
timate mixture of practically one part of nitrate to one
part of basie nitrate bound together with whatever im-
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purities the caustic caleined magnesite contained and
what water remains unconverted to the hydroxyl radiecal
of the basic nitrate. This product is completely fluid
when poured at the beginning of decomposition at 145°
C.(293°F.) so is easily handled from the evaporation.
The product on solidifying is sufficiently non-hygroscopic
for the uses to which it would be put. The nitrogen con-
tent would be a little better than 13 per cent or practical-
Iy the same as that of the caleinm nitrate or basic nitrate
now on the market.

By-product.  Although no experimental work has
been done on the utilization of the impurities settled
out from solution in the settling tank, it is possible that
the material so obtained might be used for the manu-
facture of fire brick of some sort. After heating, the ma-
terial would be essentially oxides of iron and aluminum
and magnesium, silicates of iron and aluminum and pos-
sible silicate of magnesium if the brick were treated to
sufficient temperature during manufacture. Such a com-
bination suggests itself as a possible source of refractory
brick.

C'osts. It is with difficulty that any cost estimate is
attempted with the data at hand and the following is
merely a suggestion subject to great modifieation if more
detailed study of the subject is pursued. It is based on
a tonnage of thirty tons of finished produet per day and
an investment of $250,000.

ESTIMATE OF COSTS IN MANUFACTURE OF MAGNESIUM NITRATE

OR BASIC NITRATE
Original Material:

13 tons magnesite at $6.00 per ton......ooviiivrininnnnnennns $78.00
17.4 tons of HNO; (100 per cent) at 355.75 per ton.......... 870,00
3.5 tons caustic caleined magnesite at $15................. 52.00

Total for material DerT AN .« .oy vwsyonm v insssiressing $1,000,00
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Cost of Operation:

P OETY o o R Y M R TR R 0 R A S R T $8.00
Labor (12 operators) at $5.00.. ... viiivisnansvavivnsaass 60.00
Repairs (b per cent per annum) . ... oevvnrorrrnsssnarananss 33.00
Overhead (5 per cent per annum)......... A T 33.00
Interest (10 per cent per AnNUIM) . .... oo eniannneraessanaa G600
Total for operation per day.......covovvvvrsrensnronrnss $ 200.00

Total cost 30 tong Mnal DPOAUGE. . commwmesmn i v sy $1,200.00
Total cost 1 ton final product. .. ... ..o iinneirnnas 40,00
Total cost 1 pound final product,.......vivvverrririnnennsreaas 02

The above figures are based on a final produet run-
ning 13 per cent nitrogen. 30 tons such final product
would eontain 3.9 tons nitrogen which would be provided
by 17.5 tons of 100 per cent HNO,. This amount of
HNO, would require 13 tons of magnesite running 90
per cent Mg(CO, for neutralization and 3.5 tons of caustie
caleined magnesite for a suitable final produet. It is
assumed that no HNO, is lost. The HNO, is provided
at 30-40 per cent concentration, at which strength it is
estimated to cost $55.75" per ton of 100 per cent HNO,.
The only power required is for pumps and agitation in-
asmuch as all heat is provided as waste from the nitro-
gen fixation plant. The labor provided at $5.00 per day
is sufficient. The estimate for repairs is high as is also
the overhead especially if the process is incorporated in-
to the nitrogen fixation process. The interest is 10 per
cent on $250,000.

The cost of Chile saltpeter on the Atlantie coast at
the time of the above estimate was made was $57.50 per
ton or 2.875 cents per pound. The freight on either Chile
saltpeter or magnesium nitrate or basie nitrate from
coast to coast would be about 1.00 cent per pound.
CONCLUSIONS FROM THE EXPERIMENTAL WORK ON THE PREPA-

RATION OF MAGNESIUM NITRATE OR BASIC NITRATE
FOR USE AS FERTILIZER

1. A non-hygroscopic magnesium nitrate, basic ni-
trate or combination of the two which carries thirteen to

*# Sec Final Report of Nitrogen Products Committee of Great
Britain, p. 287
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thirteen and one-half’ per cent of nitrogen can be made
at what appears to be a cost low enough to meet com-
petition.

2. The substance docs not noticeably take on water
after eleven months’ exposure to many variations of
atmospheric conditions and could easily be shipped in
box cars without packing other than paper or similar
protection from rain.

