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Fax

To: Steve Ristorcelli

Of: Mine Development Associates
Fax; 702-856-6053

Phone; 702-856-5700

Pages: 1, including this cover sheet.
Date: September 28, 1996

Steve;

The basic data used in this analysis consisted of the five foot composites. The short lengths that
Charlie has classified as string #2 were not used. In all cases the variograms were calculated
using a maximum assay value of 4 opt. Correlograms were calculated and then converted to
variograms,

Methodology

Zones 1 and 2 were initially analyzed separately. As in the previous work, useful variograms can
be obtained, but the variograms are fairly fuzzy. By combining zones 1 and 2, better variograms
were obtained. Both mineralization in both zones appears to have the same spatial characteristics.
Zone 1 is higher grade than zone 2, but they have the same coefficient of variation. The grouping
of the data made the variograms much easier to interpret and model.

Results for Zone 1&2

Zone 11 and 21 were combined. The mineralization in zones 11 and 21 is roughly tabular with a
strike of NSE and dip of about 35 to the SE. Within the tabular body the continuity of
mineralization is anisotropic. The greatest continuity is along the strike of the zone.

From the desk of...

H. Peter Knudsen
Dean

Montana Tech

School of Mines
Montana Tech

1330 West Park &t.
Butte, Montana 59701
406-486-4395
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The variograms for zone 11 & 21 has the following parameters;

Nested Spherical Model

Nugget Effect = 0.60

Cl1 value = 0.30 Range = 20 feet
C2 value = 10 Range = 80 feet
Bearing of major axis = S Dip = 0.0

Tilt = 30

Anisotropy factors

Semi-major = 1.33 Minor = 1.67

Zones 12 to 15 and 22 to 25 were also grouped together. This variograms is actually quite similar
to the variograms for zones 11 and 21, except the direction of greatest continuity is along the
direction of the dip. The variograms for these zones has the following parameters;

Nested Spherical Model

Nugget Effect = 0.55

Cl value = 0.30 Range = 25 feet
C2 value = 15 Range = 100 feet
Bearing of major axis = 95 Dip = 30.

Tilt = 0.0

Anisotropy factors

Semi-major = 1.33 Minor = 2.00
Zone 3

Zone 3 proved to be more of a challenge than zones 1 &2. This is probably mostly due to the

smaller number of samples available. Zones 31 to 35 were grouped together in order to get a

useable variograms. While the variograms are somewhat fuzzy, the variograms show that the

mineralization in zone 3 has different directions of continuity than the mineralization in zones ]
and 2. In zone 3 the mineralization has the greatest continuity in the vertical direction. In the

horizontal plane the mineralization appears to be isotropic.

The parameters of the variograms are;

Nested Spherical Model
Nugget Effect
C1 value

0.30 -
0.40 Range = 100 feet

W

From the desk of...

H. Peter Knudsen
Dean

Montana Tech

§chool of Mines
Montana Tech

1330 Waest Park St.
Butte, Montana 58701
408-496-4395
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C2 value = 0.30 Range = 200 feet
Bearing of major axis = 0.0 Dip = 90.0

Tilt = 0.0

Anisotropy factors

Semi-major = 2.00 Minor = 2.00
Zone 4

Zone 4 is a challenge. Variograms were calculated in a direction of N45E with a 35 degree dip,
N45W with a zero dip, and S45W with a 60 degree dip. The first two variograms are fuzzy and
there from these the mineralization appears to be isotropic. The third direction which is
perpendicular to the zone gives a 2 to 1 Anisotropy.

The parameters are,

Spherical Model

Nugget Effect = 0.35

Cl value = 0.65 Range = 70 feet
Bearing of major axis = 45.0 Dip = 35.0
Tilt = 0.0

Anisotropy factors

Semi-major = 1.00 Minor = 2.00
Comments

The more that I look at this data, the more that I think Indicator kriging is a better way to
estimate the grades of this deposit. The indicator variograms that I have looked at are much
easier to interpret. This would be a plus in helping unravel the question of which directions have
the best continuity in each zone. Indicator kriging would also be the best way to handle the high
grades, rather than the arbitrary cutting that is now being practices.

From the desk of...

M. Peter Knudsen
Dean

Montana Tech

School of Mines
Montana Tech

1330 West Park St.
Butte, Montana 58701
408-498-4385
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Variograms for Rosebud

Zones 11&21 combined.
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Figure 1. Zones 11&21 - dip and strike
directions,

Zones 12 to 25 combined.
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Figure 4. Zones 12 to 25 - dip and strike
directions.
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Figure 2. Zones 11&21 - perpendicular to
structure.
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Zone 3 Variograms

€200

Horizontal variogram

Iy

94909

WVertical variogram

Camma (H)
.80
"

G0y

T T T T
o (1] 120 180 240 300
Distence in feet

Figure S. Zone 3 - Horizontal and vertical
variograms.

Zone 4 variograms.
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Figure 6. Zone 4 variograms.
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Geostatisticai Analysis of the Rosebud Deposit
by

H. Peter Knudsen, Ph.D., P.E,
Professor
Montana Tech
of the
University of Montana
Butte, Montana §9707

VERY ROUGH

July 18, 1996

Prepared for

Mine Development Associates,
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1.0 Introduction

Mine Development Associates contracted H. Peter Knudsen to determine the variography of the
Rosebud Deposit. Work performed includes calculation of basic statistics and variogram models
for four geologic/mineralogic zones of the deposit,

2.0 Data

The basic data used in this analysis consisted of 5ft composites prepared by Mine Development
Associates. The data was grouped by MDA into four zones and within each major zone the data
was further separated into five separate grade zones.

2.1Zonel

Many different attempts were made to mode! the mineralization in zone 1. The high grade
samples in this zone cause the (traditional) variograms calculated to be erratic and unusable. To
limit the influence of the high grades on the variogram calculation, only grades less than 4 opt
were used. In addition, there are 100 few samples in the(x4)and x5 zones to calculate
variograms, ?

Grouping 13,14,and 15 together gives enough data 1o obtain an useable variogram. Adding in
zone 12 improves the variogram enough so that anisotropy can be determined. The range of
influence appears to be the same between the variograms calculated for 13,14 and 15, as it is for
the grouping of 12,13,14, and 15. The variograms are shown in Figure 1 and 2,

The variogram parameters for the grouped date from 2ones 12,13,14, and 15 are listed below.

Spherical Model
Nugget Effect
\ ~—CValue
J\-wlkange
Range
Range

0.02 s e PO
035 Wl
30 feet (On strike - NSE) A
50 feet (Down dip)

20 feet (Perpendicular o zone) /

i
\]‘/‘\("/}J
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Figure 1. Zone 1 Variograms (12,13,14,15).
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2,2 Zone 2

The zone 2 variograms are similar to zone 1. Again only grades less than 4 opt were used in the
calculation. The resulting variograms are shown in Figure 3 and 4, The variogram parameters
for the grouped data from zones 22,23,24, and 25 are listed below.

Spherical Model
Nugget Effect = 0.07
C Value = 0.18
Range = 50 feet (On strike)
Range = 50 feet (Down dip)
Range © 15 feet (Perpendicular to zone)
§
#
& Down dip
'x:g S et
. A
g © Oun Strike
8
‘]
I
fJ 1] T IR
KIN SlO 100 120 400 230

Distance in feet

Figure 3. Zone 2 Variograms.
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23Zone3

The mineralization in zone 3 has a strong near vertical continuity, The range in the dip direction
is 90 fest, The variograms are shown in Figures 5 and 6. The variogram parameters for the
grouped data from zones 32,33,34, and 35 are listed below

Spherical Model

Nugget Effect - 0.08

C Value = 0.21 Q

Range - 60 feet (On strike ) -

Range = 90 feet (Down dip)

Range = 15 feet (Perpendicular % zone)

When the data from zones 31,32,33,34,and 35 where grouped together, the variograms were
smoother and better defined, but the ranges and anisotropy remained the same.
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2.4 Zone 4

All the data in zone 4 was grouped together to get enough samples to calculate a variogram, yet
only the omni-directional vatiogram had any observable structure. There are not enough
samples to determine avisotropy. The omni-directional variogram is shown in Figures 7.

The variogram parameters are shown below.

Nested Spherical Model !
Nugget Effect = 0010 i
C1 Value = o015
Range 1 = 20 feet
C2 Value = 0015
Range 2 = 90 feet

!

\

\

f \mw. L~

~ _\N

q T e r 1 T
Qe a0 180 240 Ju 100
Diglance in faet

A
g <
©

Garmyng (i

QC2G
1

Figure 7. Omni-diréctional variogram for zone 4.

3.0 Indicator Variograms

Indicator variograms were calculated for zone 1 using all the data and using only the data from
12, 13,14,and 15. The variograms for the second grouping are better behaved that\when zoae 11
is added to the data set. In general the variograms are very smooth and easy to interpret and {
believe can be used to better define the anisotropy of the mineralization. Selected printouts of
the variograms are attached. I have not fit models to any of the indicator variograms.
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OAMMA CH) X_GAMMACH) AVER DIST
1,08 8.96

DATA USED IN CALCULATIONS

MEAN e 0,205
VARTANCE = 0.162
§TD DEVIATION = 0.402
NO.OF BAMPLES o 1699

’ 11.6
0.659 0.934 23.8
0.643 0.956 39.0
0.776 0.971 58,5
0.770 0.989 83,5
0.893 0.993 107.8
0.914 0.988 132.6
0.885 0.984 157.6
0-963 1.00 152'8
0.945 0.993 207.6
0.973 1.02 252,64
0.962 1.00 257,2
0.946 0.985 282.4
0.939 1.01 307.5
0.93¢4 0.97¢ 332.1
0.948 0.989 357.7
0.996 1.00 382.3
0,953 0.989 407.3
0.978 0.991 632.4
0.968 0.978 457,28
0.913 0.990 481.8
g.928 0.975 508.2
0.876 0.988% 311

"% wae e e e w

KX XX X% *% ¥ =

AW
FOR CUTOFP = 0.100E-01
gone T GOLD DATA
ANGLE o 83, Dipwe o, WINDQY =
CLASS SI1ZE = 25,
MAK DISTANCE o 848,
LOBGARTITHMS -NO
DISTANCE  # PAIRS DRIFT
Q- 15 151 -0.763€-09
i5 - 30 567 -0.882E-02
30 - 45 2349  0.468E-02
%5 - 70 9247  0.106e-01
70 - 95 14288 0,.588e-02
95 - 120 19671 ~0,878E-02
120 - 65 23144 0.115E-01%
145 < 170 2337 *0.2116-01
170 - 195 25Z39 -0,236€-0%
195 - 220 26949 *0.8058-02
220 - 243 25482 =0,4256-01
265 270 25462 =0, 100E-01
270 - 295 21647 -0.336€-01
298 - 320 21827 -0.277€-0%
520 - 348 18108 -0.1876-01
365 ¢ 370 14534 0.5378-02
370 - 395 93780 0.203E-02
395 - 420 12751 =0.361€-01
420 < 665 11336 =0,1408-01
445 - 670 10929 *0.861E-02
670 - 695 9069  0,198g-01
9% - 520 7990  0.472e-0%
520 - 545 7688  0.358t-01
0.1086+01 + X
0.103E+01 + e owe oww
0.976E+QQ ¢ wwe w
0.922E+00 + XX
0.867E+Q0 +
G 0,8136+00 + X X
A 0.759E+00 +
M 0.705€400 ¢ X
M 0.651E+00 ¢+ ¥
A 0Q.596E+00 +
0.542€+00 ¢
0.488E+00 ¢
* 0,434E+00 +
H 0.380E+00 +
* 0.3256+00 «
0.3718+00 +
0.2176+00 «
0.163E+00 «
0.1088+00 +
0.5628-01
doassPuana
0. 100, 200,

