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Introduction 

ous parts of the  interior of  British  Columbia. Most of  them 
have  been  known for many  years  and  some  commercially  exploited 
on a small  scale.  The  more  important of these  deposits  were 
investigated  by  the  writer  during  the  summer  and  autumn of' 
1937. The  present  report  brings  together infomation based 
on this  field  work  as  well as previously  published  report$;.. 

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. 

Deposits  of  sodium  and  magnesium  salts  occur  in  varj.- 

Most important  are  common  salt,  potassium  salts,  salts  of 
boron, marl,  and  gypsite:  The  first  three  are  not  known t o  
occur  in  commercial  quantities  in  British  Columbia;  the  last 
two,  although  relatively  abundant,  have  insufficient comer- 
cia1  value  at  present  to  merit  their  separate  inclusion. 

Many  compounds,  related  to  the  above  are  found  in  nature. 



Occurrences of Sodium and 
Magnesiun S a l t s   i n  

a r i t i s h  Colurnbia 

Sal ine  Deposi ts  

of sodium and  magnesium s a l t s ,   a r e  found in   t he   C l in ton ,  
Chi lco t in ,   Ashcrcf t ,  Kamloops and  Okanagan a reas .  Three f a i r -  
l y   d i s t i n c t   t y p e s  of b r i n e  occur i n   t h e s e :   t h e  f i r s t  i s  com- 

magnesium and sodium carbonate,  and t h e   t h i r d  i s  composed pre-  
posed l a r g e l y  of sodium carbonate,  t h e  second contains   both 

dominantly  of  sodium  sulphate.  Lakes i n  which  sodium  carbon- 
a t e  i s  the   impor tan t   cons t i tuent   ra re ly   conta in   apprec iab le  
amounts of o t h e r   c o n s t i t u e n t s ;   t h e   o t h e r s ,  however, a r e  more 
var iable   in   composi t ion.  

Small   undrained  lakes   containing  concentrated  solut ions 

Sod.ium Carbonate Lakes 

The b e s t  kn0.m sodium c a r b o n a t e   l a k e s   i n   B r i t i s h  Colum- 
b i a   a r e   t h o s e  of t h e  Green T'imber P la t eau ,   no r th  of Cl inton.  
Severa l  of these  have  yielded  sal   soda  commercially  for a num- 
ber  of  years ,  and p l a n t s  were e r e c t e d   a t   t h r e e   i n   u n s u c c e s s -  
f u l  a t tempts   to   produce  soda  ash.   Shipments   of   sal   soda  have 
l ikewise  been made from a lake  near  Cherry  Creek, 1 2  mi les  
west of Kamloops. Unexploited  lakes  containing sodium ca r -  
bona te   b r ine   l i e   a long   t he  Kamloops-Vernon road ,   ea s t  of the 

the  Nemaia.valley road  south o f  Hanceville.  
Thompson River  and 7 miles   south of  Spences  Bridge, and near  

Green  Timber Pl.ateau - (See Map 2 )  

The Green  Timber P la t eau  i s  bounded by t h e  Marble Moun- 
ta ins  on the  south-west ,   the   Praser   I l iver  on the   wes t ,  Lac La 
Hache v a l l e y  on the   no r th -eas t ,  and the  Bonaparte  River 'on 
the   south-eas t .  I t  i s  f l a t  o r  gen t ly - ro l l i ng   w i th  a n  average 

t ed   l a rge ly   w i th   j ackp ine .  Basalt ic l ava  f l o w s  unde r l i e   t he  
elevat ion  of  3700 f ee t ,   man t l ed   w i th   g l ac i a l   d r i f t ,  and fo re s -  

a rea   bu t   ou tcrops   a re   ra re ,   the   type   exposure   be ing  i n  t h e  
Chasm. 

The cl imate  of t h e  region i s  severe   wi th  a range  of tem- 
pe ra tu re  f rom 90 degrees  o r  more i n  summer t o  a minimum of 
30 t o  40 degrees  below  zero i n  win ter .   Prec ip i ta t ion   avers .ges  
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Showing location of known saline deposits in British Columbia. 
MAP 1. (Key-map.) 
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May, June,  July,   August  and  September,   precipitation  totals 
9 t o  1 2  inches,  w i t h  3 o r  4 inches  represented  by snow. For 

5 t o  8 inches;  mean temperatures f o r  these  months  range  from 
47 t o  60 degrees.  

ex i s t en t   ove r  much o f  the  area.   Shallow  undrained  lakes 
abound,  ranging  in  size  from  pools a few yards   in   d iameter  
t o   f a i r l y   l a r g e   b o d i e s  o f  water  such  as Green Lake and Mea- 
dow Lake. Nea r ly   a l l   con ta in   a lka l ine   b r ines  of var ious  d.e- 
grees  of concen t r a t ion ;   i n  some, sodium carbonate i s  the   on ly  

minor  amounts  of d i f f e r e n t  s a l t s   a r e   p r e s e n t .  
impor t an t   cons t i t uen t ,   i n  others ,   notably the la rger   l akes ,  

Dra inage   l i nes   a r e  few, poorly  developed  and  even non- 

m i n i n g   t h e   a l k a l i n e   l a k e s  of t h e  Green Timber P la teau .  Re- 
examinations  were made of a number of lakes  which  have  been, 

has  been  published.  Others showing  evidence of  a l k a l i n e  
o r  a r e   be ing  worked  and about  which  considerable  information 

brines  were  sampled. Many of t h e   l e s s   a c c e s s i b l e   l a k e s  were 
n o t   v i s i t e d ;  some of these  undoubtedly  contain  br ines  compar- 

t he   a r ea   has  been carefu l ly   searched  f o r  lakes  of poss ib le  
ab le   w i th   t he  more d i lu t e   b r ines   ana lysed .  On the   other   hand,  

commercial  value  by  local  inhabitants  and it i s  u n l i k e l y   t h a t  
any of present  economic i n t e r e s t  have  been  overlooked. 

The wr i t e r   spen t   s eve ra l  weeks i n  t h e  autumn of 1937  ex- 

General  Description of  Soda Lakes 

w i t h  the   except ion  o f  Last Chance  Lake (Map 2 ,  No. 10) .  X11 
The soda   lakes   under   d i scuss ion   a re   essent ia l ly   s imi l .a r  

occupy g e n t l e   d e p r e s s i o n s   i n   d r i f t   r e p r e s e n t i n g   v e r y   r e s -  
t r i c t e d   d r a i n a g e   b a s i n s ,  and a r e  small, shallow, and without 
appa ren t   ou t l e t s .  The depth of b r i n e   v a r i e s   i n   g e n e r a l  wi.th 
the season o f  the  y e a r ,   b e i n g   g r e a t e s t   i n  t h e  spr ing  a f t e r  
run-off   and  least   in   the autumn; cer ta in   lakes   are   complete-  
l y  dry by t h e  end of t h e  summer. All lakes  have,  apparently,  
contained  considerably rnore water  a t  one t ime  than  they do a t  
p resent .  

Lake beds  are  composed of s o f t   b l a c k  mud s e v e r a l   f e e t  
deep. The same mud, usua l ly   covered   wi th  a th in   whi te   e f - .  
f lo rescence  of d r i e d  sodium carbonate,   surrounds  the shore!- 
l i n e s  t o  a width of  20  f e e t  o r  more. I n  most  cases  the  for- 
e s t  edge   ex tends   p rac t ica l ly   to   the  mud l i n e .  

are   apparent ly   devoid of l i f e .  A most   interest ing  feature: ,  
Apart  from a spec ie s  of small red  crustacean,  t h e  lakes  

however, i s  the  presence o f  swarms of b l a c k   f l i e s  around tihe 
wa te r   l i ne   o f   t he  more concent ra ted   l akes .  These a r e   u s u a l l y  

- 3 -  
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Showing  location of Soda Lakes on  Green Timber Plateau. 
MAP 2. 

Geology from Ksmloops Sheet, Geological Survey of Canada, G. M. Dawson. 



so numerous a s   t o  form a black  r ing  around  the  lake,  a f o o t  
or more i n  w i d t h .  The f l i e s  'are  not  found  associated  with 
d i l u t e   b r i n e s  and hence a r e  a t  l e a s t  an ind ica t ion  of  a hj.gh 
degree of soda  concentrat ion.  A reddish-purple ,   spiky  plant ,  
commonly c a l l e d   t h e   " s a l t   p l a n t , "  grows i n   t h e  mud surround- 
ing   t he   l akes .  I t s  ashes  were a pr inc ipa l   source  of soda  ash 
i n  Europe before  the  invent ion of the  Leblanc  process.  

In   gene ra l   t he   va r ious   l ake   b r ines   a r e   d i lu t e   t o  conoen- 
t r a t e d   s o l u t i o n s  of  sodium carbonate   containing minor  amounts 
of o t h e r   s a l t s .  The soda  lakes   proper ,  however, con ta in   b r ines  
wi th   spec i f i c   g rav i t i e s   r ang ing  from  1.048 t o  1.125, i n  which 
-sodium ca rbona te   cons t i t u t e s  92 t o  95 per   cent .  of t o t a l   s o l i d s .  
I n   c e r t a i n  of  these   the   concent ra t ion  of sodium carbonate by 
the  end of the  dry  season becomes such t h a t  t h e   b r i n e s   a r e  

t a l s  of na t ron  (Na2C03.10H20) a r e   p r e c i p i t a t e d .  
super-saturated i n   r e s p e c t   t o  winter   temperatures ,  and crys-  

posi ted  over   the  ent i re   lske  bed,   forming a c l ean  s o l i d  l aye r  
up t o  9 inches   th ick  of  i n t e r l o c k i n g   c r y s t a l s .   I n   l a k e s  of 

form,  whereas in   deeper   lakes   exposed t o  a prevai l ing  wind,  a 
l ower   concen t r a t ion   l a rge   b ranch ing   d i sc re t e   c rys t a l s  may 

layer  of  na t ron  i s  commonly deposi ted  only on t h e  windward 
shore.  Under normal   condi t ions  the  natron,  known as winter-  
c r y s t a l ,  i s  r e -d i s so lved   i n   t he   sp r ing   w i th   i nc rease   i n  tem- 
pe ra tu re  and i n f l u x  of more wa te r .  If,  however, t he   depos i t  
i s  bur ied  or covered  with mud so  t h a t   d i s s o l u t i o n  i s  inhib-  
i t e d ,   a t   l e a s t  a p a r t  may remain  through  the summer t o  be  aug- 
mented during  the  fol lowing  winter .  In t h i s  way a bed o f  per- 
manent c r y s t a l  may accumulate. 

In   shal lower  lakes  of  high  concentrat ion,   natron i s  de- 

In  genera l ,  sodium carbonate i s  p r e s e n t   i n  the  soda 

c r y s t a l .  Only one lake  (L.ast Chance Lake, Map 2,  No. 10) on 
l a k e s   e i t h e r   i n   s o l u t i o n ,  or a s   w i n t e r   c r y s t a l ,  or permacent 

t h e  Green Timber P la teau  i s  known t o  conta in  8. depos i t  o f  
permanent c rys ta l ,   a l though  another  (Goodenough Lake, Map 2, 
No. 4) has a high  proport ion of d i s semina ted   c rys t a l s   i n  i t s  
muddy bed. In t h e  autumn of 1937 ten  lakes   contained  br j .nes  
of s p e c i f i c   g r a v i t y   g r e a t e r   t h a n  1.040, b u t   i n   o n l y   t h r e e  of  
these  (hap 2 ,  Nos. 7, 11 and 1 2 )  d i d   c r y s t a l s  form  during  the 
win te r s  of  1936-37  and  1937-38. Of t he   o the r s  examined s i x  

ranging down t o   1 . 0 0 2 .  
had s p e c i f i c   g r a v i t i e s   g r e a t e r   t h a n  1.010, the  remaining  seven 

Eighty-Three - Mile Lake (Map 2 ,  No. 1) 

Eighty-Three  Mile Lake l i e s   s e v e r a l  hund.red f ee t   wes t  of 
the  Cariboo Highway near  83  mile.  In October,  1937, it ICOV- 
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ered  approximately  30  acres  and  contained  brine  to a maximum 
depth of about 2 f e e t .  A b r i n e  sample  had the  following com- 
pos i t ion :  

(1) Speci f ic   Gravi ty  a t  16  degrees C. - 1.0485. 
P e r   c e n t .   s o l i d s  - 4.85%. 

Composition of S o l i d s  

97.2% 
2 .8  

t r a c e  
t r a c e  
t r a c e  

(1) Chief  Assayer,   Victoria.  

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

No winter -c rys ta l  was forming a t  the   t ime of examination, 
and it is  understood t h a t  none  has   occurred  in   recent   years .  

A sample of b r ine   ob ta ined  i n  t h e  autumn of 1924  (Ref. 3 ,  
p. 95) had a s p e c i f i c   g r a v i t y  of 1.040 at. 22 deg. C:, equi- 
v a l e n t   t o  1.0412 a t . 1 6  deg. C .  

amount of sodium.carbonate . in   solut ion-would  be  f rom >OOO t o  
2000 .tons. 

.As,suming an  average  depth of 6 i n c h e s   t o  one f o o t ,  tbe 

Goodenough and Sa fe ty  Lake (Map 2,  No. 4) 

Goodenough  Lake lies about  500  feet ,  and Safe ty  Lake 
about   1400  feet   south . o f  t h e  west end of Meadow Lake.  Both 
ware  completely  dry in October,.  19%7,  and it i s  understood 
tha t   they   have   been   for   severa l   years .   In   each   lake   the  sue- 
f ace  was covered w i t h  a white  encrustation  from  one-quarter 
t o  1 i nch .   t h i ck .  The a rea  of the.   encru.station  in Goodenough 
Lake. was roughly 16  ac re s ,  and t h a t  of Sa fe ty  Lake 5 acres .  

The extreme  softness of the   l ake   beds  made d e t a i l e d  in- 
ves t iga t ion   imposs ib le .  However, .a p i t   a b o u t . , 4 0  feet  from. 
the   shore  a t  the   nor thern  end o f  Goodenough  Lake  showed the  
su r face   e f f lo re scence   t o   be   unde r l a in  by 8 inches of greenish 
muddy mater ia l   conta in ing  50 t o  75  per   cent .   natron  crystals ,  
beneath  which was black  oozy mud. About 1 i n c h   o f - s i m i l a r  
crystal-charged material was noted  under  the  white  surface 
l a y e r  o f  S a f e t y  Lake. 



The fo l lowing   descr ip t ion  of Goodenough Lake in   October ,  
1924, i s  quoted from a r epor t  by Goudge, Department  of  Mines 
and Resources,  Ottawa  (Ref. 6 ,  p. 8 6 ) :  

"In October,  1924,  there was a depos i t  o f  pure  
win te r   c rys t a l ,   ave rag ing   abou t   t h ree   i nches   i n   t h i ck -  
ness,   covering  14  acres of the bed of Goodenough Lake. 
This  bed was composed of i n t e r l o c k i n g   c r y s t a l s  of na- 
t r o n  and was hard and  compact. 1 t . r e s t e d   d i r e c t l y  on 
t h e   l e v e l  mud bottom  of t he   l ake .  On t op  o f  t he   c rys -  
t a l  was a t h i n  f i l m  of b r ine   one-quar te r   to  1 inch 
deep. I n  the   wes t e rn   pa r t  of the  lake  there   were  sev-  
e r a l   c i r c u l a r  open  spaces 2 t o  8 inohes  in   diameter  i n  
the   c rys ta l   bed .  These  openings  were  fringed  with  per- 
fect ly-formed  natron  crystals  and  appeared t o  mark 
s p r i n g   o r i f i c e s   b u t  no f l o w  was observed. 

depth of 2 1/2 f e e t ,  impregnated w i t h  n a t r o n   c r y s t a l s .  
"The mud benea th   the   win ter   c rys ta l  i s ,  t o  a 

These c r y s t a l s  which  occur  individually,  and t h e  ma- 

about  75  per  cent.  of the  mixture  of mud and c r y s t a l .  
j o r i t y  o f  which  are   very  perfect   in   out l ine,   comprise  

These  crystals  do not   d i sso lve  w i t h  t h e   w i n t e r   c r y s t a l  

muddy c r y s t a l .  " 
i n   t he   sp r ing   bu t   r ema in   a s  a permanent  deposit qf very 

(xef .   6 ,   p .  87): 
The following  analyses  are,quoted,  from.th.e.  swe r e p o r t  

Analyses of Crys ta l ,  Goodenough Lake 

I 
Natron from.Surface 
Winter Crys t a l   o r  

0.44% 
"" 

0.35 
"" 

"" 

"" 

0.05 

0.70 
97.65 

0.81 

- 
Muddy Permanent 

Crys ta l  

48.88% 
- 

6.47 
t r a c e  
1.37 
"" 

0.39 
"" 

"" 

"" 

43.19 
- 

(These  are  recalculated  on a 100 p e r   c e n t .   w a t e r   f r e e   b a s i s . )  



Hypothetical  Composition of Residual  Brine 

Spec i f ic   Gravi ty  a t  22 degrees C - 1.108 
Tota l   per   cen t .   so l ids  - 13.35% 

6.54% 

6 . 8 7  
2.03 

3.19 
14.16 
67.16 

Goudge descr ibes   Safe ty  Lake a s  fo ' l lows: (Ref. 6 ,  p.88). 

"Safety  Lake--is a small lake  having an a rea  of on- 
l y  4 1/2 acres   a t   water   l eve l   (October   1924) .  

'When t h e   l a k e  was examined t h e r e  was no c r y s t a l  
of   any  kind  vis ible ,   but  it con ta ined   b r ine   t o  an 
average  depth of 6 inches.  The chemical ana lys i s  of 
t h i s  b r ine  i s  shown below ... 

"The mud beneath  the  br ine was v e r y   s o f t  and  deep." 

Hypothetical  Composition,  Safety  Lake  Brine 

Spec i f ic   Gravi ty  a t  22  degrees  C .  - 1.091 
To ta l   pe r   cen t .   so l id s  9.57% 

KC 1 - 3.97% 
E@, (HCOg)2 - 4.23 
Na2S04 
NaCl 

- 0.39 

NaHC03 
3.96- 

- 4.94 
Na~C03 - 32.51 

- 

Hoffmann mentions  the  occurrence of natron i n  Goodenough 
Lake i n  the  Geological  Survey of Canada  Annual  Report for 
1898 (Ref. 8, p .  11 R ) .  The fol lowing i s  excerpted  from  his 
descr ip t ion :  

"The depos i t  at the  time o f  i t s  examination--the 

of   the  bot tom of  the  lake,   which  has an a r e a  of  no t  
c lose  of t k e   d r y  season-was found to   cover   the  whole 

less   than   twenty   acres ,  up t o  S o r  10 f e e t  of i t s  mar- 
gin,   and  to  have a f a i r ly   un i fo rm  th i ckness  of  from 
7 1/2 t o  8 1/2 inches,  b u t  t o   t h i n  down a t  the   edges  
to   abou t  2 inches.  I t  was covered  by  about 3 inches 
of wa te r ,   bu t   i n   t he   sp r ing  and e a r l y  summer, a f t e r  
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the   mel t ing  of t h e  snow, it i s  said t o  be   increased   to  
a depth of some t h r e e   f e e t  more o r  l e s s .  The depos i t  
would, it has  been  estimated,  represent  approximately 
twenty  thousand  tons  of  material ."  

The fo l lowing   ana lys i s  was made o f  fresh win te r   c rys t a l s :  

Na2C03 
NaHC03 
NazSO4 
NaCl 
H20 

35.54% 
1.34 
0.14 
0.02 

62.89 

upon which   the   c rys ta l   bed   res ted  and no te s   t he  numerous  na- 
Hoffmann f u r t h e r   r e f e r s   t o  a dark  greenish-grey  stratum 

t r o n   c r y s t a l s   d i s t r i b u t e d   t h r o u g h  it. The l ake   b r ine  had a 
s p e c i f i c   g r a v i t y  of  1.1085 a t  15.5 degrees C .  

September, 1919, a t  which  t ime  the  area  of   the   lake was rough- 
Reinecke  (Ref. 9 ,  p. 6 1 ) ,  examined Goodenough Lake i n  

the   fo l lowing   ana lys i s   r ep resen t s  a saxple   taken from the   r e -  
l y  15 ac re s .  No mention i s  made of the   depth  of b r ine ,   bu t  

mains o f  an   o ld   s tock-p i le  on the   sho re  of the   l ake :  

Ka2CO3 
Na2SO4 
Water 

53.2i  
0.14 

46.47 

At present   the  only  sodium  carbonate   in  Goodenough Lake 
occurs as muddy permanent   crystal ,   the  sodium carbonate con- 
t e n t  of  which i s  probably  between 3000 and 5000 t o n s .  I t  i s  
i n s t r u c t i v e   t o  examine the  fol lowing  tonnage  es t imates  for t h e  
y e a r s   i n  which da ta   a r e   ava i l ab le :  

Hoffmanr 

Reinecke 

Goudge 

Wri te r  

Date Area of b r i n e   o r  
w i n t e r   c r y s t a l  

Autumn 

Autumn 

Autumn 

Autumn 

20 ac res  

1924  14.5 " 

1937 none 
I 

Estimated  tonnage of Na2C03 

Permanent 
Crys ta l   Crys ta l  

2300 90)  

none none) 5000 
) 3000 t o  
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permit .an i n t e l l i g e n t   e s t i m a t e  o f  t h e   q u a n t i t y  of  permanent 
Unfo r tuna te ly   i n su f f i c i en t  information i s  a v a i l a b l e   t o  

c r y s t a l .  Even a l lowing   for  a poss ib le   increment   to   th i s , .  
however,   through  the  years,   there  has  been a d e f i n i t e  dimin- 
u t i o n  of  t h e  amount of sodium  carbonate i n  the  lake.,  Records 
showthat   ' no t   over  600 tons  o f  na t ron ,   equa l   t o  200 tons of  
sodium  carbonate,  has  been removed f o r  commercial  purposes.' 

I n s 9 2 4   t h e   b r i n e  of Sa fe ty  Lake contained  about 300 tons  
of sodium  carbonate.. Today none i s  p re sen t   o the r   t han   t ha t  
represented by a one-inch  layer iof   greenish mud and c r y s t a l  
amounting t o  no  more than 80 o r  90 tons  of sodium carbonate 
a t -   b e s t .  i 

Goudge notes  (Ref: 6 ,  p .  86) t h a t   t h e   e l e v a t i o n ,  o f  t h e  

proximately  the same a s . t h a t   i n  Meadow Lake.  This' i s  worthy 
sur face  of t he   b r ine   i n   Sa fe ty  and Goodenough Lakes'.ivds  ap- 

of mention insofar  as t h e  water now i s  apparent ly  muah lower 
i n  Meadow Lake than it was a t  the  t ime of his   examinat ion. '  

Lake No.., 6. (Nap 2 ,  No. 6)  

m i t e  Lake  and  one mile nor th  of Liberty  Lake. It,,,is long 
and  narrow,  occupying a sha l low  depress ion   in .gent3y   ro l l ing  

age of 8 I l ches  o f  brine  over  an area.  o?'@aoi..es i l'be sur- 
country/.e,xWhen v i s i t ed   i n   Oc tobe r  1937 it contafn.edeaq aver- 

rounding mud was p r a c t i c a l l y   f r e e  o'f t h e   t y p i o a l   a l k a l i n e  ef- 

was present  and  none i s  known t o  haGe formed he re  i n  pas t  
f lo rescence  and  soda f l i e s  were absen t .  No win te r - c rys t a l  

years .  The b r i n e  i s  a ' r e l a t i v e l y  weak so lu t ion  of sodium 
carbonate   as  shown by the   fo l lowing   ana lyses :  

Lake No. 6 i s  about 1 1/2 miles  north-west of L i t t l e  

(1) Sp. Gr. a t  16 deg: C :  - 1.033 
T o t a l   s o l i d s  - 3.2% 

Composition of So l ids  

( 2 )  Na2C03 
Na2SOq 

- 00.5% 

NaC 1 
14. G,% 

MgS04 
5.5% 
t r  .. 

C aS 04 - t r  .. 

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

- 
- - 

carbonate.  

Froa   the   above   ana lys i s   the   q i lan t i ty  of sodium carbonate 
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con ta ined   i n   t he   b r ine  would be  about 180 tons .  

Reinecke  (Ref. 9, p. 611, examined t h e   l a k e   i n   t h e   e a r l y  
autumn of 1919 a t  which  t ime  brine,   with a spec i f i c   g rav i t ; y  

6 inches  to  one foo t .  

the   nor th   shore .  The or iginal   lake  bed  occupied a long  narrow 
shal low  depression.  %hen visited  by  Reinecke  (Ref.   9,  p .  61) 
i n  1919  two l akes  were present ,   the   l a rger   cover ing   15 .6  

t o  a depth of 1 f o o t .  
a c r e s   t o  a depth of 10  inches,   the   smaller   covering  9 .5   acres  

The following  analyses  were made of samples  taken  by  the 
w r i t e r :  

Brine  Samples - Libe r ty  Lake 

(1) 8p.  G .  a t  16  deg. C .  - 1.1255 
To ta l   so l id s  - 13.78% 

Composition of S o l i d s  

- 81.5% 

- 6.5% 
- 11.7.% 

- tr. 
- tr.  

(1)  Sample o f  w in te r - c rys t a l  from s tock  
p i l e  on shore 

(2 )  NazC03 - 88.79% 
- 11.02% Xa2SO4 

Inso l  - t r a c e  
h!gSO4 - t r a c e  
Ca, C02, GI, A l ,  Fe,  and PO4 - absent  

Note: Above ana lys i s   r eca l cu la t ed  t o  10% water-free 
b a s i s .  Sample as analysed  contained 14.2% water .  
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(1) Chief   Assayer ,   Victor ia .  
( 2 )  Both  carbonate  and  bicarbonate  expressed 6 s  

carbonate .  

i n   t h e   l a k e  under   discussion,   a l though  he made no e x m i n a t i o n .  
Goudge m e n t i o n s   t h a t   c r y s t a l  w a s  known t o  form i n  1924 

Records do not  show t h e  amount of  natron  harvested.  from L i -  
berty  Lake.  Several  hundred  tons  have  been  shipped,  however, 
and s t o c k   p i l e s   a l o n g  the shore   con ta ined   i n   1937 ,   a t   l ea s t  

were 4 t o  5 inches   t h i ck  and  were composed o f  c l e a r   c r y s t s l s  
400 tons .  The s l a b s  of  w i n t e r   c r y s t a l   i n   t h e   s t o c k   p i l e s  

covered  with a whi te  powdery coating.. 

When v is i ted   the   l akgconta ined   approximate ly   1500 t o n s  
of  sodium  carbonate  in  solution. No permanent  crystal-bed i s  
known t o  occur .  In  1919 b r i n e   i n   t h e   l a r g e r   l a k e  examined by 
Reinecke ( X e f .  9, p:61) had a s p e c i f i c   g r a v i t y  of 1.135, t h a t  
i n   t h e   s m a l l e r  1.160. On t h e   b a s i s   o f   t h i s ,  and  assuming t h e  

bonate i n  s o l u t i o n  st t h a t  t i m e  would have been  roughly 5000 
composi t ion   to   be   the  same as today,  the amount o f  sodium  car- 

t 031s . 
Snow Xhi te  Lake (Map 2 .  No. 8 )  

about one mi le   wes t  of t h e  Canoe Creek  Road. I n  OctoSer  1937, 
it contained  about  8 inches of  br ine ,  of  which the   fo l lowing  
a n a l y s i s  i s  t y p i c a l :  

Snow White  Lake, a shal low  lake  covering 9 a c r e s ,   l i e s  

(1) Sp. Gr. a t  16  deg. C .  - 1.050 
To ta l   so l id s  - 4:88$ 

Composition o f  S o l i d s  

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

bonate.  

nor  has  any  formed f o r  s eve ra l   yea r s ,  The remnants of a s tock 
P i l e ,  however,  were  noted on t h e   e a s t   s h o r e ,  and it i s  under- 
stood  that   shipments  have  been made. 

NO depos i t  of win ter -c rys ta l  was p resen t  when examined 
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o ld   ' s t ock   p i l e :  
,.The fo l lowing   ana lys i s  (1) represents  a sample  from t h e  

Analysis o f  c rys t a l s   f rom  o ld   s tock   p i l e  

( 2 )  Na~C03 - 59.3% 
I n s o l  - t r a c e  
Na2S04 - 
NaCl 

nil - n i l  
WSO4 - n i l  

Sample contained 16.3% water.. 
Note: a n a l y s i s   c a l c u l a t e d   t o  a 10% w a t e r   f r e e   b a s i s .  

(1) Chief   Assayer ,   Victor ia .  
( 2 )  Both  carbonate and bicarbonate   expressed  as  

carbonate.  

The quant i ty  of  sodium carbonate  contained i n  t h e  laker 
b r ine  when examined  .xould  approximate 400 tons .  

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

Road about 1 2  miles  from Chasm Stat ion.   Brine,   covering lit- 
t l e  more t h a n   h a l f  of the  former  lake  bed,  averages  16  inches/  
in depth  over 2 acres .  The bottom i s  muddy and no permanent 

t i o n  (1): 
crystal-bed  occ rs. A b r i n e  sample  had the   fo l lowing  composi- 

Rob and Han Lake i s  on t h e  east s i d e  of t h e  Canoe Creek 

! 
\ o w  

Sp. Gr. a t  16  deg. C .  - 1.065 
T o t a l   s o l i d s  - 6.3% 

Composition of So l ids  

( 2 )  Na2C03 - 86.5% 
6.5% 

t r  . - t r  . 

Na~S04 - 
NaCl 

CaS04 

- 7.5% 
Mgsoq - 

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

carbonate.  

I n  October  1924  (Ref. 6, p .  90) br ine  covered 29 1/2 
a c r e s   t o  a depth  of  18 inches.  I t s  composition was a s ' fo l lows :  
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Sp. G.  a t  22  deg. C .  - 1,104  (equivalent   to   1 .106 
To ta l   So l ids  - 11.29% a t  1 6  deg. C . )  

- Comgosition of Sol ids  

72.18% 
4.78$ 
6.52% 

5.35% 
5.65% 
5.52% 

t o  80 a c r e s   t o  a maximum depth of 2 t o  4 f e e t ;  it had a spe- 
c i f i c   g r a v i t y  of 1.070 a t  2 0  deg, C.  ( equiva len t   to   1 .071  a t  
16 deg. C . )  

In t h e  autumn of 1919  (9ef.  9, p. 61) brine  covered 60 

There i s  no record of c rys t a l s   hav ing  formed i n  Rob and 
Man Lake. The quan t i ty  of sodium carbonate i n  so lu t ion  was 
about  11,000  tons  in  1919, 5700 t o n s  i n  1924,  and  2600 t o n s  
i n  1937. 

Last' Chance  Lake (Map 2 ,  N o d  

Las t  Chance  Lake l i e s   t o   t h e   e a s t  of  Bob and Man Lake, 
from  which it i s  separa ted   by  a low r idge  450 fee t   wide .  The 

a l a r g e  bed of permanent c r y s t a l   i n   t h e   f o r m  of c i r c u l a r  bowl- 
l ake  i s  unique among t h e   o t h e r s  of t he   r eg ion   i n   con ta in ing  

shaped  masses  separated  by mud.  The a r e a  of the  bed  in  which 
"bowls"  appear i s  2 9  ac re s ,  of which  about  half i s  under la in  
by   c rys t a l .  

The c r y s t a l   a r e a s   a r e   a l m o s t   c i r c u l a r  and  range from 4 
t o  70 f e e t   i n   d i a m e t e r . .  They a r e   s e p a r a t e d   b y   s l i g h t l y   r a i s e d  

dr ied  soda,   and  in   places   s t rewn  with  boulders ,  among which 
ridges  and  areas of s o f t   b l a c k  mud, heavi ly   encrus ted   wi th  

angular   basal t ic   f ragments   are   conspicuous.  Very l i t t l e   b r i n e  
was p resen t  when examined in   October   1937,   being  confined  to  
about  one-half   inch  over  the  crystal   bowls.  In June of t h e  
same year the lake  contained  about  8 inches of b r ine   ove r   t he  
e n t i r e   s u r f a c e .  

p re sen t .  This,  however, was done i n  some d e t a i l  by Goudge i n  
The w r i t e r  was not  equipped t o  t e s t  t he   dep th  of  c r y s t a l  

October 1924. From d r i l l i n g  and t e s t   p i t s  on some 30 bowls 
he  found  them t o   r a n g e   i n   d e p t h  from 1 t o  10 fee t ,   w i th   an  
average of  3 1/2 f e e t  f o r  a l l .  The f a l lowing   desc r ip t ion  i s  
quoted  from his   repor t :   (Ref .  6 ,  p.  88) 
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t he   l ake  bed  were inves t iga t ed  as t o  depth  and  shape 
by means of a long   ch ise l -poin ted   i ron   bar .  The r e -  

a r e  bowl-shaped, that   these  bowls   are   deeper   a long  the 
s u l t s  may be  summarized by s t a t i n g   t h a t  a l l  the  masses 

c e n t r e   l i n e  of the  lake  than  near   the  shore  and  that  

end of t h e   l a k e .  The average  depth of bowls  over  the 
.they are   deeper   in   the  western end t h a n   i n   t h e   e a s t e r n  

whole l ake  i s  3 1/2 f e e t .  

"Some 30 of t h e   c r y s t a l   m a s s e s   i n   a l l   p a r t s  Of 

" P i t s  were  dug i n   s e v e r a l  of t h e   c r y s t a l  bowls 
b u t  no depth  over 4 f e e t  was a t t a i n e d  on account of t h e  
p i t s   b e i n g   f l o o d e d   b y   t h e   r a p i d   i n f i l t r a t i o n  of b r ine  
through  the   porous   c rys ta l .  These p i t s  proved, howev- 
e r ,   t h a t   t h e   c l e a n  compact c r y s t a l  showing on t h e  s u r -  
face  i s  only a few  inches  deep  and t h a t  below it t h e  
bowls a r e  composed of ve ry   l a rge   i n t e r lock ing   c rys t a l s , .  
The la rge   c rys ta l s ,   p resumably   na t ron   c rys ta l s ,   a re  

them a r e   f i l l e d   w i t h  f i n e  s i l t .  There a re   a l so   i r r egu . -  
darkened  by  included mud and t h e   i n t e r s t i c e s  between 

larly-shaped  masses of mud included  within  the  bowls .  

cen t r e  of  each   c rys t a l  bowl, a t iny   so lu t ion   channel  
"In many c m e s   t h e r e  i s  in   approximate ly   the  

extending  from  the  bottom t o  the   sur face .  No flow of 
b r i n e  was observed coming up through  these  channels.  

"The amount of c rude   c rys t a l   i n   Las t  Chance lake  
i s ,  on a p re l imina ry   e s t ima te ,   p l aced   a t  70,000 tons.' ' 

writer: (1 )  
The fol lowing  analyses   represent   samples   taken  by  the 

I Mg2Oa4 
Na SO 

Top chys t a l s  f rom 
pools  1 inch  thick 

Old Stocl 
P i l e  

92.32% 84.5% 

4.00 
t r  . 
t r  . 

tr.  
t r  . 
t r .  

t r  . 
1 .5  

t r  . 

n i l   n i l  
14.5% 

- 

The f i r s t  sample  contained  15  per  cent combined water ,   the  
second 2%. 

Note :   ana lyses   reca lcu la ted   to  a wa te r   f r ee   bas i s .  

(1) Chief  Assayer,   Victoria.  
( 2 )  Both  carbonate and bicarbonate   expressed  as   carbonate .  
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P .  89)  
The analyses  be1o.N a r e  f r o m  Goudge's r epor t :  (Ref. 6, 

Analyses of Crys ta l ,  Last Chance  Lake 

NaCl 

CaC03 

S u r f a c e   c r y s t a l  
3" t h i c k  

96.2E 
0.70 
1 .40  
0 .10  

1.1s 
0.41 

" 

depth 1-2 f t .  
,Crys ta l  a t  

63.41 
0.63 
1.49 
1.39 

8 .59  
25.49 

" 

S t o c k   P i l e  

49.s5 
0.65 

2 .13  
1.58 

t r .  
t r  . 

45.99 

Note:  Analyses  calculated t o  10% wate r   f r ee .  

Analyses of brine  samples  taken by t h e   w r i t e r   a n d  by 
Goudge are given below: 

\Tr i te r  (1) 

Sp. G.  a t   1 6  deg.C. - 1.1565 
To ta l  so l id s  - 17.99% 

Composition of S o l i d s  

( 2 )  Na$03 - 63.0 
Na2SO4 - 22.5 
NaCl - 15.0 
MgS04 
Cas04 

t r  , 
tr  . 

- 
- 

Goudge  ref.^ 5, p .89)  

T o t a l  s o l i d s  - 14.38% 

Composition of Sol ids  

Na~C03 - 57 .s4$ 
NaECO3 
NaCl 

- 3.. 78 

Na SO4 
6.53 - 26.05 

tdg HCO3)2 - 
KC 1 

3.64 - 2.31 
Sp.G. a t  22 deg.C.-1.146 
(equiva len t  t o  1.148 a t  

- 

? 

1 6  deg.  C.)  

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

bonate. 

Reinecke  (Ref. 9, p .  61) g ives  a s p e c i f i c   g r a v i t y  of  
1.170 f o r  t h e   b r i n e  in  t h e  autumn of 1919.  

On the as sumpt ion   t ha t   t he   l ake   con ta ins  70,000 t o n s  of 
c rude   c rys ta l ,  as estimated  by Goudge, t h e  amount o f  sodium 
carbonate  present  would  be  about  17,500  tons.  
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Margaret Lake (Map 2, -___ No. 11) 

Margaret Lake i s  a small   shal low  lake,   roughly  c i rcular  
i n  shape,  lying  about  one-halr '   mile  north of the   o ld  70 Mile 
House-Meadow Lake road. In October  1937,  brine  covered 4 1/2 
a c r e s   t o  an average  depth of 1 f o o t .   T i n t e r - c r y s t a l  was form- 
ing  a t  the  t ime of  examination, a layer   about   half   an  inch 
th i ck   a l r eady   cove r ing   t he   ea s t e rn   ha l f  o f  t he   l ake  bed. The 
bottom is  f i n e   b l a c k  mud and no permanent   crystal   deposi t  i s  
known to  occur.  Shipments of natron  have  been made from Mar- 
g a r e t  Lake a t  one  time o r  a n o t h e r ,   b u t   t h e   t o t a l  amount re.- 
moved i s  unknown. 

t o  a depth of 6 i n c h e s   t o  2 f e e t ,  and a rim of w in te r - c rys t a l  
8 t o . 1 0  i nches   t h i ck  and 1 5   f e e t  wide  occurred  around  most of 
the  south-eastern  shore.  The c e n t r a l   p a r t  of the l ake  was 
f i l l e d   w i t h   l a r g e   r a d i a t i n g   c l u s t e r s  of  c r y s t a l s .  

In October  1924,  (Ref. 6, p.  92) brine  covered 5 ac re s  

The fol lowing  analyses   represent   samples  of b r i n e  and 
c rys t a l s   t aken   by   t he   wr i t e r  i n  1937, and Goudge i n  1924: 

i v r i t e r   (1 )  - Goudge (Ref. 6, p .  93) 
Brine  Brine 

To ta l   so l id s  - 13.38% To ta l   so l id s  - 11 ; 07% 
Sp.G. a t  16  deg. C . -  1.125 Sp.G. a t  22  deg. C.-  1.108 

Composition of  Solids  Composition of  So l ids  

(2)  Na2C03 - 95.556  Na2CO3 - 7'7.28% 
- 4.2%  NdCO3 - 11.85 NaCl 

Na2SOq - t r  . NaCl - 4.57 
%SO4 t r  . Na2SOg - 
CaSOq 

0.17 
Lr . Mg(HC03)z - 3.01 

KC 1 - 3.12 

- 
- 

:Tinter Crystal   Winter  Crystal  

Na2C03 - 98.3%  Na~C03 - 98.48 
Na2SOq 
NaCl - tr .  NaCl - 0.33 
Mgso4 - 
CaC03 
Insol. - 1.7% I n s o l .  - 0.35 

Note:  Both  samples r e c a l c u l a t e d   t o  a 10% wate r   f r ee  

- n i l  NaHC03 - 0,. a 2 

- n i l  Na2S04 0.22 
- n i l  CaC03 - n i l  
- n i l  Mg(HCC3)2 - n i  1 

basis.  :Triter's  sample  contained  15.8% combined water .  
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(1) C h i e f   k s a y e r ,   V i c t o r i a .  
(2)  Both  carbonate  and  bicarbonate  expressed as ca r -  

bonate.  

and as win te r - c rys t a l ,  was 850  tons  in  1937, and 1000 t o n s   i n  
1924. 

The approximate amount of sodium carbonate ,   in   so lu t ion  

Anita  and Lela  Lakes (Map 2 ,  No. 1 2 )  

bed 65 t o  70 a c r e s   i n   e x t e n t .  The present   l akes ,   cover ing  
Anita  and Lela  Lakes  occupy  parts of an   o r ig ina l   l ake  

about 26; ac res  and 6 ac re s   r e spec t ive ly ,  are separated by 

t h e  mud i s  heavi ly   encrusted  with  dr ied  soda.  
800 f e e t  of  d r i e d  mud s t rewn  with  boulders .  Around t h e   l a k e s  

Brine  covered  Bni te   lake  to   an  average  depth of 8 in- 
ches and Lela  Lake t o  1 foot .when examined in  October,  1937. 
I t  is i n t e r e s t i n g   t o   n o t e   t h a t   i n   J u n e  of the  same yea r   b r ine  
s t o o d  about 1 f o o t  h ighe r   i n   An i t a  Lake; i n  September  1938, 
however,  even l e s s  was present   than   in   the   p receding 'au tumn.  
Water-level i s  approximately  the same in   bo th   l akes .  

In  October  1937, a t h i n   l a y e r  of w in te r - c rys t a l  was i n  
t he  process  of formation  over  the  nuddy  bottom o f  Anita Lake; 
none,  however, was noted   in  Lela Lake. No depos i t  o f  permanent 
c r y s t a l  i s  known t o . o c c u r   ' i n   e i t h e r .  

p.  90) 
The fol lowing  quotat ion i s  from  Goudge's r epor t :  (Ref. 6, 

covered   wi th   win ter   c rys ta l  v a r y i n g   i n  th ickness  fr'om 2 
" In  October 1924, about 25  a c r e s  of Anita Lake was 

t o  Ci inches .  On t o p  of t h e   c r y s t a l   t h e r e  was b r i n e   t o  
an  average  depth of 2 inches .  Numerous c i r c u l a r   h o l e s  
from 4 t o  1% inches  in   diameter   were  not iced i n  t h e  

t h e   o r i f i c e s  of t i n y   s p r i n g s ,   b u t ,  as  a t  Goodenough lake,  
l aye r  of  w in te r   c rys t&.  These h o l e s   a p p e a r e d   t o  mark 

no  flow of water was obse rved .   In ' t he   no r th -eas t e rn  
p a r t  of t h e   l a k e ,   j u s t  a t  t h e   w a t e r   l i n e ,  i s  a small 

careous  tufa  has  accumultited. The water  of  t h i s   s p r i n g  
spring,  around  which a cons iderable   depos i t  of c a l -  

has  a s a l i n i t y  of 2168 p a r t s   p e r   m i l l i o n  and it con- 
t a i n s  a l l  t h e   c o n s t i t u e n t s   p r e s e n t   i n   t h e   b r i n e .  