3. The substance will absorh water if subjected to
tfreatment as severe as exposure for periods of time ex-
ceeding one month in an ice-filled refrigerator.

4. A process, each peint of which has been fully de-
veloped has been evolved whereby this non-hygroscopie
substance may be manufactured.

5. The toxicity of the substance when nsed as a ferti-
lizer has not been determined but is being worked upon
by the Department of Agriculture.

MAGNESIUM NITRATE AS A MEANS OF TRANSPORTING

NITRIC ACID
EXPERIMENTAL WORK

Experiments 15 and 22B were performed with the
object of obtaining magnesium nitrate which would be
as pure as possible and contain as great a percentage
of nitrogen as possible. The first requirement is easily
obtained simply by use of the process outlined for the
manufacture of magnesium nitrate or basice nitrate for
fertlizer, omitting, however, the addition of canstie cal-
cined magnesite to the solution in the evaporator. The
resulting produet would be free from all impurities ex-
cept caleinm nitrate. The possible necessity for an ad-
ditional step in the process to remove this impurity will
be discussed later. The second requirement seems to he
limited to about 15 per cent nitrogen which would give
a nitrate of magnesium corresponding to the formula
Mg(NO,)..2H.,0. A further concentration of the nitro-
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gen content is possible by heating of the solution being
evaporated beyond 145°C. (293°F.) but such concentra-
tion is accompanied by a decomposition and loss of nitro-
gen in the form of volatile oxides and so is prohibited in-
asmuch as loss of nitrogen must be limited to the smallest
possible amount.

DISCUSSION OF RESULTS

Advantages. Consequently it is possible to convert
the nitric acid from an are nitrogen fixation process,
possible only in the northwestern portion of the United
States, into a pure, high-nitrogen content carrier. There
can be little doubt as to the great advantage in shipping
non-hygroscopic magnesium nitrate rather than nitric
acid. To ship nitric acid in tank cars would require con-
centration, at great expense, to an acid much stronger
than the 30-40 per cent produet coming from the final
tower of the fixation product. Furthermore, sulphurie
acid and oleum would have to be added to the concen-
trated nitric acid to prevent attack upon the iron of the
tank car and these additions would render the nitrie
acid unfit for certain uses. Finally, if the nitric acid is
not shipped in tank cars it must be transported in ex-
pensive drums, carboys, or other acid-proof containers.
In any case the handling costs, interest on invested capi-
tal and freight rates are high. With magnesium nitrate,
there would be no need for concentration of the nitrie
acid beyond 42 per cent and, provided always that the
nitrate proves to be sufficiently non-hygroscopie, it counld
be shipped in box cars as fertilizer with a correspond-
ingly low freight rate.

Regeneration.  In consideration of the regeneration
of the nitrie acid from the magnesium nitrate many fav-
vorable features are found. In the manufacture of nitrice
acid from sodium nitrate the niter pots, of which there
are an abundance in the United States today, are de-
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signed to allow the removal of the resultant sodium sul-
phate and acid sulphate in the molten form inasmuch as
this is the physical condition of these produets at the
temperature used for the reaction between sodium ni-
trate and sulphurie acid.  In like manner, magnesium
sulphate which, with nitrie acid, would result from the
reaction between magnesium nitrate and sulphurie acid,
would be in the molten condition at the temperature of
the reaction and so would afford utilization of the niter
pots already manufactured. It is in this connection,
however, that some consideration of the ealeium nitrate
present as an impur:ity in the magnesium nitrate must
be taken. The reaction in the niter pots would trans-
form this caleinm nitrate into caleinm snlphate and nitrie
acid and caleium sulphate is not molten at the tempera-
ture of the reaction. The ealcinm sulphate would
constitute about 3% of the total sulphate present.
Only experiment would determine whether the construe-
tion of the niter pots and the conditions present therein
would permit of the 97 molten parts earrvine with them
from the pots the 3 solid parts without clogeing which
would necessitate subsequent shut-downs for ecleaning
out the solid caliecnm sulphate. It seems very possible,
however, that the ealeium sulphate would he so earried
out. If not, however, some steps as previously men-
tioned in this discussion, would have to be taken to pur-
ify the magnesinm nitrate solution of caleinm nitrate he-
fore evaporation,

