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SYNOPSIS 

F l u o r i d e  concentrat ions up t o  13.4 mg/L have been found i n  groundwater 

f rom bedrock w e l l s  completed i n  Upper Cretaceous sedimentary rocks o f  the 

Nanaimo Group along the eastern coast o f  Vancouver I s land .  High f l u o r i d e  

groundwaters w i t h  concentrat ions g rea te r  than 1.5 mg/L a r e  genera l l y  o f  the 

sodium-chloride, sodium-calcium-chloride o r  sodium-bicarbonate-chloride 
types. They are cha rac te r i zed  by a moderately h igh  pH value i n  the range 

8.2 t o  9.4 pH u n i t s ,  TDS i n  the  range 250 t o  1800 mg/L and n e g l i g i b l e  

su lphate con ten t  ( < l o  mg/L). Ava i l ab le  geologic,  hydro-chemical and 
hyd ro log i c  data suggest t h a t  f l u o r i d e  i s  probably de r i ved  l o c a l l y  from 

f o s s i l i f e r o u s  marine shal es conta i  n i  ng f l  uorapa t i  t e  through d i  sso l  u t i o n  and 
anion exchange processes under e leva ted  pH c o n d i t i o n s  i n  which carbonate 

e q u i l i b r i a  i s  a c o n t r o l l i n g  f a c t o r .  
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OCCURRENCE OF FLUORIDE I N  GROUNDWATERS ALONG 
THE EASTERN COAST OF VANCOUVER ISLAND 

1. INTRODUCTION 

F l u o r i d e  concen t ra t i ons  up t o  13.4 mg/L have been found i n  groundwater 
f rom bedrock w e l l s  a t  a number o f  l o c a l i t i e s  over a d is tance o f  160 
k i l o m e t r e s  along the  eastern coa t  o f  Vancouver I s l a n d  between Courtenay and 

V i c t o r i a  (F igu re  1 ) .  The d i s t r i b u t i o n  and source o f  f l u o r i d e  i n  
groundwaters i n  t h i s  reg ion  i s  o f  p a r t i c u l a r  i n t e r e s t  because many res iden ts  

u t i l i z e  g roundwate r  a s  a sou rce  o f  d r i n k i n g  w a t e r  and f l u o r i d e  

concen t ra t i ons  i n  excess o f  1.5 mg/L ( M i n i s t r y  of Heal th,  1982) may produce 

den ta l  f l u o r o s i s  ( t o o t h  m o t t l i n g )  p a r t i c u l a r l y  among c h i l d r e n  i n g e s t i n g  
these waters. 

T h i s  r e p o r t  reviews the known d i s t r i b u t i o n  and chemical c h a r a c t e r i s t i c s  
o f  h igh  f l u o r i d e  (>1.5 mg/L) groundwaters found i n  the reg ion  and discusses 

probable sources o f  f l  u o r i  de. This  i n fo rma t ion  may be use fu l  i n  
a n t i c i p a t i n g  where and under what condi t i ons h i g h  f l  u o r i  de groundwaters are 

l i k e l y  t o  be encountered. 

2. D ISTRIBUTION OF H I G H  FLUORIDE GROUNDWATERS 

The d i s t r i b u t i o n  o f  groundwater samples showing f l u o r i d e  concentrat ions 

>1.5 mg/L i s  shown i n  F i g u r e  2. This  i s  based on a t o t a l  o f  189 f l u o r i d e  

analyses on f i l e  w i t h  the Groundwater Sect ion.  A summary o f  the a v a i l a b l e  

da ta  i s  g iven i n  Table 1. A l l  of t he  samples represent  groundwater from 
bedrock we1 1 s. 
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The h igh  f l u o r i d e  concentrat ions appear associated w i t h  we1 1 s completed 

i n  sedimentary rocks belonging t o  the  Nanaimo Group ( F i g u r e  1). These rocks 
o f  Upper Cre taceous  age a r e  compr i sed  p r i n c i p a l l y  o f  sandstone,  

conglomerate, shale and coal  which occur i n  a b e l t  a long the eastern coast  

o f  Vancouver I s l a n d  from Campbell R i ve r  t o  the no r the rn  end o f  the Saanich 

Peninsula (F igu re  1). These rocks are a l s o  found i n  the P o r t  A l b e r n i  area. 