"The mud in   the   bo t tom of t h e   l a k e  i s  very  deep 
and s o f t  and no c r y s t a l s  were observed  in it. 

"In October  1924,  there was a depth of b r i n e   i n  

- 18 - 



the  lake  (Lela  Lake)  varying  from 1 t o  3 f e e t .  Along 
the  south-western  shore and extending  outwards for a 
d i s t ance  o f  about 70 f e e t ,  was a shelving bed of   winter  
c r y s t a l ,  which was 9 inches   th ick   near   the   shore   bu t  
gradual ly   th inned   ou t   to   no th ing   toward   the   cen t re  of 
t h e   l a k e .  The c r y s t a l  bed  was s t ead i ly   i nc reas ing  
both   in   th ickness  and ex ten t  when the  lake was examined. 
A few c l u s t e r s   o f   c r y s t a l s  had  formed i n  t he  c e n t r a l  
pa r t   o f   t he   l ake . "  

Analyses o f  b r i n e  and c rys t a l s   t aken  by 50 th  Goudge and 
the   wr i t e r   fo l low:  

writer (1) 
Brine - Anita  Lake 

Goudge (Ref.6,  p.91  and  92) 
Brine - Anita Lake 

Tota l   Sol ids  - 12.44% Tota l   Sol ids  - 12.52% 
Sp.Gr. a t  1 6  deg. C .  - 1.117 Sp.G. a t  22 deg.C. - ]..lo4 

Composition of So l ids  Composition of So1id.s - 
(2)  Na2C03 - 93.2% NaZC03 - 63.96% 

NaCl 
Na2S04 
MgSOl 
C aS 04 

- 6. C% NaHC03 - 6.83 
- .5% NaCl - 16.23 

- t r .  Mg(HC03)z - 7.42 
- t r  . Na2SO4 - 2.33 

K C 1  - 3.23 

Brine - Lela Lake Brine - Lela Lake 

To ta l   So l ids  
Sp.G. a t  16  deg. C .  - 1.0675 

Composition of Sol ids  

- 7.02% 

(2)  Na2C03 - 93.2% 
NaCl - 
Na2S04 

5.8 - .8  
- t r  . 

Cas04 - t r .  

Winter   Crystal  - o ld   s tock  
p i l e  - Anita  L e  

( 2 )  Na~C03 - 98.85% 
NaCl - tr .  
Nazs04 - t r  . 
%SO4 
CaC03 

t r .  
- n i l  

MgC03 
I n s o l .  

- n i l  - tr .  

- 
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Tota l   Sol ids  - 12.12% 
Sp.G. a t  22 deg.C. - 1.115% 

Coiposi t ion of So l ids  

NazC03 
NaHC03 - 11.51 
NaC 1 - 6,. 97 
NazSO4 - 2 ,. 23 
Mg(HC03)2 - 
K C 1  

4 .82  - 3 ,. 92 

Winter   Crystal  - Anita Lake 

NazCO3 
NaBCO3 
NaCl 

- 0.73 

Na~S04 
1.04 

CaCO3 
- 0.73 

n i  1 
n i l  

In so l .  - 0.78 

- 70..55% 

- 96.72% 

- 
- 
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Winter  Crystal  - Lela Lake - 
(1)  Chief  Assayer,  Victoria. Na2CO3 - SO. 17% 
(2) Both  carbonate and b i c a r -  NaHC03 - 0.42 

bonate   expressed  as   car-  NaCl - 0 .77  
bonate.  Na2SO4 - 0.37 

CaC03 - n i l  
PdgCO3 - n i l  
I n s o l .  - 0.27 

Note:  Analyses of  c r y s t a l s   r e c a l c u l a t e d   t o  10% water 
free bas i s .  3Yriter's sample  from A n i t a  Lake contained 14.9% 
water.  

I n  1919  (Ref. 9, p. 61) one  body of  water 85 a c r e s   i n  
extent   covered  both  hni ta  and Lela  Lakes. This lake  contained 
b r i n e   t o  a depth of 4 f e e t  i n  summer and 3 f e e t   i n   w i n t e r .  

t h e  lake was es t imated   to   conta in  65,000 tons  of sodium  car- 
The Spec i f i c   g rav i ty  of t.he b r i n e  was 1.055 a t  1.5 deg. e .  and 

bonate.  

3n t h e   b a s i s  of Goudge's f i gu res   An i t a  Lake contained 
about '6000  tons of sodium  carbonate ii? s o l u t i o n   i n  1921 and 

would  be  3000 t o n s  and 550 tons ,  
Lela  Lake about 2100 tons.  Corresponding  amounts i n  1937 

least 3000  tons of winter-crystal, equivalent  to.:100ff'tdns of 
sodium  carbonate,  have  been-harvested  from  Anita  and  Lela 
Lakes s ince  1918. When examined i n   t h e  autumn o f .1937   t he re  
were s e v e r a l   s t o c k   p i l e s  of na t ron   on   the .nor th   shore ,   har -  
ves ted   dur ing   the   p receding   win ter ;   the   c rys ta l - s labs   aver -  
aged 4 t o  . 6  inches   in   th ickness .  

Records are incomplete,.  but, it seems;probable ... t h a t  a t  

>-) 

an average'  depth of ~1 t o  Z f e e t  over an- .a rea  of 1 4  a c r e s .  I t  
ghi te   E lephant  Lake, i n  .October.  1937,  c0ntaine.d  brine t o  

l i e s   a b o u t ,  1/4 mile' sduth-west 'of.  Rose Lake, and 1/4 mile west 
of t he   Fac i f i c   Grea t   Eas t e rn  Ra i lway .  

The lake-bed is s o f t  mud and rio permanent, c r y s t a l   d e p o s i t  
occurs.  The.muddy  shore'line i s  heavi ly   encrus ted   wi th   d r ied  
soda. I n  t h e ' p a s t   w i n t e r - c r y s t a l  has f o m e d  and  shipments 
been made, b u t  none  has  occurred..within  recent  years.  

The fo l lowing   br ine   ana lys i s   represents  a sample  taken 
' b y  t he  writer: (1) 
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Brine - White  Elephant Lake 

Tota l   Sol ids  - 8.3% 
Sp.G. a t  16  deg. C .  - 1.083 

Composition of Sol ids  

(2)   Na2~03 - 97.5% 
NaCl - 2 . 1  
Ke2SO4 - .4 

CaS04 
t r .  

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

MgSOq - 

bonate.  

I n  1937  White  Elephant Lake contained  about 2000 t o  
2500 t o n s  of sodium ca rbona te   i n   so lu t ion .  

. Rose  Lake (Map 2,  No. 15)  

Rose  Lake l i e s   d i r e c t l y   c a s t  of  t he   Pac i f i c   Grea t  $as- 
t e r n  Railway  Coulson's  Siding.  In  October  1937, it con-,' 

a c r e s .  No win te r - c rys t a l   has  formed in   recent   years ,   a l though 

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

ta ined  about  4 2 f e e t  of br ine  over   an  es t imated  area of  3 0 2  ' ,  P W  

$Then examined by Goudge i n  1924  brine  covered 32 ac re s  
t o  an  average  depth of 2 1/2 f e e t .  The fo l lowing   descr ip t ion  
i s  quoted  from his report:   (Ref.   6,  p .  93) 

"Along the southwestern shore a s o l i d  bed of win- 
te r   c rys ta l   ex tended   ou twards  for a vary ing   d i s tance  
of from 10 t o  20 feet .   Dot ted  over   the  whole  lake were 
l a r g e   c l u s t e r s  o f  soda   c rys t a l s  and t h e s e   c r y s t a l s  were 
being  gathered by means of boa ts .  Later on in   t he   s ea -  
son when the   l ake  had crys ta l l ized   over   comple te ly ,   the  
bed of c rys t a l   nea r   t he   sho re  was worked exc lus ive ly ."  

Analyses .of br ine  and c rys t a l s   fo l low:  

Tf r i t e r   (1 ) .  
Brine - Rose  Lake 

Goudge (Ref . .  6, p .  941 
Brine - Rose  Lake 

Sp:G. a t  16  deg. C: - 1.0795 Sp.G. a t  22 deg.C.-1.121 
Tota l   Sol ids  - 8.17%  Total   Solids - 12.02 
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Composition of Sol ids  - 
( 2  j Na'ZC03 - 95.8% 

3.9% N a C 1  - 
Na2S04 
MgS04 

0.5 

.CaSO4 
t r  . - t r .  

- 
- 

(2)  Crystal - Old S t o c k   P i l e  

~ a 3 ~ 0 3  - 99.12 
NaCl - 
Na2S04 

t r  . 
MgSO4 

t r  . - n i l  

CaC03 
- n i  1 

C 1 ,  PO4, Fe and A 1  n i l  
- n i l  

In so l .  - .62 

1. Chief  Assayer,  Victoria. 

- 

- Composition of Sol ids  

Na2C03 
NaCl 
Ma2SO4 
~ g c a ~  
K C 1  

Na2C03 
NaHC03 
NaCl 
Na2S04 
CaC03 

Insol. 
N w 3  

- 88.9% 
- 4.32 
- 3.98 
- 4.07 
- 1.58 

Crys ta l  

- 98.33 
- 0.62 
- 0.52 
- 0 .21  
- n i l  
- n i l  
- 0.32 

2. Both  carbonate  and  bicarbonate  expressed as carbonate .  

The amount 'of 'sodium  carbonate i n  s o l u t i o n   i n  Rose  Lake 
was about 6500 t o n s   i n  1937  and  14,500  tons  in  1924. 

Hutchison Lake. (kap  2 ,  No.. 17) 

Hutchison. Lake l i e s   a b o u t  5 mile&. east of 70 Mile   S ta t ion .  
I t  i s  long and' narrow,  occupying a depre'ssion..with  steeply 
sloping  banks.  The  muddy shore l ine  i s  heavi ly   encrus ted   wi th  
soda. 

and 'had a depth of a t  l e a s t  10 f e e t   i n   t h e   m i d d l e  of the   l ake .  
Bo win ter -c rys ta l  was forming  and  none i s  known t o  have  oc- 
curred.  

Brine  covered  an area of about   15 acres in  October  1937, 

materially i n   s i z e   s i n c e  examined  by GoUZrge in 1924. I n  1919 
Reinecke  (Ref ... 9; p: 62) states that. brine.  covered 17 ac res  
t o  an unknown depth.  

From d e s c r i p t i o n  (Ref ... 6,  p. 95) t h e   h $ e  has not  changed 

the   wr i t e r   fo l low:  
Analyses o f  brine  samples  taken  by  Reinecke, Goudge, and 
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N 
01 

I 

w r i t e r  (1) Goudge (Ref. 6, p. 95)  Eeinecke "_ (Ref. 9, p .  6 1 i  

Per   cen t   Sol ids  - 7% Per   cen t   So l ids  - 6.29% Fer   cen t   So l ids  - 4.23% 
Sp.G:at 16 deg.C: - 1.0685 S2.G. a t  22  deg:C. - 1.059 Sp.G. a t   1 6  deg.C. - 1.044 

Composition of Sol ids  - Composition of Solid_l Composition of S o l i d s  

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



t o t a l  am0un.t of br ine ,   hence   the  amount of sodium carbonate,  
In so fa r   a s   t he   ave rage   dep th  i s  d i f f i c u l t   t o   j u d g e ,   t h e  

can  only  be  roughly  es t imated.  I t  seems probable ,  however, 
t h a t . a t   l e a s t   1 2 , 0 0 0   t o  13,~OOO tons  of  sodium.carbonate i s  i n  
so lu t ion   i n   Hu tch i son  Lake. 

Other  Lakes - 
Timber P l a t e a p   c o n t a i n   d i l u t e   a l k a l i n e   b r i n e s .  The w r i t e r  

In a d d i t i o n   t o   t h o s e   d e s c r i b e d ,  many l akes  on t h e  Green 

took  samples  from  several of the l a r g e r   o r  more concentrated 
of these.   Analyses  follow: (1) 
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Lake 

j m i t e  " 

Long Lake 

bfeadow " 
""" 

""" I t  

Green " 

Ref. 
Map 2 

No. 2 
No. 3 
No. 5 
NO. 13a 
No.. 13b 
No., 1 6  

Sp. G .  

1.022 
1.008 
1.004 
1.017 
1.0175 
1.002 

% 
S o l i d s  Composition of  So l ids  

Na2C03 MgC03 Cas04 MgSO4 Na2.304 NaCl 

2.2% 
.76 

1.60 
.67 

1.63 
.42 

41.0 

56.0 

92.2 
94.0 

79.5 

82.5 
4.0 
3.7 

29.2 
5.0 
6.4 _" 

45.5 
5.6 

1 .o 
1.1 

_" 

"_ 

3.7 

t r  . 
t r  . 
tr. 

ti-. 

8.2 
5.8 
t r  . 

10.5 
t r  . 
t r  . 
t r  . 

(1) Chier   Assayer ,   Victor ia .  

_" 
4.6 "_ 
"- 

l a .  1 



presentative of most of the  alkaline  lakes of the  region. 
Not  only  are  these  abundant  but  numerous dry lake  beds  are 
also to be  found. The suri'ace'of  these  is  commonly  crusted 

writer  drilled a  number o f  dry  lakes  to  depths of 3 and 4 
and  cracked;  some  show  a  faint  alkaline  efflorescence.  The 

feet  to  determine  whether  permanent  orystal-deposits  occurred; 

and bluish  clay  encountered. 
in no case,  however,  was  anything  other  than  heavy  black mud 

In a general way the  above  analyses  may be taken  as  re- 

- Kamloops Area 

A number of small  undrained  saline  lakes,  some  dry,  oc- 
cur  in  the  vicinity of Kamloops.  Blthough  most of these con- 
tain  sodium  sulphate  as  a  major  constituent,  several  contain 

dium  carbonate  predominates. 
relatively  concentrated  solutions or crystal-beds  in  which so- 

The  climate of the  region  is  severe  with  a  temperature 
range  from  a  maximum of 100 degrees or more in summer  to a 
minimum of 20 or 30 degrees  below  zero  in  winter.  Precipita- 
tion  is  variable  from  place  to  place,  but in general is low, 
the  average  annual  rainfall  in  Kamloops  being 10 inches, of  
which  at  least  half  is  contributed  by  snow. 

W E -  ?27 Lake No. 1 (Map 3, No. 1) 

Lake No. 1 is  about 1 mile east of  the  Kamloops-Cache 

a  mile south,  and 800 feet  above  the  Canadian  Pacific  Railway 
Creek  Highway, 12 miles from Kamloops,  and  three-quarters  of 

pression in rolling  to  hilly  grass-covered  country. 
along  Kamloops  Lake. It occupies  a  small,  rather  sharp, de- 

syenite to  the  north, and basic  porphyritic  volcanios  to  the 
south.  Its  drainage  basin  is  about 450 acres  in  extent,' of 
which  about  three-quarters  is  underlain  by  volcanic  rocks. 

The  lake  lies  close  to  the  contact  of  an area o f  pinkish 

The  lake was  nearly  dry when examined  October, 1937. The 
surface was covered by  a  heavy.encrustation of  dried  soda, 
underlain  by 2 to 4 feet o f  soft  black  mud,  beneath  which  a 
solid  crystal-bed  occurred. I n  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 

adequately  equipped  to  de.termine the depth  and  form of the 
acres  are  underlain by permanent  crystal.  The  writer was  not 

for British  Columbia, 1930, the  deposit  is  mentioned  (Ref. 4, 
crystal  bed.  However, in the  Report o f  the  Minister of Mines 

p. 196) and  it  is  stated  that  holes  drilled  with  a  steam  jet 
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Ssline deposits in vioinity of Kamloops. 
MAP S. 

GWlOgy from Kamloops Sheet, Geological Surrey of Canada, G .  M. Dawson. 



encountered  from 1% t o  36 f e e t  of s o l i d   c r y s t a l ,   w i t h o u t ,  i n  
places,   bottom  being  reached. If t h e s e   f i g u r e s  are assumed 
as c o r r e c t ,   t h e   l a k e  would contain  approximately 100,000 t o n s  
of  permanent c r y s t a l s .   I n   t h e  same r e p o r t   t h e   t y p i c a l  fol low- 
ing  a n a l y s i s  i s  given: 

HZ0 - 63% 
Insol  - 1 - 5% 
S a l t s  - 26-22% 

Composition of s a l t s  

NazC03 - 9 2% 
NazSOq - 8% 

I t  i s  understood  f rom  the owner t h a t   a n a l y s e s   v a r y   i n  
r e s p e c t   t o   t h e   p r o p o r t i o n  of sodium carbonate  and  sodium sul- 
p h a t e   i n   d i f f e r e n t   p a r t s  of the  bed.   Unfortunately  the soft 
surface  and  the  depth of mud made it imposs ib le   for   the  writer 
t o  ob ta in  samples of the c rys t a l -depos i t   i t s e l f .   Ana lyses .o f  
samples   t aken   f rom  the   sur face   c rus t  and s e t t l i n g   t a n k . f o 1 -  

'low: (1) 
.\ 

Sur face   c rus t  
Rec rys t a l l i zed   ma te r i a l  

from s e t t l i n g   t a n k  

( 2 )  Na2C03 - 57.9% 58.9% 
' Na2S04 - 39.5 

I n s o l  
40.6 

CaO 
1.1 t r  : 

MgO 
n i l   n i l  - n i l   n i l  

PO4 - nil n i l  

- - 

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

' ' '  ' bonate.  

Note: ,Ana lyses   r eca l cu la t ed  t o  10% w a t e r   f r e e , b a s i s .  
Samples  as'analyzed  contained  15.8%  and 14.w water   respec-  
t i + e l y .  

From these  it appea r s   p robab le   t ha t , t he   p ropor t ion  of 

r ep resen ta t ive .  
sodium su lpha te   i n   t he   quo ted   ana lys i s  i s  too  low t o   b e   t r u l y  

The depos i t  was worked from 1931 t o  1935  and  about 1000 
%bns:,.oC impure  natron  or sal soda  shipped  to  Vancouver  and 

means of  steam, pump the s o l u t i o n   t o  a s e t t l i n g   t a n k   t o  remove 
Calgary. The method of recovery was t o  l i q u e f y   t h e   c r y s t a l   b y  
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i n so lub le   impur i t i e s ,  and recover   the sodium carbonate and 
sodium su lphate  by r e c r y s t a l l i z a t i o n .  

may be  assumed t o   c o n t a i n   a b o u t  100,000 tons  of permanent 
As mentioned on t h e  basis of quoted  thicknesses   the  lake 

c r y s t a l s ,  o r  roughly 30,000 tons  of sodium carbonate and su l -  
phate .  

Barnes Lake 

Barnes  Lake l i e s   a b o u t  a qua r t e r  of  a mile  west of the 
Ramloops-Vernon  Highway, 17  miles  from Kamloops. I t  has an 
a rea  of 35 t o  40 a c r e s  and when v i s i t e d   i n   O c t o b e r ,  1937., con- 

of t h e  bed. The muddy shore l ine  and dry   por t ions  of  t h e  bed 
t a ined   b r ine   t o   an   ave rage   dep th  of  6 i n c h e s   o v e r   a ' l a r g e  .part 

a re   heavi ly   encrus ted   wi th   d r ied  soda. Owing t o  t h e   s o f t  'bot- 
tom it was impossible t o  ob ta in  a sample o f  t he   b r ine .  

No win te r - c rys t a l  was present  i n  Barnes Lake when ex- 
amined. I t  i s  understood,   however ,   that   the  p r e s e n t w a t e r -  

c r y s t a l s  have  formed.  In  the autumn of 1932 a 3- inch  layer  of 
l e v e l  i s  considerably  higher   now.than  in   the p a s t ,  and t h c t  

natron  covered a l a r g e   p a r t  of the   lake;  a sample of which, 
submit ted  to   the  Dept .  of Mines f o r  ana lys i s  showed t h e  fol- 
lowing  composition: (1) 

Na2CO3 - 97.505 
NaCl - .5$ 
Inso l .  - , .% 
Fe203 - .  . 7% 

(1) Chief  As'sayer, V ic to r i a .  

Note: r eca l cu la t ed  t o  a 10Wh water free basis. Sample 
a s  assayed  contained 58.9% water  of composition. 

The wr i t e r   d r i . l l ed   s eve ra l  &-foot  ho les  a t  var ious   po in ts  
about 15 f e e t  from the   sho re .  No depos i t  of so l id   c rys t a l r ;  
was encountered  but  small ' ,natron  crystals  were  noted  in  the 
mu&.. The lake   has   been   dr i l l ed  by s e v e r a l   i n t e r e s t e d   p a r t i e s  
wi th   conf l ic t ing   resu l t s .   Apparent ly ,   hmever ,   the  muddy bot -  
tom conta ins  a f a i r ly  'h igh  proport ton of disseminated  crys1;als 
and it i s  r e p o r t e d   t h a t  a s o l i d   l a y e r  3 t o  6 inches   t h i ck  was 
encountered a t  a depth of 6 feet . .   In  view of t h e  meagre d a t a  
a v a i l a b l e  it i s  imposs ib le   to   es t imate   the   tonnage  of sodium 
carbonate   present .  

Other Lake's 

Other  lakes,   containing sodium carbonate   as  a major   br ine 
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,JG-*T constituent,.  occur  in  the  area. i3u- (Mag 3, No. 6), 
on  the  south  side of the  Eamloops-Vernon  nighway, 14'miles 
from Xamloops,  contains  brine of the  fo1.lcwin.g  composition: 
(1; 

Total  solids - 2.37% 
8p.G.  at 16 deg. C.. - 1.023 

Compos'ition of Solids 

(2)  Na2C03 - 75.5% 
- 8.4% 

.- 2.3% 

RaCl 
Na2SO4 - l 8 . s  

Cas04 " tr . 
. (1) :'ChidT.Assayer,  .Vidtoria. 

( 2 )  ' -Both  carbonate  and  bicarbonate  expressed  as c a w  
botiate. 

.+:.lake in the  vlainity of Savona is reported  to  contain 
a cotxoentrated  sodium  carbonate  brine.  Others  undoubtedly 
occtn-  in  the.  region. . 

Chilootin  Area  (See  Map 1) 

along.or close  to, the old  Nemaia Valley Road; others,  many 
Several  alkaline  lakes  occur south-west of Hanceville, 

dry, are common  elsewhere  in  the Chilcbtin  area.. 

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 a o . t b  90 

beiow  zero. Precipitation averages 12.inches annually at  Big 
degrees,  and minimum  winter temperatures  from 30 'to 40 degrees 

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. 

this  region  the  following  descriptions  are  quoted  from  Survey 
As the  writer  has  not  examined  the  alkaline  lakes of 

of Resources  Report,  Pacific  Great  Eastern  Railway  Lands  (Part 

Uripublished  Manuscript). 
2, YOl. 2, %est  Lillooet.Block,  pp.  55-58-R.M.  Logie, 1929, 

Soap and  Towdykin  Lakes 

"t3oap lake  is  situated  on  the  Nemaia  Valley  road, 
apprdximately 14 miles from.the Chilco  Ranch  at  Hanceville. 
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Towdykin l ake  i s  about   half  a m i l e   i n  a north-wester ly  
d i r e c t i o n  from  Soap  lake.  These two l akes   a r e   no t  con- 
nected by a s t r e a n   b u t  Soap  Lake i s  s l i g h t l y  lower  than 
Towdykin lake  a d   i n   t h e   l a t t e r   t h e r e  i s  q u i t e  a no t i ce -  
a b l e   c u r r e n t   i n   t h e   d i r e c t i o n  of Soap lake.   This  cur- 

towards Soap  lake. Neither of these  lakes  has  any  ap- 
r e n t  i s  probably due t o   t h e  c i r c u l a t i o n  of ground  waters 

p a r e n t   o u t l e t ,  and  Soap lake   conta ins  a more concentrated 
so lu t ion   t han  Towdykin. The.main s a l t   p r e s e n t   ' i n   t h e  
so lu t ion  i s  sodium carbonate .  

analysis of Water from Soap  lake 

Const i tuents  I Grains   per   gal lon 1 , I ::::: ' NazCO3 
MgSo4 
C aS 04 
Caw4 
Nail  

Trace 

Trace 
Trace 

So l l ec to r ,  R.  M. Logie;  Analyst, D.  E. Whittaker,  B .  C: 
Department of Mines. 

"These l a k e s   a r e   s i t u a t e d   i n  an a r e a   t h a t  is a l -  
m o s t   e n t i r e l y   d r i f t   c o v e r e d ,  and t h e   t h i c k n e s s  of d r i r t  

The rock   unde r ly ing   t he   d r i f t  i s  probably Wiocene  ba- 
i s  a t   l e a s t  5 f e e t  and  more l i ke ly   we l l   ove r  100 feet... 

known i n  the  region.--Springs  are   not  known i n  t h e  
s a l t  as occurrences of  rocks   o lde r   t han   t h i s   a r e   no t  

dra inage   bas in  of these   l akes ,   a l though  spr ings  may 
r i s e   i n   t h e   l a k e   b e d s .  

"No c r y s t a l  w a s  observed i n   a s s o c i a t i o n  w i t h  these  
l akes , .   bu t   s ca t t e r ed   c rys t a l s  of s a l t s  were  noted  in  
t h e  bed of  Soap  Lake. " 

White  Lake (Kiliyul  Lake) 

"An a l k a l i n e   l a k e  similar t o  Soap  and Towdykin 
lakes  occurs  about  one and a half miles  from t h e   C h i l i  
GO Ranch a t  Bancevi l le .  This  l a k e   c o n t a i n s   s a l t s  

p o r t i o n ' i s   p r e s e n t .  An ef f lorescence  of  s a l t s  was 
similar t o   t h o s e  of Soap   lake   bu t   no t   as   l a rge  a pro- 

noted on the   shore  of  the   l ake ,   bu t   they   were  only 
sparse ly   d i sseminated   th rough  the  mud. h'o c r y s t a l  bed 
was observed i n  connec t ion   w i th   t h i s   depos i t .  

"31 - 



"The l ake   occu r s   i n  a r e g i o n   t h a t   h a s  a ve ry   t h i ck  
covering of g l a c i a l  d r i f t  which i s  apparent ly   under la in  
by  Miocene basa l t s .   There  i s  no a p p a r e n t   o u t l e t   t o   t h e  
lake and the   d ra inage   bas in  of t h e  lake does  not  appear 
t o  be  very  large." 

Two o ther   d ry   l akes   a re   ment ioned   spec i f ica l ly   by   Logie ;  

a l l y  of t h e   s a l i n e   l a k e s  of  the  region  Logie   says:  
i n   n e i t h e r   d i d  permanent c r y s t a l  beds  occur.  Speaking  gener- 

ou t   the   nor thern   sec t ion  of  the   b lock   and   a re   genera l ly  
conf ined   t o   a r eas   unde r l a in  by b a s a l t .  .... Poison l&ke 
( d r y )   d i f f e r s  from t h e   r e s t  .of t h e   d e p o s i t s   i n   t h a t  it 

'de r ly ing   fo rma t ions   be long   t o  t h e  Cache Creek s e r i e s  o f  
i s  s i t u a t e d   i n  an a rea  where a g r e a t e r  p a r t  of t h e  un- 

Carboniferous  age. The sal ts  i n   t h e s e   d e p o s i t s ,  as de- 
termined by ana lys i s ,   a r e   ma in ly  sodium carbonate,  and 
sodium su lpha te ,   w i th   t r aces   o f  magnesium sulphate ,  ' , '  

t a i n s  small q u a n t i t i e s  of potassium (;Triter's note--in 
calcium  sulphate ,  sodium ch lo r ide ,  snd one depos i t  con- 

Poison  lake sodium su lphate  and  calcium  sulphate  pre- 
dominate)  : . . .The  drainage  basins of  t h e   l a k e s   a r e  n o t  
l a r g e  and a r e   c o n f i n e d   i n   g e n e r a l   t o   s m a l l   a r e a s   i n   t h e  
immediate v i c i n i t y  o f  t h e   l a k e s . "  

"A number of  sa l ine   depos i t s   a re   sca t te red   th rough-  

Soap  Lake,  S,pences  Bridge (FOap4) 

Soap l a k e   l i e s   s o u t h  of Spences  Bridge  about 7 miles   by 
pack t r a i l ,  and  approximately  2000  feet  above  the  Canadian 
Pac i f i c   Ra i lway   t r acks   t o   t he  west. The writer has  no t  ex- 
amined t h i s   l a k e  and the   fo l lowing   desc r ip t ion  i s  quoted froh 
a r e p o r t  by L .  H. Cole  (Ref.  5,  p.  25). 

"The l a k e   w h i c h   l i e s   i n  a d e p r e s s i o n   i n   r o l l i n g  
plateau  country i s  completely  surrounded b,y g e n t l y  

t r y  i s  s p a r s e l y  wooded w i t h   b u l l p i n e  and f i r  and t h e  
s l o p i n g   h i l l s  and has no appa ren t   ou t l e t .  The coun- 

sons of t h e  year: 
s lopes   a r e  well cove red   w i th   ' g r a s s   du r ing   ce r t a in  sea- 

s u r r o u n d i n g   h i l l s   b e l o n g s   t o   t h e  Kakloops  Volcanic 
"According t o  Drysdale the  rock  ?.ormation of t h e  

group of Lower Miocene age,   and  consist   mainly o f  ba- 
salt ic lavas  and pyroclast ics   with  younger   mica arise- 

t h e   a n d e s i t i c   m a t r i x .  
s i t e s   c u t t i n g  them  and forming  coarse  agglomerates i n  

"The lake  i s  over one  mile  long  and 1300 f e e t  wide 
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Soap Lake (after Cole). 
MAP 9. 

"a ;wi des it is  rather It point,  but  in  dry  seasons j 
a chain of  lake;  separated  by  aikali-covered mud flats, 
and when visited in  August 1926, the  eastern  half of 
the lake was  dry  with a  white  incrustation  of  salts not 
more  than  an  inch  in  thickness.  Only  the  western  end 

depth of 3 feet,  underneath  which  a  soft  oozy  mud oc- 
of the  lake  contained a greenish-colored  brine to a 

curred  which  could  be  penetrated  by  a  pole  to a depth 
of 10 feet. 

.t  itr 

brine  occurred was approximately 60 acres.  The  tonnage 
"The  area of the  western  part o f  the lake  in which 

of salts  present in the  brine  will  run 15,000 tons  per 
foot of depth. 

side, 30 feet above  the  shore  of  the  lake on the  south 
"A spring of potable  water  flows  out of the hill- 

side. A s  the  season  advances  the  shoreline  recedes, 
leaving an incrustation o f  salts  surrounding the lake. 
No crystal  bed was  encountered  in  any  part of the  lake. 

pletely  dry was not available. 
Information as  to  whether the lake  ever  becomes  com- 
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" A  sample of the   b r ine   f rom  the   cen t re  of t h e  wes- 
t e r n   h a l f  of t h e  lake  was taken a t  a depth of 2 f e e t  be- 
low the   su r f ace  and  analyzed w i t h  t h e   f o l l o w i a g   r e s u l t s : "  

T o t a i   s o l i d s  - 14.6% 
Sp.G. a t  22  deg. C .  - 1.161 

Composition of  So l ids  

Na2G03 - 81.42% 
NaHC03  
NaCl - 2.17 
Na2S04 - 5.93 
MgCl2 - 0.15 
!&SO4 - 
K C 1  

n i l  

K2C03 
nil. - n i  1 

- 10.03% 

- 

Sodium S u l p h a t e k k e s  

Lakes i n  which  sodium  sulphate i s  the   major   cons t i tuent  
a r e ,  as' f a r  as known, found o n l y  i n   t h e  Kamloops a rea .  They 
a r e  similar i n  form  and  occurrence t o   t h e  sodium carbonate 
lakes  of  t h e  same region.  

& -76 Lake No. 2 (Map 3, No. 2 )  

Lake No. 2 l i e s   a b o u t  one m i l e   t o   t h e   s o u t h - e a s t  of  
Lake No. 1 and a t  approximately  the same e leva t ion .  The sur -  
face  o f  the  ground i s  l a rge ly   d r i f t - cove red , ' bu t   ou tc rops   a r e  
common; the   l ake   and  i t s  dra inage   bas in  are under la in  by bas ic  
po rphyr i t i c   vo lcan ic s .  

The l a k e  i s  about 7 1/2 a c r e s   i n   a r e a  and  occupies a 
sharp  narrow  depression. I t s  drainage  basin  covers   approxi-  
mately 900 a c r e s .  The l ake  was p r a c t i c a l l y   d r y   i n   O c t o b e r ,  
lCj.7, except f o r  a small mois t   a rea  on the  south-west  shore 
suggest ive of springs.   In  September 1938, 2 o r  3 inches o f  
br ine  covered  half  i t s  sur face .  

I n   t h e  autumn of 1937  most of t h e   s u r f a c e  was covered  by 
win ter -c rys ta l   about  1 inch   th ick .  Towards the  south-east   end 

by mud; even i n   t h e   c e n t r e  of  the  lake-bed a suggest ion of 
of t h e   l a k e   t h e   d e p o s i t  was formed o f . - c i r cu la r   a r eas   s epa ra t ed  

t h i s   s t r u c t u r e  was  preserved. The mud forming  the  remainder 
of t he -Sur face  and sur rounding   the   shore- l ine  was heavil'y  en- 
crusted  wiCh.white   eff lorescence of d r i e d  salts. 

About 6 inches of s o f t   b l a c k  mud occurr ing   benea th   the  
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sur face   l ayer   conta ined   t iny   d i sseminated   c rys ta l s  and 

a t  l e a s t   t h r e e - q J a r t e r s   o f   t h e   ' l a k e ,  was a depos i t  of hard 
smelled  s t rongly of  hydrogen  sulphide.   Underlying  this  over 

massive  permanent  crystals.  The w r i t e r  was not  equipped t o  
i nves t iga t e   t he   dep th  of t h e   c r y s t a l  bed o r  i t s  e x t e n t .  1:n 
t h e  Annual  Report of t he   Min i s t e r  of Mines, B r i t i s h  Columbia, 
f o r  1930  (Ref. 4, p.  196) it i s  s t a t e d   t h a t  2 p i t s ,  4 and 9 

ho les  were d r i l l e d ,  one showing 7 f e e t  of c r y s t a l .  near  t h e  
f e e t  deep, were  dug i n  sol id   permanent-crystal  and t h a t  two 

edge,   the   other   19  feet   near  t he  cen t r e .  On t h e   b a s i s  of 
these   f igures   a lone   an   accura te   es t imate  of  t he   quan t i ty  of 
s a l t s   i n   t h e   l a k e  i s  impossible.  On t h e   o t h e r  hand they do, 
in  conjunction  with  the  topography,  suggest  the  presence  of a 
large  tonnage,   probably from 100,000 t o  200,000  tons. 

Mines f o r  B r i t i s h  Columbia,  1922 (Ref.  2)  and  the  following 
analyses  given: 

The depos i t  i s  descr ibed i n  the   Repor t  of t he   X in i s t e r   o f  

Composite  sample  of 6 Borings - ( to   dep th  4 ' )  

Na2SOq - 
WgO 

83.8% - .% 
Insol.  - 
Fe and A 1  - 

15.1 
t r  . 

t a i n e d  51% water of c r y s t a l l i z a t i o n  as enalyzed. 
Note: Reca lcu la ted   to  10% wate r   f r ee   bas i s .  Sample  con- 

Samples  taken  by  the  writer.   had  the  following  analyses (1) 

*site o f  3 1- foo t   p i t s   Pu re   su r f ace   c rys t a l  

- 
MgSO4 
Na2S04 79.2% 99.2% 

- 7 .2  
CaSO4 - 2.8 
NaCl 
I n s o l  - 10.8 

t r  . 
n i l  - -" . 5  

. 3  

(1) Chief  Assayer,  Victoria. 

Note:  Analyses  recalculated t o  10% wate r   f r ee   bas i s .  
Samples a s  analyzed contained 36.7% and  51.2% water  of c r y s t a l -  
l i z a t i o n   r e s p e c t i v e l y .  

a b i l i t e  i s  p r e s e n t   i n   t h e   l a k e ,   t h e  sodium sulphate   content  
would amount t o  40,000 t o  80,000 tons ,  

Assuming t h a t  some 100,000 t o  200,000  tons of impure mir- 
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iVi5-73 I ron  Mask Lake (Nap 3, KO. 5 )  

Creek  road  about 6 miles  from  Kmloops. I t  i s  t h e  f i r s t  and 
l a r g e s t  of a s e r i e s  of small   undrained  lakes   occurr ing a t  i n -  
t e rva l s   a long   t he  road f o r   n e a r l y  4 mi l e s  t o  t he   wes t .  

I ron  Mask Lake i s  on the   south   s ide  of the  Kadoops-Cache 

The lake  i s  roughly  half  a mile  long  by 300 t o  500 f e e t  
wide. The eas t e rn  end i s  covered wi th  t a i l i n g s  from the   o ld  

was dry  in   October   1937,   except   for  numerous shallow  pools 
I ron  Mask mine s i t u a t e d  on the   h i l l s ide   above;   the   remainder  

d i s t r ibu ted   ove r  i t s  c e n t r a l   p o r t i o n .  The depression i n  
which t h e   l a k e   l i e s  i s  f lanked on t h e   n o r t h  by a low h i l l  un- 
d e r l a i n  by greenstone and f r e she r   po rphyr i t i c   bas i c   vo lcan ic s ,  

by d i o r i t e .  The bas in  of the  lake i s  c l o s e d   a t   t h e   w e s t  end 
and on the   south   by   the   s lopes  of 1,ron Mask Hill, under la in  

by a low d iv ide .  

In  October 1937, t h e   s u r f a c e  of t he   l ake  was heav i ly  en- 
c rus t ed   w i th  a white  e f f lo re scence  o f  d r i e d  salts ,  but  no per-  
manent l a y e r  of c r y s t a l  was observed.   Beneath  the  encrusta-  
t i o n  was s o f t   b l a c k  mud con ta in ing ,   i n   p l aces ,   spa r se ly   d i s -  

gen sulphide.  The w r i t e r   p u t  down a number o f  4-foot   holes  
s emina ted   mi rab i l i t e   c rys t a l s  and smell ing s t r o n g l y  of hydro- 

b u t  as t h e  mud sur face  of t h e   l a k e  was t o o   s o f t   f o r   t r a f f i c ,  
t h e s e   w e r e   n e c e s s a r i l y   r e s t r i c t e d   t o  a zone w i t h i n  40 f e e t  of  
the   shore .  A bed of s o l i d   c r y s t a l  was encountered   in  only  
three   ho les   near   the   margin  of t h e   t a i l i n g s  dump, beneath 3 t o  
4 f e e t  of' mud. The th ickness  of 'the  bed was not  determined. 

The lake  was p a r t l y   d r i l l e d   s e v e r a l   y e a r s   a g o  and it i s  
unders tood   tha t   an   a rea  of 5 a c r e s  was est imated  to   be  under-  

proximately 50,000 tons.  The depth of over ly ing  mud ranged 
l a in   by  a crystal-bed  from 5 t o  1 2  f ee t   t h i ck ,   con ta in ing   ap -  

from 3 t o  5 f e e t .  

samples of  'the  permanent c r y s t a l  and no ana lyses   a r e  on r e -  
At the   t ime of examination it was imposs ib l e , to   ob ta in  

cord. The fo l lowing   br ine  sample was taken   f rom  an   o ld   p i t  
near  the  west  end of t he   l ake :   (1 )  

Brine - I r o n  Mask Lake 

Total   Sol i .ds  - 27.63% 
Sp.G. a t  1 6  deg. C.  - 1.240 
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Picture looking north-eastward. Note “crystal bowl ‘I surface of lake. 
IRON MASK LAKE. (Map 3, No. 5.)  

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



Composition of Sol ids  

MgSO4 - 61.8 
Na2S04 ,- 35.8% 

Na2C03 - 2.0 
NaCl - 
CaSOq - 

.4  
t r .  

(1)  Chief  Assayer,   Victoria.  

a sample  forwarded t o   t h e  Deparbnent of  Mines  had t h e  fol low- 
Sur face   c rys t a l s  formed on t h e   l a k e   l a t e r   i n   t h e   s e a s o n :  

ing  composition:  (1) 

- . s% 
I n s o l .  - .2% 

(1)  Chief  Assayer,   Victoria.  

Note: Reca lcu la t ed   t o  a 10% wate r   f r ee   bas i s .  Sample 
as  analyzed  contained 5.3% water. 

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

Mask Lake i n   t h e  same general   depression,   a l though i t s  su r face  
i s  30 t o  40 fee t   lower .  The divide  between  the two i s  only 
about 10 fee t   above . the   su r f ace  of I ron  Kask  Lake. D io r i t e  
ou tcrops   a long   the   south   shore .  

Lake No. 4,  about 4 1/2 acres  i n  a rea ,  l i e s  west of I r o n  

In  October  1937, a t  l e a s t  5 f e e t  of b r i n e  was p resen t .  The 
The lake  i s  roughly c i r c u l a r  and t h e  shore l ines   s teep .  

shore l ine  was enc rus t ed   w i th   d r i ed   s a l t s   bu t  no permanent  crys- 
t a l s  were  noted. A sample of t he   b r ine ,   t aken   by   t he   wr i t e r ,  
had the  fol lowing  composi t ion:  (1) 

To ta l   so l id s  11.67% 
Sp.G. a t  16  deg. C .  - 1.1075 

Composition of So l ids  

M@O4 - 62.077 
Na2S04 - 32.8% 

NaCl 
Nap203 - 1.4% 

- 1.6% 

Cas04 - 2.1% 
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(1)   Chief   Assayer ,   Victor ia .  

notable .  For this   reason  the  lake,   though  containing a pre- 
The s i m i l a r i t y  of t h e   b r i n e   t o  tha t  of Iron Mask Lake is  

ponderance of magnesium su lpha te  was included wi th  t h e  sodium 
su lpha te   l akes .  

Crystals - Goudge 

hfgs04 
NazSOg 

'NaC1 
XaHCO3 

Cas04 
Inso l .  

