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MERCURVANALYTICALLtd»-
r '

RAHEEN INDUSTRIAL ESTATE

LIMERICK, IRELAND.

PHONE: (061) 29055

TELEX 70128 MAL El

GEOCHEMICAL SAMPLING & ANALYSIS. AGRICULTURAL ANALYSIS

fr:7 2
/ /4 .re a eq4-ant"

77"?.



ft • lURV ANALVTICALILtd

GEOCHEMICAL SAMPLING & ANALYSIS. AGRICULTURAL ANALYSIS,

SITE INVESTIGATION SERVICES

RAHEEN INDUSTRIAL ESTATE

LIMERICK, IRELAND.

PHONE: (061) 29055

TELEX: 70128 MAL El

REF.NO: PC/bp YOUR REF DATE 30 August 1985

SulitjelmaBergverka.s.,

8230 Sulitjelma,

Norway.

Attn.Mr. Perrv Kas ersen

INVOICE56/210

To analysisof 15 samplesfor Au @£5.00 75,00

To repreparationand reanalysisfor Au of the

same samples@£7.45 111.75

TOTAL 1R£186.75

/y4/ n

IMPORTANT 


To avoid delays remit payrnent your Bankers to:-

ALLIED RISH BANKS LIMITED


International Division,


RO, Box 518. Bankcentre, Dublin 4.

Telex: No. 25232

FORACCOUNT  11/4-16eL")(L'7P."."3r.").(ricA*L-
Crt

SWIFT. ADDRESS AIBK IE 20

AccountNo 1C' C! St( 3 2- r NSCN1? f;.3-1
31,

AT 1Bank' 	
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IIPEOCHEMICALrecision ± 15-20%

Group A

Cadmium
Chromium
Cobalt

.—CCIPPer
Iron

_Lead
Manganese
Nickel
Silver

ANALYSIS
at 95% confidence level.

i" 7/7/gi
Detection limit (p.p.m.) R£

1
1
1 '
1
5
1
5
1
0.1
1 0.50 per element

20
1
1
10
2 2.35 per element

1
1
1
10
0.01
50
0.01 3.65 per element

.257.,gyX e06.

—> 0.02 "e-5.00
4.20

4.20

ASSAYS
Precision 2-5% (depending on element) at 95%
conf idence level.

IRE
Cadmium Iron Silver
Chromium Lead Zinc
Cobalt Manganese
Copper Nickel 3.85 per element

Barium Molybdenum 5.30 per element

Antimony Bismuth Sulphur
Arsenic Mercury 7.65 per element

Flourine Tungsten
Tin Uranium 9.20 per element

Gold 11.10 per sample

WHOLE ROCK ANALYSIS
Na,Ca,Mg,Si,Ti,AI,Fe,P,K,Mn,CI,SO4,LOI

4.40 per element

SAMPLE PREPARATION
Soil and sediment samples
(drying and sieving to 80 mesh) 0.45 per sarnple
Rock chips (eg.RCD samples, grinding to 200 mesh)

2.45 per sample
Drill core, Large rock samples
(crushing and grinding to 200 mesh) 4.60 per sample

Zinc

Group B

Barium
Lithium
Molybdenum
Strontium
Vanadium

Group C

r Antimony
Arsenic

_Bismuth
Flourine
Mercury
Titanium
Uranium

Group D

Gold
Tin
Tungsten

INTERMEDIATE ANALYSIS
We offer an intermediate level of precision (about 10%)
using duplicate geochemical analysis. This is useful for
minor elements in rock samples where precision better
than 15-20% is desirable but full assay cost is not.

MINERAL EXPLORATION SERVICES
Mercury Analytical Ltd. was formed in 1977 to provide a
sampling and analytical service for the mineral exploration
industry in Ireland. The company has recently moved into
a new 4000 sq. foot laboratory on the outskirts of Limerick
City, about 15 miles from Shannon International Airport.
The company now provides both field and laboratory
services for the mineral exploration industry in Ireland
and Europe.

FIELD OPERATIONS
Field crews are available for stream sediment and soil
sarnpling projects. Deep overburden sampling using Pionjar
BR120 hand held percussion drills is also available on
contract. Overburden of 20-25m. in thickness can be
sampled using this technique. The company also has two
tractor mounted diamond drill rigs both with full wireline
equipment.

Charges for these services depend on the specific require-
ments of each project and are arranged on an individual
project basis

LABORATORY
Our aim is to provide a fast, reliable analytical and asbay
service for exploration companies operating in Ireland and
overseas. Normally the results for a batch of samples are
returned within 10-15 working days from receipt at the
laboratory. All overseas results are returned by telex.
Facilities are available for a more rapid turnaround of
samples on request.

A wide range of international ore and soil standards is held
in the laboratory and all methods are regularly checked
against them. Appropriate standards are analysed with each
batch of samples and approximately 10% of the samples are
reanalysed to check inter batch consistency.

Most of the analytical work is carried out on Perkin Elmer
Atomic Absorption Spectrophotometers. Other methods
include lon Specific Electrodes, Fluorimetry and Colori-
rr.etry.

Routine detection limits and prices are set out on the
following pages. Analysis of rnany other elements is avail-
able, prices on request.

Al I prices are in Irish pounds. The cost of this service is 1.75X geochemical rate.



MERCURY HYDROCARBONS LTD

IMERCURV ANALVTICAL Ltd.

IMEEICURV HYDROCARBONS Ltd.

LABORATORY PRICE LIST 1985

1=1010W

SHIPPING INSTRUCTIONS

All samples should be described as 'GEOLOGICAL
SAMPLES FOR LABORATORY ANALYSIS/NO
COMMERCIAL VALUE" on customs documents and
sample containers.

They should be addressed to

Mercury Hydrocarbons Ltd., a subsidiary of Mercury
Analytical, is developing a new mineral exploration
technique using hydrocarbon gases in rocks as pathfinders.
Hydrocarbons are released from rock samples by a heating
technique and gases from methane to pentane are analysed

by gas chromatography.

Orientation surveys around Pb—Zn deposits in the Lower
Carboniferous of Ireland have shown distinct changes in
the gas content of the rocks surrounding mineralization.
Of particular interest is the large extent of the anornalies,
which can be several kilometres across and may extend up
to 1km above mineralization. This should allow the use of
a lower density of samples than is necessary for conven-
tional geochemical prospecting and also offers a potential
for detecting deeply buried deposits.

The technique is still in the early stages of development
but can already be offered as a rapid reconnaissance
method for carbonate-hosted Pb—Zn deposits. With further
research it is hoped that hydrocarbon gas geochemistry will
also be useful for more detailed investigation of prospects
and in exploration for other styles of mineralization.

A hydrocarbon gas survey requires fist-sized (2009-500g)
samples of unweathered rock collected at a density of
about 1 per km2, from surface exposures or boreholes.

The analytical cost of this services is IFIE 15 18 per sample
depending on the number of samples sent per batch and on
the overall size of the programme.

MERCURY ANALYTICAL LIMITED,
RAHEEN INDUSTRIAL ESTATE,
LIMERICK,
IRELAND.

All samples by airfreight should be sent to
SHANNON AIRPORT

Please inform us, by telex if possible, of AWB
number, despatch date and estimated arrival date.

Airport, customs clearance and handling charges
will be paid by Mercury Analytical Ltd. for batches
of samples exceeding IR£200 in value. For lower
value batches these charges are passed on to the
client at cost.

The minimum charge per batch is IR£100, but no
charge is made for small batches of test samples.

An additional cost of 25% of the analytical charge is made
for a written report on the results.

For further information on the technique please contact

Dr. Jonathan Carter or Dr. Peter Cazalet.

Raheen Industrial Estate
Limerick, Ireland.
Telephone; 061-29055
Telex; 70128 MAL El

r.);',‘.13Mr.ITERS Ltd. hien; ., UrrIti
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Sulit,jelma Bergverk AS

Pröve

J.nr.

Laborotoriet

Rkmalnapost

fra:

/

Provebeskrivelse.
Nr. Beliggenhet.

ANALYSERAPP 0 RT

Kong Usear. Da.h. 224.

Den 19 Silo Nr.

Tonn7 % % %

Mekt. Cu. Zn. S.
ppna.
AG.

%
Fe.

%
1120

621 0,ul) a - 1,00 a uril 0,01 u,u‘s 0 3,1 0,32

22 1,0J " - 290U " (d,,PI 09u1 u•uu u 390 u,u3

23 2,00 " - 3,00 " 0,31 0,0i u,u0 0 3,5 0,u3

24 3,Ou " - 4,00 " 0,00 0,01 utuu 0 3,2 0,03

25 4,0k, " - 5.00 " 0,Ou 0,01 0,00 0 12,9




0,4

26 5,00 " - 6,0u " u•u'l 0,01 0, 43 0 4,0 0,v0

27 6,u.., "- 07, " 0,01 c.,,ui 0,ut. 0 3,8




28 7,0.) "- 8,00 " 0,()1 1/401 0,0 u 3.2 0,01

29 8•00 " - 9,0i " u,01 utui CtrOi 0 391 0,00

30 9,00 " - 10,00 " u,01 O•ul knEku 0 3,2 u,u0

Rapp. til: Ved1-2,rin-

Kitepszton-5‘ndwall.
Sulitjelma den _1Y39_ 1985._ Sign.



Sulitjelma •ergverk AS
Laboratoriet

ANALYSERAPPORT

PrOve fra: Å.UT.0 uheuf.

Râmalmpost / . Den 19 Silo Nr.

Prdvebeskrivelse. Tonn % % ppm. % %
J.nr. Nr. Deliggenhet. Mekt. Cu. Zn. S. AG. Fe. 1120 rb.

f!


6;

67

6å


69

14,v  -

17.03

18,0.)
19,00

11,UL)


14iLLi

15,00

14,0u

17,00
laeOL

19,00
20,0t)

3,2
4,9

U,,,U 2M ,S

L),L',) 2 5,2
Ut3 2 4.7
012‘) 2 2.5
0,13 2 1,9
0 ,78 2 2,9
0,13 2 2,9
(J,13 2 2,9

u,L1

02

0,02

u,u2

u,01
u,Ou

ut‘il

0,11

0,01

,Rapp. til: Sulitjelma den 5. 19 J . Sign.



Sulitjelma.Bergverk AS •
Laboratoriet

Pröve fra:

ANALYSERAPPORT
tong Oloar. D.b.h. 224.

Råmalmpost Den 7 19 Si.lo Nr.

Prövebeskrivelse. Tonn % ppm. %
J.nr. Nr. Beliggenhet. ZMekt. Cu. Zn. S. AG. Fe. 1120 b.

	

692 21. 20,00 a - 21,00

	

93 22. 21,00 " - 22.03

	

94 23. 22,00 " - 23,00

	

95 24. 23900 " - 2490

	

96 25. 24t00 " 25,00

	

97 26. 25,00 fl- 26,00

	

98 21. 26,0 ) " - 27,0 )

	

99 23. 27,00 " - 28,0

	

700 29. 28,00 " - 29,00

	

1 30. 29,00 " - 30,00


0 t02 0t01 0,13 2 3.9
0,02 0,01 0,10 2 3,9
0 t02 0,01 Utuo 1 4.8
0 .02 0901 0920 1 5.2
0,02 0,01 0,00 1 3,6
0,02 0t)2 0t13 2 3,9

Otu1 0p01 0,76 2 3,6
0,01 0,02 0,72 2 3,7
0 tO1 0t01 0p20 1 3,0
0tu1 0t01 0,39 1 3,6

0,02
0,01
0 ,01
0,J2
0,01
0,01
0,01

0,01
0,00
0,00

Ran , Yedi-Grin-
k,aspezri4E-JtZndwa11. Sulitjelma den 26 /3. 1985.  Sign.



Sulitjelma •ergverk AS
Laboratoriet

ANALYSERAPPORT

PrOve fra: iAnsg Cscr. 224.

Ramalmpost / Den / 19 Silo Nr.

Proveb eskrivelse. Tonn % % % ppm. % %
J.nr. Nr. Beliggenhet. ZMekt. Cu. Zn. S. AG. Fe. 1120

	

Ul 31. 5.-..uu
52.
33. 5291/4-Pv

	

14 34. 3.5,v) "

	

75 35. 341uu "

	

jrj 36. 35.(--

	

71 )7. >4...gyw

35. 57.Lu "

	

79 39.
4•;• 59eLdu "

I.


I t

	

ul,t1 3 5.6
k). •I

3 4,4
3 44

Ur..»,)5 5,

	

v,L1 171
0,L,1 L,01 U1P-7 ? 5t''

	

14‘'l 6,U1 2,

	

u,t1 ‘).,J1 us-12 7,2
,J,u U , .j ..),LiQ 2 2,1

	

L'IlL)2 1 ,5S 2 1.7

Rapp. Sulitjelma den _3 /4!_. 196._ Sign. 




Sulitjelma likrgverk AS
Laborctoriet

ANALYSERAPPORT

Prave fra: Kong escrtr. ].b.h. 224.

Râmalmpost . Den / 19 Silo Nr.

Prövebeskrivelse. Tonn % % ppm. % %
J.nr. Nr. Beliggenhet. ZMekt. Cu. Zn. S. AG. Fe. Hz 0

Pb.

,J,C13

Or.2

0,00

C),o4


upu4
0,09


0,13

15
1t)
17
18
19

cfol 1,50 3 5,5
5,97 4 6,4

0,01 0,us 3,71 5 0,2

0,u1 0,j2 5,}7 2 0,5

0,02 0,04 4,2) 3 5,7

0,0) 0tu4 5.51 2 4,0

0,-1 0,11 ),)7 2 4,9
0,(-1 0,08 4,42 2 7,7
0,02 u,19 3,90 2 57
0,02 0,19 1,82 3 5,5

41 • 4,-)I" 41,03
41,u,-)
42, -
4f),0,, " - 44,90
44,,)u  

46,00
4b19) " - 47,0c,
47,00 48,00
48,00 49,03
49,0, 50,0i

r Rapp. til:Vedi-Grin-
Keepersen-andwell.

Sulitjelma den 12/ 4. 19 85' Sign.  -;



Sulitjelma "Liergverk AS
La bora toriet

ANALYSERAPPORT

Pröve fra: Kong Osaer. D.b.h. 224.

R;unalmpost / . Den / 19 Silo Nr.

Prövebeskrivelse. Tonn % % % ppm. % %

J.nr. Nr. Beliggenhet. ZMekt. Cu. Zn. S. AG. Fe. Hz 0

,•

	

d46 51. 5u,00 a 51.0u

	

49 52. 519uu " - 52.0

	

5,, 53. 52,°-) " - 53•0

	

51 54. " 54.0,)

	

52 55. 54,00 " 55.03

	

892 56. 55,00 " 56,0u

	

93 57. 56,uu

•

57,uu

	

94 50. 57.00 " 58,00

	

95 59. 58,00 " 59,0u

	

96 6u. 59,0,

 

6u,u J


u. 1 ur,j1 1.6 1 2.5
0 .ul 0.32 2.2 0 3.1
t.Jg - )2 U, 02 1,3 2 1.9
(),-)3 0.31 4.4 1 7.2
...J.)3 LJexi 3•9 4 5.7
utul (J•u1 1.) 3 1.8
0,01 0,00 0,5 3 0,5
0.1 cit,-)1 u.5 1 u,7
0,01 0, x., L.:,2 2 0,7

u. )1 utol 0.6 2 2,1

Rapp. til: Vedi-urin- Sulitjelma den 24/4._ 19i35. Sign.  4

x-aperöen-au.ndvall.



Sulitjelma•Bergverk AS
Laboratoriet

ANALYSERAPPORT

Pröve fra: Kona QgQr. .b.h. 224.

Råmalmpost / . Den / 19 Silo Nr.

Prövebeskrivelse.
J.nr. Nr. Beliggenhet.

Tonn %
ZMekt. Cu.

%
Zn.

%
S.

ppm.
AG.

%
Fe.

% t)b.

gg»

905 61. 6u,uu m - 61,J0 m U,u1 0 ,01 0,39 0 0 ,3 0 ,33

6 62. 61,00 " - 62,00 " 0,u1 0 , 1 ),96 0 0,2 J,G1

7 63. 62,uu • - 63,0u tj,'-,1 3 ,01 '3,85 0 ,J,5 .),01

6 64. 63,0t, " - 64,Ou " 0,..4.) kj,‘,1 0,10 0 0,0 0,-x)

9
10

65.

66.

64,00


65,0u

" - 65,0)

- 66,0u .

0,o1

0 ,00

v,00


0,‘,1

3,59


',-;,29

0

2
 932,4 (‘)):.)

11 67. 66,Ou




- 67,0u 0,ou G,ul, (J,2(., 3 1,8 0,00

12 66. 67,UL




- 68,00 - o„uu 0,0u ij,lo 1 1,7 0 ,uu

13 69. 66,00 n - 69,00 P, u,uu 0,00 0,00 i 1,5 0, "

14 70. 69,uu




- 70,00 - 0,01 0,01 0,10 1 191 0 ,00

Rapp. Vedi-Grim- Sulitjelma den 25/4. 19 85.





Kas-)ersen-jandwkåll.








Sulitjelma •ergverk AS
Laboratoriet

i'LNALYSERAPPORT

PrOve fra:

Ramalmpost / Den 19

	

Prövebesk-rivelse. Tonn

J.nr. Nr. Beliggenhet. Mekt. Cu.

941 71• 11,0hi
42 72• 7 -

43 73. (3903 " 0,0 '

44 74. 73,0 - (4riLl it Upu0

45 75. 7,1,ou 75.00 0 ,0u

46 76. 76,Uj
47 77. 76,LL Ti,(n 0,01
46 78. 77900 	 0,01

49 79. 70900 • 15t0t, 0,0‘)
50 8U. 79,1, ' - Utvl

Silo Nr.

% %

	

Zn. S.

	

j1LL' ‘"111.5

	

Vg‘h% U.1()

	

0,,1 ,),10

	

U,I)? 1,4:9

	

U,k-2 2,7‘)

	

.3,w4 2.70

	

0 ,03 3,20

	

0 t02 2.60

	

0 tu4 2,60

ppm.
AG.

0


U

1

1
2
1

3
2
2

%
Fe.

1/ 3

1,7

2,3

4,4
4,7

5,7

6,3
5,5

3,7
5,2

%
1-1?,0 b.

(i,u0
0,ut)
C),(.A./
O.U0
0,uu
0,01
0,01
0,05

L)*U1

ut,j4

Repp. Sulitjelma den 26[1._ 19 t“..): Sign.



Sulitjelma •ergverk AS

PrOve

J.nr.

Leboratorict

Rtunalmpost

fra:

.

Provebeskrivelse.
Nr. Deliggenhet.

ANALYSERAPP ORT
i.b.h. 214.

Den / 19

Tonnz
Mekt. Cu.

Silo Nr.

% %
Zn. S.

ppm.
AG.

% %
Fe. II? 0




9- 81.




- 81,J• n 0,2 0,14 11(.2




2.5




tt) 62.




52, jki " L,j (d, 0,55 Ls 5.4 Ur»




85•




"




0,2, IJIIR)




0.>





Ot'h,




0953 C 0.2 1.),CAJ

b) 85.




n 0,0%., 0, 0,10 0 .1 CtLAJ




0• c5,- Sb,.j0 "




Oul,- 0, 5 0 0,)




71 87. Ur.),,' 37,00 .




0,cv




0 11.; Litldt!

83. V/,'„, 38,t,0 h




u#2()




1.;




8). 61.1,..0 29,L6 "




0,0Li 0,0J 0 1.5




7; 9._[. 89.0 ;




0,01 u,00 0,13 0 lgi Og1/4

t, Rapp. til: ' Sulitjeirna den 3 / -• 19 E5• Sign. 




Sulitjelma •ergverk AS
Laboratoriet

ANALYSE1UPPORT
PrOve fra: Kong Oscar. D.b.h. 224.
Råmalmpost . Den 19 Silo Nr.

Provebeskrivelse. Tonn
J.nr. Nr. Beliggenhet. ZMekt. Cu.

%
Zn.

%
S.

ppm.
AG.

%
Fe.

%
Pb.112O

1003 91. 90,00 m - 91,00 m 0,01 0,00 0,00 3 191 0,00
4 92. 91,00 n - 92,00 n forur ns et .




5 93. 92,03 " - 93,00 " 0,01 0,00 0,13 2 0,8 0,00
6 94. 93,0J " - 94,00 " 0,01 0,00 0,13 1 0,6 0 ,00
7 95. 94,00 " - 95900 " 0,01 0,00 0,07 1 0 ,5 0,u08 96. 93,00 " - 96,00 " 0100 0,00 0,00 2,5 1,6 I 0,009

10.



	

96,00 97,00 n

	

97,00 n - 98,00 n
0,00

0,00

0,00

0,00

0,00

0,00

1,7

2,6

2,0

4,4

0,00

0,00

11. 99. 98,00 " - 99,00 " 0,00 0,01 0,00 2,6 4,6 0 ,00
12. 100. 99,00 " - 100,00 * 0,00 0,01 0,00 2,9 5,3 0,00

Rapp. til:Vedi-Grin- Sulitjelma den 6 / 5._ 1985. .. Sign. c= 
Kj.sperseneSandwall.



Sulitjelma tergverk AS
Laboratoriet

ANALYSE RÆPP RT

Prbve fra: ;Long Osocir.D.b.h. 224.

Ramalmpost . Den / 19 Silo Nr.

Proveb eskrivelse.

J.nr. Nr. Deliggenhet.

1057 101. 10,,,ou m - 1U1,0

Tonn
ZMekt.

a

Cu.
%
Zn.

%
S.

Uøjj

ppna.
AG.

L,0

% %
Fe. 1120 k>b•

0,u04,9

St) 11'2. 1L1,01/4)




- 102,0 "




Gr01 011 11 0t0 4,4 0,uU

39 103. 1L2,0




- 103,0' " Of(J1 utTJI 0,:7 0,3 4,1 0,uO

40 104. 1h-3,0L' " - 104,0 " o,u us- 0,33




493 0,0.

41 105. 1u4,0 " 15,0 " 0,01 eituu 0 ,4 ellu 5,6 U,uU

42 1LO. 1,;5,03 " - lu6,0 " 0 ,L1 litDi 0 ,07 0 f0 3,4 0,00

43 1e7. lk.#6,L),) " -




olpul 0,01 (J,1/4)7 0,6 4,7 U,u0

44 108. 107,00




jus,0




0,00 0,01 0,00 0 ,8 4,8 U,Uu

45 109. 108,00




- 109,0 fl 0 ,00 0 ,01 0 ,00 0.,7 4,7 0,00

46 110, 109,00 1 -




01101/4-1utUl 0,0 (Jr2 4,9 0,u0

Rapp.: til: vedt-Grir- Sulitjelma den t-; • 19 15. Sign.



Sulitjelrna 4,3ergverk AS
Laboratoriet

ÆtiALYSERAPPORT

PrOve fra: Kong Usogr. D.b.h. 224.

Rånalmpost_/ . Den /_ 19 -- Silo Nr. _

Prävebeskrivelse. Tonn % % % ppm. % %
J.nr. ,Nr. Deliggenhet. Mekt. Cu. Zn. S. AG. Fe. 1120

1u62 1 111. 11k.;,u0m - 111, a u.J1 Utul 0,00 1,1 4.4 U9L1 0

e) 117. 111.0u " -..112, • " utul utu1 ki,L:0 1,0 4.7
b4 11,, 112,00 " 11), " t.ul Lip -1 0 ,01- 1,7 4.9




65 
 113,00 " •-114," " HIL1 1/411 Olut 1,9 4,7 1.11\A.

64 
 114,00 " - 115, ' " utt-1 uføl Lt13 1.4 4,5




67 11b• 115.00 " - 116.' ' " 0,11 0,L1 Utii 1.5 4.5 L9‘1,

b6 117. 116,00 " - 117, ..;n u,u1 Ust-1 , '113 017 ,e7 L9Ll.

6, 11u.



117.0e
116,0‘)7u

" a. 110, " u
. ..119, ' "

0•()1

1/491

Ut‘-'1

1/4u1

--',5.>

Lt3.5

(),9
1,t,

;$9
3,9 LI‘stJ

71 
 119,0c " - 1?,. " 1-..1 Lø-1 kg.-..) 1,5 4.1 11,1/4.1j

RODD. Sulitjekina den 9/59 19135. Sign.
kaep•tOon-jtau4441.



Sulitjelma eergveric AS
Laborctor;et

ANALYSERAPPORT

Pröve fra: Kong Opoar. D.b.h. 224.

