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Introduction

Deposits of sodium and magnesium salts occur in vari-
ous parts of the interior of British Columbia. Most of them

" have been known for many years and some commercially exploited

on & small scale. The more important of these deposits were
investigated by the writer during the summer and aubwm of

1837. The present report brings together information based

on this field work as well as previously published reports.

The deposits discussed herein are restricted to those
of sodium carbonate, sodium sulphate, magnesium sulphate, and
hydromagnesite. The last, although not commonly considered
in the same category as the others, is sufficiently allied in
origin to merit its inclusion in the present work.

Many compounds, related to the above are found in nature.
Most important are common salt, potassium salts, salts of
boron, marl, eand gypsite.  The first three are not known to
occur in commercial quantities in British Columbia; the last
two, although relatively eabundant, have insufficient commer-
cial value at present to merit their separate inclusion.



CHAPTER I
Cceurrences of Sodium and

Magnesium Salts in
British Columbia

Saline Deposits

Small undrained lskes containing concentrated solutions
of sodium and magnesium salts, are found in the Clinton,
Chilecotin, Asheroft, XKamloops and QCkanagan areas. Three fair-
ly distinet types of brine occur in these: the first is com-
posed largely of sodium carbonste, the second contains both
megnesium and sodium carbonate, and the third is composed pre-
dominantly of sodium sulphate. Lakes in which sodium carbon-
ate is the important constituent rarely contain appreclable
amounts of other constituents; the others, however, are more
variable in composition. :

Sodium Carbonate Lakes

The best known sodium carbonate lakes in British Colum-
bia are those of the Green Timber Platesu, north of Clinten.
Several of these have yielded sal soda commercially for a num-
ber of years, and plants were erected at three in unsuccess-
ful attempts to produce soda ash. Shipments of sal soda heve
likewise been mads from a lake near Cherry Creek, 12 miles
west of Kamloops. Unexploited lekes containing sodium car~
bonate brine lie along the Kamloops-Vernon road, east of the
‘Thompson River and 7 miles south of Spences Bridge, and nezr
the Nemaia valley road south of Hanceville.

Green Timber Plateau (See Map 2)

The Green Timber Plateau is bounded by the Marble Moun-
tains on the south-west, the Fraser River on the west, Lac La
Hache valley on the north-east, and the Bonaparte River on
the south-east. Tt is £lat or gently-rolling with an average
elevation of 3700 feet, mantled with glacial drift, and fores-
ted largely with jackpine. Basaltic lava flows underlie the
area but outcrops are rare, the type exposure being in the
Chasmn.

The climete of the region is severe with a range of tem-
perature from 90 degrees or more in summer to a minimum of
30 to 40 degrees below zero in winter. Precipitation averages

-1 -



&
)
123°

7N

129°

reeville

s2°

“s1°

Vengouver, Z

123*

qusci‘ F—_ o
EOyovitL'e B

' MAP 1. (Key-map.)
Shoewing loeation of known saline deposits in British Columbia,



9 to 12 inches, with 3 or 4 inches represented by snow. For
May, June, July, August and September, precipitation totals
5 to & inches; mean temperatures for these months range from
47 to 60 degrees.

Drainage lines are few, poorly developed and even non-
existent over much of the area. Shallow undrained iakes
abound, ranging in size from pools a few yards in diameter
to fairly large bodies of water such as Green Lake and Mesa-
dow Lake. Nearly all ccntain alkaline brines of wvarious de-
grees of concentration; in some, sodium carbonate is the only
important comstituent, in others, notably the larger lakes,
minor amounts of different saits are present.

The writer spent several weeks in the autumn of 1937 ex-
amining the alkaline lakes of the Green Timber Plateau. Re-
examinations were made of a number of lakes which have been,
or are being worked and about which considerable information
has been published. OQOthers showing evidence of alkaline
brines were sampled. Many of the less accessible lakes were
not visited; some of these undoubtedly contain brines compar-
able with the more dilute brines analysed. On the other hang,
the area has been carefully searched for lakes of possible
commercizl value by local inhabitants and it is unlikely that
any of present economic interest have been overlooked.

General Description of Soda Lakes

The soda lakes under discussion are essentially similar
with the exception of Last Chance Lake (Map 2, No. 10). All
occupy gentle depressions in drift representing very res-
tricted drainage basins, and are small, shallow, and without
apparent outlets. The depth of brine wvaries in general with
the season of the year, being greatest in the spring after
run-off and least in the autumn; certain lakes are complete-
ly dry by the end of the summer. All lakes have, spparently,
contained considerably more water at one time than they do at
present.

Laeke beds are composed of soft black mud several feet
deep. The same nud, usually covered with a thin white ef-
florescence of dried sodium carbonate, surrcunds the shore-
lines to a width of 20 feet or more. In most cases the for-
est edge extends practically to the mud line.

Apart from a species of small red crustacean, the lakes
are apparently devoid of life. A most interesting feature,
however, is the presence of swarms of blaek flies around the
water line of the more concentrated lakes. These are usually
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Showing lccation of Soda Lakes on Green Timber Plateau.
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so numerous as to form a black ring around the lake, a foot
or more in width. The flies are mnot found associated with
dilute brines and hence are at least an indication of & high
degree of soda conceutration. A reddish-purple, spiky plant,
commonly called the "salt plant," grows in the mud surround-
ing the lakes. Its ashes were @& principal source of soda ash
in Europe before the invention of the leblanec process.

In general the varilous lake brines are dilute to concen-
trated solutions of sodium carbonate containing minor amounts
of other salts..  The sode lskes proper, however, contain brines
with specific gravities ranging from 1.048 to 1.125, in which
godium carbonate constitutes 92 to 95 per cent. of total solids.
In certein of these the concentration of sodium carbonate by
the end of the dry season becomes such that the brines are
super-saturated in respect to winter temperatures, and crys-
tals of natron (NapC0z.10H20)} are precipitated.

In shallower lakes of high concentration, natron is de-
posited over the entire leke bed, forming a clean solid layer
up to & inches thick of interlocking crystals. 1In lekes of
lower concentration large branching discrete crystals may
form, whereas in deeper lakes exposed to a prevailing wind, =
layer of natron is commonly deposited only on the windward
shore. Under normal conditions the natron, known as winter-
crystal, is re-dissolved in the spring with increase in tem-
perature and influx of more water. If, however, the deposit
is buried or covered with mud so that dissolution is inhib-
ited, at least a part may remain through the summer to be aug-
mented during the following winter. In this way a bed of per-
manent crystal may accumulate,

In general, sodium carbonate is present in the soda
lakes either in solution, or as winter crystal, or permanent
crystal. Only one lake (Last Chance Leke, Map 2, No. 10) on
the Gresn Timber Plateau is known to contain a deposit of
permanent crystal, although another (Goodenough Lake, Map 2,
¥o. 4) has a high proportion of disseminated crystals in its
muddy bed. In the autumn of 1937 ten lakes contained brines
of specific gravity greater than 1.040, but in only three of
these {Map 2, Nos. 7, 11 and 12) did crystals form during the
winters of 1936-37 and 1837-38, Of the others examined six
had specific gravities greater than 1.010, the remaining seven
ranging down to 1.002.

Eighty-Three Mile lake {(Map 2, No:. 1)

Eighty-Three Mile Lake lies several hundred feet west of
the Cariboo Highway near 83 mile., In Qetober, 1937, it cov-
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ered approximately 30 acres and contained brine to a maximum
depth of about 2 feet. A brine sample had the following com-
position:

(1) Specific Gravity at 16 degrees C. - 1,0485.
Per cent. solids ~ 4.85%.

Composition -of Solids

{2) Na2C03 - 97.2%
FaCl - 2.8
Na2304 ) - trace
MgSCa - trace
CaSQy - trace

{1) Chief Assayer, Victoria.

{2) All carbonate and bicarbonate expressed as car-
bonate.

No winter~-crystal was forming at the time of eXamination,
and it is understood that none has occurred in recent years,

A semple of brine obtained in the autumn of 1924 (Ref. &,
P 95) hed a specifie gravity of 1,040 at 22 deg. C., equi~
valent to 1.0412 at. 16 dég. C.

u&ssumlng an average depth of 6 inches to one foot, the
smount of sodium carbonate. in solution-would be from }000 to
2000 tons.

Goodenough and Safety Lake (Map 2, No. 4

Goodenough Lake liés about 500 feet, and Safety Lake
about 1400 feet south -of the west end of Meadow Lake. Both
wére completely dry in Qetober, 1937, and it is understood
that they have been for several years. In each lake the suy-
face was covered with a white encrustation from one-quarter
to 1 inch thick. The area of the encrustetion in Goodénough
Lake was roughly 18 acres, and that of Safety Lake 5 acres

The extreme softness of the lake beds made detailed in<
vestigation impossible. However, -a pit about 40 feet from-
the shore at the northern end of Goodenough Lake showed the
surface efflorescence to be undérlain by 8 inches of greenish
muddy material containing 50 to 75 per cent. natron oerystals,
beneath which was black oozy mud. About 1 inch of ‘similar
erystal-charged material was noted under the white surface
leyer of Safety Lake..



The following description of Goodenough Lake in October,
1924, is quoted from a report by Goudge, Department of Mines
and Resources, Ottawa (Ref. 6, p. 86;:

"In October, 1924, there was a deposit of pure
winter orystal, averaging about three inches in thick-
ness, covering 14 acres of the bed of Goodenough Lake.
This bed was composed of interlocking crystals of na-

tron and was hard and compact.
the level mud bottom of the lake.

It rested directly on
Cn top of the crys-

tal was a thin film of brine one-guarter to 1 inch
deep. In the western part of the lake there were sev-
eral circular open spaces 2 to & inches in diameter in
These openings were fringed with per-
fectly-formed mnatron crystals and appeared to mark

the crystal bed.

spring orifices but no flow was observed.

"The mud beneath the winter crystal is, to a
depth of 2 1/2 feet, impregnated with natron crystals.
These crystals which occur individually, and the ma-
jority of which are very perfect in outline, comprise
mbout 75 per cent. of the mixture of mud and crystal.
These crystals do not dissolve with the winter crystal
in the spring but remain as a permanent deposit of very

muddy crystal.”

The following analyses are guoted from the same report

(Ref. 8, p. 87):

Anslyses of Crystal, Goodenough Lake

Winter Crystal or

Muddy Permanent

Natron from Surface Crystal
Water Inscluble 0.44% 48.88%
Organic Matter -———— .47
MgCOz 0.35 trace
MgS504 ———— 1.07
Callz —-———— ———
Cas04 ———— 0.39
Nao504 0.05 -——-
NaCl 0.81 e
NefiCOg 0.70 ———
Nag(00z 87.65 43.19

(These are recalculated on a 100 per cent. water free basis.)




Hypothetical Composition of Residusl Brine

Specific Gravity at 22 degrees ¢ -~ 1,108
Total per cent. solids - 13.35%
KC1 - 8.54%
Mg(HCO3) o - 2,08
NasS504 - §8.87
‘Nall - 3.19
NaHCOz - 14.18
NapCOg - 67.18

Goudge describes Safety Lake as follows: ({Ref. 8, p.88).

"Safety Lake--is a small lake having an area of on-
ly 4 1/2 acres at water level (October 1924).

"When the lake was examined there was no crystal
of any kind visible, but it contained brine to an
average depth of & inches. The chemical analysis of
this brine is shown below.. . ’

"The mud beneath the brine was very soft and deep."

Hypéthetical Composition, Safety Lake Brine

Specific Gravity at 22 degrees C. - 1.091

Total per cent. solids 9.57%
KCl ' - 3.97%
g (HCO3)s - 4.23
NeoB04 - .39
NaCl .- 3.96
WaHCQz - ' _ 4.94
NapCOz - 82.51

Hoffmann mentions the occurrence of natron in Goodenough
Lake in the Geqlogical Survey of Canada Annual Report for
1898 (Ref. 8, p. 11 R}). The following is excerpted from his
desceription:

"The deposit at the time of its examinstion--the
close of the dry season--was found to cover the whole
of the bottom of the lake, which has an area of not
less then twenty acres, up to 8 or 10 feet of its mar-
gin, and to have a fairly uniform thickness of from
7 1/2 to 8 1/2 inches, but to thin down at the edges
to about 2 inches. It was covered by about 3 inches
of water, but in the spring asnd early summer, after
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the melting of the snow, it is -said to be inereased to
8 depth of some three feet more or less. The deposit
would, it has been estimated, represent approximately
twenty thousand tons of material.™

The following analysis was made of fresh winter crysteals:

NayC0z - 35. 54%
NaHCG3 - 1,34
Nazso‘l - 0.14
NaCl - 0.0z
B30 - 52.89

Hoffmann further refers to a dark greenish-grey stratum
upon which the crystal bsd rested and notes the numerocus na-
tron ecrystals distributed through it. The lake brine had &
specific gravity of 1.1085 at 15.5 degrees C.

Reinecke (Ref. 9, p. 81), examined Goodenough Lake in
September, 1919, at which time the area of the lake was rough-
ly 15 acres. No mention is made of the depth of brine, but
the following analysis represents a sample teken from the re-
mains of an old stock-pile on the shore of the lake:

NaoCO3 ~ 53.21
Heap504 - 0.14
Water - 48.47

At present the only sodium carbonate in Goodenough Lake
occurs as muddy permanent crystal, the sodium carbonste con-
tent of which is probably between 3000 and 5000 tons. It is
instructive to examine the following tonnage estimates for the
years in which data are available:

Ref. Date | Are@ of brine or | Estimated tonnage of NapCOs
winter crystal
Winter~ Brine Permgnent
Crystal Crystal
Hoffmann | Autumn
1898 20 acres 7400 800 ?
Reinecke | Autumn
' ' 1918 15 " -——— —~— —————
Goudge | Autumn ' .
1924 14.5 " 2300 30)
Writer Autumn } 3000 to
1937 none none none) | 5000




Unfortunately insufficient informstion is available to
permit an intelligent estimate of the quantity of permanent
crystal. Even allowing for a possible inerement %o this,
however, through the years, there has been a definite dimin-
ution of the amounmt of so0dium carbonate in the lake. Records
show- that not over 600 tons of natrom, equal to 200 tons of
-sodium carbonate, has been removed for commerecial puiposes.

In 1924 the brine of Safety Lake contained about 300 tons
of sodium carbonate. Todey none is present other than that
represented by & one-inch layeriof greenish mud and crystal
amounting to no more than 80 or 90 tons of sodium carbonate

at best. ‘¢
Goudge notes (Ref. 8, p. 86) that the elevation of the
surface of the brine in Safety and Goodenough Lakeés''wes ap-
proximétely the same as that in Meadow Lske. This is worthy
of mention insofar as the water now is apparently much lower
in Meadow Lake than it was at the time of his examination.

- Lake Kow 6 (Map 2, No. &)

Lake No. & is sabout 1 1/2 miles north-west of Liptle
White Lake and one mile north of Liberty Lake. It is long
and narrow, occupying a shallow depression in .gently rolling
country. oWhen visited in October 1937 it contained am aver-
age of’é"%ches of brine over an area of acres. - The sur~
rounding mud was practically free of the typieal slksline ef-
florescence and soda flies were absent. No winter-erystal
was present and none is known to have formed here in past
years. The brine is a relatively weak solution of sodium
‘carbonate as shown by the following analyses:

(1) Sp. Gr: at 16 deg. C. . -  1.03%
Total solids - 3.29%

Composition of Solids

(2) NayCOg T 80. 5%
NapS04 - 14.0%
Nall - 5.5%
MgS04 - tr.
CaS0y - tr.

(1) Analysed by Chief Assayer, Victoria.
(2) Both carbonate and bicarbonate expressed as
carbonate.

From the above analysis the quantity of sodium carbonate
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contained in the brine would be zbout 180 tons.

Reinecke (Ref. 9, p. 61), examined the lake in the early
autumn of 1919 at which time brine, with & specifice gravity
of 1.085 (at 15 deg. C.), covered about 8 acres to a depth of

o

8 inches to one foot. A/ CffJ

| A
ive Liberty Lake (Map 2, No. 7) )

’C)“
Liberty Lake oc plés part of the bed of/what was once a
much larger lake. When visited in Octobera}éQT, brine cov-
ered bpproximately 12 acres/to a depth of inches, The mud
surrctuding the lake was hgavily encrusted with white efflor-
escenceg and winter-crystgl was in the process of formatiom, =
layer ineh thick and 20 feet wide having accumulsted along
the north shore. The original lake bed occupied a long narrow
shallow depression. When visited by Reinecke {Ref. 9, p. 61)
in 1919 two lakes were present, the larger covering 15.8
acres to a depth of 10 inches, the gmaller covering 9.5 acres
to a depth of 1 footb.

The following analyses were made of samples taken by the
writer:

Brine Samples - Liberbty Lake

(1) S8p. G. at 16 deg. ¢.. - 1.1255
Total solids - 13.78%

Composition of Solids

{2) Na,CO - 81l.5%
273 o
NapS0s - 11.7%
NaCl ~ 6.5%
MzS04 - tr.
CaS0qy - tr,

(1} Sample of winter-crystal from stock
pile on shore

(2) NapCOg - 88.79%
NapS04 - 11,02%
Insol ~ trace
MgS0s - ftrace

Ga, C0p, Cl, Al, Fe, and PO4 - absent

Note: Above analysis recaleulated to 100% water-free
basis., BSample as analysed contained 14.2% water.

- 11 =



{1} Chief Assayer, Victoria.
{(2) Both carbonate and bicarbonate expressed as
carbonate.

Goudge mentions that crystal was known to form in 1924
in the lake under discussion, although he made no examination.
Records do not show the amount of natron harvested fronm Li-
berty Lake. Several hundred tons have been shipped, however,
and stock piles along the shore contained in 1937, at least
400 tons. The slabs of winter crystal in the stock piles .
were 4 to 5 inches thick and were composed of clear erysials
covered with a white powdery coating..

When visited the laké contained approximately 1500 tons
of sodium carbonate in solution. No permanent crystal-bed is
known to octur. In 1919 brine in the larger lake examined by
Reinecke (Ref. 9, p.6l1) had a specific gravity of 1.135, that
in the smaller 1.160. On the basis of this, and assuming the
composition to be the same as today, the amount of sodium car-
bonate in soiution at that time would have been roughly 5000
tons. - :

Snow White Lake (Map 2. No. 8)

Snow White Lake, & shallow lake covering 9 acres, lies
about one mile west of the Canoe Creek Road. In Dctober 1937,
it centained about € inches of brine, of which the following
analysis is Lypical:

(1) Sp. Gr. at 16 deg. C. - 1.080
Total solids - 4.88%

Composition of Solids

(2) NagGoz - 94.4%

N&ESOQ‘ - 2. 5%
Nal - 2.7%
MgS0, - tr.
GaS0y - tr.

(1) Chief Assayer, Victoria. _
(2) Both carbonate and bicarbonate expressed as car-
bonate.

No deposit of winter-crystal was present when examined
nor has any formed for several years, The remnants of a stock
pile, however, were noted on the east shore, snd it is under-
stood that shipments have been made.

- 12 -



:The following analysis (1) represents a semple from the
old stock pile:

Analysis of erystals from old stock pile

(2) ¥NasCOg - $9.36%
Inscl - trace
Na2804 - nil
NaCl - nil
MgS0, - nil

Note: analysis caloulated to a 100% water free basis,
Sample contained 16.3% water.

(1) Chief Assayer, Victoria.
{2) Both carbonate and bicarbonate expressed as

carbonate.

The quantity of sodium carbonate contained in the lake
brine when examined would approximate 400 tons.

Rob and Nan Lake (Map 2, No. 9)

Rob and Nan Lake is on the east side of the Canoe Creek A
Road about 12 miles from Chasm Station. Brine, covering lit- L{C

tle more than half of the former lake bed, averages 18 inches<”

in depth over 2§ acres. The bottom is muddy and mo permenent
erystal-bed occirs. A brine sample had the following composi-

tion (1): {j\¢5/
\

Sp. Gr. at 18 deg. C. - 1.085
Total solids - 8.39%

Composition of Solids

(2) NapCOz - 85. 5%
Nap804 - 6.5%
NaCl ' - 7.5%
MgS0y - tr,
Cas0, - tr.

(1) Chief Assayer. o
(2) Both carbonate and bicarbonate expressed as
carbonate.’

In October 1924 (Ref. B8, p. 90) brine covered 29 1/2
acres to a depth of 18 inches. Its composition was as follows:

-~ 13 -



" Sp. G. at 22 deg. C. - 1.104 {equivalent to 1.106
Total Solids - 11.29% at 18 deg. C.}

Composition of Solids

NagClx ~ 72.18%
NaHCOz - 4.,78%
NaCl - 5.52%
NB@SO,@ - 5.52;%
Mg (HCO3) 5 - 5.85%
KC1 - 5.35%

In the sutumn of 1919 (Ref. 9, p. 61) brine covered 80
to 80 acres to a maximum depth of 2 to 4 feet; it had a spe-
cific gravity of 1.070 at 20 deg. C. (equivalent to 1.071 at
18 deg. C.)

There is no record of crystals having formed in Rob and
Nan Lake. The quantity of sedium carbonate in solution was
about 11,000 tons in 1919, 5700 tons in 1924, and 2600 tons
in 1937, :

Last Chance Lake (Map 2, No. 10)

Last Chance Lake lies to the east of Rob and Nan Lake,
from which it is separated by a low ridge 450 feet wide. fhe
lake is unique among the others of the region 1in contaluing
a large bed of permanent crystal in the form of circular bowl-
shaped masses separated by mud. The area of the bed in which
"bowls" appear 1is 29 acres, of which gbout half is underleain
by erystal. ‘

The crystsl areas are almost cirecular and range from 4
to 70 feet in dismeter. They are separated by slightly raised
ridges and areas of soft black mud, heavily encrusted with
dried soda, and in places strewn with boulders, among which
angular basaltic fragments are conspicuous. Very little brine
was present when examined in Qctober 1937, being confined to
about one-half inch over the crystal bowls. In June of the
same year the lake contained about § inches of brine over the
entire surface, '

The writer was not equipped to test the depth of erystal
present. This, however, was dons in some detail by Goudge in
Qctober 1924. From drilling end test pits on some 30 bowls
he found them to range in depth from 1 to 10 feet, with an
average of 3 1/2 feet for all. The following description is
quoted from his report: (Ref. 8, p. 88)

- 14 -



"Scome 30 of the crystal masses in all parts of
the lake bed were investigated as to depth and shape
by means of & long chisel-pointed iron bar. The re-
sults may be summarized by stating that all the masses
are bowl-shaped, that these bowls are deeper along the
centre line of the lake than near the shore and that
they are deeper in the western end than in the eastern
end of the lake. The average depth of bowls over the
whole lake is 3 1/2 feet.

"Pits were dug in several of the crystal bowls
but no depth over 4 feet was attained on account of the
pits being flooded by the rapid infiltration of brine
through the porous crystal. These pits proved, howev-
er, that the clean compact crystal showing on the sur-
face is only a few inches deep and that below it the
bowls are composed of very large interlocking crystals.
The large crystals, presumably natron ecrystals, are
darkened by included mud and the interstices between
them are filled with fine silt. There are also irregu-
larly-shaped masses of mud included within the bowls.

"In many cases there is in approximately the
centre of each crystal bowl, a tiny solution chanmel
extending from the bottem to the surface. No flow of
brine was observed coming up through these channels.

"The smount of crude crystal in Last Chance lake
is, on a preliminary estimate, placed at 70,000 tons."

The following analyses represent saﬁples taken by the
writer: (1)

Top ctystals from 0ld Stock
pools 1 ineh thick Pile
(2) NapCQgz 92.32% 84.50%
NaCl tr. tr.
Nag380, - 4.00 tr.
Mg50, tr. _ tr.
CaS0q tr., tr.
Insoluble 1.5 . 14.850%
C0g, Al, Fe, P4 nil nil

Wote: analyses recalculated to a water free basis.
- The first semple contained i5 per cent combined water, the
second 20%.

(1) Chief Assayer, Victoria,
(2) ‘Both carbonate and bicarbonate expressed as carbonate,
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The analyses below are from Houdge's report:

(Ref. 8,

p. 89}
Analyses of Crystal, Last Chance Lske
Surface crystel ‘Byystal at Stock Pile
3" thick depth 1-2 ft. oek Fi
| MayC0g 96.28 63.41 49.85
NaHCO0g 0.70 0.53 0.85
NaCl 1.40 1.45 1.58
Naos504 G.10 1.38 2.13
Ca005 - - tr.
MgCOg 1.11 8.59 tr.
Insol. 0.41 25.49 45.99
Note: Anelyses calculated to 100% water free.

Analyses of brine samples taken by the wrlter and by
Goudge are given below

Writer (1) Goudge (Ref. 8, p.89)

Sp. G. at 16 deg.C. - 1.1585 Total $olids - 14.38%

Total solids -~ 17.99%

‘Gomposition of Solids Composition of Solids

(2) ¥ejzC0z - 83.0  NapCog - 57.54%
NesS0y - 22.5  NaHCOz - 5.78
HaCl - 15.0 NaCl - 6.583
MgS04 - tr. S04 - 26.05
0aS0y - Cgr. Mg%HCOs)g - 3,64

KC1 = 2.381
Sp.G. at 22 deg.C.-1.146
(equivalent to 1.148 at
16 deg. C.)
(1) Chief Assayer, Victoria.

{2) Both carbonate and bicarbonate expressed as car-

bonate.

Reinecke (Ref. 9, p. 61) gives a specific gravity of
1.170 for the brine in the aubumn of 1919.

On the assumption that the lake contains 70,000 tons of

crude crystal, as estimated by Goudge, the amount of sodium
carbonate present would be about 17,500 tons.
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"ANITA LAKE. (Map 2, No. 12.)
Picture looking north-eastward. Note stock piles of winter ¢rystal on far shore,

LAST CHANCE LAKE. {(Map 2, No. 10.)

Picture looking eastward, Note typieal “ orystal bowls” covered by shallow
brine with raised mud ridges between.



Margaret Lake {(Map 2, No. 11)

Margaret Lake is a small shallow lake, roughly ecircular
in shape, lying about one-~half mile nerth of the o0ld 70 Mile
House-Meadow Lake road. In Cctober 1937, brine covered 4 1/2
acres to an average depth of 1 foot. Winter-crystal was form-
ing at the time of examination, a layer about half an inch
thick already covering the eastern half of the lake bed. The
bottom is fine black mud and no permanent crystal deposit is
known %o occur. Shipments of natron have been made from Mar-
garet Lake at one time or another, but the total amount rs-
moved is unknown.

In Qctober 1924, (Ref. 3, p. 92) brine covered 5 acres
to a depth of 8 inches to 2 feet, and & rim of winter-erystal
8 to 10 inches thick and 15 feet wide occurred around most of
the south-eastern shore. The central pert of the lske was
filled with large radiating clusters of crystals,

The following analyses represent samples of brine and
erysvals taken by the writer in 1937, and Goudge in 1924:

Writer (1) Goudge {Ref. 6, p. 93)
Brine . Brine
Total solids - 13.38% Total solids - 11.07%
Sp.G. &t 16 deg. C.- 1.125 Sp.G. at 22 deg. C.~ 1.108
Composition of Solids Composition of Solids
(2) NasCog - 95. 5% NaoCOs - 77.28%
NaCl - 4.2% FaHCO3 - 11.85
Nas504 - tr. NaCl - 4.57
MgS0g - tr. Nao2S04 - 0.17
CasS0, - tr. ~ Mg(HCO3)z - 5.01
Xc1 - 3.12
¥inter Crystal Winter Crystal
Na200z - 98.3% NasCOg -~ 98.48
NaoS04 - nil NaHCO0g - 0.82
HaCl - tr. Tall - 0.33
¥gSQOy - nil NasB80y - 0.22
MgCOg - nil CaCOgz - nil
CaCoz - nil Mg(HCCZ)p - nil
Insol. - 1.7% Insol. - 0.35

Note: Both semples recalculated to a 100% water free
basis. Writer's sample contained 15.8% combined water.
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(1} Chief Assayer, Victoria. .
(2) Both carbonate and bicarbonate expressed as car-
bonate.

The approximate amount of sodium carbonate, in solution
and as winter-crystal, was 850 tons in 1937, and 1000 toms in
1924. .

‘Anita and Lela Lakes {(Map 2, No. 12)

Anite snd Lela Lakes occupy parts of an original lake
bed 65 to 7O acres in extent. The present lskes, covering
about 26 acres and & acres respectively, are separated by
800 feet of dried mud strewn with boulders. Around the lekes
the mud is heavily encrusted with dried soda.

Brine covered Anita lake to an aversage depth of 8 in-
ches and Lela Lake to 1 foot when examined in Qctober, 1937.
It is interesting to note that in June of the same year brine
stood gbout 1 foot higher in &nita Lake; in September 1938,
however, even less was present than in the preceding autumn.
Water-~level is approximately the same in both lakes.

