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—— === RAHEEN INDUSTRIAL ESTATE

GEOCHEMICAL SAMPLING & ANALYSIS. AGRICULTURAL ANALYSIS. LIMERICK, IRELAND.
SITE INVESTIGATION SERVICES PHONE: (061) 29055

TELEX: 70128 MAL Et

REFNC: PC/bp YOUR REF pATE. 30 August 1985

Sulitjelma Bergverk a.s.,
8230 Sulitjelma,
Norway.

Attn. Mr, Perry Kaspersen

INVOICE S6/210

£

To analysis of 15 samples for Au @£5.00 75.00
To repreparation and reanalysis for Au of the
same samples @£7.45 111,75
TOTAL IR£186.75
/74y &3
- . /%f/(’/f("?
PORTANT _
IMPORTATL. o kers o RCER
To avoid delays remit payment via your Banxers

ALUED IRISH BANKS !_IMITED Alg: upis,csamsizar oan
international Division,
P.O.Box 518, Bankcentre, Dublin 4. &bt " L&( l -? 2 \{ Y o
Telex: No. 25232

SWIFT. ADDRESS AIBK IE 2D

Aoy 7 redtee C/'T_'b ......
FOR ACCOUNT Maw@-‘t‘*‘” ....... Rizetbribed

Account No. BE: NSC H-'

- ST JPrES conAT
AT (Bani) .. JTE! R 3 ST

z f ? L
(Branch) "'NNS‘(; .......
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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 gompany 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 lreland
and Europe.

FIELD OPERATIONS

Field crews are available for stream sediment and soil
sampling projects. Deep averburden sampling using Pionjar
BR120 hand held percussion drills is also available on
contract. Overburden of 20-2bm. in thickness can be
sampled using this technigue. The company also has two
tractor mounted diamond drill rigs both with full wireline
equipment.

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

LABORATORY

Qur aim is to provide a fast, reliable analytical and assay
servica for exploration companies gperating in lreland 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 samptes and approximately 10% of the samples are
reanalysed to check inter batch consistency.

Most of the analytical wark is carried out on Perkin Elmer
Atomic Absorption Spectrophotometers. Other methods
include !on Specific Electrodes, Fluorimetry and Colori-
metry.

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

All prices are in Irish pounds.

QEOCHEMlCAL ANALYSIS .
r

ecision * 15—20% at 95% confidence level.

Group A ya
roup A i,_ Z/ ;(’5
Detection limit {p.p.m.} IRE
Cadmium 1
Chromium 1
Cobalt 1°
_Lopper i
lron 5
_Lead 1
Manganese 5
Nickel 1
__Sﬂvet 0.1
_Zinc 1 0.50 per element
Group B
Barium 20
Lithium 1
Molybdenum
Strontiurm 10
Vanadium 2 2.35 per elemeant
Group C
¢ __ Antimony 1
__Arsenic 1
¢ __Bismuth 1
: Flourine 10
Mercury .01
Titanium 50
Uranjum 0.01 3.65 per element
Group D 25}—.:4V14 > 008
_Gold /O~ 002 “ 500
Tin 1 4.20
Tungsten 1 420

INTERMEDIATE ANALYSIS

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

The cost of this service is 1.75X geochemical rate.

ASSAYS

Precision T 2--5% (depending on element) at 95%
confidence level,

IRE
Cadmium Iron Silver
Chromium  Lead Zinc
Cobalt Manganese
Copper Nickel 3.85 per element
Barium Molybdenum 5.30 per element
Antimeony  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,SOd.LOI

4 .40 per glement

SAMPLE PREPARATION

Soil and sediment samples

(drying and sieving to 80 mesh) 0.45 per sample

Rock chips (eg.RCD sampies, grinding to 200 mesh)
2,45 per sample

Drill care, Large rock samples

(erushing and grinding to 200 mesh} 4.60 per sample



MERCURY HYDROCARBONS LTD

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.

"Ss ':?-’;'_;::f '

— MERCURY ANALYTICAL Ltd.

MERCURY HYDROCARBONS Ltd.

SHIPPING INSTRUCTIONS

Orientation surveys around Pb—2Zn deposits in the Lower

Sharboniferous & Ifrelgnd have showndn.:!istinc.t chali-ng:? 0 All samples should be described as ‘GEOLOGICAL
ofe gas.‘:"l“‘ef‘t g L 'a‘“‘[‘ stirrauin '"gf":”‘"‘ 1za :9”' SAMPLES FOR LABORATORY ANALYSIS/NO S
particu ar interest 15 the arge extent of the anomalies, COMMEHC[AL VALUE” on customs documents and

which can be several kilometras across and may extend up sample containers
to 1Tkm above- mineralization. This should allow the use of - LABORATORY PR |CE L'ST 1985
a‘ lower densm{ of samples.than is necessary for corwe'n- They should be addressed to
tional geochemical prospecting and also offers a potential
for detecting deeply buried deposits. [ SN~ S = oo T = B v "B L BT SR A e Sa—t
MERCURY ANALYTICAL LIMITED,
RAHEEN INDUSTRIAL ESTATE,

LIMERICK,
The technique is still in the early stages of development IRELAND.
but can already be offered as a rapid reconnaissance
method for carbonate-hosted Pb—Zn deposits. With further All  samples by airfreight should be sent to
research it is hoped that hydrocarbon gas geachemistry will SHANNON AIRPORT
also be useful for more detailed investigation of prospects
and in exploration far other styles of mineralization. Please inform wus, by telex if possible, of AWB
number, despatch date and estimated arrival date.
. Airport, customs clearance and handling charges
A hydrocarbon gas survey requires fist-sized (2009-5009) will be paid by Mercury Analytical Ltd. for batches
samples of unweathered rock collected at a density of of samples exceeding IRE200 in value. For lower
about 1 per km2, from surface exposures or boreholes. value batches these charges are passed on to the
client at cost.
The analytical cost of this services is IRE 15 - 18 per sample The minimum charge per batch is IRE100, but no
depending on the number of samples sent per batch and on charge is made for small batches of test sampies.

the overall size of the programme.

An additional cost of 25% of the analytical charge is made Raheen Industrial Estate
for a written report on the results. 1 a
Limerick, lreland.
. . . Telephone; 061—29055
For further information on the technigue please contact
Dr. Jonathan Carter or Dr. Peter Cazalet. Telex; 70128 MAL EI

OAVIE PRINTERS Ll Henry St.. Limeric . ______________________________"-_ i ___{
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Sulitjelma Bergverk AS

Laboratoriet

ANALYSERAPPORT
Prove fra: Kong Ogears Dedehe 224.
Ramelmpost / . Dean ___/ 18 __ Silo Nr. |
Provebeskrivelse. |Tonn 7 PA % | ppm.| % A ‘
J.nr. [Nr. Beliggenhet. Mekt.| Cu.| Zn.| S. |AG. | Fe.| H:0 |
6214 0,00 B - 1,00 m Oy U,y 09 V00 0 31
| 22 1,00 " = 2,0 " 0,04 | 0,01 ] U0 O 3,0
23 2,00 = - 3,00 " 0,09 | 0,09 Q00| O 5+5
24 3,00 " = 4,00 ¢ 0,00 | 0,01| G001 @ 302
23 4,00 " = 5,00 " 0,00 | 0,01 O,0U 0 2,9
26 6,00 = = 6,00 " 0,09 | OpU¢| G0 O 4,0
27 6,00 = = T,0u " OgUt | OyU1| O40U| Q 5,8
28 T00 = = 8,00 * 0,01 | ©Cp01| G000 © 3e2
29 8,00 = - 9,00 ™ 0,04 | U0 GO0 O 3s1
30 9,00 * = 40,00 = 0,01 | 0,09| 0,60| O 3,2

{ Rapp. til: Vedi=Grin-
Kespersen-Samdwsll. | T 77T

Sulitjelma den 13+ 19_83- Sign.




Laboratoriet

Sulitjelma Qergverk AS

/ ’;

ANALYSERAPPORT
Prove fra: hong Osders Debehs 2240
Ramalmpost __/ . Den ___/ 18 _ Silo Nr.
i Provebeskrivelse. Tonn/ % A % | ppm. % %
J.nr. |[Nr. Beliggenhet. Mekt.| Cu. Zn.| S. |AG, Fe.| H,0
660 Uil m = 11,00 m C.u1 Gy, Uf Uy20 3 3,2
61 11,90 " = 92,00 » 0,01 UyUy U000 2 442
62 12,00 " « 93,03 » O.U1 0,01 0,00{ o 4,0
63 15)00 " = 14,00 = Ugv1 Vel Ul 2 302
64: 14,00 " = 15,00 » 0,1 OgUy 0,98 2 497
65 15200 " = 16,00 Oy UyUy Gy20| 2 2+%
66 16,00 " = 17,00 = Cy01 UyUg Uy13 2 129
67 17900 " = 18,00 = Uy 04 0,09 0,78 2 2,9
68 18,00 » = 19,00 = 0,01 Gye0q 0y13 2 2,9
69 19,00 # = 20,00 » 0,0 Uyl1 Gy13 2 2,9
/

JRapp. til: Yedi=Geina
Kaspersen-Sandwall.

Sulitjelma den 22/ 3. 18 85, Sign._3.,

b

04014
0,902
VU2
0,02
0,04
0,00
0,04
Ue99
0,01
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Sulitjelma%ergverk AS 4
Lab i
oboratoriet ANALYSERAPPORT
Prove fre: S?_f_ft?f:__n_'ff'__zfi: ________________
Ramalmpost /. Den __./___ 18 __ silo Nr.
Provebeskrivelse., |Tonn 7 7 % | ppm. % %
J.nr. |Nr. Beliggenhet. /Mekt Cu Zn.| S. |AG Fe.| H,0
692 2t. 20,00 & - 21,00 t 0s02| 0,09 0,13 2 3+9
93 22. 21,00 » = 22,00 0,02 0,04{ 0,10 2 39
94 25. 22,00 * - 23,00 |» 0,02 | 0,09| 0,00 1 4,8
95 24, 25,00 " = 24,00 [» 0,021 0,09 0,20{ ¢ 52
96 25. 24,00 » =« 25,00 » 0,02 0,09 0,00 1 306
97 26. 25,00 " « 26,00 » 0,02 | 0,02| 0,93/ 2 309
98 2%. 26,00 » - 27,00 [» 0,01 O,01| 0,78 2 3,6
99 28. 27,00 " = 28,00 0,01 0,02] 0,72| 2 3.7
700 2’0 28,00 » - 29|00 " 0.01 0.01 Uy20 1 5.0
1 30. 29,00 " = 30,00 |» 0,09 ©,01| 0,39 1 3,6
J o, Vedi-Grine- T 26 . 85. H
h.ﬁ&g%h_ L.nd“u. Sulitjelma den 2° /3 19 8% sign,

g
L i
L]

w W W W W W W W e
- ok ad ok () - b PD

SSCOOCOCOO



Sulitjelma Qergverk AS

Laboratoriet

ANALYSERAPPORT
Prove fra: Long Uscars Debebs 224
Ramalmpost / . Den  / 18  Silo Nr.
Prévebeskrivelse. |Tonn A A % | ppm. 7% 7
J.nr. [Nr. Beliggenhet, Mekt.] Cu Zn.| S. | AG. Fe.| H,0
711 51e¢ 3,00 m = 31,00 my Vel | Uyut Usi3| 3 346
T2 52¢ 31,90 " = 52,00 » UV | OpUy | ULUT] 3 434
13 33e 32,U0 ™ = F3,00 W QaUe | UgUt | LeUT| 3 484
i¢ B4 35,00 ® « 34,00 » Qely | Uyl | OO0 3 599
15 350 34900 " « 35,00 ¢ OaUy | Oply | Uy 0] 2 451
16 56e 35,00 * = 36,00 * 0,01 | 0,01 VLTl 2 302
11 3Te 36,00 = = 37,00 » OeU1 | OV Uy U7 2, 128
16 58e  3T,L0 " = 38,00 Oyuq | Vgl | UUT| 2 2,2
79 59. 50.0U LI 59.0\) - 0.0' U.U1 Q.UU 2 2.?
ou 40 33,00 " = 4U,0U Ugt | Upu2 | Uy33] 2 17
Rapp.; til: ¥sd1-Gripe Sulitjelma den 3 /4. 198s, Sign.

Kaspersen-inndwall.

Fbe
0,00




Sulitjelma %ergverk AS ¢ |
. g
Laboratoriet ANALYSERAPPORT
Prove fra: Kong Oscar. Dsbehs 224.
Ramalmpost / . Den _ / 18 _ Silo Nr. ___
Provebeskrivelse. {Tonn A 7 % | ppm. % % Pf_
J.nr. [Nr. Beliggenhet. Mekt.| Cu. Zn.| S. | AG. Fe.| H:0
840 41+ 40,00 @ - 41,00 o 0,02 | 0,01 | 1430 3 393 0,00
1 42+ 41,00 ™ - 42,00 0,02 | 0,03 | 3,97 4 6v4 0,03
12 | 43+ 42400 % = 43,00 9 0,04 | 0,03 | 3,71 5 6492 0,02
13 444 43,00 v ~ 44,00 0,01 0,02 3,97 2 6+5 0,00
14 45+ 44,00 " = 45,00 o 0,02 | 0,04 | 4423 3 907 0,00
15 46. 45,00 " - 46,00 0,03 0,04 501 2 4,0 0,04
16 47+ 46,00 " = 47,00 H 0,01 Or11 3,97 2 449 0,04
17 48. 47,00 " = 48,00 o 0,01 0,08 | 4,42 2 ToT 0,04
18 48. 48,00 " = 49,00 4 0,02 0,19 3,90 2 5o T 0,09
19 50. 49,00 " - 50,00 ° 0,02 | Us19 | 1,82 3 545 0,13
i ’/
- ,"
rRapp. til; Vedi=Grin- Sulitjelma den 12/4+ 1985+ Sign. 4.
Kaspersen=Sandwsll. | T/ 7= - —gre=




Sulitjelma gergverk AS ¢

Laboratoriet

ANALYSERAPPORT
Prove fra: Kong Osoare Debehe 224,
Rameaelmpost / . Dean _ / 18 __ Silo Nr. ___
Provebeskrivelse. |Tonn pA 7 % | ppm. % 7%
 J.or. INr. Beliggenhet. Mekt.] Cu. Zn.| S. |AG. Fe.| H20
848 | 51. 50,00 m ~ 51,00 Op4 | Og01| 1469 1 2+5
49 | 52. 59,00 " = 52,00 Vel | Uy02| 2028 O I
50 53¢ 52,00 " = 53,00 0,92 UgU2 13 2 129
51 54 53,00 = = 54,00 0,085 | OgUt] 4949 1 Te2
52 | 55 4,00 " = 55,00 1" QpUB | Q00| 3497 4 Se T
892 | 56. 59,00 * § 56,00 | 0,01 VU9 1404 3 1,8
93 | 57« 56,00 = = 57,00 " UeOt | U 0| D459 3 095
94 | 56. §Ty0U = = 58,00 0,09 | 0,01 059 1 U7
9% | 59 88,00 " - 59,00 v Oguy | U0 Uy 2 U7
96 | 60, 53,00 " = 60,00 | Vg1 | Oou1| Upbp 2 | 201
Rapp. til: Vedi-Grin- Sulitjelma den 24/4s 19 85. Sign. s
Kaspersen~Sandwall.

%
Ph.

(VJNb]
QU2
CyuT
0,02
0,04
2401
0,00
¢V |
V00
0e01



Sulitjelma®Bergverk AS ®

Laboratoriet

ANALYSERAPPORT
Prove fra: Kong Osours Debehe 224.
Ramalmpost / . Demn / 19  S8ilo Nr. ___
Provebeskrivelse. |Tonn 7 A % |ppm. % 7 Pbe
J.nr. [Nr. Beliggenhet, Mekt.] Cu.| Zn.| S. |AG. | Fe.| B38
905 | 69. 60,00 m = 61,50 m 5,01 10,01 (0,39 |0 0.3 | 0,03
6 | 62. 61,00 " = 62,00 * 0,0¢ | 0,0t |9,98 | O 0,2 0,09
T | 63. 62,00 " - 63,00 = Cyp01 | 0y01 |0,85 | O U3 0,01
B 6‘- 65|OU Ll 6‘.0‘0 n 0.00 0.01 0.10 0 0'0 0’00
9 | 65. 64,00 » - 65,00 " 0,01 | 6,00 [0,52 | o 0,3 | 0,01
10 66. 65'00 L 66’00 " 0.00 0'01 0'29 2 2'4 0’00
11 67, 66,00 ™ = 67,00 = 0,00 | 0,00 (0,20 | 3 18 0,00
12 | 66. 67,00 * = 68,00 " 0,00 | 0,00 {C,30 | 1 1,7 | 0,00
13 | 69. 68,00 » = 69,00 = 0,00 | 0,00 0,00 | 1 1,5 | 0,00
14 | T0. 69,00 » = 70,00 n 0,01 0,01 [Up10 | 1 191 0,00

{ Rapp. til: Vedi-Grin- Sulitjelma den 29 /4+ 19 85+ Sign. 4.
Easpersen~Sgndwsll. |  °~  m=l=—e - .




Sulitjelma !ergverk AS

Laboratoriet

ANALYSERAPPORT
Préve fra: _________kong Uecare Dibete 224,
Ramealmpost / . Den /19 __ sio Nr. ___

- Prévebeskrivelse. |Tonn A A % |ppm. % | % 7
J.or. [Nr. Beliggenhet. Mekt.!| Cu.| Zn.| S. |AG. | Fe.| H,0 | *P"
941 [71. 70,00 m = 71,00 m 0y00 | 0,00 |Uy13 | O 13 0,00

42 [T2« T1p00 " = T2400 Ugu | UyQu [0p10 | W 1+7 VW0
43 | T3« 72400 ™ = 73,00 » 0,00 | 0,00 |0pU | O 2,3 U,00
44 [ T4s 73,00 " = 74,00 0,00 | 0,01 (0410 | 1 §4 0,00
45 [TSe 74,00 ™ = 75,00 " 0,00 | UyU2 1,45 | 1 497 0,00
46 T6s 75,00 " = T6,00 Oy Oyu2 | 2470 2 5¢T |0n01
47 TTe 76,00 # = 77,00 * 0,01 Oy,Ugq | 2470 1 6,3 1 0,01
48 78. 77,00 » = 78,00 ¥ 0,09 0,03 | 3,20 5 55 Pl
49 |79+ 768,00 " = 79,00 " 0,00 | O,z | 2,60 2 507 Uy 01
50 Boo 79.“0 " o= 80.00 " 0|U1 O.U‘ 2'60 2 5’2 0.04

-
{Rapp. til: Vediagrin- Sulitjelma den 26/ 4. 1985. Sign. %4,
Kesparsen=3andwall. | 7T 777 - Tt




Sulitjelma ®ergverk AS

Laboratoriet

—— —

ANALYSERAPPORT
Prove fra: Kong Oscare Debshe 224.
Ramalmpost / . Den __ / 19 Silo Nr.
Prévebeskrivelse. |Tonn 7 7 % | ppm. % A
J.nr. [Nr. Beliggenhet. Mekt.| Cu Zn.| S. | AG. Fe.| H:0
965 81. LU,V m = B1,0U m 0,02 Cetd [4952 | U 245
b6 82. 81'0U " o- 62.00 " U.JL& 0'\.’2 0’53 0 5.4
67 |83. 82,00 " = 33,00 " 0,00 | 0,00 [Gy90 | O Ve
68 [B4e 83,00 " = 400 ™ 0,0U | G401 (0453 | © Up2
69 85. 04,00 " = 35,00 ™ 0,00 0,00 |0410 | O 141
70 [@6. 85,00 " =« 85,00 ¥ 0,00 | 0,00 |0y93 | O Ug3
71 070 GG.OO ¥ - BT.OO " 0.0U O.O\IJ 0'20 0 1..5
72 33. 51.00 ¥ - 88'00 " 0.\)1 O,UQ 0.20 0 1’1
15 89. 58'00 L 89.00 " Q'O\J O’O\J 0.00 0 1.5
T4 90. 89,00 » « 90,00 " 0,01 0400 |0s13 | O 1.7
/)
[P
:"'/‘,
¢ Rapp. til: Vedi-Grin- Sulitjelma den 3 /5« 19 _85- Sign._ k.

Easpersen=3andwall,

-
LY
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U0
0401
Up
Og00
Gyuu
0,02
Oyv2
0,04
Uy
0,02




Sulitjelma ®ergverk AS

Laboratoriet

ANALYSERAPPORT

Prove fra: _________Kong Osgar. Dibehe 2240
Ramalmpost. /. Den /18 __ Silo Nr.
Prévebeskrivelse. |Tonn pA 7 % | ppm. % A

| J.or. [Nr. Beliggenhet. Mekt.| Cu. Zn.| S. | AG. Fe.| H,0
1003 91. 90,00 m - 91,00 |m 0,01 | 0,00 (0,00 | 3 191

4 92. 91,00 n =« 92,00 (n forurgnset.

5 93- 92'00 " - 93’00 " 0,01 0.00 0’13 2 0,8

6 94+ 93,00 " =« 94,00 |» 0,01 0,00 {0,143 1 0,6

7 95+ 94,00 " = 95,00 |» 0,09 | 0,00 |0,07 | 14 0s5

8 96. 95,00 * « 96,00]|" 0,00 | 0,00 {0,00| 2,5 | 1,6

9 97. 96,00 » = 97,00 | 0,00 0,00 | 0,00 1,7 2,0

10. 98, 97,00 » =« 98,00 |" 0,00 0,00 | 0,00 2,8 4,4

11. 99. 98,00 » - 99,00 0,00 | 0,04 {0,00 2,6 | 4,6

12. 100- 99'00 LR 100'00 » 0'00 0!01 0’00 2'9 5’3

/Rapp. til: Vedi-Grin-

Kaspersen-Sandwall.

|

Sulitjelma den 6 /5. 13885, Sign. &,

—
I

Pb.

0,00

0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00



Sulitjelma .Jergverk AS d |

Lab {

aboratoriet ANALYSERAPPORT

Prove fra: Kong Osoaxr. Dedbshe 224.

Ramalmpost / . Den ___/ 19 __ Silo Nr. ___

Prévebeskrivelse. |Tonn % 7 % | ppm. 7% 7 %

J.nr. |[Nr. Beliggenhet. Mekt.| Cu. Zn.| S. | AG. Fe.| H,O | Fb.
1037 | 101+ 100,00 m = 101,0) m 0,02 | 0,09 [ 0400 | 0,0 | 4,9 0,00

38 | 1024 101,00 " = 102,00 * 0,01 0,01 | 0,07 0'9 4+4 0,00

39 | 103, 102,00 ® = 103,04 * 0,01 | 0,00 [0,07| 0,01 441 0,00

40 104. 103'00 " - 104.0\; " U,01 G,00 0’05 O.VJ 4453 0,00

41 {1054 104,00 » = 105,09 » 0g01 | 0400 [ 040T| 040 | 3,48 Oy00

42 | 106 105,00 ™ = 106,00 * 0,01 | 0401 |0,0T| 048 | 3.4 0,00

43 | 10T« 106400 = = 107,09 *© 0,09 | 0,01 | 0,07 046 | 457 0,00

44 | 108. 107,00 = - 108,00 * 0,00 | 0,01 | 0,00| 0,8 [ 448 0,00

‘5 109. 108'00 L 109.01) " 0’00 0.01 0'00 0'7 4'7 0.00

46 | 110, 109,00 " = 110,0f = 0,00 | G,01|0,00| 042 | 449 0,00

Rapp.; til: Vedi-Grin- Sulitjelma den 8 / 5¢ 1985 Sign. <.,
Kesperssen=Sandwalle |  ~  TT 777 - N [30kThe




Sulitjelma ‘Bergverk AS

Laboratoriet

ANALYSERAPPORT
Prove fra: ___ Xomg Osear. Doboh. 224, =~~~
Ramealmpost / .Den _ / 19 _ Silo Nr. ___
- Prévebeskrivelse. [Tonn 7% A % | ppm.| % 7
J.nr. [Nr. Beliggenhet. Mekt.| Cu. Zn.| S. | AG. Fe.| H:0
1062 111 110,00 B = 111, B Uy 09 0,0¢ 0,00 11 494
653 112« 111,00 " = 192,00 0yUg | UpUt |UaU0 | 148 | 47
64 113, 113,00 * = 113, " O,U" O,0q 10,00 1.7 | 4,9
65 114¢ 115,00 * = 114, " OpUg | Oy 01 |0400 | 149 | 407
66 115 114,00 » = 115,00 * OpUq | Uy09 [Up13 | 194 | 4e5
67 116, 115,00 » = 116,00 *» 0,09 | O07 [0p33 | 103 | 45
68 117 116,00 = = 147,00 = 0401 | Op01 |Up13 | Q0T | 37
69 1184- 117,00 " = 118, " 001 | Ul [053 | 009 | 349
v 119 118,00 = 119,00 0401 | 0401 [0g33 | 146 | 349
71 120, 119,00 " =« 120,40 * Op01 | 001 (L0 | 145 | 409
'R L til Vedl-Grin- Y 9 /5 1985+ Sign
Rispoiien-bindvull. Sulitjelmo den 2/2:_ 1972 Sl ____

Cy00
Uyl
Ul
Uy
Uyl
U, 00
Uyl
0,00



Sulitjelma @ergverk AS

Laboratoriet

Kgspersen=-Sandwall.

—

L S p—

ANALYSERAPPORT
Prove fra: KOEE_O_BOB-I'-_DOE-__h:__?_zj: _________________
Ramalmpost /. Den _ / 18 Silo Nr.
Prévebeskrivelse. |Tonn A A % | ppm. 7% A
J.or. [Nr. Beliggenhet. Mekt.| Cu. Zn.| S. | AG. Fe.| H,0
1088 {121, 120,00 m = 421,00 m 0301 | 0p01 | 0,001 1,1 | 4,4
69 122+ 121,00 * = 422,04 » Uy 01 0,09 | 0,03 121 4,9
90 123 122,00 " = 123,00 » 0,01 009 | 0,00 | 0,8 | 3,9
91 | 124. 123,00 " = 124,04 » Ug01 | 0,00 | 0413 | 0,4 | 3,9
92 125« 124,00 » = 425,04 » 0401 0,09 10,00 | 0,2 | 4,0
93 126 125,00 » = 12690T " 0,03 0,01 | 0,03 126 4,0
94 127« 126,00 * = 127,04 » 0s01 0,01 | 0,00 1,4 3s5
9% 128. 127,00 " « 128,09 » 0,02 0,01 | 0,00 14 4,4
96 | 129. 128,00 " = 129,04 = 0,09 | 0,01 |0,07] 1,5 | 4,6
97 130. 129,00 " = 430,04 0,01 0,038 | 0,00 145 3,9
{ Rapp. til: Vedi-Grin= Sulitjelma den 14/ 5. 1985. Sign.

Pha

0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,C0
0,00
0,00




Sulitjelma ®ergverk AS ®

Laboratoriet

ANALYSERAPPORT
Prave fra: Kong Osoars Debel, 2240
Ramalmpost / . Demn _ / 18 __ Silo Nr. ___
Prévebeskrivelse. |Tonn 7 7 % | ppm.| % 7

J.nr. |Nr. Beliggenhet. Mekt.| Cu Zn.| S. | AG. Fe.| H.O
1127 1131. 130,00 & = 131)00 m Oy Vel 9:07 246 346

28 132, 139490 ® = 932400 ® 001 | QU1 | Gy26] 2,6 | 344

29 1133, 152,00 ™ « 3300 » Oeut | QeU1 | UsCT | 246 | 3,8

50 [134. 133,00 " = 134)00 UL | Oyl | 0,03 242 | 3592

31 1135. 154,00 " = 43500 " 0,00 UeU1 | Ust13d | 28D a0

32 [156. 135,00 " = 45000 ® UgUy UyUg | Uell3 | UyH 51

53 3% 136,60 " = 95T7puu * Gyl1 Q01 | U,00| 0,7 49T

24 154, 137,00 ™ = q58pun ™ 0,01 Vg0 | Up26 | Uy 492

35 1139 138,00 " = q353p00 ™ 0,01 | 001 046 | Up1 | 492

36 [140. 159,00 " =« Q400 Uy Va1 | U135 | Ut 492

RGpp.,tH: Yedi - Grinpe
hagpersen-Gandwall.

19 85+ Sign. 1.




Sulitjelma ®ergverk AS

Laborato

riet

Prove fra:

ANALYSERAPPORT

Ramalmpost /. Den _ / 19 _ Silo Nr.
] Prévebeskrivelse. |[Tonn 7 7% % | ppm. % %
| J.or. INr. Beliggenhet. Mekt.| Cu Zn.| S. | AG. Fe.| H,0

1158 | 141« 140,00 m = 144,00 m 0,01 | GC,01| 0,26 0,04 5,1

53 | 142. 141,00 " = 142,00 » 0,09 UyO011 0,031 Gu4| 5,9

60 | 143. 142,00 " = 143,00 " 0,019 | O,Uq| 0,93] 0,1 4,6

61 144. 143,00 " = 944,00 " 0,09 0,01] G,03] 0,1 591

62 145+ 144,00 " = 145,0p " 0,00 0,01 C,66| 0,U| 5,4

65 146. 145'00 LU 146,ULI " 0,00 (J.U" 0'05 1.6 4,8

64 147« 140,00 " = 447,00 » 0,00 0,01] Q00 1:4 494

65 148, 147,00 » - 948,40 » 0,001 0O,0q| 0,20 1,0 402

66 149. 148,00 " = 149,(40 = 0,001 0O,v9| 0,00 145 39

67 | 150. 149,00 v - 950,(u » 0,00 | 0,00 G031 1,3 4,2

Lﬁ/

/ . Vedi=Urin- . 22 /5. 85, Sin -

Kaf;’gpg.entlisand“n. Sulitjelma den 22 /5. 19 85. Sign, 2.,

Pb.