Hygroscopicity. The material made has non-hygro-
scopic properties sufficient to permit of ecasy transporta-
tion in box cars as shown through ohservation over a
period of eleven months,

By-product.  So far no consideration of the utiliza-
tion of the magnesium sulphate coming molten from the
niter pots has been made. Suffice to say that this ma-

—f
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terial can be made into the light magesnia which forms
85 per cent of the 85 per cent magnesia pipe covering
so widely advertised. A deseription of product will be
undertaken in the following discussion where the possi-
bilities of its manufacture from magnesite will be out-
lined. Attention here is called to the fact that its utili-
zation as a by-product in the transportation of nitrie acid
commences at that point in the process of its manu-
facture from magnesite where the magnesium is present
in the form of the sulphate in dilute solution.

CONCLUSIONS FROM THE EXPERIMENTAL WORK ON THE PREPA-
RATION OF MAGNESIUM NITRATE AS A MEANS OF
TRANSPORTNG NITRIC ACID,

1. A non-hygroscopic magnesim aitrate free from
all impurities except caleinm nitrate, conforming to the
formula Mg(NO,),.2H,O0 and carrying from 15 to 16
per eent nitrogen can be made from magnesite.

2. This produet has remained non-hygroscopic
through eleven months of exposure without protection
other than paper to all kinds of atmospheric conditions;
it will absorb water, however, if submitted for longer
than one month to the atmosphere in an ice-filied refrig-
erator.

3. It could be shipped in box cars. eliminating many
of the objections to other nitrates.

4. The are nitrogen fixation process and the mag-
nesite deposits are located in close proximity in the Pa-
cific Northwest.

5. The nitrie acid can be regenerated in apparatus
now available for use with sodium nitrate.

6. The molten magnesium sulphate resulting from
the regeneration is available as a source of light mag-
nesia.
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PREPARATION OF LIGHT MAGNESIA FROM MAGNESITE
COMPOSITION OF LIGHT MAGNESIA

The exact chemical composition of the so-called light
magnesia, as it finds use in ““85% Magnesia’’ produets,
is not definitely known. However, authorities have near-
Iy agreed in the belief that when it is precipitated at
room temperature it conforms to the formula 3MgCO, Mg
(OH).3H.,O and when precipitated from a boiling solu-
tion to the formula Mg, (OH).(CO,).. In either case it
is not known whether the precipitate is a basie salt of
either of the above compositions, or merely mixtures of
the hydroxide and earbonate in the proper proportions
to give these compositions.  Moreover, if precipitated at
temperatures other than these two, there seems to be
evidenee of still other compositions. The final product
must be very bulky and practically free from all im-
purities, the principal among which are apt to be silica
and salts of caleium, iron and aluminum.

TYPICAL METHODS OF PREPARATION FROM DOLOMITE

At the present time dolomite is used generally as
the original material in the preparation of such light
magnesia. But very little is known concerning the
methods emploved in the manufacture of this produet.
One of the principal methods used is deseribed by Capt.
F. W. Bartlett.! He says, in part:

“The works are generally located at the deposit, to
save freight, and a cheap method of quarrying and con-
veying the rock is devised. The native rock is a mixture
of ealeinm and magnesium carbonates. Sinee the eal-
cium must be removed, the rock is first ealeined, using
charcoal as fuel. The carbonic acid produced is used
later. The caleined rock is next mixed with water in
special rotating vessels where the lime is slaked. All
impurities remain in the vessel, and all the lime is

. WL Bartlett, Power, Vol. 42, p. 426, 1915,
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carried away by the overflowing water during the opera-
tion. The oxides are now in a state of suspension in
the water, the percentage of the soluble material being
very small. The later processes consist in a juggling
of ‘states of suspension’ and ‘of solution’ to separate
the caleinm and the magnesia.

“The liquid is pumped into vertical metal eylinders
about 5 feet in diameter and 15 feet high. These have
pipes leading from the top head to near the hottom for
the entrance of the carbon dioxide, derived from the cal-
cining. This gas is pumped from the caleining kilns and
returned to these cylinders under a pressure of abont 70
pounds. It rises through the liquid, being absorbed by
the oxides in suspension in the water, and reconverts
them into carbonates. But this operation produces an
important difference in the condition of the fwo car-
bonates—after the operation the caleium carbonate is
in suspension and the magnesium carbonate is in solu-
tion. The next step, the separation of the material, is
achieved by a system of filtration. The liquid enters the
interior of a series of wood cells perforated by small
holes and lined with cotton eanvas or cloth, which aet as
filters. The water passes out, carrying with it the mag-
nesinm carbonate while the caleinm carbonate in suspen-
sion is eaught in the meshes of the eloth as a paste. This
is the end of the caleium carbonate as far as this process
is concerned.