In October 1937, a thin layer of winter-crystal wids in
the process of formation over the muddy bottom of Anite Lake;
none, howsver, was noted in Lela Lake. ¥No dsposit of permenent
erystal is known to:occur in either. ' ‘

The following quotation is from Goudge's report: (Ref. 8,
p.» 90)

"In October 1924, about 25 acres of &nita Lake was
covered with winter crystal varying in thickness from 2
to 3 inches. On top of the crystal there was brine to
an average depth of 2 inches. Numerous circular holes
from 4 to 18 inches in diameter were noticed in the
layer of winter crystal. These holes appeared to mark
the orifices of tiny springs, but, as at Goodenough lake,
no flow of water was observed. In the north-eastern
part of the lake, Jjust at the water line, is a small.
spring, sround which & considerable deposit of cal-
careous tufa has accumulated. The water of this spring .
has a salinity of 2188 parts per million and it con-
tains all the constituents present in the brine.

"The mud in the bottom of the lake is very deep
and soft and no erystals were cbserved in it.

"In October 1924, there was a depth of brine in
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the lake (Lela Lake) varying from 1 to 3 feet. Along
the south-western shore and extending outwards for a
distance of about 70 feet, was a shelving bed of winter
erystal, which was 9 inches thick near the shore but
gradually thinned out to nothing toward the centre of
the leke. The crystal bed was steadily increasing

both in thickness and extent when the lake was examined.
A few clusters of crystals had formed in the central
part of the lake."

Analyses of brine and orystals taken by both Goudge ané
the writer follow:

Writer (1) Goudge (Ref.6, p.91 and 92)
Brine - Anita Lake Brine ~ Anita Lake
Total Solids - 12.44% Total Solids - 12.52%
Sp.Gr. at 16 deg. C. ~ 1.117 Sp.G. at 22 deg.C. - 1.104
Composition of Solids Composition of Solids

(2) Weplos - 93.2% REPL - 83.93%
NaCl - 6. 0% NaHCOg - 8.83
Nas80, - .5% KaCl - 16.23
Mg&Qy - tr, Nag80y - 2.33
Cas0y - tr. Mg(HCO3)2 - 7.42

KC1 - 3.23
Brine - Lela Lake Brine - Lela Lake
Total Solids 7.02% Total Solids -~ 12.12%
Sp.G. at 15 deg. C. - 1 0675 Sp.G. at 22 deg.C. ~ 1.115%
Composition of Solids Composition of Solids

{2) FagCog - 93. 2% NapCOg - 70.55%
NaCl - 5.8 NaHCO3 - 11,51
Nao804 - .8 NaCl - 6.97
MgSQ, - tr. Ha2380, - 2.2%
CaS0y - tr. Mg(HCO03 )2 - 4.82

ECl - 3.92
Winter Crystal - old stock Winter Crystal - Anifa Lake
pile - Anita lake :

(2) YNapCosz - 98.85%  NapCOg - 96.72%
NaCl - tr. K¥aHCO3 - 0.73
Na2s04 - tr. NaCl - 1.04
Mg804 - tr. "Hap80q - 0.73
CaC0z - nil Cal0x - nil
MeCo3 - nil Mgl - nil
Insol. - tr. Insol. - 0.78
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Winter Crystal - Lela Lake

(1} Chief Assayer, Victoria. Na25C03 - $8.17%
(2) Both carbonate snd bicar- NalCOg - 0.42
bonate expressed as car- NaCl — 0.77
bonate. NaoS04, - Q.37
- CaCOS - nil
MgCOz ~ nil
Insol. - .27

Note: Analyses of crystals recalculated to 100% water
free basis. Writer's sample from Anita Leke contained 14.9%
water,

In 1919 (Ref. 9, p« 61) one body of water 85 acres in
extent covered both Anita and Lela Lakes. This lake contained
brine to a déepth of 4 feet in summer and 3 feet in winter.

The Specific gravity of the brine was 1.055 at 15 deg. €. and
the lake was estimated to contain 65,000 tons of sodium car-
‘bonate-

On the basis of Goudge's figures Anita Lake contained
about 6000 tons of sodium carbonatée ih solution in 1924 and
Lela Leake about 2100 tons. Corresponding smounts in 1937
would be 3000 tons and 550 tons.

Records are incomplete, but it seems. probable.that at
least 3000 tons of winter-crystal, equivalent to.1000 tons of
sodium carbonate, have beéen-harvested from Anite and Lela
Lakes since 1918, When examined in the autumn of. 1637 there
were several stock piles of natron on the north shore, har-
vested during the preceding winter; the corystal-slabs aver-
aged 4 to 6 inches in thickness.

White Elqphant Lake (Map 2, No. 14)

White Elephent Lake, in Octobep 1937, contained brine to
an average depth of 1 to 2 feet over an-area of 14 dores. It
lies about 1/4 mile south-west of Rose Lake, and 1/4 mile west
of the Pacific Great Eastern Railway.

The laké-bed is soft mud ahd 1o permenent erystal deposit
occurs. The muddy shoreline is heavily encrusted with dried
goda. In the past winter-crystal has formed and shipments
been made, but none has occurred within recent yesrs.

‘ The fdllowing brine analysis represents a sample takeh
by the writer: (1)
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Brine ~ White Elephant Lake

Total Solids - 8.3%
Sp.G. at 186 deg. C. - 1.083

Composition of Solids

(2) NagcOz = - 97.5%
FaCl - 2.1
KepS0y - 4
MgS0, - tr.
09.504 - tr.

(1) Chief Assayer, Victoria.
(2) Both carbonate and bicarbonate expressed as car-
bonate.

In 1937 White Elephant Lake contained about 2000 to
2500 tons of sodium carbonate in solution.

Rose Leke (Map 2, No. 15)

Rose Lake/lies directly east of the Pacific Great Bas-
tern Railway ag Coulson's Siding. In October 1937, it con L
tained about 2 feet of brine over an estimated area of 30+
acres. MNo winter-crystal has formed in recent years, although

several thousand tons were harvested from the lake between
1924 and 1929,

When examined by Goudge in 1924 brine covered 32 acres
to an average depth of 2 1/2 feet. The following deseription
is quoted from his report: (Ref. 6, p. 93)

"Along the southwestern shore a solid bed of win-
ter crystal extended outwards for a varying distahce
of from 10 to 20 feet. Dotted over the whole lake were
large clusters of soda crystals and these crystals were
being gathered by means of boats. Later on in the sea-
son when the lake had cerystallized over completely, the
bed of crystal near the shore was worked exclusively."

Anelyses .of brine and crystals follow:

Writer (1) : Goudge (Ref. 6, p. 94)
Brine - Rose Lake Brine -~ Rose Lake
Total Solids - 8.17% Total Solids - 12.02

$p.G. at 16 deg. C. - 1.0795 Sp.G. at 22 deg.C.-1.121
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Composition of Solids Composition of Solids

(2) Na,CO0z - 95.8% Nap2C0s - 88.99%
NaCl - 3.9% NaCl . - 4.32
Nag804 - 0.5 NagpS0q - 0.¢8
MgS0y - tr. MgClz - 4.07
CaS0y - tr. KC1 - 1.58

(2) Crystal - 0ld Stock Pile Crystal

Ne3C03 - 99.12  NayCOg - 98.33
NaCl - tr. NaHCOg - 0.62
NasS04 - tr. NaCl - 0.52
MzS04 - nil . Nap804 - 0.21
‘Wgtog ‘ - . onil Callg - nil

CaClz - nil ¥#gCOyg - nil

Cl, POs, Fe and Al nil Insol. - 0.32
Insol. - .62

1. Chief Assdyer, Victoria,
2. Both carbonate and bicarbonate expressed 2s carbonate.

Theramount‘of'scdium carbonate in solution in Rose Lake
was sbout 6500 tons in 1937 and 14,500 tons in 1924.

Hutchison Lake (Map 2, No. 17)

Hutchison Lake lies about 5 miles east of 70 Mile Station.
It is long and narrow, occupying & depression.with steeply
-sloping banks. The muddy shoreline is heavily encrusted with
soda. : o '

Brine covered an area of about 15 acres in October 1937,
and 'had a depth of at least 10 feet in the middle of the lakev
No winter-crystal was forming and none is known to have oc~
curred.

From deseription (Ref. 6, p. 95) the lake has not changed
materially in size since examined by Goudge in 1924. 1In 1919
Reinecke (Ref. 9, p. 62) states that brine covered 17 acres
to an unknown depth.

Analyses of brine samples taken by Reinecke, Goudge, and
the writer follow:
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Writer (1)

Per cent Solids - 7%
Sp.%. &t 16 deg.C. - 1.0685

Composition of Solids

(2) NeoCO3 = 96.3%
NaCl - 3.3%
NaosSQ4 - 1%
Casly - tr.
NzS04 - tr

(1) Chief Assayer, Victoria.

(2) Both carbonate and bicarbonate expressed as carbonate.

Goudge {(Ref. 6, p. 95)

Per cent Solids - 6.29%
$p.G. &t 22 deg.C. - 1.059

Composition of Solids

WapCO3 - 85.69%
NaHCOz - 3.75
NaCl . - nil
NasS0g - nil
Mg%H003)2 - 2.81
1{2005 - 2. 66
KC1 - 5.09

Reinecke (Ref. 9, p. 61}

Per cent Solids ~ 4.23%
Sp.G. at 16 deg.C. - 1.044

Composition of Solids

Na - 18.38 pta/1000
K - tr.

Ca - tr.

Mg - .02 M
COg - 22.66

HCOz - 3.08

804 - .082

c1 - .85%



Insofar as the average depth is difficult to judge, the
total amount of brine, hence the amount of sodium carbonate,
can only be roughly estimated. It seems probable, however,
that at least 12,000 to 13,000 tons of sodium carbonate is in
solution in Hutchison Lake.

Qther Lakes
In addition to those deseribed, many lakes on the Green
Timber Plateap contain dilute alkaline brines. The writer

took samples from several of the larger or more concentrated
of these. Analyses follow: (1)
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Ref. %
Lake Map 2 Sp. G. Solids Composition of Solids

Na2C0z | NaCl | NapSO4 | MgS04 | CaSQ4q | MgCOg
Long Lake No. 2 1.022 2.2% 41.0 4.0 45.5 3.7 5.8 ———
White . " No. 3 1.008 .76 82.5 3.7 5.6 8.2 tr.
Meadow " No. 5 1.004 .67 56.0 29.2 - tr. 10.5 4.6
—————— “ No. 13a 1.017 1.80 94.0 5.0 1.0 tr. tr. -
------ " No. 13b 1.9175 1.83 92.2 6.4 1.1 tr. tr. -
Green " No. 16 1.002 .42 79.5 - -— tr. tr. 18.1

(1) Chief Assayer, Victoria.




In a general way the above énalyses may be taken as re-
presentative of most of the alkaline lakes of the region.
Not only are these abundant but numerous dry lake beds are
alsc to be found. The suriface of these is commonly crusted
and cracked; some show a Taint alkeline efflorescence. The
writer drilled a number of dry lakes to depths of 3 and 4
feet to determine whether permanent erystal-deposlits occurred;
in no case, however, was anything other than heavy black mud
and bluish clay encountered.

Kamloops Area

A number of small undrained saline lakes, some dry, oc-
cur in the vicinity of Kamloops. Although most of these con-~
tain sodium sulphate as a major constitusnt, several contain
relatively concentrated solutions or crystal-beds in which so-
dium carbonate predominates.

The climate of the region is severe with a temperature
range from a maximum of 100 degress or more in summer to a
ninimum of 20 or 30 degrees below zero in winter. Precipite-
tion is varisble from place to place, but in general is low,
the average anmmual reinfall in Kamlcops being 10 inches, of
which at least half is contributed by snow.

NE_ 1T Lake No. 1 (Map 3, No. 1}

Lake No. 1 is about 1 mile east of the Kaemloops-Cache
Creek Highway, 12 miles from Kamloops, and three-quarters of
a mile south, and 800 feet above the Canadisn Pacific Railway
along Kamloops Lake. It occupies a small, rather sharp, de-
pression in rolling to hilly grass-covered country.

The lake lies close to the contact of an ares of pinkish
syenite to the north, and basic porphyritic volecaniecs to the
south. Its drsinage basin is about 450 acres in extent, of
which about three-quarters is underlain by voleanic rocks,

The lake was nearly dry when examined October, 1937. The
surface was covered by & heavy encrustation of dried sods,
underlain by 2 to 4 feet of soft black mud, beneath which a
solid erystal-bed occurred. In September, 1938, a thin layer
of brine covered nearly half the lake. The area of the bed
is between 3 and 4 acres, and it is understood that about 3
acres are underlain by permanent crystal. The writer was not
adequately equipped to determine the depth and form of the
crystal bed. However, in the Report of the Minister of Mines
for British Golumbia, 1930, the deposit is mentioned (Ref. 4,
p. 196} and it is stated that holes drilled with a steam jet
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encountered from 18 to 36 feet of solid crystal, without, in
places, bottom being reached. If these figures are assumed

as correct, the lake would contain spproximately 100,000 tons.
of permenent crystals. In the same report the typical follow-
ing analysis is given:

Hs0 - 63%
Insol - 1 -5%
Salts - 26-22%

Compeosition of salts

Na»sCO3 - 92%
NaoS04 = 8%

It is understood from the owner that analyses vary in
respect to the proportion of sodium carbonate and sodium sul-
phate in different parts of the bed. Unfortunately the soft
surface and the depth of mud made it impossible for the writer.
to obtain samples of the cerystal-deposit itself. Analyses of
samples taken from the surface crust and settling tank fol-
‘low: (1)

Recrystallized material

Surface crust from settling tank
(2) NasCOz - 57.9% 58. 9%
" NeoS04 - 39.8 40,8
Insol - L.l tr.
Cal ~ nil nil
Mg0 - nil nil
POy - nil . nil

{1) Chief Assayer, Victoria..
(2 Both carbonate and bicarbonate expressed as car-
""" bonate.

Bote: Analyses recalculated to 100% water free basis.
Ssmples as analyzed contained 15.8% and 14.0% water respec-
tively.

_ From these it appears probable that the proportion of
sodium sulphate in the quoted analysis is too low to be truly
representative,

The deposit was worked from 1831 to 1935 and about 1000
tons of impure natron or sal soda shipped to Vancouver and
Calgary. The method of recovery was to liquefy the crystal by
means of steam, pump the solution to a settling tank to remove
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insoluble impurities, and recover the sodium carbonate and
sodium sulphate by recrystallization.

As mentioned on the basis of guoted thicknesses the lake
may be assumed to contain sbout 100,000 tons of permanent
crystals, or roughly 30,000 tons of sodium carbomnate and sul-
phate.

Barnes Lake

Barnes Laeke lies about a quarter of a mile west of the
Kamloops-Vernon Highway, 17 miles from Kamlocps. It has an
ares of 35 to 40 ascres and when visited in October, 1937, con-
tained brine to an average depth of 6 inches over a large part
of the bed. The muddy shoreline and dry portions of the bed
are heavily encrusted with dried soda.  Owing to the soft bot-
tom it was impossible to obtain a sample of the brine.

No winter-crystal was present in Barnes Lake when ex-
amined. It is understood, however, that the present water-
level is considerably higher now.than in the past, and that
crystals have formed. In the autumn of 1832 a 3-inch layer of
natron covered a large part of the lake, a sample of which,
submitted to the Dept. of Mines for analysis showed the fol-
lowing composition: (1)

We.003 - 97.50%
NaCl - 5%
Insol, .- , <%
Feg03 - TR

(1) Chief ASSéyer,'Victoriaf

Note: recalcoulated to a 100% weter free basis. Sample
as assayed contained 58.9% water of composition.

The writer drilied several 4~foot holes at various points
about 15 feet from the shore. No deposit of solid orystals
was encountered but small natron crystals were noted in the
mud. The lake has been drilled by several interested parties
with conflicting results. Apparently, however, thée muddy bot-
tom contains a fairly high proportion of disseminated erystals’
and it is reported that a solid layer 3 to 6 inches thick was
encountered at a depth of 6 feet., In view of the meagre date
available it is impossible to estimate the tonnage of soditm
carbonate present. '

Other Lakes
Other lakes, containing sodium carbonate ds & major brine
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vE-%T constituent, occur in the ares. Buse Lake (Map 3, No. 6),
. on the south side of the EKamloops-Vernon Highwsy, 14 miles
from Kemloops, contains brine of thes following composition:

(1)

Total solids - 2.37%
8p.G. at 16 deg., C. ~ 1,023

. Composition of Bolids

(2) NapCO3 - 75.5%
Nall - 5. 4%
N8.2804 - 18.9%
UgS04 - 2.3%
Cas0y = tr.

(1} 'Chief Assayer, Vidtoria. -
(2) Both carbonate and bicarbonate expressed as car<
bonate.

A lake in the vieinity of Savona is reported to contain
8 doncentrated sodium carbonate brine. Others undoubtedly
ceeur in the region.

Chilecotin Area (See Map 1)

Several alkaline lakes occur south-west of Hanceville,
along or close %o, the old Nemsia Valley Road; others, marny
dry, are common elsewhere 1n the Chllcotln ared.

_ In‘general the country is flat to gently'rolling, drift

. covered, and underlain by basaltic flow rocks. The climate
is severe, maximum summer temperatures ranging from 80 -to 90
degrees, and minimum winter temperatures from 30 to 40 degrees
below zero. Precipitation averages 12 inches annually at Big
Creek, 6 to 7 inches being contributed by rainfall during the
months of May, June, July, August, and September. Snowfall
represents an additional 3 to 4 inches. :

4s the writer has not examined the alkaline lakes of
this repgion the following descriptions are quoted from Survey
of Resources Report, Pacific Great Eastern Reilway Lands {Part
2, Yol. 2, West Lillooet .Block, pp. 55-58-R.M. Logie, 1929,
Uﬁpubllshed Manuseript).

Scap and Towdykin Lakes

"Soap lake is situated on the Nemaia Valley. road,
approx1mate1y 14 miles from the Chilco Ranch gt Hancev1lle.
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Towdykin lake is about half a mile in a north-westerly
direetion from Soap lake. These two lekes are not con-
nected by & stream but Soap Lake is slightly lower than
Towdykin leke and in the latter there is guite a notice-
able current in the direction of Soap lake. This cur-
rent is probably due to the circulation of ground waters
towards Soap lake. Neilther of these lakes has any ap-
parent outlet, and Soap lake contains a more concentrated
solution than Towdykin. The main salt present in the
solutien is scdium carbonate.

analysis of Water from Soap lake

Constituents Grains per gallon 1
NeaaC03 - 848.8
MgSCa Trace
a0y Trace
Call4 . Trace
Nadl Trace

)

gollector, R. M. Logie; Analyst, D. E. Whittaker, B. C.
Department of Mines. ‘ '

"These lakes are situated in an area that is al-
most entirely drift covered, snd the thickness of drift
is at least 5 feet and more likely well over 100 feet.
The rock underlying the drift is probably Miocene ba-~
salt as occurrences of rocks colder than this are not
known in the region.--Springs are not known in the
drainage basin of these lakes, although springs may
rise in the lake beds. '

"No crystal ﬁas observed in association with these
lakes, but scattered crystals of salts were noted in
the bed of Sosp Lake."

White Lake (Kiliyul Lake)

"gn alkaliné leke similar to Soap and Towdykin
lakes occurs about one and a half miles from the Chil-
c¢o Ranch at Hanceville. This lake contains salts
similar to those of Soap lake but not as large a pro-
portion’'is present. An efflorescence of salts was
noted on the shore of the lake, but they were only
sparsély disseminated through the mud. No crystal bed
was observed in connection with this deposit.
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"The lake occurs in a region that has a very thick
covering of glacial drift which is spparently underiain
by Miocene basalts. There is no apparent outlet to the
leke and the drainsge basin of the lake does not appear
to be very large."

Two other dry lakes are mentioned specifically by Logie;
in neither did permanent crystal beds occur. Speaking gener-
ally of the saline lakes of the region Logie says:

"A number of saline deposits are scattered through-

- out the northern section of the block aznd are generally
confined to areas underlain by basalt.....Poison lake.
(dry) differs from the rest of the deposits in that it
is situated in an area where a greater part of the un-
‘derlying formations belong tc the Cache Creek series of
Carboniferous age. The salts in these deposits, as de-
termined by analysis, are mainly sodium carbonate, and
sodium sulphate, with traces of magnesium sulphate;;f
calcium sulphate, sodium chloride, and one deposit con-
tains small quantities of potassium (Writer's hote--in
Poison lake. sodium sulphate and calcium sulphate pre-
dominate)....The drainage basins of the lakes are not
large and are confined in general to small areas in the
immediate vicinity of the lakes."

Soap Lake, Spences Bridge (Map 4)

Soap lake lies south of Spences Bridge about 7 miles by
pack trall, and approximately 2000 feet above the Canadian
Pacific Railway tracks to the west. The writer has not ex~
amined this lake and the following description is quoted from
s report by L. H. Cole (Ref. 5, p. 25).

"The leke which lies in a depression in rolling
plateau country is completely surrounded by gently
sloping hills and has no apparent outlet. The coun~
try is sparsely wooded with bullpine and fir and the
slopes are well covered Nlth grass during certain sea-
sons of the year.

"According to Drysdale the rock formetion of the
surrounding hills belongs te the Kamloops Voleanic
group of Lower Miocene age, and consist mainly of ba-
saltic lavas and pyroclastics with younger mica ande-
sites cubting them and forming coarse agglomeretes in
the andesitic matrix.

"The leke is over one mile long and 1300 feet wide
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Soap Lake (after Ceole).

"at its widest point, but in dry seasoms it is rather
& chain of lakes separated by alkali-covered mud flats,
and when visited in August 1926, the eastern half of
the lake was dry with a white inerustation of salts not
more than an inch in thickness. Only the western end
of the lake contained a greenish-colored brine to a
depth of 3 feet, underneath which a soft oozy mud oc-
ecurred which could be penetrated by a pole to a depth
of 10 feet,

"The area of the western part of the lake in which
brine occurred was approximately 80 acres. The tonnage
of salts present in the brine will run 15,000 tons per
foot of depth.

"A spring of potable water flows out of the hill-
side, 30 feet above the shore of the lake on the south
" side, As the season advences the shoreline recedes,
leaving an inerustation of salts surrounding the lake,
No crystal bed was encountered in any part of the lake.
Information as to whether the lake ever becomes com-
pletely dry was not available.
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“4 sample of the brine from the centre of the wes-
tern half of the lake was taken at a depth of 2 feet be-
low the surface and analyzed with the following results:"

Total solids - 14.89%
Sp.G. at 22 deg. ¢. -~ 1.181

Composition of Solids

NasC0sz - . 8l.42%
NeHCOg - 10.03%
NaCl - 2.17
Nas804 - 5.93
MgCls - 0.45
MgS0, - nil
XCl - nil
K2C03 - nil

Sodium Sulphate Lakes

Lakes in which sodium sulphste is the major constituent
are, as far as known, found only in the Kemloops area. They
are similar in form and oceurrence to the sodium carbonate
lakes of the same region.

e -Tb Lake No. 2 (Map 5,‘No. 2)

"Lake No. 2 lies about one mile to the south-east of

Lake No. 1 and at approximately the same elevation.. The sur-
face of the ground is largely drift-covered, but outcrops are
common; the lake and its drainage basin are underlaln by ba51c
porphyritic volcanics.

The lake is about 7 1/2 acres in area and occupies a
sharp narrow depression. Its drainage basin covers approxi-
mately 900 acres. The leke was practically dry in October,
1837, except for a small moist area on the south-west shore
suggestive of springs. 1In September 1958 2 or 3 inches of
brine covered half its surface.

In the autumn of 1937 most of the surface was covered by
winter-erystal about 1 inch thick. Towards the south-east end
of the lake the deposit was formed of- circulay areas separated
by mud; even in the centre of the lake-bed a suggestion'of
this structure was preserved. . The mud forming the remainder
of the surface and surroundlng the shore-line was heavily en-
erusted with white efflorescence of dried salts.

About 6 inches of soft black mud occurring beneath the
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surface layer contained tiny disseminated crystals and
smelled strongly of hydrogen sulphide. Underlying this over
at least three-quarters of the lake, was a deposit of hard
massive permanent crystals. The writer was not equipped to
investigate the depth of the crystal bed or its extent. In
the Annual Report of the Minister of Mines, British Columbia,
for 1930 (Ref. 4, p. 196) it is stated that 2 pits, 4 and 9
feet deep, were dug in solid permanent-crystal and that two
holes were drilled, one showing 7 feet of crystal - near the
edge, the other 19 feet near the centre. On the basis of
these figures alone an accurate estimate of the quantity of
salts in the lake is impossible. On the other hand they de,
in conjunction with the topography, suggest the presence of a
large tonnage, probably from 100,000 to 200,000 tons.

The deposit is described in the Report of the Minister of
Mines for British Columbia, 1922 (Ref. 2) and the following
analyses given:

Composite ssmple of 6 Borings - (tc depth 4')

NapS04 - 83.8%

Mg0 - 9%

Insol. - 15.1
- tr.

Fe and Al

Note: Recalculated to 100% water free basis. Sample con-
tained 51% water of crystallization ss enalyzed.

Samples teken by the writer had the following analyses (1)

Composite of 3 1-foot pits Pure surface crystal
Neas8504 - 79.2% : 99. 2%
Mg50y - 7.2 tr.
CaS0y - 2.8 ' nil
NaCl - - : .5
Insol - 10.8 ’ .3

(1) Chief Assayer, Victoria.

Note: Analyses recalculated to 100% water free basis.

Samples as snalyzed contained 38.7% and 51.2% water of crystal-
lization respectively.

Assuming that some 100,000 to 200,000 tons of impure mir-

abilite is present in the lake, the sodium sulphate content
would emount to 40,000 to 80,000 tons,
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NE-73 Iron Hask Lake (M&p 3, Y¥o. B)

Iron Mask Lake is on the south side of the Kamloops-Cache
Creek road about 6 miles from Ksmloops. It is the first and
largest of & series of small undrained lekes occurring at in-
tervals along the road for nearly 4 miles tc the west.

The lake is roughly half a mile long by 300 to 500 feet
wide. The eastern end is covered with tailings from the old
Iron Mask mine situated on the hillside above; the remainder
was dry in October 1937, except for numerous shallow pools
distributed over its central portion. The depression in
which the lake lies is flanked on the north by a low hili un-
derlain by greenstone and fresher porphyritic basie volcanies,
and on the south by the slopes of Iron Mask Hill, underlain
by diorite. The basin of the lake is closed at the west end
by a low divide.

In October 1937, the surface of the lake was heavily en-
crusted with a white efflorescence of dried salts, but no per-
manent layer of crystal was observed. Beneath the encrusta-
tion was soft black mud containing, in places, sparsely dis-
seminated mirabilite crystals and smelling strongly of hydro-
gen sulphide. The writer put down a number of 4-foot holes
but as the mud surface of the lake was too soft for traffic,
these were necessarily restricted to a 2one within 40 feet of
the shore. A bed of solid crystal was encountered in only
three holes near the margin of the tailings dump, beneath 3 to
4 feet of mud. The thickness of the bed was not determined.

The lake was partly drilled several years ago and it is
understood that an area of 5 acres was estimated to be under-
lain by a crystal-bed from 5 to 12 feet thick, containing ap-
proximately 50,000 tons. The depth of overlying mud ranged

" from 3 to 5 feet.

At the time of examination it was impossible to obtain
samples of the permeanent crystal and no analyses are on re-
cord. The following brine sample was taken from an old pit
near the west end of the lake: (1)

Brine - Iron Mask Lake

Total Solids - 27.63%
8p.G. at 16 deg. C. - 1.240
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IRON MASK LAKE. (Map 3, No. 5.}
Picture looking north-eastward. Note “ erystal bowl ” surface of lake,

SODIUM SULPHATE DEPOSIT. (Map 3, No. 2.)
Picture looking northward.




Composition of Solids

NapS04 - 35.8%
MgSO, -  61.8
NapClz -~ 2.0
NaCl - .4
CaB0y - tr

(1)} Chief Assayer, Victoria.

Surface erystals formed on the lake later in the season;
a sample forwarded to the Department of Mines had the follow-
ing composition: (1)

NasSQy - 94.2%
MgS0y4 - 5.1%
NeoCOz ~ . 5%
Insol. - 2%

{1) Chief Assayer, Victoria.

Note: Recalculated to a 100% water free basis. Semple
as analyzed contained 5.3% water.

Lake No. 4 (Map 3, No. 4) ME LT

Lake No. 4, about 4 1/2 acres in area, lies west of Iron
Mask Lake in the same general depression, although its surface
is 30 to 40 feet lower. The divide between the two is only
about 10 feet above the surface of Iron Mask Lake. Diorite
outerops along the south shore.

The laeke is roughly circular and the shorelines steep.
In Qctober 1837, at least 5 feet of brine was present. The
shoreline was encrusted with dried salts but no permanent crys-
tals were noted. A sample of the brine, taken by the writer,
had the following composition: (1) '

Total solids 11.87%
Sp.G. at 16 deg. C. - 1.1075

Composition of Solids

Na2804 - 32.8%

MeS04 - 62.0%

NaCl ~ 1.6%

NagCOz - 1.4%

Ca804 - 4 .1%
- 37 -
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(1) Chief hssayer, Victoria.