¢---a‘noi-Q.---‘---.+---.+----¢.0.—¢.---¢

300, 400, 500,

RS R R 1 '3 B Y
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ANGLE

INDICAYOR VARIOGRAM
FOR CUYOFF ¢ 0.5008=01

2one 1 GOLD DAYA

e 85,

CLASS SIZE o
MAX DISTANCE =
LOGARITHNS -NO

>PEEXZD>O

=X ©

DISTANCE

0 - 15
15 - 30
30 - 45
&5 - 70
70 ~ 95
9 - 120
120 - 145
145 - 170
170 - 195
195 - 220
220 « 245
265 270
270 - 295
295 320
320 - 345
345 « 370
370 - 395
398 « 620
620 - 448
665 470
470 4695
495 520
520 8§45

0.1056+01 +
0.100E+01 ¢
0.949E+006 »
0.807€+00 +
0,844E+00 »
0.791E+00 +
0.738E+00 *
0,686E+00 «
0.633E+00 +
0.580E+00
0,527E+00 +
0.475E+00
0.428E+00 +
0,369€+00 +
0.3168+00 &
0.264E+00 +
0.211E+00 +
0.158E+00 +
0,1056+00 »
0.527€-01 +

o'

DATA USED [N CALCULATIONS

DIP® Q. WINDOW = 35, NGAN = 0,620
. VARIANCE ® 0.236
545. 87D DEVIATION = 0,485
HO.OF SAMPLES = 1699
@ PALRS DR1PT GAMMA (H) X_GAMMACH) AVER DISY
131 0.687€-01 0,664 0.604 11.6
567 <0,364E-01 0.711 0.667 23.8
23649  0.843E-01 0.846 0.783 39.0
9267 0.554E-01 0,939 0.875 88.3
14288 0.951€-07 0.978 0.907 83.5
19671  0.806E-01 .04 0.972 107.8
23166 0.767€-01  1.02 0,960 132.6
23379 0.2968:01  1.03 0.97% 157.6
25339  0.3458-01  1.0¢ 0.990 182.8
26949  0,346E-01  0.997 0,950 207.6
25652 -0.317E-01 1.02 0.984 232.4
25662  0.441€-01 1.05 1.0 257.2
21667  0,824E-02 1.02 0.986 282.6
21827  0.3178-01 1.08 1.02 307.5
18195  0.2388-01 1.01 0.998 332.1
16536  0.755€-0% 101 1.01 357.7
13780 0.823E-01 0.980 1.01 382.3
12751 0.2208-01 0.988 1.02 407.3
11336 -0,181€-01 1.01 1.02 432.6
10925 -0.824e-03 0,988 1.01 657.2
9049  0,1198-01 1.01 1.00 681.8
7990 016515'01 0-893 Ov919 ’03.3
7688  0.611€-01 0,936 0.919 531.1
K XX X X% X® x» oa ¢u g
X% % ww @ w L X X '
x "
X
L ]
X
X%
L ]
’o-v-&.-—QQ---.0----0---.&.---‘.---Q--.-*----y----‘
100. 200. 300. 400, 500.

Vi

gL USLUH S
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INDICATOR VARIOGRAM
FOR CUTOFF & 0.900

Zone 1 GOLD D

ANGLE = 85. o
CLASS S128 @
MAX DISTANGE »
LOGARITHNS -NO

oHN S :az2
ATA
IPw §, viipow s 35,
25'
545,

DAYA USED IN CALCULATIONS

MEAN = 0.72%
VARIANCE = 0,200
87D DEVIATION = 0,447

NO.OF SAMPLES =

1699

DISTANCE # PAIRS DRIFT GAMMA (H) X_GAMMA(H) AVER DIST
0- 15 131 0.7638-02 0.554 0.367 1.6
15 - 30 S47 -0.6708-01  0.937 0.67% €3.8
30 - 65 2349  0.438E-01 0.975 0.750 39.0
45 - 70 9247 0.552e-01 1.02 0.818 58.5
70 95 16285 0.977e-01 1.12 0.887 a3.5
¥ - 1200 19471  0.837e-01 T.11 0.946 107.8
120 = 165 231446 0.763E-01 1.12 0.965 132.4
145 < 170 23379  0,4688-09 1.10 0.938 187.6
170 - 195 25339 0,.524E-01 1.09 0.947 182.8
195 « 220 26949  0.64SE-DY t.06 0.933 207.6
220 - 265 %652 -0.293t-01 1.06 0.975 232.4
265 « 270 25662 0.514E-01 1.12 1.03 257.2
270 « QW5 218667  0,9008-02 4.07 1.00 282.6
295 - 320 21827 0.103E-0% 1.05 1,01 307.%
320 - 35 18195  0.1378-09 1.01 1.01 $32.1
365 < 370 16536 0.642E-01 0.991 1.02 357.7
370 - 395 13780 0.673E-01 0.905 1.02 382.3
305 - 420 12751 0.404E-02 0.930 1.09 407.3
420 - 445 11336 <0.243E-01 0.97% 1.02 4632.4
665 = 470 10028 <0.4238.01 0.948 1.08 457.2
670 = 495 9049 «0.6198-02 0.946 1.02 481.8
695 - 520 7990 0.969E-01  9.849 ©.980 §08.2
520 - 848 7688 0.2606-03 0.898 0.972 639.4
0.1128+01 + X% X% X X X
0.107¢€+01 + X X x® * * oW "R o
0.101E+01 + X d LA SR ¢
0,956E+00 ¢ X LI L XX A
0.899E+00 + b

G 0,863E+00 + w

A Q.787E+0C + *

H 0.7318¢00 + @

M 0.675€+00 »

A 0.6188+00 +
0.562E400 + X

0.506E+00 +

" 0.650E¥00

H 0.394E+00 + *

* 0.3376+00 +
0.281E+00 «
0.225E+00 +
0,1698400 «
0.1126+00 +
0.562E-01 ¢

9--.-Q.-..¢----Q..--v----p.---o.-.-*----#--«-6----1»
0. 100, 00. 300. 400. 500.

e QLA

P . 189
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INDICATOR VAR]QGRAM
FOR CUTOFF = 0,250

Zene 1 GOLD DATA
DATA USED IN CALCULATIONS
ANGLE o 85. DiP e 0. WINDOW 35. HEAN e 0,830
CLASS BI28 = e5. VARIANCE e 0.161
MAX DISTANCE w 54S. $T0 DEVIATION » 0.573
LOBARITHNS -NO NO.OF SAMPLES = 1699
DISTANCE  # PAIRS DRIFT GAMMA (H) X_GAMMACH) AVER DIST
0- 1% 131 -0.2298-01  0.840 d.437 1.6
15 < 30 567 -0,2458-0% 1.17 0.874 25.8
30 - 45 2369 0,1876-01 1.1% 0.728 36.0
45 - 70 9267 0.484€-01 1.14 0.772 58.5
70 - 95 14285 0.752e-01 {.35 0.841 83.9
95 - 120 19471 0.776E-01 1.28 0.944 107.8
120 145 23146  0.716E°01 1.28 0.929 132.4
165 - 170 23379  0.674E-01 1.26 0.907 157.6
170 -~ 195 25339  0.433e-01 1.26 0.971 182.8
195 - 220 26949 0.374E-01 1.e1 0.960 207.6
220 - 265 25652 -0.2098-01 1,17 1.01 a%2.4
245 - 270 25462 0,337e-01% 7.20 1.06 257.2
270 = 298 21667 0.909E-02 1.1 1,04 282.4
9% - 320 21827 -0,904E-02 1.04 0.998 %07.5
320 - 345 18193 -0.1988+02 1.01 1.01 332.1
343 - 370 1453¢  0.3256-01 0.918 1.09 357.7
370 - 395 13780 0.4038-01 0.859 1.03 382.3
395 ~ 420 12791 +0.1326-01 0.888 1.06 407.3
420 443 11336 -0.531E-01 0.946 1.0% 432.4
445 - 470 10925 -0.667E-01 0.912 1.06 457.2
670 - 495 Q049 -0.194E-01 0.806 1.02 481.8
495 « 520 7990 -0.476E-02 0,658 0.965 %08.2
520 - 945 7688 -0.13468:01 0,784 0.937 531.1
0.135g+01 « X
0.129E+01 ¢ X X% X
0.1226+01 « X% XX
0.11%E401 ¢+ X X X
0.108E+0% + LA ¢ wd ww W
G 0.1028+401 ¢ L4 i ve b
A 0.948E+00 + . ws X X XX
m 0.880€+00 + X » X
# 0,8126+00 ¢ . b
A 0.745E4+00 « v»
0.677§+00 +
0,609E+00 + w
* 0.561€+00 +
H 0.476E+00 + ¥
¥ 0,.406E+00 +
0.338e+00 +
0.274E-00 +
Q.203E400 +
0.1358+00 +
0.677€-01 +
’----{»--q-‘.n.-{-----#-~.n.----0-...0---.‘----’-'1-*
0. 100. 200, 300. 400, %00.