“The water containing the weak solution of mag-
nesium carbonate is next put into other vertical eylinders
of about the same size as the corbonating eylinder and
is there heated by steam to about 190" F. At this temp-
crature the magnesium carbonate goes again into suspen-
sion instead of into solution. The liquid is then pumped
to open vats lined with thin cloth, and most of the water
is drained off, just enough remaining to allow the mix-
ture to be pumped to the molds.
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“The molds arve like the filtering cells, with the same
size of holes and kind of cloth. A number of cells are
placed beside one another and pressed together firmly,
and the liquid is allowed to enter them all at once. When
all are filled so that no more liquid flows firrom the open-
ings, the cells are opened. The material that was in
suspension has been retained by the filtering process, and
the mold is filled with magnesinm earbonate.

“The magnesinm carbonate used for pipe or boiler
covering is mixed with asbestos fiber so that the result-
ing mixture may not be so brittle.  The covering is
formed in molds that resemble the kilns previously de-
seribed, except that cores are made as in foundry work
and the outside corresponds to the shape desired. After
the molds are made they are dried for six dayvs in ex-
tensive ovens, and later are finished just as if they were
made of wood.”’

Another clue to a method of manufacture is contained
in the following quotation: ‘‘Minerals containing mag-
nesinm are finely powdered and treated with sulphurie
acid, the heat of the reaction being allowed to rise high
enough to prevent formation of gelatinous silica; less
sulphurice acid is used than is necessary to combine with
all the magnesium. The magnesium compound thus pro-
" duced is recovered.”’

POSSIBLE METHODS OF PREPARATION FROM MAGNESITE

Three possible methods for the manufacture of light
magnesia from magnesite are suggested by the foregoing
excerpts from the literature. First, the application to
magnesite of the treatment desceribed by Capt. Bartlett,
where dolomite is the original material. There is no ap-
parent reason why any change should be necessary in
the process in order that the resulting product should
be as satisfactory as that obtained from dolomite. On
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the other hand, there is every reason to believe that the
cost of the product would be reduced, due to the higher
percentage of magnesia in magnesite with consequent
lessening of the amount of impurities which would have
to be handled.

The second method would be a modifieation of that
deseribed by Capt. Bartlett. The magnesite, suspended
in a finely divided state in water, might be treated di-
rectly with carbon dioxide gas under pressure when, be-
cause of the greatly inereased surface of magnesium car-
honate exposed to the action of the carbon dioxide, it is
helieved that the basie carbonate would go directly into
solution, the earbonate of lime, silica, sulphates and other
impurities remaining in suspension to be later removed
by filtration. From this point on the process would be
unchanged. The gain in such a modification would be
that caleination would be eliminated and there would be
a decided deercase in the quantity of impurities handled
so that the cost of manufacture might be materially
lessened,

The third method, in brief, would be as follows: The
material would be treated with sulphurie acid and the
procedure so regulated that it results in an alkaline solu-
tion of magnesium and caleinm sulphates.  Silica and
silicates, iron and aluminum hydroxides and other im-
purities are insoluble. The magnesium sulphate solu-
tion is freed of impurities by filtration and, after dilu-
tion, the light magnesia is precipitated by means of so-
dium carbonate, sodium aecid earbonate, earbon dioxide
cas, or some combination of the three.

The experimental work and the results deseribed in
this paper are limited to those obtained by application
of this third method.
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EXPERIMENTAL
Analysis of Magnesite obtained from the Northwest Magnesite Co.:

Crude Caleined
Per Cent Per Cent

Silica: (BID:) wupesmariasen s iiemuiisieisa 1.51 7.01
Iron and AlumInum, oo vl divinanh ity 3.95 T.43
1 1.29 2.40
T 14.6 38.3
LOEE-On TETIHON o b s e e e 18,65 48.86

100,00 100,00

The above analysis was performed according to the
method deseribed by H. P. Talbot.!