0,00
0,00
0,00
0,00
0,00
0,02
0,02
0,01
G,01
0,01



Sulitjelma ®ergverk AS o |
b fet
Laboratoriet ANALYSERAPPORT
Prove fre: _____ Koog Osgure Debeh. 224s
Ramalmpost / . Den _ / 18 __ Silo Nr. i
I Provebeskrivelse. |Tonn 7 A % | ppm. 7 7 »
J.or. |Nr. Beliggenhet. Mekt.! Cu.| Zn.| S. |AG. | Fe.| H,0 | ¥b.
1168 | 151 150,00 m ~ 151,40 = 0,01 0401 0,00 1h4| 492 0,00
69 | 152+ 151,00 " ~ 152,(0 » Uyq Uyu1| 0,00 155] 451 0,00
To 153.  152,U0 " = 153,0u » 0,00 ($IUL R RVIRSTY) 15 3,8 0,00
T1 154, 153,00 ® - 454,00 » G,00 G,04|V,00 126 3,8 0,00
712 155 154,00 "™ = 485,y » 0,00 OyU01{U,0u 194! 3,9 U,00
13 156. 15:?,0J "o 186,00 " 0,00 Uaul]| 0,00 533] 5,8 G,05
74 197« 156,00 " = 157,40 = G,y00 UyUq|0,0u 28| 3,9 U,05
75 | 158« 157,00 m « 458,40 » 0,00 0,00]0,03 208 3,0 0y05
76 | 159 158,00 " -« 989.(u » 0,00 U,00]0,03 2:4 1| 3,8 0,5
77 | 16U 159,00 ® « 46U, lju ™ 0,00 UaUq|0,0uU 2531 3,6 u,03
Rapp. til: Vedi=“ripe Sulitjelma den 24/4. 1985, Sign-_i:.._L_L_
Kaspersen-Sandwall. B ‘




Sulitjelma ®@ergverk AS ® |
Lab i
cboratoriet ANALYSERAPPORT
prave fra: KOng OBGar- Daboehe 224.
Ramalmpost /. Den __/___ 198 __ Silo Nr.
fi Provebeskrivelse. |[Tonn A A % |ppm.) % | % %
J.nr. {Nr. Beliggenhet. Mekt.| Cu. Zn.| S. |AG. Fe.| H,0 |¥b-
1187 1161. 160,00 m - 161,00{m 0,00 | 0,09 10,03 | 1,4 4y1 0,00
88 [162. 161,00 * = 162,00 » 0,00 1 0,01 [0400 | 1,4 | 4,14 0,00
89 163- 162’00 " oa 163'00 " 0’00 0’01 O’OU 1.3 3'7 U.OO
20 1164, 163,00 ™ - 164,00| » 0400 | 0,01 (0,00 | 1,1 4,3 0,00
91 [165. 164,00 » « 165,00| 0,00 0,01 0,00 1,0 441 0,00
92 166, 165400 " = 466,00| » 0,01 [0,019 0,33 | 0,7 | 3,6 0,00
234 (167, 166,00 " = 467,00] » 04079 10,01 0,00 | 0,5 | 3,5 0,00
94 [168. 467,00 » - 468,00| » 0,09 | G,09 [0,00 | 0,4 | 3,5 0,00
95 [169. 168,00 » - 169,00 » 0,01 0,09 0,00 | 0,3 | 3,3 0,00
96 170- 169|OU " - 170.00 " 0,00 0,01 0.00 0.2 3|2 O.UO
Vedi~G 7
). VediaGprin~- HH . . Sian. 2
K;aﬁecrggﬁ-gelahdwall. Sulitjelma den 2‘?‘/2““ 19"8_5_ >lon ":M'k—




Sulitjelm® Bergverk AS

Laboratoriet
ANALYSERAPPORT
Prove fra: __ | Kong Oscar. D.b.h. 224,
Ramalmpost / ., Den / 18  Silo Nr. ___
Provebeskrivelse., |Tonn 7% 7 % |prpm. 7% 7 Pb
J.nr. |Nr. Beliggenhet. Mekt.| Cu. Zn.| S. | AG. Fe. | BYGQ
1220 178,00 & - 971,00 m Q0,01 0,02 | 0,26 0,7 47 0,00C
21 171,00 » = 972,00 " 0,01 0,09 |G,20 | O,8 | 3,8 | C,00
22 172,00 » - 473,00 " 0,01 Oydq | 0,13 0,4 3,8 0,00
23 1?5’00 "o 174’00 " 0’Q1 O,Q1 O,UO U!B 4,8 O’OU
24 174,00 " - 175,00 * C,ul 0,01 | 0,00 0,7 3,9 0,00
25 175,00 " = 176,00 * 0,00 0,09 | 0,00 ]| 0,0 | 4,0 | ©,00 |
26 176,00 " -« 477,00 0,00 U,01 | 0,00 u,u 3.5 0,00
27 177,00 " = 478,00 » 0,00 0,04 0,00 0,0 | 3,5 | 0,00
25 178,00 » - 479,00 " Q0,00 0,019 10,00 C,0 3,6 | 0,00 |
29 179,00 » = 980,00 * 0,00 0,09 |0,00| 0,0 | 3,8 | 0,00 |

Rapp. til: Vedi-Frin-

Kaspersen~Sandwall.

Sulitjelma den 6 /6




Sulitjelma @ergverk AS

Laboratoriet

ANALYSERAPPORT

Prove fra: Kong Oscar. Debsh. 224 _
Ramalmpost / . Den _ / 19 __ Silo Nr. ___
Provebeskrivelse. |Tonn 7 A % |ppm. % 7

J.nr. [Nr. Beliggenhet, Mekt.] Cu Zn.| S. | AG. Fe.| H:0
1276 181. 180,00 m - 181,0( m 0,01 0,04 0,00 0,0 | 4,4

17 182. 181,00 * - 182,04 n 0,01 U,01] 0,00 0,0 441

718 183, 182,00 ® - 183,00 » 0,CU 0,02| o,00| 0,0 3,8

79 184. 185,\)0 L 184,0'4 " O,U‘l U’U1 O,UO U,U 4’2

80 185. 184,00 " - 185,04 » 0,00 0,04] 0,00| 0,0 442

81 186, 185,00 * - 186,00 » 0,00 0,01( 0,00] 1,1 249

82 18?. 186’00 "o- 187,0-1 " 0,01 U,O1 0,60 \),8 3’0

8% |188. 187,00 » - 188,04 » 0,02 0,019 0,00{ 1,0 | 3,1

84 189, 188,00 » - 189,00 0,03 0,01 0,03 1,3 2,7

85 190. 189,00 » - 190,04 " 0,02 0,05| 0,08 1,3 2,7

;/;
Rapp. , til: Vedi~grin- Sulitjelma den 114. _ 1985. Sign. 2, _

Kasperseﬁ.

O,U1
Q,00
U,UQ
0,00
0,00
C,00
Qg,Uq
0,00
0,01
0,07



Sulitjelma ®ergverk AS - @

Laboratoriet

ANALYSERAPPORT
Prave fra: Kong OS car. Debe ho 224 .
Ridmalmpost / . Den / 19  Silo Nr.
Provebeskrivelse. |Tonn A4 A % | ppm. % % Pb
J.nr, [Nr. Beliggenhet. Mekt.| Cu. Zn.| S. | AG. Fe. | 2K
1318 |191. 190,00 m = 191,00 n 0,01 | 0O,U1| 0,13] C,U 4,4 | 0,00
19 [|192. 191,00 " - q92,0p * 0,00 o0,01| G,03| 0,0 4,1 0,00
20 (193, 192,00 " ~ 133,0p » 0,00 0,09 0,00 C,C 4,7 0,00
21 [194. 193,00 " - 194,00 " 0,00 0,01} 0,00} 0,0 4,2 0,00
22 [195. 194,00 " = 495,0p ® U, 0u C,01] U,03) 0,0 441 0,CuU
23 |196. 195,00 " - 196,0p » C,00 | G,01( G,00| 1,7 5,6 ©,00
24 197. 1969UU " o= 197,00 " O,uc U,uq| U,uU 1.2 519 Q‘!UU
25 |198. 197,00 » - ¢98,00 » 0,014 G,01) 0,13} 1,6 6,0 0,00
26 |199. 198,00 " = 139,00 » U,uq 0,02 Uy13| 1,3 959 0,00
27 |2v0. 199,00 » - 2C0,0p * 0,09 | ©,01| 0,00] 1,5 6,3 0,00

. & . "II £ N
Rapp. til:Vedi-Grin-Raspersdn Sulitjelma den 13 /0. 1995. Sign.@u .




Sulitjelma ®ergverk AS o

Laboratoriet

ANALYSERAPPORT
Préve fra:______ ¥onmg Osear. Dub.h. 224.
Ramalmpost / . Den / 19  Silo Nr.

Provebeskrivelse. |[Tonn 7 7 % | ppm. 7% 7% Pt
J.nr. [Nr. Beliggenhet. Mekt.| Cu.| Zn.| S. |AG. | Fe.| &
1346 | 201, 200,00 = - 201,P0 m G,02 0,01 0,31 242 |4,9 | 0,00
47 292, 201,00 " - 202,p0 0 u,U1 U,01] 0,18 1.8 { 4,3 v, 00
48 203, 202,00 » - 203,00 » G, 01 ¢,01( G,00 1,6 | 4,8 | 0,00
49 204 4 203,00 " ~ 204,00 " Q0,01 O,U1| Uy12 1,4 | 4,0 U’QO
sSu 205, 204,00 " - 205,00 » O,u1 Uy,U1| y,12 114 | 444 ¢,00
51 206. 205,00 " = 206,00 " 0,01 U,01] Uy12 1991 449 0,00
e 207. 206,00 » - 207,00 » 0,04 0,02| C,50 1,8 1] 5,2 0,01
3 | 208. 207,00 » - 208,00 » 0,01 0,031 0,12 1,757 | 0,00
54 | 209. 208,00 " - 209,00 » 0,01 ¢,01] 0,12 1,6 | 4,9 | 0,00
E) 21Ua ‘2(}9’0"«l L] 210,"\.“) n 0,02 0,01 0306 1,4 4,8 O’OO

o

P4
Rapp. tif:Vedi-“rin-Kaspe;ﬁfm- Sulitjelma den 14/ 6. 19_95_- Sigﬂ-_%,_u_/,_

l




Laboratorie

t

Sulitjelma B&gverk AS.

e —

ANALYSERAPPORT
Prave fra: Kong Oscar. Debeh. 224-
Rémalmpost___/___ Den _ / 19 _ Silo Nr L
Provebeskrivelse. |[Tonn A % % | ppm. % 7%
J.nr. [Nr. Beliggenhet. Mekt.| Cu. Zn.| S. |AG. Fe.{ H,0
[ 1364 211. 210,00 m - 211, = 0,02 | 0,09 |0,06 [ 1,7 | 5,4
65 212. 211,00 " - 212,00 » 0,02 | 0,09 [0,68 | 1,5 | 5,2
66 | 213. 212,00 " - 213,00 » 0,00 | 0,01 10,31 | 1,5 | 5,9
67 214. 213,00 " -~ 214,00 n 0,00 | 0,01 [0,31 | 1,5 | 6,4
68 215. 214,00 " - 295,do 0,01 | 0,09 10,31 | 1,8 | 6,7
69 216. 215,00 " ~ 216,(0 " 0,02 | 0,01 |0,43 | 0,4 | 5,3
70 217, 216,00 " - 297,do G,01 | 0,09 {0,556 | 0,6 | 5,2
11 218. 217,00 " -~ 218,00 0,01 | 0,09 |0,56 | 0,8 | £,3
72 219. 218,00 » - 219,40 " 0,02 0,01 0;56 0,5 591
T3 220. 219,00 n -~ 220,(gQu Q,vu2 0,01 |4G,37 0,3 5,0
1
Rapp. til:Vedi-Kaspersen~Grin Sulitjelma den 18/6. 13885, Sign._fdy,

Pbl

0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00



Sulitjelma B&gverk AS - ® '.

Laboratoriet

ANALYSERAPPORT
Prove fra: Kong Oscars. D.beh. 224.
Ramalmpost / . Den ___/ 19 __ Silo Nr.
Provebeskrivelse. |Tonn 7 % 7% | ppm. % 7 %

J.nr. [Nr. Beliggenhet. Mekt.| Cu. Zn.| S. |AG. Fe.| H,O0 | ¥b.
1374 |221. 220,00 m - 221,U¢ B 0,02 | 0,01/0,37 | 0,2 |56 0,u0

75 292. 221,00 v - 222,0p " 0,01 ¢,01 10,37 Q.4 6,0 0,00

76 223, 222,00 " = 223,00 © ¢,00 0,01 0,06 0,5 5,0 0,00

11 224. 22%,00 " - 22§,0p " 0,01 0,01 |C, 31 Cy1 592 (EI,OU

76 | 228. 224,00 " = 22§,0p " 0,019 | 0,01 0,12 | Oy 5,C 0,00

79 | 226. 225,00 * - 226,00 " 0,01 | 0,01[C,03 | Cy3 | 4,4 0,00

80 | 227. 226,00 " - 227,0p " 0,09 | 0,02[C,12 | 0,5 | 441 0,00

81 228, 227,00 » - 228,0p " 0,01 0,01 0,50 | U,4 5,0 Q,90

82 | 229. 228,00 " - 223,Up " G,u1 0,01 10,19 | CGy4 | 441 0,00

53 230. 229,00 " = 230,0p " 0,01 G,09 |U,50 | ©,3 3,9 0,00

)

LA
-

Rapp. til: Vedi"KaSperse{ﬁ-Grlin-Suﬁtjelmd den 19 /6. 19 85. Sig“;:‘f...‘h_

——— —— — ——— —




Sulitjelma Bergverk AS |
Laboratoriet
¢ ANALYSERAPPORT
Prove fra: Kong Cscar. D.b.h. 224. _
Ramalmpost /. Den /19 Silo Nr.
Provebeskrivelse. [Tonn % % % |ppm.| % | % %
I.nr. [Nr. Beliggenhet. Mekt.| Cu.| Zn.| S. |AG. | Fe.{ H,0 |¥3
1411 | 231 230,00 m = 231,90 0,00 U,y01 O,12| 0,5 441 U,U
12 | 232. 231,00 " - 232,Q0GC » g,u0 U,U1 U,031 Q0,3 4,6 v,01
13 | 233. 232,00 " ~ 233,00 » 0,01 0,01 0,31] 0,6 596 0,02
14 | 234. 233,00 v - 234,40 » 0,00 0,01 0,03| C,2 5,0 0,02
15 | 235. 234,00 n - 235,400 n 0,01 0,01 0,25 041 4,7 0,02
16 | 236. 235,00 v - 235,00 » 0,00 | 0,01 0,00 0,4 | 441 ¢,00
17 | 257. 236,00 » - 237,00 v G,01 0,01 U,31| 0,5 3,5 C,00
18 | 238. 237,00 " ~ 238,00 v 0,01 0,04 O,q2! 0,8 3,9 Q,00
19| 239. 238,00 " -~ 239,00 » 0,017 | 0,01 | O,12] 0,8 | 5,19 0,00
20,1 240, 239,00 " = 240,00 " 0,00 0,01 0,37 9,8 349 0,01
J:.
/
)
’ . 4’
Rapp. til: Vedi-Grin-Kaspersfen.Sulitjelma den 20/6. 1985, Sign..W ,




Sulitjelma Bergverk AS
Laboratoriet
ANALYSERAPPORT
Prove fra: ___ fong Oscars Debeb. 224.
Ramalmpost / . Demn _ / 18 __ Silo Nr. ___

Prévebeskrivelse. |Tonn % % % |ppm. % | % P%
J.aor. |[Nr. Beliggenhet. Mekt.| Cu. In.| S. | AG. Fe.| H,0 )
1430 | 24¢. 240,00 o - 241{00 m 0,00 0,01]0,62| 0,01|4,4 0,00
M 242+ 241,00 " - 242400 " g,01 0,01 | 0,31 0,0 | 5,0 Q’OU
32 | 243. 242,00 " = 243|00 " 0,01 0,01 | 0,25| 0,0]s,0 0,00
33 244. 243,00 " - 244400 0,01 Uy01 ] 0,12 ©,0 | 553 0,00
34 245, 244,00 " - 245400 0,01 0,01 ]0,19| 0,0 6,5 0,00
25 246, 245,00 " = 246400 0,01 ¢,01 | 0,06 193 | 446 O,go
36 247 . 246,00 " - 247400 " 0,01 0,01 | 0,06 194 | 452 0,00
37 248. 247,00 " - 248j00 " 0,0 U,01 | U,25 131 | 491 ‘:‘,UU
38 249. 248,00 " - 249;00 " 0,01 U,01 1] G,12 195 | 457 0,00
39 25V, 249,00 " - 25000 ™ O,U1 0,01 | 0,00 Cy7 | 442 0,00
40 251. 250,00 * - 25100 " 0,01 0,01 0,25 045 1 441 0,00
41 252. 261,00 n - 252400 " 0,01 0,02 | 0,12 0,31| 3,8 v,00
42 | 253. 252,00 " = 25300 " 0,01 0,01 0,03 ©,5 4,0 0,00

Rapp. til: Vedi-Yrin-gasperspn.Sulitielma den 21 /6. 1985, Sign.__q}ili,,_
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15.07 =
64065 sua n
26308 MAL E

2 DeCEMBer 1933
FOR PERRY KASPERSEN
FrOM MERCURY ANALYTICAL LIMERICK

YoUrR TcleX 30/11-1933%  JUS/ELL

RESULTS FOR ROCK SA“PLES

SAMPLE  CU  PB ZN  AG  FE NI 0 AU
At 25 227 13 1.3/4.35169 33  0.14
2 17 157 50 1.0(4.85 |76 36 0,12 ~
C 392 616 650 3.204.01 013 6 0.6 —
Ch 26 92 10 17.9017.90!5 3 0.24
P 157 452 334 5.8/21.70/ 32 23 $.27
7 6.18 5.44 11.35 337 /15.20 30 9 3.19
3 10.16 3.22 8.76 405 129.60/98 10  3.08
D1 772 301 535 5.611.96 10 7 0.0z
F1 63 131 264 1#1/1.74 5 5 .02
G 0,68 3,79 6.36 56 [6.60/21 10 .54
G3 420 7.05 22.65 186 [11.20| 24 5  0.12
5 0.34 2.01 1.87 30 14.53/21 10 0.52

ALL VALUES IN PPM EXCEPT DECIMAL RESULTS FOR CU PB AND ZN
IN 7,8 G,G3,G4, AND ALL FE RESULTS

CORECTION: AG IN SAMP F1 SHOULD BE 1.1 PPM
AU ON HM SAMPLES

THESE WERE UNFORTUNATELY OVERLOUKED. wt ARE VERY SORRY ABOUT THIS.
YOU wiLL HAVE THE RESULTS BY 7 DECEMBER.

FLUORINE METHOD

PREPARATION: 0.25 GM SAMPLES DIGESTED 1IN CONC HCL/ALCL3, THEN
==s======== DILUTED TO 100ML WITH EDTA/SULFOSALICYLIC ACID BUFFER

======== ION-SPECIFIC ELECTROBE
DL: 10PPM

PaEClSION: + UR - 20 PPM OR 15 PERCENT,wHICHEVER IS GREATER

REF STNDS: CANMET SO1 AWND SQ03

COMMENT @ TRIS McTHOD BETERMINES FLUORITE AND OTHER RELATIVELY
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o sampling (proper) and preparation siapes

THE SAMPLING OF PARTICULATE MATERIALS—A GENERAL

THEORY

By

PIERRE M. GY

AHSTRACT

This the general he
theery of the author :2 Tate

Sarpling is a randem process and its the- the
ory s a study of the numerous errors liable to sanp

toke place in the course of its realization.

oy

At each stage, the total errer ET is

El EE = EZ

. At each sampling stace, the (total)
sanpling errvor EE is the sum of seven inde-

pendent errors :

error D resuliing from the
no densicy or rate-of-flow

of the sazpled material.

- Integratien errer El; resulting from

thie long-range distribution heterogeneity of
the sacpled matevial.

= Periodicity error Elq resulting even-

tually from periodic quality variaticms of

the sampled material.

1 Professor, Scheol of Geolegy, Nancy

complete sampling scheme 18 a seguence tually

teliritation errar & resuliing gven-
Tom an inNcorrede sllaneE oI LNe VOl ume
(TR L

error EX, 1 loss of particles beloz=
ging t the sasmle.

errar Els : contamination of the sar—

sample.

Error HZ, : uainteniions! mistakes of

the operater (e.g. mixing sub-samples

belonging to different samples).

Error EZs : intenticnal alteration of

the characteristic te be measured on
the final sample.
EZ = EZ) * EZ, + EZy *+ EZ + Elg

Two complementary models of the sampling

{France) and Censulting Engineer, Cannes process are thoroughly developed to study

France) these crrors

Tha Aus. .M M. Melbourne Branch, Sampling Sympesium, September, 1976
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¥eird wimd

The intepration model dealing with the

continuous, geometrical properties of the sam—
pled material.

13t podel dealipgs witzh the

disconiinuous, thysical properiies of the sam=

be QUANTALALIVEIVY define iheir mean (bias
and variance can be estlieated {rom he =zsult
of variograph-c exporimen.

The errors EC, EF and E! can enlv ke
qualitatively definod, They cannot be expo-
rimentally esticsted but rules are piven za-

Hing i: possible to suppress thes and parti-

cularly te ecance! our the alwave dangercus

Tocen
couniIyY BOoSLl COLpani¢s rogarc 5&!!‘..‘51}}':_; 25 &n

unavoidable overbead snd in many cases they

Such & misvndersianding of the randce
nature of samp!ing, such a misappreciation

af the yinss zztached to it show how neces-—

of this subject.

he first thipg that should be ezpha-

ile macha=-

nical technaigue itke crushing for instance »
1L 15 & rangom process lisble to introduce
errors such as cnemical analysis. But whereas
this latter is alwavs carried out in lahora-
tory conditions (I was tempted to say in
"asepric" conditioms) by a well-trained spe-
cialized staff conscious of the nocessity of
accuracy and precision, sampling is usually
carried out in field eor plant conditions by
unspecialized lebour perfectly unaware of the
impertance of their work and uncenscious of

the mistakes to be aveided at any cost.

Sampling and analysis (chemical, size
or moisture analysis) are the twc complementa-
ry links of the quality estimation chain with

the consequence Lhat the zo.al ssr

-

accuracs —cops™

<harta N ge=angs that
the sa=e care be taken in sampling and % apa-
lysis,

Sampling snould always be placesc under ine
responsibiVity of the nead of “qua
not ¢f tre head of “producticn”, !t snhouid ce
carried out by & spectalized staff cors
of the numerous errors that may
krowing fnow to suppress or reduce inhes2.

Une may judge a crusher o: a screen ai-
ter its mechanical performance, mot a sacpler
the only touchstone cof a sazpler is its apti-
tude to avoid a2 certain momber of errcrs and

ito maintain the oihers 8: an acceptab

"good" mdmpie from a "bad" one.
Bui what is a "geod" sample and why is
this ozher one "bad" 7 1t is the objec: of the
sampling theory to answer this apparentiy sim-
ple but really subtle question. The sampling
theory is nothing else than a thorough study

of the sanrling errors.

2 - QUALITIES OF A SELECTION PROCESS

Sampling is a complex selection process.
A selection process may be ghalified :

- Either in terms of "a priori qualities"

- or in terms of"a posteriori qualities".

. The "a priori qualities™ are defined
afrer the conditions ef the selection :

The Aus. .MM, Melbourne Hranch, Sampling Symposium, September, 1978

- A selection process is said to be
*orobabilist" whenever each element of the
lot is submitted to the selecrion with a gi-
ven probability of being selected.

- I: 1s said te be “non-probabilist”
whenever it s not tounded on the netion of
srobabiiity. The "hammer and shovel™ sampling
sethod, hbased ay 1! is on a purposive seiecs
sion of the material destineéd re the sample.
is a non-probabilist methoed. Such methods are
inaccessible to a thecretical approach, ilney
sre therefore excluded from our siuvdy. They
are usually heavily biased and should there-
fore pe rejected.

- 4 selectlion process is said to be
correci" whenever all elements of the let
ire submitted to the selection with a uniierm
srobability (or density ef probability) ef
peing selected.

- It is said to be "“incorrect” wher,
heing probabilist, the above condition is not
futfiiled.

.The "a posteriori™ qualities are base!
on the results of the selection ard pore par-
tievlarly on the statistical properties of
the selection error e, relative difference
between the criticel content ap of the sam-
ple £ and the critical content a; of the sam-
pled lot L:

e = (ag = ay) / a

- & selection process is said to be
"unbizsed" whern the mean of the selectien er=
ror is nil:

m(e) = O ~ n(aE) =a

- 1t is said to be '"biased" when the
mean 1s not nil. The value of the mean is
the "bias"™ B or relative systematical error:

B=mie) ¥ 0~ mlag) # ap

1t is said to be "reproducibie" when
the variance of the selection error is not

larger than a given"reproducibility standard"

R

(e} < Ci
- It is said to be "exact" when the se-
lection errer is always nil :
wie) = 0 and 2°(e) = O
- Iz is said to be "accurate” when it
1t at the same time unbiased and reproducible:

mie) = 0 and o{m) « o=

- It is sald to be “representative” when
the mean sguare ob the error does not exceed a
“representativity standard" ®°:

sle~) = p*(g) = (@) < Ri

Practically speaking, the only non=uto-
pic obiectlve is representativity. Accuracy and
exactitude are reached only at the limic.

The sampling theory may alsc be regarded
as the search for relationships between the
concitions and the resules of a sampling, 1. e.

between its "a priori" and irs "a pesteriori"

quaiities.

3 = SAMPLING AXD HETEROGEMNEITY

fraction of 2 batch ol homogeneous

has the same compositienm as the bateh
irseli. Tre sampling of & homogeneous material
7% therefgre an exact selection process, wha-
tever the conditions of sampline.

The fractions that can be extracted from
a paich ¢f heterogeneoys material don't usual-
l¥ have the same comrosition as the bhatch ig-
self. The samaling of a heterogenegus material
is therefere a random selection process, gene-
rating sampling errors.

All sampling errors must be regarded
as & consequence of one f{orm or another of he-
terogeneity of the sampled material.

This netion of heterogeneity is multi~
form : we have been able to definme and ex-
press mathematically :

- The constitution heterogeneity, an in-

trinsic property of the population of
fragments. Blending or segregation has

no effect on it,

The Aus. | M. M, Meibourne Branch, Sampling Symposium, September, 1976
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- The distribution heterogeneity, a pro-~
perty ol the !ragmen:is distribution
througheut the demain occupied by the

hatch. Blending tends to decrease, se-

increase the distr:-

The saithemaiical properties of these Lwe
toras o helerogenmzity have been thoroughly

ke shail use three descriptive Iunctions:

. &(X) @ a» indicative function taking

A wvalue |

pariicularly into consideraticn,

nezal) and the value

O whesn the poinr X falls n

a nen-critical

the voids batween

g function taking :ihe

gravity of the

point X {(zero when
interstitial wo:ds).

The furctiens a(¥), L(X) and =2(X) are
ounctuai-functions. When the point X is re-
placed by a small domain D_ centered in ¥, we
chtaim the SmoCthea -functions™ a (X}, wu.(X)
and a_(X)

. a_(X) is the "critical content" (pro-

e
portien ef gritical component) of

« & (X) is the average specific gravity
of the mazerial contained in D_(X).
< up (X)) = oAk L (X

But we never know the analytical expres-
sion of the functions a(X) and u(X). Experience

shows that a given material, {er instance the

M

GY

feed to a processing plani or to a smalter,
possesses stable variability properties that
may be Characterized oy peans of the "varig-

gram functions".

y{X) : apy functi et the and
for instance &(X¥). =(E) ar a(X).
Ir order to make the demonsiration

a conveyor bejli.

for insiance and tha: ¥ is &

poin on the time=axis
a iime inzerval
y A E) the 1neréase of
tion between the instants ¥ = £/2
ané X ~ o/2 1
X, ) = w(X+5/2) - L (-647)

the hall mean squ

calculated throughoui the domaln

Dy oceupied by the lot L (D re-
presenis hers of the
Tlow)

v () . — i (K, 5)dX

l 21 B T
v (%) is called the “viriogram

¥

ef (X)". It can cften be
recresented by a linear function
such as

vy(“) = vyl‘ - vyE

where Yol and v, are the “varie-
graphic parameters®. They can be
experinentally determined ( vario-
granhic experiment)

We shall see later on that the cecents
of several sampling errors c;n be expressed by
means of the varicgraphic parapeters. The va-
riegraphic experiment is therefere the key to
the practical estimation of the sampling er-

rors.