[P R 1T NP )



JUuL -

1

S—2¢ MOHN S a3
INDICATOR VARIQGRAM
FOR CUTOFF » 0.500
2one 1 GOLD DATA
DATA UBED IN CALCULATSONS
ANGLE = 83, DIFPs 0, wWINDOW = 35, HMEAN = 0.903
CLASS SiZz8 = . VARTANCE L] 0.877;-01
MAX DISTANCE m 845, STD OEVIATION s 0.296
LOGARITHMS ~NO NO.OF SAMPLES ® 1699
DISTANCE & PaIRS DRIFT GAMMA (H) X_OAMMACH) AVER DIST
0 - 15 137 <0.3088-01 1.82 0.458 11.6
15 - 30 867 0.1068-01 1.61 0.728 23.8
30 - 48 2349 0.2008-01 1.30 0.795 39.0
45 - 70 9267  0.289E-01 1.31 0.800 %8.8
70 - 95 14285 0.492E-0% 1,88 0.857 a%.5
9 - 120 1967 0.5536-01 1.36 0.915 107.8
120 - 165 23146 0.4568-0% 1,36 0.932 132.4
1645 - 170 23379  0.431g-01 1.36 0.921 157.6
170 - 195 25339  0.2695°01% 1.32 0.942 182.8
198« 220 26949  0.2626-01 1.36 0.991 207.6
220 - 245 286452 -0.838£-02 1.8% 0.99¢6 2328.4
265 « 270 25462 0,249B-04 1.20 1.02 87,2
270 = 295 21667 -0.1068.02 1.18 1.02 282.4
295 - 320 21827 -0.118E-0% 0.995 0.987 307.5
320 - 345 18195 -0.324E-02 0.97% 1.0 332.1
%5 - 370 14534 0.1398-01 0,85 1.00 357.7
370 - 398 13780 0.1668-01 Q.77% 1.01 382.3
395 - 420 12751 -0.2478-01  0.807 1.02 407,3
420 - 465 11336 -0.347e-01 0.825 1.03 432.4
W5 - 470 10925 -0.471E-01 0.8L2 1.03 457.
470 - 495 9049 -0,167E-01 0.818 1.03 481.8
495 - 820 7990 -0.1656-0% 0.582 0.949 508.2
520 - 545 7688 -0,287E-01  0.603 0.990 531.1
0.161E+01 + X X
0,953E+01 +
0.145€+01 »
0.137e+01 ¢ XX X X% XX
0.1296401 + X X
G 0.121E+07 « X X
A 0.1136+0% +
M 0.1056401 ¢ ¥ ww Ne Ye R pe
H 0.9658+00 + R ow
A 0.884E+00 + ¥ X X XX x
0.806E+00 + #¢ @ X
Q,724E+00 «
¥ 0.663E+00
H 0.563E+00
¢ 0,4828400 + w
0.402E+00 +
0.3228+00 »
0.241E+00 »
0.161E+00 »
0.804E-01 »
¢---«p..--.....¢---s......’....4.---#----‘..--‘----¢
0. 100, 200. 300, 600. Son,

he eee s TWM e o
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COPY

MINE DEVELOPMENT ASSOCIATES
MINEENGINEERING SERVICES
SURPAC MINING SYSTEMS

DATE: September 11, 1996
TO: Charlie
FAX: 702-623-6967
FROM: Steven Ristorcelli

THIS TRANSMISSION CONSISTS OF _12 PAGES INCLUDING THIS COVER PAGE.
IF ALL PAGES ARE NOT RECEIVED, PHONE (702) 856-5700.
FAX NUMBER: (702) 856-6053
Charlie,
This fax is to paraphrase the conversation w/ Pete K. today and give you some more “support”
data. Basically, the only valid point Santa Fe has is the estimation from variable length samples.

1. If there is a bias in the data, then there will be a bias in the kriging. The weighted averages -
by zone did not change significantly based on the fax I sent to you this morning. Iam sending
several sheets on the zones showing the statistics of all samples less than 2.5 ft in length (the
point at which Pete K. starts to get concerned). I have looked at them and found that they are
not terribly different from the stats of the corresponding zones in total, Don't forget, once we
move out and cut the outlicrs it wil] result in lower means. As we stated, send Pete both files
(assay and composite - down hole by rock type) and he will be the judge as to whether we
should use 5 ft composites or assays. Consider compositing to S ft just to avoid having to
constantly deal with these sorts of headaches. Idon't feel it will materially affect the outcome,
just the perception. And finally, there is no reason to work with 10 ft composites over 5 ft

composites. Kriging will put valid grades in 10 ft blocks from 5 ft samples. ‘
2. Pete used correlograms.
3. The comment on sub-blocking by Santa Fe is not applicable and therefore does not warrant a
comment. However, Santa Fe's note on this is nonsense. Sub-blocking is for geometry only.
4. On his comment no. 5 in the Conclusions, Pete just shrugged it off as nonsense. I have asked

him to comment on it in writing for you or to call you today. My comments are: kriging takes
into account and compensates for clustered data. Second, we used zones because there is a
radical change in local means. The zoning takes this into account and therefore in all our
estimation domains we do have “stationarity of mean”. And of coarse, the second half of this
paragraph is also moot because we used the correlogram.




S5TET. Descrip=ive Statistics (‘all999%.s-a! .
. BASIC by 20%z: 3 _:1: :
i STATS - 5
r !
; Confid, Confid. ) i
i Yariable Valid x Mecan -95.C00% 95.000 Sam - Minimum : Maximum Range |
AUAVG2 6 .564701 -.021620 .151023 4.3350 - €.000000 2.90700 . 2.90700 .
AGAVG 67 2.535821 ~-.509497 & 5.581139 : 169.3000 C.000C00 75.05000 ; 75.02000
ILENGTH 67 : 1.770149 1.624600 1.915693 ° 11.5,600C .300CC0 . 2.50000 | 2.22000
ot 2] ©:.0\9
I STAT. Descriptive Statistics (al19999.sta;
BASIC by ZONE: G_i:11
STATS !
- : Szardard . Std.Err. . . Std.Err. |
' VarZiakle Variance  Stc.lev. - Errer Skewress Skewness ¢ Kurtosis Kurtecsis |
. L 3
AUAYG2 . -1252 .35389 .043235 B.088548 ! .262836  €5.9033€ .577996
' AGAVG ! 155.8739 © 12.£8495 i 1.£252793 5.624617 .282836 2C.71450 .{)37996
LENGTH . 3561 JEJETC .37233C } -.769735 .292836 -.22522 i .37739€
b s>

ZIV Pkl Aw 004 ©.679

Ay @.35 2,75
L&rah‘ 4. 7% N}




......

START. Cescripvive 3zatistics 'alid%33.sta:
BREIT Ty 2Z0NE: G Z:12
ST ETS B :
Tonfid. Cenfid.
variakle Vaiid N Zearn ~-35.080¢ 52.CC0 Suar Minimunr Maximum Range
AURVG?2 3c .1346C0 074664 .194536 4.03800 c.0c0C00 .8c70¢ .6270D
AGAVG 3C 1.573667 .279E91 2.367743 7.21000 £.020CO00 14.6300¢C ~4.62000
LENGTH 3C 1.886667 1.7051z3 2.368208 56.€C000 . 630C00 2.5000¢C 1.392000
STAT. Descriptive Statistics {all938%.sta)
BASIC by ZONE: G_2:12 ;
STATS ‘ |
H ]
: 1
Stzandard Sta.=Zrr. srd.Efy. |
Yariakls Variance S-d.Dev. Error Skewness Skewress Kurtosis Kurtosis i
AJDARVG2 02576 ¢  .16051° i €C293CS i 2.788296 .426832 1C.222.3 .832746
AGRVG ©2.01038 ! 3.48356% | .632723 ! 3.1L3729 .£26832 §.25C76 .832746 !
LENGTH 23637 .48627° 7 _CRETE: -.72852¢ .L2€83Z ¢ .45€25 83274¢

Z V&



STAT CescripTive Statistics ‘all3933.sza
~ BA3IC by ZONE: § 3323 .
[ SoaTs
'
. Coniig, Confid. ;
¢ Variakle valid N Mean -55.000% $5.C0C Sum t4inimum Maximusm Range ]
i !
' ACAVG2 22 .652545 .0C5558 1.296533 14.356C .3040CC 7.CES5C0 2-05120 |
AGAYC 22 5.295CCO 1.032625 . 9.357375 114.29C0 .04c00C 35.140C0 33.100:0 ‘
i LENCTE 22 1.677273 1.332494 © 2.0220s: 36.3002 .20CC0C 2.5C00¢C 2.3C03¢C |
' STAT. ‘Descriptive Statiszics (a115999.s-a)
 BASIC ty ZONE: G_3:13
BTATS .
E S:zancdard Std.Err. ! Szd.Err.
| variable Variance 5=d.Dev. Error Skewness Skewness Kurtcsis Kurtcsis
l AUAVG2  2.12336 1.458233 .31121¢C 4.426365 i -43C3€2 2C.47442 .95273C
~AGARYG ¢ g7, _232” | 9.387823 i 2.001513 Z2.260E57 ° .49C362 & 4.17403 .35273C
LENGTH .56047C .177622 .165790 -.5G69£5¢ -490362 | -~-1.09765 . 352783
zZ 13 o. 409 ©.503

5. 05
j. /b

4.3¢
4. 65



: TAT. Zescriptive Statistics ‘2l15339.s%a! :
, BASTC =y ZONI: G5 _1:14 . :
. ETATS i
{ csnfid Confid. .

! Variable vaiid N Mear -95.200% 95.000 Sum Minimum { Maximun ‘! Range z
UAVGZ 24 2.2806714 «522270 1.66122 15.2140C .0132000 2.655CC 2.64200 !
AGAYG 14 €.394286 -.353182 14.€8775 97.92000C - .160000 42.97030 42.810C0 l

LENGTH 14 1.471429 2.03z432 1.85737 20.63800C .400060 2.5€C90 2.1000C !
STAT. Descriptive Statistics {ali?2999.sta}
BASIC by 2ONE: G _4:14
STATS i
Standard i Std.Err. ! Std.Err.
lﬁVariable Variarce Std.Dev. Errer Skewness ‘' Skewness Kurtosis : Xurtcsis
AVRVG2 .39C: . 93521 .2€5925 ’ .475894 .58738C -1.62392 ; 1.15405C
ASAVC 130.5348 ’ 1Z.28555 3.233452 2.458401 = .59738¢C 5.81C33 | 1.15405C
I LENGTH -4463 ° .66844 ; .173647 . 132272 i .5%973€0 ~-1.C3856 1'154CSO4j
Z1Y L2002 pan

7.4
“4.37

Fa 57
/. /6

ey
T



[ STAT. Descripwive Statistics ‘5119939.s5%=
; EXASIC by ZONE: G ©:15 .
Sonzid. Contid.
Yariakle Yalid N Mean ~35.0C0% 95.8C Sum Minimumn Maximum Range
l AUAYVG2 3 19.342.33 -4:.6631  §0.34576 58.C€24CO 2.87500C 47.5790C 44.60400 !
‘ AGAVS 3 22.56333 -23.7702 3E.896E2 67.690CC - &.77000C 37.90C03 26.1300C
LENGTE 3 _.S€667 -.C874 3.22G63 4.700¢CC 1.9¢C002 2.3900200 1.32C9C |
i .
;
STAT. Descriptive Statistics (all9999.sza;
BASIC by ZONE: G 5:15
STATS
Standard std.Err. ! 3:d.Err.
Variabkble Variance Std.Dev. Exrrcr . Skewness Skewness Kurtcsis Xartosis E
AUAVG2 632.0756 24.5576C ! 14.17834 1.6€6936 l 1.224748 ! - -
AGARYVG 213.9236 14.6262C €.44424 .£€9546 2.22474¢ -— ‘ e
LEN3TE i 4423 1 .6€6Z83 .33442  1.€55832 1.22474¢% - H —