The Cretaceous s t r a t a  were deposi ted some 70 t o  100 m i l l i o n  years ago i n  a 

s e r i e s  o f  sedimentary cyc les  ranging from f l u v i a l  t o  marine environments. 

I n  g e n e r a l  t h e  sandstones and c o n g l o m e r a t e s  were d e p o s i t e d  i n  

f l u v i a l - d e l  t a i c  environments w h i l e  the shales were deposi ted i n  marine 

env i  ronments. 

Impor tan t  phys ica l  (geo log i c )  and hyd ro log i c  c h a r a c t e r i s t i c s  o f  
i n d i v i d u a l  w e l l s  from which h igh  f l u o r i d e  concentrat ions have been repo r ted  

a r e  summarized i n  Table 2. We l l  d e t a i l s  and accurate l o c a t i o n s  are 

p r e s e n t l y  n o t  a v a i l a b l e  f o r  a l l  w e l l s  which have repo r ted  h igh  f l u o r i d e  

concentrat ions.  

Most o f  the h i g h  f l u o r i d e  groundwaters appear associated w i t h  

water-producing zones ( f r a c t u r e s  and bedding plane con tac ts )  o c c u r r i n g  i n  

c l a y  and shale l aye rs .  Based on geologic mapping by M u l l e r  and J e l e t z k y  

(1970) these zones appear t o  be w i t h i n  the Spray Formation o r  c lose  t o  the 
c o n t a c t  w i t h  the o v e r l y i n g  Gabr io la  Formation on Hornby and Gabr io la  

I s land .  On T h e t i s  and Sal t s p r i n g  I s l a n d  the water producing zones h igh  i n  

f l u o r i d e  appear t o  be w i t h i n  the Cedar D i s t r i c t  Formation and poss ib l y  the 

De Courcy and Northumberland Formations. 

I n  the  G u l f  I s l ands  h igh  f l u o r i d e  groundwaters occur i n  both w e l l s  

d r i l l e d  i n  coasta l  areas and i n l a n d  areas; i n  w e l l s  completed above and 

below sea l e v e l .  High f l u o r i d e  groundwater do n o t  appear associated w i t h  

sea water i n t r u s i o n .  

-I 
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The occurrence o f  h i g h  f l  u o r i  de concentrat ions i n  groundwaters o f  

Cretaceous rocks i n  Nor th America i s  n o t  p a r t i c u l a r l y  unusual as h igh  
f l u o r i d e  l e v e l s  are a l s o  found f o r  example i n  the Cretaceous rocks o f  South 

C a r o l i n a  (Zack, 1980) and Nor th and South Dakota where values ranging from 

2 t o  9 mg/L occur (White e t  a l ,  1963). Groundwaters c o n t a i n i n g  f l u o r i d e  

concen t ra t i ons  exceeding 1.0 mg/L a re  found f o r  example i n  many regions o f  

t h e  Un i ted  States i n  a wide v a r i e t y  o f  geologic t e r r a i n s  (Hem, 1970). 

3. CHEMICAL CHARACTERISTICS OF H I G H  FLUORIDE GROUNDWATERS 

b 
I 
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A summary o f  chemical analyses which show f l u o r i d e  concentrat ions 

g r e a t e r  than 1.5 mg/L i s  l i s t e d  i n  Table 3. A number o f  these represent  
d u p l i c a t e  samples from the  same s i t e s .  On the bas i s  o f  a l l  f l u o r i d e  

analyses on f i l e  f o r  the reg ion  and comparison o f  f l u o r i d e  concentrat ions 

and o t h e r  chemical parameters i t  appears t h a t  groundwaters c o n t a i n i n g  

f l u o r i d e  occur i n  two general groups. The f i r s t  group conta ins f l u o r i d e  
concen t ra t i ons  up t o  about 3.0 mg/L and the second group conta ins f l u o r i d e  