Râmalmpost / . Den / 19 Silo Nr.

PrOvebeskrivelse. Tonn % %

LJ.nr. Nr. Beliggenhet. ZMekt. Cu. Zn. S.
ppm.
AG.

% %
Fe. 1120 tib.

1u88 121. 120,00 m - 121,U al




J,Q1 j,jo 1,1 4,4




I! 9 122. 121,00 " - 122,0 " 0,01 09\--)1 0,05 191 4,9 0,00
t:3 123. 122,00 " - 123,0 " 0,01 jrC1 09ju 098 5,9




21 124. 123,0e " - 12490 " 3901 09,-,0 0913




5,9 02
92 125. 124,00 " - 12•5,0' " 0 ,01 3 ,L1




392 490 0,00




ii6. 125900 " - 126,0 " :,-3




•`,L5 1,6 4,3
4 107. 124,uL " - 127,0 " OeLl 0 1 0 1 0 ,(-3 1,4 5,5 C,C0

55 126. 127,00 " - 12e,0 "




0,31 0,Li0 1,4 4,4
96 11)). 125,00 " - 12590 " 09:-1 0901 0,4 195 4,6 C,CY.
97 1309 129900 " - 15090 " 0,L1 09,-;3 1,-)9(s0 1,5 33

, Rapp. til:V9.:n..-Grir,-
XnaPerser-Sqndwial.

Sulitjelma den 14/ 5. 19 .J)• Sign.



Sulitjelma •ergverk AS
Lcborctoet

ANALYSERAPP 0 RT

Prave fra: 1(ongOser. D.b.t.

Râmalrnpost / . Den / 19 Silo Nr.

	

J.nr. Nr. Beliggenhet. VMekt. Cu. Zn. S. AG. Fe. 1120

	

1127 131. 1,0,00

	

26 1.52.

	

25 13).

	

3u 154. '

	

51 1):).

	

32 1)u. 1;5,,"

	

34 15a. 157,,

	

31.: 139. 15(-41LL

	

3t. 14u.

Ft: •-

!:

131 ou m
132 0


135 0, "

1„ L-
1;-

1 •P

 

Pröveb eskrivels e. Tonn % % % ppm. % % is

utui
0 ,,1 util u,4b

u,-1 ug-1 i,c7 b5,6
ug.-1 -,26 2.(., 5,4

(JIL l Jlt) ,>) ,,;
, .00 0,,

L, 1 u,1) ',2

j,L,7 ?,b 5,3

I 


_•!

Pb.

Q930


J,U0

, ),,i
;utul
u,uo
ugui

Rapp..tn: Vedi

1;23nc3n--H.n8,1a11.
Sulitjelrna den 21 /). 1985.  Sign. 




Sulitjelma •ergverk AS
Leboratoriet

ANALYSERAPPORT

PrOve fra: Kung Gscar. P.b.h. 224.

Rå.malmpost_i_ . Den 19 Silo Nr. _

Prövebeskrivelse. Tonn % % ppm. % %
J.nr. Nr. Deliggenhet. ZMekt. Cu. Zn. S. AG. Fe. 1120

	

1158 141• 140,e ) In - 141, m

	

59 142. 141 " - 142, 3 "

	

6u 145. 142,0- " - 143, "

	

61 144. 143,00 " - 144, "

	

62 145. 144 ,(0 " - 145,

	

6 3 148• 145,01 " - 146,L
14u(,u-, 147, "`nt

	

65 140. 147,00 " - 148,11U "

	

66 143. 148,00 " - 149, "

	

67 15u• 14,,0 " - 15-  "

0,01 0rk-1 0,26 OrO( 5,1

0,31 31L1 0,93 0r4 5,)

0,L;-1 0, 0,13 0,1 4,6
0 ,01 0,01 0,03 0,1 5,1
0,00 0,o1 0,66 0,L 5,4
0,OC 0,u3 19b 4,0
(.),()C U,01 l;,LA., 1,4 4.4
0 ,0() Utul 1/420 j,L 4,2

0 900 0,u1 0,L'0 1,5 5,)
0 ,(A, Otui 0,03 1,5 4,2

• RcDp. til: vedi."`rir- Sulitjelma den 22/5. 19 85. Sign.A aspersen-jandwall.

Pb.

0,30
0,03
0,00
0,00
0,00


0,u2

0 ,01

09u1
U,L1



Sulitjelma •ergverk AS
Leborctoriet

PrOve fra:

Ramalmpost

ANALYSERAPPORT

:.ond0ee4,r. 224.

/ . Den 19

Tonn
ZMekt. Cu.

Silo Nr.

% %
Zn. S.

ppm.
AG.

%
Fe. 1120




J.nr.
Prövebeskrivelse.

Nr. Beliggenhet.

11()3 
 15 m - 151,,k)m




0,u1 LIpOI.d 1.4 4,2 0,00
b) 
 151,j " 1521 "




U,u J,Ci 1,5 4,1 0,JO
10 152. 152,,;)" - 153,




0,L.0 )1




0,00

•1 
 153,,H




154.tu fl




0,-1




0,00

(2 
 15,k),




155,,k)" C,G3 U,./1




1114




U,L,0
15 150. 15),3) " 156,1u " 0,0t, U,JJ




5,3 3,I3 0,05
11




15I, " C,uu




J,J




0,05
15 15d. 15(,u,)" 15d,i " 0,00




0,05

76 15). 15d,uu "




0,00 U,uu




2,, itj
(7 16,J. 15),J ' " - n




0,u'‘) 2,5 )1') 0,03

Repp.
Kaipøreen-jandwall.

Sulitjeima den 244. 1985. Sign,



Sulitjelrna •ergverk AS
Leboratoriet

ANkLYSERAPPORT





PrOve fra: Kong Cscx. p.b.h. 224-





Råmalmpost . Den / 19 Silo Nr.




Prövebeskrivelse. Tonn




% % ppm. % %
J.nr. Nr. Beliggenhet. ZMekt. Cu. Zn. S. AG. Fe. II2 0 b.

iti7 161.




- 161,00 111




u, 1 c,u,; 1,4 4,1 0,u0u 6 162- 1(1,C; " 162900 "




ti,c1 3 ,0‘) 1, 4,1 0,00I=':? 165.




" - 16310,-. " o,c- (),c1 ,),GL 1,5 3,7 u,uo




164. 161,0, " - 1kO 




0,,1 J,0c 1,"! 4•)




1 
 161:fL
165,1*

"
"

165yej
- 166,C.0

" U,CC
otel c),L1

0 ,0k-)

0,55

1,0
0,7

4,1
5,6

0,uu

0,UU.




17.




" - 167,C- "




0,e1 OJUL 0,5 5,5 0,0094 166. 167,0L " - 168,('L " 0,01 0,01 U,O(, Ltli 5,5 0,0095 
 168,0c. " -




0,01




0,Ou




0,00t.)e, 
 169,0L " -170,0- " 0,UU




0,00 0,2 5,2 L.,u0

Sulitjelma den 29 /5. 19 Sign._



Su1itje1mBergverk AS •
Laboratoriet

ANALYSERAPPORT

Pröve fra: Kong Oscar. D.b.h. 224.

Rtimalmpost . Den / 19 __ Sio Nr.

Prövebeskrivelse.
J.nr. Nr. Beliggenhet.

Tonny
ZMekt. Cu.

%
Zn.

%
S.

ppm.
AG.

%
Fe.

%Pb
Hx24

1220 171/LO0m - 171/00 m 0 ,01 0,02 0,26 0,7 4,7 0,03
21 171/00 " - 172,00 " 0 ,01 0 ,01 0 ,20 0 /8 3/8 0 /00
22 172,0u " - 175tOu " 0 ,01 0 ,01 0 /15 0/4 5/8 0 /00
25 113,0 0 " - 174,00 " 0 /L-)1 0 /61 0 /30 0 ,3 4/8 O/Ou

24 174,.3 " - 175,0- " 0, 00 0 /-1 0 /00 0,7 3,9 0 /00

25 175,00 " - 176,00 " 0,00 0 /01 0 /00 0 /0 4/0 0 /00

26 170/Ou " - 177/03 " 0,6o u/u1 C/uc ‘J/L. 517 3,

27 177,00 " - 178,00 " 0 ,0 0 0 /01 U/o0 0 /0 3,5 0,u0
28 178/00 " - 179/0L " 0,00 0,01




0,0 5,6




29 179,03 " - 130/00 " 0 ,00 0,01 0,00 0,0 3,8 0,00

Rapp. Sulitjelma den /b 19 dj. Sign.
KasPersen-JandwalY.



Sulitjelma .3ergverk AS
Labaratoriet

Pröve fra: zQL

Råmalnapost .

Prövebeskrivelse.
J.nr Nr. Beliggenhet.

ANALYSERAPPORT

 dscar. D.b.n. 224.

Den 19

Tonn
Mekt. Cu.

Silo Nr.

% %
Zn. S.

ppm.
AG.




% %
Fe. IIO

1)7u 161. 10L,,




-,-1 -,-1




102. 101,-- 111




1




0,00




-




fl





7)






2,2 0,02






-1




2,2




cvi




"




191





- " 1 0 1




1




151,0 —





,




ld:.





j97 -,,1

3:)




1d;,Lu




"




11) :,7

Raap., til: Sulitjelma den 19c- . Sign.



Sulitjelma •rgverk AS
Laboratoriet

ANALYSERAPPORT

Pröve fra: 	 Kon6 Oscc.r. D.b.h. 224.

Råmalmpost . Den / 19 Silo Nr.

PrOvebeskrivelse. Tonny

	

J.nr. Nr. Beliggenhet. ZMekt.

	

1318 191. 19u,00 in - 191,0 m
111

	

19 192. 191,00
I/ : 2,

	

2,-, 193. 192,0- 9310:

	

21 194. 193,00 194,0' "

	

22 19.)• , - 199,u "

	

23 196. - 196,00 "

	

24 197. 196,u,) - i 97,L, i"
tl

	

25 198. 1)7,LA; - 196,u-) "

	

26 199. 196,00 - 199,O "
91

	

27 200. 199,00 - 200,0 "

Cu.

0 ,01
0,00
1/4.,,u0
u,00

1),G-

0 ,00

o,01
0 ,01

u,c1

%
Zn.

0 ,0 1
0,o1

0,01

0,01
0 901
0 ,01
Li,u1
L),O1

%
S.

0113
0,u3
U,L)..)
ci,uu

L.),03
u,0‘)
 -)1
j,15

U,j1;

PPm.
AG.

0 7o

0,6
0,L)
0,o
0,0
1,7
1,2
1,6
1,3
1,1)

%
Fe.

4,4
4,1
4,7
4,2
4,1
5,6

5,9

5,9

6,;

% Pb

0,30
0,u0
0,00
0,o(2)

3 ,0',-)

6,0u

0,c)0

u,Ou

Rapp. SPerS Sulitjelma den 13/b• 195• Sign. ,vv.



Sulitjelma •rgverk A$
baboratoriet

ANALYSERAPPORT

PrOve fra: Kong Oscar. D.b.h. 224.

Rånaalmpost / . Den 19 Sio Nr.

Prövebeskrivelse.
J.nr. Nr. Beliggenhet.

Tonny
ZMekt. Cu.

%
Zn.

%
S.

ppm.
AG.

%
Fe.

% Pb

314M

154t,
41
46

2u1.

2,-)2.

205.

200,00 m
23l,uJ"

202,01 "

- 201,
- 232,
- 205,

u m

3"

"

u,u2

0,01

0 ,01


0 ,J1

L;,51

3 ,18

L),(-)L,

2,2

1,6

1,6

4,9


4,8
4,5

0,uL,

3,33




2,)4. 2J5,00 " - 204, i"




0,12 1,4 4,0 •,00




2-,. 234,Ou " - 2 )",,3" u,-1




,,,12 1,4 4,4 L,,0U




21).




" -




0,01 0 ,01 0 ,12 1,9




4,9
L- 207. 2uc,0




- 2i7, " 0,,4 -,-2 ,;,5•-, 1,6 5,2 0 ,U1
55 2-6. 207,()3 " - 208, i

" 0,31 3 ,35 u,12 1,7 5,7 0 ,60
54




" - 2-9,




0,31 u,21 0,12 1,6 4,9  ,,Uu

55 211/4„. 209,0A " - 21-, ) " L.,02 0,31 u,o6 1,4 4,8 c,(ic

Rapp. til:vedi--rin-2,.asperJ n• Sulitjelma den 14/6. 19 85• Sign. 14,_



Sulitjelma 13.-gverk AS
Laboratoriet

ANALYSERAPPORT
PrOve fra: 0,c,r. D.b.h. 221.

Ramalmpost . Den 19 Silo Nr.
Prövebeskrivelse. Tonn % ppm. % %

J.nr. Nr. Beliggenhet. ZMekt. Cu. Zn. S. AG. Fe. 1120 t'b.

71
72






1 ,7 54





t-,32




3,88 1,8 5,2




11




J,c1





211. 21L),.,2L - 211,'
212/ 211,1j " - 212,'




,,J, L,




t,L




215/ 212,Gu " - 215/('-
21.L. " -




1.





1 ,8 1-,7




25,




J,L2




1J,4 1)




219.

217, 21c,L,u) - 217,

' -




,-,




:,2 C,LC

:,1

Rapp. til: n Sulitjelma den io[ 1 .. Sign._



Sulitjelma Be.gverk AS •
Laboratoriet

ANALYSERAPPORT

PrOve fra: C. b 2:4.

Eamalmpost . Den / 19 Silo Nr.

LJ.nr. INr. Deliggenhet Mekt. Cu. Zn. S.
Provebeskrivelse. Tonn % ppm. %% 	 %

i-b•

,




-,-1 -,;(




- 1






5,3

1




2,-1 C,1- b.1




1




1




• 4,-

AG. Fe. llz 0

-

Rapp. tfl: 3v, =-Sulitfelma den i; /t_ 19_25.



Sulitjelma Bergverk AS
Laboratoriet

ANALYSERAPPORT
Prdve fra:

Riumalrnpost / . Den / 19 Silo Nr.

Provebeskrivelse. Tonn % % pprn. % %
Nr. Deliggenhet. 7Mekt. Cu. Zn. S. AG. Fe. 1120

 

\-11 1 Lj (- / 9 C

9 


9 7 9 1 9 7

0.8
1 1 ,1. :1".. 1

i •-) 7 0,8

Rapp. til: : .Sulitjelma den Sign. .1,k,L.



•Sulitjelma dergverk AS
Laboratoriet

ANALYSERAPPORT

Pröve fra: cn ul;Car. il.c.h. 2 :1.

Råmalmpost / . Den / 19 Silo Nr.

Provebeskrivelse. Tonn % % PPm.
Nr. Beliggenhet. ZMekt. Cu. Zn. S. AG.J.nr.

)

4,.

Rapp. til: T. L-tri-:..Sulitjelma den 19c,c_. Sign._ .L L



•
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16.07
64065 sua n
26808 MAL El

2 DECEMBER 1983
FOR PERRY KASPERSEN
FROM MERCURY ANALYTICAL LIMERICK

YOUR TELEX 30/11-1933 JS/ELL

RESULTS FOR ROCK SAMPLES

SAMPLE CU PB ZN AG FE NI CO AU

	

41 25 227 73 1.3 4.83 69 38 0.14

	

2 17 197 50 1.0 4.86 76 36 0.12r 392 616 680 3.2 4.01 13 6 0.60

	

04 26 92 10 17.9 17.90 5 3 0.24

	

5 157 452 344 5.8 21.70 52 28 0.27

	

7 6sla5Jt111.35 357 5.20 0 9 3.19
-M• 8 10.16 3.22 8.76 405 29.60 98 10 9.08.

	

D1 772 301 535 4.6 1.96 10 7 0.02

	

F1 63 131 264 1.1 1.74 6 5 0.02

	

idla5579 .616 56 6.60 21 10 0.54

	

03 451 7.05 22.65 186 1.20 24 5 0.12

	

5 q,342.01 1.87 30 4.53 21 10 0.59

ALL VALUES IN PPM EXCEPT DECIMAL RESULTS FOR CU PB AND ZN
IN 07,8 0,03,04, AND ALL FE.RESULTS

CORECTION: AG IN SAMP F1 SHOULD BE 1.1 PPM

AU ON HM SAMPLES

THESE WERE UNFORTUNATELY OVERLOOKED. WE ARE VERY SORRY ABOUT THIS.YOU WILL HAVE THE RESULTS BY 7 DECEMBER.

FLUORINE.•ETHOD

PREPARATION: 0.25 GM SAMPLES DIGESTED IN CONC HCL/ALCL3, THEN
DILUTED TO 100ML WITH EDTA/SULFOSALICYLIC ACID BUFFERANALYSIS
ION-SPECIFIC ELECTRODE

DL: 1OPPM
==
PRECISION: + OR - 20 PPM OR 15 PERCENT,WHICHEVER IS GREATER

REF STNDS: CANMET SO1 AND 503

COMMENT: THIS METHOD DETERMINE& FLUORITE AND OTHER RELATIVELY
SIMPLE FORMS OF F ONLY. THE DIGESTION WOULD NOT
ATTACK RESISTATE MINERALS CONTAINING F (EG TOURMALINE)

BEST REGARDS
PETER CAZALET+

26808 MAL EIO
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THE SAMPLING OF PARTICULATE MATERIALS-A GENERAL

THEORY

13 

PIERRE

ABSTRACT


This paper is a summary of the general

theoryof sampling published by the author in

In75.

Sampling is a random process and its the-

ory is a study of the numerous errors liable to

tLke place in the course of its realization.

A complete sampling scheme is a sequence

ol sampling (proper) and preparation stages

At each stage, the total error ET is

the sum of

SamplingerrorsEE arising from the

selectionprocess itself.

- Pre aration errors EZ arising from

the operations (crushing,cransfer...)sup-

portedby the sampled material.

ET E EE + EZ

At each sampling stage, the (total)

samplingerror EE is the sum of seven inde-

pendenterrors :

WeightingerrorED resulting from the

non-uniformityof the density or rate-of-flow

of the sampled material.

Inte ration error EI1 resulting from

the long-rangedistributionheterogeneicyof

the sampledmaterial.

Periodicit error EI resultingeven-

tually from periodic quality variationsof

the sampledmaterial.

1 Professor,School of Geology, Nancy

(Ftance)and Consulting Engineer, Cannes

(France)

Funoamentalerror EF resultingirom

the constitutionbeterogeneityof the sampled

material.

Secre ation error ES resultingfrom

the local distributionheterogeneityof the

sampled material,

Delimitationerror EC resultingeven-

tually from an incorrectshape of the volume

delimiting the increments.

- Extraction error EP resultingfrom the

actual extractionof the increments.

EE 1 ED ET1 + El3 + EF + ES • EC • EP

At each prenarationstage, the (total)

preparation error EZ is the sum of five inde-

pendent errors.

errorEZI : loss of particlesbelon-

ging to the sample.

error EZ7 : contaminationof the sam-

ple by foreignmaterial.

errorEll : alterationof the critical

characteristicto be measurec on the

final sample.

ErrorEZ4 : unintentionalmistakes of

the operator (e.g.mixing sub-samples

belonging to differentsamples).

ErrorEZ5 : intentionalalterationof

the characteristicto be measured on

the final sample.

EZ EZI + EZ2 + EZ3 + E14 + Els

Two camplementarymodels of the sampling

process are thoroughlydeveloped to study

these errors :

The Aus. I.M.M. Melbourne Branch, Sampling Symposiurn, September, 1976
, Oritina1 manuscript receiyed 7.7.76 17



18 • P. M. GY P. M. GY 19

The inte ration model dealing with the

continuous, geometrical properties of the sam-

pled raterial.

- The brebabilis: redel dealing the

dtatentinueus, physreal properties ef th e sar-

plea macerra:.

ine errers TO , hb and Ej can

ne ouartirortiveIy def:ned. :nelr mean :blasI

an‘I yarlance can ba estrraled tror. the result

o yirregraphie experimenz.

Ine errers ET. IS and EZ can only be

truilitatIrely definen. Iney cannet oe expe-

rimentally estirated but rules are riven ma-

king it pessible te suppress ther and parti-

cularly to rancel cut the always dangercus

sarelIng hrases.

I navc been struak by a comment rade

recentIy by an Australran friend : "In chis

cenntrs rost corpantes regarc saroling as an

Ur.AVO ,,d is everheah and ir many cases they

seend as -f - e roney as dessinie on It".

Sisi. a risunderstaneing of the randor

c: sAr;:ling, su:h a rtsapereciarien

th, risss attached tr ir shoW hew neces-

sary was a syrpcstur en th:s subject.

Ibe fIrst thing thal should be empha-

sized 1s that saraling is net a simple recha-

nrcal technIque like crushing for instance

it is a random process liable to introduce

errors such as chemical analysis. but whereas

this latter is always carried out in labera-

tery conditiens (I was tempted to say in

"aseptic" conditions) by a well-crained spe-

cialized staff conscious of the necessity of

accuracy and precision, sampling is usually

carried out in field er plant conditions by

unspecialized labour perfectly unaware of the

importance of their work and unconscious of

the mistakes to be avoided at any cost.

Samoline and analysis fchemical, size

or moisture analysis) are the two complementa-

ry links of the duality estimation chain wIth

the ecnsequence that the tetal estIratron er-

res 1s tne sur of tra sar.:-Iing error and c

ana:ysls arror.

Ina ent.bnJza:1:n

charnbteri:bles 3:. t.St:roat= aenan is

sare care be taaan sanniinp and i

lysls.

Sarzlins snoulc alkrays be olaced unoer tre

reszcvssteility ef tne neaz of Hauaht,:e centre'"

not of tne head ote zroduction". it snould oe

carried out by a specialized staff corscious

of the numerous errors tnat may take ziace and

knowing how to suppress or reduce tnese.

One may judge a crusher er a screen af-

ter its mechanica: performanee, net a sampler :

the cnly touchstone cf a sampler is its apti-

cude tc averd a certaln nurber of errers and

to ratntarn the others at an acceptabIe le-

vel. One ray judge tse products of a crusher cr

ef a:creen after tne results c: a sIrple tes:

easy td carry ou: : thr prede-'s contain tne

procfs ef cheir cualities. This is nc: true

cf a sarple : after it has heen extracted frer

the lot, there is nc vay ef recegnizing a

"pc,od" sarple fror a "nad" one.

But what is a "geed" sample and why is

this ocher one "bad" 7 1m is the object ef the

sampling theory to answer this apparently sim-

ple but really subtle question. The sanpling

theery is nothing else than a cherough study

of the sampling errors.

2 - OUALITIES OF A SELECTION PROCESS

Sampling is a complex selection process.

A selection process may be qaalified:

Either in terms of "a priori qualities"

or in terms of"a posteriori qualities".

. The "a priori qualities" are defined

after the conditions ef the selection :

A selection process is said to be

"probabilist" whenever each element of tIe

Ict is submitced to the selection with a gi-

een probability of being selected.

It is said te be "nOn-prObabiliSt"

whenever it is not founded en the netton of

probability. "hammer and shovel" sanblin&


nethed, basec as it is on a purposiye saIes-

blen of the materral destined to the sarri,,

is a non-probabilist method. Such nethess are

inaccessible to a theoretical appreach, rney

are therefore excluded from our study. They

! are usually heavily biased and should there-




fore be rejected.

A setectien process is said to be

'correct" ‘..henever all elerents cf the le:

tre submitted to the selection with a unIferr

probability (er density of probability) ef

being selected.

It is said to be "incorrect" wher,

beIng probabilist, the above condrtion is ne:

fulfilled.

.The "a posteriori" qualities are base..

dn the results ot the selection and more par-

ticuiarly on the statistical propertres ct

the selection error e, relative difference

between the critical content aE oi the sarr

ple E and the cricical content aE of the sar-

pled lot L.

e • (aE - aL) / åL

A selection process is said to be

"unbiased" when che mean of che selection er-

vor is nil.

m(e) • 0 - m(aE) =åL

It is said to be "biased" when the

mean is not nil. The value of the mean is

rhe "bias" B or relative systematical error:

B  m(e) t1 0 m(a) ay

It is said to be "reproducible" vhen

the variance of the selection error is not

largar than a given"reproducibility standard"

c2(e) e.c2 0

It is said to be "exact" when the se-

lection error is always nil :

mme) • 0 and z2 (e) • 0

In is said to be "accurate" when it

os b the same time unbiased and reproducible:

raci . and 7:( e) CE

- It is said td be "representative" when

the mean square et the error does not exceed

"rezresentativity standard" 8.:2:

rle' I m' (e) • z-(e)- s.

