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S UY.IARY 

D u r i n g  t h e  f a l l  of 1 9 7 2  and spr ing  of 1 9 7 3  several 

geophysical  and geocheiiiical t r a v e r s e s  were completed on t h e  

Eagle Creek Copper Pr0pert.y. 

A co inc ident  magne-tic and r e s i s t i v i t y  anomaly were 

obta ined  on one t r a v e r s e  and a weak induced p o l a r i z a t i o n  anomaly 

was obtained at depth on a n  ad jacen t  l i n e .  The var ia7) i l i . ty  i n  

t h e  rena in ing  da ta  can be explained by changes i n  l i t h o l o g y .  

Geochernj-cal r e s u l t s  were ne$ative and sparse  outcrop 

exposure suggests  t h a t  t h e  proper ty  i s  o v e r l a i n  by a t h i n  

veneer of T e r t i a r y  b a s a l t s  and f l uv io -g lac i a l  sands and g r a v e l s ,  

I N?'RODUCTIOi\T -.--_I_ 

' The Eagle Creek Copper Property c o n s i s t s  of sixteen 

mineral cl-aims owned by A!nax Potash L i m i t e c ? .  During the per iod 

October 3-5, 1 3 7 2  two co inc ident  magnetic and b a t t e r y  powered 

ind.uced. p o l a r i z a t i o n  t r a v e r s e s  were surveyed over t h e  proper ty .  

I n  a d d i t i o n  s o i l  samples were taken every two hundred f e e t  

along each t r a v e r s e .  I n  t h e  following year  during Nay 2 5  - 30 

two s u b p a r a l l e l  l ines  were c u t  on t h e  p rope r ty  and subsequently 

surveyed with a h igher  powered I .  P .  u n i t .  ?'he following r e p o r t  

descviJxs  t h e  ins t rumenta t ion ,  f i e l d  procedure and r e s u l t s  

obtained from the  above surveys.  

Location and Access I ----- 
The p rope r ty  i s  loca t ed  wi th in  t h e  I n t e r i o r  P la teau  

of south-cent ra l  B r i t i s h  Colu.i.nbia, s i x t e e n  rnj.3.e~ north of 

Lac L a  Hache. I t  i s  a c c e s s i b l e  by two w h e e l e d  d r i v e  veh ic l e  

v i a  t h e  Murphy Lake g r a v e l  road. I t  lies i n  t h e  Cc7rihoo Min ing  

Divis ion at 5 2 O 0 2  N l a t i t u d e  and 1.21'26 I I'J 1.oncjitude ( s e e  Figure 1.) . 
G r i d .  Contirol 
__--I--- 

Control  Ec!r t h e  i.n:it-iaI t r a v e r s e s  conducted in 1.9'72 
consisted.  of cha.in a 1x1 co111passe6. f lagged l i n e s  r y i e  I I. f-yl\~ev-cQ L . J L S  
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were named :#I and :K2 and a re  2200 f e e t  and 2600 f e e t  l ong  

r e spcc t ive ly .  Control  f o r  t h e  l a t e r  I. P. work was established 

by t v m  chain and CompasseC:., cut and p icke ted  l i n e s  bo th  2800  

f e e t  long. They have Been 1IIai:ked a s  the  north and south I. P .  

l i n e s .  A l l  f ou r  t r a v e r s e s  a re  shown i n  p l an  vicw on Figure 2 .  

G E NE RAIL . G EOL OGY - - 
Regionally t h e  proper ty  is s i t u a t e d  on t h e  northwesfern 

segment o f  an annular  magnetic high which i s  coincident.  with 

Nico1.a s t r a t a  t h a t  lie p e r i p h e r a l  t o  a monzonite s tock .  Outcrop 

on the .proper ty  i s  almost nonexis ten t  and t o  da.te on ly  one 

exposurc has b e e n  found. It i s  a p o r p h y r i t i c  basalt t y p i c a l  

of ' r e r t i a r y  flows in t h e  a r e a .  

MAG NE TOME'I'E R S U RVES _____________-___ 
I nt rodnct ion  and Theory 
-___--_lll 

 he ground magnetometer t r a v e r s e s  .were undertaken t o  

a c c u r a t e l y  locate-  t h e  a x i s  of an aeromagne'kic aiiomaly v i s i b l e  

on aeromagnetic map s h e e t  93 A 3. 

The magnetism of a l l  rocks i s  c o n t r o l l e d  hy t h e i r  

conten t  of ferromagnetic m a t e r i a l ,  i.. e. substances possessj-ng 

a re1ativeJ.y high s u s c e p t i b i l i t y  and capable of acqui r ing  

permanent magnetization. Cften skarn mineral  assemblages 

inc lude  consiclerahle amounts of mineral  magnet i te .  High 

i n t e n s i t y  magneti-c anomalies may t h e r e f o r e  he used as  an 

i n d i c a t o r  of skarn environments.  

I nstrurnent and. ProcedGrg 
I_--.-______- 

The instrument employed was t h e  Model NF-2 magne-. 

tometer rnanufac tured  by Sharp" I n:;-truments a d i v i s i o n  of 

Sc in t r ex  Ltd.  , Downsv icw,  Ontar io .  I t  opera-tes o n  t h e  f luxga te  

p r i n c i p l e  and measures the vzrtic;:.l- component of t h e  e a r t h '  s 

m a g  ne . t i c  f i e  Id., LJ 
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The MF-2 c i r c u i t r y  is temperature compensated t o  less 

than  1 gamma.' per  O C  froln - 4 0 ° C  t o  - t4.0°C and i t s  measureiwnt 

range i.s from -1-.100,000 gam-nas t o  -100,000 gammas. O n  t h e  most 

s e n s i t i v e  s c a l e  t h e  s e n s i t i v i t y  i s  20  gammas p e r  s c a l e  d i v i s i o n  

o r  a r e a d a b i l i t y  of 10  ganunas. 

Using t h e  la t i tu .de  ad j u s t  c o n t r o l  t h e  i n s t r u m e n t  was 

set t o  i t s  most s e n s i t i v e  s c a l e  a t  t h e  w e s t e r n  end. of t r a v e r s e  

l i n e  #I-. 

i n  less than  two hours .  No diurnal.. change was noted and no 

d i u r n a l  c o r r e c t i o n s  were app l i ed  t o  the  da t a .  

A c losed  loop s u r v e y  was completed back t o  t h i s  p o i n t  

Re su 1 t s a nd. D i s c u s s i 0 11 -- ~- 
The da ta  i s  p l o t t e d  i n  p r o f i l e  format a f t e r  page 3 .  