Z/5 7292 sos79

/S, 08 /327
</, 35




’ STAT 2escrigTive Statistizs ‘all%33%.sza
BASIC Ly ZONE: G_6:2: .
STATE
Confid. Confid.
‘Yariaktle Yarid N Mearn -65.000% 35.000 Sumn HMinimum Maximum Rance
ACAVG2 c .01457¢ .007683 .C21467 .383C0 a.000000 .114000 .114C2C0
RGAVG 40 .45600¢C -.058947 .970947 18.24000 © ©.0G00CO 7.950000 7.95C000 :
LENGTH 40 1.785002 1.609150 Z.9€08590 71.4C00C .GCCCO0O 2.5C00C0 :';OCOSQAJ
|
f 0
v STAT. ;:Descriptive Statistics (all%999.sta}
AASIC by ZONE: G_6:21
STATS :
T v T '
! i Standard Std.Err. Std.Erx.
Variav_.e Varance Std.Cev. Error Skewness Skewress Kurtosis Kurtosis i
{ 1 H h
AURYVG2 .00C4€4 ! .C21549 .C03407 ! 2.9737982 .37237€3 11.2012: | .732602 °
AGAYG ' 2.592542 © 1.6.0137 .234585 ° 4.219718 .3737€3 17.77€02 | .73260D
LEXGTH .302332 .54324¢ .C86939 -.573342 .373783 -.818€2 .73Z€CTO

Z 2/

L &7
Ce L0
</ 294

O 28R
O. 594

T T



STRT . Cescriptive Statisztics (2)19%95.s5%5"
3 by ZONE: 3 _7:22 .
Confid. corfid.
Yariakle Jalld N Mean -33.000% $5.CCC Sum Minimum Maximmum Ranze
AUAVS2 17 .162323 .052634 L.27142°% 2.780CC .0C10CO .8220C .821G0
AGAVG 17 2.249824 -.932C85 £.429732 38.23030 .0400C0C 25.94C0C 25.5%0C2C¢
LENGTH 1" }1.53352%4 1.632783 2.237305 22.5C032 .60C0CC 2.5CC0C 1.5¢32C |
STAT. Descriotive Statistics (aZl9399.sta) !
BASIC by Z0NE: G_7:22
STATS '
T ‘ I
Standard { Std.Erx. Std.Err.
Variab e Variance Std.Dev. Erxox Skewress Skevwness Xurtosis Kurtosis
. 4
-
AUAVG?Z i .04404 i .209E52 .0520897 2.254€9 .5497%47 3.6535C ! 2.J63198
AGAVG 38.27528 6.186701 1.500496 3.947€1 .349747 12.93377 1.262138
LEINGTH .346.1% -538368 .1427%2C -1.C513€ i .549747 .39321 1.9621933

Z 22

O /780

0. /8

O. 718~ /. 78/

5. 00



f_;Th. Cescriptive Szatistics all33335.s%a :
3RS Ly ZONE: G 5:23 . !
STATS i
+
Confid. Cenfid.
Yarizble valid X t4ean -$5.000% 553.00C2 Sum Minimum Maximum ‘ Range
AUAVG2 ¥ .512C91 126777 -8074905 5.633CC .0C3000 2.055000 2.0520C0
RCAVC 12 1.232727 .394708 ' 2.07C746 13.5600C - .06C0OCO 4.4400C0 £.36CC20
' LENGT= 1i 1.58.818 1.02473¢8 2.053862 17.4C00°C .20CcCOo 2.4CC0C0 2.205C0C
I STAT. Descripzive Statistics (all9999.sta) .
i BASIC by ZONZ: G 8:23
STATS l
Y M A T
Scancard Std.Err. Std.Err.
Variable Variance Std.Dev. Error ' Skewness Skevness ' Kurzcsis Xurtcsis |
: {
AUAVG2 ! .346252 .586432 ' .177419 2.012436 . .€60637 4.739305 1.279416 I
SAYG 2.836Cz2 1.24740¢€ .376.07 1.683283 | .€€C627 4.2€C826 1.279416
LENCTE .569%€26 i .154743 .227562 —.932233 ©  _€€C6ET | .CA43244 , 1.27941€

2 A3 p3Y Do B EF
/, o 359
YT §




+ STAT. Jescriptive Szatistics all39393.sts! ;
, BasIcC by ZONE: G_5:24 . f
5TATS 3
. Confid. Confid.
i variabie Jalic N Mear -95.0CC% 95.00C Sam Minimum Maximum Range
AJAVG2 2 .572000 -5.52698 €.670979 1.144000 : .0%2000 1.352200 .960300
AGAVG z .64C0CC -.63062 1.310620 1.28C00C - .54C00C .740200 .22¢C0cCo
LENGTH z 2.00C00C —- - 4.202£002C 2.92CCIC 2.3C0CCC J.00C0CC :
I STET. Descriptive 3Sratistics {all95%9.sza;
BASIC .by ZONZ: CG_9:24
' STATS !
! Standaxrd Std.Exrxr. Stc.Err.
Variable Variance 5zd.Dev. Erroz Skewness Skewness Kurtesis Xurtosis
AURYG2 .46380C .678€23 I .4800CC - — l == =
AGAVG .C2300C .141421 .10033C = - - -=
LENGT:! Z.2C20CO C.C0CCO0C C.0C0COD - i - e

2

Z 2Y

/- LEO

S. 5S¢/
. 778

O- 997
Y. 64



3TL . Degorictive Sratistics "allId999.8%E]
3IAS (I C by ZCNZ: -’5_10:31 P
ETn s
Confid: Cor.fid. %
variaplie Va_id N Mean -35.000% 95.020 Surn Minimen MaxZImun Range i
RUAVG2 24 .024286 .010981 .C3359¢C .3400C .0010cC .07300C .572C0C
AGAVG i4 .150714 .C35227 .266201 2.11000 - .030000 .77000C .74000C
LENGTH 14 1.85C003 1.58.322 2.1.6867238 25.9C000 .9C000C 2.50C00°3 1.50C000 E
STAT. Descriptive Statistics !all19999.sta;
BASIC by Z0NE: G_1C:31
STATS
= 1
S-andard Std.Err. Std.Exr. I
Yar.akle Variarce Std.Cev. Exrxcr Skewr.ess SEkewness Kurzcsis Kurtosis
s {
~UAVGZ .C0O531 .023C43 ! .J26159 | .382547 .5973€0 ! -.229038 1.154CS) l
ACAVG .C4£)J0C7 .200C1¢8 .053457 2.7316Z2 ¢ .E92380 - 7.714764 1.154C%%
LENGTH .2.6538 .465327 .1243€7 -.562C27 .567380 .D3€.E% 1.1343504J

Z 3/

O 20
O 1S
. 75

O.CX
0 3

Ot ica et danat



I

' STAT. Sescriptive StavisTtics ‘all®99%.stal
i BRSIC Dy ZONE: G_'_'-.:32 p
i STATS
Confid. Corfid. i
Variable valid K Mean -33.000% 93.200 Sum Minimum Maximum Range j
- 1
AUAVG?2 5 .08C200 .023331 .137069 .4G:0C0 .025600C .147000 .11866C |
AGAVG 5 .212000 .113681 .312329 1.0600CO0. .14C00C .34C000 .200002C |
f LENGTH 5 1.66C0J00 .757762 2.562238 8.3C00CO .E6CC00C 2.59C00C 1.720C00C |
i
—
STAT. Descriptive Statistics (all9999.sta)
BRSIC by ZONE: G 11:32
i STATS .
Stardard Std.Erx. Std.EFx.
Variable Variance Std.lev. Zxxcr Skevmess Skewness Ker-osis Ku;:osis
AURVC2 é .C02G38 .D0458CC .220483 .€88125 .912872 -.2C59C 2.93CcoocC
AGAVG i .£0€222 .073133 .023412 1.32472% .9.2372 ~.63298 2.00C00¢C
LEXGTE .£2800C .7Z206€26 .3249€2 -.2332538 .9.2872 -2.3444C 2.2CC00C

Z 3

0. 098 0. 063
j. 99Y

O 47/
A T67



© 8TART Cescriprive 8tatistics [allldrdz.sta .
i BASIC by ZONE: G_12:33
¢ STATS
; Corfid. Cenfid.
LVVarzable Valiid N Mean -935.000% 55.000 Sumnm Minimum Maximom Range
r ~
) AURVG2 2 -4470CC -1..031€ 1.997157 .894C00 .325000 .569CC0O .244CC0
' AGAVS 2 .69500¢C -.89328 2.2€83276 ., 1.390C00 ©.E73C0D .8200C0 .230C2C¢
LENGTE Z 2.600C00 -3.48243 6.662482 3.220CC¢C 1.203CC0 2.0C00CO0 .8C0CCC
STAT. Descriptive Statistics (all9999.sza)
BASIC iby ZONE: G_-2:33
STATS
Stardard Stc.Erzx. S-d.Err.
Variable Yariarce Std.Dev. Errcr Skewness Skewress Kurtesis Xurzcsis
ARUAVG2 .029768 L.172534 .122CCO - - = fes
AGRV3Z I .023:230 .176777 .125CCO = - —— = )
LENZTK = .3263C0 i -S53€83 .40G3CCC - S = -- ;
A

Z 33

/ O
5. 03

D. 3585 0.437
/.

57




STES . reszrigti Statistizs "aslgvab.suz
3ASIC oy ZONEZ 13:34 ”
SETATE
Confia. Cenfid. i
Variac.e Vaiid N tdean -95.0C0% 85.3CC Sun Mirnimum Max inmugr. Range '
AURAVG2 1 1.75300¢C - s 1.752C00 1.75300¢C 1.753000 - !
AGAVG 1 2.440000 i . = 2.440000 - 2.44C00C 2.440000 -- !
LENGT 1 1.000000 - :- — 1.C00CCO : 1.00CE0C  1.C0DOCO — Jt
STAT. Descriptive Statistics (all9399.sta)
BASIC by ZONE: G_13:34
STATS
Standard - Std.Erx. Std.Err.
Yeriable Variance S=d.Dev. Error | Skewness Skevness Kurtosis Kurtcesis
i : ¢
T
ATAYGZ | -- - - ' - i - ! - --
AGAVG | - e e — : -— - i
LEXNGTE - -- - - g -- - --

