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Recalculation of Intercepts 
Yarnell Project 
Yavapai County, AZ 
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To evaluate the possible change in ounces of gold available at Yarnell 
by involving the adding of the probable stope values to the drill holes, 
which in turn would influence the block grade, will be undertaken. You are 
assigned this study. 

The following format is recommended: 

A. From Table I - Zone Interval Tabulation, recalculate the assay grade 
in the drill holes which indicate a stope intercept. In the past 
study, the values in Table I were equated to the value of the 
remaining set of values in the hole. See Attachment A for the 
methodology to be used in the new study. 

Recalculate the Main or "B" zone interval in a new Table I. 

B. Using the map showing the triangular blocks, and Table 4 - Main "B" 
Zone (12/20/89), recalculate the assay for the triangular block, and 
prepare a new Table 4 showing the old and new values. 

See Attachment B for the methodology to be used. 

C. Using the new Table 4, multiply the tons in the triangle by the new 
recalculated grade (oz/ton) and total new for ton-ounces new as in 
Table 4 (12/20/89), and calculate new grade figure. 

Construct new Table 4-A, adding the new "Ton-Oz" figure. See Attach- 
ment C for methodology. 

D. Add a note at the bottom of the new Table 4-A expressing the change in 
ounces using the recalculated values vs. the previous value of 
12/20/89. 

jS 

JDS:mek 
Att. 

C C :  R.L. Brown 
F.T. Graybeal 
W.L. Kurtz 

James D. Sell 
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ATTACHMENT A. Recalculation of Assay Interce~ in Drill Holes with Stopes. 

Using Table I of 12/20/89 report (attached) take the stope interval and 
add, from base upward, 5 feet of 0.100 opt gold for upward of 15 feet. 
If the stope was in excess of 15 feet, add 0.050 opt gold for the 
remaining upward values. 

Tabulate changes to be made for the computer program. 

Example: 

Drill Hole Stope Thickness Intervals New Value 

YM-I 20' ~00-I05 0.050 
105-110 0.010 
110-115 0.010 
115-120 0.010 

YM-2 etc. 

Prepare new Table I - Zone Interval Tabulation, showing previous data and 
new recalculated value 

12/20/89 Recalculated 
Drill Hole Zone* From T_o_o Footage Grade, opt Au Grade, opt Au 

ATTACHMENT B. Recalculation of Assay Grade in Triangular Blocks, using 
new stope values involved. 

Example Work Sheet Format: 

Recalc. Recalc. 
Triangle Hole Thickness Grade Ft.oz. 

4 16 40 new = new 
58 20 0.68 = new 
60 . . . .  = -- 

60/3=20' new new 

Take the recalculated Ft-oz and divide by the total thickness ( in T-4 above, 
60') to arrive at new grade of Triangle block. 

Note that the average thickness, i.e. 20' in above example, will be the same 
as in the Table 4 (12/20/89). 
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ATTACHMENT B (continued) 

From the worksheet list generated as above, prepare a new Table 4- Main "B" 
Zone showing the old and new values. 

Example: 
Grade Recalc. 

Triangle Volume Thickness oz/ton Grade 
No. ft 3 ft (12/20/89) oz/ton 

ATTACHMENT C: Recalculation of Ton-oz in triangular blocks. 

Example: 
Grade Recalc. 

Triangle Tons oz/ton Grade Recalc. 
No. (12/20/89) (12/20/89) oz/ton Ton-oz 

Tabulate in new Table 4-A as shown in example. 

Compare the 12/20/89 oz/ton grade with the new recalculated oz/ton grade. 

'~ j J: 
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YARNELL PROJECT 

Yavapai County, Arizona 

Table 1 - Zone In te rva l  TabUlation 

S \, 

D r i l l  
Ho_]e Zone= From To Footage 

YM-1 A 5 55 50' 
YM-1 B 55 125 70' 

YM-2 A 45 140 95' 
YM-2 B 140 245 105' 

YM-3 A 20 125 105' 
YM-3 B 125 200 75' 

YM-4 A 15 230 175' 
YM-4 B 285 310 25' 

YM-5 A 150 200 50' 
YM-5 B 200 355 155' 

YM-6 B 125 180 55' 

YM-7 B 155 230 75' 

YM-8 A 30 225 195' 
YM-8 B 225 275 50' 

YM-9 B 275 315 40' 

YM-10 A 130 190 60' 
YM-10 B 190 225 35' 

YM-11 B 175 240 65' 

YM-12 A 40 150 110' 
YM-12 B 150 240 90' 

YM-13 B 180 210 30' 

YM-14 B 15 90 75' 

Grade (opt Au) 

0.025 
0.053, i nc l .  20' stope 

0.017 
0.049, i nc l .  40' stope 

0.011 s~-7~ / ~/7 "/~--~c" 
0.060 

0.013, 40' gap 
0.037 

0.005 
0.041, i nc l .  35 ' ,s tope 

0,042 

0.047, i nc l .  5' stope 

0.022 
0.041 

0,035 

0.021 
0.029 

0.049 

0.013 
0.039, i nc l .  15' stope 

0.022 

0.040 

f \ 
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YARNELL 

D r i l l  
Hole 

YM-15 
YM-15 

YM-16 
YM-16 

YM-17 
YM-17 

YM-18 
YM-18 

YM-19 
YM-19 

YM-20 

YM-21 
YM-21 

YM-22 
YM-22 

YM-23 

YM-24 

YM-25 

YM-26 

YM-27 
YM-27 

YM-28 
YM-28 

YM-29 

YM-30 
YM-30 

YM-31 
YM-31 

YM-32 

PROJECT - Table I - Zone Interval  Tabulation 

Zone~ From To Footaqe " Grade (opt Au) 

A 25 140 115' 0.015 
B 140 295 155' 0.034 

A 0 40 40'  0.017 
B 40 80 40' 0.039, inc l .  5' stope 

A 210 285 75'  0.015 
B 285 325 40'  0.047 

A 0 100 100' 0.022 
B 100 140 40' 0.078 

A 10 85 ,75 '  0.015 
B 205 235 30' 0,058 

B 0 35 35' 0.070 

A 25 55 30' 0.019 . 
B 80 90 10' 0.033 

A 215 225 10' 0.036 
B 270 285 15' 0.025 

B 40 125 85' 0.047 

B 65 115 50' 0.093,  i n c l .  10' s tope 

B 55 90 35' 0.070 

B 200 290 90' 0.054 

A 35 265 90' 0 .015,  140' gap. 
B 300 315 15' 0.033 

A 95 225 130' 0.022 
B 225 245 20'  0,042 

B 220 230 10' 0.033 

A 170 200 30' 0.012 
B 215 250 35' 0,032 

A 115 135 20' 0.017 
B 365 385 20' 0.055 

A 0 190 155' 0 .012,  35' gap. 