concen t ra t i ons  g rea te r  than 3.0 m g l l .  Th i s  i s  most ev iden t  f o r  exainple i n  a 
p l o t  o f  f l u o r i d e  concentrat ions versus pH ( F i g u r e  3) .  The m a j o r i t y  o f  

samples p l o t  i n  a f i e l d  w i t h  f l u o r i d e  ranging from l e s s  than 0.1 t o  3.0 mg/L 
and pH ranging from 6 t o  9.6 pH u n i t s .  Samples w i t h  f l u o r i d e  concen- 

t r a t i o n s  above 3.0 mg/L p l o t  w i t h i n  a narrow pH range from 8.2 t o  9.4 pH 

u n i t s .  As the  pH values represent  l a b o r a t o r y  determinat ions they may no t  be 

e n t i r e l y  r e p r e s e n t a t i v e  o f  i n  s i t u  cond i t i ons .  Some changes i n  pH m g h t  be 
expected a f t e r  sampling and t r a n s p o r t  t o  the l a b o r a t o r y  due t o  escape o f  C02 

f o r  example (Freeze and Cherry, 1979). 

I n  general,  samples having the h ighes t  f l u o r i d e  concentrat ions e x h i b i t  

t he  f o l l o w i n g  o v e r a l l  chemical c h a r a c t e r i s t i c s :  
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c 1. Groundwaters tend t o  be o f  the sodium-chl o r i  de, sodi um-cal c i  urn- 

c h l o r i d e  o r  s o d i u m - b i c a r b o n a t e - c h l o r i d e  t y p e s  based on 

concentrat ions o f  major i ons  i n  equ iva len ts  per m i l l i o n  (epm). 

2. To ta l  d i sso l ved  s o l i d s  (TDS) i s  moderately h i g h  i n  a f a i r l y  wide 

range from 250 t o  1800 mg/L. 

3 .  pH i s  r e l a t i v e l y  h igh i n  the range 8.2  t o  9.4 pH u n i t s  ( l a b o r a t o r y  

pH values).  

4. The groundwaters are moderately h igh  i n  sodium (Na') and c h l o r i d e  

( C l - )  r a n g i n g  f ro in  70 t o  400 mg/L and 160 t o  1000 mg/L 
r e s p e c t i v e l y .  

5. Sulphates are genera l l y  n e g l i g i b l e  ( < l o  m g / L ) .  

The above chemical c h a r a c t e r i s t i c s  prov ide some evidence f o r  the o r i g i n  

o f  the h i g h  f l u o r i d e  groundwaters. As a moderately h i g h  pH appears t o  be a 
c h a r a c t e r i s t i c  o f  the h igh  f l u o r i d e  groundwaters, f a c t o r s  f o r  example which 
would r e s u l t  i n  h i g h  pH a re  l i k e l y  impor tan t  i n  the  chemical e v o l u t i o n  o f  

these h igh  f l u o r i d e  groundwaters. Before specu la t i ng  on the processes and 

condi  t i .ons t h a t  may r e s u l t  i n  these h i g h  f l u o r i d e  groundwaters poss ib le  

sources o f  n a t u r a l l y  o c c u r r i n g  f l u o r i d e  i n  the reg ion  should be considered. 

4.  POSSIBLE SOURCES OF FLUORIDE IN GROUNDWATERS 

Poss ib le  n a t u r a l  sources o f  f l u o r i d e  are l i s t e d  i n  Table 4. These 

i n c l u d e  n a t u r a l l y  o c c u r r i n g  minera ls ,  vo l can ic  o r  f umaro l i c  gases, 

phosphatic deposi ts  and o i l  f i e l d  b r i nes .  

F l u o r i d e  bear ing m ine ra l s  may be present  i n  the rocks through which the 

groundwater i s  c i r c u l a t i n g .  N a t u r a l l y  occu r r i ng  f l u o r i d e  m ine ra l s  such as 

. _  . . .. . , , . ., 
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f l u o r i t e  (CaF2) and f l u o r a p a t i t e  (Cas( P04)3F) are common f o r  example i n  

igneous rocks such as gran i tes ,  pegmati tes and c r y s t a l l i n e  l imestones. 