The problem resolves itself into three parts: First,
the determination of conditions producing maximum com-
pleteness of the reaction between magnesite and sul-
phurie acid; second, the determination of the most fa-
vorable dilution, temperature and the precipitant for
giving high grade light magnesia, and, third the testing
of the resulting product to determine its thermal con-
ductivity when mixed with asbestos as a binder.

Solution of Magnesite in Sulphuric Acid. At the
start the experiments were conducted in 12 inch evap-
orating dishes, heated over a gas hot plate, in an effort
to determine the concentration of sulphurie acid and the
temperature which would most readily and completely
promote solution. However, no satisfactory results were
obtained, due to the fact that the reaction did not pro-
ceed without agitation. After some preliminary small-
scale operations, which were highly encouraging, ome
liter beakers were substituted for the evaporating dishes
and the mixture kept agitated by means of stirrers pro-
pelled by water turbines. This arrangement proved to
be satisfactory. Starting out with the same known
weight of magnesite in each case, it was treated with
different amounts of sulphurie acid of varying dilution
and the number of hours required for the solution to
bhecome alkaline was determined, methyl orange being

UH. . Talbot, Quantitative Chemical Analyvsis, p. 44,
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employed as the indicator. The following results were
obtained :

(Solution of Magnesite in Sulphurie Acid)

Bun WO. sovevevavig«smsss 1 11 I v v

Magnesite used ......... 200 200gr 200gr 200gr 200gr
Sulphuric acid .......... Gllee fee slee 31.5¢ce Aec
WALBE covssaesesenpumss f00ce 1200¢e abtee H0O0 o G00ee
Temperature ........... 0°C 70°C e H°C 45°C

Hourg required for the
completion of the
rEACEION: . v 14 13.5 N fi )

Discussion of Solubility Tests. Apparently, then, it is
best to have the magnesite ground to pass through 100
mesh; the strength of the acid should be one part of

o o.l H] o3 o.4 0.5

Frc. 4. Bffect of temperatare of precipitation upon density of light magnesia
—Concentration of MgS0, solution constant at 20.4 grams MgO per liter,
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sulphurie acid (1.82 sp. gr.) to 20 parts of water by
volume; the temperature should be in the neighborhood
of 707 Centigrade; there should be a 75% excess of mag-
nesite present; and finally, the reaction shounld be accom-
panied by constant agitation.

Utilization of Sulphuric Acid. Having obtained the
produet of the reaction between magnesite and sulphurie
acid, the per cent utilization of the acid was next de-
termined by precipitating the magnesium with sodinm
hydrogen phosphate and weighing it as magnesinm pyro-
phospate. The weight of magnesium thus obtained di-
vided by the theoretical value indicates the utilization

0 a2 03 O.< 0.5

Fii. 5.—Effect of concentration of MgS0, solution upon density of light
magnesia. Temperature of precipitation constant at 100°C.
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of the acid. Results obtained averaged 969 and would
probably range higher on a commercial scale.
Precipitation of Light Magnesia. The next step was
the precipitation of light magnesia. Extensive work has
been carried on in an effort to determine the best con-
ditions for this phase of the work. The results are tabu-
lated according to the following table and curves have
been drawn to further emphasize important charac-

teristies.
PRECIPITATION OF LIGHT MAGNESIA
i : [ o 7
Voluma | Coneentratn | Weight | Tomperature | Weight
RUN MgS0,y MgSoy MgO in _([f i NaaC0y
Solution Solution Solution | Precipitation Adided
NUMBER [ . Grams