2 
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YARNELL PROJECT - Table I - Zone In te rva l  Tabulation 

D r i l l  
Hole Zone~ 

YM-32 B 

YM-33 A 
YM-33 B 

YM-34 A 
YM-34 B 
YM-34 B 

YM-35 B 

YM-36 A 
YM-36 B 

YM-37 B 

YM-38 B 
Note: 

YM-39 A 
YM-39 B 

YM-40 A 
YM-40 B 

YM-41 B 

YM-42 B 

YM-43 B 

YM-44 A 
YM-44 B 

YM-45 B 

YM-46 B 

YM-47 A 
YM-47 B 

YM-48 B 

YM-49 B 

YM-50 B 

From To Footage " Grade (opt  Au) 

190 200 10' 0.027 

15 55 40' 0.015 
275 365 90' 0.051 

110 130 20' 0.013 
not reached - assume from o the r  holes.  

240 250 10' 0.025 

15 40 25' 0.010 

35 55 20' 0.023 
130 140 10' 0.048 

120 180 60' 0.036 

185 220 35' 0 . 0 2 8  
i f  no f a u l t  in area, then above may be "A" Zone. 

0 325 75' 0.024, 250' gap. 
325 360 35' 0.048, end in ore.  

20 80 60' 0.014 
275 380 105' 0.062 

295 335 40' 0.046 

330 340 10' 0.056 

65 85 20' 0.063 

115 235 120' 0.024 
235 265 30' 0.143 

60 75 15' 0.084 

200 260 60' 0.012 

120 170 50' 0.014 
170 205 35' 0.031 

45 85 40' 0.049 

140 1 6 0  20' 0.049 

0 85 85' 0.059 

3 
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YARNELL PROJECT - Table I - Zone Interval  Tabulation 

D r i l l  
Hole Zone~ From To Footage " Grade (opt  Au) 

YM-51 B 165 170 5' 

YM-52 B 50 75 25' 

YM-53 B 65 140 75' 

YM-54 A 55 125 70' 
YM-54 B 180 270 90' 

YM-55 A 0 70 70' 
YM-55 B T0 165 95' 

YM-56 A 0 45 45' 
YM-56 B 70 105 35' 

YM-57 A 0 15 15' 
YM-57 B 15 60 45' 

YM-58 B 0 20 20' 

YM-59 B 50 100 50' 

YM-60 In  FW - - - 

YM-61 B 80 200 120' 

YH-62 A 115 190 75' 
YM-62 B 190 295 105' 

YM-63 A 10 140 130' 
YM-63 B 140 240 100' 

YM-64 A 50 110 60' 
YM-64 B 110 145 35' 

YM-65 B 0 50 50' 

YM-66 In FW - - - 

YM-67 B 0 50 50' 

YM-68 In  FW - - - 

YH-69 A 185 250 65' 
YM-69 B 250 280 30' 

4 

0.061 

0,049 

0,036 

0,015 
0.054  

0.011 
0.050, inc l .  15' stope. 

0.012 
0.082 

0.011 
0,035, inc l .  13 ' . s tope .  

0.034 

0.032 

m 

0.037, inc l .  15' stope. 

0,015 
0.040, inc l .  40' stope. 

0.011 

0.081, end in ore. 

0,025 
0.053 

0,049 

0.048 

0.011 
0,069 
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YARNELL PROJECT - Table 1 - Zone Zn te rva l  T a b u l a t i o n  

D r i l l  
Ho I e Zone* From To Foot a.qe Grade (op t  Au) 

YM-70 A 60 95 35' 
YM-70 B 95 135 40'  

YM-71 B 45 110 65'  

YM-72 B 0 35 35'  

YM-73 B 0 20 20'  

YM-74 In  FW - - - 

YM-75 A 65 105 40'  
YM-75 B 105 170 65' 

YM-76 A 0 75 75'  
YM-76 B 75 115 40'  

YM-77 A 70 107 37'  
YM-77 B 107 180 73' 

YM-78 A 130 215 85'  
YM-78 B 215 270 55'  

YM-79 A 10 120 110' 
YM-79 B 120 170 50'  

YM-80 A 140 230 90'  
YM-80 B 230 280 50'  

YM-81 A 5 55 50'  
YM-81 B 55 90 35' 

YM-82 A 0 35 35'  
YM-82 B 35 95 60'  

YM-83 A 0 140 140' 
YM-83 B 140 240 100' 

YM-84 A . .10 105 95'  
YM-84 B 105 140 35'  

YM-85 In  FW - - - 

YM-86 B? 50 70 20' 

0.011 
0.031 

0.131 

0.084 

0.190 

m 

0.023 
0.066 

0.012 
0.034,  i n c l .  15' s tope .  

4 

0.022 
0 .048,  i n c l .  13' s tope .  

0,011 
0.070 

0.019 
0. 046 

0.023 
0. 040 

0,015 
0.066 

0.015 
0.049 

0.014 
0.044,  i n c l .  20' s tope .  

0.017 
0.062 

0.013 
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YARNELL PROJECT - Table I - Zone I n t e r v a l  Tabulat ion 

D r i l l  
Hole 

YH-87 
YM-87 

YM-88 A 
YM-88 B 

YM-89 A 
YM-89 B 
YM-89 Subzone 

YM-90 A 
YM-90 B 
YM-90 Subzone 

YM-91 A 
YM-91 B 
YM-91 B 

YM-92 B 

YM-93 B 

YM-94 B 

YM-95 B 

YM-96 B 

Zone_~ From To Footage " 

A 245 285 40' 0.010 
B 285 305 20' 0 .050 

Grade (op t  Au) 

180 240 60' 0.020 
240 295 55' 0 .064 

40 180 140' 0.010 
180 270 90' 0,051 
270 340 70' 0,016 

10 120 110' 0,012 
120 215 95' 0,062 
215 235 20' 0.019 

10 95 85'  0,010 
Hole l o s t  in s tope - assume from o t h e r  ho les .  

95 180 85' 0.051 

35 55 20' 0.072 

5 25 20'  0 .064 

105 155 50' 0 .086,  i n c l .  30' s tope.  

385 395 10' 0.015 

570 575 5 '  0.061 

=Zone A - Upper low-grade  zone. 
• Zone B - Main Y a r n e l l  Fau l t  Zone & envelope.  

,/ h 
' \  t" 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : . . . . . . . . . . . . . . . . . . . . . . . . .  - - - -  . . . . . . . .  



.-F, / " ,  YARNELL PROJECT 

Yavapai County, Ari&ona 

Table 4 - Main "B" Zone 

Using 12.0 f t . 3 / t on  factor 

Tr iang le  
No. 