F l u o r i t e  f o r  example i s  s l i g h t l y  so luable i n  water and through 

d i s s o l u t i o n  can c o n t r i b u t e  f l u o r i d e  ions  i n  groundwaters. F l u o r i t e  has a 

s o l u b i l i t y  o f  160 mg/L a t  pH7, 1 ba r  t o t a l  pressure a t  25°C (Freeze and 

Cherry, 1979). Th is  i s  about one - th i rd  o f  the s o l u b i l i t y  o f  c a l c i t e  f o r  

example under the  same condi  ti ons. 

Very h igh  f l u o r i d e  concent ra t ions  o f  several  hundred mg/L can occur i n  

vo l can ic  thermal waters (Matthess, 1982) and i s  a common c o n s t i t u e n t  i n  
vo l can ic  and fumuro l i c  gases. Concentrat ions f o r  example as h igh  as 

806 mgF'/L have been repo r ted  i n  some h o t  spr ings  i n  New Zealand 

(White e t  a1 , 1963). 

F l u o r i d e  i s  a l s o  concentrated i n  the bones and t e e t h  o f  marine animals 

i n  t h e  form o f  a h y d r o x y l a p a t i t e - f l u o r a p a t i t e .  F o s i l  bone deposi ts ,  

c o l l e c t i v e l y  termed col lophane deposi ts  may be a s i g n i f i c a n t  source o f  

f l  u o r i  de. F1 u o r i  de from these deposi ts  can be re1 eased i n t o  groundwaters 
e i t h e r  through d i s s o l u t i o n  o r  i o n  exchange. Zack (1980) f o r  example has 

a t t r i b u t e d  h igh  f l u o r i d e  concent ra t ions  i n  groundwaters i n  South Caro l i na  t o  
the  re lease o f  f l u o r i d e  from f l u o r a p a t i t e  present  i n  f o s s i l  shark tee th .  

O i l  f i e l d  b r i n e s  can con ta in  f l u o r i d e  concent ra t ions  up t o  several  

hundred mg/L (Todd, 1980). Upward novement and m ix ing  o f  b r i n e  waters i n  
sedimentary bas ins w i t h  shal low groundwaters cou ld  r e s u l t  i n  h igh  f l u o r i d e  

groundwaters 1 oca1 l y  . 
As t he  h igh  f l u o r i d e  concent ra t ions  along the  eastern coas t  o f  

Vancouver I s l a n d  are  associated w i  t h  m a r i  ne and non-mari ne sedimentary rocks 

o f  Cretaceous age i t  i s  most l i k e l y  t h a t  the o r i g i n  o f  f l u o r i d e  i s  

assoc ia ted  w i t h  f o s s i l  depos i ts  con ta in ing  f l u o r a p a t i t e  o r  deep bas in  b r i nes  
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or bo th .  Marine vertebrates were prol i f ic  i n  the Cretaceous seas and some 
of the shale beds i n  the Nanaimo Group are noted f o r  their  fossil content 
(Muller and Jeletzky, 1970) .  Although likely to  be present the occurrence 
of fluorapatite i n  these fossil deposits has not been confirmed. Further 
examination of the bedrock deposits and  chemical analyses of the materials 
would be required to confirm this  possibility. W i t h  regards to deep basin 
brines there i s  no chemistry d a t a  available from o i l  exploration wells i n  
the region a n d  therefore this  source of fluoride cannot be entirely 
discounted a t  th i s  time. 