The Aus, | M.M. Maibourne Branch, Sampling Symposium, Sepiember, 1376
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L - ANAILYSIS OF THE SAMPLING PROCESSES

(wide meaningd is usually an

alternation of oréparation stages (crushing.

blending, transier...ele...

o
"y
Pos
=
”

= Bark

, both susgeptible of

cotitent and thereiore generating.
- oreparation errors E2 (sectien 1B
- sampling errors EL (sections 6 t¢
ET is 3

the total

g |

Then,

€770

g

T = EE-+
Any probabilist sampling stage can be

one of the two ollowing precesses

L]

recucec

reduction ratio usually
e, |
and 107=)-

Prototype : cuiiing ¢f a siteam 3. the

]
o
“
o
"~

discharge end of =2

- Splitting process (weight
ratio botween 1077 and ©.5)
Prototyne

sampling by weans of a

rilfles divider.

The former is usually asppYies to lots of
material too heavy to bo handled n totality
and the latter to lots liph: enourh to be han-

dled.
The iegical analysis =f these prcbabilist
samyling processes shows that they may be re-

garded as sequences ©f elementary cperalions.

&o1. Increment process i

a) Integration @ selection of the
"sunctual-increments"throughout the domain

“inte-

¢ccupied by the lot accerding te the
ration law".
b) Increments delimitation : definition

¢f the boundaries of the "model-increments"

around the punctual-increments.

c) lncrements extraction actual sepa-

ration of the material contained ir the medel-
increments, generating the "real-

increments?,

The Aus. ! M.M. Meiboume Branch

d) Reunien : The “real-sample” is ob-
SEEEa
tained by reunion of the real-increments.

S.2. Splitting process.

a) Fraztiens delimization : Geomeirical
divigion of - b o »
aiViEION ([ the -l ] e,

Thiatie o i (e x
generating the "model-fFractions

b) : macerializasion of ohe
apomeivical partition, penerating the "reals

Teunion) conssdered €i.he

crouped togother, mav be reparded as sivple
selociion processes accessibile theore-
1ical approach. For instance @

- Integraiion is a selection process

applied te the lot and generaiing polints

(the punctual~incresents) which,once
gathersd, constitule :he “punciual-
sample

- Integration + imcrerents celimitatien
e o selection process applied also i

the lot and generating

bl

del-increment.s)
constitute the “model-sample'.
- lncrements extraction is a seleciion

process applied ta Lhs

and generaiing grovps of frapme

real-increments) whiech, gathéred, cons-

titute the " real-samale”.

From the standpoizt of the sampling er-
rors we may consider that the total sampling
errer EE is the sum of

'~ the {total) integration error EIt

- the error of materialization of the
punctual-increments EM

EE = EI, - EM
The rmaterialization itself can be hro-=

ken up into a sequence of two operations

, Sampling Symposium, September, 1878
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the increments delimitation and the increments
extraction. The materialization error is there-
iore the sum of two errors
- tne delimitation error EC
- the extraction error EP
EM = EC + EP

3= INTRODUCTION TO THE SAMPLING MODELS

The theoretical study of these simple

selection processes can be carried out by means

¢l two models

- the integration mode!
- tne probabilist mode)

Any batch of material (solid er fiuid,

compacl or particulare) may basically be looked

az in two different ways :
- Eitner 3s a geometrically continuous

meciur. & lot of material L is then

tonsiceres as the set of points belonging
to 2 certain domain Dy of the geometri-
cal space. Each point X is characte-
rized d¥ the values taken by the two
iunciious a(X) and uw(d).

Tre ericical content a; ef L (pre-
sortion of critical component) is ex-
pressed by

a, = a(X) u(X) dx /

u(X) dX

-

; o,

- Ur 2s a shysically discontinuous

medium. The lot L is then regarded as
a set of particles (atoms, wmolecules or
fragments) surrounded by a passive me=
diun (vacuum, air or water). If, for
example, L is made of N, fragments, each
fragment Fi is characterized by the values
taken by two paraceters

» a; ! the eritical content of Pi

. Hi : the weight of F;

The eritical content ay of L is
then expressed by

Both expressions of a; are equally valid.
. The integration model is the model
developed to represent a punctual
lon process applied o a cepme-

8 1
trically continuous medium.

Lion process 18 characterized by an

cess éppliec 1o & prysically
nugus medium. The seleciion rroc
characterized by a seot of selection

1

ection ol ihe fragment Fj.

It should be well undersioed that both
perspectives fcontinuous anc discentinuous)
and both modeis {integration and orobabilist)
are egualiy valic.

They are noei cospelitive bul cocslemen~
tary, exactly in the same way as the various
projections of an ehject on different planes
are complementary.

Generally speaking, it may be said that
the integration mode) fits more closely the
study of the long-range, large-scale proper-
ties of the sampled material.
at as through a vide-angle lens in such a wvay
that the discontinuities of the material ap-
pear as a fuzzy picture of a contiruous mate-
tial. The integration model is the model de-
veloped by MATHEROX for the sampling of mine-
ral deposits and we utilize in our theory
results obtained by him.

On the other hand, the probabilist model
fits more specifically the study of the short-
range, small-scale properties of the sampled
material. The lot is looked at as threugh a

wagnifying lens in such a way that the long=

The Aus. | M.M. Melbourne Branch, Sampling Symposium, September, 1976

The selec~

The let is leooked

=

range structure of the distribution of the
components are no more perceptible. The pre-
babilist model is a generalization of the erui-
probabie model that we developed about 23
vedrs ago.
These two tiodels mike 1: poasible o

the sampling of any «15& ©f material,

o
2
-
e ]
[+
’
f
=
r»
o
~
I
b=
e
=
'
>
a
el
1]
te
3
=

1i8 is why our study say by truly regarded
as @ general sampling theoTy 11iling all sam-
pling preblens.

Now, when developing a model, we are
piming ai establishing mathepatical relation=

hips between three groups of chavacteristics

"

i = Tne data of the oroblem These
dara characierize the constityrion
and the distribution of the comge-
nents of the sazpled material.

2 - The free parameters : These are the

facters on which we can play im or-

er Lo solve “he problem, o.p. L¥ype

O

ané mechanical characteristics of
the sampling metnod or device.
3 - The appreciation factors : These
are especially the mean and the va=

riance of rLhe sam

ling error or lhe

=t

mean and the variance of the sample
critical content.

A sacpling problem s said to he '50°

"

Juble" when sueh relaticnships can be deri-
ved and when for instance a sclutiom can be
sroposed meeting a giver representativity
standard.

1t is said to be "insoluble" when such
relationships cannot be derived and more ge—
nerally when errors must be suspected that
cannot be taken inte account by a model.

A "sglution” may be economical or non-
econemical. In this last case a compromise
must be sought between cost and representati-
uity.

For mechanical and economical reasons

the sampling of three-dimension lots (exten—
ding equally in the three dimensions of space)

of particulate materigl!s i1s to be regarded as

(fla: heaps of small
nogs) i soluble bur uvsually urecopnemical | Lhe
sa-oline of one-dimension lots (especidlly lots

sTanstoere 1t meariy constant rate &1 LL0W O

a convevar belt) is easily soluble Anc chesp.

te sample & lor of ore whea It 1§ DelDp Lrans-
feored tnder Lhé O0TWm ¢ F e-dimension ob-
iges. It 1% che only reliable Kind ©

Ve bave carried out and ralate ir T DoOx:

»
o
=
-
(g ]
-
e
-
-
‘
ok
=
A
w
L}
&
:
-
e
0

4 = DEVELOPMENT CF THI

2t

i
£
P

1 i =medpl [Tt
MATHERON developed his medel tor ing

three—and two-dizension objects that repre~
1 & " » e WY . -t e

seni mineral deposiis. Our own study covers:s

=T ¢ ERpEC 1al iy OnEe-dimeNEion ODIECLEe NUCY

as f{lowing streams ©i or¥e.

Intepration lees @ We have reisined the (hiveo
ciosy usunl integration laws 3
- gvatemaric (wiil randopm positlonimg)

= giratified random

= randon

The develepment o the iniegraiices mode

leads for each integration law te ihe expres-
sion ef :

- the mean miM.), the variance “(R?)
and the relative variance U (M) of
the sample weight :

o) = s?(HE) /om) \
, = The mean m(AE), the wariance :'(AE)
and the relative variance U:lAE) of
the weight of critical cotzpenent in

the sample :

“'.‘3’*1:’ = ':(‘LE) ! =t (A

The Aus. .MM, Melbourne 8ranch, Sampling Symposium, Sepiember, 1976
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- The mean m(aE) or the relative bias
BkaF) of the critical content of the
sample :

Bla,) = [ =lap) ~a, | [ a
= = L b

= The variance ={a_] eor the relative
variance U- } ai

3 (&, the eritieal con-
s tent of tne sample
3 t‘\ar = péfa al
= £ [
as a funciion af
= The characceristics (cemsiituzion ang
disivibution) eof the sampled material
variograghic o H 3 , ¢
og € paramelers Yare Voo \$:,
vA:. Tal' Yo SlA.il) that can be ex-
perimentally deterpined: duration I o
the fiow of L ; weight ¥, of L ; cri-
IS
tical eentent a, of the lo:
- ~h —— 1. r
«he characieristics of the :miegration
law (tvpe ; interval ¢ : length of
stratsa * ; pumber Q of increments,
accerding to the case).
- The characterisiics ¢f the increpen:ts
cuilier (width W 1 velogity ¥ ; durg=
tion of the =ur [ = W V.
L
ol Svystematic integration (index 13:
v 4 " “'L” wi
r'.‘._l = M I £ 8 ; oy () = ."~-:
- IS € " k L LD .
Py v,
mila) =aMb fe; ol (A =p, |-AL , A2
3 L K¢ I LLé E
Bola) = Us(A) - 2(a,M) U (A ) U, (20
1 E E i et .
g )

6.2.

= Uilag) + L) = X (AMOUy (AU L)

Stratified random integraiion (index 2)

-3 (-“-E)

m;(AE)
B,(ak)
)

+2
l;(oz

T ——

= M 4 i - b+ 1) VM2
%D /% i ciey) =p | L, 22
‘v v
= W & - - Al A2
'S SR b S i ahds 28

L]
~
By
I'";i
—

= UIA) + R0y - 2 Uz (AU ()

M.

GY

6.3. Randow integraticn (ipdex 3)

mi(M.) = Q. D./D

L C'L Ty 3 g

Bifa_) = 0 (}:-r) = UA.MY Usla i, o)
Uilag) = Usgd ) - Ui = 22 (A, X)L e JU L (M
- £ t
In this latter came it is waually casier

O use the results oI tne classical stalistics

lindox &).

L) = D9iM ) Q7)) =t ; g

wiil "!!q) and T (A relstive variances of

the weight Hq and the eritical weight A. of
S

ihe incvement G. (g = 1,2, .., Q).

UZfag) » US(A ) ~ UM )-25(A. MU Lo ™

v
1]
ks ]
L#]
r
=
)
-

thltally Ciased

Blaz) #

even uflen i 1s correct, {.e.

This bias 1s however negligible (smal-

ler than one tenth of the standard deviation)

as long as the Integration 1s correct and cea-
s€s to be presumably negligible as soon as the
integration is incorreet. It cancels itself
cut, the integration assymed to he correct,
vhen the correlation coefficient between a{X)
and .(X) is equal to zero.
This case includes particularly the

follewing limit cages

a) uiX) = L, = comstart throughout DL

t) a(X) = 4, = comstant throughout DL

The bias cancels out, the integration

being imcorrect, when the correlation coef-

The Aus. | M.M. Melbourne Branch, Sampling Svmpasium. September. 1976

SN

S —

~ P

ficient between a(X) and the product = (X) g(X}

is nil.
Fractically speaking it is of the utmest

importance to carry out a correct intecration

tharacterized by

ginl = = constant tnroughout D)

5o

glXx) = outside [

11 gecends only on our good w111 tnat
tnig condition be satisfiea.
~REEANING UP OF THE TOTAL ISTEGRATION ERROX.

Ler's denote by EI

iagn errar.
Elt . tal-“L) | AL
={El,) = B (a;){relazive bias cormmitted on a )

“{ag) (relative variance of a.)

the variability of

w (XD

Thilis error depends on

the two tunctioms a{X) and

let's suppose that .(X) is maintained
in e:iher

The

throughous Dy or

strictly comstant

unciion af(X}) is isolated.

L
rao

words that th
ritical contents a; and ay then become &, ,
and dp.. Let's denote by EI_ the integration
error of alX)
El, = (ah. - aL.) {ay.
We can define an independent weighting

error D in such a way that :
El, = ED + EI_
& (Elt)- m(EDI+ m(EL )
= (EL )= 2% (ED) + =%(EL))

Now it has been shown that the functionm
a(X) might be broken up into a sum of four
terms
a{x) = a, * a (X + aI(K) + a3[!)
th

a , + unweighted mean of a(X) throughout D

Ll

2 = |

L' iy a{X) dX / DL

M.

GY

ta
u

ul(x) . regional term carrving the long-ranmge,
large-scale non-prriodic variations

oi &(X).

a. (X1 : local term carrving the
snall-scale variations of a{X) 3
the

especially ¢ particulate naiure

of the d saterial and e ihe sio-
chaszic pature of Lhe ',‘.;_"...:.ei disIyri—

a. (%) neriodic term carrving the eveniua
peripdic veriations of a(X).
These termg mav be regarded ag represeni-
ing phencmena independént of one anolher, Wil
Liie compseguence tha:i the Integralion error E:a
=ay be considered as the sum ol three lndepen=
dent integralion errors EI,, Elx and Ely cor-

respending respeciively to the terms a){X).
ar{X) and a,(X).

We can therefore break up EI, and its
moments intoe sums of four independen: ferms.
F:: « EL - EX, - 33: + EZ\
m{El » = =(ED} + :(t}!; + p{EL.) = m(ET,)

b D i SRS BT
= THF WTIGHTING ERROE ED

a) The weighting bias =(ED) is negligibie
whencver the integration is correct.
n) The weighting variance o° (ED) is

. nérligible whepn the fluctuations

not exceed = 10%.
acceptable when the fluctuat:ons
y net exceed * 20%

g) Practicallv speaking, it is always

advisable to regulate the rate-of-flow of sam=
pled material in order to reduce the weighting
variance to an acceptable level. Regulation

by weighlis always mere efficient than regula-
tion by volume which is anyway better tham no

regulation at all.

The Aus. |.M M. Melbourne Branch. Sampling Sympasium, September, 1976




A

26 P.

“ =~ PROPERTIES OF THE INTFGRATION ERROR Ei, OF

THE REGIONAL TERM
a) Tne integration bias m’EIl\ is ni}
when ihe integrarion is correci ({irs: approx.)

&) The integration variance --(E1,! can

&

be expressed lor the three usual integrazio;
lavs
(Ely) = v, 89760, ar ; o(E1) =
£ -

' El LI 3
P3(EL) = v D 30sf = QoI(EL)) = 2Qe;(ED,

¢) Practica)ly speaking : When the va-
riggraphic parsmeter vg) i5 Known from & relia-
ble experiment, it is always possible to cal-
culate values of 3 or { satisiying a given
stangard 2

- For a systematie integratien

rafdom lntegraiion

Wheéen the

variographic paramerter v is
o
Unknown, vXperience snows that with the usual

distributions the integration variance =-(EI. )

e

18 always acceptable when ¢ ¢« JO mn and when

G » 30 (systematic integration).

10 - VROPERTIES OF THE

a) The integration bias m'EiZ} is nil
when the integration is correct (first approx.)
&) The integration variance cf(Ele) cas
be expressed as a function of the variegraphic
met po
parameter '&a

2

a? = g? = g? - i =
PRI = 0f(ETy) = ci(BI) = v .6 / D al

. 2
\32[ QaL

¢) The local term a,(X) reficers the dis-
contiruous properties ol the particulate ma-
terial. The probatilis: model has been de-
veloped in arder to analyse the conten: of ihe

varitance ~={Els}. W¢ shall see in seciion 13hos

this variance can be

{ the gnaraclterisiils T
terial belng sampled and how Ely cam be spli:
up into & sum of tuo -Errors

El, = EF - ES

i -~ PROPERTIES O THEL INTEGRATION

ERROR I1.

{JF THE PERIODIC TERM

Experience shows that periodic

are more {reguent than 1s usually

term a,03) may be repasded as the sum o & cer-

taln number of terms of the general far:
a (il = a.sip 2=0/7 ~ g cos 2:=2/%
sk b b

with ay, a4 constanis and T pericd cf the

NonaRan

when the integraiion 13 forrvect dnd when O.ak?

Integer
bl Tne integration varmance -
very complex. Its

zaXimus is reached with a

systematit intepration when the interval is
a miltiple of the period 7. Then oj(Eij) =
: max
(as, + a'") / 2 a~. For a stratified randes
1 L . .
integration, the maximum is : 7:¢(E1) =
max

(a + a; Yo EQai. The risk is Q times szaller
i

Q
with the stratified random imtegration which

is 1n any case the safest solutien.

12 - DEVELOUMERT OF THE PROBABILIST MODEL

The probabilist model is the theery 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,
1, 2, ..RBY. Nn
ally be uniformly equal to unity .

may eventu-

Then,

of Hn fragments (n =

The Aus. | M.M. Melbourne Branch, Sampling Sympasium, September, 1978

number of fragments in L. These groups

NeN o,
are regarded as indissociable batches taking

par: individually and indepenmdently in the se=
lection process with a pronability P, ef being

selected.

It the group GL is characrerized by its
weight B and 1ts eriticdl content &, the mo=
pencs of the critical content & ol the sample
are (firs: approximaiion = index |)

a)y = TaMP IMP =& *a
E" " n AN nRmn o L

When the selection is Correc¢t, i,e. when

)
-

we ¥ values of P are uniformly equal teo P :
n

efa_): = La M M = & B(a Q
agl “an " / 5 L’ ! E)

the seiection is unbiased but enaly In lirst ap-

proximatieon. In second approximation

. e 1=p - o g w3
B(aE)L = ; Lkan AL) 08 / aL"L

this blas is not nil Hul usually negligible.

i fap .
| 1 — -&, YME oAt
(aE) = i (Er iL, n i 1

p O
Tne bias cancels itseli out when there 1s
s correiation betweern the distributions of a,

and ¥ . This case covers particularly the two

T
following cases :

- All Hn are equal

- All a_ are equal

In this last case, the selection process
is exact.

Three problems can be sclved by means of
the probabilist model :
- amalysis of the integration error El,,

- increments delimitation error EC,

1

increments extraction error EP.

13 - ANALYSIS OF THE INTEGRATIOR ERROR hia =
ERROR EF AND SEGREGATION
ERROR ES

FUNPAMENTAL

We can express the moments of EI, accor-

s

ding to both medels. In both cases, we shall ad-
mit tha: the selection process consists in se-

from a mother=po=

lecting at random Q groups C%

The

pulation of § groups G, which is the lot L.
seleciion probability

chereiere a coenstant P owitn

Pwi
slEly): = {Zirs: approximation)
ci(gTa) ™ & Qa- = () Qa:

- @ L

- 1= .,
#d(Fi.)s —= I{a_ =&, }*¥
F n L' 'n

laiter varianceé can be wrilten !

facter ¢ 0 w & 1
I = ¢ when the distribution Is rapdom(o:
uniform er homegeneous).

when the distribution is completely

segregated (maximum heterogeneity)
y i grevsing facter & v = (N, -N) / (N-1)

vy = 0 when ¥ = ! l.e. W each group

By
contains a single {ragment.

v » 0 when N <« M

"L
a., M. : erizieal content and weight of the
1 1
ment F..
fragment :
aps Mo eritical content and weight of the lot

L.
N : number of fragments in L
The product & vy is always *» O.
The variance ;?(EIZ) is therefore minimum
wvhen £ v = 0 which happens in two cases :

1)

2) ¥

aa
n

0 : the distributien is homogenecus,

0 : the fragments are selected cne by
one.

13.1. Fundamenta! error EF :1t is the minimum

The Aus. 1.M.M. Melbourne Branch, Sampling Symposium, Sepiember, 1876
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value of Ela.

Its variance is

= (EF) = (a,-a, )= arM:
i i Lt
This wariance 19 identical o cthe relaizive
Variange - when, according - Lhe pre=
babilisl model. the 5. frapments F, oi L are
sunsigiég L WA SSlagilon Pprocess wit a4 uni-

form probabiliey P of heing selected.

Tne fungamentdl D125 18 (sccond

approximazion):

-0 5
nEF), = - — I (a.=3. )0 [ au
2 PoE 1 1 Ll

This bias, though non=nil, 1s alwavs

"y

practically neglicidble {excepiion : ores ¢

Tne name of ine Tundamenta) error EF is
Justified by the fict that out of all tne sam-
oling errors, it is the only one that can ne-
ver cancel ogut : Tt i35 the errcr that remains
when the sampling 15 carried out uncer igea)
congditions.

For this reason, the tundamental errer
plavs an important port in the sampling stra-
iegy vhich comsis:s in tryving te cancel ou:
all the other erreors and to minimize “he Iun-
damental error. It can be shown that the

variance o~ (EF} may be written more simply:

s (FP) = ¢ L 1 leﬂ: s Cd- f M
with
¢ : "mineralogical factor".lt is rathematical-

ly defined and can be calculated ifer each
material.
£ : "liberation factor" . 0 « & « 1.
It can be estimated either experimental-
ly er by analegy.
£ : "shape fector" : it is always near 0.3.
g : "size distribution factor' :
For mon-calibrated materials g = 0.25

For calibrated materials g = 0.50

=%

“diameter" of the largest fragments
ME: sample weight
C :~"sampling constant” of the material.

GY

Frow this equality we may deduce that

the rundamental variance s minimum:

GUUEIDL ALY Siancarg

C— L

= Tne maximum fraomert s12e& enmsurin

£ 2

given reproducidility standard with a ziven
sarple weigh:
—— i
A & v

13.2. Sepregaticn error IS,

Thig error ES is defined g8 the erro-
ek o e e
whose momencs are
= (ES] = Els) = miEF
e (L§) = o= (EX2} -~ =<{EF) = { % =% (EF)

The tacties are mol to estimate ES byt

o carry out

sanrling in such conditions

that 11 &8 negligible i.¢. to reduce the va-
lue of £, the segregaiicn parameter,by blen-
ding the materiazl whenever it is possible and
economical to do se and thai of 5, the grouping
parameter, by takirng increcents as srall;possible

as
|4 = FROM THF INTEGRATION MODEL TO REALITY

We have pointed out the fact thar the
integration model neglects the particulate na-
ture of the sampled material. Fig.1/6 show hew
to pass from the "punctual-increment" of the
integration model to the "real-increment" ac-

tually extracted from the lot

The Aus. .M M. Melbourna Branch, Sampling Symposium, September, 1878

) - The integratien model applied te the punc-

rual functicns gemerates "punctual-increments”

lied te the smoo=

n

7 = The integrazion codel app

ntarv 1ncrements,

t func:ions generates SegQme
Praciicdlly equivalent te (1].

increments developed 1n a

three-dimension space are transicrmed inm three
1

. = The model-increment actually delimited may
differ {rom= thne increment with parallel Iaces.
(4) is net necessarily egquivalen: to (3) and
then o celimitation errgr EL takes place.

The medel-increment docs not respect the
integrity of Iragments, it is defined as the

material contained between two surfaces.

T
A

- The discrete model-increment is derived

fram the latter according to the "rule of the
centre of gravity". All fragments whose centre
of gravity falls between the two surfaces de-
limiting the model-increment belong teo the

Jdiserete model-increment.(5) is statistically

equivalent to (4). The difference between (&)

(5]
-
e
o

arnd (3) is taken into account by the Iundamen-

tal errer EF.

& = The rule o the centrd of gravity may be

For this recascnm the real-

ifaw.

The real-increment may therefore be af-

integrasion model.
- the gelimitation error EC.
- the extraction error EP.

Let's dencte by !

probahility of the random event :

" Fi falls in the real-sazple E;".

-
[,

: the inclusion probability of Fy @ It is
the probatility of the random event

“Fi falls within the limits of the model-

v
pr : the extraction probability of F; : It is

the probability of the random event :

sample E

"Fi that belongs to the model-sample Ey
is actually extracted and falls in the

real=-sacple ER"

These two latter events being independent!

Pi - Pl p.l.:
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i3 : the selection probability of Fj. It is the

P



Tne delimitation of the modeli-sampie EH

is said to be correct when for all fragments Fii

P' = P = constant
i

The exiraction of the real=-sample §, 1is

gaid Lo be correct vhen, Zor all fragments F

oW o
The materialization 18 said to be gor-
rect when the delimitation and the extrasiien

are HOLh CcorrecL.

or all fragments Fi :

ey

When the delimitation and the extraction
are correct, the delimitation and exiraction

errers EC and EP cance! themelves ocut, the sta-

~

istical equivalence between stess (3) anc (%)
an the ome hand and between (53) and (6) orn the
other hand are therefore taken into account by
the rundamental error EF.

The tacties o resort o with the de

mitation and estraciion errors is therelore te
design sampling meéthods and equipment inm such
a way that the delimitation and extraction

rrocesses be corvectly carried out. This is

the subject of the two {ellowing sectiens.

15 ~CONDITIONS OF A CORRECT DELIMITATION

We shall restrict our demonstratiecn fo
the {lewing streams of materials sampled ar the
discharge of a conveyor by an intermictent cut-

ter. The delimitation is correct when and only

when every element of the cross-section eof the

stream is intercepted by the cutter with the

same sampling ratio, or in other words during

the same time. This is achieved when the fel-

lowing conditions are simultameously fulfilled:

| - Geomeirical conditions :

a) Straight-path cutter : the edges

should be parallel.

b} Arc-path cutter : the edges should be

radial.

GY

c) Manual cutters as the path of meaual

cutters is neither straight mer circular,
there is no correct shape of the cutter. Such

cutters should be avoilded as they are never

-4
-
a
-
rn
o
2
1
n
r
2
iy
n
Bi
T
—
-
&2
w
= §
o
{ =4
e
o

f the cutter

or by wear.

2 = Installation of tic cuuler!

d be inatalled in such a

¢! the siream
cross-scction.
b} It does not recvive materials betwveen

Culs (dust Iof nSTALCe,.

1 =~ Speed of ke custer

The speed of tne cutier should be uni-

form

overdimensiones . E_‘

should he avoided.

1 - CONDITLONS OF A CORRECT EXTRACTION

The extraction error takes place when the
rule of the centre of gravity is not respected.
It is practically respected when and only when
the following conditj
filled :

s are simultaneously ful-

1) The cufter edzes should be herizontal,
2) The distance W between cutting edges
should be larger than a uinimum W, with :
wo = 3d when d > 3 mm
wo = |0mm when d € 3 mmm
(d is the diameter of the largest fragments).
3) The cutter speed V should not exceed
a maximum V; with :

LR 3 . 1
‘o ‘c W/ Lo
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i VvV = 40 ce/a
o

4) The depth of the §ceop sheould be laz-
¢ enough Lo prevent material rsog Doundlns,

spiashing out or overf{lowing.

oi aplitting processes 1F

simple since usually the sampling errvor LE 1s

reduced Lo

1. = EF +- E5

The useé of splisting processes 1§ res-
tricted te the sampling of lets swmall enough

gr valuable enough to support ihe Ccost ol

pandlimg. With hang pethods. the limit today

it of & fev tons bu: with mechanical shovels

wy snoveling a,;l;-v w3
over

We shall make a quick review of tne most
usual splitting methods and devices.

sac.ional shoveling 1 The lot is moved with

wae or several hand or mechanical shovels.
Shovelfuls are extracted fres the let and suc-
cessively disctarged on the top of one ef N
heaps. A: the end of thwe Lransier, one ol the
% heaps is selected at random and reLained as
& sample. The sampling zatie is ! / X. The lot
snould contain at least 30 N shovelfuls. For
very large lots, it is advisable to choose

%X ® % ar |G, For swmall lots, with 8 = 2,
fractional shoveling is known as "alternate
shoveling''. It is the simplest, the cheapest
and alsc, when correctly carried out, the most
reliable of all splitting methods. The dege~
nerated method consisting of discharging ome
shovelful on the top of heap A and N - 1
shovelfuls (¥ » 2) on the top of heap B may

be dangerous in copmercial sampling (see be-
low "the notion of equity''} and should there-

fore be used only for technical sampling.

foning and cuarteripng : It is the ancestor of

all sampling methods. Uselessly labour censu-

ming, more costly tham Iractional shoveling snd
usually less reliable. this methed should be a-

voided,

splizzer @ Everybody knovs device
that belengs i the equipment of all sampling
taboratories. It is cheap, convenient and re-

iable whedn COrreltly used

Fe gmlizcérs 1 Different types of revol-
wing splitters can te used. They are also cheap,
cenvenient and rel:able
The notion GQRLLY cormercial sampling s
said to be "equiiadble” when ihe commercial va-

lue vf the sam;led lor, as calculated on the be-
sis of the sample content ap is a random varia-

ble with a mean egual to the value calculated

W
)
.t
o

en the basi he los comient ajp.
rsz qualizy of a commercial sampiing
18 therefore to be equitable.

With the integration process, assuming
the value of tve 1ot to be a linear funciion
of the conmien:, the sarpling is equitable when
ang only when 1t 1s techmically unbrased.

Bu: with the splitting processes we have
shown that a sampling could be made equitable
even when it s techrnically biased.

Apv rrue splitiing process gencrating
4 twin-fracziens (% # 2 ) may be considered as
a seguence ef twe cperations :

- a materiat separation operation genera-
ting N fractiems. This operatien may be and
sometimes is blased.

- A selection of the fraction that will
be retained as a saople.

1f this selection is made at random, the
splitting is eguirable even when technically
biased. 1f the selection is not random (for ins-
tance when retaining always the right bucket of
a riffle splitter) the splitting is equitable
only vhen it is techmically unbiased.