Volume Thickness 
f t ,  3 f t .  Tons 

1 87,375 23.3 7,281 
2 208,250 35.0 17,354 
3 382,500 30.0 31,875 
4 117,600 20.0 9,800 
5 182,250 30.0 15,188 
6 189,810 33.3 .15,818 
7 149,184 33.3 12,432 
8 119,699 31.7 9,975 
9 232,187 56.7 19,349 

10 221,130 56.7 18,428 
11 191,403 41.7 15,950 
12 280,292 63.3 23,358 
13 308,424 78.3 25,702 
14 505,084 91.7 42,090 
15 486,850 70.0 40,571 
16 681,298 53.3 56,775 
17 989,495 66.7 82,458 
18 298,880 46.7 24,907 
19 169,070 58.3 14,089 
20 255,500 50.0 21,292 
21 190,515 51.7 15,876 
22 205,920 60.0 17,160 
23 211,723 78.3 17,644 
24 256,880 95.0 21,407 
25 373,700 100.0 31,142 
26 290,105 85.0 24,175 
27 280,740 93.3 23,395 
28 232,000 80.0 19,333 
29 667,076 126.7 55,590 
30 994,194 108.3 82,850 
31 557,304 103.3 46,442 
32 339,398 76.7 28,283 
33 180,290 55.0 15,024 

Grade oz/ ton 

0.037 
O. 057 
0.068 
0.037 
0.035 
O. 047 
0.051 
0.054 
0.054 
0.050 
0. 043 
0. 047 
0.051 
0.041 
0 o 044 
O. 049 
0.041 
0.050 
0.047 
0.054 
0.057 
0.055 
O. 045 
0. 044 
0. 048 
O. 045 
0.046 
0.047 
0.039 
0.036 
O. 040 
0.036 
0.047 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Z . . . . . . . . . . . . . . . .  . . . . . . . . . . . .  ~7 ............. 
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- Table 4 - Main "B" Zone 

Tr iang le  Volume Thickness 
No. f t .  3 f t .  

34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
5O 
51 
52 
53 
54 
55 
56 
57 
58 
59 
6O 
61 
62 
63 
64 
65 
66 
67 
68 
69 
7O 
71 
72 
73 
74 
75 
76 
77 
78 
79A 

490,428 71.7 
856,800 80.0 
188,100 55.0 
188,370 48.3 
154,837 53.3 
205,800 60.0 
331,840 76.7 
438,510 93.3 
474,789 98.3 
551,291 116.7 
535,500 90.0 
532,950 95.0 
402,050 55.0 
674,960 76.7 
728,660 78.3 
144,417 48.3 
137,625 36.7 
238,000 50.0 
414,426 71.7 
258,750 90.0 
278,300 100.0 
211,565 85.0 
233,700 95.0 
324,684 93.3 
436,458 116.7 
547,500 100.0 
639,450 105.0 
350,175 66.7 
434,985 61.7 
371,371 58.3 
242,820 58.3 
153,643 46 .7  
263,749 58.3 
340,303 71.0 
124,115 59.3 
245,532 77.7 
272,727 77.7 
265,560 83.3 
352,207 73.3 
237,786 66.7 
181,125 48.3 
243,563 43.3 
213,553 33.3 
205,416 31.7 
145,745 28.3 
937375 25.0 

Tons 

40,869 
71,400 
15 675 
15,698 
12,903 
17,150 
27,650 
36,543 
39,566 
45,941 
44,625 
44,413 
~3,504 
56,247 
60,722 
12,035 
11,469 
19,833 
34,536 
21,563 
23,192 
17,630 
19,475 
27,057 
36,372 
45,625 
53,288 

298,181 
36,249 
30,948 
20,235 
129804 
21,979 
28,359 
10,343 
20,461 
22,727 
21,130 
29,351 
19,815 
15,094 
20,297 
17,796 
17,118 
12,145 
7,781 

Grade 

0.037 
0.038  
0.054 
0.050 
0.045 
0.039 
0.056 
0.059 
0.058 
0.044 
0.045 
0.048 
0.055 
0.056 
0.055 
0.049 
0.049 
0.051 
0.064 
0.068 
0.06i 
0.058 
0.051 
0.047 
0.043 
0.048 
0.052 
0.060 
0.055 
0.083 
0.076 
0.092 
0.085 
0.078 
0.075 
0.053 
0.049 
0.050 
0.054 
0.060 
0.058 
0.049 
0.047 
0.041 
0.048 
0.103 

oz/ton 
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YARNELL PROJECT - Table 4 - Main "B" 

Tr iangle V o l u m e  Thickness 
No. f t .  3 f t .  

79B 
80A 
80B 
81 
82 
83M. 
84 
86M. 
87M. 
88 
9ON. 
91 
92 
93 
94 
95 
96 
97 
98 
99 

lOOM. 
101 
102 
103 
104 
105 
106 
107 
108M. 
109 
110 
111 
112 
113 
114M. 
118 
119 
120 
121 
122M. 
124 
127M. 
128 
129M. 
135H. 
136 

81,250 
95,924 
79,123 
85,973 

206,123 
311,355 
20942O 
319.800 
294 962 
643.243 
277 611 
478.865 
297 675 
200,445 
192 000 
349,800 
313,031 
362,50O 
360,000 
366,751 

39,000 
215,129 
247,260 
280,200 
157,643 
315,040 
235,980 
143,623 
181 125 
363,720 
431,653 
245,258 
672,975 
502,238 
210,000 

1,188,594 
765,000 
665,184 
415,911 

91,000 
1,282,600 

388,890 
279,000 
125,000 

77,520 
468,000 

25.0 
31.7 
31.7 
18.3 
49.3 
45.0 
28.3 
53.3 
52.7 
69.3 
61.0 
63.3 
56.7 
48.3 
40.0 
58.3 
53.3 
50.0 
40.0 
26.7 
30.0 
23.3 
31.7 
46.7 
58.3 
61.7 
45.0 
28.3 
22.5 
43.3 
61.7 
61.7 
75.0 
61.7 
50.0 
66.7 
45.0 
53.3 
48.3 
20.0 
58.3 
30.0 
25.0 
25.O 
40.O 
40.0 

Zone 

Tons 

6,771 
7,994 
6,594 
7,164 

17,177 
25,946 
17,452 
26,650 
24,580 
53,604 
23,134 
39,905 

.24,806 
16,704 
16,000 
29,150 
26,086 
30,208 
30,000 
30,563 

3,250 
17,927 
20,605 
23,350 
13,137 
26,253 
19,665 
11,969 
15,094 
30,310 
35,971 
20,438 
56,081 
41,853 
17,500 
99,050 
63,750 
55,432 
34,659 
7,583 

106,883 
32,408 
23,250 
10,417 
6,460 

39,000 

Grade oz/ton 

O. 109 
0.055 
0.060 
0.114 
O. 049 
O. 084 
0.084 
0.069 
0.065 
O. 044 
0.054 
0. 048 
0.049 
0.049 
0.045 
0.063 
0.047 
0.037 
O. 045 
0. 043 
0.069 
0.085 
0.075 
0.073 
0.054 
0.051 
0.047 
0.029 
0.054 
0.058 
O. 048 
O. 043 
O. 044 
0.045 
0.043 
O. 048 
O. 042 
O. O43 
0 .034  
0 .049  
0.054 
0. 049 
0.075 
O. 060 
0.057 
0.065 



YARNELL PROJECT - Table 4 - Main 'B" 

Triangle V o l u m e  Thickness 
No. f t .  3 f t .  