5. CHEMICAL EVOLUTION OF FLUORIDE GROUNDWATERS 

Results of laboratory studies from available l i t e ra ture  (Zack, 1980) 
indicate t h a t  the solubili ty o f  fluorapatite i n  water i s  somewhat complex 
and apparently does not  foll  ow establ i shed p r i  nci pl es of sol u b i  1 i t y  - 
product equilibrium as calci te  does f o r  example. Zack (1980) reports t h a t  

the solubili ty of fluorapatite i s  found t o  decrease w i t h  increasing pH which 
h a s  been attributed t o  the formation of an insoluble surface complex on 
m i  neral gai ns that prevents further di ssol ution. However, a t  el evated pH 

values above 8.0, fluoride values increase a g a i n  due to ion  exchange 
processes where fluoride exchanges w i t h  hydroxyl ions (OH-) i n  solution. 
Fluoride ions have the same charge and nearly the same ionic radius as 
hydroxyl ions which fac i l i t a tes  anion exchange reactions. The presence of 
sodium a n d  ch lor ide  i o n s  i s  f o u n d  t o  i n h i b i t  the  d isso lu t ion  of 
fluorapatite. 

I t  i s  l ikely therefore t h a t  the h i g h  levels of fluoride above 3 mg/L 
cannot be explained by simple dissolution of f luorapati te b u t  could he 
explained by i o n  exchange processes a t  elevated pH. This i s  also apparent 
i f  the simple dissolution of f luori te  is considered. 
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I n  F i g u r e  4 f l u o r i d e  concentrat ions have been p l o t t e d  aga ins t  ca lc ium 

concentrat ions.  The concentrat ions have not  been reduced t o  a c t i v i t i e s .  I n  
t h i s  e q u i l i b r i u m  diagram f o r  the d i s s o l u t i o n  o f  f l u o r i t e  based on a 

s o l u b i l i t y  product  o f  10-10.57 (Smyshlygev and Edeleva, 1962 as repor ted by 
Handa, 1975) samples above the equi 1 i b r i  urn 1 i ne are supersaturated wi th  
respec t  t o  f l u o r i t e  w h i l e  those below the l i n e  are undersaturated. High 

f l u o r i d e  concentrat ions above 3.0 mg/L a r e  a l l  sa tu ra ted  o r  supersaturated 

w i t h  respect  t o  f l u o r i t e .  Th is  suggests t h a t  these h igh  concentrat ions 

cannot be expla ined i n  terms o f  simple d i s s o l u t i o n  o f  f l u o r i t e  on ly .  Lower 

f l u o r i d e  values up t o  3.0 mg/L however could be r e a d i l y  expla ined by simple 

d i s s o l u t i o n  o f  f l u o r i t e  i f  t h i s  i s  the source m ine ra l .  

As a r e l a t i v e l y  h igh  b u t  narrow pH range appears c h a r a c t e r i s t i c  o f  the 

h i g h  f l u o r i d e  groundwaters those f a c t o r s  which r e s u l t  i n  e levated pH 

probably  govern the  re lease o f  f l u o r i d e  from f l u o r a p a t i t e .  The main 

c o n t r o l l i n g  f a c t o r s  on pH are probably r e l a t e d  t o  carbonate mineral  
e q u i l i b r i u m ,  p a r t i a l  pressure o f  C02 and poss ib l y  water-rock i n t e r a c t i o n s  

i n v o l v i n g  c l a y  minera ls .  I f  the e q u i l i b r i u m  diagram f o r  c a l c i t e  d i s s o l u t i o n  
(Freeze and Cherry, 1979) i s  considered i n  which pH i s  p l o t t e d  aga ins t  Ca2+ 

concen t ra t i on  ( F i g u r e  5 )  i t  appears t h a t  h igh  f l u o r i d e  groundwaters are a l l  
c l o s e  t o  s a t u r a t i o n  o r  supersaturated w i t h  respect  t o  c a l c i t e .  A l a r g e  

number of groundwater samples low i n  f l u o r i d e  are a1 so supersaturated w i t h  

respec t  t o  c a l c i t e  i n d i c a t i n g  a l so  t h a t  these Ca2+ concen t ra t i ons  cannot be 

accounted f o r  by simple d i s s o l u t i o n  of c a l c i t e .  Th is  suggests t h a t  o the r  
processes besides d i s s o l u t i o n  such as i o n  exchange probably i n v o l v i n g  c l a y  

m ine ra l  s are i nvol  ved i n  the evol u t i o n  o f  h igh  f l  u o r i  de groundwaters and 

a1 so h i g h  c a l c i  urn groundwaters. 