The bias may have two different origins :

~ technical defeet of the splitter or um=

intentional mistake of the sampling operator,
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- Intentional alteration of the sample
content by the cperator {for instance, when

carrying out g han

[+9

splitting method, by help-
or oul of the sap-
ple}.

wiEn a random BEliciion fw carried sut

after (he separa

m of chs ~racliions, any in-
w€iniional alverazion of the spliiting
he spliitin
neEss will Tial -
ACSS W1lll turn witch egqual probabe

13 - PREPAHATION ERZORS EZ

Preparation errors ave nos

rors bul they sally . iz s 1
v Ry usually arise in sampling sta-

ticns and are wsually due te the sampling ope=

rator. Tnev belomg te five main types

-
™~
.
ot

o$s of particies belenping te :b
sanple {e.g. dus: or malerial re-
maining in the s zpling circuit

after the opevacion).

contamination of the sanmple by
reian material (e,g.

or material

rézaining in

pling circutt before the cperation ;
Tusi oI any material resuliing ron
the corresiem or abrasien cf the
machinery in contact with the sam~

pled material).

o ]

L&y ¢ alteration of the ecrizical charac-

teristic o be zeasured on the fi=

nal sample less of critical cons-

tituent (e.g. when sampling for

polsture, less of molsture by ex=

posure of the sample te a heat Sourge;
when sampling for the content

in pative sulphur, loss of sulphur

by drying at a temperature higher

than room temperature) ; external

addition of cririeal constituent

(e.g. when sampling for moisture,

storage of the sample under the

rain or in a damp atmosphere) ;

The Aus. LM.M

N MM,
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destruction of a eritica: consti-
tuent (e.g. when sampling for the

propertion ¢! a coarse size class,

breakinpy of coarse fragments during

the handling operations) ; altera-

* L sl ot - o
=ion of a non-cr

laitice of & ganpue

i

i labeling errgrs

I
]
bt
2
i~
”
]
P
-
o
=
n
Y
»
-
pA
*
)

(¥

final sample by a dishcnes: opere-

i OTUEr L0 prevent errors
ing should alvayvs be carried
cialized staff placed under the
ihe gqualizy coniyol servies \sampling and
aralvsisj,

In order (o preven:

B: 3 commercial sampling should be topdugre

the presence of a qualified ang competer: repre-
sentar:ve ol the vendor and of the ouver. Mare-
over, splitting processes should be rescorted

to as ouech as pessibie, withou: Targetting that
equity Is a property attacned L¢ the random se-
lection of the sample, not to the spiitting

operation in itseif,

19 - CORCLUSIONS

Sampling has always been and still is in
many parts of the world the "poor relation” of
the mining and metallurgical industries. Tea-
ching courses are practically nom-existent ex-
cept in a handful of Universities. The advice
given in the well-known handbooks te be feound
on the shelves of every mining engireer's or
metallurgist's office seem to date back te

Malbourne Branch, Sampling Symposium, September, 1976
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Agricela's time or to be reproduced from a text—
nook of Alchemy,

1t is nct unusual te see in a mine, a
arecessing plant and even a laboratery, sam-
pperaiions carried cui by unspecidlized

labour completsiy unaware of the sost elemen-

cel develocmen:, a sampling operator throw-

ing away the slimes of a liotaiion feed sam~
ple and another onme, in the chemical
laboratory, rejecting the oversize ol the 100
pesh sieve used for the preparation of the fi-

nal assay savrle. Scoewnere else on the same

continent we saw a tean of well trained spe-
ciglists applying with wonderiul discipline
oosolere sanpling method that
TAGGART considered already fifty yaars ago
as heavily bissed and most dangerous. We
micht multiply the examples.

This situatisn 18 worrying. I shows
vhat, with a few excepilons, the people in

charge ol the miniug and mecallurgical indus-
trics. trom Llé geners. mandgers down Lo Lne

young ssilallurgisis are compleicly unaware and
unconscious o the risks attached to sampling.

This is due to the fact that until re-
cently, Universities and Research Centres
showed a compleres lack of itnterest in theory
¢f sapipling with the result that the teaching
vf it was practically nom-existent.

A few timorous atlempts had however
been made but thewy emanated :

- Either from geclogists, mining engi-
neers or metsllurgists lacking the mathemati-
cal background necessary to deal with a sub-
ject Lelonging to the calculus of probability.

- Or from statisticians lacking the in-

L
i

any scientific basis and very often dangerous.
- Qr in correct mathematical formulas in=

volving parameters that could not be experimen-

tally derermined or at least estimated in a

practical way.

In the various books and papers we pube
ligshed in the course of the last 25 vears,

th# mechanisss pehera-

variance of

practical forsulas that can

average =ining engineer, geolo=

seneral siravegy which
will el:ti:a:: rumber of errors and maintain the
cthers 4t an acceptable lewal,

- ;o establish on 2 scientific basis the
should be respected when desigring

samplipng devices and meilods,

- in this laiter case t¢ indlcate the

should b= retained.

1z the present paper we atiempted Lo
show the generality of our thecretical ap-
proach., We %ould lixe the reader, University
Professor as well as sacpling operator, te
understans tha: sampling is not a simple hand-
ling technique vhere a solution can be impro-
vised on the mere basis of goed will and com—
menh scnse.

Sampling is a science and must be trea—

ted as such,
REFERENCES :
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THE SAMPLING OF PARTICULATE MATERIALS—\ GENERAL
THEORY

1
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Sarpling is a random rocess and its the-
t

tave place in the course of its realizaiton.
A conmplete sampling scheme is 4 seguence

2, sazpling (p-oper) and preparaticn siaces
At

gach stage, the toial e-rer ET is

- Sampiing ervers ER arising i:om the

process itselr,

= Freparation errdre EL arising Coop

Lie operatlons (crushinp, transier...} suop-

aries oy rthe sazrled material.

4]

T = EE - EZ
. ot each sampiing stage, the tiotal)

sarplicg error EE is the sum of sevan iande-

aer=unilorsi t¥ of the densiiy or rate-of-flow
of the sampled material.

~ Integration error Il resulting froc

the lonmp-prange distribution hetercgenciey of
the sarpled material.

= Perrodicity error Ely resulting even-

tually rrom periedic quality variations of

the sasmpled material.

b Professor, School of Geology, Nancy
(France) and Consulting Engineer, Cannes

(France)

Ne numerous orrors liable to

the locsl distribui i

sacr.ed material

= leliziiacion orrer EC rasviiiag aven-
tasily Jrom an r shape of tho wolume
gelifaliing the Inr:esents.

= Ex.-ac.ion errse EP resul:-ing ;o= .hi
actua! mutraciton of the thnoremonts

Es Ev - &1, ~ El4 + TF - 5§ - TC « ED

. miog3Cn Mreparalion sLage, <k ioual
cresarvaien errer EX g the sSum of Itve inave
_:)ET‘.:(’:'.{ #TTOrs.

= grror EL less ¢, particle: belpm-

EVnE &2 ihe mazple.

- » cuntasination @ the sar-
sle by Ioreign material
- giver By & alteras 1 ahe sritical

characterisiic to be medsured on Thi
vinal sapple,

urinteptional mistares of

the operaior (e.g. pixing suo-samples
belonging to difierent samples)
-~ Irror EZg¢ : intentional aiteration of
the characteristic to be measured on
o |

the final sample.
EZ = EZy ¢ EZs + EiZy + EZ; + EZg
Twa complementary models of the sampling

process are theoroughly developed to study

these errors

The Aus | MM, Melbourae Branch, Sampling Sympoesium, Seprember, 1976
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The integration moedel dealing with the

centiauaus, geometrical properties of the sam=

pled material,

= The probabilis: mode]l dedling with the

discontinuous, physical propertics of the sas=

Fled material.
Tue errore L0, Elp. Tl EF amd 5 car
te Qquantitatively gefines.
and varianie cam bo estlimated Izee the resuly
4 varlecraphiv experiment.
The erfers EC. EP and 1D garm ooy oo
Ther sy Caitima g

e wupee

qud)itatively def ined.
puowntally cstimated bur rules are piven —as
wifg 1t possible 1o suUpPpress thes and parts-
vularly to cancel eul W alvayvs ¢angeraus

BATpIINgE Blascs.

b= INTROILTIION

I fuave been struck by @ cormoent rade

tegunliy By on Australian Iriene @ “In ghis
COURLEY mONt cOoRpanies Fepard samvling as oan
wiavoidable avernead apd 19 many cason fHen
apena as litole maney as possiple en 3c'.
Sueh a misunderstanding of the randow
such 4 misapapreciation

ngturse 0 saspling,

af the risxs attached €o i1t shox hew neges=
Sary wés 4 symposium on this subject,

The first thing that should he empha=
sized 1s that saspling 15 mob a simple mecha-
nical techmique like crushing fer imstance
1t 13 2 random process liable to introduce
errors such as chemical amalysis. But vhereas
this fatter 48 Always carTied out 10 labora=-
tory conditions (I vas teampted to say in
“aseptic” conditions) by a well~trained spe=-
ciralized staff conscious of cthe necessity of
agcuracy and precision, sampling is uswally
vargled out in field or plant coaditions by
unspecial ized labour perfectly unaware of the
irpertance af their verk and unconscious of

the mistakes to be avoided at any cest,

M,

Gy

Sampling and analysis [chemical., size
or moisture amalysis) are the two complementa-
an chatn with

ry links of the auality estim

the consequency (hatl Che tetal estisation eg=

rer ois the sum 231 toe wamslumg error and e!f th

an4lyaix areas

imipratien &7 Che Taurary=g"st

sHaracteridtics o 4 estimalion demands Ehat

the S3rw dale b Laben of parpling and in apa-
iTNLS

Sampling should alwdys be Dlaced under tne
responsibility of tne nead of “guality fentrol™,
rpt of the head of It showid pe

carried out by a sdecralized staff comscious

“aroduciion”

o the numerous errors thei may take place and
knowing how O SupDress oF reduce these.

One may judge @ crusher ©or a screep af=
ter 1ts mechamcal porforeaney, pot a sappler
the only touchstone o a sa=mplor s 1ts apti=
tude to aveld a eertaln numbey of orrors and
to miintaln the others art an aceoprable le=
vel. {me may judpe the producks of a crusher or
0l agercen after the results @ a Hll“illi' test
LSy to carry out @ the preducts comtain the
proofs of their qualities. This 1s net true
af a sarple after 1t has been extracted from
the lot, there 15 e way ¢f recognizing a
"good™ sample from a “bad" enc.

But vhat 13 a “geod' sampie and vhy is
this other one "bad™ * 1t is the object of the
sampling theory te ansver this apparently sim=
ple but really subtlc question. The sampling
theory is nothing clse than a thovough study

of the saopling etrors.

2 - QUALITIES OF A STLFCTION PROCESS

Sampling is a complex selection process.
A selection process may be ghalified :

~ Either im terms of "“a prieri qualities™

= or in terms of"a posterior: qualities™,

. The “a priori qualities” are defined
after the conditions of the seleetion :

The Aus | MM Meibourne Hranch, Sampling Sympesium, Septomber 1976
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= A sclection process 1s sard to be
profrabn 1181" uhenever each element of the
1¢t Ls submitted to the seleertion with a gi=
wen probability of being selected,

- [t i1s said te be "non-probabiiist”

whgneser It i3 pot toundoed on the noties of

probusility, The "hammer and shovel™ sam2iieg

sethod, hased as 1€ 15 @N 4 PUTROsIVE seiece
pion of the matcerial destiped to The sarsie.

s 4 meneprobabi list pothed. Such cethods are
pdiqessibie to a theotretica, approacih, ipey
are theretore excluded froe our stwudyv. They
aze uswally heavily blased and should theres
toTe be vrjected.

= A selection process 1§ sald Lo be
"correcl” vhenever all ciements ¢f the let
art submitted to the selection with n unitorn
prebability {or density of probability) ef
being selected,

~ 1t 1+ gaid to be “incorrect” vhen,
beimg probabilasc, the above cornditiom 1s not
fulfilicd.

JIhe "a posteriori* qualities are based
on the results of the selection and mare pare
ticularly on the statistical propertics ol
the sclection etrer o, relative difference
between the critical content ap of the saz=
ple £ and the eritical content ay of the sam~
pled lor L:

e = lag = o) / ag

= A selection process 1s said to be
"unbiased” when the wmean of the selectien er-
Ter is ol

ale) = 0 - -(nE) -a

= 1t is said to be "biased” when the
mean i3 mot nil. The value of the wean is
tha "D1as" B or relative systemarical error:

B=me) 4 O~ alag) # ap

1t ig said to be “reproducible” vhen
the variance of the selection error is not
larger than a given"reproducibility standard”

g
o

oie) « o?

- It is said to be "exact” wvhem the se-
lvetson error is always nil @
gie) = 0 and ciie) = 0
-~ 11 13 said to be “accurate”™ when it
4 at the same time unblased and reproducible:

plet = 0 and 2" (e) « 0

- 1z s said to be “"répresentative” when

tie mean square ¢i the erver does not exaeed &
representativity standard” g
e ) = mife) ¢ 2 (t)"‘ li

Praciically speaking. the only non-uto-
Phe bhrecilive 18 Tepresentativity. Accurdsy and
exavtiiude are veached omly at the lLimit.

1re sampling theory may also be reparded
ax the search for relationships between the
cencitions and the gesults of a sampling, 1. e.
between its "a priori” and ips "a pesterieri”
QUALiTiEs.

3o~ EAMPLING ANT: HETEROGLNEITY

Ay traction of a4 batch of homegeneous
matesial nas the same composition as the batch
tesell. The sampling of a homogeneous materya!l
13 therefore an exact selection process. wha-
tever the conditions of sampling.

The fractions that can be ewtracted from
4 bateh of heterogeneous malerial den't wsual-
Iy have the same coumposition as the batech it=
self. The samaling of a heterogeneous material
1s tnerefore a random selection process. gene-
rating sampling errors.

All sampling errors must be regarded
as a consequence of ene [erm or another of he-
terogencity of the sampled waterial.

This notion of heterogeneity 15 sulti-
form : we have been able to define and ex=
press mathematically :

- The constitution heterpgeneity, sn in~

trinsic property of the population of
fragmenta. Blending or segregation has

o effeet on it

The Aus. 1M M. Melbourne Branch, Sampling Syrposium, Septembaer. 1976
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= The disteihution heteragenelty, . pra-
peTly o6 Bhe lragrments distributlon
througheut tho domiin eccupted by Ehe
Matet. Slending temis (o decrvase, so=

Blegation Lopas @ abcreasne Lhe dantyi=

REEOT et @Toprend 11y,

e magiremat i TreTPrcinse o1 CHids Lw
fore B fowt ot e s AYY PEEN LRET P
#Cindifn dfie Feiafen t e EReLNe

H LT T wargriamyg we i .
U dsd g AT RELUPIZE i RLLE

A Bt pogene it

he sha cha fEiFew aavcrEptbve functionms:
@ikl IEgigaltve Tunglios tasim.
e iy Ehe podnt X talls
etk i saeg B the Erls=

tice! goroenen

Lanwn Dol

pavticularly ity oy
Ciffa o aluable wim U
wie gae moi=e XN falls
dama dFhud a4 Baomes
= Fl g el %
solle zarrdele
T | Lowetgniing fumctIfn taking thbe

Value of the specific gravisy of rthe

COEpOnEELl pressnt 4 peint 1 (rerv waes
X [alle i= the intevetitial woldn).
o afXbo= &l Xy

The fupctiens {X), (M) ard wiM) arve
aunctual-funclions, When the poimt X 1a pe-

placed by a spall dosain U, centoied in X, wy
obtaip ¢he SBOCLNEQ -funct ions™ a (X}, - {X)
and » (XD
- a_(X) is the “critical content” (pra-
partion of critical
D (X).

. :.‘l'l) 18 the average specific gravity

companent) ef

of the material contained in D (X).
. 3K} - az(.'\“l ke X)
But we ngver kiow flhe analytical expres=

sion of the functions (X} and (X)), Expericnce

shows that o given matevial, for instange the

teed te & processing plant or to d smalter,
possclsces stable wariability prapeetios that
may ke Characteriled py evans o1 the “varig=
cram fungtions™.

[ef s domesge b

yil any i Lim o0 EBy fioimi it
ior R % [ LB,
It Tis [ ibe Ths CRostraAl Lid
wasint, e sHill sdppres tEEE W
aors < RaGefang Yhe sampling 1 &

ThMans atredm O Faterdal JF Lhie

s el

tha X i &

paiEt ¢ TIEETANIN.
timw iELervd
the imiredvs the §ILX) =

= thd imstants & -

dimd A - :
ik, e T
X 1T tne fald sean sqguess of § 10X
¥ g5,
<4 ated Tarvechowt the  dosa
riapied by the ioe | [0y re-

Freswbid heve he duratism pi Yim

vy e — fX. )X

Loy

(00 is called the "variogram
of {8, It can often be

Tepresented by a linear function

sSUCHE a8

w (4} ey
‘!" \,2

vhere Yoy Al Wy ara thy “varig-
graghic parameters”. They can be
experinental ly determined ( yario-
graphic experimert),

We shall see Jater an that the moments
of several sampling crrers :;m be expressed by
means of the variographic parapeters. The wva-
riegrajhic experiment is therefere the key to
the practical estimation of the sappling er=

Tors.
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o = ANALYSIS O THE SAMPLILG PMEOCYESE

Sampling (wide seaning! 18 usualls an
Jdesmnat ton of oregaraiion staces torushing,
crpmdine, drvamge, Blengding, Eransion.. 0@, .0
gl of samPling staces propos iselie verpmt
redurtised. Bath sutceptihlye i Altesiag 1l

erit ! gomiont and therelotd gereraling

orenaration errers b iseot s A\

sampiing ervors Ef isectic

tetal vrrer L0 s

EY = EE + I

probabjlise sa=pling stage car b
reduled (o v of the (v JQLIDWIRAY FTCOFNSeS

W i gL

= increment sam2ling Dprocess

TeduclIon Falle ustally Delweer
ang 1072 ).
Frotatyoe eutoiimy £5 & ATres® AT ¢He
discharge cod of & comvevorn

30M1tLing Drocess (weicht reduction

ratis betiwea 107« gmd O,
Frototype saspling = weany cf @
siifles dividur.

The former is usually applied 1o Jots of
material teo heavy Lo be handled 1 totality
and the latter o loats Ykt éneegh o be han=
died.

Ire logical analysis &f these probabilisg
sanpling progfesses shows that they may be te-

garded as seguences of elemeptary gjperations.

L 1. lpcrement process

ap latepration selection o1 the

*punctud - 1acrements” chroughout the demain
eccupied by the lot sgterding to the “inte=
gratian ltaw".

b) Increments delimitation : definition

ef the boundaries of the 'Wmodel-increments”

around the punctual=incremehts.

¢) Increments extyactiocn actual scpa=

rat 1an of the material contained ia the model-

ingrements, gencrating the "reals

incromenta'.

<1
d} Reunion Tha “real=samile” is oh-
tained by rewnjon ef thy regl=incivronts,
1 Spliteing pro
al ]_wixnxﬁ‘._l:_n_A:- LB LT aoretracal
division af e @redin acdwracs b 104 08,
guEeTatiog the “rodel-treitiong
fd e paw Eate ¥ |-
nirseirical pa . PRBETdLi « “redls
fracivons”.
Su s ] 1 “ =jgar=
(BT w tetaine Suc ~naea Lo
T "'Féd <3870
tained by reonien of iPe AT TTREST L
Thete elemeniar + 14t = lgEfepl L
reuwlorE )l eomaideted it = H e
progiped toget bF regeviel ] T
seledtivn procestas LSEEGNLE Ly e3rn
tical approsct Fer imatarmcs
= Tntecraiion ls & sejactlc £ L4 i
applived Lr Ehe J=F 2o FrESTAL IR nta
ithe pustusl~ingrerasis’ « Wt iE
ppd t tuta the “OUNCtUR -

gatherel,
samate” .
= [ntegration + 1RCresents gelimitation
in & deieciins PESCEER APFLld dans R

o lure ithe s

the lot and geny

del=1nere=ents )
const i tule the “moge l-sa=ale”.
= Increments ealrdclion iy & selestion

FHITE e

pracval applied 1o the =od increrativs
and pemerating sroups of fragrent
real=incresunt 87 WELEH, galleres, Conss

titure the ™ real=garaie”

From the standpeint of the sanp
rors we may consider that the total sarspling
crrar EL is the sum of

= the [tetal} integraiton ervor [It

= the error of materiaiization of the
punctual-increments EM

Ft = EI, - EM
The materialization 1gs501f can he bro-

kon up inte a sequonce ol fwp Spvrativns
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the 1ncrements delimitation and the increwments
extraction. The materialization evrer 16 there-
tere the sum of two errors :
- the delimitation error EC
= the extraction error EP
EM = EC + FP

Y = INTRODUCTION T THE SAMFLING MODELS

The thrarcrical etudy of these simple
Seiection praccsses can be carried out by means
Bode L @
= the integration model
= the probabilist model

of fwh

Ary batch of material {salid or fluid,
fompact or particulate) may bamically be looked
af in two difterent ways :
= Either as a geumetrrcally_cogtlnqup
mediun. A lot of material L is then
considered as the set of points belenging
to & certain domain Uy ef the geometri-
cal space. Each point X 18 characte=
rized By the values taken by the two
tunctions a(X) and u{X).
The cratical content ap of L (pre~
Fortian of cricical component) im ex-

pressed by

u (X} dX
L

= Or as a physically discontinuous

Lt gp, M) L) ax

{
D

medium. The lat L is then regarded aa
a set of particles (atoms, molecules or
fragments) surrounded by 2 passive me-
¢ium {vacuum, air or water). 1f, for
example, L is sade of ¥y fragments, each
fragment F, is characterized by the valuea
taken by two parageters @

. oA

1
. Hi : the weight of Fi

i the critical contemt of P

The eritical content ay of L is
then expressed by

.
.L - b .iHi

GY

Bath expressions of a; are equally valid.

. The tntegration mode) is the model
drwe loped Lo represent a punctual
selection procos applicd te a GOOME-
trically continuous medium. The sclec=

hy an

LA Process 18 Charactor Foa

integration lav se.p. svstepatsd, stra-

tifiee ramlem &1 Fendos: ang by o E8=

fection function piX) w Y1 the

density of selocfien prodpavslity at
paint X,

Fre orovati)ist model is enwe moded dus

veleped to represert & selection pro-
cess apclied to 2 pnysically disconti-
nuous medium. Tonw selcciion precess is
characterizcd oy 4 set of selection
parameters Py, the probabiliily of sc-
lecrion ef the fragmem: Fy

It shoulg¢ be well understood that bath
perspectives [contiaugus ang d1scont) Auous )
and both madeis (1ntegration and orobabilist)
are equally valid,

They are ne: competitive but comp |l vmen=
tary, exactly 1n the same way &s the various
pProjections of an object on different planes
are camplementary.

Generally speaking, 1t may be said that
the tniegration mode! [its more closely the
atudy of the long-range, large-scale praper=
ties of the mampled material. The lot 1s looked
at as through a wide-angle lens 1n such a way
that the discontinuities of the material ap~-
pear a8 a fuzzy picture of a continuous make=
tial. The integration model is the modc] de-
veloped by HMATHERON for the sampling of mine=
ral deposits and ve utilize in our theozy
Tesults cbrained by him.

On the other hand, the probabilist model
fits more specifically the study of the shart-
range, smali-acale properties of the sampled
material. The lot is loaked at as through a
magnifying lens in such a way that the long=
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range structure of the digtribution of the

components ate no moye perceptible. The pro-

habilist model 18 a gencralization of the ecwd
probable model that we developed about 25

yedls apdy

Thwar two models maic 1t pessible to

the sampling wf any wind ol material,

Stualy

or tlurd, compact er pariiculate, of

PTLIgIN.

&

minsral vogetable, ammsal or synthe

This 3% wHY eur study may by truly Toracded

as & genvral saz-

samplimyg thewyy fizuimg all

plazy preblems,

Now, when developing a sedel, o ar
w2l sstablishing mathematical relation~
shits belveen Lhree groups ot character1stics

I - The dats ¢f tne problem : Thesc
data characterize the consiitulion
and the distributien of the cempo-
nents of the sampind material.

2 ~ The free parameters @ These are the

1actors on whieh we can play in or-

der to solve the problen, e.g. L¥yp
and mechapical characteristics of
the sampling method ar device.

3 - The appreciation factors : These
dre cspecially the mean and the va=
riance of the sampling error or the
mean and the variance af the sample
eritical conteat.

A sampling problem is said ta be "sO-
luble" when such relatiomships can be der:=
ved and vhen foy instance a selutian can be
proposed mecting a given representativity
standard.

1t is said to be “insoluble” vhen such
relationships cannot he derived and more ge~
nerally vhem eryors muit be suspected that
cannor be taken inte acceunt by a wodel.

A "solutign” may be econcmical or mom-
economical. la this last casc & compromise
sust be sought between cost and representati-
vity.

For mechanical and economical reasons

The Aus, | M M, Melbaurna Branch,

the sampling of three-dimension lots lexten=
ding equally 1 the three dimensions of space)
of particulate mater1als is te be regarded as

insoluble : the sampling ot twe-dimension lots

t2lat heaps of small and nearly constant thick=

nuessd i soluble but ususlly uneeonemical § the

sappling v vne=dimension lots (especially lots
pransfiTed ol peatlv constant gate of flov on
i conwever beit) 1s casily scluble and choap.
Fer Lhis reason 10 is dlwavs advasal le

ler & wvhes LY 4% Being Lrans=

re sample & let of ore
v

teTe unde> Lhe form ¢f a ene~dimension ob=

. - .
fec®. 3¢ 18 the omly relbable RURC €7 SATTRLTmE -

ke Bawe carrivd eut and relatel IF our books

{gee reforences 10 appendix) an cxhaust iye

study of ime crrors ciable o eccwr dw this

pacticular case.

o o= DESELOPMENT OF THE ISTEGRATION YOREL

MATHLROY develaped has medul tor the
tarev=and tee-dimension cbiects that repre-
scnt mineral deposits. Uur own Stuly Covers
mote cspecially one=dimension abjects such
as flowing streams of ore.
regainud the three

Integratien laws o ke have

most usua! integration lavs
- systematic (with randem pos:tioning)
- srratified random
- random
The development of the integraticn model
leads for each integration lav U& Uhe cNpres—
sio0n of
= ghe mean n{ME), the variance "(!&)
and the relative variance I (%) of
the sample weight
v 0g) = ot (M) £ omi(dy)
+= The cean m(A ), the variance e3(A[)
and the relative variance r'(Al) of

the weight of critical component in

the sample !
viap) - eiiay £ omiiag)

Sawyling Sympes.um, Septernber, 1978




ay a fux

Bl

]

i

The mean m(a ) er the yelative biass
BlJEJ ef the critical content of the
sample :

Bla,) -

The variance «-m’) @r the relative

.
L mlag) - a f 3y

wdarianee P'(n}) of the grivical eons

tent of the samplo

e o pd 3
lu!b l.Ai e

ctien

of 1

The characreristics (Conslitul jon and

distgibution) et the sempled material

variographic paramcters . W . W

M1 bk Al"
V.., ¥ .y
Al at a

perimentally determined; duratien I, af
i

4 @(A&M) that can b ex-

the flow of ! ¢ wedght # of L ; ora-
4

tical content a of the lel !,

The characteristics ¢f the integTat yon

1dw (Uype ;7 Anterwval ¢ lenges aof

Strata ® | oumber @ of increments,

according to the gase),
increnent s

The characteristics of the

cutter {(wvidth & ; welogity UV

Cura=

tien of the rut n( - L

Systematie imtesration (index )}

&y Gy )

I'-‘J\‘l

E!lal)

t;‘atl

8.2,

lH.!] - 'u]

|
g = by &
U = oA U Ay U, ay)

LA « viog) - 2o AV (A e, )

Stratified rmndom integration (index 2)

=; ("IE)
o (&)
l_‘(l}:)‘

U;"h)

. Cv vz
" 048 ;i) - by i e
‘v v "
. Al Al
2O 10 eilag) - b5 e 2

UI(ME) - e UAM) Uy(AL) Uy (M)

vgtaﬁ) + U§(ME) = 20 Uy (AU (M)

oY
6.3. Random integration (ipdex )}
. v‘_IDL y
L C SR ’_"_1_ » en,i
‘.\PDI 1

[ hl.!) - o.nl.-elv\t:\! ;- (,\ij-. g == \-“|

B la,) = l"t.‘TlJ = 0 CAL DL ¥

I |.45= - "u,'\!) - ¥ .“A = LA uA llll.".l)
Tmothids latter case d¢ is usually casier

H use fhie reswits of the clasnical Statistics

TindeXR 41,

Eipd =0 t!"'.q) 0o TLGpd = Tedag) 4 9

wiih U |?q) and U ja.l relative variances ef

he welgh: .“.q Al the eritical velgh: 4, of
4

Lhe ARCTRDeRE (.‘._ (- R R |

(5 l“!-) = | ‘,\F\ - ]~;"! ¥=2= (A .M !.1! )IH(!‘.‘)

How, Copclusions

fne of the post 1mpagtant Fesults 18 that
fer gheeresigal reasens, She intygration 1s
wi.al?y iased 3

Bla . * &,
H i

ever whem 1R is COrrect, | e, defined by:

B(X} = threughout B

g(X} = 0 ourside DL

This blas 1s hovever negligible (smal-
ler than one temth of che standard deviation)
as long as the integration 1s correct and cea~
s¢: to be presumably negligibie as soon s3 the
lntegration 1s incorvect. [t camcels itself
out, the integration assumed to be forrect,
when the correlation coefficient bwtween alX)
and .(X) is equal to zero.