137 513,827 41.7 
138 607,200 55.0 
144 507,400 40.0 
145M. 118,300 65.0 
146M. 89,250 30.0 
147M. 54,000 20.0 
148 258,251 46.7 
149 92,364 56.7 
150 751,162 56.7 
151M. 92,000 20.0 
152M. 321,563 52.5 
153M. 813,484 68.0 
154M. 580,000 50.0 
156M. 172,500 50.0 
162M. 389,034 18.0 
163M. 97,650 17.5 
165M. 36,000 8.0 
166M. 852,600 42.0 
167M. 693,000 42.0 
168M. 362,250 23.0 
169M. 2,835,000 45.0 
170M. 400,125 27.5 

Zone 

Tons Grade oz/ton 

42,819 0.041 
50,600 0.046 
42,283 0.052 

9,858 0.049 
7,438 0.050 
4,500 0.050 

21,521 0.057 
7,697 0.049 

62,597 0.049 
7,667 0.064 

26,797 0.060 
67,790 0.055 
48,333 0.049 
14,375 0.049 
32,420 0.072 
8,139 0.063 
3,000 0.084 

71,050 0.049 
57,750 0.053 
30,188 0.O59 

236,250 0.048 
33,344 0.057 

TOTALS 271,014,989.8 
f t . - t o n s  

4,361,005 
tons 

223,9t2,203 
ton-oz. 

TOTAL 

Previously Mined 

Total Remaining 

62.1 
vert ica l  

53.8 
Perpendicular 
to YF structure 

4,361,005 
tons 

2501000 

0.051 opt go]d 

0.051 

4,111,005 tons 0.051 opt gold 

/ 
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Southwestern Exploration Division 

February I, 1990 

J.D. Sell 

Estimation of Tonnage 
removed by prior mining 
from Yarnell Mine 

As per your request I have worked up an ore tonnage removed from the 
underground workings of the Yarnell Mine (Main Zone Mineralization). 

The following is the approach used in estimating: 

I. An estimate of the underground workings (outline) was determined 
by actual survey, observation and drill holes that penetrated the 
inaccessible workings. 

. Drill holes that penetrated more than 20 ft. of workings were 
reduced to 20 ft. because all workings that were actually seen 
indicated an average height of 20 ft. 

3. Contours of floor and back were drawn and planimetered on intervals 
of 20 ft. 

4. Tonnage factor was 12 ft.3/ton. 

Using this method ±229,500 tons have been removed. 

This compares to a previous estimate of 271,500 tons using a 24 ft. 
thickness, or 204,000 tons using an 18 ft. thickness. 

)~D~ :.mek 

/ 

C C :  W.L. Kurtz 
M.A. Miller 
S.L. Lakosky 

/ \ 



I 

• , • . _ : - : :  " ' E ~  : : " : " . - ~ : . - < ; : - ' ~ ' - . ~ - : ~ - = - ' : :  ~-~.. .... '. ..... ~:.:. :e:~:':..~.~::~-:~:::~" - ~ :~':':.- " . :  : / .  ' .  

.,'F4=B {~'n..-4v£ - . ~,~5.~.-.-::- ..... ' - - '1 ~'. ~"~J-..~::/';-'"', " ~ '  " " ' ~ ¢ - ' , . , ~ * ' J ~  ~I~ '~ '~Z/ ' (  " 

[ 

' " ' ""  ~ { ' ~  ': ' : " ' " " Y M ' L 1 8  

I I 1 ~  I 

YM 3 9  I YM 1,5 

0 I00' " " - " / "  " , "T'~=j - ' YM~-45 

• ~ , - ~ !  . . . .  ~ ' ~  i ~.ii ~'~I:~ ,~,,:,~;~i;,.~: ~ - . r -  

" ~ ~ . ~ / i  :~%!~"i;~ : .  ; .... ,~ ' -  " ' / 

. . . .  . " 

~ y M / ~ l  ~ t ~  ~ .  " Y M -  I ~ / ~  

J , '-- ,1 



,(- --, ,- -., 
i, (- 

/ 

I j 

I 

I 

o. 

I o o  
\ D~ ..- 

\ ( ",. 

k, % P I  
"~" 1,1 -?r- 8 ~) v .  

f 

\ 

f 

f 

/ 

,c ~,o/f<-7 Pf>f. .  b.. i" ,- c . .L_~ :~_A _ ~ -  
"~ i t ~ ' m , , r  , t  . J._A / I?.s +' .M./-~ ~ - ~ ~ /  

~" . • ' , \  / 

, F  ~ ,  ~ '  ,, ~., \ , 
, .. ,~ ~,, ,,'~ \ l / 

~ T . z ~  i • / / 

t / 
f / ~'~--k ~ -~ 

< / 

4 ~  

~ >,-. 

~ .... I 

C / 
|" ~i' ) 

/ 
/ • 

f 

\ 

( 

/ 

I 
~ J  

/ "  

/ 

/ 

, , /  

/ 

/ 

] b ,~' 

, ' \]"t'. 

U' %,/ 

"[ A R,,V E L L P /2 o J E c T 
~"~>J'...," ?- d..YJl'~' i v " k  .~  I > 

E CT/~ 'TWTEJ~ / I ~ D  5~ 'P~,Z :yEO 

J A r )  90 

Tt,,~ /-4AO t~'Sfi'~ 7 r; , P j / ~ I ~ I I I  l l ~  

E'm2$.'l)(/'..'6,~ o'>' #'XJa-u~o~,'$ 



/ ~, /"  - \  
r i 

i i - ;  . . . . . . . .  , _ %  

, ',5 0 

i 

t o® I 20  K ~S 

0 

®\  / / A , \  ] @ 

YARNELL PROJEC T 
P O L Y G O N  M A P  F O R  E S T I M A T E  

O F  U N D E R C R O U N D  O R E  
G R A D E  

7 f E , ~ .  9 o  

~ ~  . 0 % - *  T- z o  

, 1 0  y - s O  
• ~ 0  o-%" 

G S ~ "  

ZO" ,4- rE.  :o. o9 

/~ Z O "  :- o , / 0  
/ -:7--___ 

AvE (~pA.3E C//Z('/.,/..A71~.t, ,, ~{~ 23°° I~:~g~ 

I ~ 9 425 44 79 40,4g k ,Oq "- 2.g,~!,~ Ib  ~0~ 

~9. a'< ,~, / o -- " &.~s4o 7 o r a l  _4:£_79 ZzE& .4/o ~C,'la.d 

er=~n>v<, a y e  .G~4i )F:  o , o g &  4 % 7 9  

D~4o lZ4E  XE  ~. 

kg_ /-,0 . 
~- Z / "%3 2 /~S • /. 