The similarity of the brine to that of Ironm Mask Lske is
notable. For this reason the lske, though containing & pre-
ponderance of magnesium sulphate was included with the sodium
sulphate lakes,

Crystals - Goudge

Top crystal - 2" 2"-1! Stock Pile
NapS04 91.72% 57.77% 73.52
MgSO0s 7.23 . 14.04 5.98
NeHCO3 0.38 0,97 0.96
NaCl 0.20 0.07 0.06
CaS04 0.27 5.71 4.86
Insol. 0.20 21.44 13.62

Magnesium Sulphate Lakes

Lakes in which magnesium sulphate is the predominant con-
stituent occur in the Clinton, Asheroft, Kamloops, and (Osoyoos
“areas. All are small undrained lekes similar to the scdium
carbonate and sulphate lakes already discussed. Actually the
only distinetion which can be drawnr between the sodium sul-
phate and magnesium sulphate lakes is cone of convenience in-
sofar as both components are invariably present in each type.

Clinton Area (Map 2)

Clinton Lake (Map 2, No. 18)

Clinton Leske is 1 mile south of Clinton on the east side
- of the Clinton-Cache Creek Highway. It occupies a shallow
depression Flanked on the east by a high ridge composed of
rocks of the Cache Creek Series. The lake, although of lit-
tle if any present economic importance is interesting, not
only as having been a commercial source of epsomite in the
past, but through the series of changes it has undergone.

Brine covered approximately 15 acres to a depth of sev-
eral feet in Qctober 1937; the area and depth were much the
seme in October 1924 (Ref. 7, p. 76). No erystal-deposit was
present at either time.

The following description of the lake in 1919 is.quoted
from a report by Reinecke (Ref. 9, p. 53):

"During the summer the ... lake is generally occu-
pied by only a few inches of water surrounded by a rim
of white salt. Beneath the few inches of water are nu-

- merous, roughly circular areas 10 to 35 feet across,
somewhat crowded together and white or dark according
to the light conditions. The upper part of each of these
areas or what are known as pools consists of a layer of
nearly pure epsomite, and epsomite mixed with dark mud
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‘"oecurs between the pools. The quantity of water in the

lake seems to vary daily even during continued periods

of rainless weather. According to the older inhabitants

of Clinton, the site of this lake was at one time an ir-

rigated hay meadow, at another time it was ocgupied by &

lake, end the deposits of epsomite have been in evidencs

for the last flew years only. The writer was informed by

the manager of the salt works that an inch or more of ep-
somite crystallizes in the pools during centain seasons.

"The epsomite lake at Clinton covers an area of
about 24 acres, of which it is estimated, less than
one-half is floored by the circular epsomite deposits.
Since the actual sggregate areal extent of the pools is
not known and since only scanty data as to thickness are
available, no close estimate of the tonrags can be made.™

Goudge (Ref. 7, p. 76} gives the following analysis of a
brine semple taken by him in 1924:

Total Solids - 13.97%
Sp.G. at 22 deg. C. - 1,123

Composition of Solids

MgS0y - 84.05%
Mg(HCO0z )5 - 0.18
NasS04 - 3,45
NaCl - 9.50
KCl - 1.16
Excess HCOz - 1.65

The brine in 1924 would have contained some 8000 to 9000
tons of salts representing 6000 to 7000 tons of magnesium sul-
phate.

From 1918 %o 1520 epproximately 2000 tons of epsomite was
taken from the lake, over 1000 tons of which was sold.

Qther Lakes

Beinecke mentions (Ref. 7, p. 53) that in 1919 Three Mile
Leks (Mep 2, Wo. 19) contained a strong solution, 10 .to 18 de-
grees Baumé (Sp.G. 1.074 - 1,148) of maghesium sulphate and so-
dium sulphate in the proportion of 4 to 1, A brine semple
taken by the writer in Qctober 1937, from the south end of
the leke had a specific gravity of 1.008, one from the north
end had a specific gravity of 1.003. The brine contained (1):

Total Solids - .38 to .66%
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Composition of Soiids

MgS04 - 74%
NapS04 - 5%
NaCl - 1.5%
Na2(0s3 - %
CasS0y - 12.5%

(1) Chief Assayer, Victoria.

Asheroft Afea‘

Besque Epsomite Deposits (Map 5)

The Basque epsomite deposits are about 3 miles west of
the Canadian National Rallway and 3 miles south of Basque.
Asheroft is 12 miles to the northeast.

The deposits occur in 4 small ponds in a narrow rocky
~valley. The surrounding country is mountsinous snd rugged.
Argillite, shale, and argillaceous limestone of the Lower
Cache Creek Seriss are exposed in the vicinity of the de-
posits. . .

The writer visited the Basque depcsits in Qoctober 1937
with the object of obtaining samples and substantiating past
reports in respect to present conditions. XNeither equipment
nor time were available for drilling. The deposits were ex-
amined in detail by Goudge during the autumn of 1924, and in-
sofar as there have been ho marked chenges since that time,
the following description is quoted from his report: {Ref,
7, p. 65).

"The deposits of mixed magnesium and sodium salts
oceur in four small basins or mud-filled ponds in the
sloping floor of the middle valley (Map 5). The dis-
tance between the first and fourth basin is about 5000
feet. The basins are formed by transverse dems of boul-
der clay, which reach entirely across the valley. There
is no rock visible in these transverse ridges and pre-
sumebly they are composed entirely of boulder clay. The

‘ponds vary in length from 450 to 600 feet and in width.
from 200 to 450 feet. The sodium and magnesium crys-
tal in each of these ponds occurs as bowl-shaped masses
of relatively clean crystal separated from each other
by mud. This mud is raised up from 2 te 8 inches above
the level surrface of the crystal and forms a border or
ring around the crystal bowl. In wet weather and during
the spring and early summer there is brive on top of the
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HUTCHISON LAKE. (Map 2, No. 17.)
Looking westward. Black fringe on water-line composed of swarms of soda-flies.

BASQUE EPSOMITE DEPOSIT. (Map 5.)

Basque No. 1, looking northward. Shows typical “crystal bowl” surface in
middle distance. Note stock pile of crude salt to right.
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MAP 5.

Basque epsomite deposits (after Goudge).

"erystal, At such times when viewed from the shore, the
deposit appears as a number of shallow cirecular pools
the bottoms of which are composed of crystal.

"The mud separating the bowls of crystal is a fine
11t containing a very few rounded pebbles. It is very
compact even at the surface; at depth it is jet black
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"in color, has a pungent oder in which hydrogen sul-
phide is recognizable, and contains tiny shining
crystals, presumably epsomite. On exposure, this
black mud guickly changes tc a greyish green colcur.
Chemical analysis shows this mud to contain from 45
to 60 per cent caleium sulphate and from 2 to 7 per
cent organic matter.

"In the official mining records at Ashéroft,.
B. 0., the mineral claims enclosing these ponds are
nemed Basque No. 1, Basque No. 2, etc:, but in this
report these nsmes will be applied to the ponds to
distinguish them from one another.®

The following informetion respecting the individual de~
posits is based on Goudge's description augmented by comments
by the writer. 1t is presented in semi-tabular form for the
sake of brevity. '

Basque No....1

" Area - The pond covers approximately 234,000 square feet;
about 190,000 square feet are covered by crystal-deposits (in-
cluding mud between).

Porm of Crystal-Deposits - Some bowl-like masses are up
to 60 feet in diameter and retain their area with only slight
diminution to a depth of at least 5 feet. The "bowls" drilled
showed very hard corystals at 4 to 6 feet. Only a smdll one
near the shore, was penetrated to the mud beneath at 10 feet.
Another near £the centre of the pond showed 14 feet of crystal
without bottom being reached. Goudge considers the general
depth to excegd 10 feet.

Nature of the crystals - Pits could not be dug to a
greater depth than 4 1/2 feet owing to an inrush of brine;
the deeper onses indicated that the hard layer was composed of
blosdite (Nap504.MgS04.4H20) mixed with epsomite (MgS504.7Hg0).
The clean top crystal-layer is about 2 1/2 inches thick; be-
neath it, and commonly separated from it by a thin layer of
mid, is a layer averaging 3 1/2 feet thick composed of inter-
locking epsomite erystals with a little admixed mud.-
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Anslyses

Surface Crystal - 3" thick

Goudge (Ref. 7, p. 68) Writer (1)
Top Middle Bottom | 3" thickness

MgS80y4 99.10% 97.10% 92.17% 99, 0%
NapS04 - 1,75 6:56 .5
NaHCOz ' 0.48 0.49 ——— D) tr.
NapG03 ——- -—- 0.45 )

NacCl 0.15 0.15 0.14 © %r.
Insol. 0.27 0.51 0.68 L5

(1) Chief Assayer, Victoria.

Note: Recalculated to 100% watér free basis. The writ-
er's sample contained 51.3% water of crystallization as ana-
lyzed. :

Anslyses of Crystal Bed -~ Goudge

0-11 | 10- 51| 31- ar|slie arjar- apr1- 30| 3o 4

mﬁ”f——

-

MgSO, | 81.89% ©90.85%| 90.03% | 81.43% |77.72% {91.00%| 71.07
NapSO4 | 0.83 | -~~~ - 2.26 |10.54 | 2.42 | 17.08
NeHCOz | 0.47 | 0.43 | 0.54 | 0.40 | 0.3¢ | 0.2¢ | 0.91
NayCOz | =-- - - c—— | ae- .- ¢.33
NaCl 0.15| ©0.16 | 0.17 | 0.67 | -0.2¢ | 0.05 | 0.73
CaSQs | 9.311 3.23 | 3.20 | 9.93 | 7.43 | 4.41 { %.95

Insol.| 7.3b '5.33 6.06 5.31 3.73 | 1.88 - 6.95

Note: knalyseS'recalcﬁiated to 100% water free basis.

Brine - 2 to 6 inches of brine covered the crystal pools
in October 1924.. None was present in Qctober 1837, other than
in a pit of unknown depth at the south end of the lake.

Analyses of Brine Samples

Goudge (Ref. 7, p. 75) ‘ Writer
1 2 3 4
Total Solids 25.8% L B1.7% 28, 9% 33.3%
$p.G. 1.283 1.334 1.318 1.29
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Composition of Solids

MgS04 - 80.95% 69.52% 76.56% 75. 0%
MgiiCOz)2 - 1.4l ——— 0.28  meee-
HasS04 - 16.30 26.84 21.10 24.5
NaCl - 0.19 S0.12 T e ———
Ko504 - ---- - . 0.50 ———
XC1 - 1.15 2.72 1.55 _—
NapC03 - - - , ———— S
CaS04 - ——— = ———— . tr.

1. Comn031te sample from 10 pools on surface of Basque
¥o. 1 - Qect. 1924.

2. Large flow encountered at depth 2 1/2 feet in pit in
one of cenrtral crystal bowls - Basgque No. 1.

3. Large spring encountered at depth of 8 feet in pit in
mud near centre of Basgue No. 1.

4. Pit at north end of lake s Analyzed by Chlef Assayer.

Tonnage —-Assumlng the average depth in Basque ‘Ne. 1 de-
posit to be 10 feet, Goudge estimates the total- quantltJ of
sodium end magnesium 'salts. available to be:about 64,800 tons,
This maey be taken .as a mlnlmum_flgure, insofar as the average
depth of crystal ptobably exceeds :10 feet. The top 3 feet in

~all the bowls is pr1n01pally epsomite; on this basis the amount

of practlcally pure epsomlte present in 1924 was 20,000 tons.

-qﬁasque No.~2.;

Ares - The’ pond covers. aporox1mately 90, 000 square fest
of which 47,000 is underlaln by cry tal "bowls” with their
encirecling mud rlngs

Form of Crystal- Dep081ts - The crystal-masses are separ—
ated from each other by only a. few 1nches to 1 1/2 feet of mud.
Their average depth including mud 1ayers is 5 1/2 feet, the
deepest bsing sl]ghtly over 10: feet.

Nature of theiCrystals,fffgts weyé dug without trouble
from brine inflow. The following is & typical section:

0-7" - iClean ton orystal

7% = 1'1" . ok Dark colored, ‘compact orystal.

1110 - 37 Clear massive erystal.

117t - 219t Mud - and loose ‘erystals.
219 grgn

“Harg" dar? qrystal

gT6". - .9t plus Black Mud

The top,iayér'aﬁeraééé:l ﬂootﬁﬁhidkiéﬁd”covéfs ?racticélly

Cer



the whole pond; it was deposited from solutions drained from
Basque No. 1 to facilitate operations during the period this
was worked.

Analyses
Goudge (Ref. 7, p. 70)

1 2 3 4 5 8
MgS0g 78.39% | 93.90% | 69.94% | 63.39% | 18.89% | 65.84%
NaoS04 | 18.96 4.62 28,03 35.82 8,61 28.10
NaHCOz 0.56 -| 0.80 0.60 ©0.49 0,08 0.83
Na5C03 0.83 0.03 m—— tr. - ———-
NaCl 1.05 0.27 0.18 - 0.10 0.54 0.18
Cas04 tr. 0.44 tr. tr. 15.45 2.20
Insol. 0.41 0.24 1.2% 0.20 58.43 1.87
7 8 9 10 11
MgS04 63.28 54.55% 8.67% | 94.79% | 66.20%
NaoS0Qs4 | 32.64 | '40.18 18.53 | tr. 19.90
NaHCO3 0.76 0,58 0.92 0.34 0.69
Nao(03 -——- S ee-= T tr. ——— ———
NaCl 0,14 0.17 0.13 0.05 0.48
CaS04 1.46 2.05 13,31 2.99 5.61
Insol. 1.72 2.47 58.44 1.83 '7.12

Note: Recaloulated to 100% water free basis.

1. Hole No. 1 - Top crystal O-3"

2, Hole No. 1 - Crystal 3hr-4n

3. Hole No. 1 - Crystal 4"-1rr"
4, Hole No. 1 =~ Crystal 1r1m-117"
5, Hole No. 1 - Mud Ar7r-2rgt
6. FHole Wo. 1 - Crystal - 2ron.3rg"”
7. Hole No. 1 - Crystal 319M-qrg"
8, Hole No. 1 - Crystal 41 9"-grg"
9. Hole No. 1 -~ Mud 616"-7110"
10. Hole No: 2 -~ Crystal =13
11. Hole No. 2 ~ Orystal 113%-213%

Brine - In October 1924, 2 to 6 inches of brine covered
the surface of the pond; about the same quantlty was present
in Qotober 1937.
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Total Solids

3p. Gr.

MgSC,
Nao504
Mg%
NaCl
K2504
KC1

HCO3)p

Surface of Basque No. 2

28.3%
1.304

Composition of Solids

73.54%

20,37
1.34
0.27
4045

Anslyses of Brines - Goudge (Ref. 7, p. 73)

Seepage into pits

68,07%
30,07

. — - an

0.21
3,65

Tonnage - Assuming the average depth to be 4 feet, Goudge
estimates the amount of combined sodium and magnesium salts
in Basque No. 2 deposit to be 8500 tonas.

ws"

Basgue No. 3

Area - The pond has an area of 90,000 square feet of
whiech 27,000 are covered with crystal bowls end intervening
mud rings.

Forms of Crystal-Deposits - The "bowls" average 30 feet

in diameter and have an average depth of 3 feet.

Nature of the Crystal - A pit showed a clean top crystal-

layer 3 inches thick, underlain by soft black mud 4 inches to
1 foot thick, followed by hard clean crystals composed prin-
cipally of bloedite.

Analyses

Basque No. 3 - Goudge (Ref. 7, p. 72)

1. 2 3 4 5 6
MgS04 98.79% | 95.10% { 90.90% | 53.64% { 55.24% | 53.41%
Ne2804 tr. 1.31 tr. 44,30 42.87 43.45
 NaHCOg 0.79 1.46 0.82 0.49 0.46 0,53
NeapGO3 - 0.10 - - - ————
NaCl 0.10 0.11 0,12 0.14 0.08 tr.
CaS0y 0.07 1.46 3.46 0.65 0.54 1.01
Insol. 0.25 0.43 4,70 0.78 0.83 1,80
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Note: Recalculated tc 100% water free basis,

1. Top crystal - Q0-3"

2. Crystal - 3'-g"

3. Hole No. 1 -  Grystal g"-178"
4. Hole No. 1 - {rystal 1'6"-2'6"
5. Fole ¥No. 1 ~  Crystal 2'g"-3'6"
6. Hole No. 2 ~  Crystal g"-176"

Brine

Analysis of surface brine ~ 1" Goudege
(Ref. 7, p. 73)

Total Solids - 26.7%
Sp.G. , - . 1.301

Compogition of Solids

M2S04 - 30. 56%
Na2S04. o - 17.84
Mg(HCOz )2 - 0.05
Nall - ——
K2504 - 0.39
KCl ‘ - 1.38

Tonnage - Assuming an average depth of 2 1/2 feet,
Goudge estimates the pond to contein about 2000 tons of hy-
drous salts. ‘ :

' . ' . 4

row b | Basgue No
Area - About 1600 square feet covered by crystal,
Form of crystal-deposits - The crystal-masses, 18 in

number, range from & to 15 feet in diameter and 2 to 8 feet
in depth.

Analyses
Crystal ~‘Goque4(Refm.7;'pu-72)

Hole No. 1 -~ 0 to 1 foot :| Hole No. 2 - 0 to 1 foot
MgS0, 70.69% © 73.60%
NapgS04 9.87 ' © 14,98
NeBCO3 1.11 1.19
Ne2C03 Tr., ————
NaCl 0.14 0.05
CaS04 3.53 ‘ 1.14

Insol. 14..68 9.04
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Note: Recalculated to 100% water free basis.
Brine

Analysis of Surface Brine

1" depth - Goudge (Ref. 7, p. 73)

Total Solids - 15.2%
Sp.G. - 1,193

Composition of Sclids

MgS04 - 85.43%
Nas80s4 - 32.71
Kp5C4 - 0.48
KC1 - 1.38

Tonnage - Goudge estimates about 200 tons of mixed sodium -
and megnesium salts present in Basque No. 4.

According to Goudge's estimates (Ref. 7, p. 73} the mini-
mum tonnage of crude hydrous salts, chiefly epsomite and bloe-
dite, in the Basgque deposits in 1924 was as follows:

Basque No. 1 - Epsomite 20,000 tons
Combined sodium o
and Magnesium salts

Basque No. 2 - Combined sodium

44,800 tons

and Magnesium salts - 8,500 tons
Basqué No. 3 - Combined Sodium '
and Magnesium salts - 2,000 tons

Basque No. 4 -~ Combined Sodium -
. and Magnesium salts - 200 tons

Total 75, 500 tons

- About 2300 tons of surface crystal was shipped to Vancou-
ver during the period from 1919 to 1923. The deposits lay
idle from 1924 to 1933. At least 3000 tons more was removed
from 1934 to 1937, and approximetely 2400 tons of this re-
fined and sold. -

Kamioops.Area

Several small lakes (Map 3, No. 7), on the rolling pla-
N€r1% teau surfade north of Kamlcops and west of the North Thompson
River, contain concentrated brines in which magnesium sul«
phate predominates. One of these, about 6 miles from Kem-
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loops, contained brine of the following composition: (1)

Brine Sample - (Cctober, 1937)
Total Solids - 20.8%
Sp.G. at 16 deg. C. - 1.1895

Composition of Bolids

MgS0, - 84.0%
NagS04 - 14.7
Ha2C03 - 1.0
'NaCl - .2
Cas0y4 - tr.

(1) Chief Assayer, Victoria.

The lake, slightly over 2 acres in area, occupies a
sharp basin-~like depression. The depth of brine in the
centre probably exceeds 5 feet. The quantity of salts in
solution is approximately 800 tons per foot depth. The only
crystal noted was in the form of thin films of interlocking
epsomite crystals occupying depressions along the shore.

Another small leke about 1 1/2 miles to the south was
sampled. The brine analysis was as follows: (1)

Total Solids - 6.0%
Sp.G. at 16 deg. C. - 1.040

Composition .of Solids

MeSda - 85.0
NaoSQ4 - 31.0
NapCOg - 1.4
NaCl - © oy
CaSO4 - 2.4

(1) Chief Assayer, Victoria.

The area in which the lakes occur is underlain by ar-
gillite, quartzite, and limestone of the .lower Cache Creek
Series.

Osoyocos Ares

Spotted Lake Deposit

The Spotted Lake deposit occurs in a lake covering ap-
proximately 20 acres, situated near the summit of Richter's
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Pass about 6 miles from (soyoos. The Osoycos-Similkameen
Road is about a quarter of a mile ‘o the north.

The region traversed by Richter's Pass is rolling to
mountainous, the summits of Richter and Kruger Mountains, on
the northwest and southeast respectively, being cver 4500
feet in elevation. Precipitation is Llight, averaging only 8
inches a year at Oliver, 10 miles to the north.

On the north and west of the lake occurs (Mep 854 with
G.5.C+ Men. No. 38) a complex of schists and basic intrusives,
on the east metamorphosed sediments intrudsd by grancdiorite,
and on the south nepheline syenite.

When examined by the writer in June 1938 the lake was
covered with 6 to 8 inches of brine. Insofar as this pre-
cluded further investigetion, the following description is
guoted from a report by Goudge (Ref. 7, p. 78)

'~ “"The crystal in this lake occurs in the same bowl-
like formation that characterizes the other magnesium
sulphate deposits in British Columbia.

"The crystal-bowls occupy from 50 to 60 per cent
of the area of the lake bed. In size they vary from
20 Yo 80 feet in diameter, and average about 3 1/2
feet in depth.

"The encireling mud rings are raised 4 inches to
1 1/2 feet above the crystal level and the mud which is
dark in color, contains numerous crystals of gypsum.
The analyses of two samples of this mud show it to con-
tain 70 to 80 per cent calcium sulphate."

When examined by Goudge about 4 inches of brine covered
the leke; it was therefore imposaible to dig pits for the
purpose of obtaining samples. A number of "bowls" were tested
for depth. He notes that down to 2 feet the crystal-deposit -
was hard but from there to the bottom it was comparatively

soft. The surface layer, about 2 inches thick, was very
clean.

Analyses of the surface crystals follow:
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Goudge (Ref. 7, p. 78]

1 2 3 4 5 8
MgS 0y 50.20% | 44.67% | 47.25% | 47.04% | 47.21% | 49.
NepS04 48.08 | 53.80 | 51.16 .| 51.87 | 46.62 | 23
NaHCOx 0.49 0.57 0.56 0.48 0.50

NasC03 ———- ———— _—- tr. S S
NaCl 0.17 0.22 0.15 0.14 0.22

ces0, | 0.70 0.28 0.70 0.41 3.11

Insol. 0.36 0.46 0.18 0.26 | 2.44 2

The samples 1 to 5 represent surface crystals from
"bowls"; ¥o. 6 is from the interior of one of the stock piles
on the shore. '

The following analysis of surface crystals, as harvested
commercially when the deposit was worked, was furnished
through the courtesy of Chas. Newall, of Seattle.

M504 - 57.58%
Na2S504 - 42.38%
Alkalinity - nil
C1 tr.

Note: Recalculated to 100% water free basis. Analysis
as furnished contained 40.26% water of erystallization,

Goudge . estimates the leke to contain approximately 50,000
tons of hydrous salts of magnesium and sodium.

According to records about 1500 tons of corystal were
taken from Spotted Lake between 1915 and 1919 and shipped to
Oroville, Washington, 12 miles distant, for refining and sale.

Summary
The more important sodium carbonate, sodium sulphate)

and megnesium sulphate deposits of British Columbia are list-
ed ‘below with pertinent data.
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Sodium Carbonste

Estimated Tonnage

Approximate total salts =
oxH

1t

sodium carbonate -

257,150

- . : Sodium

Deposit .Ref. Occurrence % Solids ‘Total Salts Carbonate
83 Mile L. ‘ Map 2, No.' 1 Brine 4.,85% - 1,100 1,000

. Goodenough L. " No. 4 Muddy, permesnent |  ----- 10,000 3,000
‘ crystals
- Liberty L. " No. 7 Brine and Winter-

T ‘ _ - crystal 13.78% 1,800 1,500
Rob and Nan L, " No. 9 Brine 11.29% 3,000 2,800
Last Chance Ly " No. 10 Permanent

_ - crystals ———— 70,000 17,500
Margaret L. n No. 11 Brine and Winter-
' ' erystal: 13.38% 900 850
Anite L. " No. 12 Brine end Winter- "
o crystal 12.44% ‘%, 200 3,000
Lela L. " No. 12 Brine’ 7.02 600 550
| White® Elephant L " No. 14. Brine 8.3% 2,050 2,000
' Rose L.- - | " No. 15 Brine 8.17% 6, 500 8,500
“Hutchison L. " No. 17 Brinse 7.0% 13,000 12, 800
Leke No. 1 Mep 3, No, 1 Permanent .
i crystals ———— 11040, 000 20, 000
Soap Lake Map 5, Brine and Winter-
crystal 14.69(1926) 45,000 40, 000
: ‘ 51926!

103, 000
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Table {continued)

Scodium Sulphate

Estimated Tonnage

Sodium
Deposit Ref. Ocecurrence % Solids Total Salts Carbonate
Lake No. 2 Map 3, No. 2 Permanent
erystal ——— 150,000 = 60, 000
Iron Mask Lake . | Map 3, No. 5 FPermanent
) crystal ———— 50,000 = 20,000
Lake No. 4 " No. 4 _Brine 11.87% 3,000 1,000
Approximate total salts - 203,000
" i sodium sulphate - 81,000

Magnesium Sulphate

Basqué Deposits

Spotted Lake

Clinton Lake
Lake No. 7

Map 4

Map 2,
Map 3,

No:s
Ko

18
7

Permanent crystal

Permanent crystal
Brine
Brine

Approximate total
"

L

---~ Epsomite 20,000
Mixed 55,500 25,200
eee- Mixed 50,000 13, 000
13.97 (2924} 8,000
720.&% - 4,000 3,400
salts - 137,500
magnesium sulphate - 57,600

Magnesivm Sulphate

134,000

§,000(192




History and Development

The soda lakes of the Green Timber Plateau were first
réported upon in 1897 (Ref. 8, p. 11R). At that time winter-
erystal was known to form only in Goodenough and Last Chance
Lakes. These were staked in 1897 and natron harvested from
the former during the winter of 1897-98. No further intérest
was taken, however, until war-time prices gave encourageément
to the exploitation of local soda deposits. Margaret, Anitay
White Elephant, Rose, and Rob/ and Nan Lakes were staked from
19186 to 1921, and two small plants dmstalled for the purpose
of producing soda ash. No commercisl production was made, al-
though winter+crystal was shipped. -4 more ambitidus but fu-
tile attempt to dehydrate the permfnent crystal-deposit of
Last Chance Lake was made ih 1924. In the same year Lela and
Hutchison Lakes were steked. A dehydrating plant weas erected
at White Elephant Lake in 1926, and a second one in 1928. Al-
together only 2 carloads of soda ash were shipped before opér-
- ations were permanently suspended. In 1929 a plant was built
at Last Chance Lake but did not operate commercially.

In 1930 Lake No. 1 (Kamloops) was staked, a boiler and
pumping eguipment installied, and exploratory work done. From
1931 o 1935 regular shipments of natron were mads.

For the last ten years small but reguler annual shipments
" of winter-crystal. or natron have been made by operators in the
Green Timber Plabtesu area; no further developments have been
-attempted,

As far as can be ascertained from . old records, & total
of 7750 tons of natron, valued at approximately $70,000 has
been produced and sold from soda lakes in the Green Tlmbsr
. Plateau and Kemloops aress.”

A brief summary of the dehydrating plants érected at the
more important lakes is presented.

Last Chance: Lake (Map 2, No. 10)

1923 - Owners - Lillooet Soda Company
Other | Deposits held - Goodenough and Rob
and Nan Lakes.

Description of Plant
Quoted from report by Goudge {Ref. 8, p. 96)

"During that summer (1923) the Lillooet Soda Com-
pany erected several substantial log buildings at this
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"lake and the first unit of a small plant designed to
produce soda ash was built. The unit conslsted of a

" horizontal fire~tube boiler with & pertion of the outer
shell removed on one side, and a stesl box or sump
rivetted to the side where the shell was cut away.
The proposed method of operating the plant was to fill
the boiler and sump with brine (obtained either direct
from the lake or by dissolving the muddy crystal, let-
ting it settle, and siphoning off the clear brine), and
then to concentrate the brine by evaporation until the
monochydrate dropped out. Rekes fastened to an endless
chain were constantly in motion in the sump and were
supposed to set up currents in the brine that would
sweep the monohydrate crystals into the sump as they
were formed, from where they could be dlscharged by the
rakes. It did not work satisfactorily."