This case includes particularly the
following limit cases :

a) uiX) = U, = comstant throughout nL

L) a{x) = 8, = constant throughout DL

The bias cancels our, the integration

being incorrect, when the correlation cpef=
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(icient between a{X) and the produgt wi{X} giX)

vy sl

fractically soeaking it 15 of the utmost

importance to carry out & correct integration
maracterized by
g{X) = g, = constant tnroughout 0,
gix) = ( outside C
L
!1 depengs only on our good will that
this concitron be satisfieg.

BAEARING UP OF THE TOTAL INTEGRATIN ERRCSK.

-5

tet's demote by EI, tne total ntegra-
Tign errar.
1, » la‘-al) fa
Y
a I!lf.- l-"“-ﬂ

- B lil)ltﬂlollrh Sias cormiteed on ay)

mil
L) trelative variance of ag)

This error depends on the variability of
twe funetions a(¥) and . (X).

let*s suppose that -(X) is maintained

the

sirictly constant throughout D.L @r im other
words that the function a{X) s i1solated. The
critical contents a and aL then becore 'l'
and a .. Ler's denote by El_ the integration
error of a(X) :
El, = (JE. - aL-) 4 ape
Upe can define an independent welghtling

error ED in such a way that :
E.ll = LD » El.
= (El‘)- =(ED)+ m(EL )
SEL Y- ofeED) » el (EL)
Now it has been shown that the function

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

terms =
a(X}) = aa + -I{x) + .2(1) + astx)

sith

.I.' i unweighted mean of a{X) throughout bL

ae* JDL a(x) dx / 2

regional term carrying the lopg-range,

11(x) b
lagpe-scale mon=periadic varijations
el oalX).

local term carrying the shert=range,

a,(N) 2
x ticd

small-scale variations of a(X}
especially te the partivulate nature

et the sampled material and ¢ the sto=

chastic matufe o2 the particies disumi=

DUL LOT .

serigdic term carrving the oventual

rerindic variatiens of siXj.
Ifese terms may be rogardvd as represenie

ipe phencmend independent of on: anether, wit!
the censequence thai the integratien evrec T

thive indepen=

say be censidered as the sum el

dert intesration ervors LI, Elp ana £l cor-
tespending respectively to the tems ay X},
axiX) and ay(X).

Wy can therefore break wp €1, and its
morents intp sums of four independent terms.
I1_ =i\ fll * l’.lz' H’
alfl.» = ml(ED) = wAEI ) .‘(EI:,) - uiiIE)

(ED) + =5CEL} » WEL,) + =3(ET )

# = PROPERTILS OF THE WEIGHMTIRG ERROR ED

a) The weighting bias a(ED) is negligible
vhensver the integratiem is correct.
b) The weighting variange =< (ED) 1s :
. neglipible vhen the fluctuatians
aof .(X) do not exceed > 10%.
, acceptable when the fluctuations
of (X) dp oot exceed : 20
c} Practically speaking. it is alvays
advisable to regulate the rate-cf-flow of sam~
pled material in order to reduce the weighting
variance to an acceptable level. Regulation
by weighlis always more efficient than yegula-
tien by velume which is anyway better than no

regulatien at all,
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® = PRUPIRTIES OF THE INTECRATION |RROE Il' OF
THE REGIONAL TERM

a) The iategration bias r!EIl) i mil

when the intogreat son i correst ($avst apprex. )
bt The integraticr varilance (Els) cam
ro expressed tor the thrve usual imtegy
luws
|5 By L S &l T e ]
(I.!l l‘ I“:'l H A“l|]-‘4; l‘.

"(Il‘] = \“D[.;'lqa: - Q_(HI} = JQ# LE1,

¢) Practically speaking : Whnen toe vi-
riegraphic parameter v, i known frem 4 reije-
Ble experiment, 1t 15 always possihle co pa,-

culate values of » or @ satisfying a given
standard o

far a svstemat ¢

integration @
“c 8 =

. ¥ E ‘”L "'.:

For a stratiited randem 1ntegrat:er

oy ey TIE
i u:f\al

[}
Fer 3 randor inLegratson

3O - g
¢ “r Valbl L al.

wWhen The variegraphic parameter v | is
a

uRERowT, eXperience shows Chat vich the wsuas.
distributions the integration variance - (E1, "
1s alvways acceptable when & < 10 ma and vhen

Q » 50 (systematic integration).

'0 - PROPERTIES OF THE INTEGRATION ERROR F1,
OF THE LOCAL TERM

a) The integration bias m{fl?) 1s mal
when the integration i1s correct (first approx.}

b) The integration variance c’(EIz) ¢ac
be expressed as & function of the varisgraphic

parameter v.z :

2[H1y) « 03(ET,) = of(EI,) = v .8 / D af -

2 L°L
. 2
\‘.2.!' QIL

GY

¢) The local term d?(l) veflivets the dig=

Cont ipudus properties of the partaculate ma-

tezial, The prodabilise medel has been de=
veioped in erder to snalyse Lhe comtent wi the
CRERTIIIS (!1..2. kv stall see 1o o section Pines
Chid sayianoy vaf b exprossed a9 4 D WBReC gt

ef the gngtacleristies of the particniate ma=
terial Boany waepiod and now B1- can bo spln:

up anto oa sun o tep errors

13 = FROPUNTIES oF §H) STPGRAT I, FRROW ! T \
_“I' TH1 BIviile TERY
Expearienge shows tnatl peried:¢ varjations

Afe mare troguen: than is wiually enought. The
tore ..|f:l may he repardid as the sum of a ger=
Rain number w! terss gf the peneral eors

.“(” ¥ oaysin =t 7 .".il-“' =531
WLEH &g, al ¢onstarts aed T period of the phe-
Rome nee

a1 The integration bias LSS IRE

when the integratier v correct and
f{vith b 1nLegor).

bt Tne integration variance -~ {Elq] is

wory cepplex. Its meximusn 18 reached with &

systematic integratien when the interval is

a multiple of ghe puried T. Then = (Elg) -
oA
ta: + &') /2 a*. For a stratified random
intvgration, lhrl‘ﬂx;mr in 2 aziiIy) -
- max

{a” a;'] 4 Iqai. The risk 15 Q times smaller

wvith the stratified randep integration which
1% 1n any case the safest solution.

12 -~ BEVELOPMERT OF THE FPROEABILIST MODEL

The probabilist model is the theory of
a selection pracess applied to fragwents ar
small groups of fragments. Im this model the
lat L is connidered as a sct of K groups G
of Nr\ fragments (n = |, 2, ..K). N“ may eventu-

ally he uniformly equal to umity . Then,
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K= hL , number of fragments i1n L. These groups

arv regarded as indisseciable hatehes taking

par: individually and independently in the se-=

lect 1on process with a probability Py ef beaing

selectod.

1t the preu| GI 18 ¢haracterized by 118

b the o=

wegpht M, and its critical comtent @,

content - or tae sample

e 13 g

ments ol the critical

{11rst approximat: on =

g d, v Ay | oIM
inkel pann g

ars

¥_oe g ¢ a
na © 1

fhr seacgblan Process 1S biased 2

¥y

s I - M P —p g
3 hl';‘1 - n|-|n (} M“!nll I“) t;_' A
when the selectien is €orrect, i.e. when

arce upmitormly equal to P 3

tho N valuns of P
n

mlu‘?_ = LlaM

f M = a
pmE nn

L

selection s unblased bur omly 1m first ap-

-0
Bl.A!_)

thy

prosimatien, In second appreximaticn (index bR

» . p "
n”n dL) ", BLE

l”dl.) - =
this bias :s not ail but usually negligible.

I =F

Il £ e
¥ i &

Plaghy * ;(an-al)‘n; e

The biss cancels itself out when there 3s
wo correlation betveen the distributions of a
and M . This case covers particularly the tve
foiiowing cases :

= AlL B are equal

= All a, A

Im this last case, the selection process

are equal

is exact.
Three problems can be solved by means of
the probabilist sodel
- analysis of the integratiom error El,,
= increments delimitation error EC,

= increments extraction eyror EP.

13 - ANALYS1S OF THE INTEGRATION ERROR EI, =
FUNDAMENTAL ERROR EF AND SECGREGATION
FRROR ES

We can express the moments of Elp accor=

ding to boath models. In both cases, we shall ad-
mit that the srlection process consists ln se-
lecting at randem O proups Gq {yom a mather=-po~
pulatien of N groups G, vhich is the lot L. Tne
selection probability T of the group G, is

- wrcfere A censtant P owata @

Fo=gfs

Inteyratien medel

rfE1z) = (first approximation)

eslgly) e Qai e ot lag) / Qar
Probabilist model 3
mill ) =@ (first approximation)

~ i syl inge
(E1:) v ;1““ at) !’“ { af

tecording te the theory of heteregencity
that constitutes the third part of pur last bacs

3), this latter variange can be wriiten

iref,
T Ty - T Y 1 4

gl (l'l;) = T(I‘ \)’ (al-ail . al”], wikh!

L 1 segregatiom factor : @ s & ¢

£ = 0 when the distribution is randos{ex

uniform or homogeneous).

£ = 1 when the distribution is complerely

segregated (maximun hetevogeneity)

grouping fagtor - ¥ = (NL-K) 4 (=)

¥y * O whea § = NL. i.e. when each group

contaims a single fragment.
v'OvhN\!iiNL

¢ritical comtent and weight of the

a. , M
1 1
fragment Fi‘

eritical content and weight af the lot
L.

: pumber of fragments in L

The product € y is alwsys » O.

The wariance ez([lz) is therefore minimm

=
=

k-4

when £ y = O vhich happens in two cases !

1) £ = 0 : the ¢istribution is homogenecus,

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

13,1, Fundamestal error EF It is the minimum
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8 P

value of £i,.

its varvance 15 @

: i‘i"‘.l:] H'l ! aini

This wartanse I Ydentical te the selatiyy
varlance »f 1 wBet, Mivrding Lo the pre—
babiilist medel, Lhe ° fragesnie F, of L ave
submitied te 1he selicliom pracess wilh a emis

torm proababall F oo poing selecied,

The fungamental D133 18 second appronisatice).

This bias, theugh wea-nil, 18 alwavs

practically acgligibic {(csception : ores of
precious minerals or metals).

The name of the fundamental error £F 15
Justified by the fact that out of all the sam-
pling errors, 1t 15 the only one that can me-
ver cancel out : 't 15 the errar that remains
whén the sampling 15 carried out under ideal
conditions,

Fer this reason, the tundamental erger
plays an imporcant part im the samplimg stra~
tegy which consists in trying te cance! out
all the other errors and to minimize the uyn-
damental error. It car be shown that the

varianee = (FF) may be writtem more simply:
22 -cd ¥ - 1
(LF) = c L 1 & .m.[. cd? J L.

with :

c ¢ "mineralogical factor".It i1s mathematical=-
ly defined and cen be calculated tor each
material.

£ : "liberation factor” : 0« £« 1.

It can be estimated either experimental-
ly ar by analogy.

£ : "shape fizetor® @ it is always near 0.5.

"size distributien fagtoe” :

For non-calibrated macerials g = 0.2%
g~ 0.%
of the largest fragments

For calibrated macerials
“diameter”

sample wveight

ﬂ‘fﬂ.

"sampling constant® af the material.

GY

From this equality we may deduce that
the fundamental variance is minimum:
= when the sample verpghs 18 mamimum
= wtitn the material 1< crushed or

griund 1o tee sealles: possibis siZv,

It vam alvavs Po cstirales. 2 siide Tule

bas bewsn deviaes iz order 2 Bfave A% & Tal-
ter ¢! @ few scvconds all preblens related (o
the fundamertal error and 1or (oatance how €
caloulate
= The v@F1@RCy ¢ the lundacental errer

actual Iy cormitied

{EF) = €2 ane

= The $ampie welght ensuring  giver
repraducihi ity stangary
.“.! & d
= The Maxi1mur fragment s12¢ ensuring a
piven reproducibilicy standard with a given

sample weighe

13.2. Scpregatien errer BT,

This error I3 is definec as the errer
vhose mements are
= (ES) = m
== {E8) - ¢

(E1-) = e(EF)
(K1) = =~(EFY = [ 4 =+ (EF)

The tactics are nol to estizace ES but
to carry out the sampling in such cenditions
that it is negligible 1.6, to reduce the va-
lue of L, the segregaticon parameter,by bien-
ding the material whenever it is possible and
cconomical to do so and that af 4, the grouping
parameter, by taking increments as small;possible

14 -~ FROM THE INTEGRATION MODEL TO R:::\I.IT‘Y

We have pointed out the fact that the
integration model neglects the particulate na-
ture of the sampled material. Fig.1/6 show how
to pass from the "“punctual-increment® of fHe™
integration model to the "“real-ingrement®™ ac-

tually extracted from the lot
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integration madel applied to the punce
“punctual-increments’:

I = The

tua] tunclions generaltes

? = The integralion redel appliced to the smeo

thei 1 tioms genvratos svamentary Increments.

Practivally sguivalent ta (1),

1 = ik Segmentary Incronents developed in &
three=Jdimension space are transtevmed in Uhree
dimension increments with parallel faces.

§ty.otly vquivalent e ()

500"

L = The model-ingrement actually deiimited may

difter irom the increment with parallel faces.
(&4} &5 el necessarily eguivalent e (1) and
then a gelimitation error t{ takes place.

The model-increment does not respect the
inteprity of fragments, 10 18 defined as the

watvrial contained between twe surfaces.

5 - The discrete model-increment is derived
"rule of the

from the latter according te the
centre of gravity". All fragments vhose centre
®f gravity falls between the two surfaces de-
limiting the wodel~increment belong te the

discrete model-incyement.(3) is statistically

equivalunt to (4). The difference between (4)

and {5) is takenm 1nte account by the lundamen=

tal errov EF.

oLE 6
{ §OO
=)

I‘"H

# = The rule of the centrv ¢l gravity may be
iepertuctly folloved, For this resson the real-
increment may differ trom the dissreie madel-

incremont, and the extraction error EF tares

plece.

@900
)

The real-increment may therefore be af-

fected by two land only two) kinds of sateria~ '
ligation errors not tskem ingto account by Che i
integration model.

- the delwmitation error EC,

~ the extraction ervoer EF.

Let's denate by *

the selection probabilyty of Fj. It 18 the

probability of the vandom event :

e T e

" F; falls in the reai-sample kg

p* . the inclusion probability of ri 1l ois

the probability of the random event i
"Fi falls within the limits of the wodel=
sample EH".
»' @ the extraction probability of Fy @ It is
the probability of the random event :
"F, that belongs to the model-sample Ey
is actwally extracted and falls in the
real-sample F‘R”'
These two latter events being independent:

Pyov BB

The Aus. | M M. Melbourne Branch, Sampting Symposium, Seplember, 1976



30 F. M. GY

The delimitation of the modei-sampie FH €) Manual cutiers @ as the path of wmeaual

is 8a1d te be correct when for all tragmonts Fl~ cutters is neitther straight mor circular,
there ts no correct shape o! the cutter, Such

P = P = constant cutteérs should be avnided as they are pnever
1

The extraction el the real=sample tg 18 carregt .

- ST ¢ ot
sd41d tie be COrrect when, ter all fvagmones l1 1 d) Theso geometrical conditions should

et be attetod by accumulntion a! material en
the cutter gapes, by dutormation of the gutter

e
et by wear,

The materialization i satd B0 Be core 2o lmstallation ol the cutter d

reet whea the delisitation and che vxiractien
The eutter siould bBo irstalled 10 such a

arye bath correct. Then, for all fragments F,
. way that

!“ = I = congtant al !t cuts the tetality o! cChe stream
cross=scct 2

bhen the deélimitation and thy extract ion L (TRRERN
) P TU i r

afv <ofrect, the deiim:itation and vatracrion W) Tt s o reerive st ariale brtvmm
cuts (cust for insiang .
errors EL and £P cancel theowlves out, the sta- § . Enscangl

tist:ral equivalence betwern steps {3 and (4} i~ Soeed of the cutter

h h % " 1
@n the ene hamd and berween {(3) and (&) on the Thie apsad 6t Che Gt o ahauld e Wl

other hand are theretare taken 1ate account hy .
orm

the fundamental errer EF.
a) during each cur

The tactics to resort o with the delz=
kY from ene gui te the next.

mitation and extraction errors 18 thorclore fo .
These conditions arc best achieved with

design sampling methods and equipment 1n such =
R pling ip electric drive. The vleciric moters should be

4 way that the delimitatign and extraction
overdimensionced. Hydraulic and ppeumatic drives

racesscs be rrectl ried L. Th
P correetly caE eut. This 18 should be avaided.

the subject of che two following sections.

1 - CONDITIONS OF A CORRECT EXTRACTION

I35 -CONDITIONS OF A CORRECT DLLIMITATION

We shall restrict our demonstration to The extraction error takes place when the
the flowing stresms of materials sampled at the rute of the centye of gravity is not respected.
discharge of a conveyor by am intermittent cut- It is practically respected when and enly when
ter. The delimitation is correct when and only the folloving conditins are simultapecusly ful
when every element of the cross-section of the filled :
stream is intercepted by the cutter with the 1) The ¢ufter edges should be horizontal.
same sampling ratio, or in other wards during 2) The distance W between cutting edges
the same time. This is achieved vhen the fol- should be larger than a uinimm Wy with :
lowing conditions are simulcaneously fulfilled: uo « 3 when o > 3 em

| = Geometyical conditions 1 Un “ 10mms wvhen d £ 3 am

(d is the diaoeter of the largest fragments).

a) Straight-path cutter : the edges
shiu L4 be parallel. 3) The gutter speed ¥V should mat exceed

@ maximoam V' with
o

V'ia¥ W/ W
o -] o

b) Arc-path cutter : the edges should be
ratial.
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il mipg, more costly than fractional shove | ing and
- Vo= L0 omis
o ukmally less reliable, this sechod should be a-
L) The aepth of the scoap shoeuld be lar- voided.
gu vhoagh to prevent material from bounding, :
- Riffle splitver i Everybedy knows this device
s panbimg out or overdloving. LoLER L LA )

that helongs to the eguipnent of all sampling

laborateries. It 1s ¢heap, convenient apd re<

o= SELITTING PROCHSSES

liable when «orrecely used,

The thoery et “'l"“": procosiad. iy Revalving splitoers @ Dafferent tVpes at reval=
sipsly since usually the sampiing errer EE 1w ving splitters ean be used, They arc alsa cheag.
Ty g W conveniest apd reliabie.

EF - LI, = £F + EX "y . I VA et
i e natien ¢l ecuily ! 4 cormerdial samp I3

Tie use of splittimg procissul 18 Teas said te he "BQUItable” len the commercial was
izdéted to the sampling of letw small enouch lue of the saepled lot, as calculated on the ba-
cr valuabic enough tQ suppert the cost of sis of the sazple content ap is 2 random varia-
Bafio lims. With hane sctheds. the lisic feday Ble vith 4 mean rgual to the value calculated
iv of & few tons bul with scchanical shouvcls on the basis of the let contest a.

W lidvr sevn Iractlondi swoveling applied e The first guality of a commsveia} sampling
jots #f 10,000 tgns and ever, is therafore (¢ be eguitadle.

we shall make a quick review af the rmest With the integration process, assuming
gsual splitting wethods and devices. the value of the 1ot to be & linear function

of the content, the sarpling is equitable when
andg only when it 15 technically unbrased.

But with the splatring processes we have

Bractional shoveiimz @ The lot is mewed with
e or seweral nand or mechanical shovels.

Sheveltuls are excracted freem the lot and sue=

cegsively discharged on the top of one of N shown that a sampling ceuld be made equitable

heajs. At the end of the transfer, ane of the even when it is technically biased.

M begps 1s selecced at random and retained as Any true splitting process generating

a sarple, The sampling ratio is | / N. The lot N tuin-fractiens ( N 7 2 } may be considered as

should contaln at least 50 N shovelfuls. For a sequence of twp operations

wvery large lots, it i1s advisable to choose - a material separation operaticn genera~

K= 5 ar |10, For small lots, with N = 2, ting ¥ fractions. This operation may be and

fractional shovelimg is koown as "alteynate sometimes is binsed.

shoveling'. It is the simplest, the cheapest - A selection of the fraction that vill

and almo, when correctly cervied out, the most be retained as a sasple.

reliable of all splitting methods. The dege= If this selection is made at vrandom, the

nerated method consiscting of discharging one splitting is equitable even when technically
shovelful on the top of heap A and K = 1
shovelfuls (N » 2) on the top of heap B may

ba dangerous in commercial sampling (see be-

biased. 1f the selection is not rvandem (fer ims~
tamce when retaining sluavs the right bucket of
a riffle splitter) the splitting is equitable

lov “the motion of equity™) and should thare= only whem it is technically unbiassed.

The biss may have twa different erigims @
£ - technical defect of the splitter or un~
£ £ q tering : It is the ancester o L

SRiSR and duiriers inmtentional mistake of the sampling operator,

all sampling methods. Uselessly labour congu=

fare be used only for pechmical eampling.
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- Intentional alteration of the sumple
content by the operator {(for instance, when
carrying out a hand splitting method, by help.

ing the large fragments in or vut of the sam-
ple).

khen 4 random sclection 1s €artivd eyt
after the Separation of the fractions, anv tn-
trationdl alteration of the splitting COT TP Ta
ness WiH tuen with equat probabilities te ¢he

adyantage or ta the disadvantage ot the cneat.

18 = PREPARATION FRROKS LZ

Freparation errors are pot sampling er=
rars but they usually arise 1n sampling sta=
tiens and are usually due to (he sampling ope=

tatar. They belong te five main Lypes

Eéj ¢ less of particles belonging te the
sample (e.g. dust or material re=
maining in rhe sampling circuit
after che operation).

EEZ i contamination of tae sampie by ra-
Telgn materzal (e.g. external dust
or material remalning 1o the sam—
pling eircuit before rhe eperation |
FUsSt or any material resulcing from
the corresion or abrasien af the
machinery in contact with the sam~
pled material).

EE; : alteration of the critical charae-
teristic to be measured on the fi-
nal sampie loss of critical cons=

tituent {e.g. when sampling for

malsture, loss of maisture by ex=

pPosure of the sample to a heat soulce; 19 -

when sampling for the content
in native lulphur,loss of sulphur
by drying at a temperature higher
than room temperature) ; external
additicn of cricieal constituent
(e.g. when sampling for meisture,
storage of the sample under the

rain ot in a damp atmosphere)

The Aus. |M.M. Meibourne Branch,
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destruction of a critical consti-
tuent (e.p. when sampling for the
Propertion of a coarsv size class,
breaking of coarse tragments during
the handling operations) ; altera-
Lian ot a nen=critiea! constiruent
to.g. loss ot water helonging to the

crystal lattiee o ¢ ganpue) ..etc. .

Ei ot Uniptentional ristascs mdade by &

=
SInCEre operate: be, g, mixing ef
sub=samples belonging to different
samples ; labeling errops | droppin
oL tracrioms ..ete..,)

}‘5 : Intentional alteration of the cha-

racceristic to be peasurcd on the
final sample by a dishonest Opetra=
tor. Such “errors” are to be expec-
ted only in commercial sampling o-
pordtions.

In order to prevent errars EZI to EZQ,
sampling should alvavs be carried out by a4 spe-
cialized stalt placeu under tne responsibilacy
ol the quality cantrol serviee (sarplimgp and
avalysas).

In order to prevent error LZJ. all steps
0! a4 comercial sampling should be conducted in
the presence of 3 qualified and competent rtepre-
sSentative of the vendor and of the buyer. More-
over, splitting processes should be resorted
te as much as pessible, withour forgetting thar
equity is a pToperty actached te the random se-
lectian of the sample, nat to the splitting

operation in itself,

19 - CoKCLUSTONS

Sampling has always been and still is in
many parts of the world the "poor relation” of
the mining and metallurgical industries. Tea-
ching courses are practically non-existent ex-
cept in a handful of Universities. The advige
given in the well-known handbooks to be found
on the shelves of every mining engineer's or
metallurgist’s office seem to date back to
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agricola’s time or to be reproduced from a text-
book of Alchemy.

It is not unusual to see in a mine, a
proe: ss1ng plant amd even a laboratory, sam=
plips eperations carried out by unspecialized
labour completely unavare of the most clemen-
tary tules of sarpling.

Lo Teeentlyv saw an a RerinsAmeric.an
countys tamous for i1ts scientific and techny=
cal gevelopmunt, & sampling aperator throw

ing away the shimes of a flotation fecd san-
ple ani another one, employed an the chemival
laboratery, re)ecting the aversize of the 100
pesh sivve used for the prepazation of the fi-
nal assay sarple. Scomewhere else on the samp
continent We saw J ream ol woll tralned spes
fral1sts applyving with wonderful discipline
2 completelv gbselete sampling method that
TAGGART considered already {:fey years ago
as heavily biasec and wost dangerous. We
might multiply the examples.

THis situation 1§ worrvimg. IU sShows
that, wify 4 lew exceptions. tne people in
charge ¢f the minring and metallurgice. 1pdus-
tries rion the general managers down to the

taliurgists are completily upaware and

young
wncoascicus of the rvisks attaeched to sampling.

4is is due ta the fact that until re-
cently, Lniversities and Research Centres
showed a complete lack of imterest in theory
of sampling with the result that the teaching
of it was practically nen-existent.

A few timorous attempits bad however
been made but Lhey emanated

- bither from geologists, mining engi=
neers or metallurgists lacking the mathemati-
cal background necessary to deal with a sub~
jeet bolonging to the calculus of probability.

- Or from statiscicians 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.
= O 1n gorrect mathematical fermulas 1n-
s
volving parameters that couid not he experime
tally decermined or at least estimated 1n @
practical way.

v o e
In the various books and papers we fu

Tished tn the course of the last 5 vears,

we tpies t

-~ Te understand the mechanisms peneras

iy the sAmpisng PETOTS,
=T

= ts estimate the mean and variance of
the mes: 1macrtant sappling eryors,

-~ o develop practical formulas that can
be LSed M toe AVerage mining engincer, geoles
gist e petallurgist,

- r, forrulate a gencral strategy which

-
vil! elirirate nueber of errors and muintain the
cthers at an scceptable leval,

- to establish on a scieptiiic basis the
rules that should be tespected when designing
sarplins deviges and methods,

- to mare a census of the inseluble and
of the soluble sampling problews,

= in this latter casec to ingicate Tht

solutien that should be retained.

In the present paper we atiexpted to
show the generality of our theoretical ap-
preach, ke Would like the reader, University
Prefessar as well as sampling operator, toO
waderstand that sampling is not & simple hand-
ling technigque where a solution can be impro=-
vised on the mere bassis of good vill and com=

man Sense.

/

Sampling is a science and must be trea=

red as such.
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SOME MINERALOGICAL APPLICATIONS FOR INVESTIGATIONS
OF GOLD IN GEOLOGICAL AND METALLURGICAL SAMPLES

J. W. Ahlrichs
Newmont Exploration Limited
44 Briar Ridge Road
Danbury, Commecticut 06810

In gold exploration and metallurgieal testing, the role of the
mineralagist is to assist in solving problems with regard to (a) sampling,
(b) gold occurrences, and (c) petrologie classifications of hest rocks.

The presence of “coarse™ gold as a sampling problem can be avercome
by various sethods, including "screen fire assays," screened analyses and

speeial gravity techniques which may be vsed to determine distributions
of "coarse" wversus {ine gold.

Determinations of mineralegic associations of gold usually require
special separation technigques, accompanied by fire-si-mineralogle assays
of the preoducts. After aceurate nineralogic analyses are obtained for
various products, guantitative distributicns of refractory gold associatiens
can be caleulated by the use of simultanecus equations.

Petrologic classifications are required by the geologist for mapplng
and interpretation of the various rocks. After the petrolegy and mineral-
ogle differences of the rock units are doternined, x-ray diffraction
analyses of amalytical pulps can be used for lithologic logging of drill
cores. YiD losging is an efficieat method for correlating lithologic units
and alteration treads throughout a gold prospect.

381

-




=N

382 J. W Ahlrichs

Introduct ion

The role of the mineralogist In gold exploration is intertwined be-
tween the needs of the geologist and those of the metallurgist, beginning
with the earliest days of exploration and testing and continuing into the
actual operation of the mine and plant. The inteatiom of this paper is to
demonstrate the use of mineralogic techniques during the initial phases of
surface sampling, preliminary metallurgical testing, and drilling of a gold
prospect.

The mineralogist's responsibility is te characterize mineralized and
barren samples in as quantitative a manner as possible. Typical questions
asked of the mineralogist are: “Whar is the distribution of coarse versus
fine geld?", '"How is the gold associated with certain minerals (i.e., sul-
fides, ferruglnous cxides, quartz, etc.)?", and "What are the petralagic
characteristics of the rock types?”.

Praperties with gold assays of only several parts per million may
become a ecommercial ore. To evaluate such lew values can be difficult,
since gold associations are often diverse in occurrence. Determinaticns
may require assays of special separation preducts, followed by tedious cal-
culations and interpretations of the results. The separation techniques
diseuyssed in this paper are applicable for highly complex ores, and the
data obtained are only qualitative to semiquantitative at hest. A more
quantitative technique is the application of simultanecus equations (1) to
products of known mineralegy-

A problem of special significance to the exploration geologist is the
petrologic characteristies of rock types and thelr relatioaships te gold
mineralization. Some of the conventional petrographic techniques are
deseribed. In addicion, a brief description of lithologic classifications
of ore types by x-ray diffraction is provided.