91.72% 

0.38 
7.23 

0.  27 
0.20 

0.20 

57.77% 
14.04 

0.97 
0.07 

21.44 
5.71 

73.52 

0.96 
0.06 

13.62 

6.98 

4. a6 

gagnesium  Sulphate  Lakes 

Lakes i n  which  magnesium sulphate  i s  the  predominant con- 

areas. A l l  a r e   sma l l   undra ined   l akes   s imi l a r   t o   t he  sodium 
s t i t u e n t  OCCUI' i n   t he   C l in ton ,   Ashc ro f t ,  Kamloops,  and  Osoyoos 

carbonate  and  sulphate  lakes  already  discussed.  Actually  the 

phate  and magnesium su lpha te   l akes  i s  one of convenience  in- 
o n l y   d i s t i n c t i o n  which  can  be  drawn between t h e  sodium s u l -  

so fa r  as both  components a re   i nva r i ab ly   p re sen t   i n   each   t ype .  

Clinton  Area (Map 2 )  

Cl inton Lake (Map 2, No. 18) 

Cl inton Lake is  1 mi le   south  of Cl inton on t h e   e a s t   s i d e  

depression  Flanked on t h e   e a s t   b y  a h igh   r i dge  composed of 
of the  Clinton-Cache  Creek Highway. I t  occupies a shallow 

rocks   o f   the  Cache Creek S e r i e s .  The lake,   a l though of lit- 
t l e  i f  any   present  economic  importance i s  i n t e r e s t i n g ,   n o t  

pas t ,   bu t   t h rough   t he   s e r i e s  o f  changes it has  undergone. 
only as having  been a commercial  source of  epsomi te   in   the  

era1  feet   ' in  October  1937;  the  area  and  depth  were much t h e  
same in  October  1924  (Ref. 7 ,  p.  76) .  No c rys t a l -depos i t  was 
p re sen t  a t  e i the r   t ime .  

Brine  covered  approximately  15  acres   to  a depth  of  sev- 

from a report   by  Reinecke  (Ref.  9, p .   53) :  
The fo l lowing   desc r ip t ion  of the   lake  in .   1919 i s  .quoted 

"During  the summer t h e  . o .  l ake  i s  gene ra l ly  occu- 
pied  by  only a few inches of water   surrounded  by.a  r i m  
of  whi te  sa l t .  Beneath  the  few  inches o f  wa te r   a r e  nu- 
merous, r o u g h l y   c i r c u l a r   a r e a s   1 0   t o   3 5   f e e t   a c r o s s ,  

t o  t h e   l i g h t   c o n d i t i o n s .  The uppe r   pa r t  of each of t hese  
somewhat crowded toge the r  and whi te  o r  dark  according 

near ly   pure  epsomite ,  and epsomite mixed wi th   da rk  mud 
a r e a s  o r  what  are known a s  pools   cons is t s  of a l a y e r  of 
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."occurs  between  the, pool$j. The quan t i ty  of wa te r   i n   t he  
lake seems t o   v a r y   d a i l y  even  during  continued  periods 
of ra inless   weather .   According  to   the  older   inhabi tants  
of C l i n t o n ,   t h e , s i t e  o f  t h i s   l a k e  was a t  one time  an ir,- 
r igated  hay meadow, a t  another time it was occupied by 12 

for  t h e   l a s t  Pew years  only.  The w r i t e r  was informed by 
lake,  and t h e   d e p o s i t s  o f  epsomite  have  been in   ev idence  

t h e  manager o f  t h e  sa l t  works t h a t  a n  inch  o r  %ore of ep- 
s o m i t e   c r y s t a l l i z e s   i n  the  pools   during  ceqtain  seasons.  

"The epsomite  lake a t  Cl in ton   covers   an   a rea  o f  
about 24 ac re s ,  of which it i s  est imated,  less than  
one-half i s  f loored   by   the   . c i rcu lar   epsomi te   depos i t s .  
S ince   the   ac tua l   aggrega te   a rea l   ex ten t  of t he   poo l s  i s  
not  known and s ince   on ly   scanty   da ta  as t o   t h i c k n e s s  are 
ava i l ab le ,  no c lose   es t imate  of the  tonnage  can  be made,? 

Goudge (Ref. 7, p. 76)  g ives   t he   fo l lowing   ana lys i s  of a 
b r i n e  sample  taken  by him i n  1924: 

Tota l   Sol ids  - 13.97% 
Sp.G. a t  2 2  deg. C .  - 1.123 

Composition of So l ids  

%SO4 - 84.05% 
Wg(HCO3)z - 0.18 
NazS04 - 3.45 

K C 1  
NaC 1 - 9.50 - 1.16 
Excess HCO3 - 1.65 

The b r i n e   i n  1924  would  have contained some 8000 t o  9000 
t ons  o f  sal ts  represent ing  6000 t o  7000 -Long of magnesium s:ul- 
phate  . 

From 1918 t o  1920 approximately 2000 tons  of epsomite was 
taken from the   l ake ,   over  1000 t o n s  o f  which was so ld .  

Other  Lakes 

Beinecke  mentions  (Ref. 7, p.  53) t h a t  ,in 191.9 Three  Mile 
Lake iMap 2, No. 19)   contained a s t r o n g   s o l u t i o n ,   l 0 , t o  18 de- 

dim s u l p h a t e   i n   t h e   p r o p o r t i o n  o f  4 t o  l. A b r ine  sample 
grees  Baume (Sp.G. 1.074 - 1.148) o f  magnesium sulphate  and so- 

the l a k e   h a d   a . s p e c i f i c   g r a v i t y  of 1.008, one from t h e   n o r t h  
taken by the  wri ter   in   October   1937,   f rom  the  south end o f  

end had a s p e c i f i c   g r a v i t y  of 1.003. The br ine  contained (1): 

To ta l   So l ids  - .38 t o  .66$ 
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Com2osition of  So l ids  

(1) Chief  Assayer,  Victoaia. 

.Ashcroft  Area 

Basque  Epsomite  Deposits (Map 5') 

t h e  Canadian  National R a i l w a y  and 3 miles   south of  Basque. 
Ashcroft  i s  1.2 m i l e s   t o   t h e   n o r t h e a s t .  

The Basque  epsomite  deposits  are  about 3 miles west of  

The depos i t s   occu r   i n  4 small ponds i n  e. narrow  rocky 
va l l ey .  The surrounding  country i s  mountainous  and  rugged. 
A r g i l l i t e ,   s h a l e ,  and a rg i l l aceous   l imes tone  of t h e  Lower 
Cache Creek S e r i e s   a r e  exposed i n   t h e   v i c i n i t y  of t h e  de,- 
p o s i t s .  

The w r i t e r   v i s i t e d   t h e  Basque deposi ts   in   October   1937 
wi th   t he   ob jec t  of ob ta in ing  samples and s u b s t a n t i a t i n g   p a s t  
r e p o r t s   i n   r e s p e c t   t o   p r e s e n t   c o n d i t i o c s .   N e i t h e r  eq.uipment 
nor  t ime  were  available f o r  d r i l l i n g .  The depos i t s   were  ex- 
m i n e d   i n   d e t a i l  by Goudge du r ing   t he  autumn of  1924, and i n -  
s o f a r   a s   t h e r e  have  been no marked  changes s ince   t ha t   t ime ,  
t he   fo l lowing   desc r ip t ion  is  quoted  from  his  report:   (Ref.  
7, p. 66). 

occur   in  fou r  smal l   bas ins  o r  mud-filled  ponds  in  the 
sloping,,f loor of the  middle   val ley  (Map.5) .  The d i s -  
tance  between  the f i r s t  and f o u r t h   b a s i n  i s  about  5000 
f e e t .  The bas ins   a r e  formed by   t ransverse  dams  of boul- 
der   c lay ,   which   reach   en t i re ly   across   the   va l ley .   There  
i s  n o   r o c k   v i s i b l e   i n   t h e s e   t r a n s v e r s e   r i d g e s  and  pre- 
sumably t h e y   a r e  composed e n t i r e l y  of boulder   c lay.  The 
ponds va ry   i n   l eng th   f rom 450 t o  600 f e e t  and i n   w i d t h ,  
from 200 t o  450 f e e t .  The sodium  and  magnesium crys-  
t a l   i n   e a c h  of' t hese  ponds occurs  as  bowl-shaped  masses 
of r e l a t ive ly   c l ean   c rys t a l   s epa ra t ed   f rom  each   o the r  
by mud, This mud i s  r a i s e d  up  from 2 t o  8 inches  above 
the   l eve l   sur r ' aze  of t h e   c r y s t a l  and  forms a border  o r  ~ 

r ing   a round   t he   c rys t a l  bowl. I n  wet weather and during 
the   sp r ing  and e a r l y  sumer t h e r e  i s  b r i n e  on top  of t h e  

"The depos i t s  of mixed  magnesium  and  sodium s a l t s  

- 42 - 



Looking westward. Black fringe on water-line eompmed of S W B I ~ S  of soda-flies. 
HUTCHISON LAKE. (Map 2, No. 17.) 

Basque No. 1, looking northward. Shows typical “crystal bowl” surface in 
BASQUE EPSOMITE DEPOSIT.  (Map 5.) 

middle distance. Note stock pile of crude salt to right. 



Crystal GB 
Mud 

ScaleL!!?!YFeet 
250 0 500 

Basque epsomite deposits (after Goudge). 
MAP 6. 

deposit  appears  as  a  number of shallow  circular  pools 
"crystal.  At  such  times  when  viewed from  the  shore,  the 

the  bottoms of which  are  composed  of  crystal. 

"The mud separating  the  bowls  of  crystal  is  a fine 
silt containing  a  very few rounded  pebbles.  It  is  very 
compact  even  at the surface; at depth  it  is  jet  black 
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" i n  co lor ,   has  a pungent  odor i n  which  hydrogen sul- 
phide i s  recognizable ,   and   conta ins   t iny   sh in ing  

black mud quickly  changes t o  a grey ish   g reen   co lour .  
crystals ,   presumably  epsoni te .  On exposure, t h i s  

Chemical a n a l y s i s  shows t h i s  mud t o   c o n t a i n  f r o m  45 
t o  60 per   cent   calcium  sulphate  and  from 2 t o  7 per  
cent   o rganic   mat te r .  

B .  C~., the '   mineral  claims enclosing  these  ponds  ape 
named Basque No. 1 , 'Basque No. 2, e t c . ,   b u t   i n  th j s  
r e p o r t   t h e s e  names will be   app l i ed   t o   t he  ponds t o  
d i s t i n g u i s h  them  from  one  another.!! 

" I n   t h e   o f f i c i a l  mining.  records a t  Ashcroft ,  

The fol lowing  information  respect ing  the  individual   de-  
p o s i t s  i s  based on Goudge's  description-augmented  by comments 
by t h e  writer. I t  i s  presented  in  semi-tabu1a.r  form fo r  t h e  
sake of brev i ty .  

Basque .No-:. .l 
-, r I 

c .t-3 Area - The pond covers  approximately  234,000  square  feet; 
about 190,000 s q u a r e   f e e t  are covered  by  crystal-deposi ts  ( i n -  
eluding mud between). 

- 

Form of Crystal-Deposi ts  - Some bowl-like  masses  are  up 
t o  60 f e e t   i n   d i a m e t e r   a n d ' r e t a i n   t h e i r   a r e a   w i t h   o n l y  slight 
d iminu t ion ,   t o  a depth of a t  l e a s t  5 f e e t .  The "bowls" d r i l l e d  

near  the  shore, ,  was p e n e t r a t e d   t o  the mud beneath a t  10 feet. 
showed v e r y   h a r d   c r y s t a l s   a t  4 t o  6 f e e t .  Only a small  one 

without  bottom'being  reached. Goudge cons ide r s   t he   gene ra l  
Ano the r   nea r   t he   cen t r e  of t h e  pond shaved  14  feet  of c r y s t a l  

depth  to   exceed 10 f e e t .  

g rea t e r   deo th ' t han  4 l/2 f e e t  owing t o   a n   i n r u s h  of br ine:  
Nature of t h e   c r y s t a l s ~  - Pi t s   cou ld   no t   be  dug t o  a 

the deeper-ones  indicated that  the-hard  layer  was composed of 
b loed i t e  (Na2SOq.MgS04.4H20) mixed with  epscmite (MgS04.7H20). 
The c l e a n   t o p   c r y s t a l - l a y e r  i s  about  2 1/2 inches  thick:   ba-  
nea th  it, and commonly separated  f ram it by a t h i n   l a y e r  of 
m'd, i s  a layer   averaging 3 1/2 f e e t   t h i c k  composed of i n t e r -  
locking   epsomi te   c rys ta l s   wi th  a l i t t l e  admixed mud. 
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hnalyses  

Surface   Crys ta l  - 3" t h i c k  

Goudge (Ref.  7,  p. 68.1 Writer  Q) 
r I 

99.1% 

NaHC03 

0.15 
Insol .   0 .27 

Mi.ddle 

97.1% 

0.49 
1.75 

0.15 
"- 

Bottom 3'' t h i c k a e s s  

92.17% 99. % . Ei 

0.14 
0.45 

t r  . 
0.68 . E; 

(I) Chief  Assayer,   Victoria.  

Note: R e c a l c u l a t e d   t o  10% water   f . ree   bas i s .  The writ- 
e r ' s  sample  contained 51.3% water of c r y s t a l l i z a t i o n  as ana- 

0-1' I 1" 3 '  

81.8%  90.85% 

0.47  0.43 

0.15 0.16 

0.83 , --- 
"- -" 

3'- 4 '  

90 :03% 

0.54 

0.17 
3.20 
6.06 

--- 
"_ $i 1" 3'  3" 4 '  

0.33 

3.95 
- 

Note: hna lyses   r eca l cu la t ed   t o  10% water f r e e   b a s i s .  

Br ine  - 2 t o  6 inches of b r ine   cove red   t he   c rys t a l  @ools - 
in  October  1924..  None was p re sen t  i n  October  1937,  other  than 
i n  a p i t  of unknown depth a t   t h e   s o u t h  end of t he   l ake .  

Analyses of Brine.  Samples 

Goudge (Ref. 7, p. 75)   Wri ter  
" 

1 3 2 

To ta l   So l ids  
1.318  1.334  1.283 Sp.G. 

33.356 28.N 31.7% 25:8% 
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Composition of Sol ids  

MgSO4 - 80.95% 
Mg(HC03)2 - 1.41 
iSa2SO4 - 16.30 
?IaC1 - 0.19 
iizSO4 
K C 1  - 1.15 
Xa2CO3 - "" 

Cas04 

- "" 

- "" 

69.52% 

26.64 
0.12 

.3.72 

"" 

"" 

"" 

"" 

76.56% 
0.29 

21.10 

0.50 
1.55 

"" 

"" 

"" 

75.w: 

24.5 
"" 

"" 

"" 

"" 

tr .  

1. Cornnosite  sample f r o m  10 p,ools on sur face  of Basque 

2 .  Large f low encountered, at depth 2 1/2 feet i n   p i t   i n  

3.   Large  spring  encountered a t  depth of  8 f e e t   i n   p i t   i n  

4. ?it a t   n o r t h  end of lake .  - Analyzed  by  Chief  Assayer. 

Tonnage -.asstuning the average  depth  in  Basque No. 1 dB- 
p o s i t   t o  be   10   f ee t ,   .Goudge .e s t ima tes ' t he   t o t a l   quan t i ty  of 
sodium  and  magnesium s a l t s . a b a i l a b l e   t o  be.  about  64,800  tons. 
This may be  taken as a minimum f i g u r e ,   i n s o f a r  as the  average 
depth of  c rys ta l   p robably   exceeds  .lo f e e t .  The top  3 f e e t   i n  
a l l  t h e  bowls i s  .pr incipal ly   epsomite;  on t h i s  b a s i s   t h e  amount 
of p rac t ica l ly   pure   epsomi te 'p resent -  i n '  1924 w a s  20,000 tons .  

Basque .No,. 2 

X O .  1 - Oct.  1924. 

one of c e n t r a l   c r y s t a l  bowls - Basque No. 1. 

mud nea r   cen t r e  of Basque No. 1. 

I 

rJv" L Pk . .  

Are&. - The pond covers  ,approximately '90,000 squa re   f ee t  
of which 47;OOO i s  u n d e r l a i n . b y . c r y s t a 1  "bowls" w i t h   t h e i r  
e n c i r c l i n g  mud r i n g s .  

- 

Form of Crystal-Deposi ts  - The crystal-masses  a.re  separ- 
ated  from  each  other by only  a.fevr: ' inches  , to,  1 1/2 feet. of mud. 
Their   average  depth  including 'mud l a y e r s  i s  5 1/2 f e e t ,   t h e  
deepes t   be ing   s l igh t ly   over  10 fee t . ,  

Nature of  t h e   C r y s t a l s  - : 'P i t s  were  dug  without  trouble 
from  brine  inflow.  'The  following is a t yp ica l   s ec t ion :  

0 - 7" .' - Clean ' tOp   c rys t a l .  
7" - l'l", ' ,  . :  , .  - -  Dark coiored;  .compact c r y s t a l .  
1'1" - 1'7".: C1ear;massive'  cr.ysta1. 
1 '7'1 '-. 2 '  9" :' , . ,  , . - ' Mud ,and  l0,os.e  'crystals..  

6'6". - .9'' plus.- Black,Mud. 

I 

2 t 9'1- - 6 16" , ., - a&& &$E ::bry&@l. 

The top   l aye r   ave rages  1 foot   : th ick . .and '   cove ' r s   p rac t ica l ly  
, .  j ,  ' ~ i , .  , ,  



the  whole  pond; it was deposi ted from so lu t ions   d ra ined  f r o m  
Basque No. 1 t o  f a c i l i t a t e   o p e r a t i o n s   d u r i n g   t h e   p e r i o d   t h i s  
was worked. 

MgS04 

NaHC03 
Na2S04 

Na2C03 
NaC 1 
Cas04 
Insol..  

&904 
Na2SO4 
N ~ H C O ~  

NaCl 
Na2C03 

Cas04 
I n s o l .  

1 

78.3% 
18.96 

0.63 
0.56 

1.05 
t r  . 

0.41 

7 

32.64 
63.28 

0.76 

0.14 
1.46 
1.72 

"" 

Analyses 

Goudge (Ref. 7, p.  7 0 )  

2 

93.9% 
4.62 
0.50 
0.03 
0.27 
0.44 
0.24 

8 

5.4.55% 
'40.18 

0.58 

0.17 
2.05 
2.47 

"" 

s 4 

69.94% 

0.49 0.60 
35.82  28.03 
63.39% 

0.18 
t r  . 

0.10 
t r  . t r  . 

1 .25  0.20 

9 10 

18.53 
8.67% 94.7% 

t r  . 
0.92  0.34 
t r .  

13.31 
0.13 0.05 

58.44 
2.99 
1.83 

"" 

-"- 

" 

5 

18.8% 
8.61 
0.08 

0.54 
13.45 
58.43 

11 

66.2% 
19.90 
0.69 

0.48 

"7.12 
5.61 

"" 

"" 

Note: Reca lcu la t ed   t o  10% water f r e e   b a s i s .  

1. Hole No. 1 - Top c r y s t a l  
2. Hole No. 1 - Crys ta l  
3. Hole No. 1 - Crystal  
4.  Hole No. 1 - Crys ta l  
5. Hole No. 1 - Mud 

7. Hole No. 1 - Crystal 
6 .  Hole No. 1 - Crystal  

8.. Hole No. 1 - Crys ta l  
9. Bole No. 1 - Mud 
10. Hole No; 2 - Crys ta l  
11. Hole No. 2 - Crys ta l  

I_ 

t h e   s u r f a c e  of  t h e  pond;  about t h e  same quan t i ty  was 
Brine - I n  October  1924,  2 t o  6 inches of b r ine  

i n  October  1937. 

6 

65.84% 
29.1.0 
0.83 

0.1.6 
2.20 
1.87 

" 

covered 
present  
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Anblyses o f  Brines - Goudge (Ref. 7 ,  2 .  73) 

Surface  of Basque No. " 2 Seepage i n t o   p i t s  

To ta l   So l ids  28.3% 
Sp. Gr. 1 304 

Composition  of  Solids 

73.54% 
20.37 
1.34 

4.45 
0.27 
"" 

3 + 21% 
1 349 

66.07% 
30.07 
"" 

"" 

0.21 
3.65 

es t imates   the  amount o f  combined s o d i m  and  magnesium sal ts  
i n  Basque No. 2 d e p o s i t   t o  be 8500 tons .  

Tonnage - Assuming the   average   depth   to   be  4 f e e t ,  Goudge 

Basque No. 3 
1- 

which  27,000  are   covered  with  crystal  bowls  and in te rvening  
mud r ings .  

- Area - The pond has   an  area of 90,000  square  feet  of 

Forms of Crystal-Deposi~ts  - The "bowls" average  30  feet  
i n   d i a m e t e r  and have  an  average  depth of 3 f e e t .  

l a y e r  3 inches   t h i ck ,   unde r l a in   by   so f t  black mud 4 i n c h e s   t o  
Nature of t h e  Crystal - .4 p i t  showed a c l e a n   t o p   c r y s t a l -  

1 f o o t  thick,   fol lowed by ha rd   c l ean   c rys t a l s  composed pr in-  
c i p a l l y  of b l o e d i t e .  

Analyses 

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

1 6 5 4 3 2 

MgSO4 

0.79 NaHCO3 
t r  . 1.31 t r  . Na2SO4 

53.41%  55.24% 53.64% 90.9%  95.1% 98.79% 
44.30  42.87  43.45 

1.46 0.P2 
Na~C03 

0,53 0.46 0.49 ---- 0.10 "" "" 

NaCl 0.10 
CaSO4 

0.11 
0.07 1.46 

0*12 
3.46 

0.14 0.06 tr. 
0.65 0.54 

Inso l .  0.25  0.43 4,70 0.78  0.83 1.60 
1.01 

"" "" 
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Note:  Recalculated t o  10% wate r   f r ee   bas i s .  

1. Top c r y s t a l  - 0-3" 
2 .  Crys ta l  - 311-6'' 
3.  Hole No. 1 - Crys ta l  6"-1'6" 
4.  Hole No. 1 - Crystal   1 '6"-2'6" 
5.  Hole No. 1 - Crystal   2 '6"-3'6" 
6. Hole No. 2 - Crys ta l  6"-1'6" 

Brine 

Analysis of sur face   b r ine  - 1" Goudge 
(Ref.  7, p .  73) 

Tota l   Sol ids  - 26.7% 
Sp.G. - 1.301 

Composition of So l ids  

M&O4 - ao. 56% 
Na2S04 - 
Mg (He03 ) 2 

17.64 

NaCl 
- 0.05 

K.2304 - 0.39 
KC 1 - 1.36 

- "" 

Tonnage - Assuming an average  depth of  2 2/2 f e e t ,  

drous salts. 
Goudge e s t ima tes   t he  pond to   conta in   about  2000 tons  of  hy- 

wu - *b  Basque No.. .4 

- Area - About 1600 square   fee t   covered   by   c rys ta l .  

number, range from 6 t o  15  feet i n  diameter  and 2 t o  8 feet 
i n  depth.. 

Form of  c rys t a l -depos i t s  - The crystal-masses, .   18 i n  

Analyses 

Crystal - Goudge (Ref.: 7; p. 7 2 1  

Hole No. 1 - 0 t o  1 f o o t  Hole No. 2 

&SO4 73.6% 70.6% 
Na2S04 
NaHCO3 

9.87 

NazCQ3 

14.98 
1.19 1.11 

tr . 
NaCl 0.14 0.05 
Cas04 3.53 
Insol. 14.66 9.04 

"" 

1.. 14 
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Note:   Recalculated  to  10% w a t e r   f r e e   b a s i s .  

Brine 

Ana1.ysi.s of  Surface  Brine 

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

T o t a l   S o l i d s  - IS.Z% 
Sp.G. - 1.193 

Composition of S o l i d s  

MgSO4 - 65.S3% 
Na2SO4 - 32.71 
KZS04 
K C 1  

- 0.48 
- 1-38 

Tonnage - Goudge est imates   about  200 tons  of  mixed  sodium 
and  magnesium sa l t s  p r e s e n t   i n  Basque No. 4.  

According t o  Goudge's e s t ima tes  (Ref. 7 ,  p. 73) the   min i -  
mum tonnage of  crude  hydrous salts ,  chief ly   epsomite   and  bloe-  
d i t e ,   i n   t h e  Basque depos i t s   in   1924 was as follows: 

Basque No. 1 - Epsomite - 20,'OOO t o n s  

and Magnesium salts  - 44,800  tons 

and  Magnesium sal ts  - 8,500  tons 

and Magnesium salts  - 2,000 tons  

and Magnesium s a l t s  - 200 t o n s  

Combined sodium 

Basque No. 2 - Combined sodium 

Basque No. 3 - Combined Sodium 

Basque No. 4 - Combined Sodium 

Tota l  75,500 t o n s  

About  2300 t o n s  of s u r f a c e   c r y s t a l  was sh ipped   t o  Vancou- 
ver during  the  per iod  f rom 1919 t o  1923'. The d e p o s i t s  lay 

from  1934 t o  1937,  and  approximately 2400 t ons  of t h i s  re-  
i d l e  from  1924 t o  1933, A t  least  3000 t o n s  more was removed 

f i n e d  and  sold. 

Kamloops Artia 

$t+jO teau su r face   no r th  of Kamloops and west of the   North Thompson 
Severa l  small l a k e s  (Nap 3, No: 7) ,  on t h e  rolling pla-  

River, contain concentrated  br ' ines  i n  which  magnesium'suli 
phate  predominates.  One of these ,   about  6 mi l e s  from Kam- 
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loops,   contained  br ine of the  fol lowing  composi t ion:  (1) 

Brine Sample - (October,.  1937) 
To ta l   So l ids  - 20.8% 
Sp.G. a t  16 deg. C .  - 1.1895 

Composition of Sol ids  

- 84.% 
- 14.7 
- 1.0 
- . 2  

t r  . - 
(1) Chief  Assayer,   Victoria 

The l ake ,   s l i gh t ly   ove r  2 ac res   i n ' a r ea ,   occup ies  a 
sharp   bas in- l ike   depress ion .  The depth of b r i n e   i n   t h e '  
oentre  probably  exceeds 5 f e e t .  The quan t i ty  of sa l t s  i n  
so lu t ion  i s  approximately 800 tons   per   foo t   depth .  The only 
c rys t a l   no ted  was i n  the  form  of  thin films of i n t e r lock ing  
epsomite  crystals  occupying  depressions  along  the  shore.  

Another  small  lake  about 1 1/2 m i l e s   t o ' t h e   s o u t h  was 
sampled. The b r i n e   a n a l y s i s  was as   fo l lows:  (1) 

To ta l   So l ids  - 6.0% 
Sp.G. a t  1 6  deg. C .  - 1.049 

Composition .of  So l ids  

&SO4 
Na2S04 - 
NaZC05 
NaC 1 

- 65.0 
31.0 
1 ..4 
tr . - 2.4 

- 
caso4 

- 

(.1) Chief  Assayer,   Victoria! 

The a rea  i n  which the   l akes   occur  i s  underlain  by ar- 
g i l l i t e ,   q u a r t z i t e ,  and l imestone of the  lower Cache Creek 
S e r i e s .  

Osoyoos Area 

Spotted Lake Deposit  

The Spot ted Lake deposi t   occurs  i n  a lake  covering ap-- 
proximately 20 ac re s ,   s i t ua t ed   nea r   t he  summit of Richte 'r 'a  
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Pass  about 6 mi l e s  from  Osoyoos. The Osoyoos-Similkameen 
Road i s  about a qua r t e r  of a m i l e   t o   t h e   n o r t h .  

mountainous,  the summits of 3 i c h t e r  and  Kruger Mountains, on 
The region t r ave r sed  by Richter . ' s   Pass  i s  r o l l i n g   t o  

the   nor thwes t   and   southeas t   respec t ive ly ,   be ing   over  4500 
f e e t   i n   e l e v a t i o n .   P r e c i p i t a t i o n  i s  l igh t ,   averaging   on ly  8 
inches a y e a r   a t   O l i v e r ,  10 m i l e s   t o   t h e   n o r t h :  

On t h e   n o r t h  and west of the   lake  ocours  (Map B5A with  
G,S.C:  Mem. No. 38) a complex of s c h i s t s  and b a s i c   i n t r u s i v e s ,  
on t h e   e a s t  metamorphosed  sediments  intruded  by  granodiorite, 
and on the   south   nephel ine   syeni te .  

~ . When examined  by t h e   w r i t e r   i n   J u n e  1938 the   l ake  was 

e luded   fur the . r   inves t iga t ion ,   the   fo l lowing   descr ip t ion  i s  
covered  with 6 t o  8 inches of br ine .   In so fa r   a s   t h i s   p re -  

quoted from a repor t   by  Goudge (Ref. 7, p. 78) 

"The c r y s t a l  i n  t h i s   l a k e   o c c u r s  i n  t h e  sane bowl- 
l i ke   fo rma t ion  t h a t  charac te r izes   the   o t .her  magnesium 
s u l p h a t e   d e p o s i t s   i n   B r i t i s h  Columbia. 

"The crystal-bowls  occupy  from 50 t o  60 per   cen t  
of t h e   a r e a  of the   l ake   bed .   In   s ize   they   vary   f rom 

f e e t   i n  depth: 
20 t o  80 f e e t  i n  diameter,  and  average  about 3 1/2 

1 1/2 f e e t  above   t he   c rys t a l   l eve l  and t h e  mud which i s  
da rk   i n   co lo r . ,   con ta ins  numerous c r y s t a l s  of gypsum. 
The analyses  of two samples of t h i s  mud show it t o  con- 
t a in   70   t o   80   pe r   cen t   ca l c ium  su lpha te . "  

"The e n c i r c l i n g  mud r i n g s  are r a i s e d  4 inches t o  

the   l ake ;  it was therefore   imposs ib le  t o  d i g   p ' i t s  f o r  t h e  
purpose of obtaining  samples. A number of "bowls" were t e s t e d  
f o r  depth.  He n o t e s   t h a t  down t o  2 f e e t   t h e   c r y s t a l - d e p o s i t  
was hard   bu t   f rom  there   to   the   bo t tom it was comparatively 
s o f t .  The surface  layer ,   about  2 inches   th ick ,  was very 
clean. 

Then  examined  by Goudge about 4 inches o f  br ine   covered  

Analyses of t h e  surface c r y s t a l s   f o l l o w :  
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Goudge (Ref. 7 ,  p. 781 

"" 

0.15  0.14 0.22 
"" 

Inso l .  0.36 0.46 0.18 0.26 . 2.44 

The samples 1 t o  5 r ep resen t   su r f ace   c rys t a l s   f rom 
"bowls"; To. 6 i s  from t h e   i n t e r i o r   o f  one of t h e   s t o c k   p i l e s  
on the   shore .  

The fo l lowing   ana lys i s  of s u r f a c e   c r y s t a l s ,  as harvested 
commercially when the   depos i t  was worked,.  was furn ished  
through  the   oour tesy  of  Chas.  Newall, of S e a t t l e .  

- 57 :58% 
Na22.04 - 42.38% 
A l k a l i n i t y  - n i l  
c1 t r  . 

as furnished  contained 40..2% water  of c r y s t a l l i z a t i o n .  
Note:  Recalculated t o  lo@ wate r   f r ee   bas i s .   Ana lys i s  

Goudge estimates t h e   l a k e  t o  contain  approximately 50,000 
tons  of hydrous sal ts  of magnesium  and  sodium.' 

Acc.ording t o   r e c o r d s   a b o u t  1500 t o n s  o f  crystal  were 
taken from Spotted Lake' between 1915 and 1919  and  shipped t o  
Oroyille,  Washington, 1 2  miles aistant, fo r  r e f i n i n g  and sa1.e. 

$ m a r s  

The more important  sodium  carbonate,  'sodium  sulphate', 
and magnesium su lpha te   depos i t s  of B r i t i s h  Col.umbi+ a r e  l i s t -  
ed  below  with  pertinent  data. .  
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Deposit 

83 g i l e  L.  
Goodenough L. 

Liber ty  L. 

Rob and Nan L. 
Last  Chance L.. 

Margaret L. 

Ani ta  Le, 

Lela - L e  
m i t e -  Blephant I 

:HuD'chison L: 
Lake No, 1 

Soap  Lake 

Rose L.' 

Sodium  Carbonate 

I 

. flef. 

Map 2, No:'l 
,I NO.' 4 

No. 7 

No. 9 
No.: 10 

NO.. 11 

I, 

11 

I t  

n 

1, No. 12 

No. 1 2  
No. 14 
No. 15 
No. 17 

I1 

It 

I t  

11 

Map 3, No: 1 

Map 5, 

" 

Brine  
Eduddy, permanent 

Brine  and  Xinter-  
c r y s t a l s  

Brine 
c r y s t a l  

Permanent 

Brine  and  'Minter- 

Brine  and  Ninter- 

Brine 
Brine 
Brine 
Brine 
Permanent 

Brine  and  Winter- 

c r y s t a l s  

c r y s t a l  

c r y s t a l  

c r p t a l s  

Estimated 

T o t a l   S a l t s  

10,000 
1,100 

3,000 
1,800 

70,000 

900 

'3,200 
600 

2,050 
8,500 

13,000 

100,000 

c r y s t a l  I 14.69(1926)  45,000 
t 

Approximate t o t a l   s a l t s  - 257,150 
n " sodium carbonate - 

mnage 
Sodium 

Carbonate 
~ 

1,000 
3,000 

1,500 
2,600 

17,500 

850 

3,000 
550 

2,000 
6,500 

12,500 

20,000 

(1926) 
40,000 

103,000 



I 

cn cn 
I 

Table  (continued)  Sodium  Sulphate 

3 
Occurrence 

Nap 3, No. 2 Permanent 

rron  Mask  Lake Ehap 3, No. 5 Fermanent 

Lake No. '4 c No. 4 Brine 

Auuroximate total salts - 

_____I_____ 
Magnesium  Sulphate 

Basque Dqosits 

Spotted  Lake 

Clinton  Lake 
Lake No. 7 1 

Map 4 

Map 2, NO. 18 
Map 3, No. 7 

I 

I Estimated  Tonnage 

"" 150,000 = 

53,000 = "" 

11.67% 3,000 

203,000 
'I sodium  sulphate - 

Permanent  crystal 

Permanent crystal 

Brine 
Brine 
Approximate  total 

I 

I 

Magnesium 

"" Epsomite 20,000 
55,500 

50,000 

13.97 (1924) 8,000 

20.8% I - 4,000 
salts - 137,500 
lagnesium  sulphate - 

"" Mixrd 

I 

Carbonate 

60,000 

20,000 
1,000 

81,000 

ulphate 

10,000 
25,200 

13,000 

6,000(19: 
3,400 

57,600 



. .  

History  and Development 

reported.  upon' i n  1897  (Ref. 8, p.  11R). A t  t h a t  time winter -  
c r y s t a l  was known t o  form o n l y  i n  Goodenough and Las t  Chance 
Lakes.  These  were  staked i n  1897  and natron  harvested  from 
the  former  during  the  winter  of 1897-98. No f u r t h e r   i n t e r e s t  
was taken,  however,  until  war-time  prices  gave  encouragement 

'White Elephant,  Rose,  and Rob' and Nan Lakes were  sWkea  from 
t o   t h e  exploitati .on o f  loca l   soda  depos i t s .  Marga.ret, Anita, 

1916 t o  1921,  and two  small p l a n t s   i n S t a l l e d  f o r  $he purpose 
of producing  soda  ash. No commercial  production Was made, a l -  
though  winter-crystal  was shipped.  A more ambit ious  but   fu- .  
t i l e   a t t e m p t   t o   d e h y d r a t e   t h e  pernkinent c rys t a l -depos i t  of 

Hutchison  Lakes  were  staked. A dehyd-rat ing  plant  was e rec t ed  
Last Chance  Lake was made i n  1924; In the   same'year   Lela   and 

toge ther   on ly  2 c.arloads of soda  ash  were  shipped  before  oper- 
a t  White  Elephant Lake i n  1926, and a second  one i n  1928: Al- 

ations  were  permanently  suspended.  In  1929 a p l a n t  was b u i l t  
a t  Las t  Chance  Lake but  did  not  operate  commercially.  

The soda  lakes  of t h e  Green Timbe-r Plateau  were f i r s t  

In  1930 Lake No. 1 (Kamloops) was s taked,  a b o i l e r  and 
pumping equipment  instal . led,   and  exploratory work  done. From 
1931 t o  1935  regular  shipments of natron  were made. 

For the las t  ten  years  small   but  regular  annual  shipments 
of' wbntek-crystal .qr   natron  have  been made b y   o p e r a t o r s   i n ' t h e  
Green  Timber P la t eau   a r ea ;  no further  developments  have  been 
attempted.. 

As far  as can  be  asoer ta ined From old  records,  a t o t a l  
of 7750 tons  Of' nat ron ,   va lued   a t   approxiaa te ly   $70 ,000  has 
been  produced  and  sold from soda   l akes   i n   t he  Green  Timber' 
P l a t eau  and Kamloops areas:  

A b r i e f  summary of t he   dehydra t ing   p l an t s   e r ec t ed  a$ :&he 
more ' important   lakes  is presented.  

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

1923 - Owners - L i l l o o e t  Soda Company 
Other  Deposits.   held - Goodenough and Rob 

and Nan Lakes.. 

Quoted  from  report   by Goudge (Ref.  6, p. 96) 
Dssa r ip t ion  of '  P . s  

pany e r e c t e d   s e v e r a l   s u b s t a n t i a l  l o g  bu i ld ings  a t  t h i s  
"During t h a t  summer (1923)   the   L i l looe t  Soda 'Com- 
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"lake and t h e  f i r s t  u n i t  of a small p l an t   des igned   t o  
produce  soda  ash was b u i l t :  The u n i t   c o n s i s t e d  of a 
h o r i z o n t a l   f i r e - t u b e   b o i l e r   w i t h  a po r t ion  of t he   ou te r  

r i v e t t e d   t o   t h e  s i d e  where t h e  s h e l l  was cu t  away. 
s h e l l  removed  on one s ide ,  and a s t e e l  box o r  sump 

The proposed method o f  opera t ing   t he   p l an t  was t o   f i l l  
t h e   b o i l e r  and sump w i t h   b r i n e   ( o b t a i n e d   e i t h e r   d i r e c t  
from the  la.ke o r  by d i s s o l v i n g   t h e  muddy c r y s t a l ,   l e t -  
t i n g  it s e t t l e ,  and  siphoning o f f  t h e   c l e a r   b r i n e ) ,  and 

monohydrate  dropped out .  Rakes f a s t ened  t o  an endless  
t h e n   t o   c o n c e n t r a t e  the   b r ine   by   evapora t ion  u n t i l   t h e  

chain  were  constant ly   in   motion  in   the sump and  were 
supp0se.d t o   s e t  up c u r r e n t s   i n   t h e   b r i n e   t h a t  would 
sweep t h e  monohydrate c r y s t a l s   i n t o   t h e  sump as they 
were  formed,  from.where  they  could  be  discharged  by tKe 
rakes.  I t  d id   no t  work s a t i s f a c t o r i l y . "  

1929 - Owners - B .  C .  Chemical Co. - 
Other   deposi ts   held - Rob and Nan Lake. 
Descr ip t ion  o f  P l a n t  - Quoted  from  Report 

of the   Minis te r  of 
Mines f o r  B r i t i s h  
Columbia,  1929  (Ref. 
3 ,  p.  230) 

of  1.5 tons  an  hour   has   been  erected,   the  scheme o f  
t r ' ea tment   be ing   br ie f ly  as follows: The s a l t  which a t  
the   p resent   t ime i s  being dug  by  hand  from the   encrus-  
t ed   su r f ace  of the  dr ied-up  lake,  i s  de l ive red  by  an 

This   tank i s  a ' s t e e l  punt-shaped receptab le  30 f e e t  
i n c l i n e  conveyor t o  a d i s so lv ing  and c leaning  tank.  

long and 5 f e e t  6 i nches   i n   d i ame te r ,   i n  which a t r a v e l -  
ling l i n k - b e l t  i s  f i t t e d . .  Heat i s  app l i ed   t o   t he  bot tom 
of t h i s  r ecep tac l e  by steam-coils  by means of which t h e  
crystal  is l i que f i ed ,  and t h e  suspended mud i s  withdrawn 
on the  S lowly- t rave l l ing   be l t ,   be ing   e leva ted  above t h e  
su r face  of t h e   l i q u i d .  The c l a r i f i e d   s o l u t i o n  i s  pumped 
t o  t h ree   s to rage   t anks ,  i n  which  the  temperature  requi- 
s i t e   f o r   m a i n t a i n i n g   s ' o l u t i o n  is maintained  by  exhaust 
steam,  and i s  withdrawn  by a high-pressure pump and  de- 
l i v e r e d   i n  an atomized  condi t ion  through  sprays  into a 
cyclone-type  evaporator.   This  evaporator i s  i n   t h e  
form of an asbes tos-covered   s tee l   inver ted  cone having 
a m a x i m u m  diameter  of 30 f e e t  and 28 f e e t   i n   h e i g h t .  

"Furnace  gases  from  an  oil-feed  furnace  adapted 
wi th  Ray steam  turbine  oi l - feed  are   introduced  through 
an   annular   passage   a t   the   top  of the  evaporator ;  a tho r -  

"A plant  oapable of handling an est imated  output  
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"ough admixture of t h e  whole  content,   together  with a 
swir l ing  motion,   i s   provided  by  a   central   exhaust  
through  a  pipe  submerged t o  a  depth of s e v e r a l   f e e t   . i n  
the   appara tus .  

.''The exhaust i s  maintained. by a  fan by.  which t h e  
gases  and  vapours  are  delivened t o  a  second  smaller 
evaporator  which i s  .introduced f o r  the   purpose '  of catch-  
ing  a 'proportion of the  pulverized  soda-ash  which i s  ca r -  
r i e d  off i n  the f i r s t  opera t ion ,  

t he   evapora to r   a t  a  temperature of'. approximately 600 de- 
'!The soda-ash which i s  'dessicated  and  pulverized is 

p e e s  F. accum6lates i n  the  bot tom of t h e  cone and is ' '  
withdrawn by a  blower, and together '   wi th   that   recovered 
from t h e  second evaporator  i s  de l ivered  t o  a   s to rage   s i l o  
i n  marketable form. " 

The resu l t s   ob ta ined   f rom  the   p lan t   descr ibed   above  were 
not  s a t i s f a c t o r y .  