1929 - Qwners ~ B. C. Chemical Co.
Other deposits held ~ Rob and Nan Lake.
Description of Plant ~ Quoted from Report
of the Minister of
Mines for British
Columbia, 1929 (Ref.
3, p. 230)

"A plant capasble of handling an estimated output
of 1.5 tons an hour has been erected, the scheme of
treatmont being briefly as follows: The salt which at
the present time is being dug by hand from the encrus-
ted surface of the dried-up lake, is delivered by an
incline conveyor to a dissolving and cleaning tank.
This tank is a steel punt-shaped receptable 30 feet
long and 5 feet 6 inches in diesmeter, in which a travel-
ling link-belt is fitted.’ Heat is applied to the bottom
of this receptacle by steam-coils by means of which the
erystal is liguefied, and the suspended mud is withdrewn
on the slowly-travelling belt, being elevated above the
surface of the liquid. The clarified solution is pumped
to three storage tanks, in which the temperature requi-
site for maintaining solution is maintained by exhaust
steam, and is withdrawn by a high-pressure pump and de-
livered in an atomized condition through sprays into a
eyelone~type evaporator. This evaporator is in the
form of an asbestos-covered steel inverted ocone having
a maximum dismeter of 30 feet and 28 feet in height.

"Furnece gases from an oil-feed furnace adapted

with Ray steam turbine oil~feed are introduced through
an annuldr passage at the top of the evaporator; a thor-
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" Yough admixture of the whole content, together with a
swirling motion, is provided by a central exhaust
through a pipe submergsed to a depth of several feet in
the apparatus.

NThe exhaust is maintained by a fan by which the
gases and vapours are delivered to a second smaller
evaporator which is dintroduced for the purpose:of catch-
ing & proportion of the pulverized soda-ash which is car-

- ried off in the first opsration.

"The soda~ash which is dessicated and pulverized in
the evaporator at a temperajure of" approximately 600 de-
grees F, accumulates in the bottom of the cone and is’
withdrawn by a blower, and together with that recovered
from the second evaporator is Gelivered %o a storage silo
in marketable form.’ :

The results obtained from the plant deseribed above were
not satisfactory.

White Elephant Lake (Map 2, No. 14)

1826 - Qwners ~ J. A. Coulson and Sons
Other Deposits - Rose Lake
Deseription of Plant

No details of the plant erected in 1926 ars availaeble
other than that it had a daily capacity of 20 tons.

1528 - Quwners - Dominion Soda Producers; Ltd.
Other Deposits - Rose, Anita, and other lakes,
Description of Plant

Detdils of the process employed are not on record.: It
was proposed to dehydrate hatron, a sufficient ghantity being
harvested in the form of winter-orystal during the winter
months to ‘supply the plant for the yesr at the rate of 45 tons
per day. Most of the equipment had been removed at the time
of the writer's visit in 1937 except for 40 by 6 foot rotary
driéer. This, it’ is understood, was used for the actual dehy-
dration ¢f the natron. To what extent the plant was a suc-~
cess is not known; only a small amount of soda-ash was ac-
tually prepared, however, before the operation was permanently
discontinued.
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Anita Lake (Map 2, No. 12)

1918 - Owners - Pacific Coast Contractors, Ltd.
Other Deposits - no data.
Description of Plant

Quoted from Report by Goudge (Ref. 6, p. 96)

"The plant of the Pacific Coast Contractors consis-
ted of a large sheet-iron, evaporaling pan 43 by 14
feet in plan, and 3 feet deep, with sloping sides. The
lake brine was pumped into the pan and there concen-
trated by boiling. The heat was supplied by wood fuel.
The hot concentrated brine was piped to crystallizing
tanks, where, on cooling, crystal was deposited. The
intention was to produce sodium carbonate crystal and
then to calcine this to scda-ash but the ash furnace
was never erected. Difficulties in evaporation and erys-
tallization were the cause for the plant shutting down
late in 1918 and operations were never resumed by this
company. "

Goodenough Lake (Map 2, No. 4)

1522-23 - Owners - Lilloocet Soda Co., Ltd,
Other Deposits - Last Chance and Rob and Nen Lakes.
Description of Plant.

A small evaporating and crystallizing plant, similar in
principle to that built at Anita Lake, was tried bubt was not
successiul,

Lake No. 1 (Map 3, No. 1)

1929 - Qwners - C. W. Austin and A. C. Knowles
Qther Deposits ~ Lake No. 2 (Map 3}
Description of plant

Boiler and pumping equipment was installed and a steam
drill used to explore the crystal-deposit.

In 1930 the recovery process consisted of dissolving the
permanent crystals by steam, pumping the solution to a set-
© tling tank to remove muddy impurities, and recrystallizing the
sodium carbonate in the form of natron.

Sodium Sulphate

No sodium sulphate is known to have been produced com-
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mercially from netural deposits in British Columbia. Lake

No. 2 (Map 3) was staked prior to 1923 but very little explor-
atory work was done until 1929. In that year pits were dug
and the deposit drilled. There have been no further develop-
ments.

Iron Mask Lake was staked prior to 1932 and a little
drilling and exploratory work carried out in the winter of
193233, Lake No. 3 was staked in 1932

" Magnesium Sulphate

Epsomite was first produced commercially in British Col-
umbia during the early war years. Since then production has
been intermittent. To date over 7000 tons of crude epscmite
has been refined and sold, epproximately 2800 tons of which
was shipped between 1915 and 1920,

Spotted Lake was first worked in 1915 and shipments of
crude salts were made annually until 1919. In 1918 both Clin-
ton Lake and the Basque deposits were developed and epsomite
produced until 1920 from the former and 1922 from the latter.
Production from the Basque deposits was renewed in 1934 and
has continued until the present.

A brief summary of the recovery methods used at the thres
deposits follows.

Spotted Lake

1915-1920 - Owners - Stewart-Calvert Cb;,'Ordville,
) Wash.
Descr1pt1on of Methods and Plant

Crystal~-slabs were dug from the lake by pick and shovel,
taken ashore in wheelbarrows over plank rurweys &nd shipped
to the Company's refinery at Oroville by truck:

The follow1ng descr1pt1on of the reflnlng process is
 quoted from the Annual Report of the Minister of Mines for
British Columbie, 1918 (Ref. 1, p. 213).

"The process for treating the salts is as follows:
First the raw product, & crystalllne salts dug from the
leke, is dissolved in tanks by means -of steam; from
thence the liquid salts pass through launders into the
evaporating-tarks, where it is brought to a certain den-
sity; then run into other tanks lined with cement (mag-
nesite), where it is cooled and reorystallized; the 1i~
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"quid remaining being drawn off and pumped back into the
boiling tank for further treatment. The crystals are
then put through a Watson Laidlaw dryer with a 2-inch
basgket having a cepacity of 15 tons every ten hours. Af-
ter this preliminery drying the crystals pass through a
chute into a rotary circular dryer; 256 feet long by 4
feet in width, which revolves Ffrom eight to ten times &
minute. The screens at the discherge end have meshes
varying from 1/2 x 1/16 to 3/32 x 1/2 inch. Directly
outside the discharge end of the screem are a set of
steam~-coils so placed that the fan draws the hot air
over the revolving salts. The tempersture is kept be-
low 80 degrees, so that the salts will not melt.

"Two grades of these salts are shipped, the finer
crystals being used for medicinal purposes, whilst the
coarser ones are used for tanning leather.”

Crude epsomite from Spotted Lake, Clinton Lake and Epsom
Lake, a smell lake on Kruger Mountein, 2 1/2 miles north of
Oroville, were treated in this plant. -It is understood that
the use of Spotted Lake material was largely restricted to the
tanning industry owing to its relatively high content of so-
dium sulphate. ‘

Clinton Lake (Map 2, No. 18}

1918-1920 - Qwmers - Stewart-Calvert Co.,
Croville, Wash.
Description -of Methods and Plant

Crystal-slabs were dug by pick and shovel from beneath
the few inches of -covering brine, transported to the shore
by wheelbarrow over plank runways., sun-dried, broken by wooden
mallet. and screened through 1/4 inch mesh and shipped to Oro-
ville where the less pure material wes refined. S

The plant at Oroville has been described in the previous
section. ,

Basque Deposits (Mep '§)-

1917~18 ~ The deposits were staked and small shipments
made.

1919-22 - Qwners - Basque Chemical Co.
Description of Methods and Plant

Quoted from report by Goudge (Ref. 7, p. 75)
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"Crude surface crystal from Basque No. 1 was shipped
to Vancouver and there prepared for market. The company
erected at the deposits 15 or 20 wooden bulldings includ-
ing a number of comfortable dwelling houses for their
workmen, A large building intended as 2 mill was also
erected but very. little machinery was installed. Opera-
tions ceased in 1923, after 2,300 tons of erystal had
been removed from the surface of Basgue No. 1...

"The top crystal on Basque No. 1 was very pure when
operations were first begun, but has since been contam-
inated.” It was dug out of the various bowls by means of
picks, crowbars, and shovels and taken ashore in carts.
As the market warranted, shipments of the crude crystal
were made to the company's refining plant in Vancouver
where it was prepared for the market, the major part of
the material, however, was stored in two sheds and in a
large storage pile on the shore of the deposit,...

"The epsomite shipped to Vancouver only needed %o
be freed from the small amount of mud that was mixed
with-it, to provide, according to the company's state-
ment, Epsom salt over 98 per cent pure.”

In the refinery at Vancouver the crude went to a dissolv~
ing tenk thence to settling and crystallizing tanks, the moth-
er liquor being kept in circulation. The epsomite was dried
and sereened to three grades.

1934-1938 ~ Quners - Bpsom Refineries Ltd.
Description of Methods and Plant

Crude crystal was taken from Basque No. 1 to the com-
pany's refinery at Asheroft by trucks. Here it was dissolved
and recrystallized to remove muddy impurities, dried and
sereened. Three grades were marketed and the plant had a ca-
pacity of 10 tons per day. The material was mined during the
- summer, & sufficient supply being accumulated for refining
during the fall and winter.

1938-39 ~ Operations ceased in the spring of 1838 but re-
fining was recommenced by & new company, Ashcroft Epsom Salts
Co., Winnipeg, in the aubumn of 1938 and was carried on during
.the winter of 1938-39.

Transportation

Data respecting transportation are listed in the follow-
ing table.
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Shipping Point

Approx. Distance

Deposit Ref'. & Railway to Shipping Point
B3 Mile L. ¥ap 2, No. 1 70 Mile Stn., P.G.E. 13 miles by the Cariboc
, ' Highway. '
Goodenough and _
Safety L. " No. 4 Chasm, P.G.E. 22 miles by fair road.
Liberty L. " No. 7 5 miles poor road Chasm, P.G.E.
: 9 miles good road
Snow White L. " No. 8 Chasm, FP.G.E. 1 mile poor road.
: 13 miles fair road.
Rob and Nan and " Nos. 9
Last Chance L. .- & 10 Chasm, P.G.E. 12 miles fair road.
Margaret L. " Ne. 11 70 Mile Stn.,P.G.E. 4 miles poor road.
Anita and Lela L. " No. 12 70 ¥ile Stn.,P.G.E. 4 miles poor road.
White Elephant L. " No. 14 Coulson, P.G.E. 1/4 mile;poor road.
Rose L. " No. 15 Coulson, P.G.E. none
Hutchison L. " No. 17 70 Mile Stu., F.G.E. 6 miles by abandoned
o road.
Soap L. Map & Spences Bridge, C.P.R. | 7 miles pack trail.
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Shipping Point

Approx. Distance

Deposit Ref. & Railway to Shipping Point
Lake No. 1 .Map 3, No. 1 Xamloops, C.P.R. or 12 miles good road, could
' C.H.R. - be handled by aerial tram|
to C.P.R. 1/2 to 3/4 mi.
distance.
Barnes L. Map 3 Kamloops, G.P.R. or 17 miles good road--
- C.N.R. 3 miles to Vernon Branch
C.N.E.
Lake No. 2 Map 3, Wo. 2 Kamloops, G.P.R. or 13 miles good road.

Iron Mask L.

Spotted L.
Clinton Lake

Basque Dep.

Map 3, No. &

Map 2, No. 18

Map 4

C.N.R. - agrial trem
could be used as men-
tioned Tor Leke No. 1

Kamloop, C.P.R. or
G.NDRO

gliver, T.N.R.
Clinton, P'-G’cEe

BanUe » c o"N-'R .

6 miles good road.

12 miles fair road.
1 mile good road.
3 miles fair road--12

niles to plant at
Ashcroft.




Qrigin of Deposits

It is beyond the scope of the present report to deal with
the many theoretical factors relating to the origin of the sa-
line lakes of British Columbia. The origin of similar deposits
elsewhere has been discussed (see General Bibliography) by
Cole, Chatard, Wells, Clarke, Bayley, and others. In general
the salts are considered to have been derived originally from
the leaching of rocks or soil, to have been carried into un-
drained basins by surface or sub-surface drainage, and there
concentrated through evaporation.

The following generslizations are included for the sake
of interest:

Sodium Carbonate Deposits

1. All the known soda lakes of British Columbia in which
sodium carbonate is the only important constituent, occur in
relatively arid regions underlain by Tertlary basaltic lava
flows.

2. The lakes occupy small shallow depressions in glacial
drift.

3. S8prings occur on the shorelines of four of the soda
lakes. The water in each is a dilute solution of sodium car-
bonate and other salts although three are potable, The ori-
fice of one is in a low mound of calcareous tufa.

4. 1In general all lakes. in the areas under discussion
show evidence of having stood at &4 considerably higher. 1eve1
‘within fairly recent time.

5. Only two of the purer soda lakes are known to con~
tain deposits of permsnent crystal. The remaminder, although
having diminished in volume in every case since 1919 and 1924,
contain brines little or no more concentrated today than at
those times. In brief there has been a definite decrease in
the total quentity of salts in solution in the soda lakes of
British Columbia without corresponding deposits of permanent
erystal having formed,

6. Winter-crystal formed in only two lakes in 1898, in
at least seven in 1924, and in only 3 in 1937,

Sodiun and Megnesium Sulphates

1. Lekes in which magnesium sulphate predominates are

- 65 -



confined to areas underlain by rocks of the lower Cache Creek
series (argillite, quartzite, and limestone). Deposits in
which sodiwm sulphate is the major constituent occur in areas
in which greenstone and diorite predominate.

Ref.

Ref,

Ref.

Ref.

Ref.

Ref.

Ref,

Ref.

Ref.
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CHAPTER 2

Technology and Uses of Sodium

and Magnesium Salts




Mineralogy and QOrigin

Sodium Carbonste

The compound sodium carbonate deoes not acecur in nature
but is obtained by the dshydration of one of its hydrates of
which at least three are known. Pure scdium carbonate con-
tains 58.48 per cent NapO and 41.51% COs.

Sodium Monohydrate - ¥NesC03.Hg0 - Mineral name Thermonatrite

Nas0 - 50.0%
GO - 35.4%
Ha0 - 14.6%
“8p.G. - 1.5 to 1.6 ; Hardness - 1 to 1.5

Qecurrence - efflorescence on soil and around lakes in
Bgypt, Hungary, Califernia, etec. Encrustation on lava from
Vesuvius.

Properties ~ the monohydrate is the stable soiid phase
in aqueocus solution above 32.5 deg. C. It is less soluble
at higher temperatures than around 33 deg. so that on heat-
ing a saturated solution, crystals of the monohydrate are
precipitated and redissolve on cocling. It does not melt
when heated, but loses its combined water between 87 and 100
deg. C., forming a pulverulent mess. Cn exposure it absorbs
moisture from the atmosphere, and also carbon dioxide to form
the sesqui-carbonate.

Sodium Decahydrate - NasC03.10H20 - Mineral name Natron

a0 - 21.69%
COs - 15.37%
HpO - 62.94%
8p.G. - 1.42 to 1.47 - Hardness - 1 to 1.5

Cecurrence - in many soda lakes,

‘Properties - the decahydrate is the stable solid phase
in agqueous solution below 32,5 deg. C. It fuses at approxi-
mately 34 deg., yielding a solution from which the monohydrate
is precipitated.

Scodium heptahydrate is not known to oeccur naturally.
It has been prepared by cooling the liquid obtained by heat-
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ing the decahydrate to its melting point, or by cooling a hot
saturated soclution at a temperature lower than thet at which
erystals of the monohydrated carbonate are formed and higher
than that at which the decaliydrated carbonate is formed.

Trona - NapG0F. NaHCO3. 2Hp0 - Sodium sesquicarbonate
Qecurrence - Searles and Cwens Lakes, ste.

Properties - Trona has been obtained synthetically by re-
moving carbon dioxide from sodium bicarbonate in solution
through the addition of sodium hydroxide or sodium earbonate,
and crystallizing at about 35 deg.; by the spontaneous evap-
oration of a solution of sodium carbonate which had been ex-
posed to the air for some time and thereby absorbed carbon
dioxide. It has also been obtained f{rom the ammonis-soda
process, and by the evaporation of certain lake brines. In
general temperatures below 35 degrees are not favourable to
"the formation of trona; the erystals develop better in a so-
divm chloride solution; and excess of the normal carbonate
favours its development.

. Nao0 - 41.2%
¢0o - 38.9%

H0 - 19.9%

Sodium Bicarbonate - NalCOQz

Nep0 - 36.94%
C0p - 52.36%
HoO - 10.70%

$p.Gr. - 2.163 to 2.22

Oceurrence - Direct product of the Solvay Process; in
alkaline spring waters; in association with normal carbonate
gs trona; but not alone as sodium hicsrbonete.

Properties - All solutions of sodium carbonate in con-
tact with carbon dioxide contain a proportion of the biecar-
bonate. The salt, sodium bicarbonate loses carbon dioxide
rapidly to the air if exposed in a moist condition. Solu-
tions of the bicarbonate are stable only in an atmosphere con-
taining an excess of carbon dioxide.
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Solubility - per cént in water

0 deg. C. 5 10 20 25
NalC03 5.90% - 7.45% 8.16% 9.80% 10.35%
30 40 50 60
11.10% 12.7% 14.45% 16.4%

Sodium carbonate also forms a number of double end triple
salts, some of which ocour naturally. Most important are
Pirssonite (CaC0z.Na3003. 2HpO), Gay-Lussite (CaC03. Na2CO0s3.
5Hp0), Tychite (2MGCC3. 2NanC0z. Nag804), Northupite (MgCOsz.
NapC0z. NaCl), Burkeite (Naps04. Na2C03), ete.

Natron occurs as winter-crystal, and in deposits of per-
manent erystal, in the soda lakes of British Columbia. Wheth-~
er other sodium compounds described are present 1s _unknown.
Accurate moisture determinations on the samples were impossi-
ble in view of the considerable elapsed time between their
taking and analysis, with consequent natural dehydration.

Sodium Sulphste

Unlike sodium carbonate, sodium sulphate occeurs natursal-
ly in the anhydrous form (thenardite, NapS04). The decahy-
drate mirabilite (NepS04. 10H20), however, is more common.

Sodium sulphate - NepSO4 - Mineral name Thenardite
Nap0 - 43, 68%
803 - 56.32%
Sp.G. -~ 2.68 Hardness - 2.5

Occurrence - In some crystal deposits in the Western
United States and elsewhere; also as surface layer on mira-
bilite due to dehydration.

Properties - Deposited from saturated solutions above a
temperature of 33 deg. C. Hydrates on exposure to air. Very
soluble in water.. '

Decehydrate or Glauber's salt - Na9S04. 10H20
Mineral name Mirabilite

NagO - 19.3%
50z - 24.8%
Ha0 - 55.9%
Sp.G. - 1.48 Hardness - 1.5 to 2
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QOccurrence - Common form in whieh sodium sulphate occurs
in Canada and the northern United States.

Properties - Deposited from saturated solutions below a
temperature of 33 dec. C. Dehydrates on exposure to air.
Dissolves in its own water of crystallization gbove 33 deg.C.
Very soluble, and solubility increases with temperature to a
maximuw of 33 deg. C.

The heptahydrate is not known to occur in nature although
it has been prepared artificially. Other combined or mixed
salts in which sodium sulphate is an important constituent
are listed below.

Bloedite - NepS04. MgSO4. 4H30

Na2504 - 42 .5%
Mg804 - 35.0
HoO - 21.5

Glauberite - NasSQa. CaSOq

Na23804 - 51.7%
CasS04 - 48.9%

Aphthitalite - (Na,K)2804

usually NagSC4 - - 21 to 38%
-K2S04 - 682 to 78%

Hanksite - 9Na»504. 2Napl03. EC1

Na2504 - 81.7%
Na2C03 - 13.5
KC1 - 4.8%

Loeweite - 2NapS04. 2ZMgS04. 5H20

NaSO4 - 46.3%
MgS04 - 391
Hg0 - 14.7

Other combinations with iron, aluminium, stec., are known.

Magnesium Sulphate

Two hydrates of magnesium sulphete occur naturally, i.e.,
epsomite (MgSOq. 7H»0) and kieserite {MgSOs. H20). The first
is the common form, the latter being relatively rare apart
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from certain specific deposits, notably those of Stassfurt,
Germany.

Epsomite (MgSC4. 7H20)

MgO - 18.3%
503 - 32.5%
HgpO - 51.2%

Kieserite - MgSC4q. H20 - Relatively insoluble salt. Ep-
somite is very soluble and is the salt normally deposited from
magnesium sulphate solutions. Epsomite is more soluble than
mirabilite.

Commercial Possibilities

The economic value of the sodium carbonate, sodium sul-
phate, and megnesium sulphate deposits of British Columbia
depends upon their amenability to cheap preoduction of the var-
ious sodiwn and magnesium products for which there is a loeal
demand .

Only & very small proportion of the sodium carbonate and
sodium sulphate consumed in the world is derived from natural
deposits, the rest being manufactured from other materials or
recovered as by-products from various industrial processes. A
fairly large pert of the world's epsomite consumption is de-
rived from natural deposits of magnesium sulphate; the remain-
der, however, is made or recovered from other sources.

Insofar as production is world wide, Provincial deposits
can only be expected to supply relatively local markets, and
these only if production costs are sufficiently low to allow
competition with imported products.

Sources and Uses

Sodium Carbonate

The most important sodium carbonate products for commer~
cial use are soda ash, sal soda, and sodium bicarbonate., Soda
ash or calcined sodium carbonate, is widely used industrially,
its more important applications being in the manufacture of
glass, various chemicals, soaps and cleansing compounds, pulp
and. paper, water softening compounds, etec.

It is also employed by metallurgical, tanning, textile,

dyeing, and paint. industries.: Sal soda, washing soda, or so-
dium decahydrate (Nag003. 1O0H20) is more soluble than sods ash,
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as well as being purer in general than commercial soda ash.
Its main use is in the preparation of washing compounds, but
it may also replace soda ash for certain purposes. Sodium
bicarbonate (HeHCOz) is used prineipally in beking powder and
medicines. Its industrial applications are few.

Natural

Lake deposits of scdium carbonate, either dry or contain-
ing concentrated brines, are found in many parts of the arid
regions of the Westernm United States. Natural soda has been
produced commercially from lekes in California, Wyoming, Neé-
vada, and Washington; present production is restrieted to

Searles and Owens Lakes in California. Similar deposits, for—

the most part unexploited, are found in East Africa, South
Africa, Egypt, Venezuela, Chile, Feru, Armenia, Hungary, Buis-
sia, &pain, Germany, India, etec, ‘

Production of sodium carbonate in British Columbia is
confined to recovery of natron or winter-crystal, which in
its natural form is sufficiently pure to meet commercial stand-
ards for sal soda. The winter-crystal forms with the coming
of cold weather in the autumn. During the winter it is brok-
en into rectangular slabs with bars, muc or ice are scraped
off, and the slabs piled along the shore. In the summer i%
is shipped to Vancouver for use by soap. bBompanies. No soda
ash or sodium bicarbonate is made in the Province.

The only production of natural sodium carbonate in the
United States is from Searles and Owens Lakes in Caelifornia.
These are large lakes containing concentrated solutions of
sodium chloride, sodium carbonate, sodium sulphate, borax,
and other salts., Four companies, two on each lake, recover a
variety of products ingluding sods ash, sodium bicarbonate,
and,trong, as well as salt ceke, borax, and potash salis.

The following processes are, or have been used.

“Qwens Lake
Quoting Ladoo (Ref. 14, p. 568)

"Manufacture of Trona. (wens Lake brine is evapor-
ated in shallow solar ponds to the saturation point of
trona in the brine, at which point the brine is drawn
into smaller ponds in which further solar evaporation
will crystallize trona (NagC03. NaHCO3. 2H20). The end
point is reached with the saturation in common salt, af-
ter which the brine is drawn off and replaced with fresh
solar-evaporated brine. The trona forms a hard, solid
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"erust on the bottom of the ponds and is taken up by

hand at the end of the evaporating season. Calcining
of trona will yield soda ash containing sbout 956 per

cent sodiuvm carbonate. Trona is one of the cheapest

alkeline materials known, and as such has a number of
industrial uses.

"Manufacture of Soda ash. The process used by the
California Alkeli Compeny is similar in many respects
to the ammonia-soda process, the main difference being
that no smmonia is used. Owens Lake brine is subjected
to solar evaporation until the saturation of trona in
the brine is reached. Purther solar evaporation would
result in the precipitation of trona, which is not de-
sirable in this instance. The brine at this point is
pumped to the plent and after careful filtration treated
with carbonic acid gas, the latter being generated by
burning lime stone with coke. The sodium carbonate of
the brine is converted by the action of the carbonic acid
gas into bicarbonate, which, as soon as its saturation
in the brine is reached, will be precipitated as a white
powder and is separated by filtration. 4 smell quantity
of this bicarbonate is dried at low temperatures and
marketed as crude bicarbonate of soda. This material
is used for fire extinguishers as well as in certain
cleansers and for sap stain.

"The bulk of the bicarbonate, however, is convert-
ed to sodd ash by calcining in a rotary furnace, in
which process water and carbonic acid gas are driven
off, the latter to bé used over again in the carbonat-
ing process. It will be understood that the reaction
which is taking place is exectly the reverse of the pre-
vious reaction.

"The product of this caleining process is light
soda ash. Certain industries like glass making, pre-
fer a heavier ash, which is manufactured by subjecting
light ash to a second calcining process. The product
of this operation is so~called dense ash."

Although the plant to which the above deseription refers
hes discontinued operations, the general process is similar
to those used today.

Searles Lake

The following process, used at Searles Lake is described
by Wells (Ref. 16, p. 745):
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"In outline it {the process; consists in evapor-
ating the brine in multiple-effect evaporators in which
the salts WaCl, NaoS04, and NapCO3 separate, the last
two as the double salt burkeite, Nag(03. NagSC4. The
resulting solutidén is allowed to settle, then cooled
quickly to deposit potassium chloride, and the. remaining
golution is agitated with air and slightly acld1f1ed to
deposit borax NapgB407. 10HpO. -

"Purther recrystallization of -The first thres
salts yields the separate products NaosCOz and NagS0s."

A comprehensive description of the recovery of borax and
soda ash from Searles Lake by another method is given by Hell-
mers (Ref. 12, p. 4). The following abstract is guoted:

"The brine as pumped from the lske is treated with
carbon dioxide gas, whereby the normal carbonate of so~
da is converted to the bicarbonate, which is quite insolu~.
ble in.the brine and consequently precipitstes out--
Na2C03 plus CO2 plus HpO = 2NaHCO3.

"During carbonation the borates contained in the
briné as sodium meteborate and sodium tetraborate, are
converted to the more acid higher borate of sodium by
the reaction with COpz, eliminating part of the NagO by
fermlﬂg NalCOz.

"2NagB207 plus 2C02 plus HpO = NapBaO7 plus
2NaHCO03.,

"After separation of the sodiwm bicarbonate from
the ocarbonated brine, the latter is mixed with addi-
tional untreated brine from the lake in such propor-
tions that practically all the borates in the mixture
are in the form of sodium tetraborates. This results
in a state of supersaturation with respect to sodium
tetraborate, which is erystallized from the mixture by
the simple process of cooling and agitating. After set-
tling the waste brine is returned to. the lake and the
settled borax recovered and refined. The bicarbonate
recovered in the first step of the process is filtered,
washes free of impurities, and converted to the various
grades of soda ash,"

The brine of Searles Lake fills the interstices of a
crystalline bed; it contains approximately one third solids,
the more important constituents, expressed as percentages in
the brine, being NaCl-16.5%, NapS04-6.85%, KCl-4.82%,
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NapC03-4.85% and NagBpoO7-1.6%.

Hanufactured Sodium Carbonate

A large part of the sodium carbonate consumed in the
world is manufactured from common salt. Twe maln processes
are used; the amnonia-soda or Solvay process, and the elec-
trolytic process, The former is the important one from the
viewpoint of productiorn. The Leblanc process, little used at
present for this purpose utilizes common salt, sulphuric acid,
limestone and coal.

Solvay Process

The following description is quoted from Cole (Ref. 10,
pe 95):

"The reaction upon which his (Solvay) process is
based may be stated in the following equation:

"NaCl plus NH4ECOz = NaHCO3 plus NHg01

"The raew materials regquired for this process are:
lime~stone, sodium chloride (either.as brine as it comes
from the wells or rock salt dissolved) ammonia {either
in the form of ammonium hydrate solution or ammonium
sulphate), end fuel.