MgO/liter Grams 0, Grams

i 34.2 20 ‘ =0

104} 17.1 20 5.0

150 11.4 20 8.0

B 5,45 20 =0

25 20,6 Ny 3.0

] 10.3 R 3.0

] .86 20 2.0

] 10,5 fi 3.0

i) 10,3 =) a.n

alk 10,3 [0} 3.0

a0 10.3 | 100 3.0

5] | 10,3 100 2.4

7o 6,56 100 2.4

5 | NG L] 2.4

25 14.7 108 1.7

35 13.7 ¥ 100 1.7

125 4.22 G Ty 2.4

i) 2.4 1.5 108 2.4

15 A ‘ ] 100 2.4

105 iy 2,05 100 7.0

13 | 2,06 100 7.0

15 a.05 100 T.0

100 2,06 s 7.0

i | 1.02 104} 1.5

50 1.02 T4y 4.8

i | 1.02 1M} | 4.8

ol | ‘ 1.02 1) 4.8




The Magnesite Deposits of Washington

" Welght

Coneentrat'n
RUN NaeCiy NaHCOs
Solution Added
NUMBER Girams Naa() B Gr;ms

Per Liter

Weight Weight of
NaHCO: Other Light
Per Gram Reagents Magnosia

of Mg Obtained

Girams Grams

L ati0
1.6250
1.3560
1.51380
1.5740

Volume Weight lee Mgty in light | Recovery of
RUN obtained light Magnesin Magn:sin MgO
e Girams Grams %

T4 0818 Livcocsmamm b

B.5 0. {180

9.9

&0

3.5

D =S TSmO = o N D

1 PR,

S=E =T U=l OO OO OB 5o

14. 2
1 3
] i
18, 2B [ T ) R
10.214 0. 080
0,227 0, e
. 0,933 0.982
2 (.23 1. G50

Note:

A reflux condenser was used in the

last five runs in order to

keep the volume the same in each case, thus carryving the precipitation
out under the same conditions every time,
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Discussion of Precipitates. The results obtained in
runs 24, 25, 26 and 27 are very satisfactory since the
weight of one cubic centimeter of the light magnesia
compares favorably with the density of a sample ob-
tained from Johns-Manville Clo. and determined as
0.21 gr./ec. Moreover these results can be duplicated
and the overall recovery of magnesium oxide is suf-
ficiently high to permit of commereial operation. The
concentration of the magnesium sulphate solution and
the temperature existing at the time of precipitation are
very important factors. Degree of completeness of
preaipitation together with lightness of the precipitant
merease with mereased dilution to 20.4 grams magnesium
oxide per liter and with inereased temperature to 100°
Centigrade.

Thermal Conductivity Test. The third part of the
procedure was the testing of the light magnesia obtained
by runs 24, 25, 26, and 27 for thermal conductivity.
Mixed with-asbestos fiber in the ratio of 85 to 15 the light
magnesia was placed under a pressure of about 2500
pounds, after which it was dried in an oven for about
three days.

Description of Apparatus. The heat conduetivity test
was carried out according to the method deseribed by
I'rederick A. Osborn.! The apparatus used consisted of
a double walled vessel with a heavy copper bottom, 4mm.
thick, projecting 0.5e¢m. beyond the walls, The diameter
of the bottom was 16em. The arecas of the two evlinders
were the same, a cover had openings for two stirrers,
one in cach compartment and for two thermometers. The
heater consisted of a evlinder 15em. in diameter and
about 1 em. thick. The upper face of the heater was
made of the same heavy copper used in the calorimeter.

L. AL Osborn, School Science and Mathematics, Vol 19, May, 1919,
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Two 0.5em. tubes project from opposite sides of the
heater for the inlet and outlet of the steam.

Method of Testing. The method of operation was as
follows: IFive hundred grams of water 5 or 6 degrees
below the room temperature were put into each compart-
ment, the test piece of ““85% Magnesia’ was placed on
the heater and the calorimeter set on it. Steam was ad-
mitted into the heater and the stirrers started. 1If the
room temperature was 20°C.. the first reading of the
temperature in the inner compartment was taken when
the temperature was 17°C., the time being noted. The
second reading was taken at 23°C., time again being read.

Results, The thickness of the material used was ob-
tained with a vernier caliper, several readings with dif-
ferent degrees of compression giving the probable thick-

ness,
THERMAL CONDUCTIVITY TESTS

Area of the inner compartment (A)C... . cvveenivsriosns e T9.25 sq. em.
Water equivalent of calovimeter (W')..................-. 2625 grams
Mass of water heatel (W) i i s essiddmi Sl s hmm s i 500 grams
Room temperature (L) i iiiviviame s Ve s i e sy 21,°2'C,
Steam temperature (£).......coviurrrnmnerrrarnsassaanane s 100°C.
Temperature of water al the start (t'). ... ... 0. .. 21°2 .
Temperature of water at the end (") ...viinivivrinrinie an 23%2 ©
Time at the start 4- 4-50 ]

Time at theend 4=14-20 J.iammimi el arni. 570 seconds
Thickness of the sample (D) ....iiieiiiinnnnriennnserene ae 0.635 em.