Prao:Ically speaking, the only non-uto-

objective is representativity. Accuracy andpir

exactitude are reached only at the limit.

Ihe sampling thecry may alse be regarded

as the search for relationships between the

cencrtions and the results of a sampling, i. e.

between its priori" and its "a posteriori"


quallties.

- SAhS'hING AND HETEROCENEITY

raolion cf a batch ef homcgeneous

narebial has sare compositien as the batch

Itsel:. The samzlinq of a homodeneous material

1s therefore ar exact selection 2rocess, wha-

tever tne conditions of sampling.

The fractions that can be extracted fror

a bacch ef heteregeneous material don't usual-

ly have the same composition as the batch it-

self. The sampling of a heterogeneous material

is therefore a random selection process, gene-

rating saroling errors.

All sarp1ing errors must be regarded

as a consequence of one form or another of he-

terogeneity of the sampled material.

This notion of heterogeneity is multi-

form : we have been able to define and ex-

press mathematically :

- The constitution heterogeneity, an in-

trinsic property of the population of

fragments. Blending or segregation has

no effeet on it.

The Aus. I.M.M. Melbourne Branch, Sampling Symposium, September, 1976 The Aus. I.M.M. Melbourne Branch, Sampling Symposium. September. 1916
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4 - ANALYSIS OF THE SAMPLING PROCESSES d) Reunion : The "real-samale" is ob-

tained by reunion ot the real-increnents.

- The distribution heterogeneity, a pro-

perty of the fragrents distribution

throughout the domain occupfed by che

batch. Blending tends te decreasc, se-

gregatfon tends te fncrease the dfstri-

but i en hetorogenc ::y

The ratnematteal Çr•rtrtits 0: triese twe

tcrns ,a hvteregenefly nave neen tntreughle

stualeh anh retatett te end anether.

	

In our theery sacelIng

descrlaeahd te characterize thv ritu-

tign neteregenetty.

sha., use tnree descriptive functions:

a(X) : an indicative function taxing

rhe value J when the peint X falls

w:rru n a deraln eetnpied by the "cri-

tical comonent" tcorponent taken nore

parcicularly inte consideraticn,

valuahle rtneraf) ana the value

1 when the petnt X falls wirhin

a doratn occupied by a non-critical

cenponent :fneluding the vetcs between

	

. .

eicrtinc function raking the

value cf the specifte graotty of the

cempenent present nt peinc X idero vrten

X faits in the inters:::

a(X, d(X)

The functfons a(X), d(X) and h(X) are

PunCTU,EI-funCtiOns. tehen tne peint X is re-

elaced ty a small domain Itc centered in X, we

,bra,n the smocthed-functions" ac(X),

and

a (X) is the "Critical content" (pro-

portion of critical component) of

Dc(X).

e(X) is the average specific gravity


of the material contained in Dc(X).

h e (X) = ac(X) k0 (X)

But we never know the analytical expres-

sion of the functions a(X) and h(X). Experience

shews that a given material, fer instance the 


feed to a processing plant or to a sme.lter,

possesses stable variabflity properties that

may be characterized by reans cf the "vario-

grar functions".

Let's denote k

ane :nnez,en tn, posn: X and

for :nstane, •X.,

In ercer tnu demonstrarlen

:I shppose that we

are ensnc the sampling 0: a

nwIng stream e: rarerlal ar tne

discharge end ef a conveyer beit,

fer instance and that X is a

puint en th+ tine-axis.

: a ttme Interva:

the inerease if the y(X) fune-

tion between the instants X - (72

and X :(2 :

- y(X-(:(2)

): the half mean sceane ef Iy(X,h)

calculatej throughout the domain

EL oncupier hy the int L (DL re-

presents here the daratfen ef the

flow).

v .(.= (X,e)dX

T I

v (-) is cefled the "variocram

of (X)". It can often be

represented by i linear function

such as

v (r) = vylt v
y2

where v and vy2 are the "vario-
Y1

graphic parameters". They can be

experirentally determined ( vario-

graphic experiment).

we shall see later on that the moments

of several sampling errors c'an be expressed by

means of the variographic parareters. The va-

riographic experiment is therefore the key to

the practical estiration of the sampling er-

rors.

Sampling mcaning) is usually an

alternation of areaaration stages (crushing,

trinding, drying, blending, transf-- .to

and of samaling staaes proper tsenlo we:ghl

reduction), noth suscertIrTe ef aStersnd tht

crit1eal centent and theretore genernt,nu.

areparation errors EZ isectich le

- sampling errors EE (scEtiEns t:

Shen, the total errer fl is :

ET = EE •

Any probabilist sanpling stage can be


reduced to one cf the two fellowIng precesses :

increment samal no process vi(Ey(

reduction ratio usually betweee, 1n-4

and

Prototype : cuttIng ef a stream at th+

discharge end ef a cenveydr)

Splitting process (weight reduetion

ratio between 10-2 and 0.5)

Prototype : samling by ueans e: a

riffles divider.

The former is usua:ly appli te tets of

naterial too heayy to be handSed in totality

and the latter to lets ligh: enoug tu be han-

d,ed.

The logical analysls ef these probabflist


sampling processes shows that they may he re-




garded as sequences ef elementary cperations.

4.1. Inerement rocess :

Integration : selection of the

"OlinCtUal-inCreMent5"throughout the derain

occupied by the lot according to the "inte-

gration law".

Increments deliritation : definition

ef the boundaries of the "model-increments"

around che punctual-increments.

Increments extraction : actual sepa-

ration of the material contained in the model-

increments, generating the "real-

increments 9.

trocess.

a) Iract,uns dell. 	 rn : Gth ezrsedl

genEraling trt -rocel-fractiees

b  st.;:;:ra:

•

fractions".

tions that te::: ne retasned as isua-sar-)les"

Senn,on : Ine "real-samale' is uh-

taSned by reunien of tne su-sanntes.

These e(erentary eperattens :exeupt tne,

reunien1 cons:dered estner

grouped together, may be regarded as sIhnle

seleetion processes accesst to

riral approach. Fer tnsrance :

- intennation is a sefeetie

applied te the let and generatIng pints

(the punetual-tnerenents, uTaieh,one

gatnerva, eenstftute zr, "DueCinET-

BamDle''.

- Integration + increments aelirltation

is a stiectten noboess apr ice ris, t,

thr l.t and generattna v

cel-increnents) whfch, ence pa:nerea,

constitute the mmodel-samale".

- Increments extraction is a se 1er t nr

process Arpiled to the reie,-inerenents

and generattng groups ef frapngnts (tEv

real-increrents) which, gatherej, cens-




titute the " real-samale".

Fron, the standpcint of the sarpling er-

rors we may consider that the total sampling

error EE is the sum of :

d- the (total) intecration error EIt

- the error of materialization cf the

punctual-increrents EM

EE = Ett EY

The materialization itself can be bro-

ken up into a seguence of two cperations :

The Aus. I M.M. Merbourne Branch, Sampling Syrnposium, September, 1376
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the Incrementsdelimitationand the increments

extraction.The materializationerror is there-

fore the sum of two errors :

the delimitationerror EC

- the extractionerror EP

EM EC + EP

- INTRODUCTION TO THE SAMPLING MODELS

The theoreticalstudy of these simple

selectionprocessescan be carried out by means

of two models :

the integrationmodel

- the probabilistmodel

Any batch of material (solid or fluid,

compact or particulate)may basically be looked

at in two differentways :

Either as a geometricallycontinuous

mediur. A lot of material L is then

consideredas the set of points belonging

to a certain domain DL of the geometri-

cal space. Each point X is characte-

rnzed by the values taken by the two

runctionsn(X) and b(X).

Tne critical content aL of L (pro-

portion of critical component) is ex-

pressed by :

aL (x)dX / u(X) dX
JDL

- Or as a physicallydiscontinuous

medium. The lot L is then regarded as

a set of parcicles (acoms,molecules or

fragments)surroundedby a passive me-

dium (vacuum,air or water). If, for

example, L is made of NL fragments,each

fragment Fi is characterizedby the values

taken by two parameters

ai : the critical content of È.

M. : the weight of Fi

The critical content aL of L is

then expressedby

aL aiMi I Mi


Both expressionsof aL are equallyvalid.

, The integrationmodel is the model

developed to representa punctual

selectionprocess applied to a geome-

trically continuousmedium. The selec-

tion process is characterizedby an

intecrationlow e.g. systematic,stra-

rified randon cr randon) and by a se-

lectIon functiong(X) which is the

density cf selectionprobabilityat

point X.

. The oropabilistmodel is the model de-

veloped to represent.a selectionpre-

cess appliec to a ohysicallydisconti-

nuous mediur. The selectionprocess is

characterizedby a set of selection

parametersPi, the probabilityof se-

lection of the fragmentFi.

It should be well understoodthat both

perspectives (continuousand discontinuous)

and both models (integrationand orobabilist)

are equally valid.

They are not competi[ivebut complemen-

tary, exactly in the same way as che various

projectionsof an objecc on differentplanes

are complementary.

Generally speaking,it may be said that

the integrationmodel fits more closely the

study of the long-range,large-scaleproper-

ties of the sampledmaterial.The lot is looked

at as through a wide-angle lens in such a way

that the discontinuitiesof the material ap-

pear as a fuzzy picture of a concinuousmate-

tial. The integrationmodel is the model de-

veloped by MATHERON for the samplingof mine-

ral deposits and we utilize in our theory

results obtained by him.

On the other hand, the probabilistmodel

fits more specificallythe study of the short-

range, small-scalepropertiesof the sampled

material. The lot is lookedat as through a

magnifying less in such a way that the long-




range scructureof the distributionof the

componentsare no more perceptible.The pro-

brbilistmodel is a generalizationof the erui-

probablemodel that we developed abeut 25

years ago.

These two medels make it possible to

study the sampling ef any kind ef materiel,

mflidcr compact or part:culate,cf


mineral.vegetable,antmal cr syntheticcrigin.

This is why Our study may by truly regarced

as a general sampling theory fitting all sam-

pling problems.

Now, when develeping a mcdel, we are

aiming at establishingmathemattcal relation-

ships between three groups of characteristics:

I - The data of the problem : These

data characterize the constitution

and the distributioncf the compe-

nents of the sampled material.

2 - The free parameters : These are the

factors on which we can play in or-

der to solve the problem, e.g. type

and mechanical characteristicscf

the sampling method er device.

3 - The appreciationfactors These


are especially the mean and the va-

riance of the sampling errer or the

nean and the variance of the sample

critical content.

A sampling problem is said to be "SO-

Lible"when such relationshipscan be deri-

ved and when for instance a solution can be

p:oposedmeeting a given representativity

standard.

lt is said to be "insoluble"when such

relationshipscannot be derived and more ge-

nerallywhen errors must be suspected that

csnnot be taken into account by a model.

A "solution"may be economicalor non-

economical.In this last case a compromise

must be sought between cost and representati-

vity.

For mechanical and economical reasons


the sampling of three-dimensionlots (exten-

ding equally in the three dimensionsof space)

of particulatematerials is to be regarded as

inscluble ; che sarpling cf twemdimensionlots

(flat heaps of small and nearly constant thick-

ness) is soluble but usu),Ilyuneconemical; the

sampling ef ene-dirensidn lets (especidlly lcbs

[ransiered at nearly censtant rate cf flev cn

a convever hell; is easily seluIcleanC e.rmap.

Fer this reasen it is always advisa)le

to sample a let eZ cre when it fs being trans-

fe-crec:uncer the forr cf a cre-dimensienob-

ject. It is the only relraule kind ef sanpling.

We have carried cut and re:ated in cur beoks

(see references in appendix) an exhaustive

study of the errors liable occur in this


particular case.

6 - PFATLCPME):: OF THE ITEGkATION OtEL

MATHERON developed his model for the

three-and two-dinehsioncb ects that rerre-

sent nineral deposits. Our eier.study ccvers

mcre especially one-dirensienchjects such

as flowing strears of cre.

Incezratien laws : We have re:ainee the three

nost usual integratien lars :

systemacie (with rander positiening)

- stratified random

random

The developnmnt cf the integrationredel

leads for each integration law to the expres-

sion of :

the mean m(ME), the variance h'(ME)

and the relative variance 1.2(ME)of

the sample weight :

1:2(ME) c2(ME) / m(N)

The mean m(AE), the variance c2(AE)

and the relative variance 112(AE)of

the weight of critical componentin

the sample :

u2(AE) c, (At) I r2(AE)

TheAus.I.M.M.MelbourneBranch,SamplingSymposium,September,1976 TheAus.I.M.M.MelbourneBranch.SamplingSymposiurn.September,1976
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- The mean m(aE) or the relativebias

B(aE) of the critical content of the

sample :

B(aE)r m(aE) - aL 1 / aL

The variance 02(aE) or the relative

variance U2(aE) of the critical con-

tent of the sample :

U'(aE) = 7-(aE) / ai

as a functionof :

- The characteristics(constitutionand

distribution)of the sampledmate.rial:

variographicparaneters vm2, vAl,

vA2 val' va2' c(A,M) that can be ex-' 

perimentallydetermined;duration DL of

the flow of L ; weight ML of L ; cri-

tical content aL cf the lot L.

The characteristicsof the integration

law (type ; interval ; length of


strata e ; number Q of increments,

according to the case).

The characteristicsof the increments

cutter (widthW ; velocity V ; dura-

tion of the cut Dc W / V.

6.1. S scenatic inte ration (index I):

ti(MT) ML Dc / ; ct (ME)
ivM1 VM2

m(AE) ALMLDc/ e ; c21(AE) DL

"val

+ -7-
vA2 -

lyaE) Ui(MLE)- o(A,M) UI(AE) UI '(8,E)

Ei;aE) U.?(AE)+ lif(ME)- 2o(A,M)111(AE)U1(ME)

6.2. Stratifiedrandom inte ration (index 2) :

m2(ME) MI.Dc/6; tME) DL + ;-121

m2(AE) • aLMLDo /6 ; a(A) = DLI--5- + j
rvAI vA2 -

B2(aE) U(ME) - C(A.M) U2(AE) U2(ME)

U(sE) U;(AE) + 17(ME) - 2c(A,M) U2(AE)U2(ME)

6.3. Random inte ration (index 3)

vm1DL
m:(ME) QMLDc/DL ; :::;(ME)Q_ + v„,

-

!

vAIDL
in(AE) e QaLMLDe/DL ;AE)- Q 3 '

8,(aF) = U(M) - :(A,M) 1:“AE)V2(XE)

U- a.) U!(A.r) + - 2;(A,M)U3(AE)U3(Y.E)

n this-latterc-aseit is usually easier

to use the results of the classicalstatistics

(index4).

	

- 1::(mg)/ rE(AE) - U(A) / Q

with U-(Mg) and 1c(Ag) relativevariancesor

the weight Mg and che criticalweight Ag of

the incrementGg (q = 1,2, Q).

(a) U2,(AE)+ 1:".:,(Mr)-2.:(A,M)r..(AE)U..(ME)


6.4. Conclusions :

One of the most importantresults is that

for thecreticalreasons, the integrationis

„lased :

m(aE) # aL

even when it is cOrrect, i.e. defined by:


g(X) g, throughoutDL

g(X) = 0 outside DL

Th s bias is however negligible (smal-

ler than one tenth of the standarddeviation)

as long as the integrationis correct and cea-

ses to be presumablynegligibleas soon as the

integrationis incorrect.It cancels itself

out, the integrationassumed to be correct,

when the correlationcoefficientbetween a(X)

and L.(X)is equal to zero.

This case includesparticularlythe

following limit cases :

a) u(X) uo = constant throughoutDL

t) a(X) aL constant throughoutDL

The bias cancels out, the integration

being incorrect,when the correlationcoef-




ficientbetween a(X) and the product u(X) g(X)

is nil.

fractical1 soeakin it is of the utmost

importanceto carry out a correct integration

characterizedby

:9(X) = 90 = constant throughout 01

g(X) = 0 outside DL

It depends only on our good will that

this conditionbe satisfied.

7-BREAKINGUP OF THE TOTAL INTEGRATIONERROR.

Let's denote by EIt the total integra-

tion error:

	

Elt (aE-aL) / aL

m(EIt) flB (aE)(relativebias committed on aE)

7:(EIt)=U2(aE) (relativevariance of aE)

This error depends on the variability of

the two functions a(X) and ...(X).

Let's suppose that ;.(X)is maintained

strictlyconstant throughout DE or in other

words that the function a(X) is isolated.The

critical contents aL and aE then become aL,

and aE,. Let's denote by Ela the integration

error of a(X) :

Ela * (aE, - aE,) / aL,

We can define an independentweighting

error EDin such a way that :

	

Elt ED + Ela

m (EIt)flm(ED)+ m(Efo)

c2(EIt). c2(ED) + c2(EIo)

Now it has been sho‘m that the function

a(X) might be broken up into a sum of four

terMS

a(X) flaL, + al(X) + a2(X) + a3(X)

Lith

aL, : unweightedmean of a(X) throughout DL

	

aE, = a(X) dX / DL


al(X) : regional term carrying the long-range,

large-scalenon-periodicvariations

of a(X).

a,(X) : local term carrying the short-range,

small-scalevariationsof a(X) tied

especiallyto the particulatenature

cf the sampledmaterial and to the stc-

chascic nature cf the particlesdistri-

but ion .

a3(X) : Periodicterm carrying the eventual


periodicvariations of a(X).

Tnese terms may be regardedas represenL-

ing phenomena independentof one another, with

the consequencethat the integrationerror EIa

may be consideredas the sun of three indepen-

dent integracionerrors EII. El2 and EI3 cor-

respondingrespectivelyto the terms al(X),

a2(X) and a3(X).

We can thereforebreak up EIt and its

moments into sums of four independentterms.

EIt = En E1 EI2 • El3

m(EIt) m(ED) + m(E11) + m(E12) + m(EI3)

:72(EI) 72(ED) c:(E1I) + 72EI2) + 72(El3)


8 - PROPERTIESOF THE WEIGHTING ERROR ED

The weighting bias m(ED) is negligible

whenever che integrationis correct.

The weighting variance c2(Eo) is :

negligiblewhen the fluctuations

of ..(X)do not exceed 10%.

acceptablewhen the fluctuations

of L(X) do not exceed 20%

c) Practicall s eakin • it is always

advisableto regulate the rate-of-flowof sam-

pled material in order to reduce the weighting

variance to an acceptable level.Regulation

by weightis alwaysmore efficient than regula-

tion by volume which is anyway better than no

regulationat all.
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9 - PROPERTIES OF THE INTEGRATION ERROR EI OF

THE REGIONAL TERM

The integration bias m(E11) is nil

when the integration is correct (first approx.)

The integration variance -- (EI1) can

be expressed for the three usual integration

laws :

	

r:(EI1) val--16D Iat ; .:(EI1) val--/30Laz

vally3QaE 2Q.(EI1)

Practically speaking : When the va-

riographic parameter val is known from a relia-

ble experiment, it is always possible to cal-

culate values of b or Q satisfying a given

scandard

- For ; systematic integration :

= csaL "L Iva1

- For a stratified random integration

7caL 3DL / val


- For a random integration
-

Q z Q0 = vaIDE /

When the variographic paramecer va] is

unknown, experience shows that with che usual

distributions the integration variance

is always acceptable when < 10 mn and when


Q x SO (systematic integration).

10 - PROPERTIES OF THE INTEGRATION ERROR £12

OF THE LOCAL TERM

The integration bias m(E1 2) is nil

when the integration is correct (first approx.)

The integration variance c2 (E12)cac

be expressed as a function of the variographic

parameter va2 :

I(EI2) c:(EI2) oS(EI2)
va20 / pLa t.=

va2/

c) The local term a2(X) reflects the dis-

continuous properties of the particulate ma-

terial. The probabilist model has been de-

veloped in order to analyse the content of the

varlance .-(EI2). We shall see in seccicr. I31,ow

this variance can be expressed as a funecion

of th, cnaracteristics cf the particulate ma-

terial being sampled and how Elz can be split

up into a sum of two errors :

El2 = EF + ES

II - PROPERTIES OF THL INTEGRATION ERROR EI3


OF THE PERIODIC TERY

Experience shows that periodic variations

are more frequent than is usually thought. The

term a3(t) may be regarded as the sur cf a cer-

tain number of terms of the general forr. :

a,(t) a3sin 2-t/T • a'3 cos 2-c/T

with a3, a, constants and T peried of thE phe-

nomenon

The integration bias mlE13) is ni:

when the integration 1s correct and when D..k7

(vith k integer). -

Tne intepration variance 72 (EI3) is

very complex. Its maximum is reached with a

systematic integration when the incerval is


a multiple of the period T. Then r:.1(EI3)max

(a' + a'') / 2 a2. For a stracified random

integration, the maximun is : r?(EI:)man

(a-. + als) / 2(11ai. The risk is Q times smaller

with the stratiffed random integration which

is in any case the safest solution.

12 - DUELOPMENT OF THE PROBABILIST MODEL

The probabilist model is the theory of

a selection process applied to fragments or

small groups of fragments. In this model the

lot L is considered as a set of N groups G,

of Nn fragments (n I, 2, ..N). Nn may eventu-

ally be uniformly equal to unity . Then, 


N NL ' number of fragments in L. These groups

are regarded as indissociable batches taking

par: individually and independently in the se-

lection process with a probabilicy P, of being

selected.

If the group Gn is characterized by its

veight S.„ and its critical content ar, the me-

rents of the critical content aE of the sample

are (firsc approximation index 1) :

r(aE): = ,-anMnPn / :0MnPrI a ao L

the selection process is biased :

z-(a ) = l(a -a )-M'P (I-P ) / (=M P
El „nonnn n n

When the selection is correct, i.e. when

the N values ofn are uniformly equal to P :

= la M /LMn a ; B(aE )1 . 0
E • ,nn n L -

: the selection is unbiased but only in first ap-

proximation. In second approximation (index 2):

I-P

1(an-aL)
/ a 2

B(aE)2 - F- 0 L-vL

this bias is not nil but usually negl gible.

F`GsE)1 =
I-P

/ a2Mi.
P ,nLn LL

The bias cancels itself out when there is

no correlation between the distributions of an

and M. This case covers particularly the two

following cases :

All Mn are equal

All an are equal

ln this last case, the selection process

is exact.

Three problems can be solved by means of

the probabilist model :

analysis of the integration error EI2,

increments delimitation error EC,

increments extraction error EP.

13 - ANALYSIS OF THE INTEGRATION ERROR £12 -


FUNDAMENTAL ERROR EF AND SEGREGATION

ERROR ES


We can express the moments of £12 accor-

ding to both models. In both cases, we shall ad-

mit that the selection process consists in se-

lecting at randem  Q groups Gg from a mother-po-

pulation of N groups G, which is the lot L. The

selection probability P, of the group G, is

.1:crefere a constant P witn :

	

F Q / N

Integration model :

	

m(Eic) °0 (firsc approximacion)

va, / Qa-L fl t:(aq) / Dai

Probabilist model :

	

m(EI:) . 0 (first approximation)

	

r:(EI,)- 1. :(an-aL) Yn / ault

According to the theory of heterogeneity

that constitutes the third part cf our last bock

(ref. 3), this latter variance can be teritten :

-Pr2(g12) = I
(a.-a

p
a2M:. with:

L L

E : segregation factor : 0 z < 1

= 0 when the discribution is randor(er

uniform or homogeneous).

E . I when the distribution is completely

segregated (maximum heterogeneity)

) : grouping factor z fl(NE-N) / (N-I)

Y s 0 when N NL' i.e. when each group


contains a single fragment.

Y 0 when N < NE

Mi : critical content and weight of the

fragment F.

aE, ME : critical content and weight of the lot

L.

NL : number of fragments in L

The product E y is alwaYa k 0 .

The variance 02(EI2) is therefore minimum

when C y = 0 which happens in two cases :

I) C ° 0 : the distribution is homogeneous,

2) y = 0 : the fragments are selected one by

one.

13.1. Fundamental error EF :It is the minimum
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value of EI,.

Its variance is :

I-P  c•(EF)= _
(a--a a-5"

Pi ILI L

This variance is identicalto the relative

variance of ar whem, according co the pre-
L

babilist nedel, the N. fragmentsF. of L are

submitted to the selectionprocess with a uni-

fern probabilityP ct being selected.

The fundamentalbias iS(secondapproximation):

I-P  m(EF)2
e -

_
— (a.-a)M. / a m'
P IL 1.)1

This bias, though non-nil, is always

practicallynegligible (exception: ores of

preciousminerals or metals).