"In brief, the essential operations in this process
are: to manufacture carbon dioxide from limestone; to
pass this gas inte the ammoniscal brine whieh has previ-
ously been prepared by saturating the brine with ammonia
gas; the separation of sodium bicarbonate which forms as
a precipitate from the solution; and the caleining of
this precipitete to form sodium carbonate, or soda ash:
The carbon dioxide formed from the calcining of the car-
bonate is employed again as is also the ammonia, which
is recovered from the solution~~where it is in the form
of armmonium chloride."

Electrolytic Process

Quoting Cole {Ref. 10, p. 96)

"This process known as the 'Hargreaves and Bird!
process consists of a diaphragm cell in which the walls
of the cell are the diaphrapgm and the cathode. The di-
aphragm is impervious tc the salt solution, but permits
the sodium ioms to pass. As the sodium ions are .set.
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free, they are converted into soda crystals by the
blowing in of steam and carbon dioxide."

Le Blanc Process

The first step in the Le Blanc process, i.e., the resc-
tion of sulphuric acid with common salt to yield sodium sul-
phate is widely used in the manufacture of salt cake.  Soda
ash is made from the sodium sulphate by melting it with prop-
er proportions of coal or coke and limestone in a reverbera-
tory furnace. :

The fused mass, called "black ash" and consisting of so=
dium carbonate and caleium sulphide, is cooled and the sodium
carbonate leached by water. The solution is then evaporated
and the resultant crystals calcined to produce soda ash,

Sal Soda

Sal soda is obtained either from natural deposits or pro-
duced by recrystallization from a solution of soda ash in
water. The resulting crystals are dried until efflorescence
begins, then stored. One to 3 per cent sodium sulphate is said
to be desirable in the crystals to render them hard and less
friable.

Sodium‘Bicarbonate

Sodium bicarbonate is made by the Solvay process, by car-
bonating & concentrated solution of sodium carbonate, or by
treating soda with carbeon dioxide.

Sodium Sﬁlphate

Sodium sulphate is marketed in two main forms; as salt
cake or anhydrous sodium sulphate, and as Glauber's salt or
Nas304. 10H20. & by-product material, niire cake, largsly
composed of sodium bisulphate is also widely used.

The main uses of salt cake are in the pulp and paper,
glass, dye, textile, tanning, and nickel industries, although
nitre cake replaces it in some, notably the last. Glauber's
salt is of more restricted application being employed chiefly
in dyeing and for medicinal preparations.

¥etural

Sodium sulphate occurs naturally both as mirabilite or
Glauber's salt (NapSOq. 10H0) and thenardite (NapSO4) as
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well as in association with other salts in such compounds as
glauberite (NapS04. CaS04) and bloedite (NapSOs4.. MgSO4. 4H20).
It is the major constitusent in the brines and orystalline de-
posits of many saline lakes in the Prairie Provinces of Canada
and the western United States, as well as in other parts of
the world

Canadisn Deposits

The sodium sulphate lakes of Manitoba, Saskatchewan, and
Alberta occupy undrained, or partly drained depressions in sur-
face drift. Some contain only dilute brines, other extensive
deposits of permanent crystal. In recent years production of
sodium sulphsate from certain deposits has attained interest-
ing proportions. For furthér information the reader is re-
ferred to "Sodium Suiphate in Western Canada" by L. H. Cole,
(Ref. 11). The following review of recovery methods used or
suggested in connection with these deposits is abstracted from
Cole's report.

" Quoting Cole (Ref. 11, p. 47)

"The sodium sulphate may be recovered either as
brine or as crude Glauvber's salt., The form in which.
the salts are recovered is dependent largely on sever-~
al factors. Climatic conditions are such that the re-
covery in either form can be accomplished only at cer-
tain seasons. Thus, in the spring and early summer the
deposits are generally brine-covered, the brine increas-
ing in salt content as the season . progresses. During
this period little or no harvest crystal is present and
consequently, unless an attempt is made to excavate the
permanent crystal bed, no crystal is available. During
the latter part of the summer and in the winter months,
harvest or intermittent crystal is formed, the brine in
most ocases completely dlsappearlng, so that crystal can
be gathered Vewaaea!

Recovary as a Brine

"oo..In using .... brine it must be remembered that
in most of the deposits the brine will .carry a higher
percentage of those salts which are more resdily soluble
than the sodium sulphate, such as megnesium sulphate,
and that any product obtained from the sevaporation of
this brine will consequently also contain more of these
impurities than if mede from the crystal.

"The brine may, if necessary, be concentrated in
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open vats along the shore, or if saturated may be pumped
directly into storage tenks."

Recovery as Crude Glauber's Salt

. "The more feasible method to recover the sodium
sulphate seems to be in the crystal form as crude
Glauber's salt....The crystals known as the intermit-
tent or harvest orystals are generally very pure when
first deposited, and can be readily gathered when all
brine has disappeared.

"The crystal of the interwrittent bed may be gath-
ered when first deposited or it may be allowed to gain
a certain degree of hardness or compactness. If the
material 'is to be shipped as Glauber's salt and a clean
produet is required, it is advisable to gather the crys-
tal when it first starts 4o form and the brine protects
it from contemination. At one deposit--the following
method is adopted. About the middle of August, when
the crystal first starts to form, large scows are
floated on the brine and the harvesters wade beside the
secows and load then with the loosely-compected crystals
either by long-handled shovels or by lifting lerge mass-
es of the crystals out of the brine by hand. -These
scows are then taken to a small dock where the materiai,
after sufficient drairing to remove most of the entrapped
brine, is filled into bags ready for hauling to the
nearest railway for shipment. The method is slow and
is only to be recommended where small tonnages are re-
qulred and & pure material is desired for direct ship-
ment without further treatment.

"fhere largs tonnages are te be harvesbed, it is
more convenient to allow the intermittent crystal to be-
come sufficiently compacted to enable it to bear the
weight of wagons and teams. The crystal is then loosen-
ed up to a depth of a few inches by plows, gathered into
piles by horse~-scrapers and then hauled to stock piles
on the shore. Where the condltlons warrant it it might
be feasible to 1nsta11 kS drag-11n= seraper to gather the
crystal

"Whatever method of harvesting the crystal is em-
ployed, it must be remembered that, unless the crystal
is to be recovered from the permanent bed, the harvest-
ing season is confined to a few months each year, and
therefore it will be necessary in that time to gather
into stock piles sufficient crystal to keep the refin-
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ing plant operating the whole year.

"...If the whole of the intermittent crystal were
harvested in any one year, and the thin deposit of mud
on top of the permenent bed removed, sufficient of the
top layers of the permanent bed would go into solution
the following spring to supply a crop of intermittent
crystal in the fall., The formation of a yearly crop of .
‘intermittent crystal is of great value to the operators
of these deposits, since it furnishes and epasily gath-
ered material of a considerably higher degree of purity
than .could be excavated from the permanent bed."

Refining Crude Materisal

"The salts as excavated from the deposits contain
approeximately 56 per cent water of crystallization.
They may also contain varying small proportions of other
salts such as magnesium sulphate, sodium chloride, ete.,
as well as included insoluble material. These impuri-
ties in most cases have to bs removed. It is therefore
necessary to subject the salts or brine to scme process
in order %o remove  the water of crystallization as well
_as the impurities. :

"The insoluble impurities in the salts can readily
be removed by putting the salts into solution and allow-
ing the mud or sand to settle, after which the clear
brine can be decanted off{ to the dehydrating plent. By
using care in harvesting the crystal from the intermit-
tent bed it 1s possible to select material which contains
only small gquantities of other salts...In some places,
therefore, the salis as recovered from the deposits are
of a high degree of purity and require only to have the
water of crystallization removed.

"...the final product has to compete in the open
market with the cheap by-product material from the manu-
facture of hydrochloric acid, and in most cases the de-
posits are considerably farther from markets than the
by-product material. Therefore any procéss for the de-
hydration of these salts, to be operated successfully,
will have to be cheap, simple in operation, continuous
in output, and give a product of uniform grade in all
ways supericr to the by-product material.”

Air Drying
"As is well known, Glauber's salt, when exposed to
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the air at ordinary temperatures, loses 1ts water of
crystallization. If a pile of salts teken from these
deposits, however, is stored on the shore exposed to
the weather even for several years, only the surface

to a depth of & few inches will lose its water of crys-
tallization, since only the surface has become dehy- "
drated, the dehydrated material seems to form a protec-
tive coating. On the.other hand, if the material is
spread out over a large area in a thin layer and pro-
tected from the rain, the dry air and wind will in time
remove the greater part of the water of crystallization
and the remainder of the water can be quickly driven off
by artificial heat."

This method has been employed at one deposit in Sas-
katchewan, A shed was erected 100 feet long by 10 feet high,
by 12 feet wide, with walls removable in sections to allow
free cireculation of air. The hydrous salfs were exposed in
trays with cotten bottoms, arranged in rows, one above an-
other and about 2 inches apart. About two weeks exposure
lowered the moisture content from 56 per cent to 15 per cent.
The material was then removed to another building and placed
on shallow tin trays above a small stove; here the last water
was removed in about 2 days. About 5 tons of drisd material
was obtained in 2 weeks. The cost of building and maintain-
ing sufficient drying space for even © tons per day or less
would be considerable.

Evaporation with Artificial Heat

' Quoting Cols further (Ref. 11, p. 50)

"Many attempts have been made to remove economical-
Ly the chemically combined weter from Glauber's salt by
the application of heat. The fact that the salts go inte
solution in their own water of crystallization at temper-
atures above 33 deg. C. complicates the problem of dehy-
dration. If an attempt be made to expel the water by heat-
ing the crystals, the whole mass of crystals goes inte
solution just as soon as the btemperature 15 raised above
33 deg. C. and then it is an evaporation problem that has
to be handled instead of one of drying.

"One of the chief difficulties encountered in any
process of evaporation has been the fact that the solu-
bility of sodiwm sulphate decreases once the. temperaturs
of 33 deg. is reached. Above this temperature the salt
thenardite starts separating out and this fact has led
weny to attempt to recover the salt in this way.
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", .Experiments have shown that when the crystals
are. heated in this way (open pans)} they very quickly go
into solution in their own water of crystallization.

It wes also found that when all the water had been ex-
pelled, the dried salt csked so solidly in the bottom

of the pans, that it had to be loosened with picks, thus
greatly inereasing the cost. Such a product would also
have to be ground before it would be in a condition suit-
able for some of the industries, and the cost of fuel for
the. evaporation would be considerable.

"Rotary driers have been suggested for drying pur-
poses, but whether these would work...has not been de-
monstrated.

"Another method that has been suggested for the
recovery of anhydrous sodium sulphate, and one which has
been studied to a small extent on a laboratory scale, is
to place the erystals into solution in the water of crys-
tallization by the application of heat at some control-
led temperature above 33 deg. C. and to collect the per
centage of sodium sulphate which is precipitated in the
anhydrous torm and dry it by some suitable means. Bx-
periments made in the Mines Branch laboratories showed
that percentages of sodium sulphate varying from about
33 per cent at 60 deg. C. to nearly 44 per cent at 100
deg. €. could be recovered in this manner. The material
thus obtained was in a finely crystalline form rather
than a powdered form." ‘

8ince the time of Cole's report there have been several
commercial applications of methods outlined above.s

One plant operated in 1932 as follows: Crystal was har-
vested by means of an electric shovel after blasting with 40%
‘dynamite or black powder, and loaded to dump cars hauled by an
electric locomotive. From bins the erystal went to rotary
drum dissolvers fired by coal,

From these, brine was punped to tanks and thence splashed
on the outside of drums heated internally by steam. The dried
material with a moisture content of 20-25 per cent was scraped
off and fed to direct-fired rotary driers and thence to ship-
ping bins.

in snother plant erystal from a stock pile was fed to an
oil-fired rotary kiln in which it was completely dehydrated.
The salt cake was then screened and where necessary, further
réfined.
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Several Canadian patents have been taken out in respect
to processes involving the removal of thenardite by settling
from mirabilite dissclved through heat. A4t least one plant
in Saskatchewan has employed & modification of this method.

Bvapcration in Space

Quoting Cole (Ref. 11, 53)

"Another process of evaporation which has proved
successful in a number of industries and which has been
attempted in the dehydration of =zodiuwm sulphate is the
spray process, or as it is sometimes known, 'evaporation
in space.' The process consists in spraying the brine
through a fine nozzle or aperture in a small dise into
a large chamber in close proximity to a current of hot
air; the solids fall to the bottom of the chamber as a
dry powder and the water vapour passes off at the top
with the air.

"The process has been applied with apparent success
to the preparation of dry anhydrous sodium sulphate by
the Bishopric and Lent Co. at Frederick lake, Saskatchew-
an., In this plant the,sodiumHSulphate brine is sprayed
through a number of specially constructed noziles at the
top of a circular tower and allowed to fall against a
rising current of hot air injected neer the bottom. The
dried salts are drawn off at the bottom of the tower,

"The product obtained is very light and fluffy in
texture, running omly 30 pounds per cubic foob, bub the
method lends itself to close control, and it is claimed
that & variety of products can be produced."

Uther. processes such _as vacuwm pen evaporstion ard chem-
ical precipitation have been suggested and some applied com-
mercially,

In 1837 there were four principal producers of natural
sodium sulphate in Canada, all in Saskatchewan. At least
three of these used direct-fired rotary driers for dehydra-
tion of crystal.

United States Deposits

‘Sedium sulphate deposits occur in many parts of the Wes-
tern Unlted States, notably in North Dakota, 4rizona, Nevada,
New Mexico, Texas, Utah, Wyoming, and Washington. - It has been
produced commercially from Arizona, California, Nevads, New
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Mexico, Texas, Utah and Wyoming. Most deposits are in the
form of permanent crystal-beds of mirabilite, but some con-
tain thenardite and glauberite, while others occur as brines,

Production in 1937 was mede from Searles Lake, California,
as well as from three plants in Texas. Deposits were develop~
ed in Utah and Washington. Hydrated sodium sulphate or Glau-
berts selt was recovered from two deposits in Wyoming. :

The following description of methods is quoted from & re-
port by Wells (Ref. 16, p. 745)

"Sodium sulphate is mined in many placed by blasting
out the crude solid salt and in other places by leaching
out & warm saturated solution from the crude salt, which
is then cooled to precipitate Glauber's salt or evaporat-
ed to yield the anhydrous salt. At Casper, Wyoming, two
ponds are used and the brine is pumped from one pond to
the other in order to get at each new crop of Glauber's
salt. Sodium sulphate has been purified at the Great
381t Lake by dissolving crude Glauber's salt, found un-
dersand along the shore in places and also deposited in
winter, and evaporating the solution to deposit anhydrous
sodium sulphate. At Wabuska, Nev., the temperature is
high enough in the dry season to yleld thenardite on so=
lar evaporation.”

In general, the process (Ref. 17, p. 55) used in recov-
ering salt cake from impure Glauber's salt at Grsat Salt Lake
is as follows: In 5 tons of 'ore' there are 1 ton of sodium
sulphate, 1 ton of water, and 3 tons of sand.  The salt-is
scooped out by dragline and hauled in cars to the plant, where
it is put through roll crushers, delivered by conveyor to a
melter tank, and mixed by propeller agitators with water heat-
ed to 150 deg. F. From the melier tank the brine passes to a
Dorr Classifier where the send is removed. The classifier-
overflow passes to settling tanks where it remains 24 hours.
It is then pumped through a heater and raised to 150 deg. F..
and then passed through vertical evapormtors heated by exhaust:
steam. A Dorr Classifier is used to remove scdium sulphate
crystals from the brine; these go to a centrifugal for fur-
ther brine removal. The brine is returned to the evaporators
and the salt cake passes to a horizontal kiln-dryer. After
screening to SO'mesh'the product is ready for shipment. -

For a general discussion. of the technology of sodiim
sulphate production from natural sources the reader is refer-
red to Tyler (Ref. 15) Kobe and Hauge (Ref. 13}, and Wells
(Ref. 16), as well as to the aforementioned report of Cole
(Ref. 11).
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Manulactured Sodium Sulphate

_ A large part of the salt cake used in commerce is pro-
duced artificially as & by-produst from the msnufacture of
hydrochloric acid from common salt. Other processes are a.iso
employed. :

Salt Cake Process

The following description is quoted from Cole {Ref. 11,
p. 58).

"Probably the most widely employed method for the
preparation of salt cake is the 'salt cake process! for
the preparation of hydrochloric acid in which process
salt cake is recovered as a by-product. The process
depends on the reaction of sulphuriec acid on sodium
chloride, and is really the first step in the original
LeBlenc process.

"The decomposition occurs in two distinet stages,
depending on the temperatures:

al plus H280C4
(1) NaCl lus H280
(2) ¥Nagl plus NaHSO4

NaHS04 plus HCI
NapSCq plus HC1

"Phe first of these reactions begins at ordinary
temperatures whereas the second is only completed at
red heat. The exact temperatures employed in the sev-
‘eral operations vary within small limits at different
plants, but it is apparent that the hottest place in
the muffle furnace at the end of the operation must not
exceed 800 deg. C. whlch is the meltlng point of ordine-
ary salt cake.

“The raw materials reguired in this process are so-
dium chloride (common salt) and sulphuric acid.

"The salt is generally treated in batches of about
half a ton, in s large hemispherical, direct fired pan,
set in-suitable brickwork.. To the salt an equal weight
of sulphuric’'acid is added ard the reaction shown in the
first of the above equations tekes place. The hydro-
ehloric acid evolved in the decomposing pan is drawn off
through a flue in the dome of the brickwork covering the
pan and is absorbed in water.

"The hot mess is then raked into a muffle or rever-
bsratory furnace arnd the reaction is complete at a high-
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"er temperature. The hydrochloric acid evolved in the
muffle furnsce is collected separately. When no more
vapors are seen rising in the muffle furnace the batch
is drawn ocut and usually left to cocl in a closed box,.

"The yield of salt cake by this process will vary
in different plants, 115 pounds of salt cake per 100
pourds of original salt being an average recovery."

In discussing this process Tyler says (Ref. 15, p. 11}

"In the United States the Mannheim mechanical salt
cake furnace has entirely superseded the older pot-and=
muffle method (described above), and in other countries
mechanical furnaces have likewise displaced the clder,
laborious, snd generally discontinuous operations.”

Until recently the output, and hence the price, of by-
product salt cake followed the production of hydrochloric acid
closely. However, an incressing proportion of hydrochlorie
acid is being manufactured synthetically by direct combina-
tion of hydrogen and chlorine, and some is recovered as a by-
product from the chlorination of coal tar derivatives.

Another process discussed by Cole (Ref. 11, p. 59) but
largely discontinued today is the Hargreaves process which
depended upon the reaction of pure sulphur dioxide gas upon
common salt in the presence of air and steam.

Witre Cake Process

Quoted from Cole (Ref. 11, p. 80)

"In the manufacture of nitric acid by the action
of sulphurie acid on sodium nitrate, a by-product is
obtained which approximates closely the acid sodium
sulphate (NaHSO4) and is known to the trade as 'nitre
ceke.! Commercial nitre cake usually contains a vary-
ing percentage (7 to 45 per cent) of free acid. 1In
normal times the market for nitre cake is comparatively
small, and many attempts have been made to put it to
some commercial use., Where plants for the production
of nitric acid have been conveniently situated with
respect to Le Blanc soda plants, large quantities have
been utilized for the manufacture of soda ash by add-
ing sufficient salt to satisfy the smount of free acid
in the nitre cake and then adding the mixture to that
normally charged to the salt cake pans.
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"During the war, large quantities of nitric acid
were manufactured on this continent for use in exple-
sives, and in consequence vast stock piles of nitre
cake accumulated at these plants. In order to utilize
this material which in many cases was a waste product
and could be purchased at very low costs, a number of
plants started to manufacture it into normal sodium
sulphate (salt cake) and hydrochloric acid by the ac-
tion of salt. The process depends on the following
equation:

"NaHSO4 plus NaCl - Na2S804 plus HC1"

. Today comparatively little nitric acid is menufactured
from sodium nitrate, however, with the result that the pro-
duction of by-product nitre cake has dropped enormously.

Salt cake is also recovered as a by-product from other
processes including the manufacture of sodium dichromate.
In Germeny waste megnesium sulphate from potash works is
converted into salt cake by the following reaction:

MgS04 plus ZNaCl - NapS04 plus MgClp

Common salt is added at a suitable temperature and the
temperature conditions of the solutions controlled.

Epsom Salts (MgSO4. THZ0)

Epsomite is = constituent of ocean, and certain salt
lake and spring waters. It occurs asscociated with sodium
sulphate in lake deposits in British Columbia and the Prai-
rie Provinces of Canada as well as in the Western United
States and other countries. It is found in quantity in the
Stassfurt deposits of Germany and is also recovered from ex-
tensive kieserite (MgSO4. HpO) beds in these deposits. Ep-
somite is likewise deposited from spring waters at Epsom,
England, and is assoclated with gypsum in an occurrence near
Paris, France.

Epsomite represents the only form in whieh magnesium sul-
phate is used to any extent commercially. 1Its chief use is in
the tanning of leather, although it is also used in the dyeing
textile and other industries, and for medicinal purposes.

Natural

Severdl of the methods used in recovering epsomite from
natural deposits in British Columbia have been reviewed in a
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former section. 1In general these are similar to thqée em—
ployed elsewhere.

Manufactured

Ladoo (Ref. 14, p. 209) lists the following methods by
which epsomite is produced. .

1. Technical and U.S.P. grades made as a By-product in
the evaporation of common salt.

2. ‘Recrystallization from kieserite (Germany).

3. Action of sulphuric acid on magnesia, magn651um hyr-
droxide, magneolte, or dolomite.

4, Grystalllzatlon.from mineral waters.

5. Separation and crystallization from alkaline waters
containing mixtures of salts.

In respect to the last the most common associate of mag-
nesium sulphate is sodium sulphate. Separation of the two is

effected through cerystallization from solution, magnesium sul-
‘phate being more soluble than sodium sulphate.

Prices

Trade names, composition, theoretical formulae, and re-
cent price guotations are listed below.
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Price

B.P.

| Trade Name Composition Formula New York Toronto
Soda Ash 98-100% WepCO3 NaslOs 58% light
- $1.05/100# $2/100%
Sodium Bi- 99.6~99.7% .
carbonate NaHCOz NaHCO3 $1.85/1004# $2.75/100f%
Caustic 75-99% . Solid 76% - - $3.70 - $3.95
Soda NeOH  NaOB $2.30,/1004 100
Salt Cake 95-100% - ¥enS04 $15/ton f.0.b. Sask.
Nap804 - $8.50/ton
Glauber's 44% Nao80, NasS04. 10Ho0 952/1004# $16/ton
Salt
Nitre Cake 61-86% NaHSO4 NaliS04 $16/ton | cmemmmememeea-
Epsom Salt MgS04. 7H20 $1.80/1004 $35-40/ton
Tech.
Epsom Salt L o .02 1/2-.03g/#




Canadian and American Tariffs

Canadian Tariff
Material ‘ U. 8. Tarif?f
- Pref. Gen.

Soda Ash 1/54/% 3/104/% 1/4d/#
Sal Soda JJ@?Zﬁ% 3/106/#F | eemee-
¥+

Saelt Cake ' 1/5 3/54/4 free
Sodium Bicarbonate _——— ———— free
Glauber's salt ——— ———— $1/%on
Nitre Cake free 20% ————
Epsom Salts 25%

Production and {onsumption

Sodiumm Carbonate

British Columbia and Alberta

An average of 150 to 250 tons of sal scda is produced an-
nmually in British Columbia, and sold largely to soap companies
Vancouver. In the past, shipments have been made to soap com~
panies in Calgary but none has been recorded in recent years.

No soda ash, sodium bicarbonate, or caustic-soda are pro-
duced in British Columbia.  Although figures are incomplete
the estimated annual consumption of soda ash in the province
is between 750 and 1000 tons, of which at least 75 per cent
is brought in from Ontario, the remeinder being imported from
the United States and United Kingdom. Delivered prices for
58 per cent soda ash range from $35 to $75 per ton, depending
on quantity and situation. The average delivered price is
approximately $40 per ton.

The quantity of sodium bicarbonate used anmually is only
a few tons: The requirements for caustic soda are variable,
224 tons being imported in 1936 (Ref. 18), none in 1937, and
125 tons in the first three months of 1939. Delivered priceés
of flake caustic soda in small lots range from $70 to $80 per
ton, :

~ Approximately 5000 tons of salt cake are used annually
in the province, largely in the pulp and paper industry.
Somewhat less than half is of leocal by-product origin, the
rest being brought in from Saskatchewan. Delivered prices
range from $18 %o $19 per ton.
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Little or no nitre cske is used in British Columbia, eand
the quantity of Glauber's salts imported annually is only &
few tons.

Epsom salt is produced in British Columbia. In addition
59 toms were imported in 1936 and. 54 tons in 1937 (Ref. 18).

Insufficient data are available to allow an estimate of
the total emounts of sodium carbonate, scdium sulphate, and
epsomite used annually in Alberta. A% least 2500 tons of soda
ash, and 250 tons of caustic soda, however, are known to be
utilized. Practically all the soda ash is brought in from
Ontario and the delivered cost is about $40 per ton.

- Canada

Soda ash is manufectured by one plant, salt cake, nitre
cake, and Glauber's salt in two plants, snd caustic soda in
two plants, all in Ontario, In addition salt cake and Glau-
ber's salt are produced from natural sources in Saskatchewan.
The only producer of Epsom salt is in British Columbia.

In the following table approximate imports and exports
are listed. (Ref. 21} :

for 1937 1mporté | Exports
Soda Ash 5000 tons $113,000 )
Bicarbonate of )

Soda 6000 tons $199,000 )
Caustic Soda 6000 tons $296,000 )| Soda & sodium com-
Salt Gake | mmwme }1 pounds ~ 46,000 tons
Glauber?s Salt| 1700 tons § 24,348.) ~ §$4,674,000
Nitre Cake 1100 tons 4 18,618 )
Epsom Salts 1700 tons § 33,100 | = meemeeeeee

¥o date are available on the consumption or production
of these materials in Canada, The following remarks are
quoted {Ref. 19) in respect to the production of natural so-
dium sulphate in Canads,

"At the present time the operating plants are capa-
ble of producing over 800 tons of dried salts per day.
The development of these sodium sulphate deposits bas
been one of the major factors that has made possible
the erection of the plant For separating nickel from
copper, ab Copper Cliff, Ontario, by the Orford process.
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"The production of natural sodium sulphate in 1937
amounted to 79,884 tons valucd at $518,028, as against
75,598 tons valued at $552,681 in 1938.

"Although there were small shipments from the de«
posits in Western Canada to the United States the fig-
ures. are not shown in the customs reporis....

"Phe production of natural sodium sulphate from
the deposits of Western Canada again increased sharply
during the past year, and a new all-time high for this
industry was established...."

Distribution by uses and other features discussed under
the following heading apply in general to Canada as well as to
the United States.

United States

The following table (Ref. 20, p. 1430) gives the per-
centage distribution of sales of soda ash and sodium sul«
phates in 1936, as estimated by Chemical and Metallurgical
Engineering. :

Industry Soda. Ash Sodium Sulphates
/2 %
Heavy Chemicals 27.4 2.5
Dyes and Organic Chemicals 10.¢ 2.5
Glass and Ceramics 38.3 10.2
Explosives ‘& . om--
Leather, glue and gelatin .1 Fa
Pulp and Paper ' 4.4 56.0
Petroleum Refining 4 -
Rayon and Cellulose film .1 .2
Soap and Glycerine 9.3 .5
| Textile Processing 2.7 19.9
Other Process Industries .6 -
A1l ether industries 5.6 - 7.0

Import figures are listed below. (Ref. 20, p. 1431}.
figures for sodium carbonate are not given as they were re-
latively insignificant in comparison with domestic sales and
consisted whelly of manufactured salts.
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Imports for 1935-36 by Countries

- 0B -

Country ' Salt Cake Glaubert's Salt Arhydrous

1935 Tons Tons Tons
Gérmany 83,0186 £739,314 551 $4,479 5,760 $113,108
Belgium 23,433 - $181,820 | --memmes T B e
Chile 1,353 4 9,912 : B T e L T
Netherlands ©o1,122 $ 10,180 | @ meee- ————— —— 7 28 $ 599
Canada - 208 ¢ 8,305 i e e — e e m e
USSR : ‘ 504 ¢ 9,900 } 0 —emm—— o e o
Totals 110,379 $959,411 551 $4,479 §,788 $113,771

1936 Tons c Tons Tons
Germany 119,766 ,51,094,461 574  $4,595 11,700 222,263
Belgium 21,078 § 183,789 . e ——————————— : 22 § 344
Canada 8,589 $ 46,072 | @ m—eem- T L e Tt D
Netherlands 3,301 & 24,591 ———————— ——— 132 4 2,951
Chile . 688 $ 4,912 ————————————— ] mmee et
Totals 151,420 . $1,333,825 575" 4,620 11,854 $225,613




In the following tsble the imports of salt cake for 1935
and 1936 are listed by Customs Districts.