23y /379

2. 95
S 77

/. SYT7

iy, DO



' STAT Descripzi S-z~iszics ‘2l19%355.s5%7a°
, BRSIC by ZONE: 1440 "
L BTAIS :
Tenfig. concid. i
| Tariabie Yalia N Mearn -35.30(C% 35.0380 Surm Minimum Maximum lange |
l ACAVG2 4 .027643 ~-.CC4257 .C59842 . 38702 0.¢0CCO00 Z_EJ00 .2-3CCO
' AGRVS iz L2087 4 .066C02 .343427 Z.880C0 ¢.C00200 .37C000C .8700CC |
! LENGT# 14 . .642857 1.333259 2.640645% 23.000Ce .4C00CC Z2.5CC30C 2.1C00CC ¢
STAT. iCescriptive Statistics (all9999.sta)
BASIC ‘py ZONE: G_l4:41
STATS
N
Standard S-d.Err. Std.Exrr.
Variable Yariance S5zd.Zev. Exrcr Skewress Skewness Kurtosis Kurtosis
AURYG2 .8023052 .05%249 .0147 €€ 3.632359 ! .5G7380 23.42695 1.124330
AGAYC .JSEBES .2385:2 .0€3745  2.06722C 597380 | 4.23740 1.1540%C
LENGT= .276464 .£25317 .143831 | -.37€5€3 .39738C¢ °  1.2:034 ~.15405C

|

zZ 4/

O 0O17

Do /8
T

O OXRE
O 363

L st

zam,z%z



Z. 493

0.3)4 0,29

/- /7 377

5. 07

t STAT Descripzive Staniszics [a215559.sta
BASIC by ZCONE: G_13:43 .
STATS
confid. Coniid.
Variable Yaiia N Mean -35.000C% $3.000 Sum Minimuam Maximum Range
AhZAVGE2 2 .49200C - -- .492002 -432C6900 .49220¢ -
AGAYG 1 -21C00C -- -- .8iC0CY - .810C00 .3:00CC -
LENGTH b 1.10C002 — - 1.10C0CC 1.120000 Z.1CC00C --
STAT. ;:Descriptive Statistics (all9999.sta)
BASIC ‘by ZONE: G_15:43
STATS
T H
Standard | Std.Err. Std.Erxr.
Variable . Variance Std.Dev. Error Skevness Skewness Xurtosis Kurtesis
AURVG2 { - -— ~-- - - - -—
RCGAVC | -— -- -- - - -— . -—
LENGTH -- -- ; -- -- -- - ! --




—

i START . Descrignive Statistics (all¥dzb.sta,
+ B3ASIC by 20NZ: (?_16:44 g :
| STRTS g
: Confid.  Confid. ‘
| variable . Valid X Mean -95.000% 95.€00 Sum Minimun Maximur
. AVRVG2 z 2.51700C = - 1.517000 1.51720C 1.5170C¢C
t AGRVG . 3.9400cCC - -- 3.940000° 3.94000C 3.94C0CC
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School of Mines
Montana Tech
Memorandum

September 13, 1996

To: Charlie MuerhofT, Steve Ristorcelli
From: Pete Knudsen , Dean
Re: Geostat questions

Concerns expressed by Santa Fe

1. Use of assay data violates Santa Fe's standard practices
Comment;

Itis important that all samples have the same support, ie., length. It is acceptable to use
assay data as long as they have the same lengths. There is always some samples that will have
shorter lengths, usually at the end of the hole. These can be ignored if they are very small, or used
in the analysis if they are at least one half the length of the other samples. What must be avoided

is the use of short samples that were expressly taken to sample a high grade structure. This will
lead to a bias.

The resolution to this problem is to composite use down-the-hole composites of § feet

length.

2. Arelative variogram or correlogram may be more appropriate.
Comment;

Correlograms were calculated and converted to variograms.

3. Block Size. Santa Fe seems to worry that the sub - blocking ability of SURPAC2 will change
the “variance”. Also, Santa Fe seems to feel the composite length must be the same as the block
height.

Comment;

Kriging can be done with composites hat are a different size than the block. Most
software is not written for the case of the composites being longer than the block, but all of the
software that I know of will correctly calculate the Kriging weights for samples that are a shorter
length. What must be done is to use the correct block descritization. In the case of a 10 ft high
block and S ft samples, the vertical descritization must be two!




Santa Fe's worries about sub-blocking revolve about a ‘change of support’. The purpose of
Kriging is to make optimal estimates of the grade of each block. A block that is on the edge of an
ore zone should correctly model the geometry of the zone. That is why sub-blocks are used.

We are not violating any principle of geostatistics by keeping and using on a portion of a block.
Assume the original kriged block is say 25'x25’x10’ but only 25'x12'x10’ of the block is in the
zone. If we use the same composites to estimate the full block, and then use them again to krige
only the partial block, the kriged estimates will be very similar. The kriging variance will be
almost the same in each case, because the main determinate of the kriging variance is the samples

and their locations. In each case the same samples are used, hence the kriging variance will be
nearly identical.

Santa Fe also makes the assumption that if the block size should change, a new size composite
should be computed. This assumption is not true.
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Robin Hendrickson

SFPG Reno Exploration Office
250 South Rock Blvd.

Suite 100

Reno Nv. 89502

Sept. 16, 1996
Dear Robin:

We have reviewed your comments of September 4, 1996 and asked both Peter Knudsen
and Steve Ristorcelli to review and comment on the same. Both of these gentlemen have
been significantly involved in the Rosebud Mineral Resource estimation process. Charlie
Muerhoff has summarized and consolidated those comments and our response.

Hecla, as well as many other mining companies, has experienced the ill effects of mineral
resource models which give little attention to the geologic features which control
mineralization. There are numerous examples of “reserve busts” resulting from
mathematical models which don’t attempt to represent controlling geologic features.
Accurately interpreting and modeling the geologic controls has been a main focus of the
delineation drilling and modeling employed at the Rosebud Project from the outset.
Numerous in-house and outside experts have been involved in this program since
inception. These techniques are not new in the broad sense but have been advanced to the
needs of this particular ore body and underground mining methods. The model and
techniques have been audited formally by two consulting firms one of which specializes
in performing audits for financial institutions for the purposes of project financing and
valuation.

Throughout this entire process the Rosebud Staff has been very open to constructive
criticism and the model has significantly improved through the efforts, talents, and
experience of the vast resource of people which have been a part of this effort. In
continuing this process we are making a change in response to one of your suggestions
and have supplied comments to the remainder as attachments to this letter.

Sincerely,, R
@mwjoﬁ?\) %dt;:
Ronald W. Clayton

Rosebud Project General Mgr.

ec: George Johnson
Ron Parrat

Rosebud Unit « 501 S. Bridge * Winnemucca, Nevada 89445 » 702/623-6912 * FAX 702/623-6967
RSB YK YAHPCHKO NBOXN BEN N ONHIOK NS BRI Y HAH AN X X KAX XOZHBCTTYEN X




HECLA MINING COMPANY
ROSEBUD PROJECT

September 16, 1996

Memorandum to: Ron Clayton

From: Charlie Muerhoff let/lu-‘

RE:

Response to SFPG Letter Regarding Rosebud Project Modeling,
Dated 9/4/96

This memorandum is intended to address the conclusions and recommendations included in the
letter sent to you by Skip McIntosh, SFPG regarding Rosebud Project Modeling, dated September
4, 1996. The letter was forwarded to Pete Knudsen and Steve Ristorcelli for their review; their
comments have been incorporated into my response.

1

SFPG: The modeling strategy currently being adopted (sub-blocking, assay based
variograms and assay based interpolation) for the Rosebud model will most likely lead to an
overestimation of the grade and ounces when applying a cutoff grade for mining.

Response: The use of assay data in geostatistics and for block estimation (regardless of the
method) is acceptable as long as each sample has the same support, i.e., length. To resolve
this problem, we will weight-average downhole assays to five-foot composites within gold
domains. Since this will undoubtedly result in composites less than five-feet in length
occurring at the margin of the domains, Pete Knudsen recommends using the composites

~ which are at least one-half the length of the other samples (i.e., at least 2/ feet) and

discarding those samples which are less than one-half the length of the other samples. Sub-
blocking is addressed in item 3 below.

In their examination of the data, SFPG uses the global population of South Zone drill samples
rather than samples from the mineralized zone. Sample data from surface drill holes which
include up to 600 feet of unmineralized rock has been included in their analysis. This affects
the perceived bias to higher grades in the shorter assay intervals and unfairly accentuates this
relationship. Steve Ristorcelli examined the relationship between shorter assay intervals and
grades on a domain by domain basis and found the bias to be very minimal. In fact, in some
of the higher grade zones, samples that are shorter than five feet actually have a lower
average grade, rather than higher.

SFPG: This is the problem which Lauren Roberts has described as being his experience at
other operations i.e., the model has predicted more ounces than mining demonstrated.

Response: | believe Lauren’s comments have been taken out of context. This particular
methodology has not been used at any of Hecla’s operations until Rosebud. | used a very
simplified version when modeling the GP Blanket at Republic and the model compared
favorably to actual production, with an overall tonnage variance of -8% and gold ounce
variance of +4% as compared to the actual tonnage and ounces produced.

SFPG: The best way to eliminate the problems of changing support variograms and block
sizes is to focus on “internal dilution” or the Volume Variance: change in support issues.




Response: As stated above, we will composite the data to five-foot sample lengths, negating
the change in support issue. Block size is addressed in item 3 below.

Composites should be used in the interpolation process. Grades should be estimated by
Kriging, Inverse Distance power (...) and Nearest Neighbor methods. All three methods
should be evaluated as a basis for mine planning.

Response: Ten-foot composites were used in previous resource calculations, and we will use
five-foot composites for the current model. Surpac (and MEDS) will correctly calculate the
Kriging weights for sample composites that are shorter than the size of the block. As far as
the estimation method is concerned: just as we did for the 1995 Mineral Inventory, several
estimation methods will be used as to evaluate the current model. For the 1995 model, six
different iterations of the resource estimate were generated by Kriging, nearest neighbor, and
manual polygonal methods. The Kriged model was selected for inclusion in the 1995 RMI and
was used for the feasibility mine planning.

SFPG: The block size should be held constant at a size equal to the appropriate SMU for an
underground mining project.

Response: In general, | do not agree with this argument. Given the proper understanding of
the deposit, combined with the ability to mine at highly variable widths and heights, block
sizes should not be held constant for an underground mining situation. The block size should
take into account the differing styles and geometry of the mineralization within a given deposit
and the differing mining methods to be employed for the most efficient extraction.

In regards to the current model, we are not planning to use sub-blocking (yet), but we are
using partial blocks at the individual domain boundaries. The resultant whole block will
receive the weighted average grade of those partial blocks which comprise it. Sub-blocking or
partial blocking is for geometry purposes only and change of support is not an issue. Pete
Knudsen described this to me as follows: “The purpose of Kriging is to make optimal
estimates of the grade of each block. A block that is on the edge of an ore zone should
correctly model the geometry of the zone. That is why sub-blocks are used. We are not
violating any principle of geostatistics by keeping and using only a portion of a block. Assume
the original kriged block is say 25'x25'x10’ but only 25'x12'x10’ of the ‘block is in the zone. If
we use the same composites to estimate the full block, and then use them again to krige only
the partial block, the kriged estimates will be very similar. The kriging variance will be, almost
the same in each case, because the main determinate of the kriging variance is the samples
and their locations. In each case the same samples are used, hence the kriging variance will
be nearly identical.”