The narneof the fundamentalerror EF is

justifiedby the fact that out of all the sam-

pling errors, it is the only one that can ne-

ver cancel out : it is the error that remains

wnen the sampling is carried out under ideal

conditions.

For this reason, the fundamentalerror

plays an importancpart in the sampling stra-

tegy which consists in trying to cancel out

all the other errors and to minimize the fun-

damental error. It can be shown that the

variance :2(EF)may be wricten more simply:

72(EF) = c £ f eS/Ms = Cd-1/ Ms

with :

c : "mineralogicalfactor".it is mathematical-

ly defined and can be calculatedfor each

material.

: "liberationfactor" : o < I.

It can be estimatedeither experimental-

ly or by analogy.

f : "shape fector" : it is always near 0.5.

g : "size distributionfactor" :

For non-calibratedmacerials g 0.25

For calibratedmaterials g • 0.50

d : "diameter"of the largest fragments

Ms: sample weight

c :- "samplingconstant" of the material.

From this equalitywe may deduce that

the fundamentalvariance is minimum:

when the sample weight is raximum

when the material is crushedor

grcund to the smallestpcssible size.

It can always be eslimated.A slide rule

has been devised in erder te seive in a nat-

ter er a few seconds a)1 probiens related to

the fundamentalerror and for instancehow to

calculate :

The variance of tflerundanental-error

actually committed :

7-(EF) = Cd:

The samole weight ensuringa given

reproducibilitvstandard -

Mt.p Cd:

The maXimum fraamentsize ensuringa

given reproducibilirystandardwith a given

sample weight :

d

13.2. Se re ation errer ES.

This error ES is defined as the errcr

whose moments are :

n (ES) m (EI:) - r(EF)

7: (ES) • e. (EIL) - 7-(EF) 7: (EF)

The caccics are nct to estimateES but

to carry out the sampling in such conditions

that it is negligible i.e. to reduce the va-

lue of

•

the segregationparameter,byblen-

ding the material whenever it is possible and

economical to do so and that of the grouping

parameter,bytaking incrementsas smallfpossible

aS
14 - FROM THE INTEGRATIONMODEL TO REALITY

We have pointed out the fact that the

integrationmodel neglects the particulatena-

ture of the sampledmaterial.Fig.I/6show how

to pass from the "punctual- increment"of the

integrationmodel to the "real- increment"ac-

tually extracted from the lot :


1 - The integrationmodel applied to the punc-

tual functionsgenerates "punctual- increments":

- The integrationncdel applied to the smoo-

thed functionsgenerates seomentary increments.

Prdcticallyequivalent to (I).

3 - The segmentary incrementsdeveloped in a

three-dimensionspace are transformedin three

dimensionincrementswith parallel faces.

StricCly equivalent to (2)

4 - The model- increment accually delimitedmay

differ from the incrementwith parallel faces.

(4) is nct necessarily equivalent te (3) and

then a oelimitationerror EC takes place.

The model-incrementdoes not respect the

integrityof fragments, it is defined as the

macerial containedbetween two surfaces.

5 - The discrete model-incrementis derived

from the latter according to the "rule of the

centre of gravity". All fragmentswhose centre

of gravity falls between the two surfaces de-

liriting the model-increment belong to the

discrete model-increment.(5)is statistically

equivalent to (4). The differencebetween (4)

and (5) is taken into account by the fundamen-

tal error EF.

oja_a 0
etz--WO

6 - The rule of the centre ef gravicymay be

inperfectlyfollowed.For this reasnn the real-

incrementmay differ from the discrete mode 1-

increment,and the extraction error EP takes

plcze.

O_ANC=b00
elest0 u D

The real-incrementmay thereforebe af-

fected by two (and only two) kinds of materia-

lizationerrors not taken into account by the

integrationmodel.

the delimitatiOn error EC ,

the extraction error EP.

Let1s denote by :

Pi : the selection probabilityof Fi. it is the

probabilityof the random evenc :

falls in the real-sampleER".

the inclusionprobabilityof F1: it is

the probabilityof the random event :

"Fi falls within the limits of the model-

sample Em".

: the extraction probabilityof Fi : it is


the probabilityof the random event :

that belongs to the model-sampleEm

is actually extracted and falls in the

real-sampleER".

These two latter events being independent:

Pi s P1 Py
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The delimitationof the model-sampleEm

is said to be correct when for all fragmentsFi:

	

P' = P constant

The extraction ef the real-sampleEE is

said te be correctwhen, for al1 tragmentsFi

P" = I

	

The materialization is said to be cor-

rect when the delimitationand the extraction

are both correct.Then. for all fragmentsFi :

	

P. = P constant
1.

When the delimitationand the extraction

are correct, the delimitationand extraction

errors EC and EP cancel themelvesout, the sta-

tisticalequivalencebetween steps (3) and (4)

on the one hand and between (5) and (6) on the

other hand are thereforetaken into account by

the fundamentalerror EF.

The tactics to resort to with the deli-

mitation and extractionerrors is thereforeto

design samplingmethods and equipmenc in such

a way that the delimitationand extraction

processesbe correctlycarried out. This is

che subjecc of the two followingsections.

15 -CONDITIONSOF A CORRECT DELIMITATION

We shall restrictour demonstrationto

che flowing streams of materials sampled at the

dischargeof a conveyor by an intermittentcut-

ter. The delimitationis correct when and only

when every element of the cross-sectionof the

stream is interceptedby the outter with the

same sampling ratio, or in other words during

the same time. This is achieved when the fol-

lowing conditionsare simultaneouslyfulfilled:

I - Geometricalconditions :

Straight-pathcutter : the eages

should be parallel.

Arc-path cutter : the edges should be

raiial.

Manual cutters : as the path of mauual

cutters is neither straightnor circular,

there is no correct shape of the cutter. Such

cutters should be avoided as they are never

Correct.

These geometricalconditionsshould

net bc altered by accumulatIchof material on

the cuccer edges, by defermationcf the cutter

or by wear.

2 - Inscallatienof the cutter :

The cutcer sheuld be installedin such a

way that :

It cuts che totalityof the stream

cross-section.

lt does not receivematerials between

cuts (dust for instance).

3 - 5 eed of the cutter :

The speed of the cutter should be unl-

form :

a) during each cut

h) from one cut cc the next.

These conditionsare best achievedwith

electric drive. The electricmotors should be

overdimensioned.Hydraulicanå pneumaticdrives

should be avoided.

16 - CONDITIONSOF A CORRECT EXTRACTION

The extractionerror takes place when the

rule of the centre of gravity is not respected.

It is practicallyrespectedwhen and only when

the followingcondit ns are simultaneouslyful-

filled :

I) The cu ter edges should be horizontal.

The distanceW between cutting edges

should be larger than a minimum Wo with :

510. 3d when d > 3 mm

Wo 10mmwhen d 5,3 mm

(d is the diameter of the largest fragments).

The cutter speed V should not exceed

a maximum V' with :

V.") 0. V W / W0


,.nd Vo 40 cm/s

The depth of the scovp snould be lar-

ge enough to prevent material from bounding,

srlashingout cr overflowing.

12 - SPLITTING PROCESSES

The thecry of splittingprocesses is

simplesince usually the sampling errer EE is

reducedto

	

EE = El, EF ES

The use cf splictingprocesses is res-

trictedto the sampling of lots small enough

cr valuable enough to support the cost of

handling.With hand rethods, the lirit coday

:s cf a few tons but with mechanical shovels

nave seen fractional snovelingapplied to

letscf 10.000 tons and over.

We shall make a quick review of the most

usual splittingmethods and devices.

iraccionalshovelin- : Tne lot is moved with

cne cr several hand or mechanical shovels.

Shovelfulsare extracted from the lot and suc-

cessivelydischarged on the top of one of N

heaps.At the end of the transfer,one of the

N heaps is selected at random and retained as

a sample. The sampling ratio is 1 / N. The lot

should contain at least 50 N shovelfuls.For

very large lots, it is advisable to choose

N . 5 or 10. For small lots, with N e 2,

fractionalshoveling is known as "alternate

shoveling".It is the simplest, the cheapest

and also, when correctlycarried out, the most

reliableof all splittingmethods. The dege-

neratedmethod consistingof discharging one

shovelfulon the top of heap A and N - 1

shovelfuls (N > 2) on the top of heap B may

be dangerous in commercial sampling (see be-

low "the notion of equity") and should there-

fore be used only for technical sampling.

	

Conin and uarterin It is the ancestor of

all sampling methods. Uselessly labour consu-




ming, more costly than fractionalshoveling and

usually less reliable,this methed should be a-

voided.

Riffle snlitter : Everybodyknows this device

chat belengs tc the equipmentof all sampling

laberatenies.It is cheap, cenvenientand re-

liable when chrrectlyused.

Reccictnc snlitters : Differenttypes ot revol-

ving splitterscan be used. They are also cheap,

convenient and reliable.

The notich cf equ..ty: A commercialsanpling is

said te be "eduitable"when the commercial va-

lue of the sarpled let, as calculatedon the ba-

sis of the sample content aE is a random varia-

ble with a mean equal to the value calculated

on the basis cf the lot concent aL.

The first qualicy of a cormercial sampling

is therefore te be equitable.

With the integrationprocess,assuming

the value of the lot to be a linear function

of the content, the saroling is equitable when

and only when it is technicallyunbiased.

But with the splictingprocesseswe have

sho‘m that a samplingcould be made equitable

even when it is technicallybiased.

Any true splittingprocess generating

N twin-fractions( N k 2 ) may be considered as

a sequence of two operations :

- a material separationoperation genera-

ting N fractions.This operacionmay be and

sometimes is biased.

- A selectionof the fraction that will

be retained as a sacple.

If this selectionis made at random, the

splitting is equitableeven when technically

biased. If the selectionis not random (for ins-

tance when retainingalways the right bucket of

a riffle splitter)the splitting is equitable

only when it is technicallyunbiased.

The bias may have two differentorigins :

- technicaldefect of the splitter or un-

intentionalmistake of the sampling operator,
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- Intentional alteration cf the sample

content by the uperator (for instance, when

carrying cut a hand splitting methed, by hchp_

ing fLe larpt fragments in cr eut ch the sarr

ple).

Ib - 'R1'AkÂrIQy ERSOS5 EZ

Pregaratien errers are nc: saselln2 er-

rers hut they usually arfse in sampling sta-

tions and are usually due to the sarpling cpe-

rater. They beleng to five main types :

Ioss of particies beitenging te th,

sargle (e.g. dust or materIal re-

maining in the sampling eircuit

after the operation/.

contarinazien cr the sarple hy fc-

reign material (e.g. external jus:

or mater141 remainIng en th, sar-

pIing circuit before the eperatIon ;

rust or any material resulzing frot

the corrosion or anrasten c: tne

machinery in contaot wicr: the sam-

pled material).

EZ alteration of the critical tharac-

teristio to he measured on the f:-

nal sample : loss cf critical cons-

tituent (e.g. when sampling for

coisture, loss cY moIsture by ex-

posure of the sample to a heat sowee:

when sampling for the content

in native sulphur,loss of sulphur

by drying at a cemperature higher

than rocm temperature) ; ex[ernal

addition of critical constituent

(e.g. when sampling for moisture,

storage of the sample under the

rain or in a damp atmosphere) ;

The Aus, I.M.M. Meamump Branch

destruction of a critical consti-

tuent (e.g. tl:en sampling for the

propertion cf a coarse size class,

breaking ei coarst fragments durtng

lhe handlinp dperattens) ; altera-

tion of a consrituebt

le.g. less e: raten belongin t, t:s

erysta. Iattzer ganaue ..,:i..
: Tnintentional nasteces rade .

51hCeil Opert;:r Le.e. rij e:


sar-sandoles be.shsans :o deirerent

sangles ; labyIln. errers ; drsppin-

s: fractiens ..ete...:

Intenttona: a.teraticn c5 the cha-

raolerIstic te be measuref cn the

finai samp.c ceo fishenest operg-

Ler. Such "e  are tee Pe expec-

ted enly in .o0rnrre:a1 sergding s-

perations.

In crder te prevent errs

sarglin2 sncrId

sta:f p.ace- uncer th

ci ne qualite contr: servIec ksam

an'

In ordee to preven: error El
, all steps

cf a cocrmercia: sampItng so,°uii Ot ,encesctej in

the presence ef a guslifiej dro competent repre-

sentative ef the vencor and ch tne buyer. Msre-

ever, sphitting prscesses snsuld be resccoted

ts as much as possibie, witheur tergetting that

equIty is a property attachei tc [he randoc se-

lection cf the sample, not to the splitting

operation in itself.

19 - CONCLUSIONS

Sampling has always been and still is in

many parts of the world the "poor relation" of

the mtning and metallurgical industries. Tea-

ching ccurses are practically non-existent ex-

cept in a handful of Universities. The advice

given in the well-kno‘m handbooks to be found

on the shelves of every mining ergineer's or

metallurgist's office seem to date back to

Agri;ola's time cr to be reproduced from a text-

hcok of Alchemy.

It is net unusual to see in a mine, a

prdoissing plant and even a laboratery, sam-

,tions carried out by unspecialized

lan: ur esnrie:ely unawa“ e: tno mess: eieren-

tary fe.es ef sartIins.

recently saw 1:: ,

eceantrc rarcus Let -ts se:en  al

eisprent, a sar;i1n2 sperater throw-

ing away the slimes c: a tiotatish teed sam-

'e and ansther sne, empleyed in the chemical

laboratcry, rejectIng the eserstze ef the 100

mesh steve used ler the preparation cf the fi-

na1 assay sargle. Somewherc eise on the same

cont.inent we saw a tear i wel: trainee spe-

cee:Icts applyin2 wite wenderful discipline

a eorphetely chsciete sang:Ing retnce that

TACGAI:7 considered aIreacy fifty years ags

at henvile hiased and msst dangerous. ke

rIgh: multeply tne exargles.

Ihis sicuatihn 1s werrying. I: shows

tnst, å few exceptlens, the Pesgle in


cnargo of the mtning ani metallurgIca. incus-

tries :rob. the generg, managers down te the

youns wtsilurplsts are corelel,ly unaware and

uncc-nscieus cf the risks attached to sampling.

is is due ts the tact that until re-

cently, Universities and kesearch Centres

shor.wd a complete lac's cf interest in theory

ci sareling w'th the result that the teaching

cf it was przetically non-existent.

A few timorous attempts had however

been made but they emanated :

Either from geologists, mining engi-

neers or metallurgists lacking the mathemati-

cal background necessary to deal with a sub-

ject Lelonging to the calculus of probability.

Or from statisticians lacking the in-

dispensable knowledge of the physical proper-

ties of the sampled material.

ihese attempts resulted :

Either in empirical formulas lacking 


any scientific basis and very often dangerous.

- Or tr: cerrect mathematical formulasin-

volving parareters that cculd net he experimen-

tally Octerrthea er at least estimated in a

prasties: way.

Ir zra varlees bcs and papers we puI

th. seurse c: the las: 2 5 Years,

unewestane t ne

w mean anc v

th, mos: irrertant sampling errors,

- te ceee,ep gractical ieremlas that can

he usee by the average mining engineer, geole-

raita:Irrgist,

- termeIate a generaI strategy ‘..heich



will eIheenate. number of errers and matntain the

ethers a: an ascerhable leval,

to estab....se cn a scientifIc basis the

rules thrt: shoule be respected when desigeing

sarplie; cevIces anj methods,

- ts rage a census cf the insoluhle and

s: tne srlerIc sancIing preblems,

- on. thls latter case te incicate the

s I ut ien that should be retained.

In the gresent paper we atterpted tc

show t,;(- gencral:ty cf cur thecretical ap-

proach. Wt weLld like the reader, University

Professer as och as sampling operAtor, to

understand tnat sampling is not a simple hand-

ling technigue where a solution can he irpro-

vised en the mere basis of good will and com-

non sense.

Sampling is a science and must be trea-

ted as such.

. a ranjer sejeoti

after thc separatien ct the iraet:

tentlenal gIrwratieh cor tne

ness wti. turr eatr egual grebab..:t1cs t-

agrantage cr to tne disacvantage

SamplIng SyniposIuen. September, 1976
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Combination of Flotation - Rea
Li uid - Frantz Se arations

A composite of three ore types (unoxidized, highly oxid1zed, and

moderately oxidized ores), which contained an average of 0.278 oz/t gold,

was separated into numerous products by flotation, heavy liquid separations

and a Frantz Isodynamic separator. By microscopic counting techniques,

the sample contalned two percent pyrite and four percent hemet1te. Semi-

quantitative x-ray diffraction analysis indicated the gangue minerals to

be quartz (44%), calcite (232), dolomite (72), illite (152) and kaollm (52).

The sample was floated to recover the pyrite in • cleaner concentrate

and a cleaner tail. The rougher tail was deslimed, producing sands and

slimes fractions. The sands were passed through a Frantz isodynam1c

separator at a magnetic field strength of nearly 13,000 gauss to remove

most of the hematite in a magnetics fraction. Frantz nonmagnetics were

further separated by acetylene tetrabromide, which has a specific gravity

of 2.96. Host of the remaining pyrfte and hematfte was recovered in the

sink fraction, while quartz, calcite, dolomite, illite and kaolin were in

part collected in the light mineral fraction. A partially successful

attempt was made to separate quartz from the carbonates in th1s float

product by diluting the acetylene tetrabromide to a specific gravity of

2.68 so that quartz would float and the carbonates would sink.

All separation products were weighed. Small amounts of each were

removed for preparation into epoxy mounts to be examined microscopically

for gold occurrences and for microscopic counting analyses to determine

percentages of pyrite, hematite and gangue.

Remaining portions were pulverized for semiquantitative mineralogic

analyses by x-ray diffraction and for gold assays. Cold assays and d/s-

tributions and the mineralogic data are compared in Table V. In addition,

qualitative microscopic observations for gold occurrences are shown.

Except for the flotation cleaner concentrate and Frantz magnetica,

all other separation products are relatively impure. Nevertheless, the

following seeiquantitative to qualitative statements can be made about

the gold occurrences:

Highest concentrations of gold occur in the flotation

cleaner concentrate (3.23 ox/t), representing 29.1

percent of the gold and consisting largely of pyrite

(807.). For a product of such high gold concentrations,

only three gold particles were observed microscopically,

suggesting that a certain proportion of the gold is sub-

microscop1cally associated with pyrite and would probably

be refractory to cyanidation.

Relatively high gold concentrations also occur in the

Frants magnetics (1.85 oz/t), occurring largely as

hematite (652) and accounting for 44.1 percent of the

gold. In this product nineteen fine gold particlea

were detected microscopically, suggesting that most of

the gold associations with hematite are microscopically

visible and probably amenable to cyanidation.

The flotation cleaner tail and heavy mineral fraction

contain intermediate gold values of 0.28 oz/t and 0.42

oz/t, respectively. While relatively small pyrite
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Table VI. Assa s Extraction

Assa s and Extractions

and Semi uantitative

Sample A

Mineralo

Sample B Sample C 

(Highly) (Moderately)

(Oxidized) (Oxidized)(Rnoxidited)




Au Before Cyanidation (oz/t) 0.165 0.41 0.26
Soluble Au After Cyanidation (oz/t) 0.003 0.39 0.215
Insoluble Au After Cyanida. (oz/t) 0.162 0.020 0.045

Cyanide Soluble Au (%) 1.8 95.1 82.7
Cyanide Insoluble Au (%) 98.2 4.9 17.3

Hineralogy i)e





Pyrite 4.0 0.2 0.7
Rematite 0.2 8.3 2.2
Gengue 95.8 91.5 97.1

390 ./. W. Ahlrkhs

(2-6E) and hematite (Tr-10%) values occur in these
products, gold contents appear to be associated with
these two minerals. Four gold particles were observed
in the greater than 2.96 fraction as inclusions in
hematite, further indicating the presence of micro-
scopically visible gold with hematite.

4. All other products consist largely of gangue minerals,
and gold values are relatively small, ranging from
0.036 oz/t in the "carbonate" concentrate to 0.082
oz/t ln the "quartz" concentrate.

On a semiquantitative basis, 83.6 percent of the gold occurs in
samples with significant pyrIte and/or hematite. However, due to the
relative impurIty of the products, no concrete associations with the
various minerals can be calculated.

A lication of Simultaneous E uations

The ideal situation for the above separations would be to cyanide each
product for the determination of soluble versus refractory gold. However,
due to the treatment of the sample with flotation reagents and the organic
heavy liquid (acetylene tetrabromide), the cyanidation of the gold yould
probably be inhibited. The deleterious effect of flotation collector to
cyanidation was described by Finkelstein (5).

The application of simultaneous equations was used by Renley and
Stevenson (1) for a variety of cyanided mill products to determine amounts
of soluble and refractory gold associated with pyrite, galena and sphal-
erite.

This section of the paper applies their tecbnique for the evaluation
of gold associations in the three ore types which were used in the above
study to demonstrate the combined flotation-heavy liquid-Frantz technique.

Tbree ore types, designated as A, B and C, were cyanided to remove
the soluble gold. Epoxy mounts of the leached residues were prepared for
microscopic point and gross-countingof pyrite, hematite and gangue, The
assays, cyanide extraction data and microscopic counting analyses are shown
in Table VI.

Gold extractions progressively increase with increasing oxidation
from pyrite to hemattte. In the unoxidized Sample A, only 1.8 percent of
the gold is soluble, as compared to 95.1 percent in the highly oxidized
Sample B and 82.7 percent In the moderately oxidtzed Sample C. As de-
scribed previously, mIcroscopically-visiblegold Is finely included 1n
hematite but none was detected in the unoxidized Sample A. This indicated
the following:

A certain proportion of gold is submicroscopically
associated with pyrite and is refractory to cyani-
dation.

Most of the cyanIde-soluble gold is associated with
hematite.

A portion of the gold is associated with the gangue
minerals.

* Determined by microscopic point and gross-counting techniques.

To determine the amount of refractory gold within pyrite, hematite and
gangue, simultaneous equations were arranged according to the following:

Sample A: 4.0 Py + 0.2 H + 95.8 C e 100 x 0.162


Sample B: 0.2 Py + 8.3 H + 91.5 G e 100 x 0.020


Sample C: 0.7 Py + 2.2 H + 97.1 C 100 x 0.045

where: Py, H, and G represent apparent gold contents in
pyrite, hematite and gangue, respectively.

Calculation of the equations results in the following:

Pyrite * 3.48 oz/t gold


Hematite % 0.00 oz/t gold

Cangue * 0.024 oz/t gold

The data show that essentially all of the gold was removed from the
hematite upon cyanidation. Most of the refractory gold (3.48 oz/t) was
assumed to be submicroscopicallycontained in the pyrite. The gangue
minerals contain 0.024 oz/t insoluble gold.

The contained gold within the minerals is used to calculate the gold
distributions, as shown in Table VII,

Table VII. Distributions of Gold After Cvanidation

Contained Calculated
Insoluble Gold Mineral %** Au (oz/t) Au (oz/t) Dist.(2)

Pyrite 1.6 3.48 0.056 19.8
Hematite 3.6 0.00 0.00 --
Gangue 94.8 0.024 0.023 8.1

Soluble Gold




0.20 72.1
Totals 10C.0




0.279 100.0
** Average of microscopic counts for three samples.
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Each sample was scanned from 20 to 400, 2e, utilizing a rotating sample
holder. Measured peak heights for the individual minerals were fed to the
computer which classified the rocks into the following lithologles:

Cherta

Siltstone

Shales

Limestones -

Dolostones -

>70% quartz

40-70% quartz

>302 total clays

>40% calcite

>40% dolomite

1 1 1

Figure 1 shows lithologic distributions along a northwest-southeast
section of the prospect. Anomalous gold values are outlined in two areas
at the northwest and one to the southeast. The two anomalous areas at the
northwest are generally stratiform, dipping approximately 30° to the south-

east, extending in part into primary calcareous lithologies.

The anomalous area to the southeast is irregular in shape for which
gold contours display an inverted U-shaped configuration, attributed to an
intersection of a nearly vertical fault.

All three anomalous zones display slliceous siltstone and shale lith-
ologies, but silicification is most proninent to the southeast where cherts
and highly silicified siltstones occur.

Dolomitic limestones are irregular and discontinuous in distribution,
occurring below or immediately adjacent to ore zones. They do not appear
to form a continuous primary lithologic unit throughout the prospect.

