Handbook of Exploration Geochemistry

VOLUME 1

Analytical Methods in
Geochemical Prospecting

Dy

W.K. FLETCHER
Associate Professor

Deoartment of Geological Sciences
_nwversity of British Columbia, Vancouver, B.C., Canada

Z_SEVIER SCIENCE PUBLISHERS B.V.
Zmsterdam — Oxford — New York 1981




CONTENTS

Editov’ SiRoreworth L s non o 5o 2o e aiiss s 500 s ¥ g e asies @ @sl s s il i s A%
Prefate g BRUBEL N 1o i st Bl e o 0 w5 b RS S e AR e S IX
CHAPTER 1. INTRODUGTEION . . e se ik = s 3 0nimoms od 5 5 8 a5t aiee 6 s 1
Analysis of exploration samples: choiceof methods , . . ... ... ..o i 5
Geocheimcal ConsIAerabions) . coap b mw b & o 5 5 e weanane ©e = & o e st 5w o 5
Analytical and organiZzational considerations . sme s 6 v 5% 8 Gl §ale o 10
Repoiiini FosttnlUN 8 8 st cesmrieatnls o alk st p i el T v e 21
SAFetY . . ;o o A A s B e e RS S s Sl 23
25

25

27

27

30

32

Laboratory sampling . . . « 45 9o s & 6 5008 5 AEkEms 8 8 8 5 R e S ieeE e e e S e 34
PSRRI IC CEVGTS o o o ar o0 o s ne & 0 ol b SN et B R B A e e e w4 e 41
REAMINALION - - . . Y5 GG TR IS S P B S R e Y 5§ Y R e e e 42

BEEE .. . oo i B 2 amalrotaiem sk o AL BN TR L T 42
Physical and chemical interfeYences . .. .. p cvws v vu s i smme s s o 42
atrol and monitoring of systematic errors . . . . . . . o .. c s e e e e s 42
DECSERCY Cosai s v R R B BN SRR e RS § B 2 e e A DA e N 45
ity CONtrol ProEramimie ., . o v.- « o o = o o e comoen v = o m e w s b ae o b e o 46
HAFTER 3. SAMPLE PREPARATION . . ¢ . oo st ol v e e Bropeisi s & 6804 50% 53 47
AR . . ... s s e e N e S Bl e 47
puration of rock samples . . . o.o.ovv v s e s e e e s s s e e e e s ke ey 48
Beals and sedimients « . . . .ot n b6 6 E e e B R e ) 4 e e Sk 50
T R e pp—— RO R pl) L 52

BRBEES - . . cco sl i a s e e R RS A e B G T AN e g S RS 52
"TER SAMPLE DECOMPOSITION-SOLUTION TECHNIQUES . .. ... .. 57
.......................................... 57



XII

et lie ATl 27Ty AL L S R N R g LI O T
BRI s Al il Sl ol = o R E saats § % B Akl ) b el ks
Par ol et rarbIrons o n o o net R e e B s e et w9 R e a e A ¥ 8 B R
Applicatipnitc BEATOCR EATRPIEE ! e 5 5 v = o & = 4 @ s s 208 a8 B e w v A
Applicationtosailsand sediments . . ... ..« v vv b nnn Baae n s mse s b s
Summary

CHAPTER 5. COLORIMETRY AND RELATED TECHNIQUES . . . ..........

Ik eae i etion WAL e e ey Teene e Sildisdanie v 5w 0w 0 e T e s T TSRS S
EOlOEIBEERr ot e v e s SR % RS SR B S e B = 6]
B LG et R R e vl s 13 0 % e ) s o e g o ST SR S M
Furbidimetrio et Rads] o s aiaid E w # 2 e E s 4 Genatu e e el e i el A

CHAPTER 6. ATOMIC ABSORPTION SPECTROPHOTOMETRY . ..........

TROOARBEIEN Lttt srondos b totaa s o aldeaon wrahidan & B e o AR W ALY
S Yo SRR e R R R s e e o iy s o G A AR E F 6 R b 2N ahy
ISP OETDAB UGN rrecavall 51150 A8 60 2 ' Foasmsma ol ol & & & G T MCNVANAZ AL A B B Ak ¢ B N e 4 e W S
IHEHEREEONECR o5 i s v 0 movms & & 556 8 5 & el a b v o & 6 4l alas e & 6 6o 4 =
Produetreninluiomic VaRoUE 0 00 s o v a im0 e e s e 5w o e e s el w e s S
e TR o B [l U o T e R G T RTTI RR
Detection and readout systems. . . . . o 0 0o i i e e e e e
AR A DR L e i AR W 8 6 W % W e B E a8 9 el sy W O
Flare atomIc ShSOIPEBIL. .« « & s o 5 a6 o 8 9 i s s s 5 88 % w0 S gl e xia w08 T
Blectrothermal atomiZation .. coou o« o w6 o 6 5 5 wime s @ o 8 a0 8 fcses w g e eI
IV HENBEALION 5 & 6% b o o ebinid, & v s § 7 3 G 3 %55 00 E 800 e T e
Determination of mercury by flameless AAS . . .. v v o vv s 5o s nie slad s
Indirect determinations of elements by AAS . ., .. o0 v v i wt almmas slaas «sa