SFPG: Simplify the interpolation strategy minimum number of statistically supported mineral
domains within 4 area domains instead of 19 different domains. Let the modeling define the
grade distribution boundaries rather than trying to visually estimate them from the assays.
There are inherent errors in the assays which could lead to bias in the grade zoning.

Response: We are currently using four area domains, with each subdivided into four or five
grade population domains (total of 19 domains). The grade population domains are
individually modeled to reflect their respective occurrences as they relate to style of
mineralization and geologic control or their spatial relationship to particular stratigraphic units.
If grade population boundaries coincide with recognizable geologic boundaries and controls,
why let these boundaries be defined by geostatistics where grades will smear across their
respective geologic boundary? GEOLOGY MUST BE HONORED. Our approach all along
has been to model the grade populations (low-grade as well as high-grade) to the geology.
The result is often sharp contrasts in grade at boundaries between high-grade and low-grade




mineralization (the use of partial block composites at domain boundaries actually create a
‘transitional’ grade boundary over a block width), but this approach is applicable to the
observed distribution and occurrence of mineralization in the Rosebud Deposit.

As you are aware, it has always been our intention to perform several estimations of the
model using different types of methods, just as we did for the 1995 RMI model. We will
include a model where the grade domain boundaries internal to the area domains will be
disregarded.

As far as ‘inherent errors in the assays’ is concerned, | don't understand this statement. Any
error that is inherent to the assays would also be included in the subsequent composite.
Given the sample protocol used for core, and the minimal variance found in original assays
vs. check assays vs. metallic screen assays vs. CN bottle roll results, | don't believe there are
inherent errors in the core sample assays. In regards to LAC's reverse-circulation drilling, we
have identified some downhole smearing, especially where high inflows of water were
encountered. This has been taken into account when modeling the grade domains (assays
from several holes were either restricted or eliminated completely based on conflicting data
from nearby core holes).

5. SFPG: The highly clustered spatial distribution of drilling samples and the high grade outliers
in the distribution of values in the South Zone raises the problem of different local mean
values within the densely drilled zones compared with the distal (lower grade zones). This
condition would render the assumption of stationarity of the mean invalid. Hecla does not
decluster the data before calculating variograms. The effect of clustering and non stationarity
may be minimized by calculating the variogram using a method which reduces the effect of
the local mean on the variogram curve. These methods include calculating a relative
variogram, or using either the covariance or correlogram function to characterize the spatial
continuity of the mineralization.

Response: One of the reasons the grade domain methodology was chosen was because of
the observed radical changes in local means. Again, instead of smoothing data, we chose to
model the variability of grades by separating recognized grade populations and modeling
them individually. The use of grade domains takes the change in local means into account;
there is a stationarity of the mean within each grade domain.

Pete Knudsen did use correlograms and converted them to variograms.

Let me know if you have any questions.

enclosures: Pete Knudsen correspondence
Steve Ristorcelli correspondence & statistical analysis
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1.0 Introduction

Mine Development Associates contracted H. Peter Knudsen to develop a indicator krigingin
model of the Rosebud Deposit. Work performed includes calculation of basic statistics,
calculation and modeling of indicator variograms, and indicator kriging for four
geologic/mineralogic zones of the deposit.

2.0 Data

The basic data used in this analysis consisted of 5ft composites prepared by Mine Development
Associates. The data was grouped by MDA into four zones. Each zone was analyzed
independently.

2.1 Zone 1

All data in zone 1 were grouped together. Indicator cutoffs were chosen based on the likely
economic cutoffs and the need to retain definition in the high grade tail of the distribution. The
cutoffs chosen are listed below.

Number Cutoff Value Cumulative Percent
1 0.05 63.7%
2 0.10 74.4%
3 0.15 80.0%
4 0.25 85.3%
5 0.40 89.2%
6 0.60 92.8%
7 1.00 95.9%
8 2.00 98.3%
9 3.00 99.3%
10 10.00 99.99%

Indicator variograms were calculated and modeled for each indicator cutoff. In general the
variograms were well behaved and fairly easy to model. Anistropy was found in the lower
cutoffs but as the cutoff increased the anisotropy became less apparent. The anistropy ellipsoid
in oriented with the major axis at NSE with a dip of 30 degrees.

The variogram parameters for the grouped data from 12 to 15 are listed below. A nested
spherical model was used as the variogram model.

Variogram Parameters for Zone 1

i Co Cl1 R1 2 R2 Bearing | Dip Tilt Major | Minor
AF AF




1 0.2 45 30 35 150.° 5 0 30 1.5 1.5
2 0.2 45 30 35 150.° 5 0 30 1.5 1.5
3 0.2 4 30 4 150.° 5 0 30 1.5 1.5
4 0.2 4 30' 4 150.° 5 0 30 1.5 1.5
5 0.2 4 30 4 150.° 5 0 30 1.5 1.5
6 0.25 .5 30' 25 100 5 0 30 1.0 1.0
7 0.5 .35 20" 15 120 5 0 30 1.0 1.5
8 0.6 25 10’ .15 100 5 0 30 1.0 1.0
9 0.6 4 25' 0 0 5 0 30 1.0 1.5
10 1.0 0 0 0 0 0 0 0 1.0 1.0
The variogram for the 0.050pt cutoff is shown in Figure 1.
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Figure 1. Zone 1 variograms for 0.05 opt cutoff.

2.2 Zone 2

For consistency in the modeling the same cutoffs were used for all zones. All the data from Zone
2(21,22,23,24,and 25) were used. The zone 2 variograms are similar to zone 1, except the
ansistropy between the plane of the structure and perpendicular to it is much stronger than in




Zone 1.

Variogram Parameters for Zone 2

i Co Cl R1 2 R2 Bearing | Dip Tilt Major | Minor
AF AF
1 0.4 20 40" 40 167 |5 0 30 1.0 3
2 0.4 20 30' 40 167 |5 0 30 1.0 3
3 0.2 4 30' 4 140 |5 0 30 1.0 3.75
4 0.2 45 25 35 150 |5 0 30 125 |5
5 0.2 55 25" 25 140 |5 0 30 1.20 | 4.66
6 0.4 4 15 20 100’ 5 0 30 1.0 4.0
7 0.4 4 15 20 100' 5 0 30 1.0 4.0
8 0.8 20 30' 0 0 5 0 30 1.0 1.0
9 1.0 0 0 0 0 5 0 30 1.0 1.0
10 [1.0 0 0 0 0 0 0 0 1.0 1.0
Figure 2 shows the variogram for the 0.05 cutoff.
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Figure 2. Zone 2 variogram for 0.05 opt cutoff.




2.3 Zone 3

The same cutoffs were used in zone 3 as in zones 1 and 2, with the exception that the highest

cutoff used was 2.00 opt. The mineralization in zone 3 has a strong vertical continuity.

Variogram Parameters for Zone 3

it Co Cl R1 C2 R2 Bearing | Dip Tilt Major | Minor
AF AF

1 0.4 25 30' 35 120> [0 90 0 1.33 1

2 0.4 25 30' 35 120 |0 90 0 1.33 1

3 0.3 7 130 |0 0 0 90 0 2.0 1

- 0.3 7 130 |0 0 0 90 0 2.0 1

5 0.3 7 130 |0 0 0 90 0 2.0 1

6 0.3 6 115 0 0 0 90 0 2.0 1.0

7 0.7 3 60' 0 0 0 90 0 2.0 1.0

8 0.8 20 30" 0 0 0 90 0 1.0 1.0

The zone 3 variogram for cutoff 0.05 opt is shown below.
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Figure 3. Zone 3 variogram for 0.05 opt cutoff.




2.4 Zone 4

The cutoffs used in zone 4 are different than in the other zones, because there are fewer high

values in this zone.

Number Cutoff Value Cumulative Percent

1 0.025 63.7%

2 0.050 77.2%

3 0.100 83.1%

4 0.150 88.4%

5 0.250 93.3%

6 0.500 98.5%

Variogram Parameters for Zone 4
i Co Cl R1 Bearing | Dip Tilt Major | Minor
AF AF

1 0.4 .60 160" |0 0 0 1.0 2.66
2 0.4 .60 80' 0 0 0 1.0 2.66
3 0.4 .60 80' 0 0 0 1.0 2.66
4 0.4 .60 80’ 0 0 0 1.0 2.66
5 0.4 .60 80' 0 0 0 1.0 2.66
6 1.0 0 0 0 0 0 1.0 1.0

The zone 4 variogram for cutoff 0.025 opt is shown below.
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Figure 4. Zone 4 variograms for 0.025 opt cutoff.




3.0 Search Parameters Used

The maximum search radius used in all kriging runs was 150 ft and the vertical search distance
was limited to 60 ft. The maximum number of samples used per block was 30 and the minimum
used was 10.
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School of Mines
Montana Tech
Memorandum

September 13, 1996

To: Charlie Muerhoff, Steve Ristorcelli
From: Pete Knudsen . Dean
Re: Geostat questions

Concerns expressed by Santa Fe

1. Use of assay data violates Santa Fe's standard practices
Comment.

It Is important that all samples have the same support,ie., length. It is acceptable to use
assay data as long as they have the same lengths. There is always some samples that will have
shorter lengths, usually at the end of the hole. These can be ignored if they are very small, or used
in the analysis if they are at least one half the length of the other samples. What must be avoided

is the use of short samples that were expressly taken to sample a high grade structure. This will
lead to a bias.

The resolution to this problem is to composite use down-the-hole composites of 5 feet
length.

2. A relative variogram or correlogram may be more appropriate.
Comment;

Correlograms were calculated and converted to variograms.

3. Block Size. Santa Fe seems to worry that the sub - blocking ability of SURPAC2 will change
the “variance”. Also, Santa Fe seems to feel the composite length must be the same as the block
height.

Comment,

Kriging can be done withcomposites that are a different size than the block. Most
software is not written for the case of the composites being longer than the block, but all of the
software that 1 know of will correctly calculate the Kriging weights for samples that are a shorter
length. What must be done is to use the correct block descritization. In the case of a 10 ft high
block and § fi samples, the vertical descritization must be twol

H <
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Santa Fe's worries about sub-blocking revolve about a ‘change of support’. The purpose of
Kriging is to make optimal estimates of the grade of each block. A block that is on the edge of an
ore zone should correctly model the geomeiry of the zone. That is why sub-blocks are used.

We are not violating any principle of geostatistics by keeping and using on a portion of a block.
Assume the original kriged block is say 25'x25'x10" but only 25°x12'x10" of the black is in the
zone. If we use the same composites to estimate the full block, and then use them again to krige
only the partial block, the kriged estimates will be very similar. The kriging variance will be
almost the same in each case, because the main determinate of the kriging variance is the samples

and their locations. In esch case the same samples are used. hence the kriging variance will be
nearly identical.