Customs District 19356 1935

Pacific Ports and
Canadian Border

Washington 3,433 tons 4,592 tons
Oregon 1,528 2, 601

San PFrancisco 51> Spe———
Duluth and Superior A T (————
Dakote _ 4,974 " _ 906 "

Gulf Ports

#lorida 28,506 " 18,773 "
Mobile 81,237 " 47,852 "
New Orleans 14,579 " 22,803 "
Sabins 5,020 " 6,583 "

Atlantic Ports

Georgia 6,016 " | eee--
Maine and Wew Hampshire 645 " | e=e--
Mar yland "3,192 " 4,872 "
New fork 731 " 1,297 "

Approximately 2,100 tons of epsom salts were imported in
1236. A major part of requirements, however, are supplled by
by commercial producers.

In 1937 natural sodium carborate was produced by 4 oper-
ators in California; sodium sulphate was produced by one
operator in California, one in Texas, and two in Wyoming.
QOther deposits are being developed. One operator near Oro-
ville, Washington, reported sales of natural epsom salts,

Domestic Production of Natural Sodium Carbonates
and Sulphates -

Carbonates Sulphatés
1937 104,711 tons $1,191,485 80,083 §599,265
1936 102,866 " $1,106,364 51,608  $335,559
1935 93,230 " -$1,173,003 38,706  $275,943

The only United States markets which might possibly be
reached economically by British Columbia producers of sodium
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carbonate and sodium sulphate are those of Washington and QOre-
gon. Consumpbion figures are not available for these States
but pulp and paper producers use from 10,000 to 15,000 tons

of salt cake and 1,000 to 2,000 tons of soda ash annually.

Exploitation of British Columbia Deposits

1. Sales of sodium products from local deposits would
be restricted to a relatively small areas comprising, at best,
Alberta, British Columbis, Washington, and possibly pari of
Oregon. The nearest producers of sodium carbonates are in
Ontario snd Ceslifornia; of sodium sulphates in Saskatchewan
and California. :

2. 'Bstimated minimum annual consumption of soda ash and
salt cake in British Columbia, Alberta, Washingbton and Qregon
are listed below. '

Soda Ash Salt Cake
British Columbia 800 - 1000 tons 4000 - 5000 touns
Alberta ' 2000 - 3000 " small ? ‘
Washington and Oregon | 1000 - 2000 " | 10,000 - 13,000 "
(Pulp and Paper only)
Totals ‘ 3800 - 6000 " 14,000 - 18,000 "

Present delivered prices of soda ash in British Columbia
and Alberta range from $35 to $45 per ton; of salt cake in
British Columbia and Washington from $16 to $19.per ton. The
United States tariff of 1/4¢ per pound or §5 per ton on soda
ash would effectively preclude compebtition with California
producers unless local procsssing could be done at a suffi-
ciently low cost. This is improbable in view of the magni-
tude and variety of produsts recovered from Californis de-
posits. There is no United States tariff on salt cake at
present, and it is probsble that local material could reach
the Washington market if it could be sold for about the same
price as that from Saskatchewan deposits, i.e., $8.50 per ton.
On the other hend, large deposits of sodium sulphate occur in
Central Washington, and should-these-be‘developed in future,
would afford serious competition to local producers.

3. No epsomite is produced in Canada other than in Bri-
tish Columbia. The products from the operation at Asheroft
are shipped to all parts of Canada. Chiel competition is
furnished by -cheap foreign imports.
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4. Estimated quantities of the compounds under discussion are listed below.

2. Sodium Carbonate

CTrude

Eqguiv. Soda Ash

Comparatively free of other salts-

Permenent Crystal .
(more or less mixed with mud)

Brine

(Sp.G. greater than 1.040) - salts ~

Mixed with sodium sulphate

Permanent Crystal
(more or less mixed with mud)

Totals

80,000 tons

75,000

100, 000 -

f

255,000

i

20,000 tons

70,000 ¢

20,000 "
110,000 "




-2.6-

b. Sodium Sulphate

Crude

Equiv. 8alt Cake

Comparatively free of other salts

Permanent Crystal
{more or less mixed with mud)

Mixed with scdium carbonate

Permanent Crysial
(more or less mixed with mud)

Mixed with magnesium sulphate

Permanent Crystal
(more or less mixed with mud)

Totals

200,000 tons

100,000 "

105,000 "

405,000 "

80,000 tons

13,000 "

20,000 "

113,000 *
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¢. Epsom Salts -

Crude

Equiv. Epsomite

Comparatively free of other salts

Permanent Crystal
(more or less mixed with mud)

Mixed with sodium sulphate

Permanent Crystal

(more or less mixed with smd)

Totals

20,000 tons

105,000 "

125,000 "

20,000 tons

75,000 "

95,000 "




RN i

5., Both sodium carbonate and sulphéte, occug%ing natur-
ally as natron and mirabilite, must be dehydrated before a
market of any size can be reached. Small tonnages of sal soda
and Glauber's salt could probably be sold as well, however.

€. Recovery and dehydration of natron and Glauber's salt
should present ne more difficult a problem in British Columbia
than elsewhere, The matter merits careful investigation,
however, from both the technologicel and economical standpoint
insofar as volume of sales will be particularly dependent up-
on relative cheapness of manufacture. 7The maximum market is
not large and a compromise between size of plant and manu-
facturing cost must be made.

Although the deposits as a whole are easily accessible
they are, for the most part too small to justify expensive de-
velopment., Several, however, in which deposits of permanent
crystal occur, and one or two containing brine, are suffici-
ently large to merit a small plant capeble of supplying the
available market. In general the most satisfactory method of
developing the saline deposits of British Columbia appears
to be control of the importent deposits under one menagement
with manufacture and sale of a variety of products. This is
gspecially applicable to those lakes, inecluding the epsomite
deposits, in which mixed salts occur.
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CHAPTER 3

Occurrences of Hydromegnesite

in British Columbia



Bydromagnesite

Deposits of hydrated magnesium carbonate occur in the
Cariboo, Atlin, and Kamloops districts of British Columbia.
'These have been referred to in the literature as hydromag-
nesite, and although they rarely correspond in composition %o
the mineral, will be discussed under this head in the present
reporst.

- The hydromagnesite occurs typically as horizontal de-
posits in valley-bottoms or on flats near the base of adja-
cent slopes. The surface of the purer deposits is hummocky
and cracked, resembling that of a cauliflower, and is com-
monly raised slightly above the surrounding ground level. 1In
general a layer of white, massive, hydromagnesite, overlies
loose, rather grarmlar, cresmy material, which in turn grades
into soil below. The calcium content is higher in the creamy
layer than in the whife, and increases progressively towards
the base.

Cariboo and K&ﬁloops Digtricts

The location of known hydromagnesite deposiis in the
Cariboo and Kemloops Districts is shown in the accompanying
Key Map. The present report is based on field examination
by the writer during the summer of 1937. 4 complete and: de-
tailed report on the Meadow Lake, Watson Lake, Riske Creek,
and Clinton occurrences will be found in Memoir 118, Geolo-
gical Survey of Canada (Ref. 2); other references are listsd
at the end of this section. -

The most important deposits are those at Meadow Lake,
Watson Lake, and Riske Creek; the others are either small,
impure, or of unknown extent.

Meadow Leke Deposit (Key Map 6, No. 1)

Meadow Lake is on the south side of the Clinton-Dog
Creek road about 15 miles from its junction with the Cariboo
highway, and 16 miles from Chasm on the Pacific Great Bastern
" Railway. The lake, about 2 1/2 miles long by 1/2 mile wide,
is one of & number along & shallow depression some 15 miles
in length. All are epproximately at the same elevation, and
without apparent outlet.

The main hydromegnesite occurrences lie in the above~
mentioned depression from 1/2 to 2 miles east of Meadow Lake.
Relatively large areas of impure hydromagnesite also occur at
gach end of the lake.
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Meadow Lake hydromagnesite deposits.

The distribution and extent of purer deposits is shown
on Map 7. The larger of these are sheet-like in form; the
smgller are irregular, commonly circuler, or formed of sever-
al circular areas, either in contact or separated in groups,
All have the typical "cauliflower-like" surface, and are
raised a few inches to two feet above the surrounding swampy
ground. The impure hydromagnesite deposits noted on the map
have a flat, cracked surface, and are composed of dense grey-
ish material,

Estimates of area underlain by relatively pure hydro-
magnesite follow:

. Reinecke
Writer (Ref. 2, p. 44-46)
Area A 70,000 sg. yds. 56,000 sq. yds.
Area B 142,000 " 154,000 n
Others 32,000 n ‘ 24,700 n
Totals 244,000 n 234,700 M
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The deposits comprise two more or less distinct layers;
the upper white, massive, and relatively free of calecium, the
lower creamy, loosely granmular, and containing an increasing
proportion of calecium towards the base. In view.of this the
amount of material actually available for commercial purposes
depends, within limits, upon the use to which it is to be ap-
plied, in other words upon the minimum calecium content allowed
for the purpose in guestion.-

As disclosed in drill holes the depth of white material
in.Area 4 varies from 12 to.24 inches, in Area B from 8 to 32
inches, and in the smaller areas from 5 to 20 inches. Aver-
age figures are 16 inclies for Area ‘A, 18 inches for Area B,
and. 12 inches for the others. Taking the weight of a cubic .
yard of the hydromegnesite as 2050 pounds (Ref. 2, p. 43),
tonnages would be as follows:

Estimate of tonnage of white hydromsgnesite at Mesdow Lake

Writer Reinecke.
Area A 31,200 256,920
Area B 72,000 78, 500
Others 11,000 9,140
Totals 114,200 112,960

The following anslyses are iypical of this material:

Writer (3) | Reinecke A (4) | Reinecke B (5)
Mg0 38.8% 41.38% - 40.56%
Cal 0.8 1.32 1.26
CQo 38.7 37.67 35.96
Hs0 11.5 12.12 18.00
| el 0.23 0.63
' Fes03.) 2.5 '0.14 0.18
Al203 ) 1.386 ' 0.87
Insoluble 7.4 8109 4,00 ' 1.22

‘ (3} Composite sample of white material taken By writer
from 7 drill holes in Aresas A and B. Analyzed by Chief As-
sayer, Victoria. '

(4} Reinecke, Mem. 118, p. 31 - white earth, 0-15"
from surface. . (Ref. 2)

(6) Reinecke, Mem. 118, p. 31 - average of 5 analyses
from deposits at Meadow Lake. (Ref. 2)
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Underlying the surface layer of Areas A and B is' 3 to 4 feet of cream-colored granular
earth overlying impure cemented material.

Typical analyses of this grenular material follow:

- 90T -

Writer (8) Reinecke C (7) Reinecke D (8) Reinecke E (9)
Mg0 39.5% 36.63% 24.32% : 35.68%
Ca0 2.8% 2.86% 20.12% . 6.38%
C02) 35.64 38.64 36.63
Hs0} 45.7 7.00 2.93 4.15
FeO ) 0.17 . _—— : 0.20
Fes03) 1.0 0.11 0.49 0.24
Alo03) 1.34 1.35 2.88
-Insoluble 10.1 8i0p 13.10 '10.32 11.33




(6) Composite sample of creamy material below white
layer to depth of 36 inches. Analyzed by Chief Assayer,
Victoria.

(7) Reinecke, Mem. 118, p. 31-0~39" includes white and
part of cresmy layer. (Ref. 2)

(8) Reinecke, Mem. 118, p. 31 - below (7) - 39"-60" i
creamy layer. (Ref. 2)

(9) Reinecke, Mem. 118, p. 31 -~ 15-51" below surface,’
cream colored material. (Ref. 2)

The above enalyses indicate a fairly low calcium content
to a depth of at least 3 feet; below this the proportion of',
calcium inereases rapidly. Areas A and B therefore may be eg—..
timated to contain the following additional tonnages carry:ng
less then 5 per cent lime.

Tonnages. {(estimated)

Ares A : 35,000
Area B 71,000

106,000

In summation the Meadow Lake Deposits are estimated to
contain approximately 114,000 tons of material containing .
less than 1 1/2 per cent lime, and an additional 106,000 tons
containing less than 5 per cent lime, or = tbtal of 280,000
tons with a lime content not exceeding 3 per cent. The ques-
tion of lime and other impurities in the hydromegnesite is
discussed in greater detail under Commercial Possibilities.

The greyish impure'hydromagnesite oceurring ab each end
of Meadow Lake varies widely in composition but in general
conteins & high proportion of both lime end siliceocus mater-
" ial. The following analysis is characteristic:

Reinecke .(10)

Ca0 ' g.20
C0g 20.24
Ha0 : 6.80
Pe0 0.59
Feglz - 0. 34'
Al203 1,54
5109 - 36.78
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(10) Reinecke, Mem. 118, p. 31 - grey earth northeast
end Meadow Lake, 0-24 inches. (Ref. 2}

Watson Lake Deposits (Key Map 6, No. 2)

Watson Lake, a small body of water about 1 1/2 miles long
by 1/3 miles wide, lies about 1 mile west of 105 Mile House on
the Cariboo Highway, and 1 mile east of Tattom Station on the
Pacific Great Eastern Railway.

The hydromagnesite is situsted about 1/4 mile south of,
and 5 feet above Watson Lake, on a swampy flat near the base
of low hills rising gently to the southeast.

s - LEGEND
Foid Hydromagnesite @
Inpure Hydromognesite (22

Scale m Feet

MAP 8.
Watson Lake hydromagnesite deposits.

The deposits, shown on Map 8, are similar to those at
Meadow Leke. When examined the surrounding ground was swempy,
the surface of the deposits being raised 1 to 3 feet above
the water level.
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The arsas estimated to be underlain by purer hydromag-
nesite are:

Writer | Reinecke (Ref. 2, p. 46)
Ares 4 | 11,000 sq. yds. | 7300 sq. yds.
Area B | 10,000 sq. yds. | 8950 sg. yds.
Others 5,000 sq. yds.{ 4800 sq. yds.

Brilling by the writer indicated Tthe white layer to be
from 1 .1/2 to 3 feet deep in Area A, at least 3 feet in Area B,
and from 1 to-2 feet in the others. Reinecke (Ref. 2, p. 46)
found Area B to contain fairly pure msterial to depths of 37
to 60 inches. Average figures are 2 feet for Areas 4, 4 feet
for area B, and 1 1/2 feet for other areas.

- The following estimates represent the probable tonnage
of- white ‘hydromagnesite available from the Wetson Lake De-
posits.

{Weight of 1 cu. yd. taken as before as 2050 poundé.)

Writer Reinecke (Ref. 2, pp. 46-48)
. Aresa A 7,500 tons 4,570 tons
. Area B 13,000 tons 13,252 tons
Others &, 000 tons. ‘ 4,935 tons
23,500 tons - 22,737 tons

The analyses below are typical of the whlte material
from these deposits.

Writer (14) Reinecke (15) Reinecke (16)

MgO 39.4% . 43, 177  41.08%
Cal 2.1 1.14 1.62

GOz ) 43,64 . 38.04

Hp0 ) 50.5 5.26 11.25

Fel 7 , _

Fop03) 1.3 0,16 0.12
41203) L 0.16 o 0.20
Insoluble 5.7 8i0s. 4.62 _ 6.36

(14) Composite semple from 7 drill holes, represent-
ing white material from all deposits. Analyzed by Chief As~
sayer, Vietoria.

(15) Mem. 118, p. 31 - Area B - 0-36 inches. (Ref. 2)
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(18) Mem. 118, p. 31 - Area A - includes 26 inches of
white earth and part of layer of cream earth, base at 85
inches, {Ref. 2)

Insufficient data are available to allow an intelligent
estimate of the amount of creamy earth containing less than
the arbitrary 5 per cent of lime. It is improbable, however,
that the quantity exceeds 5000 tomns.

In summetion, the Watson Lake Deposits are estimated to
contain about 23,000 tons of white hydromagnesite, containing
less than 2 per cent of lime,

A small depesit containing only a few hundred tons of
white hydromasgnesite occurs about 1 mile north-west of the
main ocourrences at Watson Leke. Reinecke (Ref. 2) gives the
following typical analysis:

MgO - 36.704%
Cal - 1.54
e - 51.08
H20 - 14.86
Fe203 - 0.57
Alp03 - 0.33
$i0p - 8.62

Riske Creek Deposits (Key Map 6, No. 3)

The deposits lie in the valley bottom of Riske Creek
(see Map 9) on the south side of the Chilcotin Road about. 35
miles west of Williams Lake on the Pacific Great Eastern Rail-
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MAP 4. ‘
Riske Creek hydromagnesite deposits.

- 110 -



Estimstes of the areas underlain by purer hydromegnesite
are compared in the following table:

Writer Reinecke (Ref. 2, p. 48)
Area A 19,000 sq. yds.) 7,775 (26,000 sq. yds. of
Area B 2,500 sg. yds.) "~ less pure)
Area C 10,000 sq. yds. 10,000 sqg. yds.

The above estimate of 19,000 sq. yds. for Area A includes
surface material which is not only typically white but also
creamy in color. Normally the lafter s high in calcium else-
where, and hence was not. ihcluded in Reinecke's figure above.

A composite semple, taken by the writer, from 5 drill
holes 2 to 3 feet deep 1n various parts of Area A, had the
following analysis. (1)

Mg0 - 42.3
Cal - 0.7
CO2 - 41.9
HpO - 9.2
Fe and Al - 1.0
Insol. - 4.4

(1) Chief Assayer, Viotoria.

Although some of Area A may contain material high in
lime, most of it is fairly pure hydromagnesite to an average
depth of 2 1/2 feet. A drill hole in Area B indicated a depth
of 1 1/2 feet and one in Area C showed 2 feet of white hydro-
megnesite. Reinecke (Ref. 2, p. 29) gives the following
thicknesses and analyses for Areas A and B:

Aren A Arsa B
2 holes - 2 and 3 feet 1 hole ~ 2 feet

0~28" 0=-24"
MgO , 41.14% 41.74%
Cal .10 017
COo2 o 37.70 40.885
Hy0 - 17.78 12.98
Fe0 0.09 0.16
Feolg 10,28 0.20
Al203 0.48 0.48
5102 1,22 1.85
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Assuming average depths of 2 1/2 feet for Area A, 1 1/2
feet for Ares B, and 2 feet for Area C, the following figures
represent estimates of tonnage of purer hydromagnesite in the
Riske Creek deposits.

Writer Reinecke (Ref. 2)
Area A 15,000 tons 8,600 tons
Ares B 1,200 tons
Area C 6, TO0 tons 6, 200 tons
‘Totals 22,900 tons 13,500 tons

Clinton Deposits (Key Map 8, No. 4)

These occurrences lie in the valley of Clinton Creek,
about half a mile west of the village of Clinton. The ton-
nage of pure hydromagnesite is small and the deposits were
only given e cursory examination by the writer.
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MAP 140,
Clinton hydromagnesite deposits (after Reinecke)_.

- 112 -



The following description is from Reinecke's report (Ref 24
p. 44):

..three areas have been mapped as commercial hy-
dromagnesite, these are localities 1, 2, and 3 (see
Map 10}. srea Wo. 1 covers 280 sguare yards, the upper
3 1/2 feet to 4 1/2 feet of which is clear hydromagne-
site...The calculated amount of hydromegnesite present
is 355 tons. Area No. 2 covers 1,200 square yards with
two feet of fairly pure materidl on top; the estimated
content is 820 tons. Area No. 3 covers 1,850 sguare
yards. Three holes showed pure material down to 2, 3,
and 2 feet respectively, with a little siliceous impurity
in two cases. The estimated amount of pure materiel is
1,474 tons., The total amount of commercially valuable
material at Clinton in round numbers, thus is 2,650 tons,
but of this amount 965 tons is of doubtful purity."

Sixty-One Mile Creek Deposits (Key Map No. 6) ‘)

” .
occurregf%\Bf hydromagnesite lies about 2 miles east
_ ake, mile north-west of the head of 61 Mile Creek,
and about % miles from Chasm Station by road. As far as the
writer is eware the deposit has not been reported upon pre-
viously. '

The deposits adjoin a small swampy lake occupying a de-
pression between low hills. Purer hydromagnesite, with a
typical cauliflower-like surfece, underlies at least 13,000
square yards. ‘

‘No drilling equipment was aveilable at the time of the
writer's visit, so the determination of thickness was conse-
quently impossible. White material, however, was found in
the bottom of pits to a depth of 1 foot, and by comparison
with other deposits, probably averages at least two feet in
depth. Based on these figures at least 4,500 tons, protably
9,000 to 10,000 toms of white hydromagn631te are available.

Typieal analyses of surface material are given below:(1)

- Mg0 38,0 34.4% 32.75%
Cal 1.8 1.76 2.32
COy 32.9 ) 48.16 47,74
HgO 16.0 ) |
Fe and Al 1.7 0.69 0.87

9,80 11.60 12.40

Insoluble
(1) Chief Assayer, Victoria.
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Several smi&ll areas of hydromagnesite occur in the marshy
valley of 61 Mile Creek near its head. Those seen were too
impure to be of commercial interest.. =

West Cariboo Block

The occurrence of small hydromagnesite deposits in vari-
ocus parts ¢f the West Cariboo Block is mentioned in the Sur-
vey of Resources Report, Pacific Great Eastern Railway Lands.
These have not been examined by the writer but are included
to indicate their widespread distribution and ths p0331b111ty
that larger undiscovered deposits may be found.

The more important deposits discussed (Logie - Vol. 11,
Pt. 2, 1929. Unpublished Manusecript) and their estimated ton-
nages are tabulated below:

Location . Tonnage
Lot 2833, 2 mi. E.
of Alexis Lake 2,000 tons
Lot 561, 8 mi. N.
of Alexis Ck. 1,000 "
Big Creek 500 7
Fletcher Lake 350 "
Gay Lake 100 "
Taseko River 80 "

The following analyses are given as typical:

Lot 2833 Lot 581 Big Creek
Mg({HCOz)2 - 80.0% 84.0% MgCO3 - 84.2%
Cal - nil nil GaGO3 - 5.7 .
AlnOz - 1.0 ) 0.2 AloOs - 0.8
Feo0z - 0.2 ) FegOz - 1.0
Mn - e, Hp0 =~ - 11.0
-Insol. - 8.2 13.0 Insol, - 18.0

Na2003 - 1.1
05 - 0.4

Springhouse Area (Key Map 6, No. 5)

Several settlers in the vieinity of Springhouse have re-
ported the presence of white clay-like material underlying
s0il in parts of their fields. A typical occcurrence on the
Williams Lake-Springhouse Road, near Boitano Lake, was ex-
amined by the writer and a sample had the follow1ng gcomposi-
tion: (1)
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MgO - 33.1%

Cal - 4.9
0, )

- 42.0
1,6 )
Fe and Al - 4.3
Insol. - 14,8

I

{1) Chief Assayer, Victoria.

From the anelysis the materisl is obviously hydromagne-
site but too impure for commerciel interest, The fact, how-
ever, that it is overlain by 6 inches to 1 foot of soil, sug-
gests the possibility of larger and purer deposits occurring
similarly in the district.

QOther Deposits oy

Other small deposits ocecur in the vicinity of Kamloops
and Asheroft. The most important of these (Map 6, No. 8}
lies in the Campbell Renge about 10 miles south-east of Kem-
loops. It is estimated to contain about 600 tons of white
hydromagn931te, The following is a typical analysis: (1)

NE-So

M0 - 41.0%
Cal - ‘nil
Al203 - 1,15
F9203 - 0.25 ’
Ig. Loss - 54.2
Insol. - 2.4

(1} - Chief Assayer, Victoria.

Impure greyish hydromagnesite in a layer up to 2 feet
thick, and covered with soil to & depth of 1 foot, underlies
several acres near the north end of Barnes Lake, about 27
miles from Keamloops near the Kamloops-Vernon Road (Mep 8,

No. 7). Another small area of white hydromagnesite occurs
close to the Basque epsomite deposits, 12 miles from Asheroft.

Atlin Deposits

Relatively large deposits of hydromegnesité occur in the
vicinity of Atlin. Insofar as these were not examined by the
writer, the following description is abstracted from the de-
tailed account (Ref. 3) by G. A. Young in Summary Report
1915, of the Geological Survey of Canada.
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Atlin hydromagnesite deposits (after Young).
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The hydromagnesite deposits (see Map 11, are situabed
close to Atlin; one group of deposits lying on the southeast
border of the townsite, the other occurring on the highway
leading to Discovery about one-half mile from Atlin wharf.
Besides the two main groups, small isolated patches occur for
two miles along a general course running northwestard from the
lakeshore at Atlin. These, however, are in general too small
or impure to be of commercial wvalue.

The deposits situated about one-half mile from Atlin
wherf lie in e rather faintly merked depression opeuing to
the northwest into a swampy area. No solid rocks outcrop
nearby, the country being floored by thick deposits of uncon-
solidated material. The group comprises one large and four
small areas or beds. The surface of the deposits is from
deseription similar to those previously deseribed, in other
words is slightly raised, somewhat hummocky, and traversed by
cracka. The hydromsgnesite is white, plastic when wet, but
fine grained and powdery when dry. Young, on the basis of
‘numerous drill holes, mentions that there is ne distinctly ap-
parent variation with depth as far as the base of the deposits,
but gives an analysis of creamy gramular material encountered
in one hole 16 inches dbove the base. Insofar as this con-
tains & relatively high lime content, it is probable that at
least part of the white hydromsgnesite is underlain by the
typical creamy layer encountered in most of the deposits
elsewhere. :

From the various determinations of the depth of the main
body Young concludes that the average thickness is 2'8", and
that the volume is 80,000 cu. yds. Using the assumed figure
of 118 1lbs. per ¢u: ft. ha estimates the guantity available
‘in the main body as about 125,000 tons. In this connection
the wrlter feels that the figure of 2,060 1bs. per cu. yd., as
determined by Reinecke on ssmples from Cariboo deposits, is
more nearly correct, and that the 80,000 ow. yds. mentioned
above would probably contain 1ititle more then 81,000 tons.
Young gstimates the nearby small areas to contain about 9,000
tons. This, recalculated, would represent about 6,000 tons.

Two sets of semples were taken from the main body; the
results of the analyses are tabulated below:
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Depth of hole 2'2" " Depth of hole 3'6"

depth | depth | depth | depth | depth | depth

L 1y 1r11" 4t 16.%" 214
MgO 41.13% | 42.35% | 42.19% | 40.56% | 41.93% | 35.23%
a0 2.04 0.82 0.68 1.28 1.50 6.44
co, 35.98 | 36.10 | 36.17 | 35.96 | 36.04 | 37.70
H0 18.02 | 18.95 | 19.05 | 19.04 | 17.68 8.20
FeD 0.60 0.45 | 0.84 0.63 0. 65 0.78
Fes03 | 0.15 0.0 | .0.11 0.18 0.45 | 0.73.
Alp0z | 0.67 0.10 0.17 0.87 0.14 0.94
8109 1.86 0.90 0.54 1.22 1.96 9.22

The second group of deposits just east of Atlin lies
in marked depressions formed in unconsolidated materials.
The group consists of three large bodies of hydromsgnesite,
(A, B, and C on Mapll) varying in thickness from 1 to 7 feet,
in different parts, but estimated to have average thicknesses
of 3 feet, b feet, and 2 feet respectively.

Area A, with an average thickness of 3 feet, covers
about 4 1/2 acres and has a volume of 21,400 cubic yards.
Assuming 2,050 1bs. per cu. yd. for the material in pldce
this would represent about 22,000 tons.

Area B, unﬁerlying three guarters of an acre to an avér-
age depth of 5 feet, would have a volume of 5,500 cu. yds.
and contaln about 5,800 tons.

Area C covers about 1 acre to an average depth of 2
feet, representing 2,900 cu. yds. of meterial weighing about
3,000 tons,

Typical analyses of these deposits are given below:

Deposit 4 Deposit B Deposit C
Depth 1'9" 114" 118"  Supface 20" (4" above

. base)
MgO 42.85 38.94 43.04  43.45 42,12
Cal ©0.32 0.42 0.16 0.26 0.48
He) 36.35 34.31 . 36.21 38.23 35,89
HeoO 19.10 18.10 19.26 18.95 - 19.42
#e0 0.88 0.81 0.53 0.36 | 0. 71
Fep0z . 0.15 0.56 0.12 0:08 0,10
Alp03 0,35  2.85 0.23  0.41 | 0.33
5§10  0.74  3.48 0.96  0.62 1.18
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In summation about 118,000 tons of white hydromagnesite
is probably available from the Atlin deposits. The reason
for the discrepancy betwsen this and Young's figure pf 180,000
tons has been explained. Young considers that sbout 150,000
of the 180,000 tons would represent material carrying betwsen
41 and 42 per cent of MgQ with about 3 per cent of Ca0, AlyOz,
Feplz, and S10,. Of the estimated:118,000 tons therefore,
roughly 100,000 tons may be considersed to fall within the
above compositional limits.

Mining and Transportation

Hydromagnesite could be easily and cheaply won from the
deposits desceribed. The material in place is usually moist,
hence tough and somewhat plastic; the surface, however, is
commonly dry and hard.