The coelficient of conduetivity of (K) of ““85% Mag-
nesia,’’ as prepared from magnesite, in calories per centi-
meter eube per degree Centigrade temperature diffierence
per second is caluculated as follows:

(W 4+ W) (t"-t") (D) (526.25) (2) (0.635)

K= —_— —0.000189
(A) (tt") (T) (79.29) (78.8) (570)

Discussion of Results. The result obtained compares
favorably with the thermal conductivity of white mag-
nesia' which is given as 0.000170, but no data in C. (. S.
units is available in order that it may he compared with
that of commercial ““‘85% magnesia.”’

! Chem. Ab., Vol, 11, p. 3403, 1917.
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CONCLUSIONS FROM THE EXPERIMENTAL WORK ON THE
PREPARATION OF LIGHT MAGNESIA FROM MAGNESITE

L

A maximum completeness of the reaction between

magnesite and sulphurie acid is obtained when :

1

IL

The magnesite is ground to pass through 100
mesh.

The strength of the acid is one part of sulphuric
acid (sp.gr.1.82) to 20 parts of water by volume.
The temperature is in the neighborhood of 70
Centigrade.

There is a 5% excess of magnesite present.
The reaction is accompanied by constant agita-
tion.

The utilization of sulphuric acid averaged 96%

throughout the experimental work but would probably
range higher in commercial operation.

I11.
1.

[

IV.

High grade light magnesia is obtained when:
The concentration of the magnesium sulphate
solution is 20.4 grams magnesium oxide per
iiter.

The precipitants used are a 2.32 normal solution
of sodinm ecarbonate, solid sodinm bhicarbonate
and gascous carbon dioxide.

The weight of precipitants per each gram mag-
nesinm oxide in solution is 4.7 grams sodinm
carbonate and 1.47 grams sodium bicarbonate.
The precipitants are added with agitation in
the following order, the magnesium sulphate
solution being at room temperature; sodium bi-
carbonate, sodium ecarbonate, carbon dioxide.
The temperature is raised to 1007 Centigrade
after addition of the precipitants and the solu-
tion boiled until the reaction is complete.

The thermal conductivity of a sample of *“85%

Magnesia’ prepared from magnesite is 189 10°% calories
per centimeter cube per degree Centigrade temperature
difference per second and indicates satisfactory heat in-
sulation were the material to have commercial use.
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Harold E. Culver. Paper cover; price, 75 cents.

Bulletin 20.—The Mineral Resources of Steveus County, by
Charles E. Weaver. Paper cover; price, one dollar.

Bulletin 21.—The Mineral Resources of Washington, with Sta-
tisties for 1919, by Ernest N. Patty and Sheldon L. Glover. Paper
cover; price, 50 cents.

Bulletin 22.—The Sand and Gravel Deposits of Washington
Suitable for Road Building, by Morris M. Leighton. Paper cover;
price, 75 cents.

Bulletin 23.—The Metal Mines of Washington, by Ernest N.
Patty. Paper cover; price, one dollar.

Bulletin 24.—The Clays and Shales of Washington, by Sheldon
l.. Glover. In preparation.

Bulletin 25.—The Magnesite Deposits of Washington, by George
2. Whitwell and Ernest N. Patty. Paper cover; price, one dollar.

Where reports are sent outside the state postage will be charged
in addition to prices given above.



PUBLICATIONS OF THE U. S. GEOLOGICAL SURVEY, IN
COOPERATION WITH THE WASHINGTON
GEOLOGICAL SURVEY.

Issued to 1921,

(For copies of these publications address the Director, U. S.
Geological Survey, Washington, D. C. Water-Supply papers may
also be obtained, upon request, from the U. S. Geological Survey
distriet office, 406 Federal Building, Tacoma, Washington.)

This list includes only those publications prepared in coopera-
tion with the Federal Survey. For other publications of the U, 8.
Geological Survey relating to the geology of the State of Washington,
write to the Director of that survey, Washington, D. C.

Topographic Maps of the Following Quadrangles,

Arlington, Beverly, Cedar Lake, Chehalis, Connell, Covote Rapids,
Hoquiam, Lake Crescent, Malaga, Moses Lake, Mount Vernon,
Ocosta, Othello (in preparation), Pasco, Port Angeles, Port Crescent,
Priest Rapids, Prosser, Pysht, Quiney, Red Rock, Sultan (in prepara-
tion), Samish Lake, Van Zandt, Walla Walla, Wallula, Wenatchee,
Wickersham, Winchester.