6. SUMMARY AND CONCLUSIONS 

F l u o r i d e  concentrat ions up t o  13.4 mg/L have been found i n  groundwaters 

from bedrock w e l l s  a t  a number o f  l o c a l i t i e s  over a d i s tance  o f  160 
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kilometres a long  the eastern coast of Vancouver Island between Courtenay and 

Victoria. High  fluoride groundwaters appear associated w i t h  water-produci ng 
zones i n  shale and  clay beds w i t h i n  the Upper Cretaceous Nanaim Group. 
Fossil i ferous deposits containing f l  u o r a p a t i  t e  w i t h i n  the shale beds my be 
the source o f  fluoride ions. Groundwaters h i g h  i n  fluoride tend t o  be of 
the sodium-chloride, sodium-calcium-chloride or sodium-bicarbonate-chloride 
types w i t h  total dissolved solids in the range 250 t o  1800 mg/L. The waters 
are characterized also by a relatively narrow pH range from 8.2 t o  9.4 pH 
u n i  t s  and negl i g i  b le  sril phate content  ( < l o  mg/L) . H i g h  f l  uori de 
groundwaters are generally saturated or supersaturated w i t h  respect to 
f luor i te  and also calcite.  Concentrations of fluoride u p  to 3.0 mg/L may 
be readily explained by simple dissolution of fluorapatite or f luorite b u t  
concentrations as h i g h  as 13.4 mg/L are likely the result o f  ion exchange 
processes under el evated pH condi t i  ons. 

Since Upper Cretaceous rocks underlie rmch of the sett led and developed 
coastal areas o f  Vancouver Island i t  i s  likely t h a t  further development o f  

bedrock wells i n  the area wi l l  result i n  a d d i t i o n a l  reported occurrences o f  

h i g h  fluoride groundwaters. Due t o  differences i n  well depths and 

variabil i ty in lithologic distribution, geologic structure and aquifer 
permeability, occurrences o f  h i g h  fluoride groundwaters will be relatively 
1 oca1 i zed. 

7. RECOMMENDATIONS 

1. As the source of elevated fluoride concentrations i n  groundwater i s  
l ikely from fluoride-bearing minerals i n  the Nanaimo Group, 
material sampling and chemical analyses of specific stratigraphic 
zones should be considered t o  confirm the presence and nature o f  

f l u o r a p a t i t e  o r  f l u o r i t e  i n  these rocks. Outcrops of the 
Spray Formation on Gabriola Island for example could be appropriate 
sampl i ng s i t e s  f o r  these determi nations. 
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2. As t he re  i s  a p o s s i b i l i t y  t h a t  deep bas in  b r i nes  con ta in ing  h igh  

1 eve1 s o f  f l  u o r i  de may be m i  x i  ng w i  t h  s h a l l  ow groundwaters, n a t u r a l  
i so tope  sampling (018/016) o f  h igh  f l u o r i d e  groundwaters may 

i n d i c a t e  the  presence o f  any b r i n e  components. 

3. Water q u a l i t y  sampling f o r  f l u o r i d e  i n  areas o f  h igh  groundwater use 

where i n s u f f i c i e n t  water q u a l i t y  data i s  p resen t l y  a v a i l a b l e  should 

be considered. Analyses should i nc lude  pH ( f i e l d  determinat ions 

1 major ca t i ons  and anions. where p r a c t i c a l )  and a 

4 .  Other agencies (eg. 

o b t a i n  a v a i l a b l e  water 
data base. 

oca1 Hea l th  U n i t s )  should be contacted t o  

q u a l i t y  i n fo rma t ion  on f l u o r i d e  t o  add t o  the 
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TABLE 1 . 