The h i g h e s t  1nagnetj.c anomsly, which reached a peak 

value of GOO0 gainmas was ,obta ined  o n  t r a v e r s e  l i n e  i l l .  The 

i n t e n s i t y  of t h i s  anoinaly sugges ts  t h e  presence of a magnet i te  

concent ra t ion  wi th in  100 f ee t  of ground su r face .  A r e s i s t i v i t y  

high and background I .  P. e f f e c t s  a r e  associ-ated with the anomaly. 

Two smaller  magnet;ic a.nomalies hat7ing maximum values  

of 2 ,500  gan1na.s w e r e  obtai-ne6 on t r a v e r s e  l i n e  # 2 .  A change i n  

t h e  background chargea .h i l i ty  va lues  i s  also noted near t h e s e  

t w o  anoinalies. The coincidence of both parameters may be 

re f l . ec t ing  a l i t h o l o g i c a l  con tac t .  

INDUCED POLARIZAT'ION SURVEYS -- -- 
~ n t r o d u c t i o n  and. Theory 

During t h e  per iod  October 3 - 5 ,  1.972 t r a v e r s e  l i n e s  

#1 and $12 were surveyed with a p o r t a b l e  time domain h a t t e r y  

powered ind.uced p o l a r i z a t i o n  u n i t .  The survey was. executed 

by A14AX personnel  w'ho concurren t ly  c o l l e c t e d  so i l .  samples. 

T h e  following year ,  during &lay 2 5  - 30, 1973  the 

north and south 3 : .  P. l i n e s  twre c u t  and then surveyed employing 

a frequency domain NcPhar P660 induced pola.rizati .on system, c4 

. . . ... . .. . _ _  , ..-. . , . . .. . ~ .  . . . .. . . . . ...... . - ,  . . ~ . .  . -  .~ . . . . . .  - . . . .  - 
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powered J3y a 2 .  5 I ~ i l o w a t t  motor gene ra to r .  This work was 

con t r ac t ed  t o  Dennis F. Morrison of Gravenhurst ,  Ontar io .  

I n  both surveys a 200 foo t  dipole-dipole  conf igu ra t ion  

was used. I n  the  f i r s t  survey only  t h e  f i r s t  s e p a r a t i o n  

measurements were taken,  while i n  t he  secoiid survey f i v e  

sepa ra t ions  were obtained (n=t;) . 
?'lie term indu.ced. p o l a r i z a t i o n  means e l e c t r i c a l  

p o l a r i z a t i o n  (i .  e .  sepa ra t ion  of charges)  induced J3y an app l i ed  

e l e c t r i c  f i e l d .  The cause of t h i s  p o l a r i z a t i o n  i s  changes i n  t h e  

m o b i l i t i e s  of ions  w i t h i n  a rock. A t  t h e  i n t e r f a c e s  b e t w e e n  

zones of d i f f e r e n t  m o b i l i t i e s ,  excesses  of d e f i c i e n c e s  of i ons  

occur.  'The concent ra t ion  gra .dients  develop%d oppose t h e  c u r r e n t  

f 1 . o ~  and cause a p o l a r i z i n y  e f f e c t .  When mineral  g r a i n s  block 

t h e  pore passages of rocks and a c u r r e n t  i s  appl ied ,  a concen- 

t r a t i o n  of ions  J2uilds up a t  t h e  e l e c t r o l y t e  (water)  -metal  

,. i n t e r f a c e  while awai t ing an electrochernica 1. r e a c t i o n  which 

m u s t  occur before t h e  e l e c t r i c  charge can be t r a n s f e r r e d  from 

an ion  i n  t he  e l e c t r o l y t e  t o  a f r e e  e l e c t r o n  i n  t h e  metal .  The 

f o r c e s  which oppose the  c u r r e n t  flow a r e  s a i d  t o  p o l a r i z e  the 

i n t e r f a c e  and t h e  added vo l t age  necessary t o  d r i v e  the  c u r r e n t  

ac ross  t h i s  b a r r i e r  i s  known as : 'overvoItage ' ' .  

I n  t h e  p u l s e - t r a n s i e n t  o r  time domain nethod t h a t  was 

employed, t h e  j -n te r faces  wi th in  t h e  rock were po la r i zed  by 

applying a s t eady  d i r e c t  c u r r e n t .  The c u r r e n t  was then ab rup t ly  

terminated and. measurement was made of t h e  small  decaying 

vo l t age  caused by t h e  po la r i zed  charges r e tu rn ing  t o  equi l ibr ium.  

i t  t a k e s  a f i n i t e  t ime t o  huiLci up overvol tages  and 

one f i n d s  t h a t  the irnped.ances of t h e s e  ZOiieS (V.?~rbuurg Impedhnce) 

decreases  with inc reas ing  frequency. 1 n the frequency domain 

system t h a t  was employed, t h e  decrease i n  t h e  WarJ3urg Impendance 

was measured I~etween current-  app1.ied a-t  0 .  3 h e r t z  ( A C  1) to 

c u r r e n t  appl ied.  at !5.0 h e r t z  (AC 2 )  , 

I 

... . . . . .  .. . . . . ~  _ _  . -~ . . .  . .. . . __ . - . . .. .... . ~ . .. ._. .. , . . - . . - .. 



R e s i s t i v i t y  inforination i s  u s e f u l  i n  i n f e r r i n g  over- 

burden depths ,  de f in iny  abrupt  l i t h o l o y i c a l  changes, and 

a s s e s s i n g  t h e  importance of any I.P. effects obta ined .  

1 nstruments ~1x3 Procedures - ~ - - _ _ _  

A M A X ' S  p o r t a b l e  I . P .  u n i t  was used f o r  t h e  f i r s t  

-survey on Traverse l i n e s  1 and. 2 .  The equipment c o n s i s t s  of 

t he  IPR-7 Newnont-type r e c e i v e r  ( 1 5  pounds) and t h e  IPC-7 2 5  

wa t t  b a t t e r y  powered t r a n s m i t t e r  ( 1 3  pounds) , The r ece iv ing  

d ipo le  c o n s i s t i n g  of a 200 f o o t  l eng th  of wire connected. t o  

porous po t s  f i l l e d  with a s a t u r a t e d  s o l u t i o n  of CuS04. The 

t ransmi. t t ing d ipo le  employed a 200 f o o t  lencjth of w i r e  connecting 

four  foot; s t a i n l e s s  s teel  rod e l e c t r o d e s .  
I 

Survey procedure requi red  four  men equispaced 200 f ee t  

a p a r t  along the l i n e .  Th.e advance inan prepared t h e  e l e c t r o d e  

s i t e  f o r  the lead poten-i; iaI e l e c t r o d e  by d?gying a s r n a 1 1  ho le .  