"Coarse Gold™ Problem

Problezs for sampling and assaying of gold are usually attributed to
the following:

(a) The presence of "“coarse gold”,

{b) low concentrations of only several parts per million
may be are,

(e) Sporatic or Inhumogeneous oceurrcnces.

“Coarse gald" is a loosely used term which is often applied to ore
samples where precise assays cannot be obtained. The presence of non-
hozogenecusly "coarse gold"” can result in erroneous results by conventional
assaying techaigues. By placer ter=inology (2), “coarse gold" is any gold
particle that iz geiained on a tem nmesh screen, for which the size openings
are 1.65 m=. However, due te its high density of 12.5 to 19.3, seriocus
segregation problenms can occur when gold sizes are as fine as 0.10 to 0.15

=, which approximate standard sieve sizes of 150 and 100 mesh, respectively.

In the field, "coarse gold” is suspected if a single particle is de-
tected by the naked eye or by a low-power hand lens. During the initial
phases of exploratioan, five to ten-pound samples arc submitted to the
laboratory for gold assays as random chips from outcrops. The mineralogist
shculd selve the problem of identifying coarse geld in the samples submitted
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from the field.

For assaying of suspected coarse gold, the "screen fire assay” tech-
nigue is used. This technique was described by Fulton and Sharwoed (3) as
early as 1929 for the analysis of metallics. Applied to gold assaying, the
total sample is crushed and pulverized, so that zll but a maximum of sixty
grams passes a 100 mesh sieve. All of the plus 100 mesh and one assay=ton
sanples of two splits from the minus 100 mesh fraction are fire assayed.
The resulting gold assays are weighted for a calculated head assay and the
amount of coarse gold retaincd on the 100 mesh screen. However, the amount
of gold retained on 100 mesh can be exaggerated if the gold 1s loeked with
gangue.

If wore than 25 percent of the gold is suggested to be "coarse" by
"sereen fire assay", more detalled studies are recommended. This is
expecially true for samples assaying less than 0.1 ez/t geld. Two tech-
aigues are described below for & 200-pound sample which was collected from
weathered outcrop. The whole sample was crushed to pass 10 mesh. Five
pounds were split out for screen fire assay, which indicated the sample to
contain 0.037 ozfton gold, of which 25.9 percent was retained on the 100
mesh screen, suggesting a coarse gold problem.

At that time, 0.037 oz/ton gold was considered sub-cconemic for heap
leaching. The followving questions were asked:

1. 1s the 0.037 oz/t gold assay valid?
2. How much of the total gold is truly coarse?
3. Fhat will be the minimun size sample required fer assay?
To resolve the above questions, additional five and ten-pound splits

were removed for detailed screen amalyses and for tabling tests, respec-
tively.

Distributions of Cold by Screened Analyses

For samples of bedrock gold,* as opposed to placer gold, 2 considerable
proportion of fine gold can be retained on the coarser fractiens as leckings
vith other minerals.

The five pounds of ninus 10 mesh material were screened on a 45 mesh
sieve (0.350 rm). The oversize was reduced to pass 45 mesh. Screened
fractions were classified inte -45/465, -65/+4100, -100/+150, -150/+200, and
-200/+325 and -325 mesh sizes. The minus 323 mesh fraction was further
separated into sands and slimes by sedimentation and decantatfon. According
to microscopic evaluation of sands and slimes, there was a distinet separ-
ation of grain sfzes, so that the sands contained gangue particle sizes of
0.015 to 0.044 e and the slizes consisted of sizes less thaa 0.01% om.
Afrer drying, all fractions were weighod, then assayed for gold, resulting
in data shown in Tabie I.

Data in Table 1 suggest falsely that most of the gold may be coarse.
Caleulated gold distributions show that 40.8 percent of the gold is in the
plus 100 mesh fractions and 55.6 percent in the plus 150 mesh fractioms.

* Host rocks contalning geld.
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There is no doubt that a certain proportion of the gold is coarse, espe-
cially in the =45/+65 mesh fraction, which assayed 0.075 oz2/t. However,
fine gold lockings also cccur in the coarse fractions. The weighted average
for gold im the four [inest fractions (-150/4200, -200/+325, -325 sands,
-325 slimes) is 0.028 oz/ten. 1If this value is subtracted from gold assays
for the three coarse fractions, then recalculated on a weighted basis, the
results suggest that 21.8 percent 1s coarser than 0.105 m and 78.4 percent
is finer.

Epoxy mounts were prepared of the three coarse fractions to evaluate
the gold micrascopically. Coarse gold was not detected. However, gold
concentrations were of such low values that insufficient gold partiecles }
wvere cbserved microscopically for absolute confirmatien. |

Table I. Cold Assavs and Distributions for Sereened Fractions

Wt T of Au |
Sieve Rances{mesh) Size Ranges{rm) Fractions ozft Dist(2)

\

- 45+ 65 0.350-0.208 6.2 0.075 12.9 }&0.8
- 6S/+100 0.208-0.149 21.8 0.046 27.9 | 55.6 l
~100/+150 0.149-0.105 15.7 0.034 14.8
~150/+200 0.105-0.074 11.9 0.031 10.2 I
~200/+325 0.074-0.044 11.9 0.024 8.0
=325 Sands 0.044-0.015 11.0 0.033 10.1
-325 Slirges <0, 015* 21.5 0.027 16.1
Calculated Head 100.0 0.036 100.0
Assayed Head 100.0 0.037 100.0

* Particle sizes estimated nicroscopically. H

Gravity Separations of Screened Fractions

For confirmation of the distribution of coarse versus fine gold,
screened fractions were passed over a Delster shaking table. Ten pounds |
of the minus 10 mesh materials vere screened on 28 mesh. The oversize !
wvas ground to pass the 28 mesh sieve. The minus 28 mesh materials were
classified inte fractions of -28/+150, =150/+325 and minus 325 mesh. As
before, the minus 325 mesh was separated into sands and slimes.

The -28/+150 and -150/#325 froctions were passed over the table. It
vas assumed that the coarse gold would be concentrated as tabled comcen-
trates and the fine gold would oceur in the tabled tailings. Even if gold
is free from gangue lockings, fine gold of less than 0.02 nm will report
to the tabled tails. All fractions, including the minus 325 mesh products,
were weighed then subaitted for geld assays, resulting in data shown in
Table II.

A maximun of 24.3 percent of the gold {s coarser than 0.105 mm in size.
However, there is a suggestion that some of the gold approaches 0.105 mm in
size, as indicated by an assay of 0.12 oz/t in the tabled concentrate for i
the -150/+325 mesh fraction; wp te 28.0 percent of the gold may be near !

e e e — S ¥,
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0.105 om or greater, according to these data.

Table IT. Gold Assavs and Distributions for Tabled Products

Inferred Sizes Wt 7 of Au

Products of Gold (mm) Produet ozfton Dist (D)
=28/4150 Mesh

Tabled Concentrate 0.589-0.105% 2.5 0.35 24.3

Tabled Tailings <0.105 30.3 0.024 20.2
=150/+325 Mesh

Tabled Concentrate 0.105-0. 044 1.1 0.12 3.7

Tabled Tailings <0.044 29.1 0.033 26.7
=325 Mesh

Sands <0, 044 25.5 0.020 14,2

Slimes <0. 044 11.5 0.034 16.9
Calculated Head 100.0 0.036 100.0
Assayed Head : 100.0 0.037 100.0

The test was repeated to obtain products for microscopie evaluatiom of
the gold. Retabled concentrates from the -28/+150 and -150/+32% mesh frac-
tions were upgraded by separating In a liquid with a specifie gravity of
2,8. The sink products vere mounted in epoxy, then ground and polished for
microscopic evaluationm.

Mounts were completely traversed nicroscopically. VWhen a geid particle
vas encountered, its measurements and asseciations with other ninerals were
noted. After traversing, the epoxy mounl was reground to expose s new sur-
face and polished, and the traverses vere repeated.

A total of 29 gold particles were observed in the -28/+150 mesh con-
centrate. Two were coarse, ueasuring 0.18 and 0.19 mm across the max imum
dimension. All reraining particles were considerably less than 0.10 o
but were locked with coarser hematite and quartz. :

In the -150/+325 nesh concentrate, 13 gold particles were detected.

None exceeded 0.060 r in size and all were Included in coarse hexzatite
and quarta.

A welghted average for fine gold in all fractiens except the -28/+150
mash tabled concentrate was calculated to be 0.028 oz/t. This was sub-
tracted from the assayed value of 0.3% oz/t in the =28/+150 mesh fractien
after which the amount of coarse gold was caleulated. According te :hele'
calculations, 22.4 perzent of the gold is coarse, comparing with 21.8 per-
cent coarse gold by simple screened analyses. This is slightly less than
the 25.9 percent coarse gold indicated by the “"screen fire assay" technique.

Minimum Sample Sire Reguirements

Caleulations were made for the screened analyses in accordance with a
wethod preseribed by Clifton, et al (4), vho indicate that any sample which
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contains twenty particles of gold is sufficient for assay. The amount of techniques. One or more of these techniques is utilized, depending on the
sample which contains twenty particles is based on the particle diameter nature of the problem and characteristics of the ore.

of the gold and the assay of a partigular sgreened fractien. This, of
eceurse, does not take Into account that a certain proportion of the gold is

This sectilon of the paper describes the use of these techniques and
finer than the screen size, because it is locked with other minerals.

|
I
| the interpretations of the gold asscciations, accompanied by caleulatfons.
| In addiciaon, the use of simultaneous equations (1) is demonstrated to
Tha- aEiRctive: Al mer&r (D] n - ealc daced fronl kha setegnch analyses ; evaluate assoclations of refractory gold with certain minerals. |
according to Cy's equationm: ’

I M 3,113 Flotation
D, (J e & )
5 If gold is suspected to be free or locked with sulfides, flotation
where: | tests are conducted. Flotation produces a small fraction centalning free
\ o i " t T particles of native gold, microscopically-visible gold lockings with sul-
qj mass of gold in sized fraction (im micrograms) fides and submicrosecopic gold inclusions in the sulfides.
= 1 d in sample
" total uagkieigedi imiees A simple exanmple of the use of flotation is described here. A pyrite
dj3 - midpoint of the sized fraction ecleaner concentrate, a cleaner tailing and scavenger tailings were produced i

from a sample which assayed 0.042 az/t gold. Small amounts of each flota-
tion prodyct were removed for microscople examination and the remaining
portions were submitted for gold assaya which, together with calculated
distributions, are shown in Table IV.

Applying the effective diameter (0.17 mn) and tha calculated head of
’ 0.036 ozft gold for the screened fractions to Clifton's method, a minimum
. sample size of 100 gra-s is required for assay of this particular sample.

. Summapy of Results

Table IV. ©old Assays and Distributions

Seziquant. Mineralogy(Wt 1)

Wt % of Au Arsepo- Chalco- ]
In answer to (1) the validity of the gold assay provided by the imitial i . P .. NN ) 1
| "screen fire assay™, (2) the distributions of coarse gold, and (3) niniloum Flotation Products Products oz/ton Dist(%) Pvrire prrite pyrite Cangue !
1 o > = cari d tests are summarized in f
! iiaglelzize, the data frem the various perforne es um | 1= har Chioanteat e 0.18 21.03 86.8 85 1 1 13
| Cleaner Tafl 0.67 0.27 4.1 2 - - 98
Table 11I. Summary of Data J Scavenger Tail 99.15 0.004 9.1 Tr - - 100
|
Tabled Caleulated Head 100.00  0.044 100.0
Screen Screened  Screened ! Assayed Head 100.00. 0.042 100.0 |
Fire Assay Analyses Fractions
j Head Assays (ozft) 0.037 0.036 0.036 ' Although the sample assayed only 0.042 ozft gold, the clcaner concen—
1
1

. = — | trate assayed 21.03 ozft, representing 86.8 percent of the total gold.
Coaras Gold Distribucions (1) . 218 =5 Collectively, 90.9 percent of the gold was recovered in the cleaner con-
centrate and cleaner tailing, which together colleetively comprise only
0.85 percent of the weight of the total sample. The scavenger tail assayed
0.004 oz/t gold, accounting for 9.1 perceant of the gold, which probably
occurs wostly as lockings with gangue silicates.

{ Minizmum Sample Size for Assay {(gms) 100.0 :
\

| The amdunt of sacple used for screen fire assay approaches or exceeds
. the calculated ninimun sample size of 100 prams. From 30 to 60 grams of {
| plus 109 mesh and A0 grans {(two, one assay ton splics), or from 90 to 120 |
graas are assaycd by the scrceen {ire assay technique. The safeguard is
that most of the coarse gold is concentrated on the plus 100 mesh sieve for
fire assay.

Microseopic examination of the cleaner concentrate and cleaper tailing
revealed that most of the gold occurred as fine but microscopleally—visible |
inclusfons in pyrite. Particle sizes of the locked gold ranged from 0.005 '
te 0.025 mn, although several free gold particles measured approxinately
0.05 om. After regrinding of the cleaner concentrate and cleaner tailing,
eyanidation removed 92 percent of the gold.

. ; Associations of Gold With Other Minerals

Two factors indicated that wvery little, if any, of the gold was sub-
micreseopic, thesc Leing (a) the high 21.03%:0.04 concentration ratio
achieved, and (b} none of the microscopically visible gold was less than

Due to low values, microscople dctection of gold oecurrences and asso-
ciations vich other minerals is not alvays possible. Mineral separatioms

are usuvally required to cbtaim varlous concentrates for gold assays and 0.005 m in size.
mireralogic studies. Some of the common techniques used for various mineral
separation pruducts include (a) flotation, (b) gravity, and (¢) magnetic

I
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Combination of Flotation - Heavy
Liquid - Frantz Separations ..
A composite of three ore types (uncxidized, highly oxidized, and ] !é j
moderately oxidized ores), which contained an average of 0.278 oz/t gold, - 8 S 3
was separated inte numerous products by flotation, heavy liquid separations s @ :g X
and a Frantz Isodynamic separator. By microscopic count ing techniques, i 2 :.,' §
the sample contained two percent pyrite and four percent hematite. Semi- I e s
quant itative x-ray diffraction analysis indicated the gangue minerals to 4 s - 3
be quartz (44%), caleite (23%), dolomite (7%), iltire (1) and kaolin (5%). Az g ANy
8 €3 R o F I
The sample was floated to recover the pyrite In a cleaner concentrate < £ -!' € 2 & -E
and a cleaner tail. The rougher tail was deslimed, producing sands and TN, : =
slimes fractions. The sands were passed through a Frantz Isodynamic ~§ § i o ]
i separater at a magnetic field strength of neatly 13,000 gauss to remove
i most of the hematite in a magneties fractiom. Frantz noenmagnetics were ot
further separated by acetylene tetrabromide, which has a specific gravity x ! [PRIPY 2 = -~
of 2.96. Most of the remaining pyrite and hematite was recovered in the EE‘{ 5
sink fraction, while quartz, calcite, dolemite, i1lite and kaolin were in '.*a P
part collected in the light mireral fraction. A partially successful e 2 e - a = “ @ on on
attempt was made to separate quartz from the carbonates in this floeat E: = = 3
product by diluting the acetylene tetrabromide to a specific gravity of HE N
2.68 sa that quartz would float and the carbonates would sink. o o=
A1l separation products were weighed. Small amounts of each vere E. Fitd
rezoved for preparation inte epoxy mounts to be examined microscopically = s
| for gold occurrences and for microscople counting analyses to deternine 5: L B = - o T
; percentages of pyrite, hematite and gangue. A% s(3
5|8 Ch
! Remainisg portions were pulverized for semlquantitative mineralogic e Ej - g I
[ analyses by x-ray diffraction and for geld assays. Gold assays and dis- %E -Ll'é o - i .
tributions and the mineralogie data are compared in Table V. In additionm, i e
qualitative microscopic observations for gold occurrences are shown. aly) o
B 3 & & 3 - T
Except for the flotation cleaner congentrate and Frantz magneties, M g
all other separation products are relatively impure. Nevertheless, the ;'; o
following sesiquantitative to qualitative statements cam be made about <8 E)l 2 »r n oo
the gold occurrences: §:‘5 [4
1. Highest concentratiens of gold oceur in the flotation ,-f G " - -+ m o€
! eleaner cancentrate (3.23 ozft), represemting 29.1 33 31 o . -+ Ed - e § §
1 percent of the gold and consisting largely of pyrite Al i
l (R0%). For a product of such high gold concentratioms, e doe & @ o835 &n ‘o
| only three gold particles were observed microscopically, \I e o 2 . : e 3 g
suggesting rhat a certain proportion of the gold is sub- 3
microscopically assoclated with pyrite and would probably - i
be refractory te cyanidatioa. T me w e s 4o @ i
LT R W =2 88 =2
2. Relatively high gold concentrations alse occur In the e ok 33
Frantz magnetics (1.8% oz/t), occurring largely as - §5¢
hemat ite (65%) and accounting for 44.1 percent of the Gt o b = Eﬂi
gold. In this product nineteen fine gold particles s & 3 B & 223
were detected microscopically, suggesting that most of v o n $ pegzs 254
the gold assoclations with hematite are microscopically T s : 5 5 Fo2 3 ouY
visible and probably amenable ta cyanidation. 334 - Tesg T ZEE
o § 98598 Yo 35 L=
3. The flotation cleaner tail and heavy mineral fraction i zagdge £ 23  fEN
contain intermediate gold values of 0.28 oz/t and 0.42 3 2 nEa ElEy g
oz/t, respectively. While relatively smnll pyrite a2 a2 b - —rm
&
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(2-6%) and hematite (Tr-10%) wvalues 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 inclusiens in

hematite, further indicating the presence of micro-

scopically visible gold with hematite.

4, All gther products comnsist largely of gangue minerals,
and gold values are relatively small, ramging from
0.036 oz/t in the "carbgnate” concentrate te 0.082
ozft in the “quartz" concentrate.

On a semiquantitative basis, 83.6 percent of the gold occurs in
samples with significant pyrite andfor hematite. However, due to the
relative impurity of the products, no concrete associations with the
various nminerals can be calculated.

Application of Simultancous Equations

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

The application of sinultaneous equations was used by Henley and
Stevenscon (1) for a varfety 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 technique for the evalmation
of gold associations in the three ore types which were used in the above
study to demonstrate the copbined flotation-heavy liquid-Frantz technique.

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

Gold extractions progressively increase with {ncreasing oxidation
from pyrite to hematite. In the unoxidized Sazple A, only 1.8 percent of
the gold is soluble, as compared to 95.1 percent in the highly oxidized
Sazple B and 82.7 percent in the moderately oxidized Sasple C. As de-
scribed previously, microscopically-visible gold {s finely included in
hezatite but none was detected in the unoxidized Sample A. This indicated
the following:

1. A certaln proportion of gold is submicroscoplically
associated with pyrite and is refractory to cyani-
dation.

2. Yost of the cyanide-soluble gold is associated with
hematite.

3. A portion of the gold is assocfated with the gangue
minerals.
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Table VI. Assays, Extraction and Semiquantitative Mineralogy

Sample A Sample B Sample €
(Righly) (Moderately)
(Unoxidized) (Oxidized) (Oxidized)

Assays and Extractions

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/ft) 0.162 0.020 0.045
Cyanide Soluble Au (X) 1.8 §5.1 B2.7
Cyanide Inscluble Au (X} 98.2 4.9 17.3
Mineralo (Wr X}
Pyrite 4.0 0.2 Q.7
Hematite 0.2 8.3 2.2
Gangue 95.8 9l.5 97.1
*

Determined by mlcroscopic point and gross-counting techniques.

To determine the amount of refractory gold within pyrite, hematite and
gangue, sinultanecus equations wepe arranged according to the folleowing:
Sample A: 4.0Py + 0.2 H +95.8G = 100 x 0.162
Savple B: 0.2 Py + 8.3 H+ 91.5¢ = 100 x 0.020
Sample C: 0.7 Py + 2.2 H+ 97.1C = 100 x 0.045

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

Calculation of the equations results ia the following:
Pyrite = 3,48 oz/t gold

Heratite ~ 0.00 oz/ft gold

Gangue = 0.024 oz/t gold
The data show that essentially all of the gold vas removed froam the
hematite upon cyanidation. Most of the refractory gold (3.48 oz/t) wvas

assumed to be submicroscopically contained in the pyrite. The gangue
minerals contain 0.024 oz/t insoluble gold.

The contained gold within the minerals is used vo caleulate the gold
distributions, as shown in Table VII.

Table VIT. Distributions of Gold After Cvanidatiom

Contalined Caleulated
Inseluble Gold Mineral Z** Au (oz/t) Au (ez/t) Disc. (%)
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 Gaold 0.20 72.1
Totals 10,0 0.279 100.0

*%* jAverage of microscopic counts for three samples.
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of the toral geld, 72.1 perecent was soluble, 19.8 percent occurs with
pyrite and 8.1 percent is assoclated with gangue.

The unoxidized Sample A and moderately oxidized Sauple C were oxidized
by roasting at 550°C, then eyanided, which removed most of the gold. Since
Sample B was alveady oxidized, it was not roasted. The data for the three
samples are sunmmarized in Table VIII.

Table VI1I. Data for Oxidized Samples

Sample A Sample B Sample C

pyrite (D)} 0.2 0.2 0.1
Hemat ite {I) 2.62 8.3 2.62
Gangue {(X) 97.3 91.5 97.3
Au Before Roasting & Cyaniding (oz/t) 0.165 0.41 0.26

Insol. Au After Reasting & Cyaniding (oz/t) 0.025 (0.020) 0.045
Cyanide Soluble Au (T) 84.8 95.1 92.3

1 . ¢alculated from sulfur assays.
2 _ faleulated on basis of the oxidation of pyrite to
hematite then added te already existing hematite.

¥ _ pas mot roasted because it was already oxidized.

As before, simultaneous equations were salved to determime gold dis-
tributions, as shown in Table IX.

Table 1X. Distributions of Cold After Reasting and Cyoanfdat iom

Contained Caleulated
lnsoluble Gold MineralX An {oz/t) Ay (oz/t) Dist (%)
Pyrite 0.2 0.00 0.00 -
Hematite 4.5 0.063 0.003 1.1
Gangue 95.3 0.024 0.023 8.3
Soluble Gold 0.24 90.6
Totals 100.0 6.276 100.0

Oxidation roasting (2550°C) of Sa=mples A and C resulted in 90.6 per-
cent of the gald becoming soluble upon cyanidation. Calculations for unm-
oxidized samples revealed that the gold accurremces with hematite wvere
completely amenable to cyanidation. llowever, after roasting, 0.063 oz/t
remained in the hesmatite, accounting for one percent of the total gold.

The auriferous hematite appears to represent the auriferous pyrite before
roasting, suggesting that a small amount of submicroscopic gold was retainmed
in the relic pyrite after cyaniding.

After roasting, refractory gold in gangue rercained insoluble to cyan-

idation. The same amounts of contained gold {0.02% oz/t) occur in the gangue

for both the unroasted and Toasted cyanide leach residues. Once the sample
was roasted, nearly all of the refractory gold was associated with the
gangue minerals.
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Petrologic Evaluations of Rock Types from Gold Prospects

Rock type classifications and complete mineralogic analyses are im-
portant to the geologist for his evaluation of a gold prospect. Petrologic

studies of potential gold ores are accomplished by conventienal petrographic

examination of polished thin sections, accompanied by semiquantitative
x-ray diffraction analyses, which are deseribed in this section of the
paper. TIn addition, a technique for lithologic logging of drill cores by
x-ray diffraction is described.

Conventional Petrologic Studies

Goid assays for the various petrographically-classificd rocks are
compared, which usually relays the most favorable rock types for gold
mineralization. In addition to alding the field geologist for mapping,
features of alteration can be compared for the more mineralized rocks
versus barren Lypes.

A split of minus ten mesh material i{s mounted in epoxy, them system-
atically traversed microscopically to search for gold. Minus ten mesh is
generally a suitable size for the evaluation of textural associations of
gold-gangue lockings. Usually, only a few gold particles are detected,
but preliminary information canm be gained with regard to gold associations
with certain minerals. To confirm the associations, mineral scparations
can be obtained as described in the previous section.

Lithologic Classifications of Ore Types by
Computerized X-Ray Diffractien Techniques

Assay samples from gold prospects are often set aside and forgotten
once the analytiecal results have been obtained. From a cost standpeint,
drilling and preparation of assay sanmples represent a major portiea of the
exploration budget. For liztle additional expenditure, additional studles
of assayed samples can provide needed information to the field geologist
and metallurgist.

X-ray diffract ion analyses of assay pulps can be used to characterize
an erebody on the basis of mineralogic compositions. A computer technique
wvas developed to convert x-ray diffraction mineralegie data into rock type
classifications. This is a rapid, yet quantitative and inexpensive method
far classifying large numbers of drill intervals into rock units that can
be correlated from hole to hole in an unbiased rannmer.

The "XRD-computer lopging” technique developed by D. M. Hausen and
F. Kula of Newmont Exploration Limited (unpublished company report) is
demonstrated here for cne sectien aleng a prospect. Prlor to x-ray diffrac-
tion analyses, putrographic studies were conducted to obtain an under-
standing of the major rock types, vhich included cherts, siltstones, shales,
limestoncs and dolosiones or dolomitic limestones. Megascople field clas-
sifications of the drill cores were difficult because the features were

often obscured by complex faulting and hydrothermal alteration of the lime-
stones,

Approximately 265 assay samples, each representing 20 feet of drilling
composites from 14 drill holes, were analyzed by a Phillips x-ray diffrac-
tion wnit. The pulps were mounted in standard sample holders, then stamped
by the "Peters grid" technique to minimize preferred orientatlon effects.
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Fach sample was scanned from 29 to 40°, 26, utilizing a rotating sample
holder. Mcasured peak heights for the individual minerals vere fed to the

computer which classified the rocks into the follewing lithologies: T
Cherts - »70% quarcz !
Siltstone - 40-70Z quartz
L}
Shales - »30% total clays

Limestones - »40% caleite

Dolostones - »40X dolomite

Fipure 1 shows lithologie distributions along a northwest-southeast
section of the prospect. Anomalous gold values are cutlined in two areas
at the northvest and one to the southeast. The two anonalous areas at the
nerthuest are generally stratiform, dipping approxirmately 30% to the south-
east, extending in part inte primary calcareous lithologies.

- == ] FAT 20NES

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

all three anomalous zones display silicecus siltsteme and shale lith-
ologles, but silicification is most prominent to the southeast where cherts
and highly silicified siltstones occur.

Dolesitic limestones are irregular and discontinuous in distributien,
occurring helow or immediately adjacent to ore zones. They do net appear
to form a continuous primary lithologic unit throughout the prospect.

SHALES

[ﬁ;_-_%oumv

The XRD mineralogic data for this section indicate the following:

10
UL

[ 2 SILTSTONES

1. 1I-pure calcarecus limestones comprise the rajor primary
sequence in the deposit, hosting the geld amimeralizatiom
adjacent to vertical faulr structures.

3. Decarbonitization of limestones 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 =ineralization.

3. More advanced stages of decarbenitizatijom are accompanied
by silicification to form cherts and further silieify
the siltstoméas.

4. Dolomitized zones are irregular, but appear to be in the
proximity of gold mineralization.

STCTION OF A GOLD OREBODY NEAR

CARLIN, NEVADA

Conclusions

I TR DOLOSTONES

FIGURE 1—DISTRICUTION OF ROCK TYPES ALONG A

[ ] CHERTS, SiLICIPIED SILTSTONES
LIMZSTONES

This paper provides a few examples by which the process mineralogist
serves as an intermediate source of information for the field geologist
and extractive matallurgist in the exploration and testing of gold ores.
Characterization of the ore is important to both, although for dilferent
purposes.

"Coarse” gold may pose one af 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 utilirzed by the metallurgist to
deternine if the gold is extractable by eyanidation only, or if prior 1
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- 1
neous cquations and microscopic counting data to cyanide residues is useful
for determining the asseciations and distributicns of refractory geld with
certain sulfides or non-opaque minerals. From these data, the metallurgist
can decide vhether finer grinding or aqueous oxidation methods should be
attempted to extract the gold in test work.

Convent ional petrographic studies aid the geologist in mapping and
understanding of the varfous rock types, often revealing most favorable
host vock units. Once the compositions of the rock units are established,
the "XRD-computer logging" technique nay be used for numergus drill holes
to character ize the orebody and to develop possible alteration trends for
additional ore.

Semiquant itative mineralogic compositions develaoped by the above can
be applied by the metallurgist for a better understanding of potentially
deleterious components including evanide consumers or clay minerals that
could inhibit settling.
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THE ROLE OF THE PROCESS MINERALOGIST
IN THE OPERATION OF MAGMA COPPER COMPARY'S
MINE AND FLANT, SAN MANUEL, ARIZONA

W. Mueller
Newront Exploration Limired
44 Briar Ridge Road
Danbury, Connecticut 06810

The funectien of a process’mineralogist in the operation of a copper
mine and plant is to assist in the identification and elassification of the
operation’s main throughput. These include ore, concentrates, slag and
satze, and to a lesser extent, refiped products. In additien, a number af
ather products not normally thought of in association with mineralogy are
examined. These include scales from subzersible pumps, failed beiler tubes,
acid plant, and shaft furnace; characterization of inclusions in failed
compressor gear teeth as well as in copper rod; and flue dusts from a
soelter, alr transported particulates and coatings on passive copper anodes
in the refinery. Techniques and equipment required for these studies in-
clude simple hand magnets to the high intensity Isedynamic separator, visual
exapinarion to electrom microscopes, x-ray equipment, DIA, IR, heavy liquid
separation, and contracted services of custom laboratories. Several exam-
ined products from Magma Copper Cospany have been selected tolillustrat.
the range of techniques and equipment required by a process rineraleglst.
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Factors Affecting the Selection
of Methods of Gold Analysis

ByR.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.