White  Elephant  Lake (Map 2 ,  No. 14) 

1926 - Owners - J. 8. Coulson  ana  Sons - 
Other  Deposits - Rose  Lake 
Descr ip t ion  of P l a n t  

1926 - Owners - J. 8. Coulson  ana  Sons - 
Other  Deposits - Rose  Lake 
Descr ip t ion  of P l a n t  

othe'r   than that it had  a d a i l y   c a p a c i t y  of 20 tons.  
No d e t a i l s  of  t h e   p l a n t   e r e c t e d  i n  1926 a r e   a v a i l a b l e  

- 1928 - Owners - Dominion.Soda  Producers;  Ltd.+ 
Other  Deposits - Rose, Anita,  and o the r  lakes. 
Descr ip t ion  of P l a n t  

was proposed to   dehydra t e   na t ron , .   a  , sufr i@ient  qn$intkty being 

months t o  supply t h e   ' p l a n t  f o r  t h e   y e a r   a t   t h e   ' r a t e  of 45 t o n s  
harvested ill the  form of win ter -brys ta l   dur ing   the  winter' 

p e r d a y ; '  Most of  the  equipment  had  been removed a t  t h e  time 

d r i e r .   Th i s ,  i t ' i s  understood,.was  used for t h e  actual dehy- 
o f  t h e  writer's v i s i t  i n  1937 except f o r  40 by 6 f o o t   r o t a r y  

d r a t i o n  9f the   natron. .  To what e x t e n t   t h e   , p l a n t  was a~ suc- 

t u a l l y  prepared,- .however,   before  the  operation was permanently 
oess  i s  not  known: only  a  small  amount of soda-ash  was a c - ~  

discont.i.nued. 

D e t a i l s  of the  process  eriployed  are n o t  on record.: I t  
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Anita Lake (Map 2,  No. 1 2 )  

1918 - Owners - Paci f ic   Coas t   Cont rac tors ,  L t d .  - 
Other  Deposits - no da ta .  
Descr ip t ion  of  P l an t  

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

"The p l a n t  of the   Pac i f ic   Coas t   Cont rac tors   cons is -  
t e d  of a large  sheet-iron,  evaporating  pan 43 by  14 
f e e t   i n   p l a n ,  and 3 f e e t  deep,   with  s loping  s ides .  The 
lake   b r ine  was pumped i n t o   t h e  pan and there  concen- 
t r a t e d  by b o i l i n g .  The heat was suppl ied by wood f u e l .  
The hot   concent ra ted   b r ine  was p i p e d   t o   c r y s t a l l i z i n g  
tanks,  where, on coo l ing ,   c rys t a l  was deposi ted.  The 

t h e n   t o   c a l c i n e   t h i s   t o  soda-ash  but   the   ash  furnace 
i n t e n t i o n  was t o  produce  sodium  carbonate  crystal  and 

t a l l i z a t i o n  were  the  cause for t h e   p l a n t   s h u t t i n g  down 
was neve r   e r ec t ed .   D i f f i cu l t i e s   i n   evapora t ion  and crys- 

l a t e  i n  1918 and operations  were  never resumed b y   t h i s  
company. " 

Goodenough Lake (Map 2,  No. 4 )  

1922-23 - Owners - L i l l o o e t  Soda Co., Ltd. 
Other  Deposits - Last  Chance and Rob and Nan Lakes. 
Descr ip t ion  of  P l a n t .  

p r i n c i p l e   t o  t h a t   b u i l t  a t   A n i t a  Lake, was t r i e d  but was not  
A small  evaporat ing and c r y s t a l l i z i n g  p l a n t ,  similar i n  

success fu l ,  

1929 - - 
Lake No. 1 (Map 3,  No. 1) 

Owners - C .  W. Austin and A. C .  Knowles 
O t h e r D e p o s i t s  - Lake No. 2 (Map 3 )  
Descr ip t ion  of p l a n t  

Bo i l e r  and  puqping  equipment was i n s t a l l e d  and a steam 
d r i l l   u s e d   t o   e x p l o r e  the c rys t a l -depos i t .  

I n  1930  the  recovery  process   consis ted o f  d i s so lv ing   t he  
permanent c rys t a l s   by  steam, pumping t h e   s o l u t i o n   t o  a s e t -  
t l i n g   t a n k   t o  remove muddy impur i t i e s ,  and r e c r y s t a l l i z i n g   t h e  
sodium carbonate i n  t h e  form of  na t ron .  

Sodium Sulphate  

No sodium su lpha te  i s  known t o  have  been  produced com- 
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merc ia l ly   f rom  na tu ra l   depos i t s   i n   Br i t i sh  Columbia..  Lake 
No. 2 (Map.3) was staked p r i o r   t o  1 9 2 3   b u t   v e r y   l i t t l e   e q p l o r -  
a t o r y  work was done u n t i l  1929.   In   thht   year   pi ts   were  dug 
and t he   depos i t   d r i l l ed .   The re  have  been  no  further  develop- 
men'ts - 
d r i l l i n g  a&. explora tory  work c a r r i e d   o u t   i n   t h e   w i n t e r  of 
1932-33.. La& .No. 3 was s t aked   i n  1932.. 

I ron  Mask Lake was s t a k e d   p r i o r   t o  1932  and a l i t t l e  

Eagnes-ium Su.lphate 

umbia d u r i n g   t h e   e a r l y  war years .   S ince   then   product ion   has  
been   in te rmi t ten t . .  To date   over  7000 t o n s  of crude  epsomite 

was shipped  between  1915  and  1920. 
has  been  refined  and  sold,   approximately 2800 tons  of which 

Epsomite was f i r s t  produced  comnercial ly   in   Br . i t ish Col- 

Spotted Lake was f i r s t  worked i n  1915  and  shipments  of 
crude sal ts  were made a n n u a l l y   u n t i l  1919. I n  1918  both  Clin- 

produ'ced unti1.1920  from  the  former and  1922 f rom  the  lat ter.  
ton Lake  and the Basque deposits  were  developed and epsomite 

Production from the  Basque depos i t s  was renewed i n  1934  and 
has  con'tinued u n t i l   t h e   p r e s e n t .  

A br i e f  summary of the  recovery  methods  used a t  t h e   t h r e e  
depos i t s  follows. 

Spot ted  Lake 

1915-1920 - Owners - Stewart-Calvert  Co., Orovi l le ,  
Wash. 

Descr ipt ion of Methods  and P lan t  

Crys ta l - s labs-were  dug f rom  the   l ake  by p i ck  and  shovel, 
t aken   a shore   i n  whee'lbarrows" over  plank runways  and  shipped 
t o   t h e  Company's r e f i n e r y  a t  O r o t i l l e  by t ruck .  

The fo l lowing   desc r ip t ion  of t h e   r e f i n i n g , p r o c e s s  i s  

B r i t i s h  Columbia,  1918 (Ref. 1, p .  213). 
quoted from  the  Annual Report of t h e   M i n i s t e r  o f  Mines f o r  

"The p r o c e s s   f o r   t r e a t i n g , t h e  salts  is as follows: 
F i r s t   t h e  raw product,  a c r y s t a l l i n e  salts  d u g , f r o m t h e  
lake, is dissolved  in  tanks  by'means of s t e a m  'from 
thence   t he  liquid salts pass   t h rough . l aunde r s   i n to   t he  
evaporating-tanks,,  where it i.s brought   to  a c e r t a i n  den- 
s i ty; '  then run i n t o   o t h e r   t a n k s   l i n e d   w i t h  cement (mag- 
n e s i t e ) ,  where it is coo led   and   r ec rys t a l l i zed ;   t he  li- 
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"quid remaining  being drawn off  and pumped back i n t o   t h e  
bo i l ing   t ank   fo r   fu r the r   t r ea tmen t .  The c r y s t a l s   a r e  

basket  having a capac i ty  of 15 tons   every   t en   hours .  Af- 
then   pu t   th rough a Watson L a i d l a w  d rye r   w i th  a 2-inch 

t e r   t h i s   p re l imina ry   d ry ing   t he   c rys t a l s   pas s   t h rough  EL 

chu te   i n to  a r o t a r y   c i r c u l a r   d r y e r ;  25. f ee t   l ong   by  4 

minute. The screens a t  the diqdharge end have  meshes 
fee t   in   wid th ,   which   revolves  f r D m  e i g h t   t o   t e n   t i m e s  a 

varying  from 1/2 x 1/16 t o  3/32 x 1/2 inch .   Di rec t ly  
ou t s ide   t he   d i scha rge  end of  t h e   s c r e e n   a r e  a s e t  of 

over   the   revolv ing   sa l t s .  The temperature i s  kept  be- 
steam-coils so p l aced   t ha t   t he   f an  draws t h e   h o t   a i r  

low 80 degrees,  so t h a t   t h e  salts  w i l l  not   mel t .  

crystals   being  used  for   medicinal   purposes ,   whi ls t   the  
"Two grades of t h e s e  salts  are sh ipped ,   t he   f i ne r  

coarser   ones  are   used f o r  tanning   lea ther . "  

Lake, a small l ake  on  Kruger  Mountain, 2 1 / 2  miles n o r t h  of  
O r o v i l l e ,   w e r e   t r e a t e d   i n   t h i s   p l a n t .  . I t  i s  unders tood   tha t  
t he   u se  of  Spot ted Lake ma te r i a l  was l a r g e l y   r e s t r i c t e d   t o   t h e  
tanning   indus t ry  owing t o  i t s  r e l a t ive ly   h igh   con ten t  of so- 
dium su lpha te .  

Crude epsomite  from  Spotted  Lake,  Clinton Lake  and Epsom 

Clinton Lake. (Map 2,  No. 18) 

1918-1920 - Owners - Stewart-Calvert  Co., 
Orovi l le ,  Wash. 

Descr ip t ion  .of Methods  an6 P.laht 

t h e  few inches: of cove r ing   b r ine ,   t r anspor t ed   t o   t he   sho re  
by  wheelbarrow  over  plank runways., sun-dried,  broken by wooden 
mallet .and  screened  through 1/4 inch  mesh and shipped t o  Oro- 
v i l l e  where the   l e s s   pu re  material was ref ined.  

Crystal-slabs  were dug by pick  and  shovel  from  beneath 

. .  

section..  
The p l a n t  a t  Oroville  has  been  described  in  the  previous 

Basque Deposits (Map 5 ) .  

1917-18 - The deposi ts   were  s taked and small  shipments 
made. 

1919-~22 - Owners - Basque  Chemical Go. 
Descr ip t ion  of Methods  and P l a h t  

Quoted  from  report  by Goudge (Ref. 7, p.  75) 



"Crude su r face   c rys t a l   f rom Basque No, 1 was shipped 
t o  Vancouver  and there   p repared   for   marke t .  The company 
e rec t ed  a t  t h e   d e p o s i t s  15 o r  20 wooden bui ld ings   inc lud-  
ing  a.number of comfortable   dwell ing  houses   for   their  
w o r b e n .  A l a rge   bu i ld ing   i n t ended  as m i l l  was a l s o  

t i ons   ceased" in   1923>   a f t e r  2,300 t o n s  .Of c r y s t a l  had 
er-ected  but   very. . ' l i t t le   machinery was % n s t a l l e d .  Opera- 

been  removed  from the   sur face"of  Basque. No.. 1.:. 

"The t o p   c r y s t a l  on Basque No. 1 was very  pure when 
operations  were f irst  begun,  but  has  since  been contam- 
inated. '  I t  was dug out  of t h e   v a r i o u s  bowls  by  means of  
picks,  crowbars,  and  shovels  and  taken  ashore  in  carts. 

were made t o  t h e  company's r e f i n i n g  p l a n t  i n  Vancouver 
As the   market  warranted,  shipments of t h e  c rude   c rys t a l  

where it was prepared   for   the   marke t ,   the  major p a r t  of 
t h e  material, however,  was s t o r e d   i n  two sheds and i n  a 
l a r g e   s t o r a g e   p i l e  on the   sho re  of the   depos i t . . . .  

"The epsomite  shipped t o  Vancouver only  needed t o  
be freed from t h e  small amount of mud tha t  was mixed 
w i t h  it, to   p rov ide ,   acco rd ing   t o   t he  company's s t a t e -  
ment, Epsom s a l t   o v e r  98 per   cen t   pure ."  

I n   t h e   r e f i n e r y  a t  Vancouver the   c rude   went   to  a d i s so lv -  
i n g   t a n k   t h e n c e   t o   s e t t l i n g  and c r y s t a l l i z i n g   t a n k s , '   t h e  moth- 
er  l i q u o r   b e i n g   k e p t   i n   c i r c u l a t i o n .  The epsomite was d r i e d  
and  screened t o   t h r e e   g r a d e s .  

1934-1938 - Owners - Epsom Ref ine r i e s  L t d .  
Descr ip t ion  of Methods  and P l a n t  

panyf s  refinery a t  Ashcroft  by  trucks.  Here it was d isso lved  
and r e c r y s t a l l i z e d   t o  remove nuddy impur i t i e s ,   d r i ed  and 
screened.  Three  grades  were  marketed  and  the  plant  had a ca- 
p a c i t y  of 10 tons   per   day .  The ma te r i a l  was mined d u r i n g   t h e  

dur ing   the  f a l l  and win ter .  
summer, a suf f ic ien t   supply   be ing   accumula ted  for  r e f i n i n g  

Crude c r y s t a l  was taken  from Basque No, 1 t o  t h e  com- 

1938-39 - Opera t ions   ceased   in   the   spr ing  of 1938 but  re- 
f i n i n g  was recomnenced by a new company, h s h c r o f t  Epsom S a l t s  

t h e   w i n t e r  of 1938-39. 
Co., Winnipeg, i n   t h e  autumn of 1938 and was c a r r i e d  on dur ing  

Transpor ta t ion  

i n g   t a b l e .  
Data r e s p e c t i n g   t r a n s p o r t a t i o n   a r e   l i s t e d  i n  the  fol low- 
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Deposi t  

83 Mile L. 

Sa fe ty  L. 
Goodenough and 

L ibe r ty  L. 

Snow > m i t e  L. 

I 

L a s t  Chanoe L. 
Rob and Nan. and 

a 
I 

w 
f Margaret L. 

Ani ta   and 'Lela  L .  

mite Elephant L. 

Rose L.  

Hutchison L. 

jsoap I;. 

Ref. 

Map 2, NO.. 1 

Map 5 

No. 4 

No. 7 

No. 8 

Nos. 9 
Be 10 

No. 11 

No. 1 2  

No. 14 

No. 15 

No. 17 

Shipping  Point  
& itailway 

70 Mile Stn . ,  P.G.E. 

Chasm, P.G.E. 

5 mi l e s  poor road 
9 m i l e s  good road 

Chasm,  F.G.E. 

Chasm, P .  G.E. 

70,Mile  Stn.,P..G.E. 

70 Fdile  Stn.,P.G.E. 

Coulson, P.G.E. 

Coulson, P.G.E. 

70 Mile  Stn., P.G.E. 

Spences  Bridge;' C.P.R. 

kpprox.  Cistance 
to   Shipping   Doin t  

Iiighway. 
13 miles   by  the  Cariboc 

22 mi l e s   by   f a i r   road .  

Chasm, P . G:E. 

1 mi le  poor road. 
13 mi les  fair  road. 

1 2  mi les  fa i r  road. 

4 miles poor  road. 

4 miles  poor  road. 

1/4 m i l e ~ p o o r   r o a d .  

none 

6 miles by  abandoned 
road. 

7 miles  pack trail. 



m 
I 

tp 

I 

Deposi t  

ske No. 1 

arnes  L. 

&e No. 2 

ron Mask L. 

po t ted  L. 

l i n t o n  Lake 

asque Dep. 

Ref. 

Map 3, No. 1 

Map 3 

Map 3, No. 2 

Map 3, NO. 5 

Hap 2, N O .  18 

Map 4 

Shipping  Point  
& Railway 

Kamloops, C.P.R. o r  
C.N.R. 

Kamloops., C.P.E. o r  
C.N.R. 

Kamloops, C.P.2.  o r  
S.N.R. - a q r i a l  tram 
could  be  used  as men- 
t ioned  for Lake No; 1 

Kamloop, C.P.R. or 
C.N.R. 

Oliver, C.N.R. 

Clinton, P.G.E. 

Basque, C.N;R. 

t o  Shipping  Point  
Approx. Distance 

12  miles good road,coultl  
be handled   by   aer ia l  tram 
t o  C.P.B. 1/2 t o  3/4 m i .  
d i s t ance .  

17 miles  good  road-- 
3 m i l e s   t o  Vernon  Branch 
C.N.R.  

13 miles  gaod  road. 

6 mi les  good  road.. 

12  rr.iles f a i r   r o a d ,  

1 mi le  good road. 

mi l e s  t o  p l a n t   a t  
3 r o i l e s   f a i r  road--12 

Asliccioft. 



Orig in  of Deposi ts  

t h e  many t h e o r e t i c a l  f a c t o r s  r e l a t i n g   t o   t h e   o r i g i n  of t h e  sa- 
I t  i s  beyond t h e  scope of t he   p re sen t   r epor t  t o  dea l   wi th  

l i n e   l a k e s  of B r i t i s h  Columbia. The o r i g i n  of similar depos i t s  
elsewhere  has  been  discussed (see General  Bibliography)  by 
Cole,  Chatard,  Wells,  Clarke,  Bayley,  and  others.  In  general 
t h e  salts  are   oonsidered  to   have  been  der ived  or iginal ly   f rom 
the   l eaching  of rocks  or s o i l ,  t o  have  been  carr ied  into un- 
dra ined   bas ins  by surface  or   sub-surface  drainage,   and  there  
concentrated  through  evaporat ion.  

The fo l lowing   genera l iza t ions   a re   inc luded   for   the   sake  
of i n t e r e s t :  

Sodium Carbonate  Deposits 

1. A11 t h e  known soda  lakes   of   Bri t ish Columbia i n  which 
sodium carbonate i s  the  only  important   const i tuent ,   occur  :in 
r e l a t ive ly   a r id   r eg ions   unde r l a in   by   Te r t i a ry   basa l t i c   l ava  
flows 

2 .  The lakes   occupy  smal l   sha l low  depress ions   in   g lac ia l  
d r i f t .  

l a k e s .  The water i n   each  i s  a d i l u t e   s o l u t i o n  o f  sodium car -  
3 .  Springs occur on the  shorel ines   of   four   of   the   soda 

bonate  and  other salts  a l though   t h ree  are potab le .  The o r i -  
f i c e  of one i s  i n  a low mound of   ca lcareous   tu fa .  

4. I n  g e n e r a l   a l l   l a k e s - i n   t h e   a r e a s   u n d e r   d i s c u s s i o n  
show evidence  of  having  stood a t  a cons iderably   h igher . leve1  
w i t h i n   f a i r l y   r e c e n t   t i m e .  

5 .  Only  two of t he   pu re r   soda   l akes   a r e  known t o  con- 
t a in  deposits  of  permanent  crystal .  The r eminde r ,   a l t hough  
having  diminished  in volume i n  every  case  s ince 1919 and 1924, 
c o n t a i n   b r i n e s   l i t t l e  o r  no more concentrated  today  than a t  
those   t imes .   In   b r ie f   there   has   been  a d e f i n i t e   d e c r e a s e   i n  
t h e   t o t a l   q u a n t i t y  of s a l t s   i n   s o l u t i o n   i n   t h e   s o d a   l a k e s  of 
B r i t i s h  Columbia without   corresponding  deposi ts  of permanent 
crystal   having  formed. 

a t  l ea s t   s even  i n  1924,  and i n  only 3 i n  1937. 
6. X in te r - c rys t a l  formed i n   o n l y  two lakes  i n  1898, i :n  

Sodium  and Magnesium Sulphates  

1. Lakes i n  which magnesium sulphate  predominates are 
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confined t o   a r e a s   u n d e r l a i n  by rocks of t h e  lwer  Cache  Creek 
s e r i e s   ( a r g i l l i t e ,   q u a r t z i t e ,  and l imes tone) .   Depos i t s   in  
which  sodium  sulphate i s  the   ma jo r   cons t i t uen t   occu r   i n   a r eas  
i n  which  greenstone and d ior i te   p redominate .  
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CHAPTER 2 

Technoloa  and  Uses of  Sodium 

and Magnesium S a l t s  



Mineralogy  and  Origin 

Sodium  Carbonate 

The  compound  sodium  carbonate  does  not  occur  in  nature 

which  at  least  three  are known. Pure  sodium  carbonate  con- 
but is obtained  by  the  dehydration of one of its hydrates of 

tains 58.49 per  cent  NaZO  and  41.51%  GO2. 

Sodium Monohydrate - Wa2C03.H20 - Mineral  name  Thermonatrite 

Na20 - 50.0% 
. co2 - 35.4% 
Hz0 - 14.6% 

Sp.G. - 1.5 to 1,6 : Hardness - 1 to 1.5 

Egypt,  Eungary,  Califcrnia,  etc.  Encrustation on lava from 
Occurrence - efflorescence  on  soil  and  around  lakes  in 

Vesuvius. 

Properties - the  monohydrate is the  stable  solid  phase 
in  aqueous 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 

when heated,  but  loses  its  combined  water  between 87 and 100 
precipitated  and  redissolve  on  cooling. It does  not  melt 

moisture  from  the  atmosphere,  and  also  carbon  dioxide  to  form 
deg. C., forming  a  pulverulent  mass.  Cn  exposure  it  absorbs 

the  sesqui-carbonate, 

Sodium  Decahydrate - Na2CO3.lOH2O - Mineral  name  Natron 
Ita20 - 21.6% 
CO2 
E20 

- 15.37% 
- 62.94% 

Sp.0. - 1.42 to 1.47 - Hardness - 1 to 1.5 
Occurrence - in  many  soda  lakes. 
Properties - the  decahydrate  is  the  stable  solid  phase 

in  aqueous  solution  below  32.5  deg. C. It  fuses  at  approxi- 
mately 34 deg.,  yielding a  solution  from  which  the  monohydrate 
i s  precipitated. 

It has  been.prepared by cooling the liquid  obtained  by  heat- 
Sodium  heptahydrate is not  known to  occur  naturally. 
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i n g   t h e   d e c a h y d r a t e   t o  i t s  melt ing  point , .  or by  cool ing a hot  
s a t u r a t e d   s o l u t i o n   a t  a temperature   lower  than that  a t  which 

t h a n   t h a t  a t  which the  decahydrated  carbonate  i s  formed. 
c r y s t a l s  of t h e  monohydrated  carbonate  are  formed  and  higher 

Trona - Na~G03. NaHCO3.  2H20 - Sodium sesquicarbonate  

Occurrence - Sear l e s  and Owens Lakes,   etc.  

P.ropert ies  - Trona has   been   ob ta ined   synthe t ica l ly  by re- 
moving carbon  dioxide from  sodium b i c a r b o n a t e   i n   s o l u t i o n  
through  the   addi t ion  of sodium  hydroxide or sodium  carbonate, 
and c r y s t a l l i z i n g  a t  about .35  deg:; by the  spontaneous  evap- 
o ra t ion  of  a so lu t ion  of sodium carbonate  which  had  been  ex- 
posed t o   t h e  a i r  f o r  some t ime and thereby  absorbed  carbon 
d ioxide .  I t  has   a lso  been  obtained from t h e  ammonia-soda 
process,  and  by  the  evaporation of c e r t a i n   l a k e   b r i n e s .   I n  
general   temperatures  below 35 degrees   a r e   no t   f avourab le   t o  

' the   format ion  of t r o n a ;   t h e   c r y s t a l s   d e v e l o p   b e t t e r   i n  a so- 

favours  i t s  development. 
dium chlor ide   so lu t ion ;  and excess of the  normal  carbonate 

!la20 
co2 

- 41.2% 
- 38.5% 

H2O - 19.9% 

Sodium Bicarhonate - NaJJCO3 

Na2O - 36.94% 
e02 
820 

- 52. Y6$ 
- 10.7% 

Sp.GF. - 2.163 t o  2.22 

alkaline sp r ing  waters; i n  association  with  normal  carbons.te 
as t rona;   but   not   a lone  as   sodium  bicarbonate .  

0ccur.rence - Direc t   p roduct  of the  Solvay  Process;  in 

Pr.opert ies  - A l l  so lu t ions  of sodium  carbonate i n  con- 

bonate.  The salt', sodium bicarbonate   loses   carbon  dioxide 
tac t   wi th   carbon  d ioxide   conta in  a proport ion of t he   b i ca r -  

r a p i d l y  t o  t h e   a i r  if exposed i n  a moist   condition.  Solu- 
t ions   o f   the   b icarbonate   a re   s tab le   on ly   in   an   a tmosphere  con- 
ta in ing   an   excess  of carbon  dioxide.  
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S o l u b i l i t y  - p e r   c e n t   i n   w a t e r  

0 deg, C. 5 10 20 25 
IJaHCO3 6.9% 7.45% 8.15% 9.6% 10.35% 

30 40 50 60 
ll.:l% 12.;5% 14.45% 16.. 4% 

salts,  some o f  which  occur   natural ly .  Most important are 
P i r s s o n i t e  (CaC03.Na2C03. 2H20); Gay-Lussite (CaC03. Na2CO3. 

Na~C03.  NaCl),  Burkeite (Na2S04.  Na2C03), e t c .  
5H20), Tychite  (2~GC03. ZNa2CO3:'  NR2S04), Northupite (MgC03. 

Sodium carbonate  alsb  forms a number of double   and   t r ip le  

manent c r y s t a l ,   i n   t h e   s o d a   l a k e s  of B r i t i s h  Columbia. Wheth- 
er o ther  sodium compounds descr ibed  are   present   is-unknown.  
Accurate  moisture  determinations on the  sanples  were  impossi-  
b l e   i n  view of  the   cons iderable   e lapsed   t ime  be tween  the i r  
t ak ing  and ana lys i s ,  w i t h  consequent   natural   dehydrat ion.  

Natron  occurs as win te r - c rys t a l ,  and i n   d e p o s i t s  o f  per -  

Sodium Sulphate  

l y   i n   t h e   a n h y d r o u s  form ( thena rd i t e ,  Na2S04). The decahy- 
d r a t e   n i r a b i l i t e  (Na2SO4. lOHzO) ,  however, is more common. 

Unlike  sodium  carbonate,  sodium  sulphate  occurs  natural- 

Sodium su lphate  - Na2SO4 - Mineral name Thenardi te  

NaZO - 43.68% . 
so3  - 56.32% 

Sp.'G. - 2.6% Hardness - 2.5 

United  States   and  e lsewhere;   a lso as su r face   l aye r  on mira- 
b i l i t e  due to dehydration. 

Occurrence - I n  some c r y s t a l   d e p o s i t s   i n   t h e   W e s t e r n  

temperature  of  33 deg.. C .  Hydrates on e x p o s u r e   t o   a i r .  Very 
P r o p e r t i e s  - Deposi ted  f rom  saturated  solut ions  above a 

solu6le   : in  water. 

Decahydrate o r  G l a u b e r ' s   s a l t  - Na2SO4. l O H 2 0  
Mineral  name - M i r a b i l i t e  

Na2O - 19.3% 
so3 - 24. %% 

H20 - 55 :% 
Sp.G. - 1.48  Hardness - 1...5 t o  2 
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in  Canada  and  the  northern  United  States. 
Occurrence - Common  form  in  which  sodium  sulphate  occurs 

hoperties - Deposited  from  saturated  solutions  below  a 
Dissolves in  its own water of crystallization  above 33 deg.C. 
temperature of 33  dec. C. Dehydrates on exposure to air. 

maximum of 33  deg. C. 
Very  soluble,  and  solubility  increases  with  temperature to  a 

The  heptahydrate  is  not  known to  occur  in  nature  although 
it  has  been  prepared  artificially.  Other  combined or mixed 

are  listed  below. 
salts in which  sodium  sulphate i s  an  important  constituent 

Bloedite - Na2S04.  MgSO4. 4H20 
Na2S04 - 42.5% 
bg~04 - 35.0 
H 20 - 21.5 

Glauberite - Na2S04.  Cas04 
Na2S04 
Cas04 

- 51. ?% 
- 48.9% 

Aphthitalite - (Na,K)2S04 
usually  NazSOq - 21 to 38% 

K2SO4 - 62 to ?8% 

Hanksite - 9Na2SO4,  2Na2C03.  KC1 
Na2S04 
Na2C03 
KC 1 

- 13.5 
- 81.7% 

- 4.8% 

Loeweite - ZNazSO4.  ZMgSO4. 5B20 

NaZS04. - .46.3% 
M ~ S O ~  - 39.1 
HZ0 - 14 ..? 

Other  combinations  with i ron ,  aluminium,  etc.,  are  known. 

Magnesium  Sulphate 

epsomite (MgS04. 7H20) and kieserite (@SO4. € 9 0 ) .  The  first 
is  the  conmon form, the  latter  being  relatively  rare  apart 

Two hydrates of magnesium  sulphate  occur  naturally, i.e., 
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from c e r t a i n   s p e c i f i c   d e p o s i t s ,   n o t a b l y   t h o s e  of Stassf'urt, 
Germany. 

MgO - .16.3$ 

so3 - 32.5% 

E20 - 51.2% 

K i e s e r i t e  - MgSO4. H20 - R e l a t i v e l y   i n s o l u b l e   s a l t .  Ep- 

magnesium su lpha te   so lu t ions .  Epsomite i s  more so luble   than  
somite i s  very   so luble   and  i s  the  sal t   normally  deposi ted  f rom 

m i r a b i l i t e .  

Commercial P o s s i b i l i t i e s  

The economic value of t h e  sodium  carbonate,  sodium sul-  
phate,  and magnesium su lpha te   depos i t s  of  B r i t i s h  Columbia 
depends  upon the i r   amenab i l i t y  t o  cheap  production of  the   var -  
ious  sodium  and magnesium products   for   which   there  i s  a l o c a l  
demand. 

Only a very  small propor t ion   of   the  sodium carbonate  and 
sodium su lphate  consumed i n  t h e  world i s  der ived  f rom  natural  
deposits,   the  rest   being  manufactured  from  other  materials o r  
recovered as by-products   f rom  var ious  industr ia l   processes .  A 
f a i r l y   l a r g e   p a r t  of the   world 's   epsomite   consmption i s  de- 
r ived  from n a t u r a l   d e p o s i t s  of magnesium  sulphate;   the  remain- 
d e r ,  however, i s  made.or  recovered  from  other  sources. 

Insofar  as production i s  wor ld   wide ,   Provinc ia l   depos i t s  

t hese   on ly  if product ion   cos ts  are s u f f i c i e n t l y  low t o   a l l o w  
can  only  be  expected  to   supply  re la t ively  local   markets ,   and 

competit ion  with  imported  products.  

Sources  and  Uses 

Sodium Carbonate 

cia1 use  are soda  ash,   sal   soda, and sodium bicarbonate.   Soda 
ash d r  ca lc ined  sodium carbonate,  i s  wide ly   used   indus t r ia l ly ,  

glass,   various  chemicals,   soaps  and  cleansing compounds, pulp 
i t s  more important   appl icat ions  being  in   the  manufacture  of 

and-paper ,   water   sof tening compounds, e t c .  

The most  important  sodium  carbonate  products  for commer- 

I t  i s  a l s o  employed by m e t a l l u r g i c a l ,   t a n n i n g ,   t e x t i l e , ,  
dyeing,   and.   paint . industr ies . .   Sal   soda,   washing  soda,   or  so- 
dium decahydrate (Na2CO3. lOH20) i s  more soluble   than  soda  ash,  
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as wel l  as being  purer  in  general   than  commercial   soda  ash.  
I t s  main use  i s  i n  t he   p repa ra t ion  of 'washing compounds, b u t  
it may a lso   rep lace   soda   ash  f o r  cer ta in   purposes .  Sodium 

medicines.  I t s  i n d u s t r i a l   a p p l i c a t i o n s  a re  few, 
bicarbonate  (NaHC03) i s  used   p r inc ipa l ly  i n  baking powder and 

Natura l  

i ng   concen t r a t ed   b r ines ,   a r e  found i n  many p a r t s  of t h e   a r i d  
regions of the  Testern '   Uni ted  States .   Natural   soda  has   been 
produced  commercially from l a k e s   i n   C a l i f o r n i a ,  Wyoming, N e -  
vada,  and  Washington; present   product ion i s  r e s t r i c t e d   t o  

t h e  m o s t  par t   unexplo i ted ,   a re   found  in  East Africa,   South 
Sea r l e s  and Owens Lakes in   Ca l i fo rn ia .   S imi l a r   depos i t s ,  fo r -  

Africa,   Egypt,   Venezuela,   Chile,   ?em, Armenia,  Hungary, Rlls- 
sia, Spain, Germany, Ind ia ,   e t c .  

Lake depos i t s  of sodium  carbonate,   ei ther  dry o r  contxin- 

Production of sodium c a r b o n a t e   i n   B r i t i s h  Columbia i s  
conf ined   to   recovery  of  na t ron  o r  winter-cryktal ,   which  in  

a rds  f o r  s a l   s o d a .  The winter-crystal   forms  with  the coming 
i t s  natural   form i s  s u f f i c i e n t l y   p u r e   t o  meet  commeroial s tand-  

of  co ld   weather   in   the  autumn.  During  .the  winter it i s  brok- 
en in to   r ec t angu la r   s l abs   w i th   ba r s ,  mud o r  i ce   a r e   s c raped  
o f f ,  and the   s labs   p i led   a long   the   shbse .   In   the  summer ii; 
i s  shipped  to  Vancouver f o r  use  by soap bompanies. No soda 
ash  or sodium  bicarbonate i s  made i n   t h e   P r o v i n c e .  

Uni ted   S ta tes  i s  from S e a r l e s  and Owens Lakes i n   C a l i f o r n i a .  
These a re   l a rge .   l akes   conta in ing   concent ra ted   so lu t ions  of 
sodium chlor ide ,  sodium carbonate,  sodium sulphate,   borax, 
and o the r  salts .  Four companies, two on  each  lake,   recover a 
v a r i e t y  of  products  including,  soda ash, sodium bicarbonate ,  
and  t rona,  as we l l  as salt  cske,  borax,  and  potash salts. 
The .?allowing processes '   a re ,  o r ,  have  been  used. 

The only  product ion of n a t u r a l  sodium carbonate i n  t h e  

Owens Lake 

Quotjng Ladoo (Xef. 14, p.  568) 

"Manufacture of  Trona. Owens Lake .br ine  i s  evapor-. 

t rona  i n  t h e   b r i n e ,   a t  which p o i n t  t h e   b r i n e  i s  drawn 
a t ed  i n  sha l low  so la r  ponds t o  t h e  s a t u r a t i o n  p o i n t  of 

i n to   sma l l e r  ponds i n  which  fur ther  solar evaporat ion 
W i l l  c r y s t a l l i z e   t r o n a  (Na2C03. NaHCO3. 2H20). The end 
po in t  i s  r e a c h e d   w i t h   t h e   s a t u r a t i o n   i n  common sa l t ,  af- 
t e r  which  the  br ine i s  drawn o f f  and  replaced  with  fresh 
so la r -evapora ted   b r ine .  The t rona  forms a hard,   sol id  
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" c r u s t  on the   bo t tom of t h e  ponds  and i s  taken up  by 
hand a t   t h e   e n d  o f  the  evaporat ing  season.   Calcining 
of  t r o n a  w i l l  yield  soda  ash  containing  about 95 per  
cent  sodium carbonate;  Trona i s  one of the   cheapes t  
a l k a l i n e   m a t e r i a l s  known, and as s k h  has a number of  
i n d u s t r i a l   u s e s .  

C s l i f o r n i a   A l k a l i  Company i s  similar i n  many r e s p e c t s  
t o   t h e  ammonia-soda p rocess ,   t he  main d i f f e rence   be ing  
t h a t  no ammonia i s  used., Owens Lake b r i n e  i s  subjec ted  
t o   s o l a r   e v a p o r a t i o n   u n t i l   t h e   s a t u r a t i o n  of  t r o n a   i n  
t h e   b r i n e  i s  reached, .   Further   solar   evaporat ion would 
r e s u l t   i n   t h e   p r e c i p i t a t i o n  of trona,  which i s  not   de-  
s i r a b l e   i n   t h i s   i n s t a n c e .  The b r i n e  a t  t h i s   p o i n t  i s  

wi th   carbonic  ac id  gas ,   t he   l a t t e r   be ing   gene ra t ed   by  
pumped t o   t h e  p l a n t  and a f t e r   c a r e f u l   f i l t r a t i o n   t r e a t e d  

burning  l ime  stone w i t h  coke. The sodium carbonate of  
t h e   b r i n e  i s  converted  by  the  act ion of t he   ca rbon ic   ac id  
gas   in to   b icarbonate ,   which ,   as   soon   as  i ts  s a t u r a t i o n  

powder and i s  sepa ra t ed   by   f i l t r a t ion . .  A small quan t i ty  
i n   t h e   b r i n e  i s  reached, w i l l  be p r e c i p i t a t e d  as a white  

marketed  as   crude  bicarbonate  of soda. This m a t e r i a l  
of t h i s   b i ca rbona te  i s  d r i e d  a t  low temperatures  and 

i s  used f o r  f i r e   e x t i n g u i s h e r s   a s   w e l l  as i n   c e r t a i n  
c l eanse r s  and f o r  s ap   s t a in .  

"Manufacture of Soda ash.  The process  used by t h e  

ed   t o   soda   a sh   by   ca l c in ing   i n  a ro ta ry   f 'u rnace ,   in  
which  process  water  and  carbonic  acid  gas  are  driven 
o f f ,  t h e   l a t t e r   t o   b e   u s e d   o v e r   a g a i n   i n   t h e   c a r b o n a t -  
ing  process .  I t  w i l l  be   unders tood   tha t   the   reac t ion  
which i s  t ak ing   p l ace  i s  exac t ly   t he   r eve r se  of  t he   p re -  
v ious   r eac t ion .  

"The bulk  of the   b icarbonate ,  however, i s  convert-  

"The product  of t h i s   c a l c i n i n g   p r o c e s s  i s  l i g h t  

fer a heavier  ash,   which i s  manufactured  by  subjecting 
soda   a sh .   Ce r t a in   i ndus t r i e s   l i ke   g l a s s  making, pre-  

of t h i s   o p e r a t i o n  i s  so-called  dense  ash." 
l i g h t   a s h   t o  a second  ca lc in ing   process . '  The product  

has   d i scon t inued   ope ra t ions ,   t he   gene ra l   p rocess  is similar 
to   t hose   u sed   t oday .  

A l though   t he   p l an t   t o   wh ich   t he   above   desc r ip t ion   r e fe r s  

S e a r l e s  Lake 

The following  process,   used a t  S e a r l e s  Lake i s  descr ibed 
by  Wells (Ref. 1 6 ,  p. 745): 
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" In   ou t l i ne  it ( the   p rocess ;   cons i s t s   i n   evapor -  
a t i n g t h e   b r i n e   i n   m u l t i p l e - e f f e c t   e v a p o r a t o r s   i n  which 

two as the   double   sa l t   burke i te ,   Na~C03.  Na2S04. The 
t h e   s a l t s  NaC1, Na2S04, and  Na~C03  separate,   the l a s t  

r e s u l t i n g   s o l u t i o n  i s  allowed t o   s e t t l e ,   t h e n   c o o l e d  
quick ly   to   depos i t   po tass ium  ch lor ide ,  and the . remain ing  

deposi t   borax Na2B407. 10H2O. 
so lu t ion  i s  a g i t a t e d  w i t h  a i r  and s l i g h t l y   a c i d i f i e d   t o  

" F u r t h e r   r e c r y s t a l l i z a t i o n  of . t he  f i r s t  t h r e e  
salts  y i e lds   t he   s epa ra t e   p roduc t s  Na2C03 and Na2S04." 

A comprehensive  description of the   recovery  of borax and 
soda  ash  f rom  Searles  Lake  by another  method i s  given  by Hel.1- 
mers  (Ref. 1 2 ,  p .   4 ) .  The fo l lowing   abs t rac t  i s  quoted: 

"The b r i n e  as pumped from  the  lake is t r e a t e d  w i t h  

da i s  converted  to   the  bicarbonate ,   which i s  qu i t e   i n so lu -  
carbon  dioxide  gas,.whereby  the  normal  carbonate  of so- 

b le   i n . t he   b r ine   and   consequen t ly   p rec ip i t a t e s   ou t - -  
hTaZCO3 plus  C02 p lus  Hz0 = 2NaHC03. 

b r i n e   a s  sodium metaborate  and  sodium  tetraborate,  are 
"During  carbonat ion  the  borates   contained  in   the 

converted to t h e  more ac id   h igher   bora te  of  sodium  by 

forming NaHC03. 
t he   r eac t ion   w i th  C32, e l i m i n a t i n g   p a r t  of t h e  Na20 by 

"2Na2B207 p lus  2C02 p lus  Hz0 = Na2Bq07 p lus  
2NaHC03 ~ 

"Af ter   separa t ion  of t h e  sodium bicarbonate  from 
t h e   c a r b o n a t e d   b r i n e ,   t h e   l a t t e r  i s  mixed w i t h  addi-  
t i o n a l   u n t r e a t e d  b r i n e  f rom the  lake  in   such  propor-  
t i o n s   t h a t   p r a c t i c a l l y  a l l  t h e   b o r a t e s   i n   t h e   m i x t u r e  
a r e  i n  the  form of sodium t e t r a b o r a t e s .   T h i s   r e s u l t s  
i n  a state of s u p e r s a t u r a t i o n   w i t h   r e s p e c t   t o  sodium 
t e t r a b o r a t e ,  which i s  c r y s t a l l i z e d  from the   mix ture  by 
the  s imple  process  o f  cool ing and a g i t a t i n g .  After s e t -  
t l i n g   t h e   w a s t e   b r i n e  i s  re turned  t o  t h e   l a k e  and the  
set t led,   borax  recovered  and  ref ined.  The bicarbonate  

washes  free of  impur i t i e s ,  and  converted  to ' the  var ious 
r e c o v e r e d   i n   t h e . f i r s t   s t e p  of t he   p rocess  i s  f i l t e r e d ,  

grades of soda  ash." 

The b r i n e  of  S e a r l e s  Lake f i l l s  t h e   i n t e r s t i c e s   o f  a 
c r y s t a l l i n e  bed: it contains  approximately one t h i r d   s o l i d s ,  
t h e  more important c o n s t i t u e n t s ,  expressed   as   percentages   in  
the   b r ine ,   be ing  NaC1-16.5%, NazSO4-6.85%, KC1-4.82%, 
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Na$03-4.85$ and  Na2B207-l06$. 

Manufactured Sodium Carbonate 

A l a r g e   p a r t  o f  t h e  sodium  carbonate consumed i n   t h e  
world i s  manufactured  from common s a l t .  Two main processes  

t ro ly t io   p rocess .   The ' former  i s  the  important  one from  the 
a re   used:   the  ammonia-soda o r  Solvay  process,  and t h e   e l e c -  

viewpoint of production. The L e b l a n c   p r o c e s s ,   l i t t l e   u s e d   a t  
p r e s e n t   f o r  t h i s  p u r p o s e   u t i l i z e s  common sal t ,  su lphur ic   ac id ,  
l imestone and coa l .  