When moving t h e  a r r a y  the lead man advanced the p o t e n t i a l  

d i p o l e  wire t r z 7 o  hundred f e e t .  Tihe second man operated the 

r e c e i v e r .  €Ie  normally s i t u a t e d  h i s  e l e c t r o d e  i n  t h e  same s i t e  

t h e  lead  man prep.ared. Becausc d.iStailCe permi ts ,  t h e  r e c e i v e r  

ope ra to r  s i g n a l s  moves and. t r a n s m i t t e r  "onii  per iods  by voice.  

The t h i r d  m3.n ope ra t e s  the  t r a n s m i t t e r s .  He e s t a b l i s h e s  h i s  

cLixrrent e l e c t r o d e  and advances t h e  200 f o o t  c u r r e n t  d ipo le  wire, 

The t r a i l i n g  man prepares  the  second current;  e1ectrod.e s i t e .  

Using v i c e g r i p  p l i e r s  t h e  l a s t  two "cu r ren t ' :  men r e t r a c - t  t h e  

s t a i n l e s s  s t e e l  rods they  have Iiamrnered i n t o  the ground and 

r e u s e  them on the next set-v.p.  

Gn t he  second I . P .  survey c7 mul t ip l e  frequency domain 

ljlcPhar P G G O  induced p o l a r i z a t i o n  system was employed.  he 

t r a n s m i t t e r  is a manually v a r i a b l e  vol tage  source.  The output  

c u r r e n t  can be s e l e c t e d  froin both p o l a r i t i e s  and v a r i e s  froin 
. d i. r e  c t cu r r e  n t t o  automat i c a 1 1 y a I t e .r na t. i ng ou t p u t  f r q u e  nc ie s 

of 0.  OS, 0 .  I ,  0 .  3 ,  1. 2 5 ,  2 .  5 and. 5 .  0 h e r t z .  Por<?er was o b t a , i n e d  0 

... ~ . .  .. ...... 
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w 
from a 2-$ k i l o w a t t  - .?@O h e r t z  motor gene ra to r .  ?'he maximum 

output  vol-tabe i s  690 v o l t s  ~ The r e c e i v e r  i s  a potent iometer-  

type where the ampl i f ied  a.nd f i l t e r e d  s i g n a l  i s  conipared w i t h  

a r e fe rence  vol tage .  I t  i s  povered by s i x  8 V  a l k a l i n e  t r a n s i s t o r  

h a t t . e r i e s  and draws 7 . 5  m.a. 

Survey psocec?u.re requi red  t h e  p repa ra t ion  of a set-up 

p o s i t i o n  near the c e n t e r  of each l i n e .  The t r a n s m i t t e r  and i t s  

motor genera tor  power supply remained s t a t i o n a r y  a t  t h e  set-up 

posit j-on and wires i n  i nc reas ing  two hundred f o o t  i n t e r v a l s  were 

s t rung  ou t  i n  both d i r e c t i o n s .  Care was taken t o  e m u r e  t h a t  

the wires  were wel l  separa ted  -to prevent  induct ive  coupling 

e f f e c t s .  The ends of t h e  wires  w e r e  connected t o  alu.minum foil 

e l e c t r o d e s  which had been prepared e a r l i e r .  The r ece iv ing  

d i p o l e  c o n s i s t i n g  of t he .  r e c e i v e r  and a 200 foo t  "read" wire 

a l s o  u t i l i z e 6  the aluminum f o i l  e l e c t r o d e s  where p s s s i h l e .  

.. I-Iciwever, once the  r ece iv ing  d ipo le  moved p a s t  t h e  last f o i l  

emplaced f o r  t h e  t r a n s m i t t i n g  set-up, ground. connections were 

made v i a  porous p o t s  conta in ing  a s o l u t i o n  of copper su lpha te .  

Radio con tac t  between t h e  r e c e i v e r  cind t r a n s m i t t e r  opera.t ions 

; coordinated power ' 'on" and ' ' o f f "  per iods .  

- R e s u l t s  and Discussions -- 
The i n i t i a l  b a t t e r y  I.P. survey r e s u l t s  a r e  p l o t t e d  i n  

p r o f i l e  format on Figures  3 ( a )  and 3 ( b )  while t h e  l a t t e r  survey 

i s  p l o t t e d  i n  pseudosection format on Figures  4(a) and. S ( h )  . 
N o  s i g n i f i c a n t  c h a r g e a b i l i t y  va lues  were obtained w i t h  

t h e  b a t t e r y  equipment which e f f e c t i v e l y  t e s t e d  t h e  f i r s t  100 

fee t  below ground su r face .  The sane resul t  was obta ined  on the  

f i r s t  sepa ra t ion  of t h e  second survey however, t h e  north I . P .  

l i n e  i n d i c a t e s  a very we& anomaly on t h e  l a s t  two sepa ra t ions  

i n  t h e  v i c i n i t y  of 12+00\\1. Test ing  of t1ii.s c?nomaly i s  warranted 

on117 with f u r t h e r  cjeophysica1., geo log ica l  o r  geochemical support .  

 he source of t h i s  anoinalp i s  i n t e r p r e t e d  to be at. a dept.11 c;j 
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g r e a t e r  than  200 f e e t .  O n  t h e  southern 1.P. l i n e  a change i n  
i t h e  apparent  per  cen t  frequency e f f e c t  i s  noted on t h e  2nd t o  

5 t h  sepa ra t ions  j.ncl-dsive. A n  increase  i n  apparent  r e s i s t i v i t y  

accompanies t h e  change suggest ing a rock contac-t  o r  p0ssi.bl.y an 

inc rease  i n  t h e  depth of overburden t o  the e a s t .  The  su r f ace  

p r o j e c t i o n  of t h i s  t r a n s i t i o n  i s  a t  12-t00::7 on t h e  southern I.P. 

l i n e .  

GEOCHEMICAL SURVEY - 

A t o t a l  of 26 s o i l  sainples were c o l l e c t e d  a t  200 f o o t  

i n t e r v a l s  o n  t r a v e r s e  l i n e s  #1 and :#2. The sample s i tes  were 

nuinbered consecut ive ly  beginning with 72OLS-1 -to 72OLS-26 and 

t h e  s t a t i o n  p o s i t i o n s  have been noted along the bottom of t h e  

geophysical p r o f i l e s  i n  Figures  3 ( a )  and  3 ( h ) .  

The samples were anal.yzec1 in AMAX’ s Uurnaby l abora to ry  

f o r  Mo, C u ,  N i ,  C o ,  EJn, Fc%, Ag, Z n  and P b .  The ana ly t j -ca l  

r e s u l t s  a n d  procedures a r e  shown i n  Appcndix 11. 