3 7 ; Z  ~ / 4 2 .  3 

~ d  I 4 - 2  

g Z3~ 7 

d2~  

7of4s /~g3 

?)Z 
/ / / 5 -  
Hg- 

/o  ~ /  

278~ 

~ 4o4G@,o) 

• g °4" o4o 

I 
~,~ ' > i ~ ~ ~ '-'7 !7 ~ - ~ 7 : ~ 7  ~ ~ L ~  

. . . . . . . . . . .  I 
• .. . . . .  ~ . . . . . . . . . . . . . . .  . . . . .  ~ . , < . .  ~ , . .  , ~ , , .  ~ ~ _. ~ . . . . . .  -<  < • . . ,  ~ ,~ - . . . . . . . . . .  - - ~>  . . . . . . .  ~ . . . . . .  . . . .  . . . . . .  . . . . . . .  . <  . . . . . . . . . . .  . -  7>,, ,, . ~ , , , , , . ~ , . ~ , , ~ ,~ . , - ~ , . ~  ~ 



• - : . . . - . . ,  : : ; .  ' : : ~  5 :  ; 2  

! . ; .  % 3 - ' . ,  " " , . 

• . . , :.:-..:. ";, :~ : .  ) . . .  
, , ,  , ." . - 

: : . ' .  - . .  ~ : , : : . " .  , , -  : :  .. : . . : -  : : , : . :  , ,  . . . . . .  ~ : r ,  

. ~ ,  . , ,  . 

. ~ ,  . , .  
~ ; ;  ~ ' . ~ ' . ' i  " ' : " 

< - :  : .  

:f. :: 4.:..:, .. i 
• . .  t j "  ~ " ~ '  

":.:,'c.,;... 7::, - 7  ".&. 
. '  .: -*"~ # " . . ' b " . ~ * .  

" :L :  :L " .Z :L :~ !  Y 1 ,  
".,',L" "-., ' .~;'~ . : -  ;'~ 

.:'..'-~:. ' : ~  t : .  

:: . . , , . . ,  . : : , : . . . ! , , .  

8 " " "  " " " ' . , ; : .  : " ' t : : .  
. ': . " : :  ~;..:i . 

t ' ' "  " ! : .  : ' " : { "  

". 
. . . . .  :: :: :-:: 

% - 

• t "  . . .+. .  

• . ..7 : .  , .  ~. ' ~ : . : : . . . p ~ , . , -  

" " ~ ' : >  ' ,  - . c  " - : .  , 1 
. ,  ~ . , . ~ ' . ' ~  , . . ,  

: , ,  • - ~ . . . . .  , 4 " '  - ~ - b 4 " .  ~ -  

• . , -  : . ,  1 . . ~ ,  . ' . : ~ ,  - .  - . . -  

. : ' . . . . -7 .: '"  : . .  : . .- 

:. . . . . .  ~ - . . . ,  . . ~ ' .  
, .  • . . . .  ~ ; .  . ' , . 2  . 

' ". ":~ '~0~ 

.~.. ". - .  , [.,. 

" . ' - . = ' .  " , : % 2 ' . . . ' . ~ / .  

: : :  . . . . .  
:- 7: ..:. : 

O -  . ; ( ' . . 

: ". . . . . .  . . .  . .  . . .  
I 

• + " - - , . .  . . 

. .  . . .  . .  1 4  : : . .  ~ 

r ;': t : ,X:~ ; :~  . . . . . .  : . v  , - " . . ~ . ,  - i  , . ~ - , " v , ;  " - . < ~  . . . . .  - ' ; ,  

!~1,3!:-~!.~:'...~::&::::i:~.~:2:2~:i::~7 c 1 .-:!:.: ':!.::.:,i::.7!.-> : :  ~;-,.:.-:;~. 
72 ::.-E{~'- d.:::'..:,-. !;'::,. :.;'7 ~. '::.: : . .  . : %  -t, !::.-,;.::: ~.-"~:<?;.L 

- I ! . , . g ' . ~ ' ~  " t  . , . . ::!:  " - ~  i 7 " : : ;  " . - '  ' " " '  

• ". '! .;" . ~-" ,, ' ." • 
: -  : ;-- .~.~: ~. . .~._ "~. ~ . . . : . ,  . . . ' .  " i . . , . -  ' 

• - : ' ; l  - ' : '~  " . .  ' . 7  . :  . . . .  ' " 

~, :~ : : , - " : ,  . . . :  : . ,  , . . . . " ~  . :y:  
:...~.~:. . . ,~,.~.. . . .  . . ~ ' \ " "  

: : . Y M - I -  8 8 :. ' 

:.:.:.t!~-::_...'i::, ; ~:~!..i;.;~ .-. : :.~: . : :  , . . . .  . ' :  : : "  

. .  . . . • [ . . . . . . . . . . . . . . . .  . . . .  . .  . • 

: " " "  > "  " "  " ,L . . , . : - ' :a""  ' ~  <~ "~ ' - -  

' t tCM ~ 9 1 , / : ~ .  

• 2 5 . . ~ ' : " " ~  
, ... ~- " '  

- f 

i :,L 

,,- ~,:. . .~ "~:;::- • 

~. ~ ' ; - , . . : , . , ,  . . ~  

"7 ~ "  i.. :.,i, : .  : 

~ ,  . ~,  . ; 

• - ,  t .  . .  -%"  • 

1 :::.: . . . .  ' t 
, - " ' .  :::,:} . ;:~ . . . . .  , . , ~  

• . ; - ~  _ ' "  I " '  

, , -  
-- ~ , - . ,  ~ . . :  '71 

; .  _ ( , .  . i  " 
"" . . . . .  it:.i " ~ " " " : "~ *" " " "" 

"" • ..... "" :'" • ....,, ,.- ~. ;::.',.;;. ., :;. ",:". : ?. " "7,.. ~ " '" 
:, -...-...,~ . . ,  . .  

• -;. : . : . , - :  ::.i~'.:"...~ ~: ( . : . . . ,  . , : ,  : :  • . • : , ,  :_ , . . . . .  