The XRD mineralogic data for this section indicate the following:

Impure calcareous ltnestones comprise the major primary
sequence in the deposit, hosting the gold mineraltzetion
adjacent to vertical fault structures.

Decarbonitization of Unestones has occurred along ver-
tical structures and along select bedding planes, resulting
in the alteration of limestones to siltstones and shales
in association with gold mineralization.

More advanced stages of decarbonttization are accompanied
by silicification to form cherts and further silicify
the siltstones.

DolomitIzed zones are irregular, but appear to be In the
proximity of gold mineralization.

Conclusions


This paper provides a few examples by which the process mlneralogIst
serves as an batermediate source of information for the fleld geologist
and extractive metallurgist in the exploration and testing of gold ores.
Characterization of the ore is important to both, although for different

purposes.

"Coarse" gold may pose one of the problems in the sampling of a gold
prospect. Data on coarse versus fine gold distributions will aid the
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geologist in planning his sampling program, revealing minimum sample re-
quirements for accurate assays and can be utilized by the metallurgist to
determine if the gold is extractable by cyanidation only, or if prior
treatment by gravity techniques will be required. The presence of coarse
gold can usually be established by the "screen-fire assay" technique.

On the basis of gold assays and mineralogic evaluation of separation
products, gold associations may be defined. The application of simulta-
neous equations and microscopic counting data to cyanide residues is useful
for determining the associations and distributions of refractory gold with
certain sulfides or non-opaque mlnerals. From these data, the metallurgist
can decide whether finer grinding or aqueous oxidation methods should be
attempted to extract the gold in test vork.

Conventional petrographic studies aid the geologist in mapping and
understanding of the various rock types, often revealing most favorable
host rock units. Once the compositions of the rock units are established,
the "XRD-computer logging" technique may be used for numerous drill holes
to characterize the orebody and to develop possible alteration trends for
additional ore.

Semiquantitative mineralogic compositions developed by the above can
be applied by the metallurgist for a better understanding of potentially
deleterious components including cyanide consumers or clay minerals that
could Lnhibit settling.
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THE ROLE OF THE PROCESS HINERALOGIST


IN THE OPERATION OF HACMACOPPER COWPANY'S


MINE AND PLANT, SAN HANUEL, ARIWNA

W. Mueller

Newmont Exploration Limited


44 Briar Ridge Road

Danbury, Connecticut 06810

The function of a processtmineralogist in the operation of a copper
mine and plant is to assist in the identification and classification of the
operation's main throughput. These include ore, concentrates, slag and
matte, and to a lesser extent, refined products. In addition, a number of
other products not normally thought of in association with mlneralogy are
examined. These include scales from submersible pumps, failed boiler tubes,

acid plant, and shaft furnace; characterization of inclusions in fatled
compressor gear teeth as well as in copper rod; and flue dusts from a
smelter, air transported particulates and coatings on passive copper anodes
in the refinery. Techniques and equipment required for these studies in-
clude sirple hand magnets to the high intensity Isodynamic separator, visual

examination to electron microscopes, x-ray equipment, DIA. IR, heavy liquid
separation, and contracted services of custom laboratories. Several exam-
ined products from Magma Copper Company have been selected to illustrate

the range of techniques and equipment required by a process mineralogist.
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19 Ref:

Hull
dyp
til

x
(1) 1

o

Diverse
çd notater

Mineraliserin

Ertsdata  
Kopper Cp. Mag.kis P
Svovel Py. Magneti.M

BERGARTDATA

Ber art Str.

Ve-blEZ,G.

Nivå N.G.O.

	

Dagen/Grava. Hull nr:-V1 	 Nivå Sulis:

	

FRA Dato: 


Koord. N.G.01 X

Koord. Sulis: X

TIL Dato:

Borsted:/•f! Ret./Fall 	 /



iv N.G.; Kuor.i. R.C.01 X 	 Y 

Peto ted: lo,ren/Cruva. Ru1i nr: 	 Niva fluiie: K•urd. flulio: X v

/
i: / Ref:lqFRA Datu: i T Lote:  7

Ret./Fall

F R P.
ro diverne


netater

Frtrd:Ida  
KorderTn.Ya4-.kir p(.
flvevel Py.Per art r.tr. MineraJinurdn,



• 	 3

jVp
ti/

Nivå N.G.0: 

Borsted:E/9L( 	 Dagenftrinwa-.Hull nr::*1 	 Nivå Sulis: 


FRA Dato: 


BERGARTDATA

Ber art Str. Mineraliserin


Koord. N.G.0: X
Koord. Sulis: X Y Ret./Fall 1*/

19 Ref:

Ertsdata 
Diverse
crinotater Kopper Cp. Mag.kis P

Svovel Py. Magneti.M j o cn

TIL Dato:

7,



Dursted: .

Niv?!. N.G $ u d .
Dngen/Gruva. Hull nr:  Nivå Sulis: Knord. H(Jt./Dall

FRA Dato: TIT Sato:

SEP,GARTBA TA

P•rvart Str. Mineraliserinv

—

a notater

Knrter Pc-
-

Svsvel Py. Mneneti.M'. w

1

i

•



7»:11

tii E
ERGARTLATA

Str.

TIL Liato:

Diverse Kopper Cp. MH.-..kisPc,:'
.t:notater w

	 .1 :vovel Py. Mai7-neti.Mt ..-;•.

BorstPd:   Pagen/Gruva. Hull nr: 


FRA Dato:

Nivå N.G.C:

Nivå Sulis:

Mineralisering
Cf)

Koord. Sclis:

E'D Le( -,6 - 3

Ret./Fall 	

lq Bef:

Ertsdf.it

I
i

I



Nivå N.G.os Kocrd.
Tkrted:  Pagen/Cruva. Hull nr:  Nivå Sulis:  Kcord. Sulic: X Y 	 Ret./Fall 	 /

FRA Dato:   TIL Dato:  	 lq Ref: 


'5FRGARTDATA
.11 E-•

-2.rrart, Str. Mineraliserins

Liverse

notater

Frts6;:ta  
Kopr.er Cn.

-

Svove: Py. c w

i.



Vet Lev,

Borsted:
Nivå N.G.01  Koord. N.G.0, X

Dagen/Gruva.Hull nr: Nivå Sulis:  Koord. Sulis: X Y Ret./Fall	 /

FRA Dato:   TIL Dato: 19 Ref:

Diverse
Kopper Cp. Mag.kis P t -af notater .c7)z
Svovel Py. Magneti.M z o cc

Frtsdata
dyp BERGARTDATA
til

Ber art Str. Mineraliserin



Borsted:

Nivå N.G.O$

Nivå Sulis:pagen/Gruva. Hull nr: 


FRA Dato:

Kcord. N.,.;.01X

Kbord. Sulic: X Ret./F;LII

TIL Dato:  19 Ref: 


F:ERGARTLATA

P.Frr:trt Str. Mineraliserin

	

L.'
Liverse Pc!: V.

	

notater w

	 1



• • • \A.--abei-372G3

Borsted:
Nivå N.C.01  Koord. N.C.Os X Y

Dagen/Gruva. Hull nr:  Nivå Sulis:  Koord. Sulis: X Y

FRA Dato: / 	 TIL Dato: / 	 19 ' Ref:

Ret./Fall 	 /

Diverse Kopper Cp. Mag.kis p x \K
notater a

Svovel Py. Magneti.M a

Hull
dyp BERCARTDATA
til Ber art Str. Mineraliserin

Ertsdata



Pe reart.

Niv;°: N.G.01
ft.tren /.1;ruyt.t Rul I nr: K ivfr rul jr

FRA. Pato :

Ma(,rd. N.C.01 X
Koo r.l . nul : X

Ref :

Frt.Pdtitu  
Ko ppe r Cp. r .k i


vovel Py. Mt.itne t i.Mt

PERO ARTLA

r t r. Mt nern; r n

Re /Ra 1 1

T ; r Da : 	 ; 	

r-‘e
nottiter

• • •



vebtar.. 3

Borsted:

Nivå N.C.01  Koord. N.G.0; X Y

Dagen/Gruva.Hull nr:  Nivå Sulis:  Koord. Sulis: X Y 	 Ret-/Fall	 /

FRA Dato: / 	 TIL Dato:	 / 	 19 Ref: 


BERGARTDATA

Ber art Str. Mineraliserin

Ertsdata 

Diverse

.
bs) Kopper Cp. Mag.kis P '-',,.=::
d notater - o
a Svovel Py. Magneti.M wcri

7



Niv. N.G.C1 	 Ourd. :j.(I.C;Y .

IH(en/Gruvu. Hull nr:  1.'fl.v:wiSulis: Kcerd.

FRA Dato: / 	 TIL Ldto:  / 	• -1 2ic.±:

I2crntrd:

Mineralisering

--- 1
L.:vere

Hoprer
notater

Ry- c

I t

I
R ERGARTD ATA

Rergzirt Str.

I s



Borsted:
Nivå N.G.01  Koord. N.G.Ot X Y

Dagen/Gruva. Hull nr:  Nivå Sulis:  Koord. Sulis: X Y

FRA Dato: / 	 TIL Dato: / 	 19 Ref:

Ret./Fall 	 /

Ertsdata 

Diverseata Kopper Cp. Mag.kis P x 43a.
notater Svovel Py. Magneti.M z o

Hull
dyp BERGARTDATA
til Ber art Str. Mineraliserin
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F;41. Strok og fall for sprekkeflater (841

Foldeakse med angitt stupning (251

mt Magnetitt

PY Svovelkis

cp Kopperkis

st Sinkblende

4,t Skjerp/rOsking
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Fork astning
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Foldea kse med angitt stigning

mt Magnetitt
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Factors Affecting the Selection
of Methods of Gold Analysis

By R. G. Burn•

There are a number of factors which need to be
considered when deciding what method of analysis
would be appropriate for a given gold-bearing material.
These various factors, and the influence they exert on the
choice of method, are discussed below.

•

•

ASSAYINCi is I means to an end andt
strictly.cm be viewed as the determina-
'tion of the metal content of a relativels
small sub-sarnple which mm, or ma;
not, be representative of the original
bulk of material from which it was
taken In practice it should not be
viewed m isolation because it in-
Iegral part of much larger proeeh,se  
such as exploration reconnaissanee.
ore-both appraisal (ind evalualion, de-
‘elllpruent and grade morlitar-
Ing and control iii nuneral processing
eireuIN_ or smelting and rettnine.

Betore seleettng: d illehhad of eold
anahsis theretore, it hh,eh•serlIidl

the tih.e liiwlueh intended til

put the analstieal results. Il pi,rir ash,a‘
are Ihh be used to evaluate ilar-

ger bulk or a mo‘ing streLini at gold-
bearing rnaterial then thought should
be deorling \ dells h.%
be :-issessed, i e is the aseiage  alue ot
Ihe hkhole. the h.hhriabiliflOl ihs ,Jonsu-
luent part‘ ar the hahhil guIeoffient.
b'e determined?

in the ‘1/41dil Wrise lit •;!Old :111:tISMS. Il
rum be unportant to l(Mk (it the other
pMsteal ‘ariables such 5 tumeralop
and grahn m/e, tram Ille stoltl-

of reemeries and cah,IN. edn be
cruical to the nuneral proeessor.

n considering tbe lactors which can
intluenee the selection iii appropriate
methods of gold ;111(Msis, this artiele

examme the problems patalls and
shorteonungs from the angle ot the eus-
tomer or end-user of the anal‘tical re-
sults rather lIi,iii ranl 0: Ihre

 Just h1/411d1 “ellsionler e

aect ss hen submitting sanu  les tor gold
anaissis (uul what he e peri

	

conslderatlon be gi‘en il
deternuning what ean dtme I, rleft

tifs hInd earred

'Ch.(rtur L“nsfliii.aed II ( 411
olau: 1 I th•


Gold's special
properties

Gald nietal  hhhich possesses
certam unique properhes that make
of speetal signifieance from Iii economic

utilitar;an standpoind 1 lowever.
inam LII hese +ame praperlich.COMbille
iii ereate imiticulat problems when it
comes to deternuning gold's coneentra-
11011 Ilhituhhd indherldi  

Gald idhe element which Is not
usualLs tound III illille in Iduhhe. 011110-

, Jble coneentdmons exceediruf_ sa%.
about Il. iltld•ud) much hithiler eahl-
centrarians wha he encauntered

lard lock deposas Lornaming 5 Intle
s I gd (ire Currenth being inined

coneentration mas be exploited
LII grades ss Ineli rc almost an order ut
magnitude lahh.er

I he (werage concentratton gold 1n
ustal reksdinges herween 11.01 zind

odlth; hieshold ‘alues har geo-
:henue,I1 eNalha hl, hT1 •Wnale popula-
tions rua eommenec (Is low as Idn2
At the other \ Irenie, indiSidrihd sain-




pks ot lugh grade ore tl1i range up
several hundreds per tonne
with salues 111 the pereent range

being rwa unknown
Ihe gold eon(eni ot nlehallurgichil

rawh,e Ifon1 ealleentra-
htans as low as I (tgd for "harren- lezteh
solunons up ti 10-15 rug.1 lor pregnanl
solulum‘i Iraill 11.1 rhil lar -lharren-

tailing‘ 0 iundrerk III granulles per
tonne tor gold-r liii dase-rnetal coneen-
Rates Ihr ta  dines approaehing 101/"1,
tor soine gra‘th ronceillrate._ bullitin
LLUII relined hhald he task which is .et
the an.lbst and (distorner alike is. here-
tore. erh (1.1untinh: one.

Recduse il ris ,herh, 1055
earleentihitions hht nla  be eeoTlOilO

eXplaithille I Ile problems

;111< hr  hIn 11151/401,1' iniellle Calieen-
hidhr,ri rur lIt Loiii,ui111htOl. es-




pecially in regard to obtaining repre-
sentative samples. by gold's 111gh den-
sitv (19.33 when pure) whieh in (urn is
responsible for it oeeurring in e en
lower  Obirtietrie concentrations.

Further difficulties are often eneoun-
tered when attemptmg to reduee sam-
ples of large bulk to assasable solumes.
This is because. due to gold's extreme!

malleability_ it is diffieuh to reduee its

partiele size without rasking ms, or goid

on the mosing paris hhl the .unTle re-
duchon machnierN

. Emialls the rui.neraloy,‘ ol gold ores
ean he sen uariable. .Although rdaL‘e
yold predortunates. other gold inmenid
can Idso be ot ceanallue inlpwl:Inee.
Gold Is ako tistihill \ hound in II:Llure
allosed hkilll ‘ilver in  al  mg pnEHT-
tion.: plaeer gold tending to be srlsor
poor (usuall‘ <211",,d wherem malw
Tertrars epithermal deposus tondial
sils er-nch gold I >511",.)

Gold terlurides, the ththeh cc,hrlarnic-
alk  Ignilledill .ouree ah thald, inelude
calmente (Au de:i. s Isanue 1( Au Ag
Te, h krennente (dAti Ag / I e -I dnd ael-
Lite lAghAu .rehi. Vnlike natme gold,
the tellhrides all possess a strong cle  -
athe and a brittle une‘en tracture .1.
eonsequenee. reduelian ol their p:traele
size l'h\ erustung_ grinhfung cli Lahul:t
presents na hhrChil dillica11%.

Nlany ot the problems m nlineihd prh)-
cessim2 which hedesil the liberation and
reco‘ery of gold from either hee-
milling or refraetory ores idso ghe rise
to associated difficulues dulm:
assaying. If lar instanee. gold parheles
are enelosed in gangue suell (is (iliartz.
then their dissolution hs an(chl. to
which the gangue is inerd will largels hhe
a tunetion of the estent to 5\ luell grind-
ing has Itherated or esposed the gold to
rn:ake il accessible to the aeid attack
Sindilar problems (ire eneountered III
eumidation or floraflou ploce,,c, Jrni
these ean Calise Teduted hea,.cl  
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contained metal. We may be deluding
ourselves, therefore, if we believe that
analytical methods, which rely on dis-
solution of a sample, produce results
which accurately indicate the total con-
tained gold content. As is the case with
metallurgical recovery, this bias will be
largely a function of the degree of li-
beration of the gold particles, and will
always be less than 100%

The nature of the associated minerals
and gangue is one variable that may in-
troduce a number of side effects which
can influence the accuracy and/or preci-
sion of most analytical methods. Gold's
natural associates are numerous and.
while the geologist or engineer may
view these from an economic aspect .
the analyst may be more concerned with
their relative gravimetric or volumetric
abundance in the material to be tested.
He might, therefore, be more interested
in receiving advanced warning regard-
ing the relative silica, iron or sulphide
contents of a batch of samples rather
than, say. their silver content.

On an established mine or smelter, an
assayer is unlikely to be troubled with
extreme variations in sample type. A
custom laboratory, on the other hand.
may be called upon to analyse material
as varied as geochemical samples or
ores, often from divers locations,
through to high grade bullion or scrap.
Logic suggests that there is a need thr
much greater synergy between the cus-
tom laboratory and its users than would
be necessary in a more parochial situa-
tion and yet, in most instances. the re-
verse is probably nearer the truth.

Particle size
Possibly the most serious difficulties

in achieving representative gold analy-
ses afise from the particulate nature of
gold and the low concentrations in
which it is normally encountered. This.
together with gold's extreme malleabil-
ity, creates a major problem in the pro-
duction of homogeneous sub-samples
for assaying purposes.

To put the matter into perspective, a
single spherical particle of gold about
210 pm in diameter (72 mesh) occurring
in a 100 g sample would impart a value

/ of just under I g Auft. This is about the
, cut-off grade for low grade open pit/i

heap leach mining operations and high
grade for placer mining or geochemical
samples. Clearly a major problem arises

\ if any attempt is made to take an ali-
quot, say 10 g. from this larger bulk. In
such a case there would be only a I in IO
chance of any single 10 g aliquot con-

.taining the one gold particle and the
I gold content of this sub-sample would
be either 0 g/t or about 10 Wt.

Either way there would he little pur-
pose in assaying the 10 g aliguot he-
catise it would reveal nothing about the 


true nature of the original sample. In-
deed, in this instance, unless all ten ali-
quots were assayed one would be little
the wiser. Obviously, this would be
rather an extreme solution to the prob-
lem and is unlikely to be practical as a
routine application.

The above example is not as extreme
as it may appear at first sight. Only
when the size of the gold particles is
consistently very fine and the gold
grades are high relative to the sample
and sub-sample volumes is there less
reason for concern about representivity.

Having recognised that there could
be a problem, it is important to deter-
mine whether or not one exists in real-
ity. Two main investigative routes are
available which can be applied at any
stage in the life of a project, either as an
initial orientation study or during the
routine operational stages.

The first method is to undertake mic-
roscopic measurements of a large num-
ber of gold particles occurring within
the bulk material, to determine the
particle size distribution. In practice.
this requires the examination of many
polished sections, or in the case of plac-
er deposits of panned concentrates. in
order to find a sufficient number of gold
particles to satisfy minimum statistical
requirements. Substitution of this in-
formation, together with the other
known parameters regarding erade, re-
quired sampling variance. etc.. into

WOy's equationi enables the weight of a
representative sample to be calculated:
or. for a given sample weight. the likely
variance to be determined.

The second method is essentially
empirical; it involves the comminution
and sieve analysis of a number of repre-
sentative samples and the assaying of
their resultant products. Ahlrichs3 gives
an excellent account of this type of
approach applied to the determination
of gold particle sizes in a low grade
(around I g/t) ore.

Additional useful information can be
derived from this technique if the screen
products are first subjected to gravity or
heavy liquid separation in order to
segregate the liberated gold for micros-
copic examination and measurement
prior to assaying. This is a particularly
realistic method because it examines the
particle distribution of the gold after it
has been exposed to the deforming
effects of crushing and grinding. h is,
after all, these modified particles which
will determine the degree of
homogeneity of the gold in the products
which are ultimately submitted to the
laboratory for routine assaying pur-
poses.

Bearing in mind the aim, which is to
present the analyst with a
homogeneous, representative sample of
material for gold assaying, it is prefer-




able that sampling and sample prepara-
tion procedures should be designed
around the samples rather than vice ver-
sa. If the characteristics of the bulk
material can be established first, then
the most appropriate sampling lechni-
ques and sample preparation equipment
can be selected to minimise the effects
of any natural and introduced sources of
erfor.

A carefully thought out orientation
study will serve to identify and quantify
those factors which need to be taken
into consideration when planning a
sampling campaign and the design of
subsequent, but all important, sample
preparation and assaying stages.

Errors will inevitably be generated at
each stage of the exercise right from the
initial taking of the sample through to
the ultimate step of the assaying proce-
dure. The nature of these errors will dif-
fer depending upon their cause and can
be categorised as follows:-

Random errors, which arise from im-
precise practice. By definition they
are unlikely to be repeated and are
statistically independent from

observation to observation. They
tend to be normally distributed about
their mean value, which is zero.
Systematic errors or bias. These are
constant, unintentional errors of
similar magnitude. having the same
algebraic sign.
Gross or illegitimate errors. These
are generally of large magnitude and
result from procedural mistakes.
Deliberate errors which are caused
by dishonest practice, e.g. salting.
Only random errors are acceptable

and, while some degree of random error
is inevitable, it should be kept within
reasonable limits if satisfactory data are
to he produced. The total random error
component VT is the sum of the
variances generated at each stage of the
sampling (Vs). sub-sampling (Vss) and
assaying (VA) processcs.

i.e. VT=Vs+Vss+VA

The subject of sampling and sub-
sampling errors has been discussed
elsewhere 12'4.

It is sufficient, at this juncture, to rec-
ognise that the occurrence or persist-
ence of any form of error can be mini-
mised by the adoption of intelligently
conceived sampling and assaying
methods and by the institution of regu-
lar control procedures.

Finally, it should be noted in regard
to random errors, that the sampling.
preparation and assaying flow - sheet
should be designed to ensure that the
errors generated at each stage of the
process are of a similar magnitude and
that. in sum total. they are compatible
with the purpose of the sampling
ettercise
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Sample types
A large custom laboratory can expect

to receive samples for gold analysis in
almost any form (solid or liquid). de-
pending upon their source. Whatever
form the samples take, it is stressed that:

it should be the responsibility of the
client to ensure the integrity of those
samples. The best that an analyst can do
is to report the true gold content of the
material submitted to him; he has no
control over the relationship of this to

the source from which it was derived,
which it is supposed to represent.

If the analyst is to do his best in deter-
mining the gold content of the samples
he receives it can often be of great
assistance if he is given some informa-
tion about their nature. Foreknowledge
of the physical and chemical naturc of
the constituents, and indeed an order of
magnitude indication of the anticipated
gold content, can be generally valuable
in selecting the most appropriate
method of analysis. This is one positive
contribution that the geologist/miner/
metallurgist can make towards achiev-
ing more accurate assaying results. The
other. even more important. contribu-
tion which he can make is to present the
analyst with homogeneous sample
material.

Imagine the thoughts which run
through the mind of an analyst who re-
ceives a sample, weighing say 145 g.
with an advice note saying "panned
concentrate — please assay for gold". Is
he to assume that the sample is
homogeneous and that he can. there-
fore. split off an aliquot for assaying?
May he assume alternatively. that it run
be homogenised by further grinding or
must he lind some means of assaying
the whole of the material in order to
produce a "t rue" result? Could the sam-
ple actually contain a high concentra-
tion of gold or does the term relate only
to the possibility of the sample contain-
ing a high proportion of refractory or
"nasty" minerals?

Such a sample, and many other types
besides. may well test the ingenuity of
the most experienced, conscientious
assayer, but what chance has the luck-
less prospector of making a strike if the

assaver is as ignorant or thoughtless as
nimseit? Leitainly, if the geologist/
en_gineer were better informed about
the Iirnitation of the tecfiniques  avail-

to the analyst. he might he stimu-
late.d Jo improve the quality of both his
samples.and the accompanying informa-.
tion,...therebv making a positive con-.
tribution towardsiMproving quaTity_ _
qif the analysisa,

Equally. there are times. possibly due
to ignoranee or expediency, when the
analyst may be accused of blanket ap-
plication of a method which may not be


wholly appropriate. Any la boi mory
which is concerned about maintaining

Its integrity will douhtless make every
effort to select the most appropriate
analytical technigue, but is heavily de-
pendent upon the client for guidance in
making this choice. A continuing dia-
logue and exchange of information are
essential ingredients to establishing con-
fidence and reliability.

lt is, perhaps, pertinent at this point
to consider the type of information
which would benefit both parties and. in
particular the quality of the analytical
results.