Accepting a r eg iona l  th reshold  of 50 ppm C u ,  no 

anoiiialous copper values  were obtained.  

G . M .  ~ e ~ a o l - i ,  B;SC. 

July 1373 
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EAGLE CREEK - Amax P o t a s h  L i m i t e d  

Record Number Claim Number Due Date Group 

63675-63690 i n c l .  WA 1-16 i n c l .  J u l y  22,1.973 Red 

P e r i o d  of --- Work - October  3 ,  1972 t o  October  5 ,  1972 
Nay 25, 1973 t o  Flay 30, 1973 

1972 Sumnary of work - - Magnetometer Survey  - 5000 f e e t  
Induced P o l a r i z a t i o n  Survey  - 5000 f e e t  
Geocl-iemica 1. Survey  - 26 samples  

1973 Summary -__ of work - L i n e  C u t t i n g  - 1.1 l i n e  miles 
Induced P o l a r i z a t i o n  Survey  - 1.1 l i n e  miles 

Personne l  

G . M .  DePaoli  - 601-535 ‘I’hurlow S t r e e t ,  Vancouver 5 ,  B.C. 
--__ 

G e o p h y s i c i s t  O c t .  3-5/72 and May 28-30/73 
6 days  @ $54.00/day 

G . M .  Leary - 601-535 Thurl-ox S t r e e t ,  Vancouver 5,  B . C .  
G e o l o g i s t  O c t .  3-5/72 

3 days  @ $58.00/day 
Nick Sworyk - BOX 235, HOU.Stol’l, B . C .  

Labourer  O c t .  3&4/72 
2 days @ $26.49/day 

A l l a n  J o n e s  - Genera l  D e l i v e r y ,  Lac La. I-Iache, B . C .  . 
Labourer  O c t .  3/72 

1 day  @ $25.00/day 

Hay 25&26/73 ’ 
2 days 0 $43.00/day 

F . J .  Ferguson - 601-535 Thurlow S t r e e t ,  Vancouver 5,  A . C .  
G eo log i c a 1 T e  ch n i c i a n 

T . E .  G i l c h r i s t  - 7210 - 1 1 2  S t r e e t ,  North D e l t a ,  B . C .  
Jr.  . A s s i s t a n t  May 25,26,28,29/73 

D. R.  Florr ison - Box 418, Gravenhurs t ,  O n t a r i o  

Marcel  A r s e n a u l t  - Box 2 8 ,  R . R .  #3 Ahrams V i l l a g e ,  P . E . I .  

4 days @ $17, lO/day 

I P  C o n t r a c t o r  2. days  @ 220.00/day 

I P  He lpe r  2 dal7s 

Board - 2 2  man days  @ $10.00/day 

V e h i c l e  7 days C? $10.00/day 

I.nduced Po 1. a r i za t i o  n Re nta 1. 
S c i n t r e x  I D R - 7  Rece ive r  and IPC 25-~7a t t  Trans~nitter 
October  3-5/72 3 days  Q $40. 00/day 

-----___._ 

324.00 

174.00 

52 .98  

25.00 

8 6 . 0 0  

68.40 

440.00 

220.00 

70.00 

120 .00  
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Eagle Creek Statement of C o s t s  
P age 'l:'~.do - 
, I  , 

Mag ne t  one t e r R e  nt a 1 
S c i n t r e x  MF-2 October  3-5/73 

3 days  (3 $lO.OO/day 

G eo chem i c a 1. Ana 117s e s - .. - 
2 6  samples f o r  M o , C u , N i , C o , I i r l n , F e , A g , Z n , P b ,  and  

pJ1 every 4.th sample 8 $3.00/sample 

Repor t  P repa ra . t i on  and Drafting 

.- 
_ I  

L 

3 0 . 0 0  

7 8 . 0 0  

200 .00  ---_ 
$1,888.38 

2iib-mining Recorder 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .. .- ................ ... .- 



APPENDIX I1 



INDUCED POLARIZATION SURVEYS 

. .  - .  
. . .  . .  . .  . . . . .  . . .  . . . .  - 

AMAX E X P L O R A T I O N S  I R C .  /cq-- 
L.. . 601-535 THURLOW S T R E E T ,  

V A N C O U V E R ,  B R I T I S H  C O L U N E I A .  

\ I n  .account with D . F .  M O R R I S O N ,  BOX 418 ,  G R A V E N H U R S T ,  OKT. 

TO I. p. S U R V E Y :  id@. 

2?7Z . fl+>29,7 27) / 9 3  

6 A  O P E R A T I > J G  D A Y S .  

6 B  S T A N D B Y  AND T R A V E L  D A Y S .  0 
NUMBER OF O P E R A T I K G  D A Y S  2 @ $220,00 p e r  day = 993 

S T A N D B Y  D A Y S  L__. D @ $110.00 p e r  day  = 8. 
NUMBER OF T R A V E L  AND \ 

S U B  T O T A L  OF B A S I C  FEES 

7 A  E X P E N S E S  R E C E I P T S  A T T A C H E D  

P l u s  1076  Overhead 

T O T A L  E X P E N S E S  

7 B  S A L A R I E S  R E C E I P T S  A T T A C H E D  

0. II- 

AP'IOUNT D U E  

P.O. BOX 418, GRAVENt 

. . .  

3 

.. . . . . . . .  ,..- . .  .. - 

. . . . . . . . . . . . . . . . .  . . -  . ~. 

L 



Fx-occd~~.res fo r  Col.1.ection and Processing 

0 E Ge 0 c.11 em i c a. 1. s a13p 1.. e s 
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m i n e r a l i z a t i o n  is avoidec7.. 





i v  

ANALYTICAL PROCEDURES _-- -- 

Sl l -vcr  
1. Scope - T h i s  p r o c e d u r e  c o v e r s  a r a n g e  of s i l v e r  i n  t h e  sample 

f rom less t h a n  . 5  t o  1000 ppni 

2 .  

3 .  

Sununary of  Method - The s a m p l e  i s  t r e a t e d  w i t h  n i t r i c  a n d  per- 

c h l o r i c  ac id  m i x t u r e  t o  o x i d i z e  o r g a n i c s  a n d  s u l p h i d e s .  T h e  

s i l v e r  t h e n  i s  p r e s e n t  as p e r c h l o r a t e  i n  aqueous s o l u t i o n .  Tne  

c o n c e n t r a t i o n  i s  determined by atomic a b s o r p t i o n  s p e c t r o p h o t o -  

met e x  

I n t e r f e r e n c e s  - S i l v e r  b e l o w  1 g a n m d m l  i s  n o t  v e r y  s t a b l e  

i n  s o l u t i o n .  

v e n t s  s i l v e r  b e i n g  absorbed o n  the  g lass  c o n t a i n e r .  