Solvay  Process  

The fo l lowing   desc r ip t ion  i s  quoted f r o m  Cole (Ref. 10, 
p. 95): 

"The r e a c t i o n  upon  which h is   (Solvay)   p rocess  i s  
based may be   s t a t ed   i n   t he   fo l lowing   equa t ion :  

"NaC1 PIUS NH4HC03 = NaHC03 p lus  NH4Cl 

"The raw ma te r i a l s   r equ i r ed  f o r  t h i s   p r o c e s s  are: 
l ime-s tone ,   sodium  ch lor ide   (e i theras   b r ine  as it comes 
from the   wel l s   o r   rock  sa l t  d isso lved)  ammonia ( e i t h e r  
i n   t h e  form of ammonium hydra t e   so lu t ion  o r  ammonium 
su lpha te ) ,  and f u e l .  

" I n   b r i e f ,   t h e   e s s e n t i a l   o p e r a t i o n s   i n   t h i s   p r o c e s s  
are: t o  manufacture  carbon  dioxide  from  limestone; t o  
p a s s   t h i s   g a s   i n t o   t h e  ammoniacal b r i n e  which  has  previ- 
ous ly  been  prepared  by  saturat ing  the  br ine  with  amonia 
gas ;   t he   s epa ra t ion  of sodium bicarbonate  which forms as 
a p r e c i p i t a t e  from t h e   s o l u t i o n ;  and t h e   c a l c i n i n g  of 
t h i s   p r e c i p i t a t e   t o   ' f o r m  sodium carbonate ,  o r  soda  ash. 
The carbon  dioxide formed  from t h e   c a l c i n i n g   o f . t h e   . c a r -  
bonate  i s  employed again as i s  a l so   the   amonia ,   which  
i s  recovered  from  the  solution--where it i s  i n   t h e  form 
of ammonium chlor ide ."  

E lec t ro ly t i c   P rocess  

Quoting  Cole  (Ref. 10, p. 96) 

"This  process known as   the   'Hargreaves  and Bi rd '  
p rocess   cons i s t s  of a diaphragm c e l l   i n  which  the  wal ls  
of t h e   c e l l   a r e   t h e  diaphragm  and the   ca thode .  The d i -  
aphragm i s  im2erv ious   to   the  s a l t  so lu t ion ,  but permits  
t h e  sodium ions   t o   pas s .  A s  t h e  sodium ions   . a r e   s e t , ,  
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blowing i n  of steam  and carbon dioxide."  
f r ee ,   t hey  are   converted i n t o  soda  crysta . ls  by t h e  

Le Blanc  Process 

t i o n  of su lphur i c   ac id   w i th  common sal t  t o   y i e l d  sodium sul- 
The f i r s t  s t e p   i n   t h e  Le Blanc   p rocess ,   i . e . ,   the   rem-  

phate i s  widely  used  in  the  manufacture of sa l t  cake.  Soda 
ash  i s  made from t h e  sodium  sulphate by mel t ing  it with  prop-  
e r   p r o p o r t i o n s  of coal  o r  coke  and  limestone i n  a reverbera-  
t o ry   fu rnace .  

The fused  mass,   called  "black  ash" and cons i s t ing  of so- 
dium carbonate  and  calcium  sulphide,  i s  cooled  and  the sodium 
carbonate  leached by water. The s o l u t i o n  is then  evaporated 
and t h e   r e s u l t a n t   c r y s t a l s   c a l c i n e d   t o   p r o d u c e   s o d a  ash.. 

Sa l  Soda 

Sa l   soda  i s  ob ta ined   e i the r  from na tu ra l   depos i t s  o r  pro- 

water. The r e s u l t i n g   c r y s t a l s  a r e   d r i e d   u n t i l  e f f lorescence  
duced by rec rys t a l l i za t ion   f rom a s o l u t i o n  of soda ash i n  

begins ,   then  s tored.  One t o  3 per   cen t  sodium su lpha te  i s  said 
t o  be d e s i r a b l e   i n   t h e   c r y s t a l s   t o   r e n d e r  them hard and l e s s  
f r i a b l e .  

Sodium Bicarbonate 

Sodium bicarbonate i s  made by the  Solvay  process ,   by  car-  
bonat ing a concent ra ted   so lu t ion  of sodium carbonate,  or by 
t r e a t i n g  soda  with  carbon  dioxide.  

Sodium Sulphate  

Sodium su lphate  i s  marketed  in  bwo.main forms; as sa l t ;  

Na2SO4. 10EIzO. A. by-product   mater ia l ,   n i t re   cake ,   l a rge ly  
cake or anhydrous  sodium  sulphate, and as Glauber 's  salt  o r  

composed of sodium bisu lpha te  i s  also  widely  used.  

The main uses  of sa l t  cake a r e  i n  the   pu lp  and paper, 
g lass ,   dye ,   t ex t i le ,   t anning ,  and n i cke l   i ndus t r i e s ,   a l t hough  
n i t r e  cake  replaces it i n  some, no tab ly   the  l a s t .  Glauber 's  
sa l t  i s  of more res t r ic ted   appl ica t ion   be ing   employed .ch i .e f ly  
in  dyeing  and for medicinal   preparat ions.  

Natural  

Sodium sulphate   occurs  na tu ra l ly  b o t h   a s   m i r a b i l i t e   o r  
G l a u b e r ' s   s a l t  (Na2S04. 1 O H z O )  arid thena rd i t e  (NazS04) a s  

- 77 - 



w e l l   a s   i n   a s s o c i a t i o n   w i t h   o t h e r  s a l t s  i n  such compounds a s  
g l aube r i t e  (Na2S04.  CasO4) and b loed i t e  (NapSOq..TJgSOg. 4H20). 
I t  i s  t h e  ma.jor c o n s t i t u e n t   i n   t h e   b r i n e s  and c r y s t a l l i n e   d e -  
p o s i t s  of many s a l i n e   l a k e s   i n   t h e   P r a i r i e   ? r o v i n c e s  of Canada 
and the   wes te rn   Uni ted   S ta tes ,   as   wel l  as i n   o t h e r   p a r t s  of 
the  world.  

CanadianDeposi> 

The sodium  sulphate  lakes of  Manitoba,  Saskatchewan,  and 
Al'berta  occupy  undrained,, o r  p a r t l y   d r a i n e d   d e p r e s s i o n s   i n  sur- 
face  d r i f t :  Some con ta in   on ly   d i lu t e   b r ines ,   o the r   ex t ens ive  
depos i t s  o f  permanent c rys t a l .   I n   r ecen t .yea r s   p roduc t ion  of  
sodium  su lpha te   f rom  cer ta in   depos i t s   has   a t ta ined   in te res t -  

f e r r e d   t o  "Sodium Su lpha te   i n  Western Canada" by L. H. Cole, 
ing   p ropor t ions .  For  f u r t h e r  int'ormation t h e  reader  i s  re- 

(Ref. 11). The following  review of recovery  methods  used or 
suggested  in   connect ion  with  these  deposi ts  i s  abstracted  f rom 
Cole ' s   r epor t .  

Quoting  Cole  (Ref. 11, I). 47) 

"The sodium su lpha te  may be r ecove red   e i the r   a s  
b r i n e  o r  as  crude  Glauber 's  sa l t .  The form i n  which 
t h e   s a l t s  are recovered i s  dependent   l a rge ly  on sever-  
a l   f ac to r s .   C l ima t i c   cond i t ions   a r e   such   t ha t   t he   r e -  

t a iq  seasons.  ,Thus, i n   t h e   s p r i n g  and e a r l y  summer t h e  
oovery  in   e i ther   form  can be accomplished  only at  cer -  

deposi ts   are   general ly   b . r ine ' -covered,   the   br ine  increas-  

t h i s   p e r i o d  l i t t l e  or  no   ha rves t   c rys t a l  i s  present  and 
i n g   i n  s a l t  content   as   the  season  progresses .   During 

permanent  crystal   bed, no c r y s t a l  i s  avai lable .   During 
consequently,   unless an at tempt  i s  made to   excava te   t he  

t h e   l a t t e r   p a r t  of  t h e  summer and in   the   win ter   months ,  

most  cases  completely  disappearing,, s o  t h a t   c r y s t a l   c a n  
h a r v e s t   o r   i n t e r m i t t e n t   c r y s t a l  i s  formed, t h e . b r i n e ~ i n  

be  gathered . . . . . . . . . ' I  

Recovsry as a Brine 

I,  . In   using . .. . br ine  i t  must  be remembered t h a t  
i n  most of t h e   d e p o s i t s   t h e   b r i n e   w i l l . c a r r y  a h igher  
percentage of those salts  which  are  more r e a d i l y   s o l u b l e  
t h a n   t h e  sodium sulphate ,   such as magnesium sulphate ,  
and t h a t  any  product  obtained  from  the  evaporation of 
t h i s   b r i n e  will consequent ly   a l so   conta in  more of t hese  
impur i t ies   than  i f  ma.de f rom  the   c rys t a l .  

"The b r ine  may, if necessary,   be  concentrated i p  
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open va ts   a long   the   shore ,  o r  if sa tu ra t ed  may be pumped 
d i r e c t l y   i n t o   s t o r b g e   t a n k s . "  

Recovery as Crude Glaube r ' s   Sa l t  

su lpha te  seems t o  be in   the   c rys ta l   form as crude 
Glauber 's  sa l t .  ... The c r y s t a l s  known a s   t h e   i n t e r m i t -  
t e n t  o r  ha rves t   c rys t a l s   a r e   gene ra l ly   ve ry   pu re  when 
f i r s t  deposited,  and  can  be  readily  gathered when a l l  
br ine  has   disappeared.  

"The more f e a s i b l e  method to   r ecove r   t he  sodium 

?The c r y s t a l  of t he   i n t e rmi t t en t   bed  may be  gath- 
e red  when f i r s t  deposi ted o r  it may be  allowed t o   g a i n  

m a t e r i a l ' i s   t o   b e   s h i p p e d  as Glauber 's  sa l t  and a c l ean  
a ce r t a in   deg ree  of  hardness o r  compactness. If t h e  

product i s  required,  it i s  adv i sab le   t o   ga the r   t he   c rys -  
t a l  when it f i r s t  s t a r t s   t o  form  and t h e   b r i n e   p r o t e c t s  
it from  contamination. A t  one deposi t - - the  fol lowing 
method i s  adopted. About the  middle o f  August, when 
t h e   c r y s t a l  f i r s t   s ta r t s  t o  form, l a r g e  scows a r e  
f l o a t e d  on t h e   b r i n e  and the   ha rves t e r s  wade bes ide   the  

e i t h e r   b y  lo'ng-handled  shovels o r  by l i f t i n g   l a r g e  mass- 
scows  and load then with  the  loosely-compacted  crystals  

e s  of t h e   c r y s t a l s   o u t  of t he   b r ine  by  hand.  These 

a f t e r   s u f f i c i e n t   d r a i n i n g   t o  remove most of  the  entrapped 
scows a r e   t h e n   t a k e n   t o  a small  dock  where  the  material, 

b r ine ,  is f i l l e d   i n t o   b a g s   r e a d y  f o r  h a u l i n g   t o   t h e  
neares t   ra i lway f o r  shipment. The method i s  slow  and 
i s , o n l y   t o  be  reconinended  where small tonnages  are   re-  

ment w i thou t   fu r the r   t r ea tmen t .  
quired  and a pure   mater ia l  i s  des i r ed  f o r  d i r e c t   s h i p -  

";%here l a r g e  tonnages'   are  to  be  harvested,  it is  
more convenient t o   a l l o w   t h e   i n t e r m i t t e n t   c r y s t a l   t o   b e -  
come s u f f i c i e n t l y  compacted t o   e n a b l e  it t o   b e a r   t h e  
weight of wagons  and  teams: The c r y s t a l  i s  then  loosen- 

p i l e s  by  horse-scrapers  and  then hau led   t o  s t o c k   p i l e s  
ed up t o  a depth of a few inches by plows, ga thered   in to  

on the  shore.  %There the   condi t ions   warran t  it it might 
b e '   f e a s i b l e   t o  i n s t a l l  , .  a d rag - l in s   s c rape r   t o  g8the.r the 
c r y s t a l .  '" 

. .  

"Whatever  method of  h a r v e s t i n g   t h e   c r y s t a l  i s  em- 
gloyed, it must   be  remembered~that ,   unless   the  cr .ysta1 
is  t o  be  recovered  from  the  permanent  bed,  the  harvest- 
ing  season i s  conf ined   to  a few months  each  year,  and 
t h e r e f o r e  it will be   necessa ry   i n   t ha t   t ime  t o  ga the r  
i n t o   s t o c k   p i l e s   s u f f i c i e n t   c r . y s t a 1   t o   k e e p   t h e   r e f i n -  

- .79 - 



i ng   p l an t   ope ra t ing   t he   who le   yea r .  

"...If t h e  whole of t h e   i n t e r m i t t e n t   c r y s t a l   w e r e  
harvested  in   any one yea r ,  and t h e   t h i n   d e p o s i t  of mud 

top   l aye r s  of t h e  permanent  bed  would go i n t o   s o l u t i o n  
on top  of the  permanent  bed removed, s u f f i c i e n t  of the  

the   fo l lowing   spr ing   to   supply  a crop of i n t e r m i t t e n t  
c r y s t a l   i n   t h e  f a l l .  The formation of a year ly   c rop  of 
i n t e r m i t t e n t   c r y s t a l  i s  of g r e a t   v a l u e   t o   t h e   o p e r a t o r s  
of   these   depos i t s ,   s ince  it fu rn i shes  and eas i ly   ga th -  
e red   mater ia l  of a considerably  higher  degree of p u r i t y  
than.  could  be  excavated from the  permanent  bed." 

Refining Crude Mater ia l  

apprcximately 56 pe r   cen t   wa te r   o f   c rys t a l l i za t ion .  
They may a l s o  contain  varying  small   proport ions of o t h e r  

as w e l l  a s  inoluded  insoluble  material. These impuri- 
salts  such as magnesium su lpha te ,  sodium ch lo r ide ,   e t c . ,  

t i e s   i n  most cases  have t o  be removed. I t  is  t h e r e f o r e  
n e c e s s a r y   t o   s u b j e c t   t h e   s a l t s  or  br ine   to   sone   p rocess  

as t h e   i m p u r i t i e s .  
i n   o r d e r   t o   r e m o v w t h e   w a t e r  of o r y s t a l l i z a t i o n  as wel l  

"The s a l t s  as excavated  f rom  the  deposi ts   contain 

"The i n s o l u b l e   i m p u r i t i e s   i n   t h e  s a l t s  can   r ead i ly  
be removed by   pu t t i ng   t he  salts  in to   so lu t ion   and .a l low-  

b r ine  can be   decanted   of f   to   the   dehydra t ing   p lan t .  By 
i n g   t h e  mud o r  sand t o  s e t t l e ,   a f t e r  which t h e   c l e a r  

u s ing   ca re   i n   ha rves t ing   t he   c rys t a l   f rom  the   i n t e rmi t -  
t e n t  bed it i s  poss ib l e   t o   s e l ec t   ma te r i a l   wh ich   con ta ins  

t h e r e f o r e ,   t h e  salts  as recovered f r o m  t h e   d e p o s i t s   a r e  
only  small q u a n t i t i e s  of other   sal ts ; : . In  some p laces ,  

of a high  degree of p u r i t y  and r e q u i r e   o n l y   t o   h a v e   t h e  
water of c r y s t a l l i z a t i o n  removed. 

11 ... t h e   f i n a l   p r o d u c t  has t o  compete i n   t h e  open 
market w i t h  the  cheap  by-product  material   from  the manu- 

p o s i t s   a r e   c o n s i d e r a b l y   f a r t h e r  from marke ts   than   the  
f a c t u r e  of hydrochlor ic   acid,   and  in   most   cases   the  de-  

hydra t ion  of t h e s e  salts, to   be   ope ra t ed   success fu l ly ,  
by-product  material .   Therefore  any  process f o r  t h e   d e -  

will have t o  be  cheap,  simple  in  operation,  continuous 

ways s u p e r i o r   t o   t h e   b y - p r o d u c t   m a t e r i a l . "  
i n   o u t p u t ,  and g ive  a product  of u n i f o r m   g r a d e   i n   a l l  

A i r  Drying 

"As i s  wel l  known, G l a u b e r ' s   s a l t ,  when exposed t o  
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t h e  air  at  ordinary  temperatures ,   loses  i t s  Water Of 
c r y s t a l l i z a t i o n .  If a p i l e  of salts taken from these  
deposits,  however, i s  stored  on  the  shore  exposed to 
the  weather  even  for  several .   years,   only  the  surface 
t o  a depth of a few  inches w i l l  l o se  i t s  water  of crys-  
t a l l i za t ion ,   s ince   on ly   t he   su r f ace   has  become dehy-'x 
dra ted ,   the   dehydra ted   mater ia l  seems t o  form a protec-  
t i v e   c o a t i n g .  On 'the..other  hand, i f  t h e   m a t e r i a l  i s  
spread  out  over a l a r g e   a r e a   i n  a t h i n   l a y e r  and  pro- 
t e c t e d  from the   r a ' i n ,   t he   d ry   a i r  and wind w i l l  i n   t ime  
remove t h e   g r e a t e r   p a r t  of thR.water of c r y s t a l l i z a t i o n  

by a r t i f i c i a l   h e a t . ' '  
and the  remainder of t he   wa te r  can  be quick ly   d r iven  off 

This method has  been ,employed a t  one depos i t  i n  Sas- 
katchewan. A shed w a s  e r ec t ed  100 fee t   long  by 10 fee t   h igh ,  
by 1 2  f ee t   w ide ,   w i th  walls removable i n   s e c t i o n s   t o   a U o w  
f r e e   c i r c u l a t i o n  of air. The hydrous  sal ts   were  exposed  in  
trays with  cot ton  bot toms,   arranged i n  rows, one  above  an- 
o the r  and about  2 inches   apar t .  About  two  weeks exposure 
lowered the   mo i s tu re   con ten t  from' 56 p e r   c e n t   t o  15 per   cen t .  
The ma te r i a l  was then  removed t o   a n o t h e r   b u i l d i n g  and placed 

was removed i n  about 2 days. About 5 tons  of d r i e d  ma te r i a l  
on shal low t i n  t r a y s  above a small stove: here  t h e  l a s t  water 

was ob ta ined   i n  2 weeks. The c o s t  of bu i ld ing  and  maintain- 
i ng   su f f i c i en t   d ry ing   space  f o r  even 5 tons   per   day  or l e s s  
,NOUld be  oonsiderable.  

Evapora t ion   w i th   Ar t i f i c i a l   Eea t  

Q u o t i n g  Cole fur ther   (Ref .  11, p, 50) 
. . .  

'!Many attempts  have  been made t o  remove economical- 
l y  t he  chemically c0mbine.d water  from Glauber 's  sa l t  by 
t h e   a p p l i c a t i o n  of heat .  The f a c t ,   t h a t   t h e , s a l t s  go i n t o  
s o l u t i o n   i n  t he i r  own water  of c r y s t a l l i z a t i o n   a t   t e m p e r -  
a t u r e s  above  33  deg.  C.,complicates  the  problem of dehy- 
d ra t ion .  If an at tempt   be made t o   e x p e l   t h e  water by heat-  
ing t h e   c r y s t a l s ,   t h e  whole mass of c r y s t a l s  goes i n t o  
s o l u t i o n   j u s t  as soon as the  temperature  i s  r a i s e d  above 

t o  be  handled in s t ead  of one of drying. 
33  deg. C.. and then  it i s  an evapora t ion .problem  tha t   has  

p rocess   o f   evapora t ion   haybeen   t he   f ac t  that the   so lu-  
b i l i t y  of sodium sulphate   decreases  once the.   temperature  
of 33  deg. is reached. Above th i s   t empera tu re   t he  salt  
t h e n a r d i t e  s ta r t s  sepa ra t ing   ou t  and t h i s  fact  has   l ed  
many t o   a t t e m p t   t o   r e c o v e r   t h e  sal t  i n   t h i s  way,. 

"One of t he   ch i e f   ' d i f f i cu l t i e s   encoun te red  i n  any 

- 81 - 



a r e   h e a t e d   i n   t h i s  way (open  pans)  they  very  quickly go 
i n t o   s o l u t i o n   i n   t h e i r  own water of c r y s t a l l i z a t i o n .  
I t  was a l so   found   t ha t  when a l l  t h e  water had  been ex- 
p e l l e d ,   t h e   d r i e d   s a l t   c a k e d  so s o l i d l y   i n   t h e   b o t t o m  
o f  t he   pans ,   t ha t  it had t o  be  loosened  with  picks,   thus 
grea t ly   increas ' ing   the   cos t .  Such a product would a l s o  
have t o  be  ground  before it would-be   in  a cond i t ion   su i t -  
ab l e  f o r  some of t h e   i n d u s t r i e s ,  and t h e   c a s t  o f  f u e l .  f o r  
the  evaporat ion would  be  considerable. 

"..Experiments  have shown t h a t  when t h e   c r y s t a l s  

"Eotary  driers  have  been  suggested f o r  drying  pur- 
poses,   but  whether  these would  work...has  not  been  de^- 
monstrated. 

"Another  method t h a t   h a s  been  suggested for t he  
recovery of anhydrous  sodium  sulphate,  and  one  which  has 
been   s tud ied   to  a small ex ten t  on a labora tory   sca le ,  i s  
t o   p l a c e   t h e   c r y s t a l s   i n t o   s o l u t i o n   i n   t h e  water of crys- 
t a l l i z a t i o n   b y  the app l i ca t ion  of heat a t  some cont ro l -  
led  temperature  above  33 deg.: C. and t o   c o l l e c t   t h e   p e r  
centage of  sodium sulphate  which i s  p r e c i p i t a t e d  i n  t h e  
anhydrous i'orm and dry  i t  by some s u i t a b l e  means. Ex- 
periments made i n   t h e  Mines Branch   labora tor ies  showed 
tha t   pe rcen tages  of sodium su lpha te   vary ing   f romabout  

deg. C. could be recovered i n  t h i s  manner. The ma te r i a l  
33 per   cen t  a t  60 deg. C: t o   n e a r l y  44 per   cent  a t  100 

thus  obtained was i n  a f ine l ; .   c rys t a l l i ne   fo rm  r a the r  
than a powdered form." 

Since  the  t ime of Cole 's   report   there   have  been  several  
commercial   applications of methods ou t l ined  above: 

One p lan t   opera ted   in  1932 as follows':   Crystal  was har- 
vested .by means of an e l e c t r i c   s h o v e l   a f t e r   b l a s t i n g   w i t h  40% 
dynamite or  bl.ack  powder,  and  loaded t o  dump ca r s   hau led  by an 
e lec t r ic   locomot ive .  From b i n s   t h e   c r y s t a l  went t o   r o t a r y  
drum d i s s o l v e r s   f i r e d  by coal,  

From these ,   b r ine  was pumped t o   t a n k s  and  thence  splashed 
on t h e   o u t s i d e  of drums hea ted   i n t e rna l ly   by  steam. The d r i e d  
ma te r i a l  w i th  a moisture   content  of 20-25 pe r   cen t  was scraped 

ping  bins.  
o f f  and f e d   t o   d i r e c t - f i r e d   r o t a r y   d r i e r s  and thence t o  ship-  

I n  ano the r   p l an t   c rys t a l   f rom a s t o c k   p i l e  was fed t o  an 
o i l - f i r e d   r o t a r y   k i l n   i n   w h i c h  it was completely  dehydrated. 
The sa l t  cake was then  screened and where  necessary,   fur ther  
re f ined .  
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t o   p rocesses   i nvo lv ing   t he  removal of t hena rd i t e  by s e t t l i n g  
Several   Canadian  patents  have  been  taken  out  in  respect 

from mirabilite dissol.ved  through  heat. A t  l e a s t  one p l a n t  
i n  Saskatchewan  has employed a modif icat ion of  t h i s  method.. 

Evaporation  in  Space 

Quoting  Cole  (Ref. 11, 53) 

"Another process  of evaporation  which  has  proved 
s u c c e s s f u l   i n  a number of i n d u s t r i e s  and  which  has  been 
attempted i n  the   dehydra t ion  of sodium su lphate  i s  t h e  
spray  process ,  o r  as it i s  sometimes known, 'evaporat ion 

through a f ine   nozz le  o r  a p e r t u r e   i n  a small d i s c   i n t o  
in   space . '  The p rocess   cons i s t s  i n  s p r a y i n g   t h e   b r i n e  

a l a r g e  chamber i n   c l o s e   p r o x i m i t y   t o  a cu r ren t  of h o t  
a i r ;   t h e   s o l i d s   f a l l   t o   t h e   b o t t o m  of t h e  chamber a s  a 

w i t h   t h e   a i r .  
d ry  powder and the  water  vapour  passes of f  at  t h e   t o p  

'!The process  has  been  applied  with  apparent  success 
t o   t h e   p r e p a r a t i o n  of dry  anhydrous  sodium  sulphate  by 
the .   a i shopr ic  and  Lent Co. at   Frederick  lake,   Saskatchew- 
an, I n  t h i s   p l a n t   t h e  so.dium su lpha te   b r ine  i s  sprayed 
th r0ugh .a  number o f . spec ia l ly   cons t ruc t ed   nozz le s  a t  t h e  
top  pf a c i r cu la r   t ower  and  allowed t o  f a l l  aga ins t  a 
r i s i n g   c u r r e n t  of ho t  air in j ec t ed   nea r   t he  bottom: The 
d r i e d  salts  a r e  dra-bm o f f  a t  the  bot tom of the  tower.  

"The product  obtained i s  v e r y   l i g h t  and f l u f f y   i n  

method l e n d s   i t s e l f   t o   c l o s e   c o n t r o l ,  and i t  i s  claimed 
texture ,   running  only SO pounds  per  cubic  foot,   but  the 

that a v a r i e t y  of products  can  be  produced.' '  

i c a l   p r e c i p i t a t i o n  have  been  suggested and some appl ied  com- 
merc ia l ly .  

Wther. p rocesses   such .   as  vacuum pan evaporat ion and c h e w  

I n  1937 t h e r e  wEre f o u r  pr inc ipa l   p roducers  of  natural 
sodium s u l p h a t e   i n  Canada, a l l  in  Saskatchewan. A t  l e a s t  
t h r e e  o f  t h e s e   u s e d   d i r e c t - f i r e d   r o t a r y   d r i e r s  for dehydra- 
t i o n  of  c r y s t a l .  

. .  

' Jn i ted   S ta tes   Depos i t s  

t e rn   Un i t ed   S t a t e s ,   no tab ly  .In N o r t h  Dakota,. Arizona, Nevada, 
Sodium sulphate   deposi ts   occur  i n  many parts of  t h e  We:;- 

New Nexico, Texas, Utah, Wyoming, and  ?lashington. I t  has  been 
produced  commercially f r o m  Arizona,   Cal i fornia ,  Nevada, New 
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Mexico,  Texas,  Utah  and Wyoming. Most d e p o s i t s   a r e   i n   t h e  
form of permanent  crystal-beds of  m i r a b i l i t e ,   b u t  some con- 
t a i n   t h e n a r d i t e  and g lauber i te ,   whi le   o thers   occur   . as   b r ines .  

as wel l  as from three p l a n t s   i n  Texas.  Deposits  xere  develop- 
ed i n  Utah and  Washington.  Hydrated  sodium  sulphate or Glau- 
b e r ' s  salt'was recovered  from two d e p o s i t s   i n  Xyoming. 

'Product ion  in  1937 was made from S e a r l e s  Lake, Cal i forn ia ,  

The fo l lowing   descr ip t ion  of methods i s  quoted  from a r e -  
port   by  Wells  (Ref.  16, p.  745) 

ou t   t he   c rude   so l id  sa l t  and i n   o t h e r   p l a c e s  by l eaching  
out  a warm s a t u r a t e d   s o l u t i o n  .from the   c rude  sal t ,  which 
i s  t h e n   c o o l e d   t o   p r e c i p i t a t e   G l a u b e r ' s  salt  o r  evaporat-  

ponds a re   used   and   the   b r ine  i s  pumped from one  pond t o  
ed t o  yield  the  anhydrous salt.  A t  Casper, Tyoming, two 

t h e   o t h e r   i n   o r d e r   t o   g e t  a t  each new crop bf Glauber 's  

S a l t  Lake by  dissolving  crude  Glauber 's  salt ,  found  un- 
s a l t .  Sodium su lpha te   has   been   pu r i f i ed   a t . t he   Grea t  

demand  a long   the   shore  i n  p l aces  and a l so   depos i ted-  in 
winter ,   and   evapora t ing   the   so lu t ion   to   depos i t . anhydrous  
sodium sulphate .  At.Wabuska, Nev., t he   t empera tu re ' i s  
high  enough i n   t h e   d r y   s e a s o n   t o   y i e l d   t h e n a r d i t e '   o n ' s o -  
lar evaporat ion."  

"Sodium su lphate  i s  mined i n  many placed by b l a s t i n g  

In  general ,   the   process   (Ref .  17,  p.  55)  used  in  recov- 
e r i n g  sa l t  cake  from  ircpure  Glauber's s a l t  a t  Great S a l t  Lake 
i s  as fol lows:   In  5 tons  of ' o r e '   t h e r e   a r e  1 t o n  o f  sodium 
sulphate., 1 t o n  of  water,  and 3 tons  of sand. . The s a l t . i s  
scooped ou t   by   d rag l ine  and  hauled  in  cars  to  the  plant, ,   where 

me l t e r   t ank ,  and  mixed by p r o p e l l e r   a g i t a t o r s   w i t h   w a t e r   h e a t -  
it i s  put  through r o l l  c rushers ,   de l ivered  by  conveyor t o  a 

Dorr Classif ier .wher-e   the  sand i s  removed. The c l a s s i f i e r  
ed to   150   deg .  F. From t h e   m e l t e r   t a n k   t h e   b r i n e   p a s s e s   t o  a 

ove r f low.passes   t o   s e t t l i ng   t anks   where  it remains  24  hours.  

and  then  passed  through  ver t ical   evapor 'a tors   heated  by  exhaust  
I t  i s  then  pumped through a h e a t e r  and r a i s e d   t o   1 5 0  deg. F.., 

steam. h D o r r   C l a s s i f i e r  is u s e d   t o  remove sodium su lphate  
c r y s t a l s   f r o m   t h e   b r i n e :   t h e s e   g o   t o  a c e n t r i f u g a l  for? fir- 
t h e r   b r i n e  removal. The 'b r ine  .is re turned  to   the.evaporatox-s  
and the sa l t  cake   pas ses   t o  a horizontal   k i . ln-dryer .  After 
s c r e e n i n g   t o  30 mesh. the  product  i s  ready f o r  shipment. 

su lpha te  product ion f rom  na tura l .  sou rces   t he   r eade r  i s  r e f e r -  
For a gene ra l  d i s c u s s i a n . o f  the  technology of sodium 

red   to   Tyler   (Ref .  15) Kobe and Hauge (Ref ,13), , and Wells 
(Ref.  16), as well as to   the   a forement ioned   repor t  of Cole 
(Ref. 11). 
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Manufactured Sodium Sulphate 

h l a r g e   p a r t  of t h e   s a l t  cake  used i n  commerce i s  pro- 
duced a r t i f i c i a l l y   a s  a by-product  from  the  manufacture of 
hydrochlor ic   ac id  from common sa l t .   Other   p rocesses   a re  ais0 
employed. 

S a l t  Cake Process  

The fo l lowing   descr ip t ion  i s  quoted  from  Cole  (Ref. ll . ,  
p.  58); 

"Probably  the  most  widely employed  method f o r  t h e  
prepara t ion  of sa l t  cake i s  t h e   ' s a l t  cake process '   fo r  
the   p repara t ion  o f  h y d r o c h l o r i c   a c i d   i n  which  process 
s a l t  cake i s  recovered  as a by-product. The process  
depends on t h e   r e a c t i o n  of su lphur ic   ac id  on sodium 
ch lo r ide ,  and i s  r e a l l y   t h e  f i r s t  s t e p  i n  t h e   o r i g i n a l  
LeBlano process .  

depending on the  temperatures  : 
"The decomposition  occurs  in t w o  d i s t i n c t   s t a g e s ,  

(1) N a C l  p lus  H2SO4 = NaHSC4 plus HCI 
(2 )  N a C l  p lus  NaHS04 = Na2SCq p lus  EC1 

"The f irst  of t hese   r eac t ions   beg ins  a t  ordinary 
temperatures  whereas  the  second i s  only  completed a t  
red hea t .  The exact   temperatures  employed i n   t h e  sev- 
e ra l   ope ra t ions   va ry   w i th in  small limits a t   d i f f e r e n t  
p l an t s ,   bu t  it i s  apparent that t h e   h o t t e s t   p l a c e  i n  
the  muffle  f 'urnace a t  t h e  end of t he   ope ra t ion  must not  
exceed 800 deg. C .  which i s  th'e mel t ing   po in t  o f  ordin-  
a r y  salt cake. 

"The raw materials requi red  i n  t h i s  process are so- 
dium ch lo r ide  (common s a l t )  and su lphur ic   ac id .  

"The s a l t  . i s  gene ra l ly   t r . ea t ed   i n   ba t ches  of about 
h a l f  a t o n ,   i n  a l a rge   hemisphe r i ca l ,   d i r ec t ' f i r ed  pan, 
s e t   i n   su i t ab le   b r i ckwork .  To t h e  s a l t  an equal  weight 
of su . lphur ic ' ac id  i s  added  and t h e   r e a c t i o n  shown i n   t h e  
f i r s t  of the.   above  equat ions  takes   place.   The,hydro-  
chlor ic   acid  evolved i n  t h e  decomposing  pan i s ,  drawn o f f  

pan  and is  absorbed   in  water .  
through a f l u e  i n  the  dome of t h e  bri.ckwork  covering  the 

"The hot  mass i s  then   raked   in to  a muff le   or   rever- .  
bera tory   furnace  and t h e   r e a c t i o n  i s  complete a t  a high- 

- 85 - 



"er   t empera ture .  The hydrochlor ic   ac id   evolved   in   the  
muff le   furnace i s  co l l ec t ed   s epa ra t e ly .  Xhen  no more 
vapors are seen   r i s ing   i n   t he   muf f l e   fu rnace   t he   ba t ch  
i s  drawn  out  and u s u a l l y   l e f t   t o   c o o l   i n  a closed  box. 

"The ,y i e ld  of s a l t  cake bj. t h i s   p r o c e s s  w i l l  vary  
i n   d i f f e r e n t   p l a n t s ,   1 1 5  pounds of sa l t  cake  per 100 
pounds of  o r i g i n a l  salt  being  an  average  recovery." 

In   d i scuss ing   th i s   p rocess   Tyler   says   (Ref :15 ,   p .  11) 

" I n   t h e   U n i t e d   S t a t e s   t h e  Mannheim mechanical sa l t  

muff le  method (described  above),  and i n   o t h e r   c o u n t r i e s  
cake  furnace has en t i re ly   superseded   the   o lder   po t -and-  

mechanical  fhrnaces  have  1ikewise.displaced  the  older,  
l abor ious ,  and generally  discontinuous  operations. ." '  

U n t i l   r e c e n t l y   t h e   o u t p u t ,  and  hence t h e   p r i c e ,  of by- 
product   sa l t   cake  folloT*ved the   p roduct ion  of hydrochlor ic   ac id  

a c i d  i s  be ing   manufac tured   synthe t ica l ly   by   d i rec t  combina- 
c lose ly .  However, an increasing  proport ion of hydrochlor ic  

t i o n  of hydrogen  and  chlorine,  and some i s  recovered as a by- 
product from t he   ch lo r ina t ion  of coal t a r  de r iva t ives .  

Another  process  discussed  by  Cole  (Ref. ll., p.  59)  but 

depended upon t h e   r e a c t i o n  of pure  sulphur  dioxide  gas upon 
la rge ly   d i scont inued   today  i s  the  Hargreaves  process  which 

common s a l t  i n  the   p resence  of a i r  and  steam. 

Nitre Cake Process - 
Quoted  from  Cole  (Ref. 11, p. 60) 

"In  the  manufacture of  n i t r i c   a c i d   b y   t h e   a c t i o n  
of su lphur ic   ac id  on sodium n i t r a t e ,  a by-product i s  
obtained  which  approximates  closely  the  acid  sodium 
su lphate  (NaHSO4) and is known t o   t h e   t r a d e  as ' n i t r e  
cake:'  Commercial n i t r e  cake  usually  conta ' ins a vary- 
ing percentage (7  t o  45  per   cent)  of f r e e   a c i d .   I n  
normal t imes   t he   marke t   fo r   n i t r e   cake  i s  comparatively 
small,  and many attempts  have  been made t o  p u t  it t o  

OS n i t r i c   a c i d  have  been  conveniently  si tuated  with 
some commercial  use. '&ere p lan ts   for   the   p roduct ion  

been u t i l i z e d  f o r  the  manufacture  of soda  ash by add- 
r e spec t  t o  Le Blanc  soda  plants ,   large  quant i t ies   have 

i n g   s u f f i c i e n t  sa l t  t o   s a t i s f y   t h e  amount of f r e e   a c i d  
i n   t h e   n i t r e   c a k e  and then  adding  the  mixture  t o  t h a t  
normally  charged ' to  the sal t  cake  pans. 
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"During the   war ,   l a rge   quan t i t i e s  of n i t r i c   a c i d  
were  manufactured on th i s   con t inen t  f o r  use   in   explo-  
s ives ,  and i n  consequence v a s t   s t o c k   p i l e s  of n i t r e  

t h i s   m a t e r i a l  which i n  many cases  was a waste  product 
cake  accumulated a t  these   p l an t s .   I n   o rde r  t o  u t i l i z e  

p l an t s   s t a r t ed   t o   manufac tu re  it i n t o  normal  sodium 
and  could  be  purchased a t  very, low cos t s ,  a number of 

s u l p h a t e   ( s a l t   c a k e )  and  hydrochloric  acid  by  the  ac- 
t i o n  of sa l t .  The process  depends on t h e   f o l l a v i n g  
equation: 

"NaHSOa p lus  NaC1 - NaZS04 plus  HC1" 

Today c o m p a r a t i v e l y   l i t t l e   n i t r i c   a c i d  i s  manufactured. 

duc t ion  of by-product  nitre  cake  has  dropped  enormously. 
from sodium n i t r a t e ,  however, wi th  the r e s u l t  that  the  pro- .  

S a l t  cake i s  a l so   recovered   as  a by-product  from  other 
processes   including  the  manufacture  of sodium  dichromate. 
In Germany waste magnesium sulphate  from  potash works i s  
conve r t ed   i n to   s a l t   c ake  by the   fo l lowing . reac t ion :  

&SO4 p lus  2NaC1 - Na2SOp p lus  MgCl2 

temperature  conditions of  t he   so lu t ions   con t ro l l ed .  
Common sal t  i s  added a t  a su i tab le   t empera ture   and   the  

Epsom S a l t s  (MgS04. 7Hz0) 

gpsomite i s  a c o n s t i t u e n t  of ocean, and c e r t a i n   s a l t  
l ake  and spr ing   waters .  I t  occurs   assoc ia ted   wi th  sodium 
s u l p h a t e   i n   l a k e   d e p o s i t s   i n   B r i t i s h  Columbia and t h e   P r a i -  

States  and other  count r ies .  I t   i s  found i n  q u a n t i t y   i n   t h e  
r i e   P rov inces  of Canada as we l l   a s   i n   t he   Wes te rn   Un i t ed  

S t a s s f u r t   d e p o s i t s  of Germany and is also  recovered  from  ex- 
tensive k i e s e r i t e  (MgSO4. H2O) beds i n  these   depos i t s .  Ep- 
somite i s  l ikewise  deposited  from  spring  waters a t  Epsom, 
England,  and i s  a s soc ia t ed   w i th  gypsum in  an  occurrence  near 
Pa r i s , ' r ' r ance .  

phate i s  used  to  any  extent  commercially.  I t s  chief   use i s  i n  
Epsomite   represents   the  only form i n  which magnesium sul- 

t he   t ann ing  of lea ther ,   a l though it i s  also  used  in   the  dyeing 
t e x t i l e  and o the r   i ndus t r i e s ,  and for  medicinal  purposes.  

Natural .  

Several  of  the  methods  used i n  recovering  epsomite from 
n a t u r a l   d e p o s i t s   i n   B r i t i s h  Columbia  have  been  reviewed i n  1% 
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former   sec t ion .   In   genera l   these   a re  similar t o  thQqe em- 
ployed  elsewhere.  

Manu'factured 

Ladoo  (Ref. 14, p. 209) l i s ts  the  following  methods by 
which  epsomite i s  produced. 

1. Technical and U:S...P . grades made @s a by-product i n  
the   evapora t ion  of 'common salt: 

2 .  ,Rec rys t a l l i za t ion   f rom  k i e se r i t e  (Germanyj. 

3. Act ion"of   su lphur ic   ac id  on magnesia,.  magnesium hy- 
droxide,  magnesite' ,   or  dolomite. 

4. Crys t a l l i za t ion   f rom  mine ra l   wa te r s .  

5 .  S e p a r a t i o n   a n d   c r y s t a l l i z a t i o n  from a l k a l i n e  waters 
containing  mixtures  of salts, 

nesium  sulphate is sodium  sulphate .   'Separat ion of  the two i s  
I n   r e s p e c t  t o   t h e  last t h e  most common a s s o c i a t e  of mag-' 

effected  through c r y s t a l l i z a t i o n  from solut ion,   magnesiumsul-  
pha te   be ing  more so luble   than  sodium su lphate .  

Pr i .ces  

Trade names, composi t ion,   theoret ical   formulae,  .and re- 
cen t   p r i ce   quo ta t ions   a r e   l i s t ed   be low.  
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I I 1 
Trade Name 

Soda Ash 

Sodium B i -  
carbonate 

Soda 
Caustic 

S a l t  Cake 

Glauber 's  
S a l t  

N i t r e  Cake 

Epsom S a l t  
Tech. 

Epsom S a l t  
B.P. 

Composition Formula 

NazCO3 

NaHC03 

NaOH 

Na2SO4 

Na~S04. lOH20  

New York 

P r i c e  

Toronto 

58% l i g h t  
- $1.05/lOC# 

.$1.85/10C$ 

So l id  76% - 
82.30/100# 

$15/ton 

95b/100# 

.$l6/ton 

$1.80/100# 

"_" 

$2/100# 

$2.75/100# 

f .o.b. Sask. 
- $8.50/ton 

$l6/ton 

-02 1/2-.03$/# 



Cahadian  and  American Tariffs 

Mater ia l  
Canadian Tariff 

P r e f .  Gen . 
U. S. Tariff 

Soda Ash 

S a l t  Cake 
S a l  Soda 

1/4b/# 3/10#/$  1/5b/+ 

Sodium Bicarbonate 
f r e e  

Glauber' s sa l t  
"" f r e e  

$l/t on 

Epsom S a l t s  
N i t r e  Cake f r e e  "" 

""" 

"" "" 

1 2 5% 

Product ion and  Consumption 

Sodium Carbonate 

B r i t i s h  Columbia  and Alber ta  

n u a l l y   i n   B r i t i s h  Columbia,  and s o l d   l a r g e l y  t o  soap  companies i n  
An average of 150 t o  250 t o n s  of s a l  soda i s  produced  an- 

Vancouver. In   t he   pas t ,   sh ipmen t s  have  been made t o  soap com- 
panies   in   Calgary   bu t  none has   Seen   recorded   in   recent   years .  