ASSAYING is a means to an end and.
strictly. can be viewed as the determina-
‘ion of the metal content of a relatively
small sub-sample which may, or may
not. be representative of the original
bulk of material from which it was
taken. In practice it should not be
viewed in isolation because it is an in-
tegral part of much larger processes
such as exploration reconnaissance,
ore-body appraisal and evaluation, de-
‘elopment and grade control. monitor-
ing and control of mineral processing
circuits, or smelting and refining.

Before selecting a method of gold
analysis therefore, it is essential to con-
sider the use to which it 1s intended to
put the analytical results. If "point” assay
values are to be used to evaluate a lar-
ger bulk or a moving stream of gold-
bearing material, then thought should
be given to deciding exactly what is to
be assessed. t.c. is the average value of
the whole. the variability of its consti-
tent parts or the total gold content, 10

determined?

In the wider sense of “gold analysis” it
may be important 1o look at the other
physical variables such as mineralogy
and grain size, which from the stand-
point of recoveries and costs, can be
critical to the mineral processor.

In considering the factors which can
influence the selection of appropriate
methods of gold analysis, this artigle
will examine the problems. pitfalls and
shortcomings from the angle of the cus-
tomer or end-user of the analytical re-
sults rather than from that of the
analyst. Just what should a customer ex-
pect when submitting samples for gold
analysis and what can he expect in prae-
tice? Consideraton will be given also to
determining what can be done to iden-
tify and correct any defeets,

“Charter Consolidated PLC, 30 Hathorn
Viaduet, Lomdon ECIP 1A)
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Gold’s special
properties

Gold is a metal which possesses
certain unique properties that make it
of special significance from an economic
or utilitarian standpoint. However.
many of these same properties combine
to create particular problems when it
comes to determining gold's concentra-
tion in naturad materials.

Gold is & rare element which s not
usually found w nature in large. mine-
able congentrations  exceeding, say.
about 3 g/ although much higher con-
centrations may be encountered locally,
Hard rock deposits containing as little
as 1 g/t are currently being mined and
atluvizl coneentration may be exploited
at grades which are almost an order of
magnitede lower,

The average concentration of gold in
crustal rocks ranges between (L002 and
(LS gt Threshold values for geo-
chemical exploration sample  popula-
tions may commence as low as 0.02 g/t
A1 the other extreme, individual sam-
ples of high grade ore may range up to
several hunpdreds of grammes per tonne
with values in the low pereent range
being not unknown.

The gold content of metallurgical
materials may range from concentra-
tions as low as | pg/l for “"barren™ leach
solutions up to 10-15 mg/l for pregnant
solutions: from (L1 g/t for “barren”
tailings to hundreds of grummes per
tonne for gold-rich base-metal concen-
trates or to values approaching 100%
for some gravity concentrates, bullion
and refined gold. The task which is set
the anadyst and customer alike is, there-
fore. a very daunting one,

Because of its high value, very low
concentrations of gold may be econom-
icallv explaitable. The problems which
arise from this low gravimetric concen-
trationy are furthes compounded, es-

pecially in regard to obtaining repre-
sentative samples. by gold's high den-
sity (19.33 when pure) which in turn is
responsible for it occurring in even
lower volumetric concentrations.

Further difficulties are often encoun-
tered when attempting to reduce sam-
ples of large bulk to assuyuble volumes.
This is because. due to gold's extreme
malleability. it is difficult to reduce its
particle size without risking loss of gold
on the moving parts of the sample re-
duction machinery.

Equally the mineralogy of sold ores
can be very variable. Although native
gold predominates. ather gold minerals
can also be of economic importance.
Gold is also usually found in nature
alloved with silver in varving propor-
tions: placer gold tending ta be silver
poor (usually <20%). whereas many
Tertiary epithermal deposits  contain
silver-rich gold (>30%),

Gold tellurides. the other economic-
ally significant source of gold. include
calaverite (Au Tea). sylvanite ((Au Ay
Te.}: krennerite ((Au AgjTes) and pet-
zite (Ag:Au Tes). Unlike native pold.
the tellurides itll possess a strong clev-

age and a brittle. uneven fructure, As a

consequence. reduction of their particle
size by crushing. grinding etc. usually
presents no great difficulty.

Many ot the problems in mineral pro-
cessing which bedevil the liberation and
recovery of gold from either free-
milling or refractory ores also give rise
to  associated  difficulties  during
assaying. If. for instance, gold particles
are enciosed in gangue such as quartz,
then their dissolution by an acid, to
which the gangue is inert, will largely he
a function of the extent to which grind-
ing has liberated or exposed the gold to
make it accessible to the acid attack.
Similar problems are encountered in
cvanidation or flotation processes and
these can cause reduced recovery of the

Mining Magazine — May 1884
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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 volumetic
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
customn 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 for
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 arise from the particulate nature of
gold and the lew 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-saumples
for assaying purposes,

To put the matter into perspective. a
single spherical particle of gold about
1210 um in diameter (72 mesh) occurring
in a 100 g sample would impart a value
of just under 1 g Awt. This ts about the
cut-off grade for low grade open pit/
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 onlya 1in 10
chance of any single 10 g aliguot con-
taining the one goid particle and the
gold content of this sub-sample would
be either O g/t ar about 0 g/1.

Either way there would be little pur-
pose in assaving the 10 g aliguot he-
cause it would reveal nothing about the
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true mature of the ariginal 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 grade. re-
quired sampling variance. ete.. into
Gy's equation’* enables the weight of a
representative sample to be calculated:
or, for a given sample weight. the likely
variance ta be determined.

The second method is essentially
empirical; it involves the comminution
and steve analysis of a number of repre-
sentative samples and the assaying of
their resultant products. Ahlrichs® gives
an exeellent account of this type of
approach applied to the determination
of gold particle sizes in a low grade
(around 1 g/t) ore.

Additional useful information can be
derived from this technique if the screen
praducts 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 methad because it examines the
particle distribution of the gold after it
has been exposed to the deforming
effects of crushing and grinding. It 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
labaratary  for routine assiyving  pur-
poses,

Bearing in mind the aim, which is to
present the analyst with a
homoegencous, representative sample of
material for gold assaying, o s preter-

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

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. sulting.
Only random errors are acceptable

and. while some degree of rundom error
is inevitable, it should be kept within
reasonable limits if satisfactory data are
to be produced. The total random error
component Vg is the sum of the
variances generated at each stage of the
sampling {Vs), sub-sampling (V) and
assaying {(V4) processes.

e, Ve=Vi+ V4V,

The subject of sampling and sub-
sampling errors has been  discussed
elsewhere' -,

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 errars, that the sampling,
preparation and  assaving  flow-sheet
should be designed 1o ensure that the
errors gencrated at ecach stage of the
process are of a similar magmtude and
that. in sum total. they are compatible
with the purpose of the sampling
EXETCING
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Sample types

A large custom Iaboratory can expedt
to receive samples for gold analysis m
almost any form (solid or liquid). de-
pending upon their source. Whatever
form the samples take, it is stressed thats
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 nature of
the constituents, and indeed an order of
magnitude indication of the anticipated
gold content, can be generally valuable
in  selecting the most appropriate
methed of analysis. This is ene positive
contribution that the geologist/miner/
metaliurgist can make towards achiev-
ing more accurate assaving 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-
cetves a sample, weighing sav 145 g,
with an advice note saying panned
concentrate — please assay for gold™. Is
he to assume that the sample s
homogeneous and that he can. there-
fore. split off an aliquot for assaying?
May he assume alternativelv, that it can
be homogenised by further grinding or
must he find some means of assaying
the whole of the material in order to
produce a true” result? Could the sam-
ple actuaily 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
assaver, but what chance bas the Juck-
less prospector of making a strike if the
assayer is as ignorant or thoughtless as
mimseit? Certnly, if the geologist/
engineer were better informed about
the limitation of the technigues avail-
able to the analyst. he might be stimu-
lated to improve the guality of both his
I samples and the accompanying informa-
von. thereby making a positive con-
(tribution towards improving the quality
Lof the analysis,

Equally, there are times, possibly due
to ignorance or expediency, when the
analvst may be accused of blanket ap-
phication of a method which may not be
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wholly  appropniate,  Anyv  laboratory
which is concerned about mamtiumng
its ntegrity will doubtless make even
effort to select the most appropriate
analytical technique. but s heavily de-
pendent upon the client for gmidance in
making this choice. A continuing dia-
logue and exchange of information are
essential ingredients to establishing con-
fidence and reliability.

It 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

janswers 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 approprate 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 aceuracy are
(a) .desirable and (b)) pracucally
achievable,

® Similarly. what lower linnt of detee-
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 n fire assaying or ma-
jor elements which could cause in-
terference in chemical or  atemic
absorption analysis.

@ Advice on the possible form of the
gold in the samples. the gold particle
size and the range of values which
might be expected. would be of the
greatest use to the analyst in selecting
the most appropriate method.

Characteristics of
methods

While there is no anaiytical method
for gold which might be considered to
have umiversal  application,  many
methods are sufficiently flexible 10 per-
mit their adaptation to handle o wide
variety of sample types.

When selecting o suitable laboratory
a chent would be well wdvised to eonsid-
er the following points concernimg the
preferred characteristics ot an analynical
method and the tvpe of service that he
might  hope  to receive  from &
trboratory:-

® What types of samples does the
luboratory routinely hiundle? {1, ton
nstance. these runge between such
cxtremes as geochemical 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?

@ Is 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 minerbogy,

I could seriously affect the degree of

dissolution of gotd in the presence of

varying amounts of. say. carbonates
or sulphides. Elemental carbon can
have a similar effect.

@ Attention has already been drawn 1o
the effects of variations in trace.
minor and major element/mineral
content on the reliability of assay re-
sults. The clients should ascertain
whether the laboratory can demons-
trute experience and competence n
handling the type of sample which he
intends to submit for analysis.

® Lastly, performance: while a labora-
tory's reputation may ¢ount a greal
deal, only the most trusting {and
foolish) customer would submit sam-
ples for analysis withaut making
some provision for monitoring the
quality of the laboratory's perform-
ance. In addition to quality. other
performance factors such as wurn-
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around time angd cost must be taken
inte agcount. Fhere can be imstances
when excessive precision o qecuiagy
is unnecessary or could be snenticed
i order to achieve a more rapid or
cheaper  result. On-the-spot  col-
orimetrnic analysis for geochemical
hase-metal prospeeting is an example
of such expediency, The lack ot suit-
ahle,  simple  portable  anabyvticul
methods for gold was one reason why
pathfinder elements have often been
used in the scarch for gold, Inasimi-
lar vein, there must be many under-
ground managers who would warmly
welcome the advent of 4 method of
rapidly  determiming  whether  dhe-
velopment muck should be sent tor
ore or wasle,

Cost of assavig may or may nat be
important, 1t s obten a very small purt
of the total cost of acquinmg sampling
data and rarely qustifies skimping on,
Beware the cut-pnice offers. Cost-
savings produced by inereased etheen-
ey are one thing, but reductions through
the amalyst cutting corners e not
acceptable.

Quality control

There are two separate responsibili-
ties for quality control. The first lies
with the laboratory which must exercise
nigorous internal control in order to
protect its own integrity, and the second
resides with the elient whoo it he s to
have taith in his interpretition of the
results and at the same hme protect s
own professional eredibility, must insi-
tute some means of checking the re-
liability of those results, Quality contral
may take the torm of cither spot checks
ar routine monitoring,

Attempts to control the reliability of
analytcal data must commence cven
before the first sumple 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:-

(1) Definition of the objectives of the
sampling exercise. What is to be
assessed. what is the purpose ot the
estimations and what level of re-
liability can one reasonably expect
to achieve? This might be termed
the PLANNING PHASL.,
Determination of the nature of the
material to be sampled. What con-
straints does this introduce upon
sumpling and sub-sampling repre-
sentivity  and  upon  analvtical
accuracy and precision? This repre-
sents  the  DETERMINISTIC
STAGE OF THE ORIENTA.-
TION STUDY,

The EXPERIMENTAL STAGE
of the onentation study may in-
valve:
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Conmderanion ol how  the
natural and other constiats
gan he overgome and the de-
welopment  of  an  optimum
sampling campaign by sclee-
ton, after experimentation, of
the most eftective sumpling
methods, sample sizes, sam-
pling patteras andfor sampling
freguency.

Selection and tesung ot the
most approprute methods ol
preparing  and  sub-sumpling
these materials 0 produce
representative sub-sumples tor
analysis,

Selection of. and testing, «
suitable  laborasory  andfor
method of gold assaving to en-
sie sabslactory precision,
accuracy and consistencey of re-
stelts,

It s at this paint that an acceptable
procedure for the whole process can be
established. Equallv. it i~ only at this
stige, with the knowledge denved trom
the anentation study. that it s posstble
W devise an appropiiate method ot
quility control.

Ulltimately i 1y the client, who has o
use the analytical results m his inter-
pretation or assessment, wha must be
responsible tor ensuring the relinbiliry
of his data, To this end it wsually is pres
terable tor the sampling and sample
preparation operations to be under the
control of the elient.

The purpose of quality control in this
context iy 1o minmyse  the vanous
sources of error. bath natural and intro-
duced. to an acceprable level. Control.
wsual 10 the indireet sense. can only be
exercised by the client who has estab-
lished some procedure for monitoring
lahoratory  perfarmance. Without the
information provided by some form of
routine monitoring. no basis exists from
which to judge the guality of results
producea by an analyst or laboratory.
This applies equally to the sampling and
sample preparation progesses.

Errors to monitor

Before  discussing  the  vanous
methods of monitoring or  checking
laboratary performance it is essential to
reconsider the types of error which
mught be geacrated during  routine
analysis.

L}
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Acrcurdacy

Perhaps the most difficult parameter
to assess I8 accuracy. partly because it
can be masked by the effects of the
other forms of error and partly because
of the difficulty in determining o basis
for establishing exactly what s accurate,
The prablem ol determining i curacy is
probably nowhere better xemplified
than by alluvial gold o i diamongds

For mstanee, assavs o the total geld
contents of o oseries of ailuvisl sanples
may be hittle help to o placer miner,
although, of course. they nught repre-
sent accurate analyses o someone clse.
The placer mineris only interested nan
accurate assessment of, say, the plus
LG mieron gold. ie. that which he can
readidy recover i tus plant. He sull ie-
quires accuracy, but 1t s an accuriey
which is relative to a difterent standard,
Le. total recoverable gold ruther than
total gold content.

This example epitomises the problem
of accuracy for virtually all forms of
assaving: accuracy can only be judged
relative to some standard of performe
anece far cach techmyue., One may us-
ufiahly compare the accuracy of the re-
sults of atomie absarption  analysis,
neatron  activation analysis and tire
wssitving but it may not be valid w equ-
ate them.

The mmority of analvocal methods
probably have a slight tendeney to
under-estimate the absolute gold con-
tent because of their inability to estract
100% of the element for measurement
purposes. However, bias can anse in
any method for o variety of reasans, the
most comman possibly being incorrect
mstrument calibration. poor standar-
disation and interference of certam cle-
menty, Although cross-checkimg apamst
other methods or laboratories should be
a regular activity for both Taboratory
and client. it should be backed up by the
msertion of samples of known control
materil mto sample  batches on
routing basis. Also. in the absenge of
knowledge about the presence of any
clements likely to cause interference in
a particular analytical technique. the
conscientious analyst will undertake
spot checks. usually using some form of
rapid spectrographic scan, to cheek for
such elements.

Ultimately. it is up to theuser to de-
cide what level of accuracy is necessary
tor the task in hand. The geochemist
looking for subtle contrasts or anoma-
lies is more likely to be concerncd with
precision than accuracy. whereas to the
smelter and refiner a one-percent bias
error in assaying might mean the ditfer-
ence between profit and loss.

One potentially dangerous source of
bias is contamination. Although nor-
mally considered in the sense of the in-
troduction of higher vatues, the term is
cqually pertinent to the effects of diju-
tion. Because of the normally low con-
centrations in which gold occurs 10 natu-
ral materials, it takes the carceless intro-
duction of only very small quantities 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. 1t can be o hazard during
analysis when, for instange, samples ol
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varving tvpes or those coveriag a large
ringe of values are being assaved. [y
essentially bad practice which gives 1ise
to contamination. Washing out a pipet-
te between taking aliquots from indi-
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!

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 arise. 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-
lics 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 saving. If
the imprecision arises because of sub-
sumpling difficulties. due to the pre-
sence of coarse particulate gold. and
further homogenisation is impractical.
then the only alternatives remaining are
either to select a method which is cap-
able of assaving larger samples or else
to undertake replicate analysis. If costs
are about equal, the latter approach is
usually preferable af it provides addi-
tional information about within-sumple
variances.

Gross errors

Gross or illegitimate errors are usual-
tv. although not always, of sufficient
magnitude as 1o be readily detectable by
routine monitoring. They arise 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 stin-
dards.
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Dieliherate errors

Honesty is the ulimate test of the
reputation of an assaver, laboratory,
sampler cte. Dishonesty with the intent
to defraud may be 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 that
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 providing informa-
tion 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 dient and the laboratory.
While each has some part of the sam-
pling. preparation or assaying process
directly under his control, oniy the
client has the opportunity to monitor or
check every part of the process.

If there is any value to be 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 sampling programme
each may 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
wasting uime  and money on  im.
plementing detailed control procedures
if the end use of the data does not jus-

Ry —

tify it. but it wouid be even more irres-
ponsible if inadeguate quality control
was to annecessarily increase the risks
associatad with decision-making in any
large project. Sadly those projects
which are 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
€rrors or contamination, and a com-
bination of methods may be required if
comprehensive control is required.

Sampling

Turning first 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 vaniance 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-
ting of a sample and duplication or re-
plication of the treatment process at
each stage from samplirg through sam-
ple preparation to assaying. The
variances generated at each stage can
then be separately identified and
quantified®.

The sampling variance, V. contains
two components, Vi 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 V;, the inherent,
local, inhomogeneity of the solid or
broken ore or pulp. These two
variances are closely interrelated and
their individual effects are usually diffi-
cult to identify separately.

V) 1s a function of the sampte 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 aiso be a very significant factor for
sohd ores in which the valuable consti-
tuents are anisotropically distributed
throughout the mass.
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When recovery s TG dunnond
dridl ¢core 18 probably the most repre-
sentative hard-rock sampling method,
howeser, it the long axis of the hole s
incorrectly onentated. 1t can introduce
a considerable hias to the results if the
are values are anisotropically  distri-
buted. It 15 possible to obtain a good
estimate af V; by conducting a sufficient
number of duplicate or replicate analy-
ses of sliced diamond dnll core. This
assumes that Vs by far the dominant
contributor 1o the value of Vq in such
circumstances. Alse, in order 1o isolate
V fram the total variance V. the other
components Ve, and V., must be quan-
tified. This is most readily achieved
when duplicate core sampling 15 under-
taken as anintegrated 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 assayving can, f
done v uncontrotled 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 100 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 isintended to
ensure that the purely mechanical re-
quirements continue to be met, while
the second is a check on vanance.

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-
cle 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.

4/4

Chn g routine basis, and at fanly fre-
quent imtervals, the other halves of the
various sample splits should be  on-
processed and assaved as o cheek on the
level of vanance being gencrated. 1 at
any ume thas is found 1o depart sigmifi-
cantly from the designed level, the
cause should be sought.

The sereen assay method deseribed
by Ahlrichs’ can be emploved as a way
of assessing any coarse gold problem
when, for instance, new ore types are to
be treated or as 4 means of investigating
possible sources of bias,

In sample preparation, as with sam-
pling. cleaniiness and good practice are
essential if the products are to be a reli-
able quahty. The tasks may be routine
and uninspiring. but they are respansi-
ble ones requirtng trustworthy em-
ployees and conscientious supervision.
Control of the quality of sampling and
preparation progesses is very often a
blind spot for many people. who may
lavish excessive efforts on checking the
assay laboratory but fail 1o recognise
the shortcomings in the preceding
stages, Control of assaying 15 the easier
and more obvious procedure to imple-
ment. Even so. however well it is car-
ried out, if it 1s 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
gases 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
is 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:-
Standard  samples  of nternationally
accepted reference material. These can

e used as oo check againsl accunacy
precision and deliberate gross enaos
but only it the materal s simtlar
appearance and character o the sam
ples which it is meant to contral. Such
reference material s often expensive
and 1t 1s usually impragtical to use it for
anything other than the ogeastonul spor
check on “accuracy’

Control samples may be  prepared
from similar, representative bulk sam
ples of the type of materal it is desired
to control. Physically and mineralogi
cally these control samples must resem
ble the sample batches into which they
are nserted if thev are to be non
identifiable and a fair check. The tfre
quency of their insertion, which de
pends upon the level of reliability
sought. may range from 1in 2 to 1 in 20

. or more if confidence in the laboraton
is justifiably high. The inserted contre
samples should not be evenly spaced
ie. a lin 10 insertion rate does no
mean that everv teath sample 1s a ¢on
trol but rather that in & hateh of say 100
samples ten controls have been mserted
at random. Also it goes almost withow
saying that sequential numbering ol
both samples and their included con
trals is a necessary part of the disguise

If the presence of particulate gold i
at all likely to give rise to sub-sampling
errors in the control samples then the
bulk material should be sieved at a suffi-
ciently fine screen size to remove all but
the finest particulate gold, Control sam-
ples are intended. after all, to guantfy
assaying errors and this task should not
be hampered by the needless introduc-
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’ o1
‘unknown’, the correct value for the for-
mer having been accurately pre-
determined prior to its adoption as o
control. The value for the latter is deter-
mined progressively as a result of its usc
as a control and it is therefore limited in
use to monitoring precision only.

Whether more than one control
y needs to be m use at any one time de-
pends largely upon the range of value:
to be controlled. It may be that therc
are certain particular levels that are cri-
tical to decision-making which need t
| be specially controlled, such as cut-ofi
,grade, tailings grade. head grade etc
These requirements can obviously bt
catered for by the use of more than ond
control. Exploration and developmen
samples often cover a very wide rang
of values and it may be necessary to em
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ploy a number of contrels to cover this
range. especially if the data is to be used
for ore reserve purposes. Because
populations of gold values of smali sam-
ples from natural materials tend to dis-
play logonormal distributions there are
relatively few very high values. Howev-
er, in determining 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 accuracy,

Blanks or barren control samples can
be very helpful in checking for deliber-
ate errors, gross €rors or contamina-
tion.

Submission in Duplicate is an alterna-
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 renumbered. This can be a use-

ful check on precision. but it supplies no
information about accuracy or dishon-
esty.

Cross-Checking by submission of
either all or selected samples to another
laboratory can be 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, if time is not critical, retros-
pectively.

Control by the
laboratory

Control within the laboratory cannot
reside with the assayer; he is too direct-
Iy 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
client, he can also check assayer against
assayer and method against method. He
can institute double-checking proce-
dures such as stage repeats and, for wet
methods, he can submit known or stan-
dard solutions as a check on accuracy,

Every laboratory which is concerned
about producing reliable results must

continually strive to mininuse all signifi-
cant sources of error. This can only be
achieved by exercising continuous con-
trol over all stages of the assaying pro-
cess.
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INTRODUCTION

Sulitjelma is situated in a copper-mining field amongst
medium grade metamorphic rocks. The most interesting discovery
in recent yvears 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 Sj¢gnstf 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 areca. 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 Sj¢gnstd Group the band of metavolcanic also
forms a resistant feature. Glaciation has left the outcrops
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 Sjé#nst& 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 Kekwiek, in press) so the stratigraphy is deseribed 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 some carbonate. It sometimes shows dark and light
banding of variable thickness ( €1m,) 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 distinet-
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 em., 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 graphitie 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 erusts. 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).



SJPNSTR GROUP

The lower stratigraphic part of the Sjgnstf Group was
studied and it was found to be a fine, grey to grey-green schist
with much quartz veining. In thin section the roeck 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
litheology 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/Sjgnstf contact is not clear. Dark schistose
rocks alternate with the pale-weathering rocks of the Lower
Furulund until gradually the schist becomes recognisable as
Sjgnstd. 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/Sjgnstf
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 em. across) ring-shaped fossil (confirmed
as such by Zachrisson, Gustavson and S¢gyland-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 S¢gyland-Hansen.



KJELIZVARN METADOLLERITE

This has been called metadolerite because they have 1be
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 sometimes 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 11) 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 ecleavage 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 Sj¢nstg Group. There were several stages of

vein intrusion. Some veins are pre-D2 because they show
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Fig. 1. Fold showing pressure solution.



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 gquartz
and calcite veins throughout the area particularly in the
Sjgnstf Group (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 tiirow 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 forming the tops of knolls are
cambered. Occasionally a schistosity is manifested by the sub-
parallel arrangement of black amphibole ¢rystals, 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.



Fig. 3. Boudinage of quartz veins in the

Sj¢nst8 Group.
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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 Henleyv's garnet /fhornblende/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 coccurrence as small grains. The
norphyroblasts 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. thiek.

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



There are two tvpes of porphyroblast present in the contact
zone: cordierite and andalusite. They have been obscrved
within a few millimetres of each other. Within these there
are & 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.

muscovite

Fig. 5. D2 and D3 schistosity shown in

thin section.



CONCLUSIONS

THE STRATIGRAPHIC RECORD

The sequence i1s continuous and inverted. According to
Zachrisson (pers. comm.) the evidence of inversion furnished
by the pillow lavas is a minor detail in an upright seguence.
This scems 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/8j¢nstg boundary.

The inverted sequence is one of rocks formed under
oceanic conditions. The stratigraphie history of this seguence
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 Sj¢nstg Groups, which have been studied in part for this
exercise.

The inverted graded bedding and pillow lavas located in
the study arca 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
and Zachrisson (pers. comm. ) how little interpillow sediment
was present in the lava flow. While interpillow sediment is
not a sine gua non for pillow lava, although it was suggested,
it may indicate that the lava erunted under shallow water in
which high current energy prevented sediment deposition. A
shallow water enviroament 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 Sj¢nst8 Group are interpreted by the
author as wvolcanic bombs and thus provide more evidence of
volcanism. The discentinuous horizons of white-weathering
slightly schistose rocks in the Lower Furulund, which Sjdgren



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. 1In thin section the rocks do indeed
resemble metasedimentary quartzites. On the other hand there
is the exposure (GR 32281360) already described, whieh 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 enisodes 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.
METANORPHISM

Because the occurrence of porphvroblasts 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 Fez+ and Mg between garnet and biotite has given a temperature
of 4090C, 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 colcurless 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. Ipidote
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

N

Fqual area, lower hemisphere projection of D2 schistosity
(s« ), D3 schistosity ( ¢ ), minor fold axes ( 4 ), poles
to axial planes of minor folds ( ® ), and mineral lineations

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

synchronous with either D2 or D3.



APPENDIX III

The Most Suitable Outcrops of Kjeldvann Metadolerite to be
Extracted for Use in Building.

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 outcrops and to a
small extent in different parts of an intrusion.

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



Inverted Pillow Lava at the Base of the Furulund Group, Sulitjelma

G.R.P. Kekwick

Overturned pillow lavas have been discovered near the base of the
Furulund Group and indicate regional inversion of the thick sequence
of metasediments structurally below the Sulitjelma Ophiolite. These
lavas and other volcanic rocks imply that the copper ore of the Kong
Oscar Field at the base of the Furulund Group is a stratabound volcano-
genic deposit, which suggests that other ore deposits may be present

in the same horizon.

Introduction

The long established copper-mining district of Sulitjelma Ties
in the Norwegian part of the Caledonian orogenic belt, at 679 10'N,
15° 20'E, close to the border with Sweden. The rocks in this area are
regionally metamorphosed, and situated between post-metamorphic thrusts
of low grade rocks in the Swedish Caledonides and the axial zone of the
Caledonides in Norway, where high grade rocks show large scale folding.
The continuation of mining in the district is dependent upon the dis-
covery of new ore bodies by study of the structure and deformation history

and by deep exploration.

Early workers assumed that the succession was continuous and upright
because the Furulund Group was bounded above and below by different
formations, the Sulitjeima Amphibolite and Sjﬁnstg Groups respectively.
Another observation, which has been adduced since as evidence of an up-
rignt succession, was an assemblage of fossils discovered at the base
of the Furulund Group by von Schmalensee, working under sjogren (1900).

Yogt (1927) produced a detailed map of the locality and showed a photograph



of a colony of bryozoa. Although Vogt did not refer to its orientation
it has generally been assumed (e.g. Nicholson, 1966) that the fossil

colony was in growth position and upright.

R different interpretation of the structure of Sulitjelma was
proposed by Kautsky (1953), who had worked on the adjacent part of
the Swedish Caledonides. He described the SulitjeIlma sequence as being
comprised of three post-metamorphic thrust nappes. Since then there
has been considerable discussion of nappe interpretation in an upright
succession (for a review see Wilson, 1973). In 1979 inverted pillow
lavas were reported in the Sulitjelma amphibolites {Boyle, Griffiths
and Mason, 1979}. A new model to account for this inversion with a fold
nappe structure has been put forward recently by Boyle, Hansen and Mason
(1984). This has been supported by the downward facing of early folds,
shown by graded bedding (Kirk and Mason, 1984) which indicates regional

inversion at the top of the Furulund Group.