. . . .  .,, -...,.,.~ , ~ ": '  ~ : : . .  ~ ~, ,-",: .  .L" : '  ' :  . : .  ~ ' ' / .  : .  ,! 

, : 5  , . . . . . .  • . . . . . .  

'. • -- ' .  ,~ : v  I , , " . . " . " "  ' 

- -  .... . .  . .  : . . . . ~ . : . . . . , .  :, 1 
~',,t _.: ' ~  ~.  ~ /  

,'i ;,. ,::,,:, 
- .:.. : :  . - "  . " : . : . . .  - : :  : : ' t  , : . . . .~  , .~. " , . . , . : ' . .L.. . ,  : ' .....,. I : , ' :  f:-.: % :?"."::;::.~:Tv':'; . ""' ~ , 7 1  ; 

" ' " " ' ' .i ; ' . ' - .  . " . ' , ,  . . ,  . .  ,. ' . i  • ' . . ' , :  . , , ". . ' , ) . ; ~ . , : , "  . . ' . . ,  .. • ' • 

; ~ ........... :... ................ ~ m l i l ~  " ' " ' " L . _ . I ,  ' " : " " ~  " ' . . . .  I 

:L,: 7.::" '" ':: " . " ,  "-. : : .  
' > ' ~ "  : 2 i  L , : " -  . , . - v  ~'. - - , - ' T - - T  . - r , " - + v : v . .  ; - :  • . . . . . . .  • . . . . .  . . '  " .  • - .  

• " ~ - . " ~ ;  . ? ' : . : '  t. , . . , ~ : . : ~ , ' ~ . . - < - , . , - : . . - : ' :  .." ,' ' . ,  ~. . : . .. . "  .. 

'_t"91". P',., . : ,  ,.:,."-. !:~.. ~,7.:,,-,:,,..:.~:-,..-~t!:,..-:: :..:, . . . . . . . . ,  .-. .. - .  " 
,r., .. .'~ .: :, ... 4.: :. ," ~.~,.:', "-"'. ~.'.: "-". &. '- :.7'~ ';" .,, ~.! i" ." _ • " : -.'.' . . . .  

- - :-..:..:.,,, :~..-, t.~ "L.~ ..... . 

" .... " ~ : : " "  ; : " : i ~  :;"Y -i- " "  
, ' " : ' - ! ' - ' ; :  , . : . - . . . . - : .~ - . .  -. :.. 7 M 6 0 . 

~ . Y M ~ 4 . :  .--- , . - . . . . :  : : '  . .  i 
: " " , : "  " ,. " L " " " '  - - "" " . i . 

,-:7:. < / . .  

: ' i : : :  . ' 

" " i " - ~  . .  

. " . .  7 ' " 
~'~" • r ,  

> (. 

,| - :.. .~( 

,r -. 

o, °[ . 

.ft. 

- B , O  

- { o o  

~ ' 0 0 ~  " 

i i 

. ,  • . . . ' :  , 
. - . .  • . 

" W2D. 
. • , . . . .  . 

- -  . • • . . . . .  

~ . 

• . '  . .: ,:  ( . . :  . . . L .  : .  " . -  

P. i  • . " . . . . . .  o 

• , • . - 

. , . ' ,  , ,  

• , .  . . 

i , 

/ , 

. . . . . . ,  - . . : . :  : _ 

. "  . • . o  . ' '  . . .  - . . , "  - 
. .  . . ,  , . . .  

• . o  , . . , . . , - ;  , .  . .  o " 

~ , ~ , . . p  I P , , . ' ~  , , ~ , - ~  . - , . .  .- . : .: . . . .  . .  . . 

';" . ;. :~ ".~ . . . .  . - '~ ' : :"- ' . - ; , .~.. .~,~ ' ~ ' . • . "  . . ,. . [  " , ,  • i : . . -  . .  , .. 

• iii.:i::%.i'!:.:~:.:i:!:::.i~:!2:(. ~ . . . . . .  " - " " -~ • ,  - , - :  : " . . - , . . " .  : , " i " i -  ~ : . . i . i -  - L L ,  : - .  
£ . : - ! . : : L ~ ,  ' ' ' : : : , . ~  ; ' : : ~  . . . .  ~ ' . .  . ~ :  ' • , . .  ' -:  L - - :  , , . "  . .  : . : , ' , , ; .  • "~ . ' ~  ; ' . : ~ "  - : .  : - _  " '  " . .  . 



.... ~ . - : , . .  . :::: :! 
. .  , . .  - .o. : . 

: . - i  ..... ,, ...,, 

., !:..- - -  : . : ; .  :- .'..,, 

. . . . ? : " . : -  . . . . . .  ~ 

8 " "  '":" ~' :'; - . .', • ~ ' " ' : .  ; 2  . h  " 
• . . . : - . ; .  ~ , -  

• . : - - . . . .  ; . ,  ; 
_ : : ' . - : . "  , . . .~  ,%. . 

. - ~  . ,  . . ' : " , -  . : : I  

, j  4 

.ilL..:: : .: : ' : - - ,  

• "' ; : i  !:!" 
• ' ~ - ' , k  . : ~. , . . ' ,  

: . :.- ::..I. : : L i  " 
/ < , ,  . . . .  . ; .  

/ 

. . -  "~. 

" "  - . 7  

• 1 .  • , 

.- .,. , ' 

. 

" - , "  : -  

. : . -  • . . . r .  . . . .  

O 
" , 

f - t  

. . . .  , o ,  . • 

. . ' . , ~ ' , " ( ~  , . / ~ "  

. . +  

. • . :  . . . - -  _ 

. ; i  . - . . ,  . - ,  ,. . . . . .  ~v--.:, '.'-- 
- - Y "  . t :  - "  ' • " "  ". : " " • e " . ,  . 

, ; : . . ; , : - ,  0 I 0 0  : ,  
• - . ' : ' 1 ; - '  i ~ " , ~  ~ . . . .  "~ :. '.:"., 

~ ' , "  " L "  L ~ ' , ~ 4  ~ . ~  t , ~ - . . , ~ _ , ~ ' ~ , ~ . ~  • . . : ; ' "  

- i: :::,":1 . . . . . . . . . .  : "  . . . . .  . . .  . . ~ ~ . . ,~ • .. , .  ~* : : . '  .•.. • , - ~  ." " 2 - " 

i !  . , .(.;::-;;~i' ~ !: 

~.'.:1~i ;':.'.: ,-" .,,:, .'., : - :  : ' ,".. 1 .t:." : "  ,,,-,, - '~, . " : "  :-,::-':-:,;~ . . : , ! - ' . ' . ' : . L , ' ; - : ' , - . ' T ' - ~ , ' . , .  , . . . , .  " . ' : , .  ," " '> .  ' . .  ; ~  ; 

| : , : : ? . - . , : : ; "  "" . ' . ' " : t f , - '~"  " ' :  ' . ' " - : . - '  " 

~.,i ::: " -- " 
t . ' , ' . : ~ "  , " : .  . : . .  . 