SUMMARY OF FLUORIDE ANALYSES ON FILE 

AREA 

Hornby I s 1  and 

Denman I s 1  and 
Coombs 
G a b r i o l a  I s l a n d  

Ye l low P o i n t  - Cedar 

Ladysmi t h  

T h e t i  s I s l  and 
M i l l  Bay 
Sal t s p r i  ng I s 1  and 

Gal i a n o  I s l a n d  
Mayne I s l a n d  
Pender I s l  and 

Saanich Pen insu la  

NUMBER OF S I T E S  
N 

10 

10 
1 

36 

2 

6 

4 
1 
2 

12 
1 
8 

96 

TOTAL N = 189 

REPORTED 
RANGE OF VALUES 

mg/L F- 

0.15 - 5.92 

C0.10 - 1.27 

CO.10 -11.1 
1.65 

0.99 - 1.92 

0.26 -11.4 

0.10 - 3.20 
0.31 
a s 3  -13.4 

CO.10 - 0.82 

(0.10 - 0.58 

<0.10 - 0.81 

0.52 



;abr lo ia Is land 

io rn  by s land 

r h e t i s  i s l and  

ja I t s p r i  ng I s  lanc 

-. . 

WELL MJMBER 

Sec. 21 #82 

Sec. 24 #3 

Sec. 12 #53 

Sec. 21 #lo4 

Sec. 12 139 

Sec. 9 135 

I 

D.L. 1 1  15 

X2-Yl5 825 

TABLE 2 
SUMMARY OF WELLS WHICH SHOW HIGH FLUORIDE COKENTRATioa IN GROUNDWATER 

REPORTED 
FLUORIDE CONCENTf?ATlON(s) 

mg/L 

11.1, 9.97 

5.85,5.27 

4.7 5,3.92 

4.72.5.70 

2.91 

5.92 

3.20 

8.53 

WELL DEPTH 
( f e e t )  

200 

220 

24 5 

368 

260 

372 

310 

203 

STRAT 1 GRAPHY 
(depth I n  feet)  

0-5 overburden, 
5 4 5  sandstone, 

45-80 b lue  shale, 
80-95 sandstone, 
95-120 blue clay 
120-130 blue shale 
130-200 blue clay 

no log avai lable 

e 8  brown Sandstone, 
8-60 gray sandstone, 
60-70 very hard, gray 

sands tone 
70-140 gray sandstone 
14b.165 blue shale 
165-245 blue shale - 

c lay  and shale 
layers 

0-3 overburden, 
3-325 sandstonu, 

325-368 shale 

0-6 overburden, 
6-30 brown sandstone, 
30-165 gray sandstone, 
165-175 blue clay, 
175260 brown clay, b lue  

-c lay in  layers 

' 0-2 sand3 konn so i  I, 
2-5 c lay  hardpan, 
5 9  gray cong imera te  
9-372 cong lomelate bed- 

rock unit' w i t h  t h i n  
layers of sha ley  
sandstone throughoul 

0-3 topsoi I 
3-130 sandstone 

130-295 sandstone w i t h  
shale lellses 

295-310 fractured Sandstone 

0- 1 overburden 
1-203 bedrock 

-17- 

NON-PUMP1 NG 
WATER LEVEL 
BELOW GROUND 

( f e e t )  

50 

30 

90 

- 

1 62 

100 

100 

5 

MAJOR WATER-PRODUCI NG 
ZONS 

1/4 gpm a t  124 f e e t  
1/4 gpm a t  193 f e e t  

10 t o  13 gpm 

1 gpm a t  232 f e e t  

g i  1 gpm, ven source n o t  

1/4 gpm a t  205 f ee t  
I 1/4 gpm a t  260 f e e t  

2gph a t  160 f e e t  
8gph a t  360 f e e t  

1/2 gpm a t  135' 
2 gpm a t  270' 

+15 gpm a t  300' 

? 1/2 gpm 

C O M E  NT S 

, - - - - - - - - - - . . . . . . . - . 
- major producing 
zones associated 
w i t h  b lue  sha le  
and clay, p ro tab i y  
Spray Format ion 