Santa Fe also makes the assumption that if the block size should change, a new size composite
should be computed. This assumption is not true
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MINE DEVELOPMENT ASSOCIATES

MINEENGINEERING SERVICES
SURPAC MINING SYSTEMS

DATE:

TO:

FAX:
FROM:

September 11, 1996
Charlie
702-623-6967
Steven Ristoreelli

THIS TRANSMISSION CONSISTS OF __12 PAGES INCLUDING THIS COVER PAGE,
IF ALL PAGES ARE NOT RECEIVED, PHONE (702) 856-5700,
FAX NUMBER: (702) 856-6053

Charlie,

This fax is to paraphrase the conversation w/ Pete K. today and give you some more “support”

data. Basically, the only valid point Santa Fe has is the estimation from variable length samples.

L

It there is a bias in the data, then there will be a bias in the kriging. The weighted averages
by zone did not change significantly based on the fax I sent to you this morning. Iam sending
several sheets on the zones showing the statistics of all samples less than 2.5 ft in length (the
point at which Pete K. starts to get concerned). T have looked at them and found that they are
not terribly different from the stats of the corresponding zones in total, Don't forget, once we
move out and cut the outliers it wil] result jn lower means. As we stated, send Pete both files
(assay and composite - down hole by rock type) and he will be the judge as 1o whether we
should use 5 ft composites or assays. Consider compositing to S ft just to avoid having to
constantly deal with these sorts of headaches. 1don't feel it will materially affect the outcome,
just the perception. And finally, there is no reason to work with 10 ft composites over § ft
composites. Kriging will put valid grades in 10 ft blocks from S ft samples,

Pete used correlograms.

The comment on sub-blocking by Santa Fe is not applicable and therefore does not warrant a
comment. However, Santa Fe’s note on this is nonsense. Sub-blocking is for geometry only.
On his comment no. 5 in the Conclusions, Pete just shrugged it off as nonsense. I have asked
him to comment on it in writing for you or to call you today. My comments are; kriging takes
into account and compensates for clustered data, Second, we used zones because there is a
radical change in local means. The zoning takes this into account and therefore in all our
estimation domains we do have “stationarity of mean”. And of coarse, the second half of this
paragraph is also moot because we used the correlogram.
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' AVAVG2 . 2.12336 1.456233 .31121¢C 4.4-6365 i -49C3€2 2C. 47442 38273C
~AGAYVG ¢ EE,°332: i 9.387¢23 i 2-001513 z.2€GES? .49C362  4.17403 35273¢
LENGTH -0047C 1 _7?TE23F 7 _165790 b —.58985% -490%62 ; ~1.0%785 3527EG

Z 13 o409 ©.503
4. .3¢ 5. 05
4,65 j. /b
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STAT Jescriptive Statistics ‘2115395.s-a3°
BASIC By ZONE: & 4ité 5
STATS !
Config. Confid.
Variable  vaiid N Mear -95.200¢ 95.0€0 Sum Minimum | Maximum Range I*
{_ ACAVGZ 14 -.088%14 ~222220 1.66122 15.2140C .C12000 2.655CC 2.642C0 !
AGAYG 14 €.29428¢ -.363%181 14.C87175 97.9200¢C .160000 42.87000 4£2.810C0
LENGTH 1 1.47142% 2.03z482 1.85737 20.6C00C .400CC0 2.5CCo0 2.1038CC
STAT. Descriptive Statistics {ali?999.sta;
BASIC by ZONE: G 4:14
STATS {
Standard i Std.Err. ! Std.Err.
Lﬁ?ariable Yarlarce Std.Dev. Errer Skewness ' Skewness Kurtosis @ Kurtcsis
AURVG2 .39C: . 93521 .265925 ! .475894 .5%738C -1.62392 : 1.15405C
AGAVG 150.%348 . 12.2855% 3.232452 2.45%5401 .59738¢ 5.81C33  1.15405C
LENGTE .4453 ! . 66844 173645 .132272 .5973€0 ~1.€38356 ! 1.154Cs0



- OS5

FJ'

f STAT Oescriptive Statistics “3119939.s7z;
© BASIC by ZONE: G 3::5
© STATS
Confid. Corfad. :
Variak.e Yalid N Mean -35.0C0% 93.8CC Sum Minimun Maximumn Range I
.
r—_ 20AVE2 3 18.34.33 —-4:.6€31 80.3457¢ 58.C24C0 2.87500C 47.5790¢C 445.60400 §
! AGAVG 3 Z22.56333 ~13.2732 3E.896E2 67.690CC &.77000C 37.930C03 2¢.1200¢C i
LENGTE 2 _.S€667 -.C874 3.22C63  4.7C0CC 1.22CC00 z.3000D 1.332C¢0C |
(] - [3
STAT. Descriptive Statistics (all9999.sva;
BASIC by ZONE: G_S:lS
STATS |
Standard Std.Err. " 5:d.Err.
Variable Variance Std.Devw. trrcr Skewness Skewness Kurtcsis Xartos:is ;
AUAVG2  633.0756 24.55760 | 14.17834 1.6€6996 | 1.204745 | - —
AGARYG 213.3236 14.€62062C €.444¢44 .£€9%54% 2.22474% - : e
LEINGTE ; 4423 .€E€Z83 .3349¢2 1.055832 1.22474% - H .
§

Z/5

2S

1=

WED

SEFP—11—9296

7.292
/5 B8
o 35

S0.178
/307
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3TAT Sescrigtive Statistizs ‘all%39%.scza
BASIC Y Z0ONE = 6.2:
STATSE
Confid. Confid.
Yariakcle Yallid N Mear -55.000% 35.000 Sum Minimum Maxinum Rance
AUAVG2 e .01457¢ .0076€3 .C21467 3E3C0 0.000000 .114000 .114C2C0C
EGAVG 40 .45600¢ -.058947 .970947 18.24000 C.0G00C0o 7.850000 7.95C000
LENGTH 40 1.785002 1.609150 Z.9€08&590 71.4C002C .€2CC00 Z.5C00C0 ..3%0C0CC
1
STAT. ;Descriptive Statistics [al1599%.sta;
IASIC by ZONE: G_G: 21
STATS :
1 Y Y j‘
! ! Standard Std.Err. Std.Erx.
Yaeriable Varience Std.lev. Error Skewness Skewress Kurtos:s Kurtos:is j
T H : 5
AURAYG2 .00C4¢€4 ! .C2154¢ .CGD3407 ! 2.973792 .3737€3 11.20122 : .7326032
AGAYG i 2.592542 © 1.6.0137 i .234585 © 4.219718 373783 | 17.7%€01 ¢ .7326€0D
LENGTH .302332 .54324€  .C86339 -.573342 i3783 -.818€2 .73Z€CH

Z 2/

L Ca7
Cr 270
</ 29

O 28X
0.5 94



WED

SEFP—11 —929¢6

cescripgtive Statiszics (2129995 s-3
by ZONE: G T:22
Tenfid., confid
Vzrizkle vaiid xn Mean -33.000¢% $5.CCC Sum Minimum Maximum Ranze
AUAVSGZ 17 .1632323 05634 2714258 2.7280CC .0C10CO .8220C £21G0
AGAVG 17 2.248822 -.932C85 £.429732 38.23038 .0400CC Z25.24(C0C 25.902CC
LENGTH 13 1.5352¢64 1.632783 2.237305 22.5C0552 .6CC0CC 2.5CC0C 1.8CACC !
STAT. Descriptive Statistics {all9399.sta}
BASIC by ZONE: G_7:22
STATS
¥ 1
Stardard : Std.Erx. Std.Err.
Variable Yariance Std.Dew. Errox Skewr.ess Skewness Xurtosis Kurtcsis
, N —
AUAVGZ .04404 l .209€52 .05089? Z.254€¢ .549747 3.6538C *© 1.0631:¢8
AGAVG 38.27528 6.136701 1.50049%6 2.947¢€1 .3497%37 12.93377 2.262:38
LENGTH .346.8 -538368 .142753¢C -1.C513€ .5493747 . 39321 1.9621338

2 22

G780

0./

O. 778 7, 74/

57 09
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STaT Descriptivte Statistizcs (a.19339%5.s%z
BASIC cy ZONE: G 5:23
STATS
Confid. Cenfig.
Yarizble valid N tMMean -535.000z 53.002 Sum Minimum Maximum Range
AURVSG2 gl .512C32 .126777 -807405 5.633CC .0C3000 2.055000 2.952000
ACAYC 12 1.232727 .33£47208 2.078746 13.560C¢ .06C0C0 4.4400C0 £.380C20
LENGT= 1i 1.5&.818 1.07477%¢ 2.08386_ 17.4C09C .20CCCO 2.43C0CC 2.200C0C
STAT. Descrip:zive Statistics (all9993.sta)
BASIC by ZONZ: G 8:23
STATS l
| Scancara Std.Err. Std.Err.
Yariable Variance Std.Dev. Error Skewress Skewness Kurcesis Xurtcs:is
AUAYG2 ! .34€252 .588432 .1772219 2.012436 .€60637 4.739305 1.27%41¢6
SRYE >: 8556322 1.24740¢ .376.07 1.8683283 .€€C6=7 4.2€C826 1.27%416
LENCTE .56%€26 .7547¢43 227562 -.632233 .EECHET .C4324¢ 1.27¢41€
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STAT. Descriptive Sta<istics 311933%3.sts;
BASIC by ZONE: G 9:24
STATS
Confid. Confid.
variabie Valid N Mearn -95.0CC¢e 935.00¢C Sum Minimum Max imum Range
AUAVG2 Z -5722C0  -5.52698 €.67C979 1.144000 -C52000 1.352C00 .96C300
AGAYG Z -64C0CC -.630€2 1.31C0620 1.28C00¢C .54C000 -740C0C0 .2%¢oce
LENGTH 2z 2.00C02C -= == 4.22202C 2.92CCI0 2.3C0CCC J3.¢0%¢ce
I STET. Descriptive Sratistics {all9%%9.sta,
BASIC iby ZORZ: G 9:24
STATS
-
! Standard Std.Err. Stc.Err.
Variable Variance S=d.Devw. Error Skewness Skewness Kurtesis Xurtosis
14 v T i ;
AURYG2 .46380C .676€23 ! -4800CC -- == ] = -
AGAVC -c2300C .141¢21 -10033C =i S - -
LENGT= S.3C00CO C.COCCo00 <.0CQC00 - — == -
b : 5