With evidence 1imited the way up of the succession has remained
conjectural. New field evidence supporting regional inversion is
described below. 1Its implications for the geology of the Kong Oscar
ore deposit are discussed and its contribution to the clarification of

the structure of Sulitjelma considered.

The Inverted Pillow lLavas

The Furulund Group is a thick sequence of metasediments with
occasional volcanic horizons near the structural base. In this Group,
within 600 m. of the boundary with the structurally 1ower-Sj¢nst3 Group,
there is an extensive outcrop of pillow lavas with two smaller outcrops
to the north-east (Fig. 1). Pyroclastic volcanic rocks, the nature of
which is obscured by metamorphism, also occur adjacent to the contact

with the Sj¢nstg Group.



Pillow lava is exposed on flat joint surfaces cutting nearly
vertically through the flows. The evidence that the pillows are
inverted are the rounded and convex surfaces, now on the bottom of
the pillows, originally above, and the existence of concave surfaces
and cusps (Fig. 2), now pointing skyward, where pillows filled the gaps
between the underlying pillows when they formed. Interpillow sediment

is very rare.

Vesicles frequently occur in the lava and are usually filled by
quartz, biotite, calcite and plagioclase. Some exhibit a plano-
convex lens shape confirming the way up determined from piliow shape.
The mineral assemblages in the lava are mainly metamorphic, the principal
minerals being quartz, biotite, albite (Ans) and calcite with some
epidote, zoisite and chlorite. These occur as large crystals in a fine

dusty matrix and some show a variolitic texture,

Discussion

The pillow Tavas at the base of the Furulund Group result from
a period of submarine volcanism which took place after the formation
of the rocks of the Sulitjeima Ophiolite and the deposition of most of

the Furulund Group.

The presence of biotite in the lava may indicate that it was
originally high in potassium, suggesting a more continental source for
the lava than that of the ophiolite. However, the surrounding meta-
sediments are also rich in biotite, providing a possible source for
metasomatic potassium. Vogt (1927) and Nicholson (1966) suggest that
the volcanics near the base of the Furulund are spilitic, which is
supported by the presence of sodium-rich plagioclase, although there is
no analytical evidence that the rocks are enriched in sodium. The

presence of coexisting calcite and sodium-rich placioclase suggests that



the rock is not necessarily sodium-enriched overall,

That the pillows formed in a shallow marine environment can be
deduced from fossil fauna in the adjacent marble bands. The
rarity and coarse grain-size of the interpillow sediment indicates

that the environment had a high current energy.

The parts of the Furulund Group near the denstg Group in
the area east of Lomivann have been described by Nicholson (1966)
and also contain volcanic rocks. These may be the approximate stratigraphic
:quivalent along strike of the pillows described here. They are
highly variable, consisting of pyroclastics and structures which
Nicholson described as being 1ike pillows but lacking certain
diagnostic features. Submarine lava usually expresses itself as pillow
breccia, well-shaped pillows being unusual. Henley (1968) reproduces
a photograph of some of these volcanics which look 1ike pillows in
a hyaloclastic matrix, i.e. pillow breccia. Vogt (1927) illustrated
a thin section of this rock which has a texture similar to the lava

of the present paper.

The presence of a horizon of volcanics at the structural base of the
Furulund Group suggests that the copper ores of the Kong Oscar Field
{1ying within the volcanics) may be stratabound volcanogenic deposits,

and therefore further ore bodies may exist in this horizon.

There are no minor folds in the vicinity of the pillows which
could have caused their local inversion, nor larger scale disturbances.
The piliows, therefore, indicate that a substantial body of rock is
inverted. This agrees with recent predictions of widespread inversion
(Boyle et. al., 1984; Kirk and Mason, 1984) but contradicts the
supposed evidence of uprightness furnished by Vogt's illustration of

a fossil bryozoan colony (1927) from the marble bands at the structural



base of the Furulund Group. The photograph does 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 (who took all the laboratory photographs)
it can be assumed to have been photographed in the laboratory. Nowhere
in the text did Vogt state that the fossils were found right way up.
Thus in the sequence structurally below the amphibolites all evidence

of way up so far discovered shows that it is inverted.

More recently, on the evidence of graded bedding in the upper
part of the Furulund Group it has been suggested that the whole
Group is inverted (Kirk and Mason, 1984). However, graded bedding may
not be a reliable indicator of way up. The present evidence from pillow
Javas is unequivocal. Since it lies at the structural base of the
Furulund Group, close to the interbedded stratigraphic contact of
the denstg Group, it seems 1ikely that not only is the Furulund Group
inverted but perhaps part of the denstg Group as well. Such a
conclusion supports the hypothesis of Boyle et al. (1984) that much

of the Sulitjelma area forms the inverted 1imb of a recumbent regional

fold.
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FIGURE CAPTIONS

FIG. 1 Geclogical sketch-map of Sulitjelma.
FIG. 2 Inverted pillow lavas in the Furulund Group showing the
incurved upper surfaces and convex lower surfaces, which

signify inversion.
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SAMPLE PACKAGING AND 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.

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

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

(3) 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.

(4} 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.

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

(6) All international sample shipments should be clearly marked as follows: "GEQLOGICAL
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
(b) Sparks, Nevada — telephone: (702) 356-5395
{c} Mississauga, Ontario — telephone: (416) 890-0310

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

(o) 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

(1) Instruction in accepted soil, sediment and water sampling 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.

{2) Consulting services and applied research in analytical chemistry.

FIELD KITS, CHEMICALS AND SUPPLIES

Price

(1) CXCopper — 500 determinations $240.00

(2) CXHeavy Metals — 500 determinations 240.00
(3) Replacement chemicals for CX Copper or CX Heavy Metals

Kit — 400 determinations 125.00

(4) Acetate — Tartrate Buffer, pH 6.5 — 2 litres 85.00

{5) Zinc Spot-Spray Test Reagents 50.00

(6) K-Feldspar Staining Kit 120.00

Sample Bags — Geochemical

Waterproof, kraft wet-strength bags are available at cost and are recommended far soil, stream sedi-
ment and biglogica! 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 do/lars or U.S. equivalent.
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LAB PREPARATION OF GEOLOGICAL,
GEOCHEMICAL AND BIOLOGICAL MATERIALS

Sample handling and preparation procedures are as important as field sampling techniques. A pooriy
prepared sample is neither representative of the material obtained in the field nor can it be analysed
with any degree of contidence. For this reason we spend considerable time studying handling and
preparation procedures for each project.

Prep.
Code*

Sample Type

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

MISCELLANEQUS

221 Water

227 Pulp

261 Pulp

231

216

230

219

251

Preparation Procedure Price/Sample

Dry, sieve through -80 mesh screen $ 070

Dry, sieve through -80 mesh screen and 1.00

save + 80 mesh fraction

Dry, sieve through -35 mesh screen 2.00

and ring pulverize to approx. - 100 mesh

Crush, subsample and ring pulverize to approx. 2.50

-100 mesh. Over 2 |bs. see code 251

Ring pulverize to approx. - 100 mesh 2.00

Ring pulverize to approx. - 100 mesh 2.00

Milled to -20 mesh 4,00

Separation of heavy minerals having a 14.00

specific gravity greater than 2.96.

Ring pulverize to -100 mesh

No additional preparation required NiC

Primary and secondary jaw crushing, $ 375

tertiary cone crushing, rotary pulverize and screen

to -100 mesh. Screen is examined 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 375

No additional preparation required NIC

No additional preparation required NIC

Rolling charge (Homogenizing pulp) $ 1.00

Compositing charge (Combining pulps} 1.00 per
included sample

1- Assay ton fire assay — surcharge 1.00

Screen to - 140 mesh — surcharge 1.00

Screen to -200 mesh — surcharge 2.00

Samples requiring additional drying 2.00

Overweight charge on assay samples > 15 Ibs. {7 Kg) 0.25/1b.

and geochem samples » 2 Ibs. (1 Kg)

* Ceeurs in the first column of each certificate aof analysis.



GEOCHEMICAL ANALYSES

Soil, sediment, rock and biogeochemical materials.

INSTRUMENTAL AND CHEMICAL ANALYSES
Group A — Gold & Platinum Group Elements *

Element Detection Limit
Gold (Aqua regia digestion — MIBK ext) 10 ppb
Gold(F.A.&AA) 5ppb
Gold(F.A & N.AA) 1 ppb
Gold (Direct N.AA) 50 ppb
Gold, Platinum (F.A. & N.A.A) 1,20 ppb
Gold, Platinum, Palladium (F.A. & A.A.) 5, 100, 20 ppb
Rhodium (F.A. & AA) 2 ppb
Gold ) 5 ppb
Iridiumn ) Nickel Sulfide — fire assay 5ppb
Osmium ) collection with neutron 5ppb
Palladium ) activation finish 5ppb
Platinum ) 5 ppb
Rutheniurn) 5 ppb

F.A. & AA, — Fire Assay preconcentration with Atomic Absorption Analysis
F.A. & N.A LA, — Fire Assay preconcentration with Neutron Activation Analysis

Direct N.A.A. — Activation analysis of -100 mesh sample pulp

* Miimum of 60 grams required for piatinum and paliadium,
and 10 grams for gold analysss.

Group B — Perchloric-nitric acid digestion **

Element Detection Limit
* Cadmium 0.1 ppm
* Cabalt 1ppm
Copper 2ppm
Iron 2 ppm
* Lead 1 ppm
Manganese 5ppm
Molybdenum 1ppm
* Nickel 1 ppm
* Silver 0.1 ppm
Zinc 1 ppm

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

* Background correction applied to atomic absorption analysis at no additional cost

** QOther digestion techniques available on request,

Group C — Elements requiring specific digestion, extraction and
analytical technigues.

Element Detection Limit
* Antimony 0.2 ppm
* Antimony & Bismuth (on same sample) 0.2 ppm
Arsenic 1ppm
Beryliium 0.1 ppm
* Bismuth 0.2 ppm
Carbon (Total) 20 ppm
Fluerine 20 ppm
Gallium 1ppm
Mercury 5 ppb

Prices in Canadian doilars or U.S. equivalent,

Price/Sample

$ 5.00
6.25
6.25
8.50

12.50
14.25
6.25

6 elements—
$75.00

Price/Sample

1st element — $2.00
Each additional element —

$0.80

Price/Sample

$3.75
5.75
3.25
4.00
3.75
6.00
4.00
5.00
4.00
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GEOCH EMICAL ANALYSES (continued)

Soil, sediment, rock and biogeochemical materials.

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

Element Detection Limit Price/Sampile
Nigbium 5ppm $7.00
Phosphorus 5 ppm 4,00
Selenium 1 ppm 5.00

* Silver (Aqua regia digestion} 0.1 ppm 200
Sulfur (Total} 20 ppm 6.00
Tellurium 0.05 ppm 5.50
Thallium 0.1 ppm 5.00
Tin 2ppm 400
Tungsten 2 ppm 4.00
Uranium {Fluorometric Analysis) 0.5 ppm 3.75
Uranium {Neutron Activation Analysis) 0.5 ppm 375

* Background correction applied o atomic absorption analysis at ne additional cost

Group D — Perchloric-nitric-hydrofluoric acid digestion.

Element Detection Limit Price/Sample
Aluminum 10 ppm 1st element — $4.00
Barium 10 ppm Each additiona! element —
Calcium 10 ppm $2.00
Chromium 5 ppm
Lithium 1ppm
Magnesium 2 ppm
Rubidium 1 ppm
Strontium 1 ppm
Titanium 5 ppm
Vanadium 5ppm

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

NEUTRON ACTIVATION ANALYSIS

Soil, sediment and geological materials.

Element Detection Limit Price/Sample
Antimony 1 ppm 1st element — $7.50
Arsenic 1ppm Each additional element —
Bromine 2ppm $2.00
Cesium 1ppm

Hatnium 2ppm

Tantalum 2ppm

Thorium 1ppm

Tungsten 1ppm

Quantitative Rare Earth Scan.

Cerium 2ppm 1st element — $10.00
Europium 1ppm Each additional element —
Lanthanum 1 ppm $5.00
Lutetium 1ppm

Neodymium 5ppm

Samarium 0.1 ppm

Terbium 1ppm

Ytterbium 1ppm

Prices in Canadian doliars or J.S. equivalen!



MULTI-ELEMENT ICP ANALYSES

Soil, 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 tor 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
Detection HCIO, HCIO, Detection HCIO, HCIO,

Element Limit HNO, HNO, Element Limit HNO, HNO,

HF 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 Silver 0.2 ppm X X
Calgium 0.01% X Sodium 0.01% X
Chromium 1 ppm X Strontium 1 ppm X
Cobalt 1 ppm b ® Titanium 0.001% X
Copper 1 ppm b ® Tungsten 10 ppm X
Iron 0.01% X X Vanadium 1 ppm X
Lead 2 ppm X X Zinc 1 ppm X X
Magnesium 0.01% X
Digestion Price/Sample
Perchloric-nitric acid (HC10, - HNO,) 13 elements — $8.00
Perchloric-nitric-hydrofluoric acid {HCIO, - HNO, - HF) 13 elements — $10.50

24 elements — $13.00

WHOLE ROCK ANALYSIS

(Constituents in Percent) — Price/Sample
SiQ,, AlLQ,, Total Fe (as Fe,0), TiO,
MgO, Ca0, Na,0, K,0, P,0,, MnO & LOI $25.00
Additional constituents FeQ, S, Ba, CO,
H.0+, H,0-, each — $ 6.00

EMISSION SPECTROGRAPHIC ANALYSIS

Soil, sediment, rock and biocgeochemical materials. Price/Sample

20 element semiquantitative spectrograph analysis —
Sb, As, Ba, Be, Bi, B, Cd, Cr, Ce, 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, 5i, Ag, Na,
Th, Sn, T, V,Zn & Zr $30.00

Individual or additional elements — § 8.00

Prices in Canadian doilars or U.S. equivalent.



IS Chemex

ASSAY FEES

Geological, Mineralogical and Metallurgical Materials.

Element

Price/Sample

Gold (Fire Assay & Gravimetric Finish) $ 7.50

Gold (F.A. & A.A. Finish)
Gold (Fineness)

Gold {(Bullion)

Gold & Silver (F.A)

Palladium (F.A. & A.A. Finish)
Platinum (F.A. & A A, Finish)
Platinum & Palladium (F.A))

Silver (A.A.)
Silver (F.A.)
Silver (Fineness)

Aluminum
Antimony
Arsenic (N.ALA)

Barium (Gravimetric)
Barium (N.A.A)
Beryllium

Bismuth

Bromine (N.A.A.)
Buik Density

Cadmium

Calcium (A.AL)
Calcium (Volumetric)
Carbon

Carbon Digxide
Cerium (N.A.A.)
Cesium (N.AA)
Chlcrine

Chromium (A.A)
Chromium (N.A.A)
Cobalt

Copper (Total)
Copper (Non Sulphide)

Fluorine

Gallium {(N.A.A))
Germanium

Hafnium (N.A.A)
Iron (Total)

Iron {Acid Soluble)
Iron (Ferrous)

CONCENTRATES — Replicate assays of concentrate materials at three times list price.
CONTROL AND UMPIRE ASSAYING — By Quotation.

7.50
30.00
50.00
10.50

24.00
24.00
30.00

7.50
7.50
30.00

8.00

10.00
8.00
10.00

Element

Lanthanum (N.A.A.)
Lead

Lead (Non Sulphide)
Lithium

Loss on Ignition

Magnesium
Manganese
Mercury

Moisture
Molybdenum (Total)
MoS, or MoQ,

Neodymium (N.A AL
Nickel
Niobium

Phosphorus
Potassium

Rhenium (N.AA.)
Rubidium (N.A.A)

Scandium (N.AA)
Selenium (N.AA)
Sitica (Insoluble)
Silica (Fusion)
Sodium

Specific Gravity
Strontium

Sulfur (Gravimetric)
Sulfur (Induction)

Tantalum (N.AA))
Tellurium

Thorium (N.AA))

Tin

Titanium

Tungsten (Colorimetric)
Tungsten (N.AA)

Uranium (Fluorometric)
Uranium {N.A.A)

Vanadium

Zinc
Zinc (Non Sulphide)

Price/Sample

$ 8.00
5.50
7.00

10.00
5.00

800

10 00
10.00
6.00
10.00
9.00
6.00

8.00
20.00
8.00
8.00
10.00
10.00
8.00

10.00
8.00

10.00

5.50
7.00

PRIORITY FIRE ASSAYING FOR SILVER AND GOLD: 48 to 72 hour rush service up to 20 samples per

client, per day or as volume permits. The cost will be 50% above regular schedule.

Prices in Canadian dollars or U.S. equivalent.



RADIOISOTOPE ANALYSES

Chemex radioisotope 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 Gamma spectroscopy [Ge (Li)] systems.

RADIOCHEMICAL ANALYSIS

Water.
Absolute

Analysis Detection Limit Price/Sample
Gross Alpha 0.05 Bg* $ 25.00
Gross Beta 0.15 Bg* 25.00
Gross Alpha & Beta 0.05, 0.15 Bqg* 40,00
Lead™® (Total or dissclved) 0.05 Bq 60.00
Polonium®® (Total or dissolved) 0.01 Bq 50.00
Potassium* 0.005 Bq 30.00
Radium?® (Total or dissolved) 0.01 Bq 60.00
Radium®® (Total and dissolved) 0.01 Bq 100.00
Thorium Isotopes (Total or dissolved)

Thorium?*, Thorium?*, Thariym?: 0.05 Bg 75.00
Thorium®2 (Neutron Activation) 0.2 ug 20.00
Cesium™™ 0.1 Bq 40.00

* Detection limits may be siightly higher for waters high in tota! solids.
All detection limiis reporfed a! the 95% confidence level.

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

Isotope Detection Limit {sotope Detection Limit Price/Sample
Ra#s 0.005 Bq/g Pp? 0.005 Bg/g 22 isotope
Lne 0.05 Bg/g Bz 0.005 Ba/g gamma scan —
Thi 0.05 Ba/g pPo* 0.005 Balg $100.00
Po#4 0.005 Bq/g T{eea 0.005 Ba/g
Ppae 0.05 Bq/g y=s 0.01 Bg/g
Ra* 0.005 Ba/g Kee 0.01 8a/g
Az 0.005 Ba/g CsW 0.002 Bq/g
Thaz 0.005 Bg/g Rna22 0.005 Bq/g
Ra®* 0.005 Ba/g Po?e 0.005 Bqg/g
Rn2 0.005 Balg Phy2 0.005 Bqlg
po#e 0.005 Ba/g Biz 0.005 Balg

Nare: Requires a minimum of 100g of sample material
All detection limits reported at the 95% confidence fevel.

Prices in Canadian dotlars or U S. equivalent,
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WATER QUALITY ANALYSES

Price/Sample

Alkalinity & Acidity $10.50

B.O.D. (5-day Biochemical
Oxygen Demand) 26,00
Boron 20.00

Carbon

— Total Organic Carbon 21.00
— Total Inorganic Carbon 10.00
C.0.D. {Chemical Oxygen Demand) 28.00
Chloride 10.50
Chlorophyll 27.00
Colour 6.50
Conductivity 6.50
Cyanide 30.00
Dustfall 32.00
Fluoride 8.75
Hardness — Total 10.50
Nitrate-Nitrites — NOX 14.00
— NO, 14.00
— NGO, 10.50
Nitrogen-Kjeldahl 17.00
Ammonia 12.50
Oil & Grease 20.00
Oxygen — Dissolved 6.00
pH 4.00
Phenols 26.00
Phosphates — Total 13.00
— Ortho 8.50
— 3ppb det. 16.00
Silica 11.00

Solids — Total, Dissolved,
Suspended — each 10.50

+ Volatiles on

above — each 3.00
Sulphate 10.00
Sultide 17.00
Surfactants (MBAS) 26.00
Tannin & Lignin 13.00
Turbidity 6.00
Thiocyanate 11.00

Price/Sample

Metals — Cd, Cr, Co, Cu 1st element
Pb, Mn, Mo, Ni, Ag, Zn — $11.00
— total/dissolved, Each additional
by pre-concentration element — $5.00
or solvent extraction

— to 1 ppb

Metals — Cd, Cr, Co, Cu 1st element
Fe, Pb, Mn, Mo, Ni, Ag,Zn — $6.00
— by direct AA Each additional

analysis — to 20 ppb elemant — $4.00

Metals — by specific analytical

techniques

— Aluminum 10.00
— Antimony 16.00
— Arsenic 18.00
— Barium 10.00
— Caleium 10.00
— Lithium 10.00
— Magnesium 10,00
— Mercury 21.00
— Potassium 10.00
— Selenium 18.00
— Sodium 10.00
— Strontium 10.00
—Tin 16.00
— Uranium 16.00
— Vanadium 10.00

Biological Parameters

Bioassay — 24-hour Static By
— 96-hour Static Quotation
— 96-hour Multi Dilution

— 96-hour Trout Check

Taotal Coliform 22.00
Fecal Coliform 22.00
Total and Fecal Coliform 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 botties and instructions for the collection, treatment and shipping of water samples

are available on request.



DATA TRANSFER AND PROCESSING SERVICES

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 fieid offices can further reduce the turnaround time.

COMPUTER DATA BASE

To streamiine exploratian, all analytical data generated at Chemex Labs, sin¢ce 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-UP ACCESS

At client request, certified assay and gecchemical data can also be stored in a password-protected,
client-dedicated, account. These dedicated timesharing accountis can be accessed, 24 hours a day,
by authorized client geciogists located anywhere in the worid, 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 DATA TRANSMISSION

The terminal receiving the ancoded data can be as simpile as a portable printer or as complex as a
mainframe computer system, Any personal computer with cammunications software and a modem
can be used 1o retrieve data irom a Chemex Labs timesharing account. Geochemical data are
available in formats which are directty 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 rapidiy evaluate, sort, merge and printout masses of
geochemical data in a variety of formats suitable for inclusion in exploration reports.

For further infarmation on these exclusive services ask for our data distribution and management
systemn 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, magnelic 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
COAL TESTING AND ANALYSES Price list on request
HYDROCARBON ANALYSES Price list on request
BULK CARGO SAMPLING AND ANALYSES By quotation

10



7 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
Mississauga, Ontario
Canada, L4Z 1R5

Telephone: (416) 890-0310

155 Glendale Avenue, #7
Sparks, Nevada
U.S.A., 89431

Telephone: (702) 356-5395



for time and cost-efficient results

Bulk Cargo Commodity Testing

Chemex provides etficien:. independent

sampie analyses vital 1o prom;
tion of import and export carg
Quality assurance analv
ano AQAC Standard Procecqutes are
nducied on a growing range of
ma:erais incluging
coal
minerat concentrates
petrochemical proGcuc:
propane
wood chips
fartilizer
| potash
sulphur
agricultural products
a wide variely of chemicals

[
e —

Computer Data Processing
Chemex professionals are consiantly
developing and sireamiining compuier
Sysiems anu procedures o ver the
rapid rellable data exploration programs
requirg

Qur VAX 11750 comgui
us to expandc gur Cata base é
data management services providing
greater flexibility in farmatting analytica
data and inlerpreting stat nforma-
tion sh:ough our Q'Gas Daia Anaivsis
System

Qur seryice provides high speed dala
transmission to our clients remate termi-
nais and indefinite storage of client data

Chemex Labs Ltd.

Qur Chemex leam of analytical chemists
assayers lechnolagists and technicians
work round the CH 0 C

ana

ec
.
i

We at Chemex are proud of our reputa
tion for innovative efficient prompt
reliatyle s €

)
Chemex Labs Ltd.

212 Brooksbank Avenue
North Vancouver. B C
Canada, V7J 2C1

Telephone (6C4) 984-0221
Telex 04-352597

1585 Glendale Avenue. #7
Sparks Nevada
USA 8943

Telephone (702) 356-5395

450 Matheson Bivd E _#54
Mississauga, Ontario
Canada L4Z 1R5

Telephone {(416) 890-031C




pioneers from the start

Chemex — one of the largest commercial laboraiories in the Pacific Rim

provides analytical, technical and

cansulting services for clients in industry and government the world over

While trace metal analysis and assaying remain the primary focus of our activities, technological advances
have enabled us to substantially expand and diversify our operations

technigues either separately or simultaneously

Innovation
canstant in our strategy for growth

Chemex was one of the first laboratories to

] develop commercially viable applications of neutron activation

analyses

1 build separate and extensive laboratory facilities designed on a
modular concept, ensuring peak efficiency in the handling.
preparation and processing of all materials in a conirolled

environment

1 design equipment and sysiems t¢ our own specifications,
improving efficiency in operations and increasing the quality of
results (ltems range fram constant-temperature water baths and
perchloric acid fumehoodis to pneumatic controllers for our
pulverizers . . . and a continuous. chain auto-loading device for

neutron activation samples )

Today our comprehensive services include:
1 chemical and geochemical analysis
assaying
I neutron activation analysis
(1 plasma (ICP) spectrographic and
chromatogranhic techniques
[ environmental sampling
monitoring and analysis
] coaland coal ash analysis
[ bulk cargo commadity testing
[ data management and
project coerdination

Centralization of operations in Vancouver affords .
Chemex professionals great flexibility in the
application of classical, instrumental and physical
across our entire range of services

[

the bedrock on which cur Canadian owned company was founded in 1966. remains a

[ transmit electironic data direct to client field operations, saving up to two weeks Iin turnaround time for as

little as 1% cof the analytical costs
Efficiency and Economy

through our multi-disciphnary approach, combines staff expertise and

experience with state of the art technology. ensuring timely project completion.

Our separate laboratories for analyzing elements, such as — tin, iungsten, uranium, arsenic and mercury
— guarantee contamination-free testing and maximize throughput efficiency In addition, our in-house
workshop services the entire analytical facility Chemex ensures the consistent, rapid turnaround time so

critical to exploration personne|

Computer data processing and transmission
systems round out our total service package.
Chemex can deliver analytical and statistical
data the same day results are completed

Reliability s atraditicn at Chemex

Our technical staff actively participate 1n ongoing
research and development of new and improved
preparation and analytical procedures and data
DrocessIinNg services.

Chermex problem-solvers deliver the efficient
and economic solutions our clients need.

Neutron Activation

Chemex ane of Canada s pionears it the
iield. ofiers neutton acivation anahses o
comgiemen: alomic aosoipuon and plas-
ma iechmicugs, and roundc oui gur iola
analytical package

Neutron acivation 1s the most reliable
method {or deiermining ga'd and nlainum
group elemenis. ang ine only procedure
for efiectively measuring rare earih
giements at lrace lavels

We apply this mulii-element iechnigue
N assaying and irace meial analysis of
a diversity of mairnices — geoioqica
materals (exploration and envirgnmental)
metaliurgical products. biological tissues
butk commodities anc ioedsiuiis

Chemex offers a growing range of services

Plasma (ICP) & Spectrographic

Chemex provides simultaneous analysis
0! Up (0 35 elemenis in geochemica
malarials vdio; samplies. nuneral ores
and conceniraies

Fully automated to analyze baich
sireams and tabu'ate results, our Jobin-
Yvon JY-48 plas:na specirome:er oifers

superiar analyiical senssiiviy

speciral selectivity

computarnzed background correction

DC arc emission speciragraphy 1S aiso
avallaple as a semi-guanitative lechnicue
far mulu-element scan of geologica
sampies
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Sample Handling & Preparation

Chemex professionals carefully stuay
@ach prolect io design annropnaie hanc-
NG and preparanon proceduses wiial io

guality analysis

To ensure the most accurate resulis. we
nrovige —

separate hardling and nrocessing

faciiiies

siorage ana reiention services
for all geochemical samples and
geglogica materals The care we take
WEN oUr clients sample maienaisis a
key facior in the qually of aur analyiical
services Discard of retained materlals is
always subject to client aporoval

We aiso ofier clienis insiruciion in sg
sediment anc waier samping technigues
sample hancling and ihe use of field kis
and instrumentation

Geochemical

Chemex geochemical analviical services
provide —
a desecilon limii io: each ejemen:
below background levels encouniered
in Mmost geologlcal environments
the mast effective analytical range of
elements for the exploraton indusiry
nciuding pathiinders for gald. such
as — arsenic_ antimany, telturizm
bismuth ana marcury
maximum itroughnu! efliciency inour
solaled. coniaminaion.free laboratory
complex
Instrumental and chemical ‘methods are
used fo determine trace elements in soll
sili, rock, waier lake ang marine se-
menis, IssUe and vegeainon
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Assaying
Chemex is a founding participant in the
Caradian Certifled Reference Mater als
P:olec: (CCRMP). Accuracy and precision
are cntical In ceriliying economic concen-
trations of constiuents in
I rock chips
grill core
nercussion maieria
minardl conceniraies
bullion
Assay procecures range from classical
volumetric, gravimeinc and {ire assay
techniques to mstrumental ana physical
methods invalving neutron activation and
alomic absorption

Environmental

Chemex offers environmental baseling
slutlies. el sampling and moniaring
services (0 clienis on a iurnkey Lasis -
Stancardized analylical pracedures
such as
1 Standard Methods APHA — AWWA
WPCF
ASTM S:angara Praceduros
Analyica Methods WQB
Environment Canada
ag rouinely apphed in avaneiy of
studies. including waier anc was:e ~ater
amtuent air, biological lissue ang geolog-
cal matter

We combine state of the art nuclear
couniing ecuipmen: wWith our exper:isae i
analyucal and envirgnmenial chemisiry ig
praduce highly successiul radionuciige
tracer studies for industry and government