Prior to agreeing routine procedures.
the initial dialogue between the analyst
and client should attempt to provide
answers to the following:-

The type of material being submitted
Whether or not it requires any furth-
er treatment/preparation prior to
assaying and, if so, what?
Whether any special precautions are
necessary during handling. treatment
or assaying.

Are analyses for other elements re-
quired which might affect the selec-
tion of an appropriate treatment/
assaying procedure?
Bearing in mind the purpose of the
sampling exercise and the nature of
the samples. consideration of what
levels of precision and accuracy are
(a) desirable and (b) practically
achievable.
Similarly. what lower li m it of deter-
tion will be acceptable?
Advice on whether there is anything
special about the mineralogy of the
samples (major, minor or trace
minerals) which could influence the
selection of an assaying method. e.g.
refractories which might require a
different flux in fire assaying or ma-
jor elements which could cause in-
terference in chemical or atonne
absorption analysis.
Advice on the possible form of the
gold in the samples. the gold partiele
size and the range of values which
might be expected. would he of the
greatest use to the analyst in selecting
the most appropriate method.

Characteristics of
methods

While there is no analytical method
for gold which might he considered to
have uni versal applicatnm, man y
methods are sufficiently flexible to per-
mit their adaptation to handle a wide
variety of sample types.

When selecting a suitable laboratory
a elient wouId be weIl advised to consid-
er the following points concerning the
preferred characteristics of an analvtical
method and the type of serviee that he
might hope to receive from a
laboratory:-

What types ot samples does the
Iaboratory routinely handle'.' II. tor
instance, these range between such
extremes as geoche mica I samples and
ores or bullion, does the laboratory
minimise the risk of contamination
by treating each sample type from
reception through preparation to
assaying, in totally separate condi-
tions? Although the control of
laboratory performance is discussed
later, it is relevant to stress at this
stage that a laboratory with a high
reputation for assaying ores and bul-
lion may not necessarily be compe-
tent at say, geochemical analysis or
vice versa. Quality of results is deter-
mined not only by selection of the
appropriate method, it is equally de-
pendent upon the analyst's skills.
Does the laboratory ofter one
method, or a number of methods.
having the ability to deal with various
sample types and sizes. especially in
relation to any inherent particulate
sampling problems?

ls the detection limit of the method
satisfactory for the purpose to which
the results will be applied? For exam-
ple, a low detection limit is required

-for geochemical or tailings samples.
What is the sensitivity of the method
offered? If high precision is sought. is
the sensitivity adequate over the par-
ticular range of values that is to be
investigated? This may be particular-
ly important, for instance, within the
cut-off grade range for low-grade
gold ores.

Can the method adequately cope
with variations in sample mineralogy
on a routine basis or does it have to
be adapted to meet the needs of indi-
vidual samples? For example where
an acid attack is employed, the Use of
a constant volume of acid, irrespec-
tive of variations in mineratogy,
could seriously affect the degree of

t dissolution of gold in the presence of
varving amounts of say, carhonates
or sulphides. Elemental carbon can
have a similar effect.
Attention has already been drawn to
the effects of variations in trace.
minor and major element/mineral
content on the reliability of assay re-
sults. The clients should aseertain
whether the laboratory can demons-
trate experience and competence in
handling the type of sample which he
intends to submit for analysis.
Lastly. performance: whiIe a labora-
tory's reputation may count a great
deal, only the most trusting (and
foolish) customer would submit sam-
ples for analysis without making
some provision for monitoring the
gualny of the laboratory's perform-
ance. In addition to guality other
performance factors such as turn-
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around nme and cost nuist be taken

inw aceount. There can be ingances

when excessive precision or iiccurac>

is unnecessary Or could he sacrifieed

in order to achieve a more rapid or

cheaper resulL On-the-spot col-

ofimetric analysis for geochemical

base-metal prospecting is an example

of such expediency. The lack of Nuit-

able simple portable analytical

methods for gold was one reason why

pathfinder ei-ements have often been

used in the search for gold. In a simi-

lar vein. there must be many under-

ground managers who would warmly

weleome the advent ut a method ‘;f

rapidlv determining whether de-

velopMent muck should be sent for

ore or waste.

Cost of assaying may or may not be

important. li is often a ver) small part

of the total cust of iiequiring sampling

data and rarely imaitles skimping on.

Beware the eut-price offers. Cost-

savings produced by increased efficien-

cy are one thing. but reductions through

the analyst cutting corners are not

aceeptable.

Quality control
There are two separate responsibili-

ties for gualitv control. The first lies

with the laborMory which must exereise

rigorous internal comrol in order in

protect its own integrity. and the second

resides with the client who, if he is to

have faith in his interpretation of the

results and at the same time protect his

own professional credibility. musi insti-

tute some means of checking the re-

liability of those results. Quality control

may take the form of either spot checks

or routine monitoring.

Attempts to control the reliability of

analytical data must commence even

before the first sample is taken. The• complete process from the inception of

a sampling campaign. through planning.

orientation and routine control should

include consideration of the following

steps:-
( I ) Definition of the objectives of the

sampling exercise. What is to be

assessed. what is the purpose of the

estimations and what level of re-

liability can one reasonably expect

to achieve? This might be termed

the PLANNING PHASE.

Determination of the nature of the
material to be sampled. What con-

straints does this introduce upon
sampling and sub-sampling repre-

sentivity and upon analytical

accuracy and precision? This repre-

sents the DETERMINISTIC
STAGE OF THE ORIENTA-
TION STUDY.

The EXPERIMENTAL STAGE
of the orientation study may in-
volve:

(.1) ( (il1_itlCi il t omt bow, ths.

natural and oillet constraints

can be oNereome and (he de-
Nelopment ot an optimum

Nampling campaign by selec-

tion. after esperimentation. of

the most effective sampling

methods. sample sizes. sam-

pling materns ,ind/or sampling

frequency.

b) Selection and testing of the
most appnipriate methods ot

preparing and sub-sampling

these materials to produce
representative sub-samples for

analysis.

Seleetion ot. and testing.
snitable taboratory and/or

method of gold assaYing to en-

sUre Nillisractory precision.

accuraey and consistency of re-
sults.

It is at this point that an acceptable

procedure for the whole prucess can be

established. Equallv. it is only at this

stage with the knoWledge derived from

the orientation study. that it is possible

to devise an ,ippropriate method of

guality control.

Ultimatelv it is the clienL who has to

use the amilytical results in his inter-

pret ation or assessment who must be

responsible for ensuring the reliability

of his data. To this end it usually is pre-

ferable for the sampling and sample

preparation operations to be under the

control of the client.

The purpose of mialit  control in this

context is to minimise the various

sources of error. both natural and intro-

duced. to an acceptable level. Control.

usual in the indirect sense. can only be

exercised by the client who has estab-

lished some procedure for monitoring

laboratory performance. Without the

information provided hy some form of

routine monitoring. no basis exists from

which to judge the guality of results

produced by an analyst or lahoratory.

This applies egually to the sampling and

sample preparation processes.

Errors to monitor
Before discussing the various

methods of monitoring or checking

laboratory performance it is essential to

reconsider the types of error which

might be generated during routine

analysis.

Aceuracv

Perhaps the most difficult parameter

to assess is accuracy. partly because ti

can be masked by the effects of the

other forms of error and partly because

of the difficulty in determining a basis

for establishing:exactly what is ;ccurate.

The problem ol determining si_euracv is

probahly nowbere better semplibed

than bv gold minn i diamonds.

Iii 111,111ICe. assavs ol ille bfial gold

coments of a series of alluvial surtiples

111:1\ be httle help to a plaeer miner.

although. of course, they might repre-

sent accurate analyses to sonleone else.

The placer miner is only interested in an

accurate assessment of. say. the plus

I00 micron gold. Le. that which he can

readily recover in his plant. I le qiIl re-

guires accuracy. but it is an accuracy

which is relative to a different standard.

i.e. total recoverable gold rather than

total gold content.

This example epitomises the problem

of accuracy for virtually all forms of

assaying; accuracy can only be ludged

relative to some standard of perform-

ance for each technigue. One may

iitiahly compare the accuracy of the re-

sults of atonlic absorption analysis.

neutron activation analysis and fire

assaying but it may not be valid to egu-

ate them.

The majority of analvtical niethods

probably have a slight tendency to

under-estimate the absolute gold con-

tent because of their inabilitv to extract

of the element for measurement

purposes. I lowever. Has can arise in

any method for a variety of reasons. the

most common possibly being incorrect

instrument calibration. poor standar-

disation and interference of certain ele-

ments. Although cross-checking against

other methods or laboratories should be

a regular activitv for both laboratory

and client. it shotild be backed up by the

insertion of samples of known control

material into sample hatches on

routine basis. Also. in the absence of

knowledge about the presence of any

elements likely to cause interference in

a parficular analytical technigue. the

conscientious analyst will undertake

spot checks. usually using some form of

rapid spectrographic scan, to check for

such elements.

Ultimately. it is up to thtsuser to de-

cide what level of accuracy is necessary

for the task in hand. The geochemist

looking for subtle contrasts or anoma-

lies is more likely to be concerned with

precision than accuracy. whereas to the

smelter and refiner a one-percent hias

error in assaying might mean the differ-

ence between profit and loss.
One potentially dangerous source of

bias is contamination. ARhough nor-

mally considered in the sense of the in-

troduction of higher values, the term is

egually pertinent to the effects of
Because of the normally low con-

cent rations in which gold occurs in natu-

ral materials. it takes the careless intro-

duction of only very small guantities of

a high grade substance to produce a sig-

nificant positive bias. While this is more

likely to occur during the preparation of

a sample, it can be a hazard during

analysis when. for ingance. samples of

tel
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rangc of values are beinc assa ed. It is
essentially bad practice ;hich eives riSe

to contamination. Washing out a plpet-
te between taking aliquots from Mdi-
vidual samples is obviously necessary,
but if carelessly undertaken, it can easi-
ly lead to the addition of a few percent
of barren diluent and the introduction.
thereby of a negative bias. The analyst's
life is not an easy one!

Gross error.s
Gross or illegitimate errors are usual-

ly. although not always. of sufficient
magnitude-as to be readily detectable by
routine monitoring. They afise mostly
from major misreadings in measure-
ments. e.g. during weighing, pipetting
or from procedural mistakes such as the
omission of a particular step or incor-
rect preparation of a reagent.

It is one of the more embarrassing
mistakes for a laboratory to make be-
cause it reflects so obviously upon their
competence and because such errors
should be readily detectable by in-house
monitoring and calibration against stan-
dards.

Deliherale errors
I ionesty is the tiltunate test of the

reputation of in assaver, laboratory,
sampler etc. DishonestY with the intent
to defraud may he a criminal act but, in
the past, it has not deterred the more
unscrupulous operators. Salting of sam-
ples is probably the easiest to achieve
and this is why it is imperative, when
sampling for valuation purposes, that
the person whose reputation is at stake
(geologist or engineer) should ensure
the integrity of his samples throughout
the process, from collection to assaying
if necessary. It is a sad reflection upon
human frailty, but the maxim must be
be if in doubt, trust no-one'.

Monitoring and
control

Unlike quality control as applied to a
manufacturing process. the assay results
of 'unknown' samples cannot be recog-
nised individually as being good or bad.
Replicate assaying of individual samples
may increase our confidence in their re-
liability and. perhaps, crosschecking by
other laboratories will satisfy us, but we
should not lose sight of the fact ihat
each assay is only an estimate of an un-
known.value.

Although physical control may reside
with the actual operator, it is possible to
achieve overall control of a single multi-
stage process by instituting an effective
method for checking and monitoring re-
sults. To be effective the procedure
should be capable of providine informa-
fion on the magnitude of all forms of
error and an indication of their sources.

Assessment of the quality of results
should normally be the responsibility of
both the client and the laboratory.
While each has some part of the sam-
pling, preparation or assaying process
directly under his control, only the
client has the opportunity to monitor or
check every part of the process.

If there is any value to he derived
from quality control it must be applied
to all stages of the process. There are
two general techniques available for
collecting information about data quali-
ty (a) the random or spot check and (b)
routine monitoring. Both can play a
valuable part in quality control and in a
large, on-going sampfing programme
each rnay be used as independent
checks upon the efficacy of the other.

Control by the client
There are a number of methods avail-

able for testing data quality; the cost
varies with the degree of control re-
quired and this latter should be deter-
mined by the use to which the data is to
be put. There is certainly little point in
wast ing time and mMley on im•
plementing detailed control procedures
if the end use of the data does not jus-




tify it. but it wouid be evell thore irres-
ponsible if inadequate t1uaht eontrol
was to innecessarily increase the risks
associarxi with decision-inaking in any
large project. Sadly those projects
which ace most in need of high quality
data, such as those with marginal ore
grades, are the least able to afford the
greater cost of acquiring such data.

Methods vary in what they can check,
i.e. accuracy, precision, salting, gross
errors or contamination, and a com-
bination of methods may be required if
comprehensive control is required.

Sampling
Turning flrst to the control of sam-

pling, virtually the only means of check-
ing the reliability of sampling is by
duplicate or replicate sampling. This
may vary from the fairly simple repe-
ated sampling of a relatively
homogeneous liquid or pulp, through
the more difficult sampling of broken
ores for which some degree of
homogeneity can be achieved. to the
often extreme difficulties involved in
trying to duplicate samples taken from
solid ores.

When comparing the results of repli-
cate sampling or the difference between
duplicate pairs, the average variance or
the average relative variance of the
samples may contain variances from all
or any of the sources mentioned earlier,
including those arising from the sample
preparation and assaying stages: these
obviously have to be quantified in order
to isolate those components which have
originated at the sampling stage. This is
most readily achieved by undertaking a
series of hierarchical sampling experi-
ments which involve progressive split-
fing of a sample and duplication or re-
plication of the treatment process at
each stage from samplirig through sam-
ple preparation to assaying. The
variances generated at each stage can
then be separately identified and
quantifieds.

The sampling variance. Vs, contains
two components. VE which represents
the error generated by the inability of
the sampler to exactly duplicate the ori-
ginal sample (e.g. equal volume. iden-
tical geometry) and VI, the inherent,
local, inhomogeneity of the solid or
broken ore or pulp. These two
variances are closely interrelated and
their individual effects are usually dift)-
cult to identify separately.

VI is a function of the sample size re-
lative to the inherent inhomogeneity of
the parent material. The representivity
of a sample can be improved by an in-
crease in volume, but sample geometry
can also be a very significant factor for
solid ores in which the valuable consti-
tuents are anisotropically distributed
throughout the mass.

Precision
The causes of the degree of scatter of

assays about their mean value may be
legion. At ever stage of an assaying pro-
cedure where a measurement is made
e.g. weighing. aliquoting etc.. impreci-
sion may afise. Of equal significance are
the effects of inhomogeneity in the sam-

/ = pled material and other solids and solu-
/ tions used in the assaving process. as

well as variations betWeen samples in
their reaction time and the temperature
aspects of leaching or melting.

As imprecision increases. estimation
of the mean value of a group of samples
becomes increasingly less certain.
Whether one is applying classical statis-
tics or geostatistics, excessive impreci-
sion is undesirable. It either requires
that a larger number of samples has to
be taken, or more determinations made
in order to reduce the standard error of
the mean value to an acceptable level
otherwise, in the case of the variogram,
it can produce a pure nugget effect.

Where assaying is a small part of the
cost of data acquisition. it does not pay
to sacrifice precision to cost savine. If
the imprecision afises because of sub-
sampling difficulties, due to the pre-
sence of coarse particulate gold. and
further homogenisation is impractical,
then the only 'adternatives remainine are
either to select a method which is cap-
able of assayine larger samples or else
to undertake replicate analysis. If costs
are about equal, the latter approach is
usually preferable it provides addi-
tional information about within-sample
variances.
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drill core is probably lite most repre-

sentative hard-rock sampling method.
however, if the long axis of the hole is
incorrectly orientated, it can introduce
a considerable bias to the results if the
ore values are anisotropically distri-
buted. It is possible to obtain a good
estimme of V, by conducting a sufficient
number of duplicate or replicate analy-
ses of sliced diamond drill core. This
assumes that V, is by far the dominant
contributor to the value of V. in such
circumstances. Also, in order to isolate
Vs from the total variance VT. the other
components Vs, and VA must be quan-
tified. This is most readily achieved
when duplicate core sampling is under-
taken as an integrated part of a series of
hierarchical sampling experiments.

Sample preparation
The process of preparing and trans-

forming a raw sample into a small
volume suitable for assaying can. if
done in uncontrolled conditions, be a
major source of variance. For instance,
while only 10 g of sample may be used
for assaying, this could represent an ori-
ginal pulp sample of say. 1(X) g or a
broken ore sample of perhaps 10 kg.
The process of reducing both volume
and particle size by many orders of mag-
nitude must be based on a sound under-
standing of the characteristics of the
ore. There is, therefore, very good
reason for this part of the operation to
be under the client's control. Labor-
atories offering a standard preparation
procedure should be avoided and only
those which demonstrate flexibility and
an understanding of the seriousness of
the likely problems warrant any consid-
eration.

Even a properly designed and tested
sample preparation process needs
checking regularly to ensure that it con-
tinues to meet the product quality speci-
fications. There are two aspects to the
checking process: the first is intended to
ensure that the purely mechanical re-
quirements continue to be met, while
the second is a check on variance.

The preparation process involves the
progressive crushing or grinding of a
sample (particle size reduction) and
subsequent splitting into smaller
amounts (volume reduction) prior to
further grinding or assaying. The repre-
sentivity of a sub-sample split is depen-
dent, among other things, on the parti-
de size of the fragments which consti-
tute the sample. Consequently, it is im-
portant to ensure that the machinery is
regularly adjusted to achieve the de-
signed degree of comminution. Trial
samples should be processed at regular
intervals, each size product being sieved
to ensure that the desired degree of
crushing or grinding has been achieved.

(111i routine basis. and ti tairly tre-

quent intervals, the other halves of the
various sample splits should be on-
processed and assayed as a cheek on the
level of variance being generated. If at
any time this is found to depart signifi-

cantly from the designed level, tIke
cause should be sought.

The screen assay method described
by Ahlrichs' can be employed as a way
of assessing any coarse gold problem
when, for instance, new ore types are to
be treated or as a means of investigating
possible sources of bias.

In sample preparation. as with sain-
pling, cleanliness and good practice are
essential if the products are to be a reli-
able quality. The tasks may be routine
and uninspiring, but they are responsi-
ble ones requiring trustworthy em-
ployees and conscientious supervision.
Control of the quality of sampling and
preparation processes is very often a
blind spot for many people. who may
lavish excessive efforts on checking the
assay laboratory but fail to recognise
the shortcomings in the preceding
stages. Control of assaying is the easier
and more obvious procedure to imple-
ment. Even so, however well it is car-
ried ouL if it is not backed by control in
the preceding stages, its results can lead
to unjustified confidence in the reliabil-
ity of the assaying data. In the worst
cases very precise, accurate and trust-
worthy assays may be produced by the
analyst, from the small sub-samples he
has received. which bear little relevance
to the values of the samples from which
they were originally derived.

Assaying
The control of assaying should form

an integral part of an overall scheme for
a properly designed, well balanced,
adequately controlled sampling system.
Before discussing the various methods
of checking the quality of assaying, it is
stressed that, while it may be advan-
tageous to the customer that the analyst

aware that his performance is being
monitored, it is important that he
should not be able to identify those
samples which have been included for
this specific purpose.

The means of checking may be either
on a regular basis or it may take the
form of non-routine spot checks.
Checking can involve either the inser-
tion of various types of control samples
into batches despatched for analysis or
the submission of duplicate sub-samples
to other laboratories for independent
assessment

Control samples
Control samples may be of the fol-

lowing types:-
Srandard samples of internationally

accepted reference material. These can

be used a. :i check ,igainst .iccuLics
precision and deliberate gross errors
but only if the material is similar io
appearance and character to the sarn-
ples which it is meant to control. Such
reference material is i ften espen,a“
and it is usually impractical to lise it (01

anything other than the occasional spor
check on 'accuracy..

Control samples may be preparec
from similar. representative hulk sant-
ples of the type of material it is desiret
to control. Physically and mineralogi-
cally these control samples must resem.
ble the sample hatches into which thes
are inserted if they are to be non-
identifiable and a fair check. The fre-
quency of their insertion, which de-
pends upon the level of reliability
sought. may range from I in 2 to I in 20
or more if confidence in the laborators
is justifiably high. The inserted contro
samples should not he evenly spaced
i.e. a I in 11) insertion rate does not
mean that every tenth sample is a con-
trol but rather that in a hatch of say 101
samples ten controls have been insertee
at random. Also it goes almost withoui
saying that sequential numbering ot
both sainples and their included con
trols is a necessary part of the disguise.

1f the presence of particulate gold is
at all likely to give rise to sub-sampling
errors in the control samples then ths
bulk material should be sieved at a suffi-
ciently fine screen size to remove all but
the finest particulate gold. Control sant-
ples are intended. after all, to quantify

assaying errors and this task should noi
be hampered by the needless introdue-
tion of other sources of error. Properly
homogenised control samples can be
valuable means of monitoring precision.
If an accepted value has been deter-
mined for a batch of control material by
at least two reliable laboratories it may
be of use additionally for checking
accuracy and for detecting gross errors
and dishonest practice.

Controls can be either 'known' oi
'unknown', the correct value for the for-
mer having been accurately pre-
determined prior to its adoption as a

control. The value for the latter is deter-
mined progressively as a result of its use
as a control and it is therefore limited in
use to monitoring precision only.

Whether more than one control
I needs to be in use at any one time de-
 pends largely upon the range of values
:to be controlled. It may be that thert
are certain particular levels that are cri-
tical to decision-making which need tr

' be specially controlled, such as cut-oftI
i grade, tailings grade, head grade etc.

These requirements can obviously be


catered for by the use of more than ont


control. Exploration and developmein

samples often cover a very wide ranIn

of values and it may be necessary to em
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plo  numhel ot Lontrols to ClYei des
range cspecialls it the data :s to be used
for ore reserse purposes. Because
populations of gold values of small sarm
ples from natural M;derials tend to dis-
play logonormal distributions there are
relatively few very high values. Howev-
er. in deterrnining weighted averages
these few high values have a disprop-
ortionate effect upon the mean value. It
is not unusual for only 5% of the sam-
ples to contribute 50% of the value of
the arithmetic mean of a group of sam-
ples. Control in these circumstances is
difficult and it is usually cheaper and
more reliable to submit duplicates for
re-assaying, either to the same labora-
tory if precision is a problem or to
another, 'referee' laboratory if the con-
cern is over accuracv.

Blanks or barren e.ontrol samples can
be vgry helpful in checking for deliber-
ate errors, gross errors or contamina-

J tion.
Submission in Duplicale is an alterna-

I tive to inserting controls, especially for
small batches of samples when the cost
of preparing bulk controls is not war-
ranted. Depending upon the degree of
checking required, duplicate pulps for
all, or a percentage, of the samples are
inserted at random in the batch and all
samples renumhered. This can be a use-

til eheek liiheee•tou.hat It .upplies liii

information ahow :iecurack tsr dishon-
esIv.

tross-Cheeking h submission of
either all or selected iamples to another
laboratory can he an effective, if expen-
sive, means of control. It can act as a
check on all forms of error, except pre-
cision, and may be done either concur-
rently or, jLiirne is not critical, retros-
pectively.

Control bythe
laboratory

Control within the laboratory cannot
reside with the assayer: he is too direct-
ly involved to be sufficiently objective.
The responsibility must lie with some-
one at supervisory level who is in a posi-
tion to monitor independently the per-
formance of his staff and to implement
corrective measures speedily when un-
acceptable results are detected. In addi-
tion to being able to use control techni-
ques similar to those available to the
chent, he can also check hssayer against
assayer and method against method. I le
can institute double-checking proce-
dures such as stage repeats and, for wet
methods, he can suhmit known or stan-
dard solutions as a check on accuracy.

Every laboratory which is concerned
ahout producing reliable results must 


t011ifilthditstrie to MIt111111‘e all signiti-
cant mnirces of errof. The, can onis be
:lehieved by exercising continuous con-
trol over all stages of the assaying pru-
cess.
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wide range of sizes of minerals having different specific g ravi-
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INTRODUCTION

Sulitjelma is situated in a copper-mining field amongst

medium grade metamorphic rocks. The most interesting discovery

in recent years has been part of an ophiolite (Boyle 1980)

to the northwest of Sulitjelma. The igneous ocean floor

basement together with the thick overlying submarine sediments

is thought to have been thrust over the continental basement

during the Caledonian orogeny. At some stage large-scale

inversion resulted and this is discussed in Kekwick (in press).