M a i n t a i n i n g  t h e  s o l u t i o n  i n  20% p e r c h l o r i c  ;?re- 

D e t e r h i n a -  

t i o n  m u s t  be  c o m p l e t e d  o n  t h e  same d a y  as  t h e  d i g e s t i o n .  

S a m p l e s  h i g h  i n  d i s s o l v e d  so l ids ,  e s p e c i a l l y  c a l z i u m ,  

c a u s e  h i g h  b a c k g r o u n d  a b s o r b a n c e .  T h i s  b a c k g r o u n d  a b s o r b a n c e  

m u s t  b e  corrected u s i n g  a n  a d j a c e n t  A g  l i n e .  

S i l v e r  AA S e t t i n q s  P . E .  290 

Lamp - A g  

C u r r e n t  4 m a  p o s i t i o n  3 

S l i t  7 A 

W a v e l e n g t h  3231A D i a l  2 8 7 . 4 .  

/ 

Fuel - a c e t y l e n e  - f l o w  - 1 4  

O x i d a n t  - a i r  - f l o w  - 1 4  

B u r n e r  - t e c h t r a n  AB--51 i n  l i n e  

Maximum Conc .  3 t o  4x . .  



V 

Ca I. i br a t  ion 

1. S e t  1 gamma/ml t o  read 40 equiva len t  t o  20 gai-,ma/gr,I 

' Factor  4- :i nieter r ead ing  

Check s tandards  

48 10, 20, 40 ppm A g  i n  sample 

2 .  S e t  1.5 gamma/iiil t o  100 equiva len t  t o  100 ppm 

Check s tandards  . .. . 

Factor  d i r e c t l y  i n  ppm A g  

3 .  Rota te  burner t o  maximum angle  , 

S e t  1 0 . 0  yamma/ml A g  t o  r ead  100 

Check s tandards  

-1. ..? 

Factor lox s c a l e  readi<ng 

4.  Samples higher than  1000 ppm should be re-analyzed by assay 

procedure 

5 .  Background c o r r e c t i o n  fo r  sample r ead ing  between 1 t o  5 pprii 

C a l i b r a t e  AA i n  s t e p  1 

Dial  wavelength t o  300 (peak) 

Read t h e  samples again 

Sub t rac t  t h e  background reading  from the f i r s t  read ing  

S t a nd a r cl s 

1. 1000 garma/ml. A g  - 0 . 7 2 0  ~ L I  Ay2SO4 d i s s o l v e s  i n  2 0  n i l s  €11~103 

and d i l u t e  t o  500 mls 

2 .  100 yanuiia/nil A g  - 10 r n l s  of above 4- 20 mls I I C l O q ,  dilute to 

1. {J 3 lit1 S 



3 .  Recovery  spiked s tandard 

5 ganuua/r-,l Ag - 5 mls 100 gamma/ml d i l u t e  t o  100 n1.s w i t h  

"mixed" a c i d  

W o r k i n g  AA S t a n d a r d s  

. pipetee .2, . 5 ,  1, 5 ,  a1.lcl 2 ,  S rills 1.000 

ga.nuna/nll d i l u t e  t o  100  mls w i t h  20% I I c l O 4 .  T h i s  ecp - i iva l en t  t o  

4, 10, 20, 4.0, 1-00, 200, 4.00, ' arid 1000 pprri A g  i n  t h e  sample .53 g m  

d i l u t e d  t o  10  mls. 

R e c o v e r y  S t a n d a r d  

1- y 

P i p e t t e  2 mls of - 5  gai;aia/ml- A g  i n  mix a c i d s  i n t o  a sample a n d  

c a r r y  t h r o u g h  t h e  d i g e s t i o n .  T h i s  s h o u l d  g i v e  a r e a d i n g  of 20 

p p m  A g  -I- o r i g i n a l  sa'nple c o n t e n t .  

Follow t h e  general  g e o c h e m i c a l  procedure for sample p r e p a r a t i o n  

and  d i g e s t i o n .  

For l o w  assay Ay, t h e  same procedure i s  u s e d .  

l a t e6  i n  oz/ton. 

A g  i s  t h e n  c a l m -  

1 '1 ppm = . 0292  o z / t o n  

c o n v e r s i o n  fac tor  

oz / ton  = , 0 2 9 2  x ppm Ag 



Zn Gcochcni ical  AA S e t t i n q  -_ 

Lamp Zn 

I C u r r e n t  3 # 3  S l i t  20A 

Wave l e n g t h  2138 D i a l  8 4 . 9  

F u e l  - A c e t y l e n e  Flow 1 4  

O x i d a n t  - A i r  Flow 1 4  

B u r n e r  - P . E .  s h o r t  p a t h  90° 

Range  

0 - 2 0  ganma/ml Facto;'  4x - 0 t o  400 ppn 

0 - 50 ganuna/ml F a c t o r  l ox  -0 t o  1000 ppm 

For Waters - B u r n e r  AB- 51 in l i n e  1 garrma/ml r e a d  100 t o  g i v e  0 
? 
G 

to 1090 ppb 

High  Zn B u r n e r  B o l i n g  i n  l i n e .  W a v e l e n g t h  3075. Dial .  250 S l i t  7 A  

F u e l  1 4  A i r  1.4.5 . .  

0 t o  1000 yamma/nll read 0 t o  20 F a c t o r  400 x 

P u r e  S t a n d a r d  10 ,000  garmna/ml 

1 gm Zn d i s s o l v e d ,  H20, HC1, HNO3, HC1.O4, fumed t o  H C l O 4  - 

make u p  t o  100 nils H20 

1000, 3.00 yamrna/n~l- a n d  1 0 0  ml by d i l u t i o n  i n  20 % €IC104  

0 t o  200 gartma/nd Zn use  combined  Cu, N i ,  C o ,  Pb, Zn s t a n d a r d s  