,~",~';, ~ :.;',: t " . . , ' . . . ] "  

- . T : . ' , :  " !  • " • - " ' ' : " "  

/ 
/ 

' f M  8 8  :" , ' i : ! '  " ' 

,-.,; . . . : . , , ; _  ." 

" . ~  " : - ' "  ~ " :  ~ " Z  ~ : '  ,, , t  ~ "  .... ' "" 

~.~ . :  : 

,: , "  " : ~ , , - . .  :. ;.: : .  

- • . :  • - .  • ,  • 

. , .  , 

/ - -  \ \  

: : "  .,:',i.;-:, -.:':~- ' ..... '~,--, - 2 5  - ' . " ' : " : '  
• ". ; -: • , k " '  , t . .  ' . , . . . :  • . . - . . ~-  

" : : : ' , "  ", i , ' :  . . . .  : - ' " "  - :  " ' ' :  ; " " .  " : .  

• , . ". : . . . '  ~ .  ~;" . ,.. i !  " . .  

3__._9 . .... Y M ~  1 5 
..:; :. ~. :- ),...; ..,.--'.:.;.,...,, ... .,. :, • ....-~ .. 

, : ' : , ' ~ :  t ' ~ .< , ' . : . . : ,  "- '. ' , '  ~'::: " : ; , 2 " " ; - : ' . : , " : ' " "  ; ,  ' • - ' : ' -  
'..Y;, ,,. • ~':...~ ' t '~ :  ' L ,  ;i  ' " ~ .  ' : . : . .  ] - I ' . , . ' - ~ " " . . .  ;~ "-% g , ' : .  . 

o 

': ':.'/,-..;? d:. :," :,:'. ": :....,/. 

Z3 

i " [ .  " ':' " - : '  : "  " " - :  "; ' : "  

: (  
u :: [ 

4~Oe 

: -  - . .  ": ' _ . . -  

- . :  Y M  

• . . -  • 

7 1  '~ . . / ' : .~ ,~ 

' . .  - . 

.o 

• ~ :',C 

I 

• . o ,1 . • , : . " . ,  ' - - , . ' } '  . . . . ," 

. "  . . . : . ~ ' ? " . ' " . .  . . "  • . . . .. 

" • ' ' .. -,'(" 7 : :  .:', '-:. ' 
; ":'.. : .'-': :::::'.. • ,~ . ..... : 

' "  " ' "  ,I, ~ "  : .. -. . . . . .  ; . , .  ,,i 

" '  , 4  
¢ . . .  .,:.' . / 

, ~ - .  "-I n , , : .  . .  

:': ; .  : , . ( ' . , : f f l c o  : :. . , ~ "  . " . : . . - : . . ~  . < . . . : , ,  . ~ 
: : ,  , : :  . . . . .  : ~ . ,  : , ~ .  ~ . .  ,~" 

"- V '  " " '  " " : " " 

. ' .  , . - , " "  . . 

;" "I-: ! ;¢, ,.'i - .  : ' . : : . .  , , . . , . . , - . . . : . . . . .  

"~,,. --"L 5 9  =: ,,:-r: .. -.. ..... :: 
. . . .  . ~ : "  ~ . ' . . ! " . . =  , - ' : . " .< .A . . :  "~ :_ • :: :~ ...:~. ,:;;;~ .. : : : . -  .... , . -  " : :  

; t ' ' . ' . ' ~ .  . . . ( . .  ~ . , . . . ; - .  . "  . . ; .  ~'  " , ;  . . . .  , ;  " . ' '  " 

( 

i! ::::1:!1 ? i "i )?":ii: :--:: Y M  J . .  

:: '.: i: " : . .  @ . : ' . ' - "  . .  • . . '  • . 

. , . . .  . ,  

. . . -  . 

~M~ > 

t . '  " '  " ; ' L "  " - ' " . "  " " ' '  " . . " 

5O7 ?_ 

4 2 2 -  "5 

I CAV~-~,I _, ,; ~..r.j 

) "  : ; :  ~)l) 

( i . : : ! i?b '  

i • . ' .  , "  

3o0" 

o o  

4 0  

4o  
Z b . -  

" ,2 

• - . _  . 

• . • - 

% 

• o • . 

o @  

Po 
( 0  

dO. 

--" 
l . .  • , . .  

i: . . . . .  

. . 



0 

I 

O) ID 
15- 

YARNELL 
P O L Y G O N  M A P  FOR 

OF U N D E R @ R O U N D  
G R A D E  

P RO JEO T 
ES 7: IMA TE 

O R E  

7 :E.e. 90 

0 

0 
2 0  

II 

II 

! 

. . . . . . . . . . . . .  t . . . . .  

I / 0  
" 2 0  

d_p 

0 

.0 

\/ / 5 -  

./'~Io ~C t ' I LE  

2.f,-'.~ r ;  , ~ v E  

© 

NE/G~ 

~ L o C ~  

/ 

d> 

0 
2O 

I# 

A v E. ~ £ / q  o ~ C/PZ&~/L/IT/#zt/ 

40,46 k .09 = ~.&4~I~ ,o~w': ],s{o3/ 

5"9. 5 " / ~ , / 0  ~ E . 8 5 4 0  . / o  .m~:vo[_ 
L 

:rE . G , ~ / l t ) F -  o,09(~ o,oe ': ~ 

0 

J5 

@ 

-20' 

,os-)s- zo 
Zh ,io ~o-IT 

A i . " , t 0  ~--sO 
"T / . 1 0  o - % "  
/ .i., o,3~ . 

,I) AJ y I" H I M C. 

< z o "  
/ 

0 , I0 

P z-4ol/~l E T E ~  

~-~ . . • ,',,,0 . 

2 / 3 3 .  , i. \ > -Z  / s 3  . _ ,.sO 

) 7 / z  4 / 4 z  " :3 7;IZ 

• ~ ~z ..... ~- 17/5" ,1-4 / 4-2 
g t~ t~- ~ .Z3~ " 7 119.: 

i ~ 95Z ~ ~z~. . ./o ~b/ 

7or,~z~ )##3 - -Z786 
7 l/C) "-"- -.-, 

"-8 ~3£ /Gq~ % o~, 6,o9 

42~ ,4~ 79 - 4o.46~(o.o~) 

To ~-~ L ~.-~_.2~ ~ ,,4" o./0. 
- - z 7 8 6  

-:- " : s~.s~ (o.,o) 
• 4(~79 - -  

.L:,. ,L ....................... -~T/]::,~,l ], :,,[IL,,I, 



" 7" f ".,--,~:~.':::;: ",:~'~:~"~:'.:Y':~'::~':':~. 
- . • . ,  . 

i . . , . 