CHAPTER 1. EMISSION BPECTROBCOPY . : i «wm sl b & eitasss s o5 50 bk

INBFOICHDI fie i s sn & 5 4 waies 85 8 W @5 b & U TR o Re SRR e e w w w
DY ORNE DI s e e s 15 % 0 s o ¥ %m0 % w0y ol e AR 0L P i 5 5
Flame emission SpectbosBOPY. wive s ¢ 5 & 5w & & 5 % s w0 m o HERa: tale! & 1 Wi e 8 s
Semi-guantitative DC-arc spectroSCOPY . v o v v v 0 o mieimis 4 s 8 a0 s a5 ¥ 55588 s e
GURIPIIGAT Lo s v 2 2 5 8 moas w & @ w8 45 o s R D E e B e e
DDErABINE CONMIIONE . - .« 5 vesosw b5 s & 5 5 6 an R Rl BhE 5 5 @e e 4 & s 45 % A=
Standards for semi-quantitative DC-arc spectroscopy . . . . v v v v v v v v oo 0o vn
ANITHIEOF kDO WIIE & & 5 s wes 55 o 6 & ¥ 4 & 0w els il @ % alElEiE S 5o s 2N N e
Ditsct-reading T0-are: SPECEIOMIEGEEY .« v a4 o s o Smimin e s~ e = s e mie b4 b s s s s e e
Malriie BHIEetE. w0 o 5o a5 5 miar i o 4 & Sl e e e S § A RS e E W
L ST [ R SR SRR PRSI L o S R R
EheCtEAl AATRPISIBATNE "yl v isors i 5 0 0 5 % 3 % RORIB St = 5 5 5 % wsim o & 5§ % % e
Plapmatsources) o AR pf Ll ool et R Rl o e E 5 o e
The inductively coupled plasma . . . . . . ... .0 i i e
Analysis of geochemical samples : .« cn vs s ms s sz 5855 s 0we v b s b WaEa

CHAPTER 8. X-RAY FLUORESCENCE' & wcooem s v q i o i ware s 508 5 s = @ it s

InUEDABCEOR Vs su's b ol aricrs e e ik SRl s s 3 e, 5 5 e SRR 1y e
) B Lol eSO 1 IS5 S (L L I NN L D o e e
Exeitation DL XFaY8: i v @i s e s = = 4 lais e 8 & 8 5 8 @ Siiey 5 el e e s s

59
66
i
'
75
94

Interaction of X-rays with matter . ... ... ..o ieinsmvmns cnnns 171
TN et oy R DO L R S W S T SO R 173
Primary radiation BOULCES . . . v v cs v v vi v oo s s ah o b as mimie saaien we s 1756
I RDSRIOT G TR BIE L e ot o ) e o bt ol e 8 8 R R P 176
Operation of the X-ray fluorescence spectrometer . . . ... ... ... . ..o 182
Instrument CORAIEONE . oo v v v s con om0 0 wpsain o s s a8 SN e RS e e e e S 182
NN BEERBEIR NS 1 o i v v s ki e s s B e e e W e v A 184
Analysis of geochemical samples . . ... ... ... .. 186
BAMPIS DISDBEIEION . . »:oc o ioi s o 5w e ¥ A% R e ) & sl ) B8 188
MR I IR ERIICHEE | ooty b0 6 b o B 05 ATRaATSs 40 e B e G A RN L SIS 189
Bl IMEREEROBRERBED. . oS i o o s e e e s bt s & e sy 2R B B S § & B 196
DI e e e M e R I R R R R O 196
OHAPTER 9. ELECTROCHEMICALMETHODS . . .. ... cwmesvvesvosana 199
ATy o Rl PR TN e SRR S e 189
O e s e By RS RS SRS LR RO T e 200
BRI IRALION OF DH . o2 o s o o5 % 5 a0 ostblicle s 5 w1 % o s 1o eidsiol &l 8 s sin 8t xR A 203
BRNGING lon Blectrades . . . o o o o we e 3 R A e s s 205
LTI IR s g T S N A T e e s 208
B o S ok o st i i S e 6 Al A g W, 15 s R e b ) e e e 209
T 2 vt ) ol e o i o [y ot o e o i O 8 1o 8 209
BB B L el o i % % & B s TeciEabe g B B B S & e S e e m A6 e e e 210
T e b e et A A SR WA S SR il R R R R bl
Appendix 1 —Colour photographs . . . .. ... oo iiiin i e 213
Appendix 2 — Preparation of standards . . . . ... ... 214
B e e o = = s & s revlan ot R w5 5 e B W) e B e e i) SR D R B 817
e R S S e e 241