Z2¢ ) 280
3. 56/

o 778

O- 992
Y. L4
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]
' STAT. Descrigzive Statistics all3993.sta;
| Bas: by ZONZ: Z_1C:31
| SETATS
2 Confid. Confid. |
Yariabie Velid N Mean -35.000% 95.0620 Sur Minimun Maximumn Range ‘
AUAVG2 24 .024286 .01i0981 .C37590 .3400C .0010CC .07300C .807200C
AGAVG ié .150714 .C35227 .266201 Z2.11000 .030000 .77600C .74C00°C
LENGTH 12 1.85C003 1.58:322 2.1.6078 25.9C000 .9C000C 2.300003C .6C2C00C s
STAT. Descriptive Statistics (all9989.sta!
BASIC ‘by ZONE: G_1C:31
STATS i
. 1
S-andard Std.Erx. Std.Err. |
Yariakle Variance Std.Cev. Erxcr Skewress Skewness Lurtcsis Kurtosis
' 4 i
RURYGZ §  .C0D2S3: .C23C43 I .JC6159 .3825¢47% ! .59732€0 ! -.22%038 1.154C5) |
ATAVG ¢ .C4J0C7 .2CG0Ci¢g .053457 2.731622 ¢ .E972B0 - 7.714764 1.154250 |
LENGTH .2.68538 .4653327 .1243€7 -.8630z7 .567238C .53€.&8% 1.1343%90

Z 3/

D, 020

AT
. 175

0. 6X3
0. 32
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STAT. Tescriptive Statistics 'all9399%.stal
BASIC by ZONE: G 11 32
STATS
Confid. Confid.
Variabie Valid K Mean -3.000% 95.20C Sum Minimum Maximun rRange
AUAYG2 5 .08C200 .¢23331 .137069 .4G10C0 .0258050C .147G00 .218G0C
AGAVG 5 .212000 .113681 .310229 1.0600C0 .14C00C -34C000 .20000C
LENGTH 5 1.6€6C000 .35877¢62 2.562238 g.3C00C0 .&0000C 2.59800C X.70C00C
STAT. Descriptive Statistics (all9399.sta)
BARSIC by ZONE: G 12:32
STATS .
Staendard Std.Errx. Std.Err.
Variable Yariance Std. Zevw. Exrxcr Skewness Skewness Kur-osis XKur-OoSsis
ADEYG2 E .C02038 .34358CC .2204383 .€881:Z5 .8912872 -.2C59C 2.9Cco0C
AGAYG i .C0€27C .373133 .033412 1.3247z27 .6.23872 _.63298 Z2.30C00¢C
LEXGTR ; .223800C .7Z20€206 . 324362 -.272538 .9.287: -2.3444C 2.2CC00C

£ 3

0. 0978 0. 063
O 47 i 99Y
4. 77
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STAT. Descriptive Statistics (a113%393.s7a :
BASIC by ZONZ: G _12:33 ‘
STATE
i Cornfid. Cenfid.
i Variable Valid N Mean -35.000% $5.C00 Sumn Minimum Maximum Range !
. :
| i
: AURVGZ 2 -4470CC -1..031€ 1.9987157 -864CCO .325000 -5690C0 .244CC0 i
AGARVG 2 .69500¢C -.893238 Z.283276 . 1.390C00 .£7360D .8200C0 .230C2C¢C
LENGTE Z 1.600000 -3.482¢43 6.682482 3.239CC¢C 1.203CC0 2.2302¢C0 .8C03C
STAT. Descriptive Statistics (all9999.sza)
BASIC by ZONE: G _12:33
STATS
Starndard S5té.Er:z. Scd.Er=.
Variakle Yariarce Std.Dev. Errcr Skewness Skewress Kurtesis Xurzesis
AUAVS .029768  .172534  .1220€0 |  --  -—- i - --
AGRVG 1 .021230 .176777 .125CC0 | st s ; e -
LENGTH = .32063C0 -S53€82 .4063CCC e S e --

Z 33 0355 0437

/O

X

5. 03

/.89
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/S5 Y 7
i, DO

1
COSTERT Cescrigtive Statistics stz
i BASIC oy ZONZ: _.3:3¢
Cenfids \
Yariac.e Vaiid N Mean -95.0C0=% 35.0CC Sun Minimom Max irugr. Range
1
AUAYG2 1 1.75300C - 1.752C00 1.73300C 1.753009 - |
; AGAYG 1 2.44000C -- 2.440C00 2.44C00C 2.440000 - f
i LENGTH 1 1.00C000 = 1.C00CCO , 1.30CCO0C ~.C000CO - i
N )]
STAT. Descriptive Statistics (all9398.sta)
- BASIC ;by ZONE: G_13:34
‘ STATS
l St Std.Erx. Std.Err.
i Yariable Variance Szd.Dev. Skewness Skevness Kurtosis Kurtcsis
i ; 4
ATAVGZ | - - L i - LA --
BGAVG | - - - : -— -~ --
LEXGTE —— - - : - e s
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P

' STIAT. Descriptive Ztatistics ‘2119%3%3.35-a .
; BASIC by ZONE: = 14:4_ y
¢ STATS i
Config. Config.
| “ariabie valid N Mearn -35.350(% 53.030 Sur ¥inimum Mzximum Range i
{ ATAYVS Lé -027643 -.CC4257 .C59842 .38700 0.20CC00 .Z.E000 .2.3CC0 i
' AGEVS 14 .205724 -06EC02 . 343427 Z.880C0 C.C00200 -.37C00¢C -8700CC |
: LENGTE 14 ~.042857 1.333259 21.646452 23.000¢C¢ .4C00CC Z2.5CC40T 2.:000CC
. . - - T
STAT. iCescriptive Statistics (all9999.sta) !
BASIC ‘by ZONE: G _14:41 i
STATS
L
Standard Scd.Err. Std.Er;.
Variable ¥Yariance Std.Zev. Errcr Skewrness Skewness KurtosZs Kurtosis
URYGZ .002052 .055249 .014% €€ 3.6323<3 .5¢7360 13.42€95 ; 1.1243Z
EGAYC .JS€EBESB .238%22 .0€3745 2.326722¢C 97380 §£.23740 | 1.1540%C
SENGT= i .2764€4 -£25317 .143231 | -.3785€2 £9738¢C ~.3:2034 2.15405¢C

5 3

1

SEF—11—2¢6 WED

Z 4/

O 077

Do /&
4. &2

O OXE
01 3&3
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STAT. Descriptive Statistics (3..5%39%.s:tz
BASIC oy ZCNE: G 12:43
STATS -
sonfizg. cosniia.
Variab.ie Valid & Mean -32.000¢% 95.000 Sum Minimum Maximum Range
ATAVGE2 1 .49200¢C - -- .492002 .432000 .492C29¢ -
AGAVYG 1 -21C00C - - -81C0C2 .8310C00 .3:1G0CC -
LENGTH b 1.10C002 - -- 1.10C0CC 1.220C00 ~.1CC05C -
STAT. :Bescriptive Statistics [&119999.sta)
BASIC ‘by ZONE: G_15:43
STATS
+
‘ Standazxd | 5td.Err. Std.Exrr.
VYariable Yariance Std.Dew. Error Skevness Skevwness Xurtosis Kurtesis
' Kl
AUBVG2 f - -— - - - i — -
AGAVC -- -- -- -- -- : -- . --
LENGTH - -- -- - -- -- ! --

Z. 93

0.314 0,219

). /7
Y

3. /7
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1
ETAT. Descriptivve Statistics (a.l3%3%%.s:ta |
i BASIC by ZONE: G_26:44 l
| sTaTs |
- !
; Coniid. Cenfig. |
i Variable Valid X\ Mean -95.000% 95.¢0C Sum Minimun Maximum Raznge
AVRVGZ b 1.51700¢C = -~ 1.517000 1.51790C 1.5170C¢C -
f AGARVG I - 3.9400CC - - 2.940000C 3.94000C 3.94C03¢C -
lA_ LENGTE z Z.3Co0C¢C =L - 2.3CC0030 2.3CcoocC 2.30C00C w=
! STAT. 5Bescriptive Statistics (all9%999.sta} ;
. BASIC by ZONE: G_16:44
STATS
: Standard Std.Zrx. S:-d.Exr. ]
Veriable . Variance Sté.3lev. Erzcr Skewress Skewness Kurtosis Kurtosis i
| : ; 1?
ATAVE2 | s — ! - — I -- - : - j
RGAYC -- - -- -~ : -- -- i -

LENGTH

— -

0. 747
/. 95
3. 90

0. 357
2./7¢
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Charlie,

Thanks

14:53 D406 496 4133 MT TECH LB _ _ _ _ __ ___ __ __@ee1/003
facsimlie
NSMITTAL
Charlie Muerhoff
702-623-6967
Geostat comments
September 13, 1996
3, including this cover sheet.
Here are my comments about the questions raised by Santa Fe.
From the desk of..,
H. Pater Knudw*kb(./
Professor and Head, Mining Departmem
Montana Tech
1300 West Park 8¢,

Butte, MT 69701 USA

1-406-498-4305
Fex: 1-408-4868-4133
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School of Mines
Montana Tech
Memorandum

September 13, 1996

To: Charlie Muerhoff, Steve Ristorcelli
From: Pete Knudsen , Dean
Re: Geostat questions

Concerns expressed by Santa Fe

1. Use of assay data violates Santa Fe's standard practices
Comment;

It is important that all samples bave the same support, ie,, length. It is acceptable to use
assay data as long as they have the same lengths. There is always some samples that will have
shorter lengths, usually at the end of the hole. These can be ignored if they are very small, or used
in the analysis if they are at least one half the length of the other samples. What must be avoided

is the use of short samples that were expressly taken to sample a high grade structure. This will
lead to a bias.

The resolution to this problem is to composite use down-the-hole composites of $ feet

length.

2. A relative variogram or correlogram may be more appropriate.
Comment;

Correlograms were calculated and converted to variograms.

3. Block Size. Santa Fe seems to worry that the sub - blocking ability of SURPAC2 will change
the “variance”. Also, Santa Fe seems to feel the composite length must be the same as the block
height.

Comment;

Kriging can be done with composites that are a different size than the block. Most
software is not written for the case of the composites being longer than the block, but all of the
software that I know of will correctly calculate the Kriging weights for samples that are a shorter
length. What must be done is to use the correct block descritization. In the case of a 10 ft high
block and 5 ft samples, the vertical descritization must be two!
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Santa Fe’s worries about sub-blocking revolve about a ‘change of support’. The purpose of
Kriging is to make optimal estimates of the grade of each block. A block that is on the edge of an
ore zone should correctly model the geometry of the zone That is why sub-blocks are used.

We are not violating any principle of geostatistics by keeping and using on a portion of a block
Assume the original kriged block is say 25'x25’x10” but only 25°x12’x10’ of the block is in the
zone. If we use the same composites to estimate the full block, and then use them again to krige
only the partial block, the kriged estimates will be very similar. The kriging variance will be
almost the same in each case, because the main determinate of the kriging variance is the samples

and their locations. In each case the same samples are used, hence the kriging variance will be
nearly identical.

Santa Fe also makes the assumption that if the block size should change, a new size composite
should be computed. This assumption is not true.