While Nicholson (1966) studied rocks in a similar part

of the succession to the east of Lomivann the area studied

by the author, in the southeastern part of the region, has

only received rather cursory attention from Sjbgren (1900),

Vogt (1927) and Henley (1968). Because metamorphic grade

increases northwestwards the rocks are some of the lowest grade

in the region. They are parts of what earlier workers have

called the Furulund and Sjønstå Groups consisting of sediments

deposited over oceanic crust. They are quartz-mica schists

intruded by meta-igneous rocks which have been called the

Kjeldvann Metadolerites.

Researches have determined at least five phases of

deformation in Sulitjelma so there are many structural


elements displayed by the study area. These include a max-

imum of two schistosities dipping at different angles to the

west northwest, except where minor folding causes local dist-

urbance.

The lithology and structure are reflected by the physio-

graphy. The west side of Balmidalen bears several knolls of

resistant metadolerite. On the higher ground near the gentle

slope of the Sjønstå Group the band of metavolcanic also

forms a resistant feature. Glaciation has left the outerops

strewn with small erratics but there are no other glacial

deposits, save ice. The floor of Balmidalen is well wooded,

hampering the location of the infrequent exposures, but above

the tree-line exposure is perhaps 30% on the Furulund Group



and complete on the rocks of the Sjønstå Group. Thus great

effort is well rewarded if one reaches the dizzy heights, high

above the valley floor, where mosquito and horsefly infestation

is tolerable enough to allow one to pause at the outcrops

and make full use of the excellent exposure.



LITHOLOGIES

The stratigraphic nomenclature adopted in the exercise is

outlined by Boyle et al. (in press) who summarise the lithologies

from earlier work in Sulitjelma. Recent discoveries have

shown that the sequence in the region is inverted (for a review

see Kekwick, in press) so the stratigraphy is described in its

order of deposition rather than the structural succession.

Because of sedimentary facies variation, which has been shown

to exist (Nicholson 1966), the boundaries interpreted by the

author may not correlate with those in other areas.

FURULUND GROUP

The Furulund is a rather uniform series of schists with

some phyllites and lavas. It has been divided into Upper,

Middle and Lower parts, the Upper being absent rom the southern

and eastern parts of Sulitjelma.

Middle Furulund

This is a unit of grey, plagioclase-rich quartz-mica schist

containing somecarbonate. It sometimes shows dark and light

banding of variable thickness ( Clm.) which is assumed to be

bedding, this has been proved where graded bedding has been

found parallel to the bands. There are few horizons of distinct-

ive lithology in the area of schist studied One was found in

a single exposure of a few black mudflakes or flattened mud

clasts, about 10 x 1 cm., in a pale schistose matrix. The

clasts are elongated in an approximately east-west direction.

Henley (1968) mentions such a mudflake conglomerate containing

fragments of graphitic schist and says that it forms a continuous

bed southwest of Lomivann. Another type of lithology lies in

an area near the top of the Middle Furulund. There is a broad

but variable zone (up to 100 m. thick) of friable, easily

weathered, brown biotite-rich phyllite with boundaries too

indeterminate to be mapped.

Thin section of the schist show it to be composed mostly

of quartz and plagioclase (approximately 50% on a visual

estimate) occurring as interlocking grains 0.01 - 0.2 mm. in



diameter. The principal mica is muscovite, except where biotite

has been concentrated showing a preferred orientation. Carb-

onate (thin sections were not stained) is present as grains

forming up to 10% of the rock. It is also present in veins

and lenses often showing rusty staining. There is sometimes

chlorite present. Some bands contain porphyroblasts including

garnet, hornblende, pyrite, muscovite and biotite, which will

be discussed later.

Lower Furulund

This unit is also mainly a plagioclase-rich quartz-mica

schist with carbonate. It is generally pale and massive with

occasional discontinuous horizons of dark grey schist, similar

to the schist of the Middle Furulund, which are more frequent

nearer the base of the unit. In thin section the massive,

pale bands were indistinguishable from the Middle Furulund.

Often the pale bands were dark when an unweathered surface

was revealed.

At a particularly interesting exposure (GR 32281360) of a

few square metres extent the bedding has weathered to reveal

surfaces which have assumed the appearance of a series of very

viscous flows with ropy crusts. The weathered surfaces have

small holes which appear to be bubbles drawn out by flow.

Fresh surfaces exhibit small (1 mm.) white crystals.

The Lower Furulund is composed of different rock types

and the lithological differences are often indistinctive, local

and difficult to map like the Lower Furulund east of Lomivann

(Nicholson 1966). Some rocks are characterised by fracturing

very easily into rubble of 0.3 - 0.5 mm. across, and sometimes

look pillow-like. However there are two distinguishable

members of the unit marked on the map. There is a small outcrop

of rusty-weathering, light-coloured schist and a well exposed

outcrop of pillowed lavas (Kekwick, in press).



SJØNSTR GROUP

The lower stratigraphic part of the Sjønstå Group was

studied and it was found to be a fine, grey to grey-green schist

with much quartz veining. In thin section the rock has up to

80% or 90% quartz and the rest is mica. Average grain size

is about 0.2 mm. This rock type continues as a vary uniform

lithology to the edge of the map, and the same characterist-

ically vegetation-free, grey rock can be seen unchanging for

some distance further.

The Furulund/Sjønstå contact is qot clear. Dark schistose

rocks alternate with the pale-weathering rocks of the Lower

Furulund until gradually the schist becomes recognisable as

Sjønstå. In the transition zone thereis a rock (GR 30881246)

with light and dark bands 0.5 - 20 cm. thick (Plate 1). There

is no grading between the bands and they are clearly delineated.

An exposure well beyond the transition zone contained white,

slightly elliptical clasts of quartz with diameters between

3 cm. and 10 cm. set in a matrix of grey schist (GR 31181108).

MARBLE

There are two bands of marble which are stained rusty on

the weathered surface and are located in the Furulund/Sjønstå

transition zone. They range in width from 0.5 m. to 10 m.

Parts of the marble are massive but most of it is schistose.

Some of it reacts with acid and some does not.

A small (about 1 cm. across) ring-shaped fossil (confirmed

as such by Zachrisson, Gustavson and Søyland-Hansen pers. comm.)

probably a crinoid ossicle, was found by the author in one of

the bands about half a kilometre northeast of the study area.

Approximately 1 km. to the southeast of the area a bryozoan

was discovered by Søyland-Hansen.



KJELDVANN =ADOLERITE

This has been called metadolerite because they have the

appearance of sill intrusions of a medium-grained basic rock

(Plate 2) which has undergone solid phase crystallisation.

The black and white medium to coarse grains of amphibole,

plagioclase and epidote make an extremely tough rock. Plag-

ioclase is sometines found in veins. According to Boyle (1979)

the intrusions are tholeiitic basalts chemically.

Plate 2. Exposure of a characteristic sill

intrusion of Kjeldvann Metadolerite.



STRUCTURE

The structural history of the region is still conjectural

(Boyle et al. 1982; Kirk and Mason 1983). Despite this

uncertainty the author has tried to adopt as far as possible

the current nomenclature (see Appendix II) for ease of correlation.

Evidence of regional inversion is present in the area in

the form of inverted grading(GR 34431306) and pillow structure,

discussed by Kekwick (in press).

METASEDIMENTS

The dominant structural feature is a schistosity defined

by the parallel to subparallel orientation of phyllosilicates,

this is a result of what has been designated the D2 deformation

(Boyle et al. 1982). It dips gently west northwest and is usually

coplanar with bedding except in the hinge area of minor isoclinal

folds which have axial planes coincident with schistosity. In

these early folds sometimes there is evidence of pressure

solution as folded beds are discontinuous (Fig. 1).

Frequently a second cleavage is present. It is sometimes

observable as a crenulation cleavage, a lineation of hornblende

or tails of garnet porphyroblasts, on the axial planar cleavage

of minor folding ( 2 m. amplitude or wavelength) (Fig. 2).

These tight, angular, usually similar folds tend to be overturned

to the east. Psammitic and pelitic bands show refraction of

the axial planar cleavage which varies from strain-slip to

penetrative.

There is gentle folding, (up to 0.5 m. wavelength), but

this is just gentle flexure of the D2 schistosity with axial

planes perpendicular to this schistosity. No other schistosity

has been observed associated with it.

Quartz veins are common in the Furulund Group and extremely

frequent in the SjyffiståGroup. There were several stages of

vein intrusion. Some veins are pre-D2 because they show



-
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Fig. 1. Fold showingpressuresolution.



rodding as a result of pressure solution during D2, others cut

across one or both schistosities, and some are very late stage

being restricted to joints.

Boudinage is present in the marble bands where they are

thinner than 2 m. and show scar folding of the D2 schistosity

in the surrounding schist. Boudinage is also present in quartz

and calcite veins throughout the area particularly in the

SjcinstRGroup (Fig. 3).

A small exposure (2 m2. approximately) of mullions up to

0.8 m. across was discovered at the Middle/Lower Furulund

interface. The corrugations (Fig. 4) have parallel striations

almost along their axes on the surface.

There is a conspicuous absence of faulting throughout the

area. Only one fault with a throw of less than 2 metres was

observed, near the structural base of the Middle Furulund.

KJELDVANN METADOLERITES

The metadolerites have been intruded parallel to bedding

(Plate 2) and are of similar thickness ( 5 m.). Many of the

intrusions are boudinaged and the D2 schistosity is infolded

round the scar, and often those formdug the tops of knolls are

cambered. Occasionally a schistosity is manifested by the sub-

parallel arrangement of black amphibole crystals, this is

parallel to the D3 schistosity in the metasediments Refraction


of the D2 schistosity has been observed near the contact of the

intrusions but D3 schistosity is unrefracted.



2 St.vvt.

Fig. 3. Boudinage of quartz veins in the

sjc;ånstRGroup.



Nle

I m

Fig. 4. Mullion showing difference in

competence of Middle & Lower Furulund.



METAMORPHISM

The most recent interpretation of the metamorphic history

is given in Boyle et al. (1982), much of this was based on

extensive work carried out by Henley (1968, 1970).

REGIONAL METAMORPHISM

Both the metasediments and the Kjeldvann Metadolerites

have undergone grain growth. The grains in the sediments are

optically continuous up to their contacts with surrounding

grains and there is no cement or matrix. Like the metasediments

the grain-size in the Kjeldvann Metadolerites varies ( 1 mm. -

5 mm.), and the grain size can be too large to have formed in an

intrusion only a few metres thick.

The presence of porphyroblasts in the metasediment has

already been mentioned. Garnet and hornblende are restricted

to rocks west of Henley's garnet/hornblende/oligoclase isograd.

Biotite is present throughout most of the area. Muscovite and

pyrite occur in many parts of the Furulund. Porphyroblast

formation is controlled by original rock composition, especially

garnet and hornblende which are restricted to particular bands.

Porphyroblasts of biotite and muscovite are also restricted

despite their ubiquitous occurrence as small grains. The

porphyroblasts tend to be less than 3 mm. in size, apart from

hornblende prisms which are usually longer. The latter occas-

ionally exhibit garben texture. There are virtually no porph-

yroblasts in the Kjeldvann Metadolerite, although one large

pyrite 1 cm. across was found. However the dolerite has under-

gone extensive recrystallisation forming an amphibolite (see

Appensix I).

CONTACT METAMORPHISM

This occurs around the metadolerite in the metasediment.

There is usually an obvious contact aureole up to 1 m. thick.

It is greenish or a mixture of greenish and white when weathered.



There are two types of porphyroblast present in the contact

zone: cordierite and andalusite. They have been observed

within a few millimetres of each other. Within these there

are a few inclusions of phyllosilicate which tend to be

parallel to the D2 schistosity (Fig. 5) giving the crystals

a sieve texture. The cordierite is sector twinned.

blotite

ss.

epidote

rnuscovite

Fig. 5. D2 and D3 schistosity shown in

thin section.



CONCLUSIONS

THE STRATIGRAPHIC RECORD

The sequence is continuous and inverted. According to
Zachrisson (pers. comm.) the evidence of inversion furnished

by the pillow lavas is a minor detail in an upright sequence.

This seems unlikely because the only evidence of uprightness

is a small exposure of upright graded bedding in an area greatly
disturbed by minor folding near the Furulund/Sjnstg boundary.

The inverted sequence is one of rocks formed under

oceanic conditions. The stratigraphic history of this sequence
commenced with the formation of oceanic crust represented in

part by the ophiolite complex. This was completed by an episode

of submarine volcanics producing the massive and pillowed lavas
north of Lomivann. The ocean floor was then overlain by clastic
material derived from continental masses to form the Furulund

and SjyffiståGroups, which have been studied in part for this
exercise.

The inverted graded bedding and pillow lavas located in

the study area indicate subaqueous deposition. The marble bands
and their fossil contents indicate, according to Nicholson (1966)

a shallow marine environment. It was pointed out by Stevens

amdZachrisson (pers. comm.) how little interpillow sediment
was present in the lava flow. While interpillow sediment is

not a sine qua non for pillow lava, although it was suggested,

it may indicate that the lava erupted under shallow water in

which high current energy prevented sediment deposition. A

shallow water environment is consistent with the evidence of

the marble bands.

The pillow lavas clearly indicate another phase of sub-

marine volcanism (after that N.of Lomivann).The round quartz

clasts found in the SjginstR.Group are interpreted by the

author as volcanic bombs and thus providemo-reevidence of

volcanism. The discontinuous horizons of white-weathering

slightly schistose rocks in the Lower Furulund, which Sjögren



called 'greisen-altered' aplite, are further possible evidence

of volcanism. Vogt considered it probable that these were

volcanic but noted in addition that they resembled metased-

imentary quartzites. In thin section the rocks do indeed

resemble metasedimentary quartzites. On the other hand there

is the exposure (GR 32281360) already described, which appears

to be made up of very viscous flows with a ropy crust. These

may be a type of pahoehoe lava flow, indicating subaerial

extrusion, or sedimentary mudflows.

DEFORMATIONAL HISTORY

The D2 and D3 deformations which produced the schistosities

already described were episodes of flattening. In both, the

mica flakes aligned themselves perpendicular to the compression

(at least to some degree in D3). In D2 there is also evidence

of pressure solution e.g. quartz rods. At some stage there

was a period of extension causing boudinage. Because the D2

schistosity is infolded round scars it seems likely that boud-

inage occurred after the D2 event.

All contacts between units were found to be stratigraphic,

there was no evidence observed of the thrusting predicted

by Kollung, Stevenson and Zachrisson (pers. comm.). The

existence of only one fault which was more of a joint with

a small displacement probably indicates that deformation was

under sufficient depth for plastic deformation to occur. This

was borne out by the tight plastic nature of the minor folding.

METAMORPHISM

Because the occurrence of porphyroblasts is restricted in

the original rock it is not possible to define precisely on a

scale of 1:10 000 the location of the garnet/hornblende/oligoclase

isograd as the part of the area of study in which it lies is

obscured by trees. Close to the isograd, near Kjeldvann,

determination, using an electron microprobe, of the partition

of Fe2+ and Mg between garnet and biotite has given a temperature
of 409°C, and the pressure has been calculated to be 5.1 kb.

from geobarometry of plagioclase, biotite, garnet and muscovite

assemblages (Kirk, pers. comm.).



The age of the contact metamorphism around the metadolerite

intrusions is later than the D2 event because the sieve textures

of the andalusite and cordierite porphyroblasts have adopted

a D2 fabric.
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APPENDIX I

DESCRIPTION OF KJELDVANN METADOLERITE IN THIN SECTION

Amphibole occurs as ragged subhedral grains often strained

and cracked. Its colour is pale green to almost colourless to

medium to dark green. Plagioclase generally occurs as fine-

grained aggregates of anhedral untwinned grains sieved with

epidote, but occasional twinning may be present and also

occasional larger crystals, again sieved with epidote. Epidote

forms small sub- to euhedral crystals or fine-grained inclusions

within plagioclase. Biotite is present in most of the meta-

dolerites as randomly orientated medium to dark brown flakes,

some of which may show alteration to chlorite. The latter

also occurs as randomly orientated flakes.



APPENDIX II

SV
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Equal area, lower hemisphere projection of D2 schistosity

( • ), D3 schistosity ( o ), minor fold axes ( + ), poles

to axial planes of minor folds ( o ), and mineral lineations

( o ). It can be seen that the minor folds were probably

synchronous with either D2 or D3.



APPENDIX III

The Most Suitable Outcro s of K'eldvann Metadolerite to be
Extracted for Use in Buildin .

The most desirable property of an igneous rock for building
is a large grain-size. A large grain-size gives permeability
obviating condensation and gives a better appearance when
polished. The grain sizes of the Kjeldvann Metadolerites
show large variation between different outerops and to a
small extent in different parts of an intrusion.

The outcrops with the largest grain sizes occur in the
northwest of the area, close to Fagerli, where metamorphic
grade is higher. This area has the other advantages of
closeness to Sulitjelma and several large outcrops occurring
together. Like the other outerops of metadolerite these are
unjointed and generally have no schistosity. The average
grain-size of these intrusions is about 5 mm.



InvertedPillow Lava at the Base of the FurulundGroup,Sulitjelma

G.R.P. Kekwick

Overturnedpillowlavas have been discoverednear the base of the

FurulundGroupand indicateregionalinversionof the thick sequence

pf metasedimentsstructurallybelow the SulitjelmaOphiolite. These

lavas and other volcanicrocks imply that the copperore of the Kong

Oscar Field at the base of the FurulundGroup is a strataboundvolcano-

genic deposit,which suggeststhat other ore depositsmay be present

in the same horizon.

Introduction

The long establishedcopper-miningdistrictof Sulitjelmalies

in the Norwegianpart of the Caledonianorogenicbelt, at 67o 10'N,

150 20'E, closeto the borderwith Sweden. The rocksin this area are

regionallymetamorphosed,and situatedbetweenpost-metamorphicthrusts

of low grade rocksin the SwedishCaledonidesand the axial zone of the

Caledonidesin Norway,where high grade rocks show largescale folding.

The continuationof mining in the districtis dependentupon the dis-

coveryof new ore bodiesby study of the structureand deformationhistory

and by deep exploration.

Earlyworkersassumedthat the successionwas continuousand upright

becausethe FurulundGroupwas boundedabove and belowby different

formations,the SulitjelmaAmphiboliteand SjtristRGroupsrespectively.

Another observation,which has been adducedsince as evidenceof an up-

right succession,was an assemblageof fossilsdiscoveredat the base

of the FurulundGroupby von Schmalensee,workingunderSjOgren (1900).

Vogt (1927)produceda detailedmap of the localityand showeda photograph



of a colonyof bryozoa. AlthoughVogt did not refer to its orientation

it has generallybeen assumed (e.g.Nicholson,1966) that the fossil

colonywas in growthpositionand upright.

A differentinterpretationof the structureof Sulitjelmawas

proposedby Kautsky (1953),who had workedon the adjacentpart of

the SwedishCaledonides. He describedthe Sulitjelmasequenceas being

comprisedof three post-metamorphicthrustnappes. Since then there

has been considerablediscussionof nappe interpretationin an upright

succession(for a review see Wilson,1973). In 1979 invertedpillow

lavaswere reportedin the Sulitjelmaamphibolites(Boyle,Griffiths

and Mason,1979). A new model to accountfor this inversionwith a fold

nappe structurehas been put forwardrecentlyby Boyle, Hansenand Mason

(1984). This has been supportedby the downwardfacing of early folds,

shown by gradedbedding (Kirkand Mason,1984)which indicatesregional

inversionat the top of the FurulundGroup.

With evidencelimitedthe way up of the successionhas remained

conjectural. New fieldevidencesupportingregionalinversionis

describedbelow. Its implicationsfor the geologyof the Kong Oscar

ore depositare discussedand its contributionto the clarificationof

the structureof Sulitjelmaconsidered.

The InvertedPillow Lavas

The FurulundGroup is a thick sequenceof metasedimentswith

occasionalvolcanichorizonsnear the structuralbase. In this Group,

within600 m. of the boundarywith the structurallylowerSjønstRGroup,

there is an extensiveoutcropof pillowlavaswith two smelleroutcrops

to the north-east(Fig.1). Pyroclasticvolcanicrocks,the nature of

which is obscuredby metamorphism,also occuradjacentto the contact

with the Sjønst2Group.



Pillowlava is exposedon flat joint surfacescuttingnearly

verticallythroughthe flows. The evidencethat the pillowsare

invertedare the roundedand convexsurfaces,now on the bottomof

the pillows,originallyabove,and the existenceof concavesurfaces

and cusps (Fig. 2), now pointingskyward,where pillows filledthe gaps

between the underlyingpillowswhen they formed. Interpillowsediment

is very rare.

Vesiclesfrequentlyoccur in the lava and are usuallyfilledby

quartz, biotite,calciteand plagioclase. Sore exhibit a plano-

convex lens shape confirmingthe way up determinedfrom pillowshape.

The mineral assemblagesin the lava are mainlymetamorphic,the principal

mineralsbeing quartz,biotite,albite (An5)and calcitewith some

epidote,zoisiteand chlorite. These occur as large crystalsin a fine

dusty matrix and some show a variolitictexture.

Discussion

The pillowlavasat the base of the FurulundGroup resultfrom

a periodof submarinevolcanismwhich took place after the formetion

of the rocks of the SulitjelmaOphioliteand the depositionof most of

the FurulundGroup.

The presenceof biotitein the lava may indicatethat it was

originallyhigh in potassium,suggestinga more continentalsourcefor

the lava than that of the ophiolite. However,the surroundingmeta-

sedimentsare also rich in biotite,providinga possiblesourcefor

metasomaticpotassium. Vogt (1927)and Nicholson(1966)suggestthat

the volcanicsnear the base of the Furulundare spilitic,which is

supportedby the presenceof sodium-richplagioclase,althoughthere is

no analyticalevidencethat the rocks are enrichedin sodium. The

presenceof coexistingcalciteand sodium-richplagioclasesuggeststhat



the rock is not necessarilysodium-enrichedoverall.

That the pillowsformed in a shallowmarineenvironmentcan be

deducedfrom fossil fauna in the adjacentmarble bands. The


rarity and coarse grain-sizeof the interpillowsedimentindicates

that the environmenthad a high currentenergy.

The parts of the FurulundGroup near the SjønstEGroup in

the area east of Lomivannhave been describedby Nicholson(1966)

and also containvolcanicrocks. Thesemay be the approximatestratigraphic

.?quivalentalong strikeof the pillowsdescribedhere. They are

highly variable,consistingof pyroclasticsand structureswhich

Nicholsondescribedas being like pillowsbut lackingcertain

diagnosticfeatures. Submarinelava usuallyexpressesitselfas pillow

breccia,well-shapedpillowsbeing unusual. Henley (1968)reproduces

a photographof some of these volcanicswhich look like pillows in

a hyaloclasticmatrix,i.e. pillow breccia. Vogt (1927)illustrated

a thin sectionof this rock which has a texturesimilarto the lava

of the presentpaper.

The presenceof a horizonof volcanicsat the structuralbase of the

FurulundGroup suggeststhat the copperores of the Kong Oscar Field

(lyingwithin the volcanics)may be strataboundvolcanogenicdeposits,

and thereforefurtherore bodiesmay exist in this horizon.

There are no minor folds in the vicinityof the pillowswhich

could have causedtheir local inversion,nor largerscale disturbances.

The pillows,therefore,indicatethat a substantialbody of rock is

inverted. This agreeswith recent predictionsof widespreadinversion

(Boyleet. al., 1984; Kirk and Mason, 1984)but contradictsthe

supposedevidenceof uprightnessfurnishedby Vogt'sillustrationof

a fossil bryozoancolony (1927)from the marblebands at the structural



base of the FurulundGroup. The photographdoes not show that it was

taken in situ; as it was not taken by Vogt (who did all the field

photography)but by B. Larssen (whotook all the laboratoryphotographs)

it can be assumedto have been photographedin the laboratory. Nowhere

in the text did Vogt state that the fossilswere found right way up.

Thus in the sequencestructurallybelow the amphibolitesall evidence

of way up so far discoveredshows that it is inverted.