P i p e t t e  

1, 2, 3 ,  5, 8, 10 m l s  of 10,000 gamma/ml - d i l u t e  t o  100 n t l s  

w i t h  20% ~ ~ 1 0 4  t o  g i v e  

1 0 0 ,  200, 300, 500, GOO, 1000 gar,una/nll Zn for  h i g h  s t a n d a r d s  

d 

. ._ . ..~ . . . . _ _  ., . . -. .. . ...... _ _  . . . . ., . ;--... _- . .  ... 
.i _ _ _  .... - - - - 



v i i i  

C o  Geochemical. AA S e t t i n q  

Lamp - 5 n i u l t i  element 

C u r r e n t  1 0  #4 S l i t  2 A  

Wavelength 2407 Dial- 133 .1  

F u e l  - Acetylene Flow 14 

Oxidant - A i r  Flow 1 4  

. .  . -_ 
B u r n e r  - AB 51 i n  l i n e  

Range 

0 - 10 gamma/ml read 100 Factor 2 x reading  t o  200 ppm 

0 - 20 ganma nil read  100 Factor  4 x reading  t o  4.00 ppm 

B u r n e r  a t  maximum angle 

0 - 100 gamma/ml read 100 Factor  2 0  x reading  t o  2000 ppn 

0 - 200 garmna/nl read  100 Factor  40 x reading  to 4000 ppm 

Standards - 1000 gamnia/rnl 

1.000 gm c o b a l t  metal  d i s so lved  i n  HCl, HNO, and fumed i n t o  

HC104, d i l u t e  t o  1 l i t e r  

P i p e t t e  

1, 2, 10, 20  m l s  i n t o  100 ml vol f l a s k s  d i l u t e d  t o  ruark 

w i t h  20% HC104 

T h i s  g i v e s  

I, 2, 5 ,  10, 20, 3 0 ,  50 ,  80,  100, 150, 200 ganirna/ritl a r e  Gsed 

for  c a l i b r a t i o n  

. .._ .. .__ .. ,. . . . .. .. . .. . . -- ..--.- -- , '  - . _ _  ~ _.._..__.__..__C__I..____ ...... . - - .. 



1c x 

M n  Gcoc1ieinic;ll A A  S e t t i n q  

Lamp M u l t i  eleniellt C a r  Ni, C o ,  Mn C r  

C u r r  i n t  10 $4 S l i t  7 A  

Wave l e n g t h  4 0 3 0 . 5  Dial  425.2 

Fuel - Acetylene Fiow 1 4 . 0  

Oxidant - A i r  Flow 1 4 . 0  

B u r n e r  - P . E .  s h o r t  path (or  AB 50)  

Range 

0 - 100 garmia/ml Factor  20x - 0 t o  2000 ppri~ 

0 - 200 garWta/nll Factor  40x - 0 t o  4000 ppm 

Burner 90° 
6- 

0 - l O C l 0  gan;nla/rill Factor -_ 200x - 0 t o  2 i ) , O O O  pprii 

0 - 2000 gamma/rril Factor 4OOx - 0 t o  40,000 ppm 

EDTA Ex t rac t ion  - use AB 5 1  i n  l i n e  

0 - 20 gamma/ml Faztor 4x - 0 t o  400 ppm 

Standards 

F i s h e r  10,000 ganuna/nd ( n i l  ) 

l o x  Di lu t ion  1006 gamna/nil 

P ippe t t e  

m3.s w i t h  20% HC3.04. T h i s  g ives  



Mo G e o c h e ~ ~ , i c a l ~  AA S e t t i n q  

Lamp ASL H/C No 

C u r r e n t  5 #5 S l i t  7 A  

W a v e l e n g t h  3133 D i a l  2 6 0 . 2  

F u e l  - A c e t y l e n e  F low 1 2 . 0  t o  g i v e  1" red f e a t h e r  

O x i d a n t  - N i t r o u s  o x i d e  F low 1 4 . 0  

. .  

. .  

. .  

. *  B u r n e r  - AB 50 i n  l i n e  

C a u t i o n  r e a d  t h e  o p e r a t i o n  u s i n g  N20 a n d  a c e t y l e n e  flame a t  

e n d  of g e n e r a l  AA p r o c e d u r e  

Range  

0 - 10 ganuna/l-rll F a c t o r  2x  - O t o  200 ppm 

Rotate b u r n e r  t o  iiiax. a n g l e  

0 - 50 gantnla/ml F a c t o r  1 0  x 0 t o  1000 ppni 

0 - 100 garruna/ml F a c t o r  2 0  x 0 t o  2000 ppin 

S t a n d a r d s  1000 :g&ila/nll . 

D i s s o l v e  .750 p s  Moo3 (ac id  m o l y b d i c )  w i t h  20 r i l l s  H,O, 6 

lurilps NaCH,' when a l l  d i s s o l v e d ,  

100 ganmia/ml - 10  x d . i l u t i o n  

P i p e t t e  ' 

add 20  rnls HC1, d i l u t e  t o  5 3 0  r n l s  

.2, . 5 ,  1, 2, 3, 5 ,  G ,  10 mls of 100 ganma/rid 

2, 3, 5 ,  8 ,  10 rnls of 1000 ganuna/ml add 5 m l s  I-O% ALCI-3 
-_ 

and d i l u t e  to 100 mls with 20% HC104 

T h i s  g i v e s  

.2, . 5 ,  I, 2, 3,  5, 6 ,  10, 20, 30, 50, 80, 100 ganima/Iiil No 



Fc Gcochcn;ical R A  S e t t i n g  

L a n i p  - Fe 

- D o  n o t  u s e  m u l t i  e lernent  Fe 

C u r r e n t  10 #4 S l i t  2A 

W a v e l e n g t h  3 4 4 0 . 6  D i a l  31 7 . 5  

F u e l  - A c e t y h l e  F low 1.4.0 

O x i d a n t  - A i r  Flow 1 4 . 0  

B u r n e r  - PE S h o r t  P a t h  93' 

0 - 5000 cjanlma/nil- 0 . 1  x "/o - 0 t o  10 .0% 

0 . 2  x % - 0 t o  20 .0% . 0 - 10,000 g a n u n a / m l  

H i g h c r  Fc - 1 0  x d i l u t i o n  

S t a n d a r d s  1.0, ooo g a n u n a / n d  ' 

Weigh 5.000  IS i r o n  w i r e s ,  i n t o  b e a k c r ,  add H20, F K l ,  KNO3, 

H c 1 0 4 ,  h e a t  to 13clO~ furies. 

H20, w a r m ,  d i l u t e  t o  500 r J s  

Add .€IC104 t o  100 mls + 3.00 n J s  

P i p e t t e  

1, 5, 10, 20, 30, 50, 80  n l l s  10 ,000  ganm~a/ml d i l u t e  tp 100 . 