No soda  ash,   sodium  bicarbonate,   or  caustic-soda  are  pro- 
duced i n   B r i t i s h  Columbia.   Although  figures  are  incomplete 
the  estimated  annual  consumption of soda   ash   in   the   p rovince  
is between  750  and 1000 tons,  of  which a t   l e a s t  75 per   cen t  

t h e  United S t a t e s  and  United Kingdom. Del ivered p r i c e s  f o r  
i s  brought i n  from Ontario9 the remainder  being imported from 

58 per   cen t   soda   ash   range   f rom  $35   to  $75 per   ton,   depending 
on quan t i ty  and s i t u a t i o n .  The average   de l ivered   pr ice  i s  
approximately $40 per   ton .  

The .quant i ty  of sodium bicarbonate   used  annual ly  i s  only 
a few  tons.  The requirements f o r  caus t i c   soda   a r e   va r i ab le ,  
224 tons  being  imported  in  1936 (Ref. la), none i n  1937, and 
125   t ons   i n   t he  f i r s t  t h r e e  months  of 1939. Del ivered   pr ices  
o f  f l a k e   c a u s t i c   s o d a   i n  small lo t s   range   f rom $70 t o  $80  per 
ton .  

Approximately 5000 tons  of salt cake a re   u sed   annua l ly  

Somewhat less t h a n   h a l f  i s  of loca l   by-product   o r ig in ,   the  
i n  t he   p rov ince ,   l a rge ly   i n   t he   pu lp  and  paper  industry. 

rest be ing   brought   in  from Sa'skatchewan.  Delivered  prices 
range from $18 t o  $19 per  ton.. 
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t h e   q u a n t i t y  of Glauber ' s   sa l t s   impor ted   annual ly  i s  only a. 
few  tons. 

L i t t l e  o r  no n i t r e  cake i s  used   i n   Br i t i sh  Columbia,  and 

Epsom s a l t  i s  produced i n   B r i t i s h   C o l m b i a .   I n   a d d i t i o n  
59 tons  were  imported i n  1936  and.54  tons  in  1937  (Ref. 16). 

I n s u f f i c i e n t   d a t a   a r e   a v a i l a b l e   t o   a l l o w   a n   e s t i m a t e  of 
t h e   t o t a l  amounts of  sodium carbonate,  sodium sulphate ,  and 
epsomite  used  annually  in  Alberta.  A t  l e a s t  2500 t o n s  of soda 
ash,  and 250 tons  of caust ic   soda,  however, a r e  known t o   b e  
u t i l i z e d .   P r a c t i c a l l y  a l l  the  soda ash i s  brought   in  from 
Ontar io   and  the  del ivered  cost  i s  about $40 per   ton.  

Canada 

cake,  and  Glauber's sa l t  i n  two p lan ts ,and   caus t ic   soda   in  
Soda ash  is manufactured  by  one  plant, salt. cake, n i t r e  

two p l a n t s ,   a l l   i n   O n t a r i o .   I n   a d d i t i o n  s a l t  cake and Glau- 
b e r ' s  salt  are  produced  from  natural  sources in Saskatchewan. 
The only  producer of Epsom sa l t  i s  i n   B r i t i s h  Columbia. 

a r e   l i s t ed .   (Re f .  21) 
I n  the  fol lowing  table   approximate  imports  and expor t s  

f o r  1937 

Soda Ash 
Bicarbonate of 

Soda 

S a l t  Cake 
Caustic Soda 

Glauber 's   Sal t  
Nitre Cake 

Epsom S a l t s  

Imports 

5000 tons  $113,000 ) 

6000 tons  $199,000 ) 
6000 t o n s  #296,000 ) 

1700 tons  $ 24,348 ) 
1100 tons  $ 18,618 ) 

1 

1 """ 

1700 tons  .$ 33,100 

Exports 

Soda & sodium com- 
pounds - 46,000  tons 

- $4,674,000 

""""" 

of t h e s e   m a t e r i a l s   i n  Canada. The following  remarks  are 
quoted  (Ref.  19) i n  r e spec t   t o   t he   p roduc t ion  of na tu ra l  so-  
dium su lpha te   i n  Canada: 

No d a t a   a r e   a v a i l a b l e  on the  consumption o r  production 

" A t  t he   p re sen t   t ime   t he   ope ra t ing   p l an t s  are capa- 
b l e  of  producing  over 600 tons  of' d r i ed .  salts  pe r  day. 
The development 'of  these sodium su lphate   depos i t s   has  
been  one of t he   ma jo r   f ac to r s   t ha t   has  made poss ib l e  
t h e   e r e c t i o n  of t h e   p l a n t  f o r  separa t ing   n icke l  from 
copper, af Copper Cliff; Ontario,  by the  Orford  process: 
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amounted t o  79,884 tons  valuzd a t  $618,028, a s   a g a i n s t  
75,598 tons  valued a t  $552,681 in   1936.  

"The production of n a t u r a l  sodium s u l p h a t e   i n  1937 

"Although  there  were  small  shipments f ro= t h e  de- 
p o s i t s   i n  Western Canada to   the   Uni ted   Ska tes  t h e  f i g -  
u re s   a r e   no t  shown i n   t h e  customs r e p o r t s  .... 

t h e   d e p o s i t s  cf Vestern Canada aga in   increased   sharp ly  
du r ing   t he   pas t   yea r ,  and a new a l l - t ime  h igh  f o r  t h i s  
i ndus t ry  was es t ab l i shed . . . . "  

"The p r o d u c t i m  of n a t u r a l  sodium sulphate  from 

the   fo l lowing   heading   apply   in   genera l   to  Canada as w e l l   a s   t o  
t he   Un i t ed   S t a t e s .  

O i s t r ibu t ion   by   u ses  and o ther   fea tures   d i scussed   under  

Uni ted   S ta tes  

The following tab le  (Ref. 20, p.   1430)   gives   the  per-  
cen tage   d i s t r ibu t ion  of s a l e s  of  soda ash and  sodium su1- 
p h a t e s   i n  1936, as es t imated  by  Chemical  and Meta l lurg ica l  
Engineering. 

Indus t ry  

Heavy Chemicals 
Dyes and  Organic  Chemicals 
3 l a s s  and  Ceramics 
Explosives 
Leather ,   g lue  and  gelat in  
Pulp  and  Paper 
Petroleum  Refining 
Rayon  and Cel lu lose  f i l m  
Soap  and  Glycerine 
Text i le   Process ing  

All o t h e r   i n d u s t r i r s  
Other   Process   Indus t r ies  

Soda. Ash 
% 

27.4 
10.9 
38.3 

.2  

.1 
4.4 

. 4  

9 .3  
.1 

2.7 
.6 

5.6 

Sodium Sulphatec 
% 

2.5 

10.2 
2.5 

.2 
56.0 

1.2 
.5  

19.9 

7.0 

-" 

"- 

-" 

Figures  f o r  sodium carbonate  are  not  given  as  they  were  re- 
l a t i v e l y   i n s i g n i f i c a n t   i n  comparison  with  domestic  sales and 
consis ted  wholly of manufactured  sal ts .  

Impor t   f i gu res   a r e   l i s t ed  below.  (Ref. 20, p. 1431). 
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Imports for 1935-36 by Countries 

Country 

1935 

Belgium 
Germany 

Netherlands 
Chile 

USSR 
Canada 

Totals 

1936 

Germany 
Belgium 

Netherlands 
Canada 

Chile 
Totals 

Salt Cake 

Tons 

83,016 $739,314 
23,433 $181,820 

1,353 # '9,912 
1.122 8 10,190 

906 4 3i.305 
504 $ 9,900 

110,579  $959,411 

Tons 

119,766 $1,094,461 
21,078 .$ 163,789 

3,301 $ 24,591 
6,589 $ 46,072 

686 $ 4,912 
151,420 . $1,333,825 

Glauber s Salt 

Tons 

551  $4,479 - - - - - - - - " - - - 
""" """"""_ 

" - "" - - " - - 
""""""- 
551. $4,479 

Tons 

574  $4,595 """"""_ 
""""""~ 

". "~"""" "_""""" 
575 ' $4,620 

Anhydrous 

Tons 

5,760 $113,108 
""""""""" 

""""""""" 

28 $ 599 
""""""""" 

""""""""" 

5,788 $113,771 

Tons 

11,700 
22 

$222,263 
$ 344 """""""""- 

132 $ 2,951 
"""' """""" 

11,854  $225,613 



and 1936 a r e   l i s t e d  by  Customs D i s t r i c t s .  
In   the   fo l lowing   tab le   the   impor ts  of  sa l t  cake for 1935 

I Customs D i s t r i c t  
I 
Pac i f i . c   Po r t s  and 

Canadian  Border. 

Nashington 
Oregon 

Duluth  and  Superior 
San  Francisco 

Dakota 

Gulf P o r t s  

Mobile 
F lor ida  

New Orleans 
Sabine 

A t l a n t i c   P o r t s  

.Maine and n'ew h m p s h i r e  
Georgia 

Maryland 

1936 

3,435 t o n s  
1,528 " 

55 " 

4,974 " 

1,615 " 

28,506 I' 

81,237 " 

14,579 " 

5,020 'I  

6,015 " 

645 " 

3,192 " 

731 " 

1935 

4,592 t ons  
2,601 I' ""_ ""_ 

906 ' I '  

18,773 " 

22,603 1' 
6,583 I t  

47,952 'I 

4,672 " 

1,297 " 

"_" 

1936. A major   par t  of  requirements,  however,  are  supplied  by 
Approximately 2,100 t ons  of epsom salts were imported i n  

by  commercial  producers. 

In 1937 n a t u r a l  sodium  carbollate was produced  by 4 oper- 
a t o r s   i n   C a l i f o r n i a ;  sodium  sulphate was produced  by  one 
opera tor  i n  Cal i forn ia ,  one i n  Texas,  and two i n  Wyoming. 
Other   depos i t s   a re   be ing   deve loped .  One ope ra to r   nea r  Oro- 
v i l l e ,  Washington,  reported  sales of n a t u r a l  epsom salts.  

Domestic  Production of Natural  Sodium Carbonates 
and  Sulphates 

Carbonates Sulphates  

1937 

93,230 I' :$1,173,003 1935 
51,606 $338,559 102,866 " $1,106,364 1936 
80,053 $599,265 104,711 t o n s  $1,191,465 

36,706 $275,943 1 
The only  United  States   markets   which  might   possibly  be 

reached  ecanomical ly   by  Bri t ish Columbia producers of sodium 
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carbonate and sodium su lpha te   a r e   t hose  of  Washington  and  Ore- 
gon. Consumption f i g u r e s   a r e   n o t   a v a i l a b l e  f o r  these   S t$ tes  
but  pulp  and  paper  producers  use  from 10,000 t o  15,000 ton:: 
of salt  cake  and 1,000 t o  2,000 tons  of soda  ash  annual ly .  

Exp lo i t a t ion  of  B r i t i s h  Columbia Deposits 
. .  

1. S a l e s  of  sodiun.  products  from  local  deposits would 
be r e s t r i c t e d   t o  a r e l a t i v e l y  small area  comprising, at  b e s t ,  
A l b e r t a ,   B r i t i s h  Columbia,  Washington,  and  possibly  part o f  
Oregon. The nearest   producers  of  sodium c a r b o n a t e s   a r e   i n  
Ontar io   and  Cal i fornia;  of sodium sulphates  in  Saskatchewan 
and Cal i forn ia .  

2 .  Estimated. minimum annual  consumption of soha' ash  and 
sa l t  cake i n  British Columbia, Alberta,  Washington  and Oregon 
a r e   l i s t e d  below. 

Soda Ash S a l t  Cake 

B r i t i s h  Columbia 4000 - 5000 tons  800 - 1000 tons  

Alber ta  

- (Pulp and Paper  only) 
10,000 - 13,000' 'I 1000 - 2000 " Washington  and Oregon 

small  ? 2000 - 3000 " 
I, 

Tota ls  14,000 - 18,000 " 3800 - 6000 " 

and  Alberta  range  from $35 t o  $45  per  ton; of salt cake i n  
P resen t   de l ive red   p r i ces  of s o d a   a s h   i n   B r i t i s h  Columbia 

B r i t i s h  Columbia  and  Washington from $16 t o   $ 1 9 . p e r   t o n .  The 
U n i t e d   S t a t e s   t a r i f f  of 1/4& per  pound.or  $5  per  ton  on  soda 
ash would effect ively  preclude  compet i t ion w i t h  Ca l i fo rn ia  
producers   unless   local   processing  could  be  done a t  a s u f f i -  
c i e n t l y  low c o s t .  This i s  improbable i n '  view of t h e  magni- 

p o s i t s .  There i s  no United S t a t e s   t a r i f f  on s a l t  cake a t  
tude  and v a r i e t y  of products  recovered from Ca l i fo rn ia  de- 

present ,   axd it i s  p robab le   t ha t   l oca l   ma te r i a l   cou ld   r each  
t h e  Washington  market i f  it could,   be   sold for about   the sam3 
p r i c e  as t h a t  from Saskatche*an depos i t s ,  i . e . ,  $8.50  per  ton. 
On t h e   o t h e r  hand, l a rge   depos i t s  of  sodium sulphate  occur i n  
Central   Washington,  and  should  these  be  developed  in  future,  
would a f ford   se r ious   compet i t ion   to   ' loca l   p roducers .  

t i s h  Columbia. The products   f rom  the  operat ion a t  Ashcroft  
a r e   sh ipped   t o  a l l  p a r t s  o f  Canada. Chief  competition is 
furn ished  by cheap   fore ign   impor ts .  

3 .  No epsomite i s  produced  in Canada o t h e r   t h a n   i n  Bri- 
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4. Estimated  quantities of the  compounds'under discussion are listed below. 

a. Sodium Carbonate 

Comparatively free of other  salts 

Permanent Crystal 
(more or less mixed with  mud) 

Brine 
( S p . G .  greater than 1.040) - salts - 

Mixed with sodium sulphate 

Permanent Crysta'l 
(more o r  less mixed with  mud) 

Totals 

- 
Crude 

80,000 tons 

75,000 " 

100,000 " 

255,000 'I 

Eauiv. Soda  Ash 

20,000 tons 

70,000 " 

20,000 " 

110,000 'I 



b. Sodium Sulphate 

Comparatively  free of o t h e r   s a l t s  

Permanent  Crystal 
(more o r  less mixed with mud) 

Nixed wi th  sodium  carbonate 

Permanent Crystal 
(more o r  l e s s  mixed with mud) 

lvlixed wi th  magnesium sulphate 
~~ 

Permanent  Crystal 
(more o r   l e s s  mixed  with mud) 

Totals  

Crude 

200.000 tons  

100,000 I' 

105,000 " 

405,000 I' 

Equiv. S a l t  Cake 

80,000 t o n s  

13,000 " 

20,000 " 

113,000 " 



c. Epsom S a l t s  
. .  

Comparatively  free of other:sal.ts 

Permanent  Crystal 
(more o r  less mixed w i t h  mud) 

Bdixed with sodium sulphate  

Permanent  Crystal 
(more o r  l e s s  mixed with kud) 

Tota ls  . Crude 

20,000 tons 

105,000 1' 

125,000 " 

Equiv.  Epsomite 

20,000 tons 

75,000 " 

95,000 " 



a l l y  as natron and m i r a b i l i t e ,  must  be dehydrated 'before  a 
market of  my  size  can  be  reached.  Small   tonnagks of  s a l  soda 
and  Glauber's sa l t  could  probably be so ld  as wel l ,  however. 

5. Both  sodium carbonate and s u l p h a t e ,   o c c u ~ i n g   n a t u r -  

should present  no more d i f f i c u l t  a problem i n   B r i t i s h  Columbia 
6.  Recovery and dehydration of  natron and  Glauber's salt 

than  elsewhere. The ma t t e r   mer i t s   ca re fu l   i nves t iga t ion ,  
however,  from both   the   t echnologica l  and economical  standpoint 
i n so fa r   a s  volume of  s a l e s  will. be par t icu lar ly   dependent  'up- 

no t   l a rge  and a compromise  between s i z e  of p l a n t  and manu- 
on re la t ive   cheapness  of manufacture. The  maximum market i s  

f a c t u r i n g   c o s t  must  be made. 

t hey   a r e ,  f o r  t h e  most par t   too   smal l   to   jus t i fy   expens ive   de-  
velopment.  Several,  however,  in  which  deposits of permanent 

e n t l y   l a r g e   t o   m e r i t  a small   plant  capable of supplying  the 
c rys t a l   occu r ,  and one or two c o n t a i n i n g   b r i n e ,   a r e   s u f f i c i -  

ava i lab le   marke t .   In   genera l  the most s a t i s f a c t o r y  method of 

t o  be   cont ro l  of the  important   deposi ts   under  one management 
deve loping   the   sa l ine   depos i t s  of B r i t i s h  Columbia appears 

with  manufacture and s a l e  of a v a r i e t y  of products.   This j.s 

depos i t s ,   in   whichmixed  sal ts  occur. 
e spec ia l ly   app l i cab le   t o   t hose   l akes ,   i nc lud ing   t he   epsomi te  

Although t h e   d e p o s i t s  as a whole a r e   e a s i l y   a c c e s s i b l e  
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CHAPTER 3 

Occurrences of Hydromagnesite 

in British Columbia 



Iiydromagnesite 

Deposits of hydrated magnesium carbonate   occur   in   the,  
Cariboo,  Atlin,  and Kamloops d i s t r i c t s  of B r i t i s h  Columbia. 
These  have  been r e f e r r e d   t o   i n   t h e   l i t e r a t u r e  as hydromag- 
n e s i t e ,  and a l though   t hey   r a re ly   co r re spond   i n   compos i t ion   t o  
the   minera l ,  w i l l  be d iscussed   under   th i s   head   in   the   p resent  
r epor t .  

The hydromagnesi te   occurs   typical ly  as ho r i zon ta l  de- 
pos i t s   i n   va l l ey -bo t toms   o r  on f la t s  near   the   base  of ,adja- 

and  cracked,  resembling  that of a caul i f lower,  end i s  com- 
cent   s lopes .  The sur face  of t h e   p u r e r   d e p o s i t s  i s  hummocky 

monly r a i s e d   s l i g h t l y  above the   sur rounding   ground  leve l .  I n  
general  a l a y e r  of white,   massive,   hydromagnesite,   overlies 
l oose ,   r a the r   g ranu la r ,  creamy  materia3,:which i n   t u r n   g r a d e s  

l a y e r   t h a n   i n   t h e   w h i t e ,  and increases   progressively  towards 
i n t o   s o i l  below. The calcium  content  i s  h i g h e r   i n   t h e  creamy 

the  base.  

Cariboo ,and Kamloops D i s t r i c t s  

The loca t ion  of known hydromagnesite  deposits i n  t h e  
Cariboo  and Kamloops D i s t r i c t s  i s  shom i n  the  accompanying. 
Key  Map.  The p resen t   r epor t  i s  based on f ie ld   examinat ion  
by t h e   w r i t e r   d u r i n g   t h e  summer of 1937. A complete and de- 
t a i l e d   r e p o r t  on t h e  Meadow Lake,  Watson  Lake,  Riske  Creek, 
and Clinton  occurrences w i l l  be  found i n  Memoir 1.18, Geolo- 
g ica l   Survey  of Canada (Ref. 2 ) :  o the r   r e f e rences   a r e   l i s t3d  
at  . t h e   e n d . o f   t h i s   s e c t i o n .  

The most   important   deposi ts   are   those a t  Meadow Lake, 
Watson  Lake,  and Riske   Creek:   the   o thers   a re   e i ther  small, 
impure, o r  of unknown exten t .  

Meadow Lake Deposit  (Key Map 6, No, l j  

Ideadow Lake i s  on the   sou th   s ide  of  t h e  Clinton-Dog 
Creek  road  about 15 miles  from i t s  junc t ion   w i th ' t he   Ca r iboo  

Railway. The lake;  about 2 1/2 miles   long by 1/2 mile  wide,  
highway, and 1 6  mi l e s  from Chasm on the   Pac i f i c   Grea t   Eas t e rn  

i s  one of a number along a shallow  depression some 15 mi les  

wi thout   apparent   ou t le t .  
i n   l e n g t h .  A11 are approximately a t  the  same e leva t ion ,  and. 

The main  hydromagnesite  occurrences l i e   i n   t h e  above- 
mentioned  depression  from 1 /2  t o  2 mi les  east of  Meadow L a k e ,  
Rela t ive ly   l a rge  areas of impure  hydromagnesite  also  occur a t  
each  end of the   l ake .  
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I Meadow  Lake 

2 Watson Lake 

3 Riske Ck. 

4 Clinton 

5 Sorensonk Farm 

6 Campbell Range 

7 B a r n e s   L a k e  

8 61-Mile Ck. 



Meadow Lake hydromagnesite deposits. 
MAP T .  

on  Map 7. The  larger of these  are  sheet-like  in form; the 

a1  circular  areas,  either in contact o r  separated  in  groups. 
smaller  are  irregular,  commonly  circular,  or  formed of sever- 

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 o f  dense  grey- 
ish  material. 

The  distribution  and  extent of purer  deposits  is  shown 

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

Writer (Ref. 2, p.  44-46) 
Reinecke 

Area A 70,000 sq. yds. 
Area B 142,000 It 154,000 I' 

56,000 sq. yds. 

Others 32,000 I' 24,700 It 

Totals 244,000 It 234,700 
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the  upper white,  massive, and r e l a t i v e l y   f r e e  of  calcium,  the 
The depos i t s  comprise two more o r   l e s s   d i s t i n c t   l a y e r s ;  

l ove r  creamy, loose ly   g ranular ,  and containing an increas ing  
proport ion of calcium  towards  the  base.   In  view.of  this  the '  
amount of m a t e r i a l   a c t u a l l y   a v a i l a b l e  f o r  commercial  purposes 

p l i ed ,  i n  o the r  words upon t h e  minimum calcium  content  a1:lbwed 
depends,  within limits, upon the  use  to   which it i s  t o  be  ap- 

for   the   purpose   in   ques t ion .  

in,Area A var ies   f rom 1 2  to .24   inches , ,   in   Area  B from 8 to 32 
A s  d i s c l o s e d   i n  d r i l l  holes  the  depth  of  white 'mater. j .al  

inches,  and i n   t h e  smaller a r e a s , f r o m  5 t o  20  inches.  Aver- 
a g e   f i g u r e s   a r e  1 6  inches   fo r  Area .&, 18 inches fo r  Area E:, 

y a rd  of the  hydromagnesite as 2050 pounds  (Ref. 2, p.  43), 
and 12 i nches   fo r   t he   o the r s .  ' Taking  the  weight  of a cubi.c ' .  

tonnages  would  be as fo l lows:  

Estimate of  tonnage of  white  hydromagnesite a t  Meadow LakE 

'&+iter Reinecke. 

Area A 31,200 25,920 
Area B 72,000 78,900 
Others 11,000 9.,140 
Totals  114,200 112,960 

The fo l lowing   ana lyses   a r e   t yp ica l  of t h i s   m a t e r i a l :  

F 38.8% 
0.8 
38..? 
11.5 

2.. 5 

41.38% 

37.67 
1.32 

12 .12  
0.23 
0.14 
1'.36 

7 . 4  Si02 4.00 

Wri te r   (3)  Reinecke 3 (5)  Reinecke A (4) 
- 
- 

- 

40.56% 
1.26 

35.96 
18 .oo 
0.63 
0.18 
0.67 
1.22 - 

from 7 d r i l l   h o l e s  i n  Areas A and B.  Analyzed  by  Chief As- 
sayer ,   Vic tor ia .  

( 3 )  Composite  sample of   whi te   mater ia l   t aken  by writer 

(4) Reinecke, %Memo 118, p: 31 - white ea r th ,  0-151' 
from sur face .  . (Ref. 2) 

from  deposits a t  Meadow Lake.  (Ref. 2) 
(5) Reinecke, Men. 118, p .  3 1  - average of 5 ana lyses  
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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. 

I 
Typical  analyses of this  granular  material follow: 

Writer (6) Reinecke D (8) Reinecke E (9) I Reinecke C (7) 

MgO 
CaO 

39.5% 
2.H 

36.63% 
2.86% 
35.64 

0.17 
7.00 45.7 I 

1.0 I 0.11 
1.34 

10.1 Si02 13.10 
I. 

24.32% 

38.64 
2.93 

0.49 

10;32 
1.35 

20.12% 

"" 

~ 

35; 68% 
6.38% 

36.63 
4.15 
0.20 
0.24 

l1.33' 
2.88. 

I I I I I I 



( 6 )  Compobite  sample of  creamy ma te r i a l  below  white 
l aye r   t o   dep th  of  36  inches.  Analyzed  by  Chief  Assayer, 
Vic tor ia .  

(7)  Reinecke, Mem. 118,. p. 31-0-39" includes  white and 
p a r t  o f  creamy layer.  (Ref.  2) 

(8) Reinecke, Memo 118, p. 31 - below (7 )  - 38"-60", i n  
creamy layer.   (Ref.  2) 

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

t o  a depth of  a t   l e a s t  3 f e e t :  below t h i s   t h e   p r o p o r t i o n  of", 
calcium  increases   rapidly. .  Areas A and B the.refore may be  e8-. 
t imated  to   contain  the  fol lowing  addi t ional   tonnag.es   carrying 
less than  5 per   cen t  lime. 

The above  analyses   indicate  a f a i r l y  low calcium  cobtent 

Tonnages (est imated)  

Area A 
Area B 

35,000 
71., 000 

106;OOO 

contain  approximat.ely  114,000  tons o f  mater ia l   conta in ing  
l e s s  than 1 1/2 per   cent   l ime,   and  an  addi t ional  106,000 - tons 

tons   wi th  a lime  content  not  exceeding 3 pee  cent .  The; ques- 
con ta in ing   l e s s   t han  5 per   cen t  lime, or a t o t a l  of 2Z0,OOO 

t i on   o f  lime and other  impurit ies  in  the  hydromagnes.i t& i s  
d i s c y s e d   i n   g r e a t e r   d e t a i l   u n d e r  Commercial' P o s s i b i l i t i e s .  

I n  summation t h e  Meadow Lake Deposi ts .   are   es t imated  to  

of Meadow Lake var ies   wide ly  i n  composition  but i n  general  
The greyish  impure  hydromagnesite  occurring a t  each  end 

conta ins  a high  proport ion of both lime and s i l iceous   mater , -  
ial. The ' fol lowing  analysis  i s  c h a r a c t e r i s t i c :  

Reinecke (.lo) 
20.14 

9-20 
20.24 

6.80 
0.,59 
0.84 

36.78 
1,54 
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end  Meadow  Lake, 0-24 inches. (Ref. 2 )  
(10) Reinecke,  Mem. 118, p. 31 - grey  earth  northeast 

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 

Pacific  Great  Eastern  Railway. 
the  Cariboo  Highway,  and 1 mile  east of Tatton  Station on the 

and 5 feet  above  Watson  Lake, on a  swampy  flat  near  the  base 
of  low  hills  rising  gently  to  the  southeast. 

The  hydromagnesite  is  situated  about 1/4 mile  south of, 

Watson Lake hydromagnesite  deposits. 
MAP 8. 

Meadow  Lake.  When  examined  the  surrounding  ground  was swampy, 
the  surface of the deposits'being  raised 1 to 3 feet above 
the  water  level. 

The  deposits, s%hown on Map 8, are  similar  to  those  at 
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n e s i t e   a r e :  
The a reas   es t imated  t o  be underlain by purer  hydromag- 

Writer  .Reinecke  (Ref. 2 ,  p. 46) 

7300 sq. yds. 
8950 so.. yds. 
4800. sq. yds. 

from 1 1/2’ t o  3 f e e t   d e e p   i n  Area A, a t  least 3 f e e t  i n  Area B,  
D r i l l i n g   b y   t h e  writer i n d i c a t e d   t h e   w h i t e   l a y e r  t o  be 

and  from 1 t o  . 2  f e e t   i n   t h e   o t h e r s .  Reineoke  (Ref. 2, p. 46) 
found  Area B t o   c o n t a i n   f a i r l y   p u r e   m a t e r i a l  t o  depths of 37 
t o  60 inches.  Average f i g u r e s   a r e  2 f e e t  f o r  Area A, 4 f e e t  
for’:Area B, and 1 1/2 f e e t  -for o t h e r   a r e a s .  

o f ’yhi te*hydromagnes i te   ava i lab le  from t h e  Watson  Lake De- 
p o s i t s .  

The fol lowing  es t imates   represent   the  probable   tonnage 

(Weight of 1 cu.  yd.  taken as b e f o r e   a s  2050 pounds.) 

Wri te r  Reinecke  (Ref. 2, pp. 46-48) 

Area A 

3,000 tons   Others  
13,000 tons  Area B 

4,570 t ons  7,500 tons 
13,232 t ons  

4,935 t ons  
23,500 t ons  22,737 t ons  

f rom  these  deposi ts .  
The ana lyses   be low  a re   typ ica l  of the   whi te   mater ia l  

Wr i t e r  (14) Reinecke (15) Reineoke (16) 

- 
- 

MgO 
CaO 

39.4% 

11.25 5.26 50.5 E20 1 
38.04 ,43 a 64 co2 1 

,43 17% 
2 :l 

41 .O@ 
1.62 la14 

FeO 
Pet03 1 
A12031 
Inso lub le  

0.20 
6.36 5 i 7  sioz. 4..62 

1.3 I 0.16 0:12 
0:16 

ing  white .  material from a l l  depos i t s .  Anal.ye*d by Chief As-. 
sayer ,   Vic tor ia .  

(14) Composite  swnple  from 7 d r i l l  holes, repres ,ent-  

(15) Mem. 118, p. 31 - Area B - 0-36 inches;   (Ref.  2:) 
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white  earth  and  part  of  layer of cream  earth,  base  at 85 
inches.  (Ref.  2) 

(16)  Mem. 118, p. 31 - Area A - includes  26  inches of 

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 tons. 

Insufficient  data  are  available  to  allow an intelligent 

contain  about  23,000  tons of  white  hydromagnesite,  containing 
less  than 2 per  cent of lime. 

In summation,  the  Watson  Lake  Deposits  are  estimated'to 

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

Mgo 
CaO 

- 36.7% 

co2 
- 1.54 
- 31.08 

E20 - 14.86 
Fe203 
A1203 

- 0.57 

Si02 
- 0.33 - 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 o f  the  Chilcotin  Road  about. ,35 
miles west of Williams  Lake on the  Pacific  Great  Eastern  Rail- 
way. 

LEGEN P 
Hydromagnesite ,& 
Impure Hydromoqnesrte 

scdre"-Feet 

Riske Creek hydromagnesite deposits 
MAP 9. 
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Estimates of  the  areas  underlain  by  purer  hydromagnesite 
are  compared in  the  following  table: 

Writer  Reinecke  (Ref. 2 ,  p .  48) 1 
Area  A 
Area B 

19,000 Sq. YdS.,) 

Area C 

7,775 (26,000 sq. yds. of 

The  above  estimate of  19,000 sq. yds. f o r  Area  A  includes 

10,000 sq. yds. 1 10,000 sq. yds. 
' less  pure) 2,500 sq,. yds.) 

creamy  in  color.  Normally  the^ la,kter I l s  high  in cdcium else- 
where,  and  hence was not  included  in  Reinecke's  figure  aboxe. 

surface  material  which  is  not  only  typically-white  but  also 

b composite  sample,  taken  by  the  writer,  from 5 drill 
ho!es 2 to 3 feet deep  in  various  parts of Area'  A,  had  the 
following  analysis. (.I) 

MgO 

co2 
CaO 

42.3 - 0.7 

H20' 
- 41 ..9 

Fe  and A 1  
- 9.2 
- 1.0 

Insol. - 4.4 

- .  

(1) Chief  Assayer,  Victoria. 

Although  some of Area A may  contain  material  high in 

depth  of 2 1/2 feet. A drill  hole  in  Area B indicated a de,pth 
lime,  most o f  it is  fairly  pure  hydromagnesite  to  an  average 

of 1 1/2 feet and  one  in  Area C showed 2 feet o f  white  hydro- 
.magnesite.  Reinecke  (Ref. 2 ,  ps '  29) gives  the  following 
thicknesses  and  analyses for Areas A and B: 

Area  A Area B 

2 holes - 2 and 3 feet 1 hole - 2 feet 
0-26" 0-24" 

MgO 

17.78 H20 
37.70 co2 

41:14$ 
CaO O.:lO 

41 e 74% 
0;.17 
40.85 
12.98 

0.09 
0 .'25 

0.16 
0.20 

0.48 0.48 
1.22 1 r85 

FeO 
Fe203 
A1203 
Si02 
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Assuming  average  depths of  2 1/2 feet for Area A, 1 1/2 
feet for Area B,  and 2 feet for Area C, the  following  figures 

Riske  Creek  deposits. 
represent  estimates of tonnage of purer  hydromagnesite  in  the 

Writer  Reinecke  (Ref. 2 )  

Area A 15,000 tohs 
Area B 

6,600 tons 

Area C 
1,200 tons 
6,700 tons 6,900 tons 

Totals 22,900 tons 13,500 tons 

Clinton  Deposits  (Key  Nap 6, 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 a cursory examination  by  the  writer. 

I 

&END 
Hydromaqnesite m 
Impure Hydromaqnesite 

5cal:-feet 

Clinton hydromagnesite  deposits (after Reineeke). 
MAP 10. 
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The  following  description  is from  Reinecke's  report  (Ref. 2 ,  
p. 44): 

dromagnesite,  these  are  localities  1, 2;and 3 (see 
Map 10). Area No. 1 covers 260 square  yards,  the  upper 
3 1/2 feet to 4 1/2 feet of which  is  clean  hydromagne- 
site ... The  calculated  amount of hydromagnesite  present 
is  355  tons.  Area No. 2 covers 1,200 square  yards  with 
two feet of  fairly  pure  material  on  top';  the  estimated 

yards.  Three  holes  showed  pure  material  down  to 2, 3, 
content  is 820 tons.  Area No. 3 covers  1,,850  square 

and 2  feet  respectively,  with  a  little  siliceous  impurity 

1,474 tons, The  total  amount of commercially  valuable 
in  two  cases.  The  estimated  amount of pure  material  is 

material  at  C1,inton  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, 2 .> 

"...three  areas  have  been  mapped  as  commercia.1 hy- 

\.e. 4''' A occurren e of hydromagnesite  lies  about 2  miles  east 
of Goose mile  north-west o f  the  head of 61 Mile  Creek, 
and  about  miles  from  Chasm,Station by road. As far  as the 
writer  is  aware  the  deposit  has  not  been  reported  upon  pre- 
viously. 

/ 

pression  between  low  hills.  Purer  hydromagnesite,  with  a 
typical  cauliflower-like  surface,  underlies  at  least  13,000 
square  yards. 

The  deposits  adjoin a small  swampy  lake 0ccupying.a  de- 

No drilling  equipment was available at the  time of the 
writer's  visit, so the  determination of thickness was conse" 
quently  impossible.  White  material,  however,  was  found  in 

with other  deposits,  probably  averages at least two feet in 
the  bottom of pits t o  'a depth of 1 foot,  and  by  comparison 

depth.  Based  on  these  figures  at  least 4,500 tons,  probably 
9,000 to 10,000 tons of white  hydromagnesite  are  available. 

Typical  analyses of surface  material  are  given below:(].) 

MgO 
CaO 
GO2 32.9 j 
Hz0 

38.0 34.4% 32.75% 
1.1 6 1:76  3.32 

47.74 

0.67 
12.4.0 

48 :16 
16.0 ) 

Fe and A1 1 .7  0.69 
Insoluble 9 ..80 11.60 

(1). Chief  Assayer,  Victoria. 
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valley of 6 1   M i k c r e e k   n e a r  i t s  head.  Those seen  were  too 
impure t o   b e  of commercial i n t e r e s t .  

Several  small a r e a s  of hydromagnesite  occur i n   t h e  marshy 

West Cariboo  Block 

The occurrence o f  small hydromagnes i te   depos i t s   in   var i -  
ous p a r t s  pf t h e  West Cariboo  Block i s  mentioned i n   t h e  Sur- 
vey of Resources   Report ,   Pacif ic  Great Eastern  Railway  Lands. 
These  have not   been examined  by t h e   w r i t e r   b u t   a r e ’ . i n c l u d e d  

thaC  larger   undiscovered  deposi ts  may be  found. 
t o  i nd ica t e   t he i r   w idesp reac t   d i s t r ibu t ion  and t h e   p o s s i b i l i t y  

P t .  2, 1929.  Unpublished  Manuscript) and the i r   e s t ima ted   t on -  
nages  are  tabulated  below: 

The more important   deposi ts   d iscussed  (Logie  - Vol. 11, 

Location Tonnage 

Lot 2833, 2 m i .  E. 
of Alexis Lake 

Lot  561, 8 m i .  N. 
2,000 t o n s  

of Alexis Ck. 1,000 ” 

Big  Creek 500 
F le t che r  Lake  350 ” 

Gay Lake 
6 0  ” Taseko  River 

100 “ 

The fo l lowing   ana lyses   a re   g iven  as t y p i c a l :  

Lot 2833 Big  Creek Lot  561 

Mg(HC03)2 - 80.% 

A1203  
CaO - n i l  

- 1.0 ) 
Fe203 
Mn 

- 0.2 ) 

. I n s o l .  
t r  . - 9.. 2 

- 

84.% 
n i l  

0 .2  

13.0 

MgCO3 - 64.2% 
CaC03 - 5.7 
*l2O3 
Fez03 - 

- 0.6 
1.0 

- 11.0 
Inso l .  - 16.0 
Na2CO3 - 1.1 

E20 

so3  - 0.4 . 

Springhouse  Area (Key Map 6,  No, 5) 

por ted   the   p resence  of  whi te   c lay- l ike   mater ia l   under ly ing  
s o i l   i n   p a r t s  of t h e i r   f i e l d s .  A typ ica l   occur rence   on   the  
Williams Lake-Springhouse Road, near  Boitano Lake, was ex- 

t i o n t  (1) 
amined by   t he  writer and a sample had the  following  composi- 

Severa l  se t t lers  i n   t h e   v i c i n i t y  of Springhouse  have  re- 
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- 42.0 

Fe and A 1  - 4.3 
Insol. - 14.8 

- 42.0 

Fe and A 1  - 4.3 
Insol. - 14.8 

(1) Chief  Assayer,  Victoria. 

site  but  too  impure  for  commercial  interest. The fact,  how- 
From  the  analysis  the  materisl  is  obviously  hydromagne- 

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. 

Other  Deposits J 

Other  small  deposits  occur  in  the  vicinity of Xamloops 
and  Ashcroft.  The  most  important  of  these  (Map 6, No. 6) ,+E-so 
lies in  the'Campbel1 Bangs  about 10 miles  south-east of Kam- 
loops. It is'estimatedrcontain about 600 tins of white 
hydromagnesite.  The  following  is a  typical  analysis: (1) 

- 41.M 
CaO, 
A1203 

- nil 
- 1.15 

Fe203 - 0.25 

Insol. - 2 :4 

,(1) Chief  Assayer,  Victoria. 

Impure  greyish.  hydromagnesite in a layer  up  to 2 feet 

Ig: Loss - 54.2 

thick,  and  oovered  with  soil  to a depth of 1 foot, underlies 

miles  from Kmloops near  the  Kamloops-Vernon  Road  (Map 6 ,  
several  acres  near  the  north  end of Barnes  Lake,  about 27 

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

Atlin  Deposits 

vicinity of Atlin.  Insofar  as these  were  not  examined by  t;he 
Relatively  large  deposits of  hydromagnesite  oocur in  the 

writer,-  the  following  description  is  abstracted Prom the del- 
tailed  account  (Ref. 3 )  by G. A. Young  in  Summary  Report, 
1915, of the  Geological  Survey of Canada. 
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Hydromagnesi te @a 

Scale -Feet 
300 0 500 

LEG EN D 
Hydromagnesi te @a 

Impure 
300 0 

Scale -Feet 
500 

hydromagnesite deposits (after young) 
MAP 11. 
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The  hg t e   d e p o s i t s   ( s e e  M3pll; a r e   s i t ua t ed  
c l o s e   t o   A t l i n ;  &e group of depos i t s   l y ing  on t h e   s o u t h e a s t  
border   of   the   townsi te ,   the   other   occurr ing on the  highway 
leading  to   Discovery  about   one-half  mile f rom  k t l in 'wharf .  
Besides  the  two main  groups, small i so la ted   pa tches   occur   for  
t - io miles   a long a general   course  running  northwestard from the  
lakeshore a t  Atlin..  These,  however, are i n   g e n e r a l   t o o  small 
o r  impure t o  be  of  commercial  value. 

The deposits  si tuated  about  one-half   mile from A t l i n  
wharf l i e  i n  a r a t h e r   f a i n t l y  marked depression  opening  to  
the   nor thwes t   in to  a swampy area .  No sol id   rocks  outcrop 
nearby ,   the   count ry   be ing   f loored   by   th ick   depos i t s  of uncon- 
so l ida ted   mater ia l .  The group  comprises one l a r g e  and f o u r  
small a reas  o r  beds. The su r face  of t h e   d e p o s i t s  i s  from 
desc r ip t ion  similar to   those   p rev ious ly   descr ibed ,   in   o ther  
words i s  s l i g h t l y   r a i s e d ,  somewhat hummocky, and t raversed  by 
cracks.  The hydromagnesite i s  w h i t e ,   p l a s t i c  when w e t ,  but 

numerous d r i l l   h o l e s ,   m e n t i o n s   t h a t   t h e r e  i s  no d i s t i n c t l y   a p -  
f ine   g ra ined  and  powdery when dry.  Young,  on t h e   b a s i s  o f  

parent   var ia t ion   wi th   depth  as f a r  as the   base  of  t he   depos i t s ,  
bu t   g ives  an analysis of  creamy.granular  material  encounte:red 

t a i n s  a re la t ive ly   h igh   l ime  conten t ,  it i s  probable   tha t  at 
i n  one hole 16  inches  above  the  base.   Insofar  as t h i s  con.- 

t y p i c a l  creamy layer   encountered  in   most  o f  t he   depos i t s  
leas t   par t   o f   the   whi te   hydromagnes i te  i s  underlain by t h e  

elsewhere. 

body Young concludes  that   the   average  thickness  i s  2'8",  and 
tha t '  t h e  volUme i s  80,000 cu. y d s .  Using the  assumed figuye 
of 115 lbs .  pe r  C u .  f t .  ha es t imates   the   .quant i ty   ava i lab le  
i n  t h e  main  body a k a b o u t  125,000 tons.  In   t h i s   connec t ion  
the writer feels that  the f i g u r e  of 2,050 lbs .  per cu0 yd., as 
determined  by  Reinecke on samples from Caribco  deposits,  i s  
more nea r ly   co r rec t ,   and   t ha t  the 80,000 ou. yds. mentioned. 
above  would  probably  contain l i t t l e  more than 81,000 tons .  
Young estimates the   nearby  sniall areas to   con ta in   abou t  9,000 
tons .   This ,   reca lcu la ted ,  .would represent   about  6,000 tons .  