More recently,on the evidenceof gradedbeddingin the upper

part of the FurulundGroup it has been suggestedthat the whole

Group is inverted(Kirkand Mason, 1984). However,graded beddingmay

not be a reliableindicatorof way up. The presentevidencefrom pillow

lavas is unequivocal. Since it lies at the structuralbase of the

FurulundGroup,close to the interbeddedstratigraphiccontactof

the SjrinstRGroup,it seems likelythat not only is the FurulundGroup

invertedbut perhapspart of the SjdnstgGroupas well. Such a

conclusionsupportsthe hypothesisof Boyleet al. (1984)that much

of the Sulitjelmaarea forms the invertedlimb of a recumbentregional

fold.
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FIGURE CAPTIONS

FIG. 1 Geologicalsketch-mapof Sulitjelme.

FIG. 2 Invertedpillow lavas in the FurulundGroup showingthe

incurveduppersurfacesand convex lower surfaces,which

signifyinversion.
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SAMPLE PACKAGINGAND SHIPPING
INSTRUCTIONS
Effective geochemical exploration programs require rapid and accurate analytical work. To expedite
sample processing and delivery of results, we suggest the following sample packaging and shipping
procedures.

Unprepared samples (soils and stream sediments) should be placed in waterproof paper bags
without a polyethylene liner.

Sample bags containing soil or rock should be clearly marked with waterproof ink.

Samples should be packed in sequence in durable cardboard boxes. A few sheets of absorbent
paper separating each layer of samples will help prevent loss of the sample numbers in transit.

Fill out and enclose white and yellow copies of Chemex Labs sample submittal and analytical
requisition form with each sample shipment. Retain the pink copy as a field record.

Include with each shipment your return address, billing instructions and instructions describing
the type of analyses required on the enclosed samples.

All international sample shipments should be clearly marked as follows: "GEOLOGICAL
MATERIALS — NO COMMERCIAL VALUE". Appropriately addressed shipping labels are
available at no cost, on request.

SAMPLE HANDLING AND STORAGE
(1) Sample pickup service —

Vancouver, B.C. — telephone: (604)984-0221
Sparks, Nevada — telephone: (702)356-5395
Mississauga, Ontario — telephone: (416)890-0310

(2) Sample storage service —
Geochernical Samples — The sieved portion of all stream sediment and soil samples and
rock geochem pulps are stored free of charge for a period of two years. The samples can be
retrieved for further geochemical analyses at your request.

Assay Pulps and Reject — All assay pulps are retained free of charge for a period of two
years. Coarse reject of rock or drill core samples is stored free for one year.

• TECHNICAL INFORMATION SERVICES
Instruction in accepted soil, sediment and water sarnpling techniques, in sample handling, in
use of field kits and in instrumental analysis is provided by Chemex Labs personnel free of
charge. Technical sessions are scheduled throughout the year as required.

Consulting services and applied research in analytical chemistry.

FIELD KITS, CHEMICALS AND SUPPLIES PrIce


 CX Copper — 500determinations $240.00

 CX Heavy Metals — 500determinations 240.00

 Replacement chemicals for CX Copper or CX Heavy Metals




Kit — 400determinations 125.00

 Acetate — Tartrate Buffer, pH 6.5 — 2 Iitres 85.00

 Zinc Spot-Spray Test Reagents 50.00

 K-Feldspar Staining Kit 120.00

Sarnple Bags — Geochemical
Waterproof, kraft wet-strength bags are available at cost and are recommended for soil, stream sedi-
ment and biological materials.

Sample Bags — Assay
A variety of plastic bags, ties and waterproof assay tags are available at cost.Shipping tags and sample
submittal and analytical requisition forms are provided to clients on request, at no cost.

Prices in Canadian dollars or U.S. equivalent.



Chemex

LAB PREPARATIONOF GEOLOGICAL,
GEOCHEMICAL AND BIOLOGICALMATERIALS
Sarnple handling and preparation procedures are as irnportant as field sampling techniques. A poorly
prepared sample is neither representative of the material obtained in the field nor can it be analysed
with any degree of conf idence. For this reason we spend considerable time studying handling and
preparation procedures for each project.

Prep.
Code* Sample Type PreparationProcedure Price/Sample

Dry, sieve through -80 mesh screen

Dry, sieve through -80 mesh screen and
save + 80 mesh fraction

Dry, sieve through -35 mesh screen
and ring pulverize to approx. -100 mesh

Crush, subsample and ring pulverize to approx.
-100 mesh. Over 2 lbs. see code 251

Ring pulverize to approx. -100 mesh

Ring pulverize to approx. -100 mesh

Milled to -20 mesh

Separation of heavy minerals having a
specific gravity greater than 2.96.
Ring pulverize to -100 mesh

No additional preparation required

1- Assay ton fire assay — surc harge

Screen to -140 mesh — surcharge

Screen to -200 mesh — surcharge

Samples requiring additional drying

Overweight charge on assay samples > 15 lbs. (7 Kg)
and geochem samples > 2 lbs. (1 Kg)

GEOCHEMICAL

201 Soil or Sediment

202 Soil or Sediment

203 Soil or Sediment

205 Rock or Core

217 Soil or Sediment

235 Pan Concentrate

210 Vegetation

213 Stream Sediments
Pan Concentrates

214 Pulp

ASSAY

207 Rock or Core
(Precious metals)

208 Rock or Core

209 Concentrate

225 Metal or Pulp

MISCELLANEOUS

221 Water

227 Pulp

261 Pulp

231

216

230

219

251

$ 0.70

1.00

2.00


2.50

2.00

2.00

4.00

14.00

N/C

1.00


1.00


2.00


2.00


0.25/1b.

Primary and secondary jaw crushing, $ 3.75
tertiary cone crushing, rotary pulverize and screen

to -100 mesh. Screen is exarnined for "metallics".

Primary and secondary jaw crushing, 3.25
tertiary cone crushing. Ring pulverize to approx. -100 mesh.

Ring pulverize and screen to -100 mesh 3.75

No additional preparation required N/C

No additional preparation required N/C

Rolling charge (Homogenizing pulp) $ 1.00

Compositing charge (Combining pulps) 1.00per
included sample

Occurs in the first column of each certificate of analysis.
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GEOCHEMICAL ANALYSES
Soll, secliment,rockand blogeochemicalmaterials.

INSTRUMENTALAND CHEMICAL ANALYSES
GroupA — Gold & PlatInumGroup Elements •
Element DetectIonlimit
Gold (Aquaregia digestion — MIBK ext.) 10ppb
Gold (F.A.& A.A.) 5 ppb
Gold (F.A.& 1 ppb
Gold (Direct N.A.A.) 50 ppb
Gold, Platinum (F.A. & N.A.A.) 1,20 ppb
Gold, Platinum, Palladium (F.A. & A.A.) 5, 100,20 ppb
Rhoclium(F.A.& A.A.) 2 ppb
Gold ) 5 ppb
Iridium ) Nickel Sulfide — fire assay 5 ppb
Osmium ) collection with neutron 5 ppb
Palladium ) activation finish 5 ppb
Platinum ) 5 ppb
Ruthenium) 5 ppb
F.A. & A.A. — Fire Assay preconcentration with Atomic Absorption Analysis
F.A. & N.A.A. — Fire Assay preconcentration with Neutron Activation Analysis
Direct N.A.A. — Activation analysis of -100 mesh sample pulp

Allimmum of 60 grams required for plattnum and palladium,
and 10 grams for gold analysts.

PrIce/Sample

$ 5.00
6.25
6.25
8.50

12.50
14.25
6.25

6 elements—
$75.00

Group B — Perchlorlc-nitricacld dlgestion••
Element DetectIonLimit Price/Sample

Cadmium 0.1ppm 1st element — $2.00
Cobalt 1 ppm Each additional element —
Copper 2 ppm $0.90
Iron 2 ppm
Lead 1ppm
Manganese 5 PPm
Molybdenum 1 ppm
Nickel 1 ppm
Silver 0.1 pprn
Zinc 1ppm

Typical concentration values range from our published detection limit
up to 0.1% (1000 ppm).

Background correction applied to atomic absorption analysis at no additional cost.
* • Other digestion techniques avadable on request.

Group C — ElementsregulrIngspecIficdigestion,extractIon and
analytIcal technIgues.
Element DetectIonLimit Price/Sample

Antimony 0.2ppm $3.75
Antimony & Bismuth (on same sample) 0.2ppm 5.75
Arsenic 1 ppm 3.25
Beryllium 0.1ppm 4.00
Bismuth 0.2ppm 3.75
Carbon (Total) 20 ppm 6.00
Fluorine 20 pprn 4.00
Gallium 1 ppm 5.00
Mercury 5 ppb 4.00

Pnces in Canadian dollars or U.S equivalent.
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GEOCHEMICALANALYSES (continued)

Soil, sediment, rock and biogeochemical materials.

Group C — Elements requiring specific digestion, e
analytical techniques. (continued)

Element

Niobium
Phosphorus
Selenium
Silver (Aqua regia digestion)
Sulfur (Total)
Tellunum
Thalhum
Tin
Tungsten
Uranium (Fluorometnc Analysis)
Uranium (Neutron Activanon Analysrs) 


xtraction and

Detection Limit

5 PPm

5 PPm
1 ppm

0.1 ppm
20 ppm

0.05 ppm
0.1 ppm

2 ppm
2 ppm

0.5 ppm
0.5 ppm

Price/Sample

$7.00
4.00
5.00
2.00
6.00
5.50
5 00
4.00
4 00
3.75
3.75

• faackgroona correctton apphea to atonao aboorptIon analysis at no addatonat cost

Group D — Perchloric-nitric-hydrofluoric acid digestion.

Element

Aluminum
Barium
Calcium
Chromium
Lithium
Magnesium
Rubldium
Strontium
Titanium
Vanadium

Detection Limit

10 ppm
10 ppm
10 ppm
5 PPm
1 ppm
2 ppm
1 ppm
1 ppm
5 PPm
5 PPm

Price/Sample

lst element — $4.00

Each additional element —


$2.00

Typical concentration values range from our published detection limit up to 10,000 ppm.

NEUTRON ACTIVATIONANALYSIS
Soil, sediment and geological materials.

Element

Antimony
Arsenic
Bromine
Cesium
Hafnium
Tantalum
Thorium
Tungsten

Quantitatiye Rare Earth Scan.

Cerium
Europium
Lanthanum
Lutehum
Neodymium
Samarium
Terbium
Ytterbium

Poces jr Caoad.a^ do :ars 0 US e:Jo

Detection Limit

1 pprn
1 pprn
2 ppm
1 ppm
2 ppm
2 ppm

1 PPm
1 ppm

Price/Sample

1st element — $7.50

Each additional element —


$2.00

2 ppm
1 ppm
1 ppm
1 ppm
5 Pfam

0 1 ppm
1 ppm
1 ppm

lst element — $10.00

Each additional element —


$5.00
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MULTI-ELEMENTICP ANALYSES
Soll, sedIment and rock materials.

INDUCTIVELY COUPLED PLASMA — ATOMIC EMISSION SPECTROMETRY(ICP-AES)
Chemex Labs chose a Jobin-Yvon 48P for simultaneous multi-element analysis by ICP-AES.The
Jobin-Yvon was selected for its analytical sensitivity, spectral resolution, low stray light, computer
controlled background correction, and instrumental stability. These features are prerequisites for the
successful analysis of diverse geological materials. The instrument is automated from sample
introduction to tabulation of results.




DIgestIon




Digestion

Element
Detection

Limit
HCIO, HCIO,
HNO, HNO,

HF
Element

DetectIon
LImIt

HCIO,

HNO,

HCIO,

HNO,


HF

Aluminum 0.01%




x Manganese 1 ppm x x
Arsenic 10 ppm x




Molybdenum 1 ppm x x
Barium 1 ppm




x Nickel 1 ppm x x
Beryllium 0.5 ppm




x Phosphorus 10 ppm x x
Bismuth 2 ppm x x Potassium 0.01%




x
Cadmium 0.5 ppm x x Silver 0.2 ppm x x
Calcium 0.01%




x Sodium 0.01%




x
Chromium 1 ppm




x Strontium 1 ppm




x
Cobalt 1 ppm x x Titanium 0.001%




x
Copper 1 ppm x x Tungsten 10 ppm




x
Iron 0.01% x x Vanadium 1 PPm




x
Lead
Magnesium

2 ppm

0.01%

x x

x

Zinc 1 pom x x

DIgestion PricelSample

Perchloric-nitric acid (HCIO, - HNO,) 13elements — $8.00

Perchloric-nitric-hydrofluoric acid (HCIO, - HNO,- HF) 13elements — $1050
24elements — $13.00

• WHOLE ROCKANALYSIS
(Constituents in Percent)— Price/Sample

Si01, AI203,Total Fe (as Fe20,),TiO,
Mg0, CaO, Na20,K,O,P205,Mn0 & LOI $25.00

Additional constituents Fe0, S, Ba, CO,
H20+ , H20- each — $ 6.00

EMISSION SPECTROGRAPHICANALYSIS
Soll, sedlment,rockand bIogeochemical materials. PrIce/Sample

20 element semiquantitative spectrograph analysis —
Sb, As, Ba, Be, Bi, B, Cd, Cr, Co, Cu, Pb, Mn,
Mo, Ni, Ag, Sn, Ti, V, Zn & Zr $24.00

30 element semiquantitative spectrograph analysis —
Al, Sb, As, Ba, Be, Bi, B, Cd, Ca, Cr, Co, Cu,
Ge, Fe, Pb, Mg, Mn, Mo, Ni, Nb, K, Si, Ag, Na,
Th, Sn, Ti, V, Zn & Zr $30.00

Individual or additional elements — $ 8.00

Prices in Canadian dollars or U.S. equivalent.



Chemex

ASSAY FEES
Geological, Mineralogical and Metallurgical Materials.




Element PricelSample Element Price/Sample
Gold (Fire Assay & Gravimetric Finish) $ 7.50 Lanthanum (N.A.A.) $ 8.00
Gold (F.A. & A.A. Finish) 7.50 Lead 5.50
Gold (Fineness) 30.00 Lead (Non Sulphide) 7.00
Gold (Bullion) 50.00 Lithium 10.00
Gold & Silver (F.A.) 10.50 Loss on Ignition 5.00

Palladiurn (F.A. & A.A. Finish) 24.00 Magnesium 9.00
Platinum (F.A. & A.A. Finish) 24.00 Manganese 8.00
Plati num & Palladium (F.A.) 30.00 Mercury 10.00




Moisture 5.00
Silver (A.A.) 7.50 Molybdenum (Total) 6.00
Silver (F.A.) 7.50 MoS, or Mo0, 7.50
Silver (Fineness) 30.00





Neodymium (N.A.A.) 8.00
Aluminum 10.00 Nickel 6.00
Antimony 8.00 Niobium 12.00
Arsenic (N.A.A.) 8.00





Phosphorus 10.00
Barium (Gravimetric) 10.00 Potassium 10.00
Barium (N.A.A.) 8.00




Beryllium 11.00 Rhenium (N.A.A.) 24.00
Bismuth 9.00 Rubidium (N.A.A.) 8.00
Bromine (N.A.A.) 8.00




Bulk Density 6.00 Scandium (N.A.A.) 8.00




Selenium (N.A.A.) 8.00
Cadrnium 7.00 Silica (Insoluble) 6.00
Calcium (A.A.) 7.00 Silica (Fusion) 10.00
Calcium (Volurnetric) 11.00 Sodium 10.00
Carbon 6.00 Specific Gravity 6.00
Carbon Dioxide 10.00 Strontium 10.00
Cerium (N.A.A.) 8.00 Sulfur (Gravimetric) 9.00
Cesium (N.A.A.) 8.00 Sulfur (Induction) 6.00
Chlorine 8.00




Chromium (A.A.) 10.00 Tantalum (N.A.A.) 8.00
Chromium (N.A.A.) 8.00 Tellurium 20.00
Cobalt 6.00 Thorium (N.A.A.) 8.00
Copper (Total) 5.50 Tin 8.00
Copper (Non Sulphide) 7.00 Titanium 10.00




Tungsten (Colorimetric) 10.00
Fluorine 10.00 Tungsten (N.A.A.) 8.00

Gallium (N.A.A.) 8.00 Uranium (Fluorometric) 10.00
Germanium 20.00 Uranium (N.A.A.) 8.00

Hafnium (N.A.A.) 8.00 Vanadiurn 10.00

Iron (Total) 10.00 Zinc 5.50
Iron (Acid Soluble) 8.00 Zinc (Non Sulphide) 7.00
Iron (Ferrous) 10130




CONCENTRATES - Replicate assays of concentrate
CONTROL AND UMPIRE ASSAYING - By Ouotation.

PRIORITY FIRE ASSAYING FOR SILVER AND GOLD:

client, per day or as volume permits. The cost wi II be
Prices in Canadiandollars or U.S.equivalent.

materials at three times list price.

48 to 72 hour rush service up to 20 samples per
50% above regular schedule.
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RADIOISOTOPEANALYSES
Chemex radloisotope laboratory includes instrumentation for low level monitoring and tracer
studies. The establishment of this laboratory enables us to measure radionuclides in the environ-
ment and reaffirms our commitment to offer the necessary monitoring services required by our
clients. Trace analyses are carried out using a low level proportional counter in addition to Alpha
spectroscopy and Garnma spectroscopy [Ge (Li)] systems.

RADIOCHEMICAL ANALYSIS
Water.

Absolute
Analysis DetectIon LimIt Price/Sample
Gross Alpha 0.05 Bq• $ 25.00
Gross Beta 0.15 Bq• 25.00
Gross Alpha & Beta 0.05, 0.15 Bq• 40.00
Leadm (Total or dissolved) 0.05 Bq 60.00
Polonium21°(Total or dissolved) 0.01 Bq 50.00
Potassiurn" 0.005 Bq 30.00
Radium2" (Total or dissolved) 0.01 Bq 60.00
Radium22°(Total and dissolved) 0.01 Bq 100.00
Thorium Isotopes (Total or dissolved)

Thoriumne, Thorium"°, Thorium232 0.05 Bq 75.00
Thorium232(NeutronActivation) 0.2 ug 20.00
Cesium'3' 0.1 Bq 40.00

* Detection hmits may be slightly higher for waters high in total solids.
All detection limits reported at the 95% confidence level.

GAMMA SPECTROSCOPY
Ore, soil, sediment, dust, yegetatIon and rock materials.

Isotope DetectIon LImIt Isotope DetectIon LImIt Price/Sample




0.005Bq/g pb212 0.005 Bq/g 22 isotope
1.12"3 0.05 Bq/g Bi'12 0.005 Bq/g garnma scan —
Th234 0.05 Bq/g P0112 0.005 Bq/g $100.00
Po2" 0.005Bq/g TI".3 0.005 Bq/g




Pb21° 0.05 Bq/g Uns 0.01 Bq/g




Ran° 0.005Bq/g K'° 0.01 Eicilg




Ac2" 0.005Bq/g Cs'" 0.002 Bq/g




Th2" 0.005Bcilg Rn2" 0.005 Bq/g




Ra" 0.005Bq/g pove 0.005 Bcilg




Rrin° 0.005Bq/g Pb2" 0.005 Bq/g




Po21° 0.005Bq/g Bi214 0.005 Bq/g




Note. Requires a mimmum of 100g of sample matenal.
All detection limits reported at the 95% confidence level.

Prices in Canadian dollars Or US, equivalent.
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Chemex

WATERQUALITYANALYSES

	

Price/Sample PrIce/Sample
Alkalinity & Acidity $10 50 Metals - Cd, Cr, Co, Cu 1st element
B.O.D. (5-day Biochemical Pb, Mn, Mo, Ni, Ag, Zn - $11.00

Oxygen Demand) 26.00 - total/dissolved, Each additional
Boron 20.00 by pre-concentration element - $550

or solvent extraction
Carbon - to 1 ppb

Total Organic Carbon 21.00
Total lnorganic Carbon 10.00 Metals - Cd, Cr, Co, Cu 1st element

C.O.D. (Chemical Oxygen Demand) 28.00 Fe, Pb, Mn, Mo, Ni, Ag, Zn - $6.00
Chloride 10.50 - by direct AA Each additional
Chlorophyll 27.00 analysis - to 20 ppb element - $4.00
Colour 6.50
Conductivity 6.50 Metals - by specific analytical
Cyanide 30.00 technlques

Aluminum 10.00
Dustfall 32.00 - Antimony 16.00

Arsenic 18.00
Fluoride 8.75 - Barium 10.00
Hardness - Total 10.50 - Calcium 10.00

Lithium 10.00
Nitrate-Nitrites - NOX 14.00 - Magnesium 10.00

- NO, 14.00 - Mercury 21.00
- NO, 10.50 - Potassium 10.00

Nitrogen-Kjeldahl 17.00 - Selenium 18.00
Arnmonia 12.50 - Sodium 10.00

- Strontium 10.00
OiI & Grease 20.00 - Tin 16.00
Oxygen - Dissolved 6.00 - Uranium 16.00

Vanadium 10.00
pH
Phenols
Phosphates - Total

Ortho
3 ppb det.

Silica
Solids - Total, Dissolved,

Suspended - each
+ Volatiles On

above - each
Sulphate
Sulfide
Surfactants (MBAS)
Tannin & Lignin
Turbidity
Thiocyanate

4.00
26.00
13.00
8.50

16.00
11.00

10.50

3.00
10.00
17.00
26.00
13.00
6.00

11.00

BiologIcal Parameters
Bioassay - 24-hour Static

96-hour Static
96-hour Multi Dilution
96-hour Trout Check

Total Col iform
Fecal Coliform
Total and Fecal Coliform

By
Quotation

22.00

22.00

27.00

Price discounts for more than 5 samples or prices for non-routine work will be quoted prior to under-
taking work. We urge you to discuss your requirements with us before beginning field work or
submitting samples for analysis.

Suitable sample bottles and instructions for the collection, treatment and shipping of water samples
are available on request.



DATATRANSFERAND PROCESSINGSERVICES
Mineral exploration programs by their very nature often require timely evaluation of geochemical
data. As a result, much effort and expense is devoted to minimizing sample transit time to the
laboratory and to expediting the chemical analysis once the samples are in the laboratory. In addi-
tion to these time saving measures our experience has shown that transmitting data electronically
to client field offices can further reduce the turnaround time.

COMPUTER DATABASE

To streamline exploration, all analytical data generated at Chemex Labs, since 1980,are stored in
our VAX 11/750 computer. These data are part of our internal record management and accounting
system and thus are stored at no cost to Our clients.

24-HOUR, DIAL-UPACCESS

At client request, certified assay and geochemical data can also be stored in a password-protected,
client-dedicated, account. These dedicated timesharing accounts can be accessed, 24 hours a day,
by authorized client geologists located anywhere in the world, using a suitable computer terminal. In
most areas, access is available by dialing into the local telephone system or into the public, packet
switching network which eliminates long distance telephone charges.

ELECTRONIC DATATRANSMISSION

The terminal receiving the encoded data can be as simple as a portable printer or as complex as a
mainframe computer system. Any personal computer with communications software and a modem
can be used to retrieve data from a Chernex Labs timesharing account. Geochemical data are
available in formats which are directly compatible with commercially available software packages
such as LOTUS 1, 2, 3.

Electronic transmission of data is advantageous because the geologist can retrieve analytical
results more quickly than by conventional means. This can be particularly helpful on drilling projects
where drill placement can be optimized by rapid turnaround of assay data.

GEOLOGICAL DATA BASE MANAGEMENT

In addition to data transmission, dial-up data base management services are also available. Using
interactive software, geologists can rapidly evaluate, sort, merge and printout masses of
geochemical data in a variety of formats suitable for inclusion in exploration reports.

For further information on these exclusive services ask for our data distribution and rnanagement
system brochure or contact our Data Processing Services Manager.

OTHER SERVICES
MINERAL SEPARATIONS

Concentration of overburden or stream sediment, exploration samples by
panning, table, heavy liquid separation, rnagnetic separation or by hand
picking, as required, per hour $25.00

ROCK AND MINERAL IDENTIFICATION

Preparation of thin and polished sections. Photography and identification
of rock and mineral specimens, per hour $35.00

CORE SPLITTING,per hour $25.00

COALTESTINGAND ANALYSES Price list on request

HYDROCARBONANALYSES Price list on request

BULKCARGOSAMPLING AND ANALYSES By quotation
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	 Chemex Labs Ltd.

Chemex Labs Ltd.
212 Brooksbank Avenue
North Vancouver, B.C.
Canada, V7J 2C1
Telephone: (604)984-0221
Telex: 04-352597

450 Matheson Blvd. E., #54 155 Glendale Avenue, #7
Mississauga, Ontario Sparks, Nevada
Canada, L4Z 1R5 U.S.A., 89431

Telephone: (416)890-0310 Telephone: (702)356-5395