The upper layer of white hydromagnesite would be some-
what tough for hand digging, but could be handled with ease
by powser shovel or power scraper.

Climatic conditions would restrict mining to 6 or 6
months of the year. Again the deposits are relatively small
and of isolated occurrence. Mechanical methods of exploitation
must therefore be confined to either inexpensive or portable
equipment.

Excavation and loading trucks at the deposits by power
shovel or power scraper should cost (25) from 10 to 40 cents
‘per ton depending on type of equipment, capacity, and location.
Cost of trucking to the nearest railroad loadlng point will
naturally vary for each deposit.

Mining should be preceded and controlled by systematic
drilling snd analyses, in view of the wide varistion in the
amount of impurities both laterally and vertically.

In the following table the more important deposits are
listed with data in respect to transportation.’

{25) Based on costs of various clay winning operations else-
where under comparable conditions - see Ref. 1.
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Deposit

Distance by road to

nearest railroad load-

ing point

Type of Road

Present freight rate
from loading point
to Vancouver (crude
material)

Meadow lake

Watson Lake

Riske Creek

Clinton

61 Mile Creek

Deposits near
Alexis Lake

to Chasm - 16 mi.

to Tatton ~ 1 mi,

t0 Williams Lake
~-gbout 35 Mi.

" to Clinton $tation

1 1/2 miles

to Chasm - 6 mi.

to Williams Lake--
sbout 85 mi,

Good in dry
weather--no bad
grades.

01d road aband~
oned--easily re-

paired, Slight up-

hill grade.

Surface good in dry
weather. A number
of steep grades and
road crooked.

Surface good. Sfeép
up-hill grade.

4 miles fair. Last
2 easily improved--
all level ground. .

Roads fair when dry.

PoG-Eo - $2.50 peI"
ton, min. 40 tons.
{(x)

P.G.E. - $3.00 per

ton, min. 40 tons
(x)

P.G.E. ~ not gquoted
probaebly about $3.50
per ton, min. 40
tons. (x)

P.G.E. - $2.50 per
ton, min. 40 tons.

{x)

P.G.E. - $2.50 per
ton, min. 40 tons,
(x)

P.G.E. - not

quoted probably
about $3.50 per
ton., (x) .




- 121 -

Teble {Continued)

Deposit

L

Distance by road to
nearest railroad load-
ing point

Type of Road

Present freight rate
from lecading point
to Vancouver {crude

material)

Ceumpbell Range

Atlin

to Kamloops--about
12 mi.

to Garcross (boatb
transportation)--
about 70 mi.

6 miles of main rosad
-~-remainder narrow.

end hilly.

Boat across Atlin
Leke, 4 mile tramway,
boat on Taghish Lake
to Carcross.

C.P.R.--not gquoted.

{(x) - plus 25% per ton switching and herbor dues at Vancouver.

Summery

In the accompanying table the more important deposits are listed with pertinent data.
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Total

\ . Impuri- Est. Cost Freight cost
Deposit Est. Tonnage MgO ties Transportas | to Transpor-
: . | Content | COp + Ho0 tion Lo Ry. | Vancouver | tation
(per ton) | (per ton) | (per. ton)
Meadow Lake 114,000 +ons | 39-41% 4~11% 50-54% :
108, 000 "] 35-39% | 14~17% 40-45% $1-84 $2.75 $4-87
Watson Lake 23,500 " 39-43% 4-9% 49-50% | $.25-$.50 $3.00 $3.00
Riske Creek 23,000 "1 40-42% 3-5% 50-55% | . $4-%9 ~$4.00 $8-$13
Clinton 2,650 " 42% %  53% | $.25-$.50 $2.75 $3.50
61 Mile Creek 4,500-10,000 ¥ | 33-38% { 12~15% 47-49% | $0.75-81.50 $2{75 $4.00
L. 2833 Alexis Lake 2,000 [ RN 10~13% ~==r- $10-820 . $4.00 $14-$24
L. 561 Alexis Creek 1,000 "
Big Creek, etc. 950 | memm 208 ~mem- §8-§15 $2.75 | $12-419
Cempbell Range 600 " 41% | 5% 54% $2-83 Bst, 55-46
_ at $3 o
Atlin 100, 000 " 41-42% 3% 54-55% ——— ———— ~——-
, 20,000 ™| 35-40% 5-10% 45-50%
Totals 403, 700 " | B5-43% | 3~17% 45-54%




- In dummetion roughly 136,000 tons of hydromagnesite re-
presenting some 54,000 tons of Mgl could be obtained from the
¥eadow Leke, Watson Lake, and Clinton deposits and shipped to
Vencouver for an overall estimated cost of $3.00 to $7.00 per
ton. An additional 120,000 tons of less pure material, con-
taining about 40,000 tons of MgQ, is probably available from
these and the 81 Mile Crsek deposits, and could be handled at
approximately the same cost.

At least 100,000 tons of hydromagnesite, containing
40,000 tons of MgO are present in the Atlin deposits.

Cost of mining and shipping from Riske Creek deposits
would probably be $8.00 to $11.00 per ton; costs from the
Alexis Creek and Big Creek dep051ts would be considerably
higher.

Mineralogy

Given analyses not only vary from deposit to deposit,
but from place to place in the same deposit; apart from the
content of extraneous meterial (Insoluble, Si0z, Al50z, FeO,
Fep0z) the chief variation is in the relative amount of com-
bined water. Several samples from Atlin and two from the
Cariboo show sufficient water with magnesia and carbon diox-
ide to approximate the composition of the mineral hydromag-
negite (3MgCOz. Mg(OH),. 3H20). Most of them, however, con-
tain far too 1little water to correspond to hydromagnesite,
much less nesquehonite (MgCOz. 3H50) or other hydrous mag-
nesium carbonates. Lateral changes in composition are er~-
ratic; vertical represent a definite increase in lime and
deorease in combined water content from the surface downwerd.

Mioroscopic Bxeminetion

‘The following minerals oceur in all the samples examined:

(1) Magnesite - as minute {1 to 10 microns in size)
colorless, stubby, prisms rounded to hexagonal in end ‘seotion,

Uniaxial, negative

No - 1.510 £ ,003
Ne - 1. 700 i .003

(2) Hydromegnesite (?) - as rounded to irregular plates
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and platy to fibrous aggregates. Very fine-grained (largely
less than 50 microns) so that optical properties not definitely
determinable. Birefringense on plates very low, somewhat
higher on edges snd fibres,

N, on plates ~ 1.525 ¥ ,005
N fibres - 540 ¥ 005 (elongation)
1.520 % ,005 (across fibres)

Extinetion variable.

{3} Extraneous minerals - quartz, feldspar, hornblehde,
muscovite, biotite, apatite, augite, sphene, etec. As angular
to semi-angular graink renging in size from .05 mm. to 1 mm,

In addition %o the above smorphous and indeterminate ma-
terial is present. The proportions of the constituents are
variable, although magnesite and Hydromagnesite (?) form the
bulk-of all purer samples.

No high calcium samples were available for microscopic
examination. Of those studied, however, none yielded any

clue to the marmer in which calcium ococurs in the material.

Chemiecal Examination

Under the microscope "hydromsgnesite" seems to be com-
posed essentially of the %wo minerals magnesite and hydro-
-magnesite. On this assumption the mineral content corres-
ponding to available analyses was calculated in esch case.
$10s, Al203, FeO, Fez03, and insoluble were grouped as im-
purities; sufficient {02 attributed to Cald to form ecalecite;
and remaining.CO02, MgO, and combined HpQ distributed between
magnesite and hydromagnesite. It is interesting and probably
significant that this last distribution was in every case
possible without leaving an appreciable excess of any of the
three components.

Meadow Lake Analyses

{3) (4) (5)

Hydromegnesite

3MgC03. Mg (OH)». 3H30 80.% 62% 95%
Magnesite ‘

MgC0z 29% 30% -—-
Galcite ,

CaC0z 1% 3% + 3%
Impurities 10% 5% 3%
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Meadow Lake EAnalyses - lower layers

(6) (7) (8) (9)
Hydromagnesite 40.0% 37% 15% 21%
Magnesite 45.0% 40% 34% 55%
Calcite 5.04 6% 36% 11%
Impurities 10.0% 17% 15% 13%
Watson Leke Analyses - typical
{14) (15) (16)
Hydromagnesite 55% 27% 56%
Magnesite 34% 63% 32%
Calcite 4% 2% 3%
Impurities 7% % %
Riske Creek - typical
Writer (20) Area A | (20) Area B
Hydromsgnesite 47% 92% 87%
Magnesite 47% 3% 28%
Calcite 1% — -
Impurities 5% 5% 5%
81 Mile Creek Analyses
Writer
Hydromagnesite 82%
Magnesite 4%
Calcite 3%
Impurities 11%
Atlin Anaslyses - main body
. 3" 1?111 71111" ‘ 4!! 16’12'“ 214!!
Hydromegnesite 91% | o957 .| 967 | 94 | se% | 41%
Magnesite 2% 1% —— - |. 5% 35%
Caloite. 4% 2% 1% 2% 3% 11%
Impurities 3% 2% 29, 3% 3% 12%
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Atlin Analyses - Deposits A, B, and C

119" 114" 118" | Surface | 207
Hydromagnesite 96% 91% 98% 96% 91%
Magnesite . - 2% - —— 2% —
Calcite ——— el - - —— -
Impurities 2% 8% 2% 2% 3%

All samples effervesced violently with cold hydrochloric
acid leaving a residue composed of magnesite erystals, sand
grains, and smorphous material. Further treatment with hot
acld dissolved the magnesite.

In general "hydromegnesite" from all deposits described
is essentially alike, differing only in the proportion of mag-
nesite to hydromagnesite and in the amount of contalned lime
and extraneous mineral gralns.

Origin of Deposits

The following remarks are necessarily restricted to the
hydromagnesite deposits of Centreal British Columbia, which the
writer has visited. Written description suggests, however,
that the Atlin and Chilcotin deposits are of similar origin.

All major deposits have the following features in common:

(1} Occurrence in depressions or on flats near ground-
water level.

(2) $heet-like form with relatively shallow depth.

(3) Cauliflower-like surface raised above the surround-
" ing ground.

(4) Presence of clay or soil underlying the deposits.

(5) Progressive inorease in lime and decreasse in com-
bined water with depth.

(6) Definite overlap of the raised surface over the
soil at the edges of deposits.

In addition the Meadow Lake deposits contain, in places,

pits up to 5 feet in depth and 10 feet diameter filled, or
partly filled, with angular boulders,
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Two possible modes of origin suggest themselves: deposi-
tion from solution in lakes and deposition from underground
waters or springs. Both offer plausible explanations of cer-
tain features; only the latter, however, satisfactorily ac-
counts for the raised and overlapping surface, "rock-pits,”
and the irregular distribution of deposits within a group.

The general impression formed by exemination of the de-
posits is that they have been fed by underground water either
through capillarity or springs, and have grown upwerd and out-
ward. In so doing rocks and soil have been displaced, account-
ing for the relative absence of admixed soil, the over-lapping
edges and the rock piles and pibs. The higher calcium content
with depth probably follows from the fact that calcium carbon-
ate is less soluble than magnesium carbonate, and is conse-
quently precipitated earlier from a rising solution containing
both. No explanation is immedlately apparent for the decrease
in combined water, or increase in the proportion of magnesite
versus hydromagnesite, towards the base of deposits.

Beneficiation

Microscopic study of various samples of hydromagnesite
revealed in general a marked size difference between magne-
sitiec constituents and sand grains. In view of this it was
felt that the purity of material might be substantially in-
ereased through some method of sizing and elimination of larg-
er grains.

Preliminary testing, to check the feasibility of this
suggestion, was carried out by the writer on several samples
of typical material. The work was not carried to its logi-

cal conclusion but does indicate & field for further investi-
gation should the need arisze.

The following procedure was followed in testing semples:
A half pound sample was thoroughly’dried, pitlverized, and
passed through a small air separator set to yield two pro-
ducts--one plus 325 mesh (43 microns), the other minus 325
mesh. - The head sample and undersize product were analyzed by
the Chief Assayer, Victoria, in each case. fnelyses of samples
tested follow:
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Meadow Lake Heads Undersize

Mg0 ' 38.8% 41.5%
a0 0.8% 1.3%
0y 38.7% 40.3%
H50 11.5% 8.3%
Pe & Al ' 2.5% 0. 9%
Insol. : . T.4% 6.7%

Watson Lake

MgO 39.4% 41.0%
Cal 2.1% 1.7%
COp ) 50.5% 40.2%
HoO ) 11.2%
Fe and Al 1.3% 0.8%
Insol, 5.7% 4.3%

Riske Creek

Mg0 42
Cal 0
COp 41.
Hy0 12
Fe and Al 1
Insol. 4

Sixty-One Mile Creek

MgO

Ca0

COs

Ho0

Pe and Al
Insol.

[V ]

= <A
OHHOMMNEFE®

ONOo WO

The above analyses are of interest in indicating a possi-
ble line of research. It is obvious that the minus 320 mesh
product in all cases is freer of undesirable impurities than
the coarser, or untreated material. Recoveries of the former
in the tests averaged only 50 per cent. Microscopic examina-
tion, however, showed the coarser fraction to contain a large
proportion of megnesite and hydromagnesite which had not been
completely pulverized. It is probable, therefore, that with
careful control of drying -and pulverizing a recovery of a
minus 325 mesh preoduct, constituting at least 75 per cent of
the total, could be made without difficulty. Again the purity
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of this could probably be increased considerably cover thst
of the products in the above tests through care in preventing
the comminution of sand particles in processing.
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CHAPTER 4

Technology and Uses of
Magnesite, Hydromagnesite,
and Other Magnesium

Compounds



Commercial Possibilities

The hydromagnesite deposits of British Jolumbia havs
been known for many years but remain unexploited. Earliest
reference to the Atlin deposits was recorded in 1897, and to
the Cariboo in 1898. An experimental shipment of 200 tons
was made from Atlin to San Francisco in 1904; during 1915 and
1816 several hundred tons more was sent to Vancouver. In
1921 two or three carloads were shipped from Watson Lake to
Vancouver. No further activity has been recorded.

Commercial exploitation of these deposiis depends upon
local or foreign demand for hydromagnesite, either to replace
material at present used or to form the basis of new manufac-
tures. In the former case hydromsgnesite must have superior
properties to the material used or be deliverable at a lower
cost; in the latter a sufficient market for the product or
products to be made must be assured in compstition with im-
ported goods. The total quantity of available hydromagnesite
is relatively small and this too must have an important bear-
ing on its utilization.

Possible uses for hydromegnesite are listed below:

1. Refractories.

2. Cements and Insulation..
3. Metallic Magnesium,

4. Chemieal and other uses.

Refractories

Magnesitic refrectories are resistent to the action of
basic slags at high temperatures, hence are widely used in
many branches of industry. The bulk of consumption is Ffor
the construction and repair of basic open-hearth steel furn-
aces, the remainder being used in copper refining and rever-
beratory furnaces, copper converters, electric steel-melting
furnaces, lead smelting and refining furnaces, rotary kilns
burning cement, dolomite and lime, and various chemical furn-
aces such as those melting and treating sodium carbonate or
sodium sulphate. : ‘

Most megnesitic refractories are prepared from magnesite
calcined at temperatures above 2,700 deg. F. to yield a dense,
hard clinker. The clinker, known as "dead burned” magnesite
is marketed either in a granular form (grain magnesite) or is
fabricated, alone or with chromite and other materisls, into
brick. Grain magnesite is used almost exclusively for making
open-hearth stesl furnece bottoms; bricks serve a wider field.
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FIG. 1.
Sources and uses of magnesitic refractories.
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.Typical analyses of commercial dead burned magnesites follow:

Austrian. Manchurian Washington, U.8.4A.
(Ref. 7, (Ref. 10, (Ref. 7, p. 335)
p. 335) p. 1128)
MgO 85 .91 83
Cal & 2 3
Fep03 ) 8 3(a : 7(b)
41203 ) (&) (
5i0p 3 4 ' 7

(a) Too low iron for grain magnesite for bottom making.
{(b) 1Iron added to crude magnesite before caleining.

Prior to 1914 magnesite was the only satisfactory matsr-
ial for the manufacture of basic refractories. Improvements
in chrome brick, however, coupled with lower prices, resulied
in an increasing displacement of magnesite brick from markets
which it had formerly monopolized. By 1927 the two were being
produced in nearly equal quantities and were the only types on
the market, each with dertain inherent disedvantages. 8ever-
al factors, however, have served to check the decline.in the
use of magnesite for brick-making. One has been the discovery
that superior charascteristics were imparted to brick by the-
use of chromite and magnesite in combination; another has been
the introduction of cheaper, but in some respects superlor,
chemically~-bonded magnesite brick.

Research has been directed suceessfully in recent years
to dolomite and high~calecium magnesite for refractories; meg-
nesite containing 12 per cent or more of lime is now being
uged, and it is announced (Ref. 1ll) that

“development has now been carried to the point where,
with the presence of certain stabilizing agents, it

is possible to make highly effective refractories from
dolomite and silica, or even from calecium limestone
and silica. These new products, on account of the low
cost of rew meterials, can be made much more cheaply
than can the corresponding megnesitie products and
their development bids fair to have a major effect on
the production of refractories mede from magnesite and
magnesitic dolomite.”

Another interesting development is the usge of dunite, or oli-
vine=-rich rock, blended with magnesite for the marufacture of
shaped refractories. In Burope mixtures of serpentine and mag-
nesite have been similarly employed. Although magnesite re-
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mains the most important source of refractory material for
the steel industry, it does not occupy its Former unigue
position among basic refractories. Other sources of magnesia
are being developed, including dolomite, brucite, and sea
water. In the last case it is interesting to note that ex-
traction of magnesia from sea water is being carried on com-
mercially in both Californis and England and part of the ma-
terisl obtained is converted into refractory products.

For some purposes the presence of impurities is objec-
ticnable and magnresite refractories are made containing up to
- 92 per cent magnesia.

In certain cases even greater resistance to temperature
is required and 95 to 99 per cent msgnesia may be used. These
special products are usually caleined electrically at tempera-
tures ranging from 2,900 to 4,500 degrees F. A related "su-
per-refractory,” synthetic spinel is made electrically from =
mixture of magnesia and alumina, In general the market for
these special refractories is very small owing to the high
cost of manufacturing them.

Production and Markets

No magnesite is produced commercially in British Colum-
bia, nor are any basic refractories made. Large deposits of
rock magnesite occur in East Kootenay (Ref. 1}, the most ac-
cessible being controlled by the Consolidated Mining and
Smelting Company of Canada. OQther occurrences have been re-
ported from the following areas: Atlin (Ref. 4), Germansen
Creek (Ref. 5), Bridge River (Ref. 3), Williams Lake {Ref. 2),
end Clinton {Ref. 8). These are, as far as is known, either
too remote, %too impure, or too small to be of immediate in-
terest. '

The present demand for basic refractories in British
Columbia is very small. Neither iron and steel nor copper
are smelted in the province and electric steel melting is
- confined largely to furnaces with siliceous lining. The
chemical industry is meagrely represented, and lime is manu-~
factured in vertical kilns., Small quantities of magnesite

~_ and chrome brick are used in the lead smelting industry and

i'for'sundry purpeses, but although exact figures are not avail-
able, it is improbable that average consumption exceeds a few
thousand bricks a year,.

Canada

The only known depeosits of magnesitic’dolomite, or mag-
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nesite of commercial grade in eastern North America are found
in prgenteull County, Quebec. These are mined and calcined
at Kilmar and Harrington East, the products marketed compris-
ing dead-burned grain material, bricks and shapes (burned and
unburned), and refractory cements. Chromite is used in con-
junction with magnesite in the preparation of several products.
The value of magnesitic dolomite products marketed in 1937 was
$677,207, whileé exports are recorded as 2,088 tons valued at
$49,401. Within the last year experimental work has been done
in respect to the utilization of extensive deposits of brucite-
bearing limestone discovered in Onterio. '

Cenadian imports of magnesite brick, caustic and dead-
burned megnesite and crude and ground magnesite were valued
at $626,351 in 1937, Of this figure the largest part is at-
tributable to material for refractory purposes. In addition
chrome firebricks were imported to the value of $103,287. Im-
ports of both originated largely in the United States.

Average annual consumption of basic and neutral refrac-
tories with a value in excdess of one million dellars is ac-
counted for almost entirely by the industries of Eastern .
Canada.

United States

Commercial production of magnesite in the United States
is confined to Washington and California. The output from
Washington is largely sold in the dead-burned form, whereas
California produces a preponderance of caustic-caleined ma-~
terial for other than refractory purposes.” Virtually all
dead~burned megnesite from both sources is used for furnace
bottoms. '

- 8ales for refractory purposes represented about 85% of
domestic production in 1937 amounting to 83,204 tons of deéad-
burned magnesite valued at $1,598,336 or about $19.00 per ton.

By the close of 1937 all important magnesite mines in
California hud closed, and production was confined to the ex-
traction of magnesia from sea water. Satisfactory refractory
material has been made and, insofar as the process has proved
satisfactory and present capacity is in excess of 20,000 tons
a year, the mines may remain closed indefinitely. Attention
has been directed to extensive deposits of brucite in Nevada,
and in 1937 a moderate tonnage was distributed te the Eastern
States for testing in refractory manufacture.

- Domestic production normally sccounts for 60 to 75 per
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cent of the dead-burned magnesite used in the United States.
Imports in 1937 amounted to 56,021 tons valued at $795,047,

of which about 43 per cent was from Austria, 37 per cent from
Manchuria, and 18 per cent from Czechoslovakia. Manchurian
magnesite entered the field for the first time in 1936, and
since has captured a considerable part of the market formerly
dominated by the Austrian product. A large proportion ef im-
ports is utilized by the three American manufacturers of basic
refractories, who, situated on the Atlantic seaboard, depend
entirely upon foreign supplies.

The following are average recent prices for various basic
refractories.

Dead Burned Magnesite

Domestic - [.o.b. Washington - $25.00 per ton.
f.o.b. Celifornia - $22.00 per ton.

Austrian - f.o.b. Austria - $14.47 per ton,

Manchurian - f.o0.b. Kwantung - $12.19 per ton.

¥ote: Delivered priece in Pittsburgh for all is about
835,00 per ton. Tariff rates on imported crude and
dead~burned magnesite are $9.375 and $11.50 per ton
respectively.

Galifornia - 92% dead- burned magn931te f 0.b. Cal. -
£35.00 per ton.
947% or high grade periclase f.o.b. Cal. =~
$65.00 per ton.

Chromite

- Chrome ore - 48-50% ¢.i.f, Atlantic ports - $22.00 to $23.00
per long ton.

All priees f.c.b. Philadelphisa.

Maegnesite brick - $67.00 per ton,
Chemically-bonded
magnesite brick - $57.00 per ton.
Chrome brick. ' - $47.00 per ton.
Chemically~bonded ' : ‘
chrome. brick S $47.00 per ton.
Fused magnesia brick . - $1.00 per brick.

Note: Standard magnesite bricks weigh 10 lbs. each and
standard chrome brick 11 lbs.
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World Production and Markets

Viorld production of crude magnesite in 1936 was roughly 1,800,000 long tons of which -
the largest part, at least two-thirds, was used for refraotory purposes. Chief producing
sountries are listed below: '

Country Production (1936) Exports Remarks
{long tons) (long tons)

U.5.5.R. No data--probebly. No data--large Large reserves of high
between 800,000 and gquantities to grade magnesite contain-
and 900,000 long Eng., France, ing over 95% MgCOg3.
tons annually. Germany and others.

Austris Crude - 391,494 Crude -~ ©,058 -Large reserves. Imports
long tons; dead- dead-burned - negligible. United States
“burned - 97,025 - 82,934, leading buyer, followed by
long tons; bricks - Bricks - 38,643 U.K., France, ete. Germany
42,0153 caustic- caustic~calcined chief market for caustic.
calcined - 57,821+ - 43,274,

Manchoukuo Crude - 203,000 Crude and ground Large reserves., Imports

108,535. negligible. Large part
of exports as dead-burned,’
to Japan, United States,
ete.

Greece Crude - 118,000 not Crude - 44,841 ralrly large reserves
over one-third dead- caustic~calecined Meterial most suiteble for
burnt, bulk is caus- ~ 23,340 deag- caustic. Germany and..
tic-caleined. - burned - 11,796, Netherlands main buyers.
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. Production (1938)

Exports

Country , Remark
ountry {long tons) {long tons). omarks
Czecho-~ No date -~ see Crude - B,545 Large reserves - Hungary,
slovakia exports. calcined - Germany, and United
34,957, States chief buyers.
Australia Crude - 17,615 Neg.~used in Fairly large reserves.
Australisa,
India -Crude ~ 15,468 4,788 - lergely Fairly large rescrves.
caustic~calcined.
Exports to Europe
and U.S5.A.
Germany Crude - 14,789 No date on reserves.

(Prussia)

caleined - 1,789
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In the following table chief importing countries are listed with pertinent data:

Approx., Consumption

Imports

Sources of Imports

Country {calcined) (long tons) {in order of importance)
(long tons) v
U.8.A. 132,400 Crude-neg. dead- Austria, Manchbukuo;
burnt ~ 38,043 Lzechoslovakia--minor
caustie -~ 1,980, amts. from India, Canada,
. Greece, USSR, etc.
Germany 123,100 Crude - 55,074 Greece, Austria, Czecho-
caustiec - 62,757 slovakia~-minor amts. from
dead-burnt - Yugoslavia, USSR, ete.
30, 606.
United 38,000 Crude and calcined Ausiria, Greece, British
Kingdom - 38,534 India, USSR, Netherlands,
Canada.
France 14,000 Crude - 4,100
galcined ~ 12,223 No data.
Nether- 11,000 Crude -~ 1,155 No data.
lands Oxide ~ 10,411
Italy 5,600 No datsa.

Caustic - 4,178




The remaining countries are sither essentially producers,
or consume only small guantities of magnesite; in several
cases, €.%., Japen information is lacking.

World production of magnesite for refractory purposes
has increased consideradly in the last two years. The above
figures (1936 are most recent available) however, are at least
indicative of major consumers and sources of supply.

Refractory Possibilities of Hydromagnesite

At present the local market for hasic refractories is too
small to justify their manufacture in the province. Eastern
Canade has developed sources of supply, and competition with
producers in Washington and California for United States mark-
ets would be virtually impossible because of tariffs and trans-
portation costs. European markets are dominated by Central
Buropesan producers, and the development of Manchoukuon deposits
effectively closes the Oriental market to outside supply.

B There seems, therefore, little if any commercial possibility

of utilizing British Columbla hydromagnesite for refractory
purposes under present conditions.

"World reserves of magnesite are large and present re-~
sources will not be exhausted for many years; again the recent
satisfactory extraction of magnesis from sea water makes the
supply literally inexhaustible. However, changes in political
control of deposits or of foreign policy in respect to them
might be such as to allow the sconomlc exportation of hydro-
magnesite or derived products. It seems more likely, howey-
er, theat possible development of the deposits as a source of
refractory material is contingent upon development of local
demand through increased industrial activity in the province.

In this connection quantity, quality, and location of
deposits are of paramount Importance. An estimated 136,000
tons of hydromagnesite is available from Meadow Lake, Watson
Lake, snd Clinton, with a further 120,000 tons of less pure
material present in these and nearby deposits. Recalculated
to the basis of equivalent magnesia, the first grade would
represent 54,000 tons of pure magnesia, or 65,000 tons of
calcined material containing 2 to 3 per cent lime and from 8
to 20 per cent total impurities (lime, silica, iron oxide,
alumina); the second grade would represent 40,000 tons of
pure magnesia, or 54,000 tons of calecined magnesite with 4 to
10 per cent lime and 20 to 30 per cent total Impurities.
Mining and transportation of crude material to Vancouver
would cost roughly $5.00 to $7.00 per ton, or $10.00 to $14.00
per ton of dead-burned magnesite if calcining was done in
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Vancouvsr.

The Atlin deposits are estimated to contain approximately
100,000 tons of hydromagnesite carrying less than 3 per cent
impurities, the equivalent of 41,000 tons of pure magnesisa, or
45,000 tons of dead-burned magnesite with not over 1 per cent
lime and 6 per cent total impurities. It is probable that on
a quantity basis the cost of mining and transportation to Van-
couver would not exceed $8.00 to $10.00 per ton of crude, or
$16.00 to $20.00 per ton of caleined material.

In the table below typical analyses, calculated to their
dead~burned equivalents, of hydromagnesite from the deposits
under discussion are compared with analyses of various commer-
cial dead~burned megnesites,

‘MgO | Ca0 | FesOz | AlgOz | Si0g

| Meadow Lake--centre of | 84.9 | 2.7 | 0.8 2.8 | 8.2
main deposit - ‘
0-15"-(4)

Meadow Laks--average of
5 samples - 0-2" - (5) 90.1 4 2.8 2.0 |. 1.5 2.8

Watson Lake--cast end of | .
sast deposit - 0-36"- (15} 87.0 | 2.5 4 s 9.2

Watson Lake--west deposit
0-26", part creemy - {16) ! 82.9 | 3.