-- 
- major producing 
zone assocl ated 
w i t h  s h a l e  and 
c lay  

- producing zone 
probably i n  
Spray Format ion 

- major producing 
zones i n  clay, 
probably Spray 
Format Ion 

- Gabrioia 
Format ion  pass l b i  y 
under la i n  by 
Spray Format ion 

- major producing 
zones pass ib l y  i n  
Cedar D i s t r i c t  
Format Ion 

- wet i  may be i n  
Cedar D i s t r i c t  
Format ion, 
DeCourcy Format ion 
and/or Northum- 
b3r land Format ion 



Area 

. _ .  . 
1. Hornby Is land 
2. I1 

3. Coornbs 
4. Gabrlola Is land 
5. W 

6. It 

7. 1) II 

8. It I1 

9. 'I II 

0. 11 

1. 'I 11 

2. II 

3. Yellow PoInt-Cedar 
4. Ladysrnlth 
5. 
6. I t  

7. T h e t l s  Is land 
8. Sal tspr lng  Is land 

11 

I t  

-. .  .- 

Water 

Type 

Na-C I 
Na-HCO3-C I 

Na-GO3 

Na-CI 

Na-CI 

- 
- 
- 
- 

N a - C a 4  I 

Na-Ca-C I 

- 
- - 
- 
- 
- 

b-HCO3-C I 

- 
F- 

7 

5.92 
1.93 
1.65 
2.91 
4.75 
5.7 

11.1 
5.27 
9.97 
4.72 
3.92 
5.85 
1.92 

11.4 
11.2 
6.13 
3.20 
8.53 

TABLE 3 

CHEMICAL ANALYSES OF HIGH FLUORIDE GROUNDWATER 

IRc* 

Na+ - 
382 
268 
228 

242 
256 
139 
72 

176 
359 
280 
240 
75.0 

198 
204 

322 

- 

- 

- 

- 
Ca2+ - 
9.8 
2.2 
2.8 
2.7 
7.5 

9.7 

- 
- 
- 

247 

122 

3.1 

- 
- 
- - 

1.2 
3.0 - 

- 
Mg2+ 

P 

0.5 

0.7 
0.08 
0.1 

0.1 

0.4 

- 
- 

0.1 

0.1 

0.1 

- 
- 
- 

0.2 
0.6 

- 
Phnl. 
AI k. 

4.6 
27.3 
39.1 

6.0 

11.0 

7 

- 
- 
- 
- 

3.9 

7.3 

- 
- - 
- 
- 
- 

28.7 

Tot. 
A I  k. 

143 
362 
460 

- 
- 
44 - 
60 - 
- 
20 

19 

119 

- 
- 
- 
- 

280 
427 - 

500 I 
164 
34 

34 4 

167 

- 
- 

- 
950 - 
5 50 - - 
- - 
- 

166 

8.5 
9.1 
9.2 
8.8 
8.9 
9.0 
8.9 
9.1 
8.2 
8.7 
8.8 
8.9 
7.9 
9.0 
9.0 

9.4 
9.0 

- 

---I- 
584 
234 
6 52 

1316 
39 8 
24 5 
622 

1818 
1015 
1096 

52 6 
669 

- 

- 
402 
828 I 

A l l  concentrations reported I n  mg/L except pH (reported I n  pH un i ts ) .  
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TABLE 4 

NATURAL SOURCES OF FLUORIDE 

SOURCES 

1. Natura l  l y  o c c u r r i  ng f l  u o r i  de minera l  s 

F1 u o r i  t e  CaF2 
F l u o r a p a t i t e  Cag(P0413F 
Hornblende 
Mica 

2. Volcanic o r  f umaro l i c  gases 

3 .  Phosphatic depos i t s  

(Col 1 ophane) 

4. O i l  F i e l d  Br ines 

OCCURRENCE 
~~ - 

Igneous rocks, g ran i tes ,  
pegmati tes,  v o l c a n i c  rocks 

Limestone and dolomi te 

Recent vol  canic a c t i  v i  ty 

F o s s i l  bones, t ee th ,  she1 1s 

Marine phosphate deposi ts  

Sedimentary Basi ns 