1. rnls w i t h  20% ~ ~ 1 0 4  t o  g i v e  

100, 500,  1000, 2000,  3000, 5000, 8000 gar[utia/n,I  t o  be 

e q u i v a l e n t  t o  . 2 ,  1 . 0 ,  2.0, 4.0, 6 . 0 ,  10.6% 16.0% Fe i n  g e o c h e n i  

s anipl e 



Lzmp P . E .  H/C. N i  or niuI.ti e l e m e n t  Cu, N i ,  C o ,  Mn, C r  

Cur  r e n t L 0 #4, S l i t  2A ’ 

Wave l e n g t h  3415  Dial .  3 1 2 . 5  

FEle - A c e t l y l e n e  Flow 1 4 . 0  

O x i d a n t  - A i r  F low 1 4 . 0  

. B u r n e r  AB 51 i n  l i n e  

Range  

0 - 20 ganuna/lnI. F a c t o r  4x - 0 - 400  ppm 

0 - 1 0 0  ganuna/ml F a c t o r  2C)x - 0 - 2000 gamma 

. .. * 

45O 0 - 200 ganma/mI. Factor 40x - 0 - 4000  ppni 

0 - 500 garnma/nil Factor l O O x  - 0 - 10,000 ppni 

N i  i n  w a t e r s  a n d  v e r y  l o w  r a n g e s  

Wave l e n g t h  2320 D i a l  1.13 

Range  0 - 5 gcuilina/ml F a c t o r  lx - 0 - 100 ppm 

S t a n d a r d s  l o ,  000 garrma/nd- 

1 .000  cJln pure N i  m e t a l  d i s s o l v e d  i n  HC1, HNO3, HClO4 t o  

perchloric fumes ,  d i l u t e  t o  100 rid H20 

1000 gcmina/ml a n d  100 g a n m ~ a / r d  S u c c e s s i v e  l o x  d i l u t i o n s  i n  20% HC1( 

1, 2, 5 ,  8, 10  n i l s  of  100  ganma/nIl 

2, 5 ,  9, 10 mls 1000 garrtnia/nll 

. 2, 5, 8, 10 n i l s  10 ,000  gsnmm/ml - d i l u t e  t o  100 m l s  i n  20% 

~ ~ 1 0 4 .  T h i s  g i v e s  

I., 2, 5, R ,  10, 20, 5 0 ,  8 0 ,  100, 200 ,  500,  300 ,  1009 y~ ima / ln l  1 

I Conibincd S t a n d a r d s  - Cu, N i ,  C o , ’  Pb, Zn i s  u s e d  a s  a w o r k i n g  

s t s n d a r d  



5 m u l t i  c lement  

C u r r e n t  10 for m u l t i  element H4 S l i t  7 A  

4 for  s i n g l e  #3 S l i t  7A 

Wavelength 3247 Dial. 280 

Burner Tech t ron  AB 53. (For  Cu i n  ;Ia@ural waters) 

F u e l  Ace ty lene  Flow 14 

O x i d a n t  A i r  F l o w  1 4  

R a n g e  

0 - 5 garmna/nd 

0 - 20 gcmna/nil F a c t o r  4x t o  400 ppni 

F a c t o r  lx t o  100  ppm ( for  l o w  Cu) 

Burner 90 

0 - 200 gamnia/ml F a c t o r  40x t o  4000 ppm 

Wavelength 2492  D i a l  147  

Burner i n  l i n e  

Range 

0 - 1000 gamma/ml Factor 2OOx t o  2 0 , 0 0 0  p p m  

0 - 2000 gamma/ml F a c t o r  400x t o  40#000 ppni 

Higher  range t h a n  40,000 ppm r e q u i r e s  l o x  d i l u t i o n  

S t a.nd a r  d s 

10,000 gamma/ml 

. ..,. 

. .  

1.000 g n ~  metal powder, H20, Hdl-, HNO3 u n t i l  d i sso l .ved ,  add 



X i v  

1000 gamm/nil l o x  d i l u t i o n  a b o v e  i n  20'$ I-IC104 

2000 garcuua/ml 20 nils 10, 000 g*anuna/n~l - d i l u t e  t o  100 nls i n  

20% HCIOq 

100 gamnia/niJ. l o x  d i l u t i o n  1000 garrma/ml d i l u t e  t o  100 r n l s  i n  

20% ~ ~ 1 0 4  

200 ganuna/nil l o x  d i l u t i o n  2000 gamiia/rr,l d i l u t e  t o  1 0 0  mls i n  

P i p e t t e  

1, 2, 3, 5, 3, 10 mls 100 garma/nil - d i l u t e  t o  1 0 0  m l s  w i t h  

20% H C I O ~  t o  g i v e  1, 2, 3, 5 ,  8, 10 ganma/ml 

C o m b i n e d  s t a n d a r d s  Cu,  Ni, co, pb, Zn 

1, 2, 5 ,  10, 20, 30, 50,  80,  100, 150, 200 gamma/ml 

. .  . .  
. .  . .  . 

. .  . .  
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Pb Gc>ochcmical AA S e t t i n q  

Lamp ASL II/C ~b 

C u r r e n t  5 nia  S l i t  7 A  

Wzve l e n g t h  2 0 3 3  D i a l .  238 

Fv.el - ac.ety1.ene Flow 1 4  

Oxidant - a i r  Flow 14 

B u r n e r  AB 51 in l i n e  ... * 

Range  

0 - 20 ganarta/n13. t o  read 0 t o  8 0 .  Factor 5x 0 t o  560  pprn 

0 - 200 garima/rd to read 0 t o  80. Factor 50x 0 to 5990 ppiti 

1.000 pure m e t a l ,  d i sso lve6  i n  31ii103, fumed t o  I - I c 1 0 ~ ~  make ~p 

t o  100 n i l s  i n  20% HC104 

1.000 ganuna/nll and 100 yanlr;la/ml Successive lox d i l u t i o n s  i n  

P i p e t t e  

2, 5, 8 ,  10, 20  r n l s  lo00 gzr;;nia/nil d i l u t e  t o  133 mls i n  20% 

HClOr;. t h i s  g i v e s  

Combined S t a n d a r d s  Cu, N i ,  C o ,  ' Pb ,  Zn, are u s e d  as w o r l c i n g  

s t a n d  ar d .s 

. ........ ... ..... ...... ................................................ ...... ...... .............. . -  , ,.z-*-- -. - ___________I-_.-..___-_._. ._I..-_ 

. I  



\V i n  so i l s  a n d  S i l . t s  

Reagents and a p p a r a t u s  

T e s t  t u h e c  - p y r e x  d i sposable  

T e s t  t u b e s  - s c r e w  cap 

Bunsen  B u r n e r  

Flux - 5 p a r t s  N a 2 C 0 3  

4 p a r t s  NaCl. . .  