From the  var ious  determinat ions o f  the   depth  of the  main 

Two s e t s  o f  SNUpleS were  taken  f rom' the main body; t h e  
r e s u l t s  of t he   ana lyses  are tabulated  below: 



Depth.of  hole 2 ' 2 " ,  

depth 
3 I,  

41.13% 
2.04 

35.98 
18.02 
0.60 
0.15 
0.67 
1.86 

depth  depth 
1' 1" 1'11" 

42.35% 42.1% 

36.10 36.17 
18.95  19.05 

0.09 
0.10 0.17 
0.90 0.54 

I Depth of ho le   3 '6"  

depth 
4" 

40.56% 
1.26 

35.96 
19.04 
0.63 
0.18 
0 .67  
1 . 2 2  I 6.44 

17.66 
0.65, 

1 .96  9.22 

The second  group of d e p o s i t s   j u s t   e a s t , o f  A t l i n  l i e s  

The group  cons is t s  of t h ree   l a rge   bod ie s  of  hydromagnesite, 
i n  marked depressions  formed  in   unconsol idated  mater ia ls .  

i n   d i f f e r e n t   p a r t s ,   b u t   e s t i m a t e d   t o  have  average  thicknesses 
(A, 5, and C on- Map11) va ry ing   i n   t h i ckness  from 1 t o  7 f e e t ,  

o f  3 fee t ,  5 f ee t ,  and 2 f e e t  r e spec t ive ly .  

Area A, with   an   average   th ickness  o f  3 f ee t ,   cove r s  

Assuming 2,050 lb s .  per  cu.  y d .   f o r   t h e   m a t e r i a l   i n   p l a c e  
about 4 1/2 a c r e s  and has  a volume. of  21,400  cubic  yards. 

t h i s  would represent   about  22,000 tons .  

age  depth of 5 f e e t ,  would have a volume of 5,500  cu.  yds. 
and conta in   about   5 ,600  tons .  

Area B, under ly ing   t h ree   qua r t e r s  o f  an a c r e   t o   a n   a v e r -  

Area C covers  about 1 acre   to   an   average   depth  af 2 
f ee t ,   r ep resen t ing   2 ,900  cu. yds:of mater ia l   weighing  about  
3,000  tons. 

Typlcal   analyses  of t hese   depos i t s  are given  below: 

I I 

Depth 1 '9"   1 '4"  20"  (4"  above 1 ' 6"  Surface 
base)  

42.85 
0.32 

36.35 
19.10 

0.15 
0 .,'6 6 

0,35 
0.74 

38:94 
0.42 

34.31 
18:lO 
0.81 
Oi56 
2.85 
3.48 

43.04 

0:96 
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43.45 
0.26 

36.23 
18.95 
0.36 
0;09 
0.41 
a. 62 

42.12 

35.89 
19 :42 
0.. 71 

1.18 



is  probably  available  from  the  Atlin  deposits.  The  reason 
for the  discrepancy  between  this  and  Young's  figure of  lSp,OOO 
tons  has  been  explained.  Young  considers  that  about 150,000 
of the  180,000  tons  would  represent  material  carrying  betwe.en 

FeZ03,  and S i O z .  O f  the  estimated  118,000  tons  therefore, 
41 and 42 per  cent of  MgO  with about 3 per  cent o f  CaO, A1203, 

above  compositional  limits. 

In  summation  about  118,000  tons of white  hydr0magnesit.e 

' roughly 100,000 tons  may  be  considered  to  fall  within  the 

Mining  and  Transportation 

deposits  described.  The  material in place is usually  moist, 
Hydromagnesite  could  be  easily  and  cheaply  won  from  the 

hence  tough  and  somewhat  plastic;  the  surface,  however,  is 
commonly  dry  and  hard. 

what  tough for hand  digging,  but  could  be  handled with ease 
The  upper layer of white  hydromagnesite  would  be  some- 

by  power  shovel or power  scraper. 

Climatic  conditions  would  restrict  mining to 5 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. 

shovel or  power  scraper  should  cost (25) from 10 to 40 cents 
per ton  depending  on  type of equipment,  capacity,  and  locat,ion. 

naturally  vary for each  deposit. 
Cost O f  trucking  to  the  nearest  railroad  loading  point  will 

Excavation  and  loading  trucks  at  the  deposits  by  power 

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

listed  with  data  in  respect  to  transportation.' 
In the follolnring table  the  more  important  deposits  are 

(25) Based on c o s t s  of various  clay  winning  operations  else- 
where  under  comparable  conditions - see  Ref. 1. 
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Deposit  