Power Reports.

Water-Supply Paper No. 253: Water Powers of the Cascade
Range, Part I, Southern Washington.

Water-Supply Paper No. 313: Water Powers of the Cascade
Range, Part 1[I, Southwestern Washington, Puget Sound Region.

Water-Supply Paper No. 369: Water Powers of the Cascade
Range, Part I1I. Yakima basin.

Water-Supply Paper No. 486: Water Powers of the Cascade
Range, Part IV, Wenatchee and Entiat basins.

Water-Supply Paper No., 487: Water Powers of the Cascade
Range, Part V, Chelan, Methow and Similkameen basins. In prepa-
ration.

Water-Supply Paper No. 488: Water Powers of the Cascade
Range, Part VI, Snoqualmie, Skykomish, and Stilaguamish basins.
In preparation.

River Profiles,

Water-Supply Paper No. 346: Profile Surveys of Clark Fork of
Columbia River.

Water-Supply Paper No. 366: Profile Surveyvs of Snoqualmie,
Sultan and Skykomish rivers.

Water-Supply Paper No. 368: Profile Surveys of Wenatchee
River and tributaries.



Water-Supply Paper No. 376: Profile Surveys, Chelan and
Methow basins.

Water-Supply Paper No. 377: Profile Surveys, Spokane and
John Day basins.

Water-Supply Paper No. 419: Profile Surveys in Skagit River
basin.

Annual Stream-Flow Reports,

Water-Supply Paper No. 272: Surface Water Supply of the
I'nited States, North Pacific Coast, 1909.

Water-Supply Paper No. 292: Surface Water Supply of the
United States, North Pacific Coast, 1910.

Water-Supply Paper No. 312: Surface Water Supply of the
United States, North Pacific Coast, 1911.

Water-Supply Paper No. 332: Surface Water Supply of the
United States, North Pacific Coast, 1912,

Water-Supply Paper No. 340: Gaging stations and publications
on water resources, 1885-1913.

Water-Supply Paper No. 362: Surface Water Supply of the
United States, North Pacific Coast, 1913,

Water-Supply Papers Nos. 392, 393, and 394: Surface Water
Supply of the United States, North Paecific Coast, 1914,

Water-Supply Papers Nos. 412, 413, and 414: Surface Water
Supply of the United States, North Pacific Coast, 1915.

Water-Supply Papers Nos. 442, 443, and 444: Surface Water
Supply of the United States, North Pacific Coast, 1916.

Water-Supply Papers Nos. 462, 463, and 464: Surface Water
Supply of the United States, North Pacific Coast, 1917,

Water-Supply Papers Nos. 482, 483, and 484: Surface Water
Supply of the United States, North Pacifie Coast, 1918, Government
Printing Office.

Water-Supply Papers Nos. 512, 513, and 514: Surface Water
Supply of the United States, North Pacific Coast, 1919. Completed
for publication.

Water-Supply Papers Nos. 532, 533, and 534: Surface Water
Supply of the United States, North Pacific Coast, 1920. In prepa-
ration.

Summary Report,

Water-Supply Paper No. 492: Summary of Hydrometrie Data in
Washington, 1878-1919. Completed for publication.

Qualitative Report.

( Principally in cooperation with State Board of Health.)
Water-Supply Paper No. 339: Quality of Surface Waters of
Washington.



PUBLICATIONS OF THE U. 8. DEPARTMENT OF AGRICULTURE,
BUREAU OF SOILS, IN COOPERATION WITH THE
WASHINGTON GEOLOGICAL SURVEY.

({For copies of these publications address one of the members of
congress from Washington.)

Reconnoissance Soil Survey of the Eastern Part of Puget Sound
Basin.

Reconnoissance Soil Survey of the Western and Southern Parts
of the Puget Sound Basin.

Reconnoissance Soil Survey of Southwestern Washington.
Reconnoissance Soil Survey of the Quincy Area.
Reconnoissance Soil Survey of Stevens County.
Reconnoissance Soil Survey of Franklin County.

Reconnoissanee Soil Survey of Spokane County.
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