1 p a r t  m03 p u l v e r i z e d  t o  -80 mesh 

7% SnC12 i n  70% H C 1  

20% KSCN i n  H20 

E x t r a c t a n t  - 1 p a r t  t r i - n - b u t y l  p h o s p h a t e  

9 p a r t s  carbon t e t r a c h l o r i d e  -_ 
S t a n d  a.r ds 

.18 gnis Na2W04 2H20 d i s s o l v e d  i n  H 2 0 ,  make up to 100 r n l s  

100 ganurta/ml, 10 garima/ml by d i l u t i o n  

S t a n d . a r d i z a t i o n  

P i p e t t e  .5,  1, 2, 3, -5, 8, 1 0  rr i l  o f  10 garnma/lr,l 

and  1 . 5 ,  

c o n t i n u e  f r o m  s t e p  #4 

2 rnls o f  100 ganuna/ml - d i l u t e  t o  10 mls 

A r t i f i c i a l  colors - Nabob pure Lemon E x t r a c t ,  d i l u t e  w i t h  1:l 

e t h a n o l  and w a t e r  t o  m a t c h .  T i g h t l y  sea l  t h e s e  for p e r n , a n e n t  

s t a . n d a r d s  

P r o c e d u r e  

1. Weigh 1 . 0  g ram sample, add 2 gni f l u x ,  mix 



2 .  

3. 

4. 

5. 

6. 

7 .  

8. 

9. 

10. 6 

S i n t e r  i n  r o t a r y  for 2 t o  3 m i n u t e s  ( F l u x  dull read  for one 

m i  nu t e ) 

Cool, add 1 0  m l s  H20, h e a t  i n  sand b a t h  t o  b o i l i n g ,  cool., l e t  

s i t  o v e r  n i g h t  

S t i r ,  c r u s h ,  a n d  mix. L e t  s e t t l e  

T a k e  2 n i l  a l i q u o t  i n t o  screw cap t e s t  t u b e  

A d d  7 n i l s  SnC12, h e a t  i n  h o t  w a t e r  b a t h  for  5 m i n u t e s  ( 8 O o C )  

C o o l  t o  less t h a n  1 5 ' C  

A d d  1 m l  20% KSCN, m i x  ( i f  lenrnon y e l l o w ;  conipare color 

0 

s t a n d a r d  l o x )  

Add $ m l  e x t r a c t a n t , ' c a p ,  

Compare color 

s h a k e  v i g o r o u s l y  1 minu t , e  

. -  



&5oI..;Ibdcnun i n  v?c.ter S ~ . I t i ? ~ 1 . ~ ~  

I-. Tsransfcir 50.1nls  t o  1.25 s e p a r a t o r y  f u n n e l  

2 .  A d d  5 n i l  .2% f e r r i c  c h i o r i d e  i n  c o n c  I-IC]. 

3 .  add 5 r n l s  05 mixed  YSCN a n d  SnCI2  

4 .  P d c ?  1 . 2  mls i s o p r o p y l  e thcr ,  s h a k e  for 1 m i n u t e ,  an?  a l l o v  

p h a s e s  t o  s e p a r a t e  

5. D r a i n  o f f  w a t e r  

6 .  Co~ipare t h e  color of e x t r a c t a n t  

S t a n d a r d i z a t i o n  

P ipe t te  0, .2, . 5,  1, 2, 3 ,  4, 5 ,  rnls '0 ;  1. garma/ri:l. and  1, 1. 5 ,  

2, rnls of 10  gairuna/nil d i l u t e  t o  50 mls w i t h  d e m i n e r a l i z e d  H20, a n d  

c o n t i n u e  s tep #2. 

!I?, i 8 e q u  iv a 1 e n t t o  -_ 

1, 4, 1-0, 20, 40, 6 0 ,  30 ,  100, 200, 3 0 0 ,  400 ppb 140 

A r t i f i c i a l  color - Nabob o r a n g e  e x t r a c t  d i l u t e  w i t h  1:l H20 t o  
_. . 

m e t h a n o l  t o  r m t c h .  Seal- t i ~ h t l - y  

SnC12 - 15% i n  .15% HC1 

300 gm SnC12 . 2 H 2 0  $. 3130 r n l s  HCI., u n t i l  SnC12 dissolvec? 

d i l u t e  t o  2 l i t e r s  
-_ 

KSCN - 5% i n  H20 

Mixed SnC12 - KSCN 

3 paf t s  SnC12 t o  2 p a . r t s  KSCN 



x i x  

. -  

WatCr Sarnples R u n  for AA 

3 . Cu - 2 cjamn!a/~cil r e n d s  80 sca1.e therefore  1 u n i t  -1 2 5  pp!3 

2 .  Zn - 1 ganuim/ml reads  f u l l  sca le  the re fo re  1 u n i t  = 10 ppb 

3 .  Ni - 2 . 5  ganuna/nil reads 50 scale t he re fo re  1 u n i t  = 50 ppb 

B u r n e r :  I.oncj s l o t  t e c h t r o n  b u r n e r  i n  l i n e  

. ..,. . .  

I . .  . .  . 

, .  

, 



XX 

S u l p h a t c  i n  Natural. Waters 

1. p i p e t t e  0 . 5  m3. su lpha te  reagent  mix i n t o  a c o l o r i m e t r i c  tube  

2 .  A d d  5 nl water saixple and mix 

3 .  Read at 343 F a g a i n s t  a demineralized watcr b l a n k  

' 4 .  R e a d  again a t  403rwnd s u b t r a c t  from su lpha te  reading 

5 .  Calcula te  ppm SUI-phate froin t h e  graph 

Reagent 

Dissolve 54. grams r e d  mercuric oxide ( J . T .  Ba?rer 2620- Can Lab) 

in 3.85 m l  70% p e r c h l o r i c  a c i d  and 20 n i l  1-120, shake for one hour .  

A d d  46.3 grams fe r r ic  p e r c h l o r a t e  r Fe(C104)3 . 6 H 2 0  I 

(GFS 39) and 47. grams. aluminum p e r c h l o r a t e  L A 1  (C104.) 3 . 3H20 1 
( G P S  2 )  Add 400 

i n t o  b o t t l e  and 

m l  w a t e r  t o  d i s so lve ,  let settle overnight ,  decant  

make to, 1 l i t e r  
I .  

. - - -  . ...-. 



, xxi 

p H  fiEASUREMENTS 

S o i l  and dra inage  sediment samples are dampened w i t h  

. w a t e r  i n  a glass  beaker t o  a p a s t y  cons is tency .  Demineralized 

w a t e r  i s  used for t h i s  purpose as it h a s  a l o w  b u f f e r  capacity 

and t h u s  does n o t  i n f l u e n c e  t h e  p H  o f ' . t he  sample. Measurement 

i s  made wi th  a F isher  Acumet pH meter. E lec t rodes  are stored 

i n  bu f fe r  ove rn igh t .  A 30 minute w a r m  up t i m e  i s  allowed for 

t h e  ins t rument  each niorning. A 1 0  ni l  a l i q u o t  i s  taken  from 

w a t e r  samples for p H  measurement. 
I 

. .  

, 