Meadow Lake 

R i s k  Creek 

Clin ton  

61 Mile  Creek 

Deposi ts   near  
Alexis Lake 

~~ -~ 

Distance  by  road  to  
n e a r e s t   r a i l r o a d   l o a d -  

ing   po in t  

~~~ ~ ~~ 

t o  Chasm - 16 m i .  

t o   T a t t o n  - 1 m i .  

t o   a i i l l i a m s  Lake 
--about 35 M i .  

t o   C l i n t o n   S t a t i o n  
1 I/Z miles  

t o  Chasm - 6 m i .  

t o  'Nilliams Lake-- 
about 05 mi.  

Type of Road 

weather--no  bad 
Good i n  dry 

grades. 

Old road  aband- 
oned--easi ly   re-  
pa i r ed .   S l igh t  up- 
hill grade. 

weather. A number 
Surface good i n  dry 

road  crooked. 
of s teep  grades  and 

up-h i l l   g rade .  
Surface good. Steep 

4 miles fair. Last 
2 e a s i l y  improved-- 
a l l   l e v e l   g r o u n d .  

S o a d s   f a i r  when dry. 

P r e s e n t   f r e i g h t   r a t e  
from  loading  point 

m a t e r i a l )  
t o  Vancouver  (crude 

F.G.E. - $2.50  per 
ton,  min.' 40 tons.  
id 
P.G.E. - $3.00 per  
t on ,  min.  40 tons  
(xi 

P.G.E. - not  quoted 
probably  about $3,5C 
per  t o n ,  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.6.E. - n o t  
quoted  probably 
about  $3.50  per 
ton. (x) 



Table  (Continued) 

Distance by road t o  
Depos i t   neares t   ra i l road   load-  

Campbell Range t o  Ramloops--about 
1 2  m i .  

A t l in  t o  Garcross  (boat 
t r anspor t a t ion ) - -  
about 70 m i .  

Type of Road 1, P r e s e n t   f r e i g h t   r a t e  

t o  Vancouver (crude 
from  loading  point 

ma te r i a l )  

6 miles of main  road  C.P.R.--not  quoted, 
--remainder  narrow 
and h i l l y .  

Boat ac ross   A t l in  

boat  on  Taghish Lake 
Lake, 4 mile tramway, 

to   Carcross .  

( x )  - plus 25b per   ton  switching  and harbor dues at  Vancouver. 

Summarx 

I n  the  accompanying t a b l e   t h e  more impor t an t   depos i t s   a r e   l i s t ed  w i t h  pe r t inen t   da t a .  



Deposit 

Meadow Lake 

Watson  Lake 

Riske  Creek 

Clinton 

61 Mile  Creek 

L. 2833 Alexis Lake 
L .  561 Alexis  Creek 

Big  Creek, e t c .  

Campbell  Range 

A t 1  i n  

Totals  

Est. Tonnage 

114,000 tons  
106,000 ,I 

23,500 

23,000 I 

11 

2,650 

,500-10,000 " 

2,000 
1,000 It  

1 ,  

950 

600 

I, 

11 

100,000 tt 

20,000 It  

403,700 1, 

MgO 
Content 

39-41% 
35-39% 

39-43$ 

40-42% 

4 2% 

33-3872 

-"- 

"" 

41% 

41-42% 
35-4% 

35-43% 

t i e s  
Impuri- 

C02 + Hz0 

14-17% 40-45% 
4-11% 50-54% 

4-%  49-5% 

3-5%  50-55% 

4%  53% 

12-1572 47-4% 

10-l3% ----- 

2% "_" 
5%  54% 

3% 54-55% 
5-l% 45-5% 

3-17%  45-54% 

Est. C.ost 
Transporta- 
t i o n  t o .  Ry. 

(pe r ' t bn )  

$1-84 

8.25-8.50 

$625-8.50 

$0.75-$1.50 

$10420 

$8-$15 

82-@ 

Fre ight  
t o  

Vancouver 
(per   ton)  

$2.75 

$3.00 

$4.00 

$2.75 

$2.75 

$4.00 

$2.75 

E s t .  
a t  $3 

"" 

Total  
cos t  

Transpor- 
t a t i o n  

(per .   ton)  
. .  

$ 4 4 7  

$3.00 

~ $ 1 3  

$3.50 

$4.00 

$14-$24 

$11-$19 

$ 5 - 8 6  

"" 

. .  



present ing  some 54,000 tons  of  MgO could be obtained from t h e  
Meadow Lake,  Watson  lake^, and  Cl inton  deposi ts  and  shipped. t o  
Vancouver f o r  an   ove ra l l   e s t ima ted   cos t  of $3.00 t o  $7.00 per  
t on .  An add i t iona l  120,000 tons  of less pure   mater ia l ,  con- 

these and  the 61  Nile   Creek  deposi ts ,  aqd  could  be  handled. a t  
ta in ing   about  40,000 tons  o f  MgO, i s  probably  avai lable   f rom 

approximately  the same cost..  

In dummation roughly 136,000 t o n s  of hydromagnesite re- 

40,000 tons  of MgO a r e   p r e s e n t   i n   t h e   A t l i n   d e p o s i t s .  
A t  l e a s t  100,000 tons  of.hydromagnesite,   containing 

Cost of mining  and  shipping  from  Riske  Creek  deposits 
would probably  be $8.00 t o  $l l . ,OO per  ton.;  costs from t h e  
Alexis  Creek  and  Big  Greek  deposits  would  be  considerably 
higher .  

Mineralogy: 

Given  analyses n o t  onl-y vary   f rom  depos i t   to   depos i t ,  
bu t   f rom  p l ace   t o   p l ace   i n   t he  same depos i t :   apa r t   f rom  the  
content  of extraneous  material   (Insoluble,   SiOz, A1203,  FeO, 
Fe2O3) the   ch ie f   va r i a t ion  i s  i n   t h e   r e l a t i v e  amount of  com- 
bined  water.  Several  samples  from A t l i n  and  two  from t h e  
Cariboo show suff ic ient 'water   with  magnesia   and  carbon  diox-  

n e s i t e  (3MgC03. Mg(OH)2. 3H20). Most of them,  however,  con- 
ide  to   approximate  the  composi t ion  of   the  mineral  hydromag- 

t a i n   f a r   t o o  l i t t l e  water   to   cor respond t o  hydromagnesite, 
much less   nesquehoni te  (MgCO3. 3B20) o r  other   hydrous mag- 

r a t i c ;   v e r k i c a l   r e p r e s e n t  a d e f i n i t e   i n c r e a s e   i n   l i m e  and 
nesium  carbonates.  Lateral  changes i n  composition  are er- 

d e c r e a s e   i n  combined water   content  from t h e   s u r f a c e  downward. 

Mi.croscop.ic sxamination 

The following m i n e r a l s   o c c u r   i n  a l l  the samples  examinedr 

(1) Magnesite - as minute '(1 t o  10 microns i n  size) 
color less ,   s tubby,   pr isms  rounded  to   hexagonal   in   end 'seot i ton.  

Uniaxial ,   negat ive 

NO - 1.610 '!. .003 
Ne - 1.700, t .003 
No-Ne - 0.. 190 +- 

( 2 )  Bydromagnesite ( ? )  - as rounded t o   i r r e g u l a r   p l a t e s  
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and  platy  to  fibrous  aggregates.  Very  fine-grained  (largely 
less  than 50 microns) so that  optical  properties  not  definitely 

higher  on  edges  and  fibres. 
determinable.  Birefringenoe  on  plates  very low, somewhat 

Xm on  plates - 1.525 * .005 
N fibres - b.640 2 .005 (elongation) 

Extinction  variable. 
1.520 * .005 [across  fibres) 

(3)  Extraneous  minerals - quartz,  feldspar,  hornblehde, 
muscovite,  biotite,  apatite,  augite,  sphene,  etc. As ankular 
to  semi-angular  graink  ranging in size  from .05 mm. ta .m. 

In addition ~ C J  the  above  amorphqus  and  indeterminate ma- 
terial ivpresent. The  proportions of the constituents  are 
variable,  althodgh  tnagnesite  and  hydromagnesite ( P )  ford  the 
bulk-of all  purer  samples. 

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

clue  to..tfie manner  in  which  calcium  occurs  in  the  material. 

Chemical  Examination 

posed  essentially  of  the two minerals  magnesite  and  hydro- 
magnesite. 'On this  assumption  the  mineral  content  corres- 
ponding  to  available  analyses was calculated  in  each  case. 
Si02,  A12O3,  FeO,  Fe2O3,  and  insoluble  were  grouped as im- ' 

purities;  sufficient  CO2  attributed  to  CaO  to form calcite; 

magnesite  and hydromagnesite.  It  is interesting  and probably 
and  remaining COz,  MgO, and  combined Hz0 distributed between 

significant  that  this  last  distribution was in  ever.y  case 
possible  wi6hout  leaving  an.appreciable  excess of any of the 
three  components. 

Under  the  microscope  "hydromagnesite"  seems  to  be  com- 

Meadow  Lake  Analyses 

(3) ( 5 )  ,14) 

Hydromagnesite 
3MgC03. Mg (0H)z. 3H20 95% 6 2% 60.% 

Magnesite 
MgC03 "- 3% 2% 

Calcite 
CaC03 

3% 5% 1% Impurities 
3% 3% 1% 
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Meadow  Lake  Knalyses - lower  layers 

Hydromagnesite 

13% 15% 1 7% lo.% Impurities 
11% 3 6% 6% 5.N Calcite 
5 5% 34%  4@ 45.0% Magnesite 
2 1% 1 5% 3 7% 40 .M 

Ratson  Lake  Analyses - typical 
(14) (15) 

Hydromagnesite 

7% 7% 7% Impurities 
3% 2% 4% Calcite 

3 2% 63% 34% Magnesite 
2 7% 5  5% 

Riske  Creek - typical 
I 1 Writer 1 (20) Area A I (20) Area B 1 
Hydromagnesite 
Magnesite 
Calcite 
Impurities 

47% 

5% 5% 5% 
1% 

a@ 3% 47% 
67% 92% 

-" "_ 

Hydromagnesite 
Magnesite 
Calcite 
Impurities 

61  Mile  Creek.  Analyses 

Writer 

82% 
4% 
3% 
11% 

Atlin.  Analyses - main  body 

Hydromagnesite 

Calcite 
35:% 5% -" --- 1% % Magnesite 
41% 8% 94% 96% 95% 91% 

Inpurities 3% 2% 2% 1% 3% 3% 
4% ll$ 3% 2% 1% 2% 
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.Btlin  Analyses - Deposits A, B, and C 

1'9" 20;' Surface 1'6n 1 ! 4." 

Hydromagnesite 

Impuri%ies 
Calcite 

2% "_ -" 2% Magnesite . . 
97% 9 6% 38% 91% 9 6% "_ "_ "_ 

2% 8% 2% 3% 2% 
"- --- "- 

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

In general  '!hydromagnesite"  from  all  deposits  described 

nesite  to  hydrcmagnesite  and  in  the  amount  of  contained  lime 
is  essential1.y  alike,  differing  only in  the  proportion of mag- 

and  extraneous  mineral  grains. .. 

. .  
Origin  of  Deposits 

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

A l l  major  deposits  have  the  following  features  in  common: 

(1) Occurrence  in  depressions o r  on  flats  near  ground- 
water  level. 

( 2 )  Sheet-like  form  with  relatively  shallow  depth. 

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

(4) Presence of clay o r  soil  underlying  the  deposits. 

(5) Progressive  increase  in  lime  and  decrease  in  com- 
bined  water with depth. 

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

In addition  the  Neadow  take  deposits  contain, in places, 
pits  up  to 5 feet  in  depth  and 10 feet  dianeterfilled, o r  
partly  filled, with angular  boulders. 
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TWo.possible modes of or igin  suggest   themselves:   deposi-  
t i o n  from  solution  in  lakes  and  deposit ion  from  underground 
waters  o r  spr ings .  Both o f f e r   p l aus ib l e   exp lana t ions  of oer- 
t a i n   f e a t u r e s ;   o n l y   t h e   l a t t e r ,  however, s a t i s f a c t o r i l y   a o -  
counts for t he   r a i sed '  and overlapping  surface,   "rook-pi ts , ' '  
and t h e   i r r e g u l a r   d i s t r i b u t i o n  of depos i t s   w i th in  a group. 

p o s i t s  i s  t h a t   t h e y  have  been  fed  by  underground  water  either 

ward. I n  so  doing  rocks and s o i l  have  been  displaced,  account- 
t h r o u g h   c a p i l l a r i t y  o r  spr ings ,  and  have grown upward  and out- 

i ng  f o r  t he   r e l a t ive   absence  of admixed so i l ,   t he   ove r - l app ing  
edges  and  the  rock  pi les   and  pi ts .  The higher  calcium  content 
with  depth  probably  follows from t h e  f a c t  that   calcium  carbon-  
a t e   i s   l e s s   s o l u b l e   t h a n  magnesium carbonate,  and i s  conse- 
q u e n t l y   p r e c i p i t a t e d   e a r l i e r  from a r i s i n g   s o l u t i o n   c o n t a i n i n g  
both.  No explanat ion i s  hmed ia t e ly   appa ren t   fo r   t he   dec rease  
i n  combined water ,  or . i n&ease   i n   t he   p ropor t ion  of magnesite 
versus  hydromagnesite;  towards  the  base of  depos i t s .  

Benef ic ia t ion  

The general   impression formed  by  examination of the  de- 

Microscopic  study of various  samples of  hydromagnesite 
r evea led   i n   gene ra l  a marked s i z e   d i f f e r e n c e  between magne" 

f e l t   t h a t   t h e   p u r i t y  of ma te r i a l   migh t   be   subs t an t i a l ly  in . -  
s i t i c   c o n s t i t u e n t s  and  sand  grains.  In  view of this it was 

creased  through some method of s i z i n g  and e l imina t ion  of l a rg -  
e r   g r a i n s .  

P re l imina ry   t e s t ing ,   t o   check   t he   f eas ib i l i t y  of t h i s  
suggestion, was car r ied   ou t   by   the  writer on several  samples 
of t y p i c a l  material. The Jvork was .no t   car r ied  t o  i t s  l o g i -  
cal   conclusion  but   does  indicate  a f i e l d  f o r  f u r t h e r   i n v e s t i -  
ga t ion  should the need arise. 

The following  procedure was followed i n  t e s t i n g  samples: 
A h a l f  pound sample was thoroughly  dr ied,   pulver ized,  and 
passed  through a small a i r  s e p a r a t o r   s e t   t o   y i e l d  two pro- 
ducts--one  plus 325 mesh (43 microns):,  the  other  minus 325 
mesh. The head  sample and undersize  product  were  analyzed by 
the   Ch ie f   k s says r ,   V ic to r i a ,   i n   each   ca se .   kna lyses  of samples 
t e s t e d  foilow: 



Meadow Lake 

Watson  Lake 

MgO 
CaO 

Fe and A 1  
I n s o l ,  

Riske  Creek 

MgO 
Ca0 

I n s o l .  

MgO 

co2 
3320 

CaO 

Fe  and A1 
Insol. 

Eeads 

38.8% 
0.8% 

38.7% 
11.5% 

2.5% 
7.4% 

39.4% 
2.1% 
50.5% 

5.7% 
1 .'3% 

42.3 
0.7 

41.9 
0 . 2  
1.0 
4.4 

Sixty-One  Mile  Creek 

38.0 
1 . 6  

32.9 
16.0 
1.7 
9.0 

Undersize 

41.5% 
1.3% 

40.3% 

0.9% 
8.3% 

6.7% 

41..0$ 

11.2% 
0.. 8% 
4.3% 

1.7% 
40.2% 

42.3 
0.. 6 

42.8 
8.6 
1.7 
3.4 

41.0 
1.5 

43.3 

1.0 
4.1 

8.4 

b l e   l i n e  o f  research .  I t  i s  obvious   tha t   the  rninus'325 mesh 
p roduc t   i n  a l l  cases  is f r e e r  of undes i rab le   impur i t ies   than  
the   coarser ,   o r   un t rea ted   mater ia l .   Recover ies  of the  former 
i n  the t e s t s   ave raged   on ly  50 per   cen t .  F!icroscopic examina- 
t i o n ,  however, showed t h e   c o a r s e r   f r a c t i o n   t o   c o n t a i n  a l a rge  
propor t ion  o$ magnesite  and  hydromagnesite  which had not  been 
completely  pulver ized.  I t  i s  p robab le ,   t he re fo re ,   t ha t   w i th  

minus 325 mesh p r o d u c t ,   c o n s t i t u t i n g   a t   l e a s t  75 per   cen t  of 
ca re fu l .oon t ro1  of d r y i n g ~ a n d   p u l v e r i z i n g  a recovery of a 

t h e   t o t a l ,   c o u l d ' b e  made w i t h o u t   d i f f i c u l t y .  Again t h e   p u r i t y  

The above  analyses  are of i n t e r e s t   i n   i n d i c a t i n g  a poss i -  
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of this   could  probably  be  increased  considerably  over  th8.t 

t h e  comminution  of  sand p a r t i c l e s   i n   p r o c e s s i n g .  
of t h e   p r o d u c t s   i n   t h e  above t e s t s   t h r o u g h   c a r e   i n   p r e v e n t i n g  
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CHAPTER 4 

Technology and Uses of 

Magnesite, Hydromagnesite, 

and Other Magnesium 

Compounds 



Commercial P o s s i b i ' l i t i e s  

been known fo r  many yea r s   bu t  remain  unexploi ted.   Zar l ies t  
r e f e r e n c e   t o   t h e  B t l i n  depos i t s  was recorded'   in 1897, and t o  
the  Cariboo  in  1898. An experimental  shipment of 200 t ons  
was made from A t l i n  t o  San F r a n c i s c o   i n  1904; during 1915 and 
1916 several   hundred  tons more  was s e n t  t o  Vancouver. I n  
1921  two or  three  carloads  were  shipped  from Watson  Lake t o  
Vancouver. No f u r t h e r   a c t i v i t y   h a s  been  recorded. 

The hydromagnesite  deposits of Brit ish Columbia  hava 

C o m e r c i a l   e x p l o i t a t i o n  of these  deposi ts   depends upon 
l o c a l  o r  fore ign  demand for   hydromagnes i te ,   e i ther   to  rep1:ace 
m a t e r i a l   a t   p r e s e n t   u s e d  or t o  form t h e   b a s i s  of new manufac- 
t u r e s .   I n  the former case hydromagnesite  must  have  superior 
p rope r t i e s   t o   t he   ma te r i a l   u sed   o r   be   de l ive rab le  a t  a lower 

products  t o  be made must  be  assured  in compet i t ion   wi th  im- 
c o s t ;   i n  t h e   l a t t e r  a suf f ic ien t   marke t  fo r   t he   p roduc t  or  

ported  goods. The to ta l   quant i ty   o f   ava i lab le   hydromagnes i te  
i s  relative1.y  small  and  this  too  must  have  an  important  bear- 
i n g  on i t s  u t i I i i a t i o n ,  , 

Poss ib le   uses   for   hydromagnes i te   a re   l i s ted 'be low:  

1. Ref rac to r i e s .  

3 .  Meta l l i c  Magnesium. 
2. Cements  and Insu la t ion .  

4: Chemical  and o ther   uses .  

Re f rac to r i e s  

Magnes i t i c   r e f r ac to r i e s  are r e s i s t e n t   t o  the a c t i o n  of 

many branches of indus t ry .  The bulk of' consumption is  fo r  
b a s i c  s l a g s  a t  high  temperatures,  hence a re   wide ly  used   i n  

the   cons t ruc t ion  and r e p a i r  of basic open-hear th   s tee l   furn-  
a c e s ,   t h e  remai.nder  being  used  in  copper  refining and rever-  
bera tory   furnaces ;   copper   conver te rs ,   e lec t r ic   s tee l -mel t ing  
furnaces ,   l ead   smel t ing   and   re f in ing   furnaces ,   ro ta ry   k i lns  
burning cement,  dolomite  and lime, and var ious  chemical   furn-  
aces   such   as   those   mel t ing  and t r e a t i n g   s o d i m   c a r b o n a t e   o r  
sodium sulphate .  

Most  magnesi t ic   refractor ies   are   prepared  f rom  magnesi te  

hard   c l inker .  The c l inke r ,  known a s  "dead  burned"  magnesite 
calcined a t  temperatures  above 2,700 deg.  F. t o   y i e l d  a dense, 

i s  marketed either i n  a granular  form  (grain  magnesite) or i s  
fabr ica ted ,   a lone  o r  wi th   chromi te   and   o ther   mater ia l s ,   in to  
br ick .  Grain magnesite i s  used almost exc lus ive ly  f o r  making 
open-hearth steel furnace  bottoms;  bricks  serve a wide r   f i e ld .  
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4 
BASIC B R I C K  

Sources and uses of  magnesitic  refractories. 
FIG. 1. 
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Typical  analyses of commercial  dead  burned  magnesites fol1.0~: 

--"iG Austrian 

CaO 3 

Si02 3 4 I 7 I 
(a)  Too  low  iron for'grain magnesite  for  bottom  maki:ng. 
(b)  Iron  added  to  crude  magnesite  before  caloining., 

ial  for  the  manufacture of basic  refractories.  1mprovemen.ts 
Prior  to 1914 magnesite was  the  only  satisfactory  matar- 

in  chrome  brick,  however,  coupled with lower  prices,  resulted 
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  certain  inherent  dis-advantages.:  Sevtrr- 

use of magnesite  for brick-making.  One  has  been  the discovery 
a1  factors,  however, have  served to.check the  decline in  the 

that  superior  characteristics were imparted to brick  by  the 
use of chromite  and  magnesite in  combination;  another  has  been 
the  introduction of cheaper,  but  in  some  respects  superior, 
chemically-bonded  magnesite  brick. 

Research  has  been  directed  successfully  in  recent  years 
to  dolomite  and  high-calcium  magnesite  for  refractories;  mag- 

used,  and it is announced  (Ref; 11) that 
nesite  containing 12 per  cent  or  more of lime  is now  being 

"development  has now been  carried  to  the  point  where, 
with  the  presence of certain  stabilizing  agents,  it 
is  possible to make  highly  effective  refraotories  from 
dolomite  and  silica,  or  even  from  calcium  limestone 
and  silica.  These new products, on account of the  low 

than  can the  corresponding magnesitic  products  and 
cost of raw materials,  can be  made  much  more  cheaply 

their  development  bids  fair  to  have  a  major  effect  on 
the production of refractories  made  from  magnesite  and 
magnesitic  dolomite." 

Another  interesting  development  is  the use of dunite,  or o l i -  
vinesich rock,  blended with magnesite for the manufacture of 
shaped  refractories. In Europe  mixtures of serpentine  and  mag- 
nesite  have  been  similarly  employed.  Although  magnesite re.. 
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mains  the  most  important  source of r e f r a c t o r y   m a t e r i a l  f o r  
t h e   s t e e l   i n d u s t r y ,  it does  not  occupy i t s  forme?  unique 
p o s i t i o n  among b a s i c   r e f r a c t o r i e s .   ' X h e r   s o u r c e s  of  magnesia 
a re   be ing   deve loped ,   inc luding   do lobi te ,   b ruc i te ,  and sea  
w a t e r .   I n   t h e   l a s t   c a s e  it i s  i n t e r e s t i n g   t o   n o t e   t h a t   e x -  
t r a c t i o n  of magnesia  from  sea  water i s  be ing   car r ied  on com- 
merc i a l ly  i n  both  California  and  England  and  part  of t h e  ma- 
t e r i e l   o b t a i n e d  is  conver ted   in to   re f rac tory   p roducts .  

t i onab le  and   magnes i te   re f rac tor ies   a re  made conta in ing   up   to  
92 per  cent  magnesia.  

For some purposes  the  presence of impur i t i e s  i s  objec-  

i s  requi red  and  95 t o  99 per  cent  magnesia may be  used.  These 
s p e c i a l   p r o d u c t s   a r e   u s u a l l y   c a l c i n e d   e l e c t r i c a l l y  a t  .tempera- 
t u re s   r ang ing  from  2,900 t o  4,500  degrees F. A r e l a t e d  "su- 
per - re f rac tory ,"   synthe t ic   sp ine l  i s  made e l e c t r i c a l l y  from a 
mixture of magnesia  and  alumina. In general   the   market  f o r  
t h e s e   s p e c i a l   r e f r a c t o r i e s  i s  very small owing t o  t he   h igh  
cos t  of manufacturing  them. 

I n   c e r t a i n   c a s e s  even g r e a t e r   r e s i s t a n c e   t o   t e m p e r a t u r e  

Product ion and Uarkets  

b ia ,   nor   a re   any  b a s i c   r e f r a c t o r i e s  made. Large  deposi ts  of' 
No magnesite i s  produced  commercially i n  Br i t i sh  Colum- 

rock  magnesi te   occur   in  East Rootenay  (Elef. l), the   most   ac-  
cess ib le   be ing   cont ro l led  by the  Consolidated Mining  and 
Smelt ing Company o f  Canada. Other  occurrences  have  been  re- 
por ted   f rom  the   fo l lowing   a reas :   At l in   (Ref .   4 ) ,  Germansen 
Creek  (Ref. 5 ) ,  Bridge Yiver (Ref .   3 ) ,  Williams Lake  (Ref. 2 ) ,  
and  Cli.nton  (Ref. 5 ) .  These a re ,  as far a s  i s  known, e i t h e r  
too  remote,  too  impure, o r  t o o  small t o  be of 'immediate  in- 
t e r e s t .  

The p resen t  demand f o r  b a s i c   r e f r a c t o r i e s   i n   B r i t i s h  
Columbia i s  very small. Ne i the r   i ron  and s teel   nor   copper  
a re   smel ted   in   the   p rovince  and e l e c t r i c   s t e e l   m e l t i n g  i s  
conf ined   l a rge ly   t o   fu rnaces   w i th   s i l i ceous   l i n ing .  The 

f a c t u r e d   i n   v e r t i c a l  k i ln s .   Sma l l   quan t i t i e s  of magnesite 
chemical   industry i s  meagrely  represented,  and  lime i s  manu- 

, '  and  chrome b r i c k   a r e  used   i n   t he   l ead   sme l t ing   i ndus t ry  and 
~ f o r  sundry  purposes, bu t   a l t hough   exac t   f i gu res   a r e   no t   ava i l -  

ab le ,  it i s  improbable tha t  average  consumption  exceeds a few 
thousand  br icks  a year .  

Canada 

The only  known depos i t s  of magnesi t ic   dolomite ,  or mag- 
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n e s i t e  of c o m e r c i a l   g r a d e   i n   e a s t e r n   N o r t h  America a r e  found 

a t  Kilmar and Harrington East; the  produc'ts  marketed compriis- 
i n   k r g e n t e u i l  County,  Quebec.  These a re   p ined  and calcined 

unburned),  and  refractory  cements.  Chromite i s  used i n  con- 
ing  dead-burned  grain  material ,   bricks  and  shapes  (burned  and 

junc t ion   wi th   magnes i te   in   the   p repara t ion  o f  several   products .  
The value  of  magnesiti~c  dolomite  products  marketed i n  1937 was 
$677,.207, whi le   expor t s   a re   recorded   as  2,028 t ons   va lued ' a t  
$49,401. Vithin  the  las t   year   experimental   work,has   been clone 

bearing  l imestone discovered in   Ontar io ,  
i n   r e s p e c t   t o   t h e  u t i l i z a t i o n  of ex tens ive   depos i t s  of b ruoi te -  

burned  magnesite  and crude  and  ground  magnesite  were  valued. 
Canadian  imports of   magnesi te   br ick,   caust ic  and dead-. 

a t  $626,351 i n  1937. O f  t h i s   f i g u r e   t h e   l a r g e s t   p a r t  i s  a t -  
t r i b u t a b l e   t o   m a t e r i a l  ?or re f rac tory   purposes ,   In   addi t ion  
chrome f i r e b r i c k s  were  imported t o   t h e   v a l u e  of $103,287. Im-  
po r t s   o f   bo th   o r ig ina t ed   l a rge ly   i n   t he   Un i t ed   S t a t e s .  

AGerage annual  consumption of b a s i c  and n e u t r a l   r e f r a c -  
t o r i e s   w i t h  a v d u e   i n  exces's of one m i l l i o n   d o l l a r s  i s  ac- 

Canada. 
counted   for   a lmost   en t i re ly   by   the   indus t r ies  of Eastern 

Uni ted   S ta tes  

i s  confined  to  Washington  and  California. The output  from 
Washington is  l a rge ly   so ld   . i n  the dead-burned form, whereas 
Cal i fornia   produces a preponderance of caus t ic -ca lc ined  ma- 
t e r i a l  f o r  o the r   t han   r e f r ac to ry   pu rposes . .   V i r tua l ly   a l l  

bottoms. 
dead-burned  magnesite  from  both  sources i s  used   for   furnace  

Commercial product ion  of   magnesi te   in   the  United  States  

domestic  production i n  1937  amounting t o  83,204  tons of deacl- 
burned  magnesite  valued a t  $1,598,336  or  about $19.00 per   ton.  

Sa les   for   re f rac tory   purposes   represented   about  85% of 

Ca l i fo rn ia  had  closed,  and  production was  conpined t o   t h e  ex- 
t r a c t i o n  of magnesia   f rom  sea  water .   Sat isfactory  refractory 
material   has  been made and,   insofar  as the  process  has  proved 
s a t i s f a c t o r y  and  present   capaci ty  i s  i n   e x c e s s  of 20,000 tons  
a year ,   the   mines may remain  closed  indefinitely:   Atte 'ntion 
has   been   d i rec ted   to   ex tens ive   depos i t s   o f   b ruc i te   in  Nevada, 

S t a t e s  f o r   t e s t i n g   i n  refractory  manufacture .  
and i n  1937 a moderate tonnage was' d i s t r i b u t e d   t o   t h e   E a s t e r n  

By the   c lose  of  1937 a l l  important  magnesite  mines i n  

Domestic  production  normally  accounts  for GO t o  75  per 
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cent  of t h e  dead-burned xagnes i t e   u sed   i n   t he   Un i t ed   S t a t e s .  
Imports  in  1937  mounted t o  56,021 tons  valued a t  $795,047, 

Manchuria,  and 16 per  cent  from  Czechoslovakia.  Manchurian 
of which  about  43  per  cent was from h u s t r i a ,  37 per   cent   f rom 

magnes i t e   en t e red   t he   f i e ld  f o r  t h e  f i r s t  t i m e   i n  1936,  and 
s ince   has   cap tured  a cons ide rab le   pa r t  of the  market   formerly 
dominated by the   Austr ian  product .  A l a rge   p ropor t ion  of im-  
p o r t s  i s  u t i l i z e d  by t h e   t h r e e  American manufacturers of b a s i c  
r e f r a c t o r i e s ,  who, s i t u a t e d  on the   A t l an t i c   s eaboa rd ,  depend 
e n t i r e l y  upon fore ign   suppl ies .  

r e f r a c t o r i e s .  
The fo l lowing   a r e . ave rage   r ecen t   p r i ces  f o r  va r ious   bas i c  

Dead Burned  Magnesite 

Domestic - f .0 .b .  Washington - $25.00  per  ton.  
f.0.b. Cal i fo rn ia  - $22.00 per  ton. 

Aust r ian  - f . 0 .b .   Aus t r i a  - $14.47 per   ton .  
Manchurian - f .0 .b .  Kwantung - $12.19 .per   ton.  

__ Note:  Delivered  price i n  P i t t s b u r g h  f o r  a l l  i s  about 

dead-burned  magnesite  are  $9.375 and $11.50 p e r   t o n  
$35.00 p e r   t o n .   T a r i f f   r a t e s  on imported  crude  and 

r e spec t ive ly .  

C a l i f o r n i a  - 92% dead-burned  magnesite f.0.b. Cal. - 
$35.00  per  ton.  

$65.00 per   ton .  
94% o r  h igh   grade   per ic lase   f .0 .b .  Cal. - 

Chromite 

Chrome ore  - 48-50% 0 . i . f .  Atlantic p o r t s  - $22.00 t o  $23.00 
per   long  ton.  

All prices   f .0 .b .   Phi ladelphia .  

Magnesi te   br ick - $67.00 per   ton .  
Chemically-bonded 

ma.gnesite  brick - $57.00 per  ton.  

Chemically-bonded 
Chrome b r i c k  - $47.00 per   ton .  

chrome b r i c k  - $47.00 per   ton .  
Fused  magnesia b r i c k  " $1.00 p e r   b r i c k .  

- Note:  Standard  magnesite  bricks  weigh 10 lbs .   each   and  
s tandard chrome b r i c k  11 l b s .  
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World Production and  Pdarkets 

t h e   l a r g e s t   p a r t ,  a t  l ea s t   two- th i rds ,  was used f o r  refractory  purposes .   Chief .producing 
Xorld  production of crude  magnesite  in  1936 was roughly  1,800,000  long  tons  of  which 

count r ies  are l i s t e d  below: 

Country 

J.S.S:R. 

bustria 

lAanchoukuo 

;reece 

Production  (1936) 
( long  tons)  

No data--probably 
between 860,~OOO and 
and 9001000 long 
tons  annual ly .  

Crude - 391,,494 
long  tons;  dead- 
- 
burned - 97,025 

42,015;  caustic- 
l ong   t ons ;   b r i cks  - 
calc ' ined - 57,621, 

Crude - 203,000 - 

Crude - 118,000  not 
over  one-third  dead- 

t 

" 

1 

( long   tons)  
Exports 

No data--large 
q u a n t i t i e s   t o  
Eng., France, 
Germany and o thers .  

Crude - 9,058 
dead-burned - 

Bricks - 38,643 
- 62,934. 

caus t ic -ca lc ined  - 43,274. 

Crude  and  ground 
108,535. 

Crude - .44,841 
caus t ic -ca lc ined  - 23,340  dead- 
burned - 11,796, 

Remarks 

Large  reserves of  high 
grade  magnesite  contain- 
ing  over  95% ~ g C 0 3 .  

neg l ig ib l e .   Un i t ed   S t a t e s  
Large  reserves:   Imports 

leading  buyer,   followed by 
U.K.., France,  etc.  Germany 
chief  market f o r  caus t i c .  

Large  reserves.   Imports 
neg l ig ib l e .  . Large   par t  
o f . expor t s  as dead-burned, 
to   Japan ,   Uni ted   S ta tes ,  
e t c .  

F a i r l y   l a r g e   r e s e r v e s .  
Mater ia l   mos t   su i tab le   for  
caus t i c .  Germany and. .  
Netherlands  main  buyers. 



I Country' 
I 

Czecho- 
s lovakia  

Aus t r a l i a  

India  

I 

P 
cI1 
W 
I 

Germany 
(Prus.sia) 

I 

Production  (1936) 
( long  tons)  

No d a t a  - see  
expor t s .  

Crude - 17,615 

Crude - 15,468 

Crude - 14,789 

i lonn  tons)  
Exports 

Crude - 8,545 

34,957. 
calcined - 

Aus t ra l i a .  
Neg. -used i n  

4.,768 - l a r g e l y  
caust ic-calcined.  
Exports to Europe 
and U.S.A. 

calcined - 1,789 

Remarks 

Large  reserves  - Hungary, 

S ta tes   ch ie f   buyers .  
Germany, and  United 

F a i r l y   l a r g e   r e s e r v e s .  

F a i r l y   l a r g e  resek-veai 

No d a h  on reserves .  



In the  following  table  chief  importing  countries  are  listed with  pertinent  data: 

Country 

U.S.A. 

Germany 

United 
Kingdom 

France 

Nether- 
lands 

Italy 

Approx.  Consumption 
(calcined) 
(long  tons) 

132,400 

12s, 100 

38, ooo 

14,000 

11,000 

5,600 

(long  tons) 
Imports 

Crude-neg.  dead- 
burnt - 38,043 
caustic - 1,960. 

Crude - 55,074 

dead-burnt - 
caustic - 62,757 

SO, 606. 

Crude  and  calcined - sa. 534 

Crude - 4,100 
calcined - 12,223 

Crude - 1,155 
Oxide - 10,411 

Caustic - 4,176 

(in  order of importancej 
Sources of Imports 

\ 

Czechoslovakia-+inor 
Austria,  Manchoukuo, 

amts.  from  India,  Canada, 
Greece,  USSR,  etc. 

Greece,  Austria,  Czecho- 

Yugoslavia,  ZSSR,  etc. 
Slovakia--minor f rom 

Austria,  Greece,  British 

Canada. 
India,  USSR,  Netherlands, 

No  data. 

No data. 

No data 



or consume only small  quantities of magnesitej  in  several 
cases,  e.g.,  Japan  information  is  lacking. 

The  remaining  countries  are  either  essentially  producers, 

Vorld  production of magnesite for refractory  purposes 
has  increased  considerably  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 

small  to  justify  their  manufacture in  the  province.  Eastern 

producers  in  Washington  and  California for United  States  mark- 
Canada  has  developed  sources of  supply,  and  competition with 

ets  would  be  virtually  impossible  because of tariffs  and  trans- 

European  producers,  and  the  development of Manchoukuon  deposits 
portation  costs.  European  mhrkets  are  dominated  by  Central 

effectively  closes  the  Oriental  market  to  outside  supply. 

.of utilizing  British  Columbia  hydromagnesite for refractory 
There  seems,  therefore,  little i f  any  commercial  possibility 

purposes  under  present  conditions. 

At  present  the  local  market for basic  refractories  is  too 

'World reserves of magnesite  are  large  and  present  re- 
sources  will  not  be  exhausted for many years:  again  the  recent 
satisfactory  extraction of magnesia  from  sea  water  makes  the 
supply  literally  inexhaustible.  However,  changes  in  political 

might  be such  as  to allow the  economic  exportation of hydro- 
control of deposits or of foreign  policy  in  respect to  them 

magnesite or derived  products.  It  seems  more  likely,  howev- 
er,  that  possible  development of the  deposits as  a source of 
refractory  material  is  contingent  upon  deveiopment 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  Neadow  Lake,  Xatson 
Lake,  and  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, o r  65,000  tons of 
calcined  material  containing 2 to 3 per  cent  lime  and  from 8 

alumina); the  second grade  would'represent  40,000  tons  of 
to 20 per cent  total impurities  (lime,  silica,  iron  oxide, 

pure  magnesia, or 54,000  tons of  calcined  magnesite  with 4 to 
10 per  cent  lime  and 20  to 30 per  cent  total  impurities. 
Wining  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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Vancouver. 

The  Atlin  deposits  are  estimated  to  contain  approximately 
lC)O,OOO tons of hydromagnesite  carrying  less  than 3 per  cent 
impurities,  the  equivalent of 41,000  tons of pure  magnesia, 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 calcined  material. 

I n  the  table  below  typical  analyses,  calculated  to  their 
dead-burned  equivalents, of hydromagnesite  from  the  deposit;s 
under  discussion  are  compared with  analyses of various  ccmmer- 
cia1  dead-burned  magnesites. 

Meadow  Lake--centre  of 
main  deposit - 
0-15"-(4) 

Meadow  Lake--'average of 
5 samples - 0-2'' - (5) 
Watson  Lake--east  end of 
east  deposit - 0-36"- (15 
Watson  Lake--west  deposit 
0-26'1, part  creamy - (16) 
Atlin--average of 8 
analyses 

Austrian  dead-burned 
magnesite--(Ref. 9, 
p. 617) 

Austrian  dead-burned 
magnesite--(Ref. 7, 
p. 325) 
Average 

kiarichoukuo  dead-burned 
magnesite--(Ref. 10,. 
p .  1128) 

MgO 

2.7 84.9 

CaO 

90.1  2.8 

87.0 2.5 

82.9  3.2 

91.2 2.0 

87.3% 2.64 

85.57 
-3.52 90.0 
0.96 

90.,9 1.78 

- 
Fe 203 

0.8 
- 

2.0 

* 4  

..Y 

1.6 

3.77 

7.43 
-9.96 

L 3 6  
- 

" 

Si.02 

8.2 

2.8 

9.2 

12.8 

3. :1 

4. !50 

0.26 
-1.34 

4.1.9 

" 



Washington  dead-burned 
magnesite - (Ref.  9, 
F. 617) 

Yfashington  dead-burned 
magnesite--(Ref.  7, 
p: 325) 

California  dead-burned 
magnesite--(Ref.  9, 
p. 617) 

California  dead-burned 
from sea-water--(Ref. 
10, p. 1128) 

from  sea  water--(Ref. 
California  periclase 

10, p.  1128) 

Greece  dead-burned  mag- 
nesite--(Ref. 7, p.  325) 

MgO - 

81.3% 

83.04 

93.15 

80.9 

92.3 

90.62 - 

.CaO 

5 . 2 %  

3.11 

2.05 

4.0 

2.0 

4.10 - 

Fe203 __ 

4.40 

7%02 

0.49 

7.0 

.2 

1.57 - 

___ 
A1203 

2.01 

7;02 

0.28 

2.0 

.4 

1.57 - 

- 
Si02 - 

6.90 

.~ 

6.78 

3.96 

6.0 

5.0 

3.00 - 

Wide  variations  in  analyses of commercial  dead-burned 
magnesites  are  apparent  in  the  above.table.  Disregarding 
periclase  grades, IdgO ranges  from 80.9 to 90.9 per cent, CaO 

A1203  from 0 to 7.02  per  cent,  and Si02  from 0.26 to 6.90 p e p  
from 0.96 to  5.28  per  cent,  Fe203  from 1.57 to 9.96 per  cenC, 

cent. 

MgO,  CaO,  and  A1203  in  material  represented by the  above 
Edeadow  Lake  and  !Tatson  Lake  analyses  lie  within  commercial 

limits,  is t o o  low f o r  satisfactory  grain  magnesite: on the 
limits: Iron  oxide,  however,  although  likewise  between  these 

dromagnesite, as represented by the  above  analysis,  is  almost 
other  hand  silica  is  rather  high for  all  purposes'.  Atlin by- 

pure  enough  to  furnish  calcined  material o f  periclase  grade; 
actually much of  the  hydromagnesite  from  Atlin dep,osi-ts is 

of  basic  refractories  coupled with the probability  that  a 
even  purer.  Recent  technologic  advances in  the  manufacture 

large  part of the  impurities  in  hydromagnesite  can be econom- 
ically  eliminated  ,see  discussion  under  Beneficiatioqj sug- 
gest  that  a  variety of refractory  materials  can  be  made with 
hydromagnesite as a base. 

The  establishment of  a steel  industry  in  the  province 
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would provide a major  market f o r  dead-burned  plagnesite i n  
both  basic   open-hearth  and  e lectr ic   furnaces .  ' The quant i ty  
t h u s  consumed cannot  be  estimated  without knowing t h e   s i z o  
of opera t ion  o r  the   p rocesses  employed: 

A hypothet ical   product ion of 500 tons   per   day ,  however, 
migh t   ca l l  for 1 , 5 0 0   t o  4,500 tons  of dead-burned  magnesite 

have a maximum l i f e  of 10 t o  40 years,  depending on consump- 
and products  a yea r .  On th i s   bas i s   the   Car iboo   depos i t s  would 

t i o n  and usable   qua l i ty .   bddi t iona l   marke ts  f o r  magnesit ic 
r e f r a c t o r i e s  would  be  afforded  by  copper  smelting,  the manu- 

expansion  of   the  present  cement  and  lime i n d u s t r i e s .  Chrome 
f a c t u r e  of f e r ro -a l loys ,   ce r t a in   chemica l   i ndus t r i e s ,  and by 

and f o r s t e r i t e   r e p l a c e   m a g n e s i t i o   r e f r a c t o r i e s  f o r  many ptir- 

magnesite f o r  the i r   manufac ture .  
poses,  and f o r  o thers   a re   p referab le .   Both ,  however,  requ.ire 

F o r s t e r i t e   r e f r a c t o r i e s ,  f i r s t  developed  in  Norway about 
1925, a r e  o f  recent   in t roduct ion   to   Jmer ica .   Al though  ra ther  
p o o r l y   r e s i s t a n t   t o   b a s i c   s l a g s   ( o t h e r   t h a n   t h o s e   h i g h  i n  i r o n ) ,  
they show promise i n  many f i e l d s ,   b e i n g   s u i t a b l e  f o r  high tem- 
pe ra tu re   ce ramic   k i ln s ,   ro t a ry   k i ln s ,   e l ec t r i c   fu rnace   bo t toms ,  
forg ing   and   rehea t ing   furnaces   in   s tee l   works ,  roofs of  copper 
furnaces,  and  bulkheads of open-hearth  s teel   furnaces .  They 
are   normally made f rom  duni te   in   which   the   o l iv ine   ( fors te r i te  
r i c h   v a r i e t y )   c o n t e n t  i s  roughly 90 per  cent.   Magnesite i s  

magnesioferki te .  
added t o  c o n v e r t   e a s i l y   f u s i b l e   i m p u r i t i e s  t o  f o r s t e r i t e  m d  

Typioal  analyses o f  dunites  used  commercially  follow: 

I 
Si02 
hIg0 
FeO 
Pe.203 
A1203 
Cr203 
K20 p lus  
Na2O 

North  Carolina 

31.7 
57.2 

6.4 

1.1 
0.1 

-" 

"- 

Norway - 
41.81 
50.31 
5*03 
0.25 

0.37 

0.01 

"" 

Carolina.  
Crude dun i t e  i s  quoted a t  $6.00 per  ton  f .0.b.   North 

I t  i s  n o t a b l e   t h a t   f o r s t e r i t e   r e f r a c t o r i e s   h a v e   b e e n  
made s a t i s f a c t o r i l y   i n  Germany from  mixtures of se rpent ine  
and magnesite  although a t  a somewhat higher   cost   than  f rom 
ol iv ine   rpck .  In th i s   connec t ion  it seems p robab le   t ha t   t hey  
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could  be  likewise  made  in  British  Columbia  should a demand 

and it is  questionable if any in  the  province  would  approach 
for themarise..  Dunite  deposits  are of restricted  occurrence 

the  desired  forsterite  content:  serpentine  on  the  other  hand 
is  widely  distributed  and  easily  accessible  from a number of 
deposits' f o r  admixture  with  hydromagnesite. 

dromagnesite  (see  Beneficiation~)  suggests  the  possibility of 
producing  material of periclase (93%) o r  high  grade.periclase 
(94%) grade  by a relatively  cheap  treatment.  With  sufficient- 
ly  cheap  power  fksed  magnesia  products  may  possibly  be  pro- 
duced  from  processed  hydromagnesite  in  future. 

Results  obtained in  the  removal of impurities  from  hy- 

Cements.  and  Insulating  Materials 

Lightly  calcined  magnesite, .or  caustic  magnesite;  mixed 
with  a solution of  magnesium  chloride  sets  rapidly  to a.dense, 

ment;; made in this  way is employed  extensively for flooring, 
hard;,and  strong  body. . Oxychloride,  Sorel,' or .magnesite  ce- 

as  well as  for  stucco,  plaster,  insulating  board,.  artificial 
tile,  etc. . .  

- Caustic  Magnesite 

was  used  in  oxychloride cement,  but  today  the  chief use is' 
Until  recently  most of the  caustic-magnesite  produced 

in  the  rubber  industry. The  subject is most  conveniently 
discussed  here,  however, i,n 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 
calcination  at  temperatures  sufficient  to  remove  it  entire- 
ly results i n  overburning  the  product. 

magnesia  and  beta-magnesia or periclase.  The  former  first 
results  from  the  dissociation of MgCO3,  but  changes  readily 

formation  temperature  is  somewhat  variable  but  in  general 
to  the  latter  with  sufficiently  high  temperature.  The  trans- 

hasten  the  transformation,  and  an  iron  oxide  content of more 
lies abve 1100 deg. 6. Impurities,  chiefly  iron  oxide, 

than  two  per  cent  usually  requires  calcining  at a consider- 
ably  lowered  temperature. 

Two  allotropic  forms of magnesia  are  known:  alpha- 

Alpha-magnesia  is  chemically  reactive  whereas  perielase 
is  relatively  inert;  the  latter,  present  in  overburned  caus- 
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tic  magnesite,  though  desirable f o r  refractory  use,  is  value- 
less  in  oxychloride  cement or f o r  chemical  purposes.  Actqally 
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 o f  
the  first  and  last. 

is  simple: for  oxychloride  cement,  however, the  temperature 
Calcination of caustic-magnesite f o r  certain  purposes 

and  rate of burning,  as  well  as  the  grade  and  fineness of raw 
magnesite,  affect  the  properties of the  final  cement  and  must 
be  carefully  controlled.  Not all caustic  magnesite  is  suit- 

plastic magnesia, ,may show  considerable variation  in chemical 
able for oxychloride cement:  that  which is  suitable, known  as 

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: 

posure  to  the  air is unavoidable. 
to  minimize  hydration and  carbonation  where  prolonged ex- 

Production and Markets 

A general  resume of the  production  and  marketing, of 
magnesite was given  under  the  head of Refractories. No fig- 
ures  are available  relating to,the proportional  amounts of 
caustic-magnesite  employed  by  various  industries. In the 
United  States,  however,  the  quantity  used  as  a  chemical  ac- 
celerator  in the rubber  industry  is  several  times  that u'ied 
in oxychloride  cement.  Minor  uses  include  the  manufacture of 
certain  salts,  heat  insulation,  and in Europe of metallic 
magnesium. 

American  production  in  1937  (Ref. 10, p.  11.27) of caus- 
tic-magnesite,  originating  in  California.and  Washington; was 
10,000 tons  valued at 8311,326.  An  additional  2,798  tons 
was imported,  largely from India,. with- lesser  amounts  from 
Greece  and  the  Netherlands.  Prices  vary  somewhat with Purity 
but  in  general  range  from  $35.00  to $40.00 per ton f.0.b. 
mines.  Statistics  in  respect to Cansdian.production  and  im- 
po.rts  are  not  available;  a  relatively  small  quantity  is  pro- 
duced  from  magnesitic-dolomite  at  Kilmar-Barrington  :East. 

Oxychloride  cement 

Oxychloride  cement  sets  quickly  to  a  hard,  dense,  tough, 
elastic.product,  which  can  be  drille6.,  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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prepara t ion  of f l q o r i n g  f o r  pub l i c   bu i ld ings ,   r a i l road   ca r s ,  
boats,  bathrooms,  etc.  These f loors  are r e s i s t a n t   t o  wear 
y e t   r e s i l i e n t ,  plRa.si?g in, appearance, are water   and   f i re  
r e s i s t a n t ,  and wa&n t o   t h e   t o u c h .  In  t h e i r   p r e p a r a t i o n  fill- 
e r s   such  as sawdust ,   ta lc , '   china  c lay;   pulver ized  s i l ica ,  and 
asbes tos  are added ' .and  the  mixtures .colored  with.   sui table  
pigments. The f loor ing 'may be la id   over   any   sur face ,  o l d  o r  
new, wi thout   p rev ious   d ress ing  o r  o ther   p repara t ion .  

The main use  o$ oxychloride cement a t   p r e s e n t  i s  for t h e  

Oxychloride cement  makes a smooth,  tough p la s t e r   supe r io r  
i n   s t r e n g t h   t o   b o t h  gyps,um and  lime,  and  which may be  applied 

Free  lime  must  be  absent,  however,  insofar a s   t h e   p r e s e n c e  of 
t o   a lmos t  any.   surface  including  old  plaster  o r  concrete:  

apprec iab le  amounts brings  about  the  decomposition  of  both 
the  oxychlor ide  pla 's ter  o r  f l o o r i n g  and the  underlying  mater- 
i a l .  I n  genera l   the   use  of  oxychlor ide   p las te r  i s  r e s t r i c t e d  

v e r y   s a t i s f a c t o r y   d r a i n b o a r d   s l a b s ,   a r t i f i c i a l   t i l e ,  and o ther  
in   compet i t ion   wi th   o ther   types  by i t s  h igher   cos t .  However, 

s p e c i a l i t i e s   a r e  made. 

magnesia  produced  went i n t o   t h e  making of stucco.  Magnesifl 
s tucco  has  many recommendable features,among  which  are i t s  
s t r eng th   ( abou t   t h ree  times t h a t  of  cement s tucco) ,   quick-  

both  lath  and  rock-dash. On the   o the r  hand it i s  l e s s  weather- 
s e t t i n g   a b i l i t y ,   e a s e  of  appl ica t ion , .and  i t s  firm bond t o  

proof  than cement s tucco and g rea t e r   ca re  i s  requi red  i n  mixing 
it: For these   reasons  it f e l l   i n t q   d i s r e p u t e ,   p r o b a b l y   i n  
large  measure due t o   l a c k  of knowledge as t o  i t s  co r rec t   u se  
and v a r i a b i l . i t y   i n   g r a d e  o f  t h e   p l a s t i c  magnesia  obtainable 
a t   t h a t   t i m e .   S i n c e   1 9 2 9   v e r y   l i t t l e   h a s   b e e n   u s e d  f o r  thi.s 
purpose,   Within  the last  10 years,  however, research has 
been   d i rec ted  t o  the   s tandard iza t3on  of da ta   respec t ing  oxy- 
chloride  cements  and t o   t h e  imps.6vement of i t s  de f i c i enc ie s .  
Much progress  has  been made and i t s  u s e  w i l l  probably  increase 
i n   t h e   f u t u r e .  

Some 15   yea r s  ago, a t  least three-quar te rs  of t h e   p l a s t i c  

Oxychloride  cement i s  employed t o  some ex ten t  i n  t h e  
manufacture of a r t i f i c i a l  lumber,  wallboard,  and  insulating 
m a t e r i a l  (Thermax). In add i t ion  it i s  used as d e n t i s t ' s  
p l a s t e r ,  for  small moulded a r t i c l e s   s u c h  as pipe  bowls and :a 
a s h   t r a y s ,  as' a d i l u t e   ' s p r a y  or p a i n t  f o r  f i reproof ing   cur -  
t a ins ,   t imber ,   e t c .   I n so fa r  as oxychloride cement  expands 

types of moulded a r t i c l e s . .  
r a t h e r   t h a n   c o n t r a c t s . d u r i n g   s e t t i n g ,  it i s  i d e a l  f o r  al l  

The chemical  composition 'of 'p las t ic   magnesia  .may vary 
between r e l a t i v e l y   w i d e  limits yet   yield  cements  of good 'qua l i -  
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t y ;   s a t i s f a c t o r y   t e s t i n g  is  . r e s t r i c t e d   t o  %he determinat ion 
of phys i ca l   p rope r t i e s  of  t yp ica l   mor t a r s   du r ing  and a f t e r  

BO t o  90 per   cent  MgO, 2 t o  5 per  'cent C O 2 ,  and n o t  more than  
s e t t i n g .  I n  general ,  however,  good qual i ty   magnesia   contains  

4 t o  5 per   cen t  CaO, the   remainder   be ing   or ig ina l   impur i t ies  

bear ing   on   the   qua l i ty  o f  t h e  cement, ac t ing   mere ly   a s   i ne r t  
such a s   S i02 ,  A1203, and Fe2O3. The l a s t   t h r e e  have l i t t l e  

dilu.ents  which  must  be  compensated f o r  i n   t he   mor t a r  by l e s s e r  
add i t ions  of o the r   f i l l e r s .   F ree   l ime ,   wa te r ,  and  carbon  di- 

p r o p e r t i e s  of t he   f i na l   p roduc t .  
oxide  are  important,   however,   in  influencing  the  physical  

The permissible   upper  limit of f ree   l ime  has   not   been  de-  
termined  but  amounts i n   e x c e s s  o f  3 t o  4 p e r   c e n t   a r e   l i k e l y  
t o   y i e l d .  cement of  poor   qua l i ty  and shor t   l i f e .   Und i s soc i -  
a ted  calcium  carbonate ,  on t h e   o t h e r  hand i s  no  more d e l e t e r i -  
ous t h a n   s i l i c a  cr o t h e r   i n e r t   f i l l e r s .  

a re la t ive ly   h igh   per   cen tage   ind ica t ing   pro longed  exposure-. 
The carbon  dioxide  content  depends upon the   p rev ious   hea t  
t rea tment  of t h e  magnesi.a; i f  t o o   l i t t l e  i s  p r e s e n t   t h e  mag- 
nesia  has  probably  been  overburned. If t o o  much i s  present ,  
on the  other   hand,   e i ther   the  magnesia   has   been  underburned 
o r  has   been  s tored f o r  an   excess ive   per iod .   In   genera l  2 t o  

it i s  i n t e r e s t i n g  t o   n o t e  t h a t  t h e  exposure o f  p l a s t i c  mag- 
5 per  cent  of C02 i s  found i n  good g rade   ma te r i a l .   I n  pass ing  

nesia   with  oonsequent   hydrat ion  and  recarbonat ion may produce 
a s t ronger  cement wi th   r educ t ion   i n   expans ion ;   s e t t i ng   t ime  
may be  unduly  prolonged  however.  Fresh  mortar,  properly  prc- 
p a r e d ,   a c q u i r e s   a n   i n i t i a l   s e t   i n   a b o u t  one  hour m,d a f i n a l  
s e t  i n  e i g h t   t o   t e n   h o u r s .  

The water   content  i s  an index of t he   s to rage   cond i t ions ,  

cent  through 100 mesh and 70 per  cent  ' through  200 rhesh being 
conmionly required'. ': I n   g e n e r a l  the. more f i n e l y   d i v i d e d   t h e  
magnes ia   the   g rea te r   the   se t   s t rength  and t h e  more r a p i d   t h e  
s e t t i n g .  

P l a s t i c  magnesia must be f i n e l y   s i z e d ,  a t  l e a s t   . 3 5 . p e r  

The s t anda rd iza t ion  of  d a t a  and s p e c i f i c a t i o n s   r e s p e c t i n g  
oxychloride cement  should r e s u l t   i n   a n   i n c r e a s e d   f u t u r e   u s e  
f o r  many purposes. I.n p a r t i c u l a r  it has  been found (Ref. 8) 
t h a t   t h e   a d d i t i o n  of  f ine-copper  powder to   oxychlor ide  cement 
g ives  a p r o d u c t   i n  which r e s i s t ance   t o   wea the r ing  i s  g r e a t l y  
increased,  and s t r eng th   expans ion   cha rac t e r i s t i c s ,   ab ras ion  
r e s i s t ance ,  and other  properties  are  markedly  improved. 
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Possibilities  for  the  Uanufacture  of  Plastic  Magnesia 
from  Eydrcmagnesite 

dromagnesite f o r  refractory  purposes  are  applicable  here. LO- 
cal  and  Canadian  consumption  is  small;  American  and  other f o r -  
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 small  scale with  a minimum  initial  investment; r e -  
fractories,  on  the  other  hand,.  must be.made'on  a much  larger 
scale and entail  considerable  plant  expenditure. As a result 
it is  possible  that a small  local  enterprise  might  enjoy o:r 

oxychloride  cement  products,  sold  at a sufficiently  low  price 
create a sufficiently  large  market f o r  a diversified  line o f  

to  encourage  their  use,  to  justify  exploitation of the  de- 
posits. 

Many  points  'in  the  former  discussion of the  use  of hy- 

to  the  manufacture of plastic  magnesia. It is  extremely  fine- 
grained,  precluding  the  necessity of fine-grinding,  and  is 

relatively  large  sand  grains  would  minimize  the  formation of 
low in  lime  and  iron.  Silica  is  high  but  its  occurrence a:: 

silicates  during  burning,  leaving  it  as  an  inert  and  harmless 
filler.  The  total  volatile  content,  including  combined  wat:er 

magnesite  which  compares  favourably with 48 to 51 per  cent 
and  carbon  dioxide,  is  roughly 50 per  cent  in  average  hydro- 

for  various  commercial  magnesites. 

In  many  respects  hydromagnesite  appears  eminently  suited 

Further,  the  temperature  at  which  the 10 to 15 per  cent 
of combined  water  is  eliminated,,  is  below 575 deg. C., the 
dissociation  temperature of magnesium  carbonate'., It  is pro'b- 
able,  therefore,  that  the  actual  amount of heat  required f o r  
the  caustic  haloination of hydromagnesite  would  be  1ess.tha:n 
for  magnesite. 

Some of' the  less  pure  hydromagnesites  might  yield  plas- 
tic  magnesia  suitable  for  certain  purposes.  Although  com- 
plete  calcination of these  would  result  in  an  excessive  a,mount 
Of free  lime,  it  is  possible t o  reduce  this  through  carefuliy 
controlled  calcination or  to practically  eliminate  it  through 
recarbonation. By maintaining  calcination  temperatures at 
750 to 850 deg: C: the  dissociation of magnesite  can  be  ef- 
'fected  without  dissociating  calcite  appreciably..  Again  it 
has been  found  (fief. ,12) that if calcined  magnesia  is  br0ugh.t 
into  Contact with carbon  dioxide  gas  at  temperatures  slightly 
above  the'dissociation  point of MgC03  but  below  that of CaCC3 

- 149 - 



all of the  free  lime  is  rapidly converted,to CaC03 with 
rather  large  evolution of heat  while MgO remains  unaffected. 

.. 

The  lowest  part of the  creamy  layer  in  the  Meadow L e e  
deposit  might  be of interest  as a source of low grade  cement. 
Some 75,000  to 100,000 tons of impure  hydromagnesite is prob- 
ably  available of which  the  following  analyses  is  fairly 
typical. 

Creamy  Layer - 39-60!' 
MgO - 24.325 

co2 
820 

CaO - 20.12 
- .  38.64 - 2.93 - 0.49 

1.35 - 10.32 
Fe203 
*'2O3 
S io2 

- 

Assuming  that  material of the  above composition-be cal- 

ment of C02  but  MgCO3 is completely  dissociated,  the  result- 
cined  or  recarbonated so that  CaC03  retains  its full comple- 

ing  product  would  have  the  following  approximate  composition 

M@ .. 3 1% 
CaC03 - 53% 
Fe203,  81203, 
and.Si02. - 16% 

Since  CaC03  has  the  properties of an inert  filler  the 
material  would  contain  31  per  cent MgO and 69 per  cent  filler. 
Although  this  would  rep.resent  material  too  impure f o r  most 
flooring  or  plaster  mortars,  it  could  possibly  be  used for 

, .  stucco  and  related  purposes. 
. .  

Basic  Magnesium Cadonate 

the  preparation of "85 per  cent  magnesia"  insulation.  Other 
.uses,  dependent'on  its low apparent  density  (from  5  to 10 
I b s ; ,  per CU. ft. f o r  the  light  grade),  absorptive  and  adher- 
. iag properties, and mild  neutralizing  action,  are  in  the  salt, 
ru3beP,  ink,  and  pharmaceutical  industries.  The  "85  per  cent 
magnesia''. ingulation,is composed of' 85 per  cent  basic  magne- 

ployed  chiefly as a  covering f o r  steam  pipes  and  boilers,  and 
sium  carbonate,  and 15 per  cent of asbestos  fibre. It is  em- 

.is also prepared  in  blocks  and  shapes,  an& as cement  for  other 
purposes. 

The  principal  use of basic  magnesium  carbonate  is. for  
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nes ia ,  (4MgCO3.  Mg(OH)2. 5HzO) i s  commonly  made from  dolom.ite 
although  magnesite may be  u$ed. In   r ecen t   yea r s   cons ide rab le  
q u a n t i t i e s  have  been  'derived  from sea water. I n  i t s  produotion, 
dolomite i s  ca lc ined   and   the   burn t   rock   s laked   wi th   excess  
water.  Carbon dioxide  f rom'*the  calcinat ion i s  passed  through 
t h e   s l u r r y  and  calcium  carbonate  precipitated and  removed by 
f i l t r a t i o n .  The c l ea r   so lu t ion  i s  then  boi led  causing  the  pre-  
c i p i t a t i o n  of b a s i c  magnesium carbonate'  which i s  l ikewise   re -  
moved by f i l t r a t i o n  and d r i ed ,  o r  mixed wi th   a sbes tos   f i b re  
and  moulded. The b a s i c  magnesium carbonate may be   fu r the r  

calcium  carbonate  enjoys a considerable  demand as a s u b s t i t u t e  
ca lc ined   to   y ie ld   pure   magnes ia ;   in   addi t ion   the   by-product  

f o r  whi t ing   fo r  many purposes. 

Basic magnesium carbopate,  magnesia  alba, o r  block mag- 

bonate,,  bagged  and i n   c a r l o a d   l o t s ,  i s  6 1/4 cen t s  a pound 
The c u r r e n t  New York quo ta t ion   fo r   bas i c  magnesium car-  

o r  $125.00 pe r   t on .   P r i ces   fo r  magnesium oxide  and  precip?- 
t a t ed   ca l c ium  ca rbona te   a r e  23 cen t s   pe r  pound ($460.00 per 

'Nhiting  substi tute  ranges  from $lO,OO t o  $15.00 pe r   t on  for. 
t on )  and 2 3/4 cents   per  pound ($55.00 per   ton)   respect ive1.y.  

t he   be t t e r   g rades .   P roduc t ion  statist ics are n o t   a v a i l a b l e  

however, i n  1937  amounted to   abou t  500 tons  of b a s i c  magnesi- 
f o r   e i t h e r  Canada or t he   Un i t ed   S t a t e s ;   impor t s   fo r   t he   l a t t e r ,  

um carbonate  and 100 tons  of pure  magnesia. 

nesiun  carbonate  from hydromagnesi te   as   a l ready d i scussed   i n  
The same f a c t o r s  apply  to   the  manufacture  of   bas ic  mag- 

connection with r e f r a c t o r i e s  and caustic-magnesite;   the  most 
important   considerat ion  being  the  lack of apparent  markets. 
Sma l l   quan t i t i e s  of magnesia   insulat ion  are   used  in   Western 
Canada b u t   c e r t a i n l y   i n s u f f i c i e n t   t o  merit i t s  l o c a l  manufac- 

markets created. 
tu re   un less   fore ign   marke ts   could   be   reached   or   addi t iona l  

Hydromagnesite i s  probably   su i tab le   for   the   manufac ture  
of  bas i c  magnesium carbonate by the  process   out l ined  a l though 
research  i s  n e c e s s a r y   t o  work ou t   ope ra t ing   de t a i l s .  I t  
should  be  possible   not  only t o   u t i l i z e  impure  hydromagnesitc 

bonate   content  i s  commensurate wi th   t he   marke t   fo r   p rec ip i -  
i n  t h i s  way b u t  t o  s e l e c t  material i n  which the  calcium  car- .  

ta ted  calcium  carbonate .  

Me ta l l i c  Magnesium 

Magnesium has  acquired  importance as 'an indus t r i a l   me ta l  

wide  spread and abundant  components of t he   ea r th ' s   c rus . t .  Re- 
only i n  t h e   l a s t  few  years,   al though magnesium compounds a r e  

cent ly ,  however, many d i f f i c u l t i e s   i n   p r o d u c t i o n  have  been 
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overcome  and a considerable  demand  has  been  established.  Its 
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  cont'inued  expansion  without  artificial  stimu- 
lation. 

recovered  is  practically  inexhaustible;  most  important  are 
magnesite,  dolomite,  sea  water;  salt  springs,  and  salt  de- 
posits.  The  last  two  are  the  source of the mgnesiummetal 
produced  in  Germany  and  the  United  States,  'whereas  the  first 

tracted from sea  water com&ercially,  other than'  a small scale 
two are used elsewhere. As yet'magnesium has  not been ex- 

in  Japan,  but  recent  success  in  the  preparation of various 
magnesia  products  and  magnesium  salts  from  this  source as- 
sures  its  feasibility. 

The  supply of raw materials  from  which  magnesium  may  be 

Three  methods  are  at  present  used  for  the  extraction  of- 
magnesium; (1) electrolysis of fused  chlorides, (2) e1ectro'- 
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 

built  within  the  last  year  to  use  this  process.  The  second, 
dolomite  are  the raw  materials,  and  several  plants  have  been 

although  popular  some^ years  ago,  has  been  largely.  superseded 
by  the  others. 

many  and  the  United  States,  magnesium  being  extracted  from 
potash-waste  liquor  and  carnallite  in  the  former  and  from 
brine-springs  in  the  latter.  Electrolysis  is  likewise  used 
in  Italy  and  Russia, and by certain  pla'nts  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  to  anhydrous form  and  admixture  with 
other  chloride  salts; ( 2 )  electrolysis of fused  bath  in  a  cell 
at low voltage,  and ( 3 )  purification of the  metal.  Details 
of operating,practice  are  widely  aifferent  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;OOO amperes,  and cur- 
rent  efficiency  from 85 to 90 per  cent. The ene'r&  required 
to  produce 1 kg. of metal  is in the'  order of  18 'to 20 Kw-Hrs., 

The  electrolytic  process' i s  employed  exclusively  in  Ger- 
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and the   p roduct  may be up t o  99.99 per   cen t   pure .  

adopted   in   severa l   count r ies   wi th in   the   pas t  two years,  no.ta- 
bly  Great   BSitain,   Japan,  and Aus t r ia .  I n  add i t ion  magnesium 
has  been  produced  ele'ct'rcthermally on an  experimental  scale 

process  i s  quoted from the Minerals Yearbook,  1938  (Ref. 10, 
f rom Washington.magnesite. The fo l lowing   descr ip t ion  of t h e  

p .' 638) : 

The receqt ly   developed  e lectrothermic  process   has   been 

a r e  mixed w i t h   o n e ' p a r t  of coal   dus t   and ' subjec te6   to  a 

with  three  e lectrodes,   where  the magnesium oxide a s  r e -  
temperature of about 2300 deg. C .  i n   a m e l e c t r i c   f u r n a c t ?  

duced t o  magnesium vapor. The meta l l ic   vapor  wi$h ex- 

pure  hydrogen is  introduced by j e t s  from a surrqunding 
cess   coa l   dus t   passes   th rough a f lue,   in to   which  a lmost  

pipe,  and then   i n to  a cooler   wi th  a temperature .os, 150 
t o  200 deg. C .  .The  product   consis ts  of  nagnesiuq pow- 

which  next  passes  through a closed warm conveyor i n t o  
der ,   coal   dust ,   and a small quan t i ty  of magnesium oxide 

an  enclosed  briquet  machine. The b r ique t s   a r e   hea t ed  
t o  750 t o  950 deg. C. i n  a small e lec t r ic   furnace . .under  
p a r t i a l  vacuum, from  which t h e  magnesium is  d i s t i l l e d  
and  condensed i n   t h e  f o r m  of sma l l   pe l l e t s .  The p e l l e t s  

po in t .  The metal i s  separated  f rom  the o i l ,  remelted,  
d rop   in to  a hopper of  hydrocarbon o i l  o f  high b o i l i n g  

and c a s t   i n t o   i n g o t s .  Magnesium of 99.97 per   cent  
p u r i t y  i s  produced. Fr i tz   Hansgi rg ,   o r ig ina tor  of  the  
A u s t r i a n   p r o c e s s ,   s t a t e s   t h a t   t h e   t o t a l  power consump- 
t i o n  is  11 kw-hr. pe r  pound of magnesium metal. The 
over-all   recovery i s  p robab ly   be t t e r   t han  80 per   cent  
o f  t h e  magnesium content  of the  calcined  magnesi te ."  

"Three p a r t s  of high-purity  dead-burned  magnesite 

t h i r d   l i g h t e r  i n  weight  than aluminum. I t  i s  somewhat 
mal leable  when cold  but  extremely so if  h e a t e d   t o  350-450 
deg. C. I t  c a n   b e   e a s i l y   c a s t   i n t o  moulds and worked i n t o  
various  forms. The c h i e f   l i m i t a t i o n   t o   t h e   u s e  of magne- 

metal  which causes it t o . o x i d i z e  r e a d i l y   i n  a humid atmos- 
sium and i t s  a l l o y s  a t  present  i s  t h e   r e a c t i v e  na ture  of t ho  

phere ,   o r   cor rode   in   contac t  wi th  c e r t a i n   s o l u t i o n s .  Ex- 
t remely   pure   meta l ,   such   as   tha t ,ob ta ined  by the   e l ec t ro -  
thermic  process,  shows a r e l a t i v e l y   h i g h   r e s i s t a n c e  t o  oxida.- 

mon i n d u s t r i a l  metals.  Again,  considerable  advances  have 
tion, and some a l l o y s   a r e   p r a c t i c a l l y  as s t a b l e  as o the r  COIII- 

been made i n  methods of s u r f a c e   t r e a t m e n t   t o   r e s i s t   c o r r o s i o n ,  
two o f   t he  most  comon'being immersion i n  n i t r i c  acid-sodium. 
dichromate  solut ion or i n   s e l en ious   ac id  or a c i d i f i e d  sodium 
s e l e n i t e .  

Me ta l l i c  magnesium i s  s i lve ry   wh i t e   i n   co lo r   and  one- 
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s u f f i c i e n t   s t r e n g t h ,   t h e  common commercial a l loys   be ing  con- 
f ined   t o   t hose   w i th  aluminium  and  zinc  containing a small 
amount of manganese.  Certain more complex a l loys   involv ing  

Sand  and d i e   c a s t i n g s ,   f o r g i n g s ,   r o l l e d   s h e e t ,  and extruded 
cadmium, copper ,   s i lver ,   e tc .   a re   used  f o r  special   purposes .  

uses   including  crank  cases ,   p is tons,   t ransmission  bodies ,  
s t r y c t u r a l  members are   being.produced  today f o r  a v a r i e t y  of 

gear   cases ,  hub  caps, a i r c r a f t  and  automobile  parts, vacuum 
c leaners  and typewr i t e r   pa r t s ,  gun  and r i f l e   p a r t s ,  and p a r t s  

t o o l s ,   b r e a d   s l i c i n g  and  wrapping  equipment, t e x t i l e  machinery, 
f o r  cameras,   binoculars,   radio-equipment,   portable  pneumatic 

packaging  equipment,  type-welding  equipment,  automatic ham- 
mers,   etc.  

Fo r  most  construction work magnesiummust  be  alloyed f o r  

t h e i r   u s e   e x t e n d e d   t o   v a r i o u s   s t r u c t u r a l  members. Magnesium 
ro l led   shee t   has   recent ly   been   used  by pr in t ing   concerns  .for 
e t c h i n g   p l a t e s ,  and a spec ia l   a l l oy   ex tens ive ly  employed by 
t h e   e l e c t r i c a l   i n d u s t r y  f o r  bus   bars .  

New e x t r u s i o n   a l l o y s  have  been recently  developed  and. 

Magnesium i s  widely  used  as  a deox id ize r   i n   t he  manufac- 
t u r e  o f  non-ferrous  cast ings,  fo r  the  dehydrat ion of o i l s ,   a s  

of i n t ense   l i gh t   fo r   pho tography ,   i n   ce r t a in   exp los ives   such  
a c a t a l y s t i n   s e v e r a l   c h e m i c a l   p r o c e s s e s ,  ?or the  product ion 

as m o n a l ,   i n   t h e   t h e r m i t   r e d u c t i o n   process^, and i n   f i r e -  
works, f l a r e s ,  star s h e l l s ,   e t c .  

e x t r a c t i o n  of m e t a l l i c  magnesium; magnesite  and  dolomite  being 
impor t an t   sou rces   i n   s eve ra l   coun t r i e s .   L i t t l e   i n fo rma t ion  
has   been  publ ished,   however ,   in   respect   to   processes   or   puri ty  
requirements of the   raw  mater ia l s   involved .   0ne . la rge  manu- 

be  used i n   t h e  e lec t ro thermic  process :   mater ia l  t o   b e  dead- 
f a c t u r e r  g ives  the  fol lowing s p e c i f i c a t i o n s  f o r  magnes i t e   t o  

burned  with a MgO content  of 93 t o  94 per   cen t  and i g n i t i o n  
l o s s  of not  over 0:.5% bu t   p re fe rab ly  0.3%. The fe r rous   ox ide  
conten t  i s  most  important  and  should  not  exceed 0.5% although 
up t o  1% i s  permiss ib le .  Lime i s  next in   importance and 
should.be as low as poss ib le ,   p referab ly   no t   over  1.5%: 
S i l i c a  i s  allowable up t o  3 ~ 5 %  and  alumina t o  0,5% t o  1%- 

As mentioned, a v a r i e t y  of raw products   are   used f o r  t h e  

None of the  hydromagnesite  sampled. i s  s u f f i c i e n t l y   p u r e  
t o  meet  the  above  requirements,   al though  the  Atlin  material  

hake shown t h e   p o s s i b i l 2 t y  of m a t e r i a l l y   i n c r e a s i n g   t h e   p u r i t y  
approaches  them f a i r l y   c l o s e l y .   B e n e f i c i a t i o n  tes ts ,  however, 

of the  hydromagnesite,  and  relatively  pure  magnesia  can prob- 
a b l y  'be prepared  by  recarbonation.,  Again  the  requirements of 
c e r t a i n  Us'ers may not   be as s t r i n g e n t  as those  above. I n  gen- 
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eral,  therefore,  the  hydromagnesite  of  British  'Columbia  may 

manufacture  be  contemplated  in  the  province. 
prove  of  value  as  a.,sourge  of  me5'allic  magnesium  should  its 

World  production  of  magnesium  in ,1937 was estimated 
(Ref. 10) to.he 18,000 metric  tons, of which  Germany  produCed 

Japan 1200, Switzerland 700, USSR.400, Austria 80, and  Italy 
10,000, United  States 2059, United  Kingdom 2000, France  1500, 

has  >robably  increased  to  at  least 21,000 tons,  ,with new  oper- 
66. .Estimates  for 1938 are  not  complete but world  production 

United  States.  Magnesium  metal, 99,8 per  cent  pure  and in car- 
ations  contemplated  in  Japan,  Xnited  Kingdom,  Italy,  and  the 

load  lots,  is  quoted  at 30 cents  per  lb. on the  New  York  mark- 
et. It is  estimated  that  high-purity  magnesium  can  be  pro-' 

tity  production  at as low as 10 cents  from  Washington  magne- 
duced  for 15 cents  per  pound  at  most,  and  possibly  with  qu8.n- 

kilowatt  year. 
site  on  the  basis of wholesale  power  charges of $17.50 per 

Chemical  and  Other Uses 

ducts  have  'been  discussed, a  few  minor  ones  remain  which  are 
worthy  of  mention. 

Although  the  major  uses  of  magnesite  and  magnesitic  pro- 

Crude  magnesite  has few uses.  other  than  for  the  manufac- 
ture of the  products  already  discussed. It  has  been  employed, 
however,  in  the  sulphite  paper  process,  as a source of carbon 
dioxide  gas,  and  finely  ground  as  a  filler in various  products 
including  paints  and  fertilizers.  In  the  last  connection  the 

more  and  more, with  the  probable  result  that  increasing  amounts 
value of magnesium  as  a  plant  and  animal  food  is  being  realized 

of magnesite,  dolomite,  and  magnesium  salts  will be used  in 
the  manufacture  of  fertilizers  as  time  goes  on. In a few in- 

phuric  acid,  and  magnesium  chloride  with  hydrochloric  acid. 
stances  epsom  salts  arc  made  by  treating  magnesite with sui- 

The amount of  crude  magnesite  sold in the  United  States  and 
Canada  is small, only 1952 tons  being  sold  as  such  during 
1937 in  the  former  country, with  an average  value  of 614.96 
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 
f o r  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- 
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tities  by  the  rubber, ink, salt,  and  pharmaceutical  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 
commcn  salt  to  make it 'free-flowing.  In'  the  pharmaceutical 
and  toilet  preparation  industries  large  quantities of basic 
magnesium  carbonate  as  well as magnesium  oxide  and  hydroxide 
are  used in the  manufacture of tooth  powders and pastes, 
ointments,  face  powders,  antacid  preparations,  etc.  Certain 
chemicals  such  as  magnesium  citrate,  fluosilicate,  etc.  are 
also  made from the  carbonate.  Basic  magnesium  carbonate  is 
quoted  at 6 1/4 cents  per  lb.  f.c.b.  works. 

are  in  the  chemical  and  pharmaceutical  industries.  Milk  of. 
Ebagnesia,  consumed  in  relatively  large  quantities, is a 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 

replace  caustic  soda  and  litharge to  advantage in the sweet- 
is  a  more  satisfactory  neutralizer than  caustic soda, and  can 

ening of gasoline. It is  also  highly  efficient  in  the  removal 
of hydrogen  sulphide  from  gases, and i s  valuable  in  the  syn- 
thesis  of  alcohols:  Special  grades of magnesium  oxides  have 
proved  experimentally  to  be  more  efficient  than  decolorizing 
clays  for  the  oil  industry. 

The  main  uses of magnesium  hydroxide  an'd  magnesium  oxide 

Magnes'ium  chloride  has  a  variety of uses  including 
bleaching  and  the  .manufacture of 'cotton  goods. 

Magnesium  oxide, U.S.P.., light,  in  ,barrels  is quoted.at 
42 cents  a  pound,  and  magnesium  chloride, in  drums, at $36.00 
per  ton on the New  York  market. 
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