D3
R
H>
ot
fat
o]

Atlih-—average of 8
analyses 91.2 2.0 1.8 1.4 3.1

Austrian dead-burned
magnesite--(Ref. 9,
p. 617} . 1 87.38) 2.64 3.77 1.61 4,50

Austrian dead-burned
magnesite--(Ref. 7,

1p. 325) _ 85.57| 0,98 ] 7.43 ==~ | 0.26
|-Average ‘ ~20.0 | ~3.62| -9,98 | -2.22 |-1.34

Marichoukuc dead~burned
megnesite-~(Ref. 10, ‘ :
p. 1128) 90.9 1.78 1,36 177 4,19
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MgO | Cal0 | Fey0g Algo0z ! §i0g

Weashington dead-burned
magnesite - (Ref, 9, _
p. B617) 81.38: 5.28 4,40 2.01 5.90

Washington dead-burned
magnesite--(Ref. 7, 1
p. 325) 83.04| 3.11| 7.02 T:02 | 8.78"

California dead-~burned
megnesite--(Ref. 9, :
p. 617) 93.151 2.05|. 0.49 0.28 | 3.96

California dead~burned
from sea-water-~(Ref.

10, p. 1128) 80.9 | 4.0 7.0 2.0 6.0
California periclasse
from sea water--({Ref.
10, p. 1128) 92.3 2.0 .2 .4 5.0

Greece dead-~burned mag-
nesite-~(Ref. 7, p. 325) 90.62; 4.10 | L1.57 1.57 | 3.0Q0

Wide variations in analyses of commercial dead-burned
magnesites are apparent in the above table. Disregarding
periclase grades, MgO ranges from 80.9 to 90.9 per cent, Cal
from 0.96 to 5.28 per cent, Feplsz from 1.57 to 9.98 per cent,
Alp03 from O to 7.02 per cent, and $iOp from 0.26 to 6.90 per
cent,

MgQ, Cal, and AlOz in material represented by the above
Meadow Lake and Watson Lake analyses lie within commercial
limits.” Iron oxide, however, although likewise between these
limits, is too low for satisfactory grain megnesite: on the
other hand silica is rather high for all purposes. Atlin hy-
dromagnesite, as represented by the above analysis, is almost
pure enough to furnish calcined material of periclase grade;
actually much of the hydromsgnesite from Atlin deposits is
even purer. Recent technologic advances in the manufacture
of basic refractories coupled with the probebility that a
large part of the impurities in hydromasgnesite can be econom-
jcally eliminated {see discussion under Beneficiation} sug-
gest that a variety of refractory materials can be made with
hydromagnesite as a base.

The establishment of & steel industry in the province

- 142 -



would provide & mejor market for dead-burned magnesite in
both basic open-hearth and electric furnaces. The guantity
thus consumed cannot be estimated without knowing the size
of operation or the processes employed.

A hypothetical producticon of 500 tons per day, however,
might call for 1,500 to 4,500 tons of dead-burned magnesite
and products a year. On this basis the Cariboo deposits weuld
have a maximum life of 10 to 40 years, depending on consump-
tion and usable gquality. Additional markets [or magnesitic
refractories would be afforded by copper smelting, the manu-
facture of ferro-alloys, certain chemical industries, and by
expansion of the present cement and lime industries. Chrome
and forsterite replace magnesitic refractories for many pur-
poses, and for others are preferable., Both, however, require
magnesite for their marmifsctures.

Porsterite refractories, first developed in Norway about
1925, are of recent introduetion to fmerica. Although rather
poorly resistent to basic slags (other than those high in iron),
they show promise in many filelds, being suitable for high tem-
perature ceramic kilns, rotary kilns, electric furnace bottoms,
forging and reheating furnaces in steel works, roofs of coppsr
furnaces, and bulkheads of open-hearth steel furnaces. They
are normally made from dunite in which the olivine (forsterite
rich variety) content is roughly 90 per cent. Magnesite is
added to convert easily fusible impurities to forsterite and
magnesioferrite.

Typical analyses of dunites used commercially follow:

"North Carolina Norwey
8i0p 31,7 41.81
Mg0 57.2 50.31
Fel 8.4 5.83
Feg03 - .25
4150z 1.1 m———
Crs03 0.1 0.37
K20 plus
Neo0 - 0.01

~ Orude dunite is quoted at $6.00 per ton f.o.b. North
Carolina,

It is notable that forsterite refractories have been
made satisfactorily in Germany from mixtures of serpentine
and magnesite although at & somewhat higher cost than from
olivine rock. In this connection it seems probable that they
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could be likewise made in British Columbia should a demand
for them arise. Dunite deposits are of restricted occurrence
and it is guesticnable if any in the province would approach
the desired forsterite content; serpentine on the other hand
is widely distributed and easily accessible from & number of
deposits for admixture with hydromasgnesite.

Results obtained in the removal of impurities from hy-
dromagnesite (see Beneficiatiom) suggests the possibility of
producing material of periclase {93%) or high grade periclase
(94%). grade by a relatively cheap treatment. With sufficient-
ly cheap power fused magnesia products may possibly be pro-
duced from processed hydromagnesite in future.

Cements and Insulating Materials

Lightly calcined magnesite, or caustic magnesite, mixed
with a solution of magnesium chloride sets rapidly to a dense,
hard,-and strong body. - Oxychloride, Sorel, or magnesite ce-
ment; made in this way is employed extensively.for flooring,
a8 well as for stucco, plaster, insulating board, artificial
tile, etc. ' - '

'Cauétic Magnesite

Until recently most of the caustic-mégnesite produced
was used in oxychloride cement, but today the chief use is
in the rubber industry. The subject is most conveniently
- discussed here, however, in view of its common association.

Caustic magnesite refers to magnesite which has been
calcined at a relatively low temperature (800 to 1000 deg. C.)
and in which a small per centage of carbon dioxide remains.
The carbon dioxide in itself serves no useful purpose, but
celcination at temperatures sufficient o remove it entire-
-1y results in overburning the product.

Two allotropic forms of maghesis are known: alpha-
magnesia and betea-magnesis or periclase. The former first
results from the dissociation of ¥gCOz, but changes readily
to the latter with sufficiently high temperature. The trans-
formation temperature is scmewhat variable but in general
lies above 1100 deg. G. Impurities, chiefly iron oxide,
hasten the transformation, and an iron oxide content of more
than two per cent usually requires calcining at a consider-
ably lowered temperature.

Alpha-magnesia is chemically reactive whereas periclase
is relatively inert; the latter, present in overburned caus~
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tic magnesite, though desirable for refractory use, is value-
less in oxychloride cement or for chemical purposes. Actfally
a balance must be struck and the result is that magnesium car-
bonate, alpha-magnesia, and periclase may be all present in
caustic-magnesite, the desideratum being a minimum content of
the first and last.

Calcination of caustic-magnesite for certain purposes
is simple; for oxychloride cement, however, the temperature
and rate of burning, as well as the grade and finensss of raw
magnesite, affect the properties of the final cement end must
" be carefully controlled. Not all caustic magnesite is suit-
able for oxychloride cement: that whiech is suitable, known as
plastic magnesisa, may show considerable variation in chemical
composition and physical properties. Caustic magnesite is
burned in either vertical or rotary kilns and marketed in
either lump or pulverized form, the former being desirable-
to minimize hydration and carbonation where prolonged ex-
posure to the air is unavoidable.

Production and Markets

A general resume of the production and marketing of
maghesite was given under the head of Refractories. No fig- -
ures are available relating to the proportional amcunts of
caustic-magnesite employed by various industries. In the
United States, however, the gquantity used as a chemical ac-
celerator in the rubber industry is several times that used
in oxychloride cement. Minor uses include the manufacture of
certain salts, heat insulation, end in Burope of metallie
magnesium.

Ameriecan production in 1937 {Ref. 10, p. 1127) of caus-
tic-magnesite, originating in California. and Washington, was
1G,000 tons valued at $311,326. 4An additional 2,798 tons
was imported, largely from India, with lesser amocunts from
Greece and the Wetherlands. Prices vary somewhat with purity
but in general range from $35.00 to $40.00 per ton £.6.b.
-mines. Statistics in respect to Cenadian production and im-
ports are not available; & relatively small quantity is pro-
duced from megnesitic-dolomite at Kilmar-Harrington East.

Oxychloride csment

Oxychloride cement sets guickly to a hard, dense, tough,
elastic.produet, which can be drilled, cut, or planed like
wood. It is fire resistant, adheres tenaciously to wood, is
‘reasonably waterproof, and expands slightly while setting.
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The main use of oxychloride cement at present is for the
preparation of flopring for public buildings, railroad cars,
boats, bathrooms, ete. These floors ere resisbant 0 wear
vet resilient, plgasing in appearance, are water and fire
resistant, and warm to the touch. In their preparation fill-
ers such as sawdust, tale, china clay, pulverized silica, and
asbestos are added .and the mixtures colored with suitable
pigments. The flooring may be laid over any surface, old or
new, without previous dressing or other preparation.

Oxychloride cement makes a smooth, tough plaster superior
in strength to both gypsum and lime, and which may be applied
to almost any surface including old plaster or concrete.

Free lime must be absent, however, insofar as the presence of

appreciable amounts brings about the decomposition of both

the oxychloride plaster or fleoring and the underlying mater-

ial.” In general the use of oxychloride plaster is restricted

in competition with other types by its higher cost. However,

very satisfactory drainboard slabs, artificial tile, and other
specialities are made.

Some 15 years ago, at least three-quarters of the plastie
magnesia produced went into the making of stucco. Magnesia
stucco has many recommendable features, among which are its
strength (about three times that of cement stucco), quick-
setting ability, ease of application,. and its firm bond to
both lath and rock-dash. On the other hand it is less weather-
proof than cement stucco and greater care is reguired in mixing
it., For these reasons it fell into disrepute, probably in
large measure due to lack of knowledge as to its correct use
and variability in grede of the plastic magnesia obtainable
at that time. Since 1929 very little has been used for this
purposge. Within the last 10 years, however, research has
been directed to the standardization of data respecting oxy-
chloride cements and to the improvement of its deficienciss.
Wuch progress has been mede and its use will probably increase
in the future.

Oxychloride cement is smployed to some extent in the
menunfacture of artificial lumber, wallboard, and insuleting
meterial (Thermex). In addition it is used ac dentist's
plaster, for small moulded articles such as pipe bowls and a
ash trays, as a dilute spray or paint for fireproofing cur-
tains, timber, ete. Insofar as oxychloride cement expands
rether than contrects during setting, it is idesl for all
types of moulded artieles.

The chemical composition of plastic magnesis may vary
between relatively wide limits yet yield cements of good quali-~
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ty; satisfactory testing is restricted to the determination
of physical properties of typlcal mortars during and after
setting., 1In general, however, good quality magnesia containsg
80 to 90 per cent MgO, 2 to 5 per cent COp, and not more than
4 to 5 per cent Ca0, the remeinder being original impurities
such as $10p, Alo0z, and FepO0z. The last three have little
bearing on the guality of the cement, acting merely as inert
© diluents which must be compensated for in the mortar by lesser
additions of other fillers. Free lime, water, and carbon di-
oxide are important, however, in influencing the physical
properties of the final product.

The permissible upper limit of free lime has not been de-
termined but amcunts in excess of 3 to ¢ per cent are likely
to yield cement of poor quality and short life. Undissoci-
ated calcium carbonate, on the other hand is no more deleteri-
‘ous than silica or other inert fillers.,

The water content is an index of the storage conditions,
a relatively high per ‘centage indicating prolonged exposure.
The carbon dioxide content depends upon the previous heat
treatment of the megnesis; if too little is present the mag-
nesia has probably been overburned. If toc much is present,
on the other hand, either the magnesia hss been underburned
or has been stored for an excessive period. 1In general 2 to
5 per cent of COp is found in good grade material. In passing
it is interesting to note that the exposure of plastic mag-
nesiz with consequent hydration and recarbonation may produce
e. stronger cement with reduction in expansion; setting time
may be unduly prelonged however. Fresh mortar, properly pre-
pared, acquires an initial set in about one hour and a final
set in eight to tenr hours.

Plastic magnesia must be finely sized, at least 95:per
cent through 100 mesh and 70 per cent ‘through 200 mesh being
commonly required.: In general the more finely divided the
magnesia the greater the set strength and the more rapid the
setting.

The standardization of data and specifications respecting
oxychloride cement should result in an increased future use
for many purposes. In particular it has been found (Ref. 8)
that the addition of fineicopper powder to oxychloride cement
gives a product in which resistance to weathering is greatly
increased, and strength expansion characteristics, abrasion
resistance, and other properties are markedly improved.

L))
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Possibilities for the Marufacture of Plastic Magnesia
from Hydromegnesite

Many points in the former discussion of the use of hy-
dromagnesite for refractory purposes are applicable here. Lo~
cal and Canadian consumption is smalil; American and other for-
eign markets are either already adequately supplied domesti-
cally or effectively closed by tariffs. Oxychloride cement,
however, is used by the construction industry whereas magnesi~
tic refractories are used only in certain specialized indus-
tries. In addition oxychloride cement may be made economi-
cally on a smell scsle with & minimum initiel investment; re-
fractories, on the other hand, must be mede on a much larger
scale and entail considerable plant expenditure. As a result
it is possible that a small local enterprise might enjoy or
create a sufficlently large market for a diversified line .of
oxychloride cemsnt products, sold at a sufficiently low price
ta encoursge their use, to justify exploitation of the de~
posits,

In many respects hydromagnesite appears eminently suited
to the manufacture of plastic magnesim. It is extremely fine-
grained, precluding the necessity of fine-grinding, and is
low in lime and iron. Silieca is high but its occurrence as
relatively large sand grains would minimize the formation of
silicates during burning, leaving it as an inert and harmless
filler. The total volatile content, including combined water
and carbon dioxide, is roughly 50 per cent in average hydro-
magnesite which compares favoursbly with 48 to 51 per cent
for various commercial magnesites.

Further, the temperature at which the 10 to 15 per cent
of combined water is eliminated, is below 57¢ deg. C., the
dissociation temperature of magnesium carbonate. 1t is prob-
able, therefore, that the actual amount of heat reguired for
the caustic calcination of hydromagnesite would be less than
for magnesite.

Some of the less pure hydromagnesites might yield plas-
tic magnesia suitable for certain purposes. Although com-
plete caleination of these would result in ar excessive amount
of free lime, it is possible to reduce this through cerefully
controlled calecination or to practically eliminate it through
recarbonation. By meintaining caleination temperatures at
750 to 850 deg. C. the dissociation of magnesite can be ef-
fected without dissociating caleite ‘appreciably.. Agein it
has been found {Ref. 12) that if calcined magnesia is brought
into contact with carbon dioxide gas at temperatures slightly
ebove the dissociation point of MgCOz but below thet of CalOz
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all of the free lime is rapidly converted. to CaCO3 with
rather large svolution of heat while MgO remains unaffeqted.

The lowest part of the creamy layer in the Meadow Lake
deposit might be of interest as a source of low grade cement.
Some 75,000 to 100,000 tons of impure hydromsgnesite is prob-
ably available of which the following analyses is fairly

typical.

Creamy Layer - 39-80"

MgO - 24.32%
Cal - 20.12
COp - 38.64
HsO - 2.93
Fep0z = 0.4%
3%203 - 1.35
Sids - 10.32

Assuming thet material of the above composition -be cal-
cined or recarbonated so that £aCOz retasins its full comple-
ment of COp but MgCOz is completely dissociated, the result-
ing product would have the following approximate composition

Mg0 - 31%
0al0g - 537
Feg0z, Alp0z,

and $i0p - B 16%

3ince CallOz has the properties of an inert filler the
material would contain 31 per cent MgQ and 69 per cent filler.
4lthough this would represent material too impure for most
flooring or plaster mortars, it could p0351b1y be used for
stucco and related purposes:

Basic Magnesium Carbonate

The principal use of basic magnesium carbonate is for
~ the preparation of "85 per cent magnesia insulation. Other
nses, dependent on its low apparent density {(from 5 to 10.
dbsi per cu. ft. for the light grade}, absorptive and adher-
.ing properties; and mild neutralizing action, are in the salt,
rubber, ink, and pharmaceutical industries. The "85 per cent
‘magnesia“ insulation is composed of 85 per cent basic magne-
sium carbonate, and - 15 per cent of asbestos fibre. It is em-
ployed chiefly as a covering for steem pipes and boilers, and
is also prepared in b100ks and shapes, and as cement for other
purposes.
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Basic magnresium carbonate, magnesia alba, or block mag-
nesia, (4MgCOz. Mg(OH)o. SHpO) is commonly made from dolomite
although magnesite may be uged. In recent years considerable
guentities have been derived from sea water. In its production,
dolomite is calecined and the burnt rock slaked with excess
water. Carbon dioxide from-the calcination is passed through
the slurry and calcium carbonate precipitated and removed by
filtration. The clear solution is then boiled causing the pre-
cipitation of basic magnesium carbonate which is likewise re-
moved by filtration and dried, or mixed with asbestos fibre
and moulded. The basic magnesium carbonate may be further
caleined to yield pure magnesia; in addition the by-product
caleium carbonate enjoys s considerable demand as & substitute
for whiting for many purposes, '

The current New York quotation for basic magnesium car-
bonate, bagged and in carload lots; is & 1/4 cents a pound
or $125.00 per ton. Prices for magnesium oxide and precipi-
tated calcium carbonate are 23 cents per pound {$460.00 per
ton) and 2 3/4 cents per pound ($55.00 per ton) respectively.
Whiting substitute ranges from $10.00 to $15.00 per ton for
the better grades. Production statistics are not available
for either Canads or ths United Statess imports for the letter,
however, in 1837 amounted to about 500 tons of basic magnesi-
um carbonate and 100 tons of pure megnesia.

The same factors apply to the manufacture of basic mag-
nesium carbonate from hydromagnesite as already discussed in
connection with refractories and caustic-magnesite; the most
important consideration being the lack of apparent markets.
Smell quantities of megnesie insulation are used in Western
Cenada but certainly insufficient to merit its local manufacs

ture unless foreign markets could be reached or additional
markets created. : .

Hydromagnesite is probably suitable for the manufacture
of basic magnesium carbonate by the process outlined although
research is necessary to work out operating details. It
should be possible not only to ubilize impure hydromegnesite
in this way but to seleet material in whioch the caleium car-
bonate content is commensurate with the market for precipi-
tated calcium carbonate.

Metallic Magnesium

Magnesium has acquired importance as an industrial metal
only in the last few years, although megnesium compounds are
wide spread and sbundant components of the earth's crust. Re-
cently, however, many difficulties in production have been
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overcome and a considerable demand has been established. TIts
field of application is growing daily and although present
consumption is largely for armament purposes, it is probable
that normal requirements will expand sufficiently in the near
future to assure continued expan31on without artifieial stimm-
lation.,

The supply of raw materials from which magnesiuvm may be
recovered is practiocally inexhaustible; most important are
megnesite, dolomite, sea water, salt springs, and salt de-
posits. The last two are the source of the magnesium metal
produced in Germany and the United States, whereas the first
two are used elsewhere. As yeb magnesium has not been ex-
tracted from sea water commer01ally, other than a small scale
in Japan, but recent success in the prepsration of various
megnesia products and magnesium salts from this source as-
sures its feasibility.

Three methods are at present used for the extraction of
megnesium; (1) electrolysis of fused chlorides, (2) electro-
lysis of the oxide in solution in molten fluorides, and
(3) direct reduction of the oxide by carbon in an electric
carbon arc furnace. The first is the most important from the
point of view of present production; the last, however, has
-proved highly satisfactory, especially where magnesite or
dolomite are the raw materials, and several plants have been
built within the last year. to use this process, The second,
although popular -scme years ago, has been largely. superseded
by the others :

The electrolytlc process is employed exclu51ve1y in Ger-
meany and the United States, magnesium being extracted from
potash~waste liguor and carnallite in the former and from
brine-springs in the latter.’ Blectrolysis is likewise used
in Italy and Russia, and by certain plants in Great Britain,
France, and Japan, and a- variety of source-materials is being
drawn upon, including carnallite, lake brine, sea-water bit-
tern, magnesite, and dolomite. Where magnesite and dolomite
are used they are first calcined and converted to magnesium
chloride by treatment with hydrochloric acid. In general the
actual process comprises three steps: (1) conversion of mag-
nesium chloride salts t{o enhydrous form and admixture with
other c¢hloride salts; (2) electrolysis of fused bath in a cell
at low voltage, and (3) purification of the metal. Details
of operating practice are widely different but in general tem-
peratures range from 450 to 750 deg. C., cell voltage from 2
to 8 volts, current from 10,000 to 20,000 amperes, and cur-
rent efficiency from 85 to 90 per cent. The energy required
to produce 1 kg. of metel is in the order of 18 to 20 Kw-Hrs.
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and the product may be up to 99.99 per cent pure.

The recently developed electrothermic process has been
adopted in several countries within the past two years, nota-
bly Great Britain, Japen, and Austria, In addition megnesium
has been produced electrothermally on an experimental scale
from Washington magnesite. The following description of the
process is quoted from the Minerals Yearbook, 1938 (Ref. 10,
p. 638):

"Phree parts of high-purity dead-burned magnesite
arg mixed with one;part of coal dust and’ subjecteq to =
temperature of about 2300 deg. C. in an-electric furnace
with three electrodes, where the magnesium oxide js re-
duced to magnesium vapor. The metallic vapor with ex-
cess coal dust passes through a flue, into which almost
pure hydrogen is introduced by jets from & surrqunding
pipe, and then into a cooler with a temperature of 150
%o 200 deg. C. .The product consists of magnesium pow-
der, coal dust, and a small quantity of magnesium oxide
which next passes through a closed warm conveyor into
an enclosed briquet machine. The briquets are heated
to 750 to 950 deg. C. in a small slectric furnace-under
pertial vacuum, from which the magnesium is distilled
and condensed in the form of small pellets. The pelleis
drep intc & hopper of hydrocarbon oil of high boiling
peint. The metal is separated from the cll, remelted,
and cast into ingots. Magnesium of 99.97 per cent
purity is produced. Fritz Hansgirg, originator of the
Austrian process, states that the total power consump-
tion is 11 kw~hr. per pound of magresium metal. The
over-all recovery is probably better than 80 per cent
of the magnesium content of the calcined magnesite.”

Metallic magnesium is silvery white in color and one-
third lighter In weight than aluminum. It is somewhat
malleable when.cold but extremely so if heated to 350-450
deg. C. It can be easily cast into moulds and worked into
various forms. The chief limitation to the use of magne-
sium and its alloys at present is the reactive nature of the
metal which causes it to oxidize readily in a humid atmos-
phere, or corrode in contact with certain solutions, Ex-
tremely pure metal, such as that obtained by the electro-
thermic process, shows a relatively high resistance to oxide-
tion, and scme alloys are practically as stable as other com-
mon industriel metals, Agsin, considerable sdvences have
been made in methods of surface treatment to resist corrosion,
two of the most common being immersion in nitric acid-sodium
dichromate solution or in selenious acid or ascidified sodium
selenite.
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For most construction work magresium must be alloyed for
sufficient strength, the common commercisl alloys being con-
fined to those with aluminium and zinc containing & small
amount of mangaress. Cerbain more complex alloys involving
cadmium, copper, silver, etc. are used for special purposes.
Sand and die castings, forgings, rolled sheet, and extruded
structural members are being.produced today for a variety of
uses including crank cases, pistons, transmission bodies,
gear cases, hub caps, aireraft and automobile parts, wvacuum
clesners and typewriter parts, gun and rifle parts, and parts
for ceameras, binoculars, radio~equipment, portable pneumetic

tools, bread slicing and wrapping equipment, textile machinery,

packaging equipment, type-welding equipment, automatic ham-
mers, ete.

New extrusion alloys have been recently developed and
their use extended to various structural members. Magnesium
rolled sheet has recently been used by printing concerns for
etching plates, and a special alloy extensively employed by
the electrical industry for bus bars.

Megnesium is widely used as a deoxidizer in the manufac-
ture of non-ferrous castings, for the dehydration of oils, as
a catalyst in several chemical processes, for the production
of intense light for photography, in certain explesives such
as smmonal, in the thermit reduction process, and in flre-
works, flares, star shells, etc.

As mentioned, a variety of raw products are used for the
extraction of metallic magnesium; megnesite and dolomite being
importent sources in several countries. Little information
has been published, however, in respect to processes or purity
requirements of the raw materials involved. One large manu-
fecturer gives the following specifications for magnesite to -
be used in the electrothermic process: material to be dead-
burned with a MgO content of 93 to 94 per cent and ignition
loss of not over 0.5% but preferably 0.3%. The ferrous oxide
content is most importent smd should not exceed 0.5% although
up to 1% is permissible. Lime is next in importance and
should-be as low as possible, preferably not over 1.5%.

Silica is allowable up to 3+5% and alumine to 0.5% to 1%.

None of the hydromagn351te sampled is sufflclently pure
to meet the above requirements, although the Atlin material
epproaches them fairly closely. Beneficiation tests; however,
have shown the possibility of materlally inereasing the purity
of the hydromegnesite, and relatively pure magnesia can prob-
ably be prepared by recarbonation. Again the requirements of
- gertain users may not be as stringent as those above. In gen~
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eral, therefore, the hydromagnesite of British Columbia may
prove of value as a sourge of metallic megnesivwm should its
menufacture be contemplated in the provinece.

World production of magnesium in 1937 was estimated
(Ref. 10) to be 18,000 metric tons, of which Germany produced
10,000, United States 2059, United Kingdom 2000,” France 1500,
Japan 1200, Switzerland 700, USSR 400, Austria 80, and Italy
66. Estimates for 1938 are not complete but world production
has probably increased to at least 21,000 tons, with new oper-~
ations contemplated in Japan, United Kingdom, Italy, and the
United States. Magnesium metal, 99.8 per cent pure and in car-
load lots, is quoted at 30 cents per lb. on the New York msrlk-
et. It is estimated that high-purity magnesium can be pro-
duced for 15 cents per pound at most, and possibly with quen-
tity production at as low as 10 cents from Washingbon magne-
site on the basis of wholesale power charges of #17.50 per
kilowatt year.

Chemical and Qther Uses

Although the mejor uses of magnesite and magnesitic pro-
ducts have been discussed, & few minor ones remain which are
worthy of mention.

Crude magnesite has few uses. other than for the manufac—
ture of the products already discussed. It has been employsed,
however, in the sulphite paper process, as a source of carbon
dioxide gas, and finely ground as a filler in various products
inecluding paints and fertilizers. In the last connection the
value of magnesium as a plant and animal food is being realized
more and more, with the probable result that increasing amounts
of magnesite, dolomite, and magnesium salts will be used in
the manufacture of fertilizers as time goes on. In a few in-
stances epsom salts are made by treating magnesite with sul-
phuric acid, and magnesium chloride with hydrochloriec ameid.

The amount of crude magnesite sold in the United States and
Cenada is small, only 1952 tons being sold as such during
1937 in the former country, with an average value of $14.98
per ton.

The largest part of the caustic magnesite produced is
used as a chemical accelerator in the manufacture of rubber.
Although in general the requirements are similar to those for
oxychloride cement, the magnesite need not be burnt as hard
for this purpose but must be practically free from manganese.
The selling price of caustic-magnesite ranges from $35.00 to
$45.00 per ton f.o.b. mines.

Basic magnesium carbonate is used in considerable quan~

- 155 -



tities by the rubber, ink, salt, and pharmsceutical indus-
tries. In rubber manufacture it is utilized largely in the
production of mechanical goods and in the manufacture of
printer's ink to produce a dull finish and hold the vehicle.
About 1 per cent of basic magnesium carbonate is added to
common salt to meke it free-flowing. In the pharmaceutical
and toilet preparation industries large guantities of basie
magnesium carbonate as well as megnesium oxide end hydroxide
are used in the manufacture of tooth powders and pastes,
ointments, face pdwders,‘antacid preparations, etc.” Certain
chemicals such as magnesium citrate, fluosilicate, etc. are
elso made from the carbomate. Basic magnesium carbonate is
quoted at 6 1/4 cents per 1b. f.o.b. works. '

The main uses of magnesium hydroxide and magnesium oxide
are in the chemical and pharmaceutical industries. Hilk of.
Magnesia, consumed in relatively large quantities, is & sus--
pension of hydrous magnesium hydroxide prepared either by the
reaction of epsom salts and caustic soda or by the dispersion
of special grades of hydrated magnesia. Magnesium hydroxide
is a more satisfactory neutrslizer than caustic scda, and can
replace caustic seda and litharge to advantage in the sweet-
ening of gasoline. It is also highly efficient in the removal
of hydrogen sulphide from gases, and is valuable in the syn-
thesis of alecohols. 8pecial grades of magnesium oxides have
proved experimentally to be more efficient theh decolorizing
elays for the oil industry.

Magnesium chloride has a variety of uses including
bleaching and the manufacture of cotton goods.

Magnesium oxide, U.S.P., light, in barrels is guoted at

42 cents a pound, and magnesium chloride, in drums, at $36.00
per ton on the New York market.
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