I 

I . . . .  " /4~_ 
j . . . . . . . . . .  

I 

I # 



. . . . . . . . . . . . . . . .  i! 

r~ 

~ L z ~  ~ / ~  . ~ ~ _ ~ _ j ~ . ~  ~ ~ , ~ . ~ ~  ~ 

~ J  . . . . . . . . . . . . . . . .  

\ 

. . . . . . . . . .  

l 
I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

i 
J_ . . . . . . . . . . . . . . . . . . . . .  

I 

i 



,K " / 

x 

I 

K ZoO @ 

• / S  

AvE.GPMDF: o.o9{~ 

! YARNELL PROJEC T 
P O L Y G O N  MAP FOR E S T I M A T E  

OF U N D E R G R O U N D  ORE 
G R A D E  

7 f,,z~. 9 0  

\ 
3 -5) / 

/ 

/ 
/ 

/ 
/ / 
.% 

~ I  .05-/T-~b 
Z . I  0 io~.%" 

o.3~- 
2 0 "  4 v E .  =o .  o 9  

ZO" ~. )  : o . / 0  

Dz.A~',~ETE~ 

h 32 

---Z / 3 5  

~ 7 / Z  

~-~d / 4-2 

7 i/<) 

I0 ~o~ 

7aT,,gL ~ .  

&9,_ ,'-'9. 
2 / ~3 /. ~-9 

• ~ J4.z. 3 77Z 
~, 9 5 z  g [ / / , 5  

,' 235 ¢ //9- 

. / o  ~ /  

Z7S~ 

°4' ,~.o~ 

~ o(  o./o 

4~79 

- . . "  . 



/ "\ 

R.L. Brown/F.T. Graybeal 
New York Office 

Southwestern Exploration Division 

February 6, 1990 

Trial Comparison of Two Triangles 
Drill Indicated Reserve 
Yarnell Project 
Yavapai County, Arizona 

~L j /  

i f  "\ 

At the suggestion by Mr. F.T. Graybeal, two triangles from the 12-20-89 
Drill Indicated Reserve study have been recalculated. 

In the original study of 12-20-89, in the Main "B" zone assays, the stope 
footage was not valued nor included in calculating the grade value in the 
remaining part of the hole, but was then assigned the value found in the 
remaining part of the hole and the full drilled footage including the stope 
was used for the thickness in the hole. 

In this new study in progress, the stope footage was assigned 0.100 opt gold 
for the lowest 15 feet or anY portion of 15 feet, and the additional footage 
from 15 on up was assigned a value of 0.050 opt gold and the entire footage 
then recalculated. 

Triangles 82 and 91 were chosen for the trial test. 

In Triangle 82, drill holes YM-25, -76, -77, were involved, with the latter 
two holes having stope intercepts of 15' and 13'. Recalculating the triangle 
block grade increased the grade to 0.061 opt gold. 

In Triangle 91, drill holes YM-7, -37, -78, were involved with only the first 
hole having a stope intercept of 5' Recalculating the triangle block grade 
increased the grade to 0.051 opt gold. 

Table I shows the triangle number, the tonnage, the original (12-20-89) grade, 
the original (12-20-89) ounces, the recalculated grade, the recalculated 
ounces, and the gain in total ounces for the block by using the updated stope 
assays, and the percentage change. 

Table I shows the gain when two holes are in the stope (block 82) was 24%, 
whereas in block 91, with only a thin stope intercept in one hole, only had 
8% increase. The weighted total change in the two examples was 13% gain 
using the updated stope assays. 

The change in ounces, when the full study underway is completed, will be 
modified by the fact that the grade of the tonnage removed by previous 
mining of the stope area will be higher than the original 12-20-89 figure 
and thus the total ounces removed by stopes will be increased. 
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R.L. Brown/F.T. Graybeal 
New York Office 

February 6, 1990 
Page 2 

Mr. W.D. Gay's report on the new estimated tonnage removed is 230,000 tons 
at 0.0875 ounces gold (20,125 oz.) vs. the 12-20-89 report use of 250,000 
tons at 0.O51 ounces (12,750 oz.). Mr. Gay's full report will be submitted 
along with the M.A. Miller report. 

JDS:mek - - - " J a m e s  D. Sel 1 
A t t .  

! 

cc: W.L. Kur tz  
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YARNELL PROJECT 

Yavapai Co., AZ 

216190 
JDS 

Table I. - Change in Ounces, and %, 

Using the Recalculated Stope Values 

Original Original 
Triangle 12-20-89 12-20-89 Recalcu. Recalcu. Difference Difference 

No. Tonnage grade,opt ounces grade ounces ounces % 

82 17,177 0.049 841.673 0.061 1,047.797 +206.124 +24.49 

91 39,905 0.048 1,915.440 0.052 2,075.060 +159.620 + 8.33 

: \ 

.< /J 

Totals 2,757.113 3,122.857 +365.744 +13.27 

• < / 

. . . . . . . . . .  ~ . . . . . . .  ,~ ..... , .... / - . . . . . . . . . . . . . . .  ~ • ~ . . . . . . .  . . . . . . . . . .  ....... C ........... j 7 • - ~ ................ 



/% %RCO Southwestern Mining Department 

February 9, 1990 

File Memo: 
Yarnell Ore Reserve Study 

The Engineering and Computer Services department recently 
completed an evaluation of the Yarnell computer models and ore 
reserves. Currently there are two (2) computer models in 
existance (named <Au> and <Au96>). One computer model <Au> 
uses stope assays of zero (0) through the stoped areas in the 
deposit. The other computer model <Au96> substituted an assay 
of 0.053 Au in the model for the stoped areas. The differences 
between these two computer models are shown below: 

COMPARISON OF TWO COMPUTER MODELS 

MODEL <Au> WITH 
(0) STOPE ASSAYS 

MODEL <Au96> WITH 
0.053 STOPE~ASSAYS 

INVENTORY 
USING J.D.SELL 
PIT OUTLINE 

TONS OZ/T % CHANGE M TONS OZ/T 
IN OZ Au 

3004 @ 0.050 +27% 3749 @ 0.051 

ECONOMIC @ 
$400 Au 2169 @ 0.060 + 2% 2295 @ 0.058 

Recent program enhancements in the Asarco Mine~Planning System 
(AMPS) allow the display of the actual block model values in 
cross section along with the drill hole composites. While 
testing this new software, we discovered blocks in the Yarnell 
computer model, named <Au96>, which had not been assigned a 
value. These empty blocks have a zero assay and were masked by 
other surrounding model blocks whose assays were below the 
display cutoff used on previously available plan maps. 

During the process of transferring data points into the 
horizontal block model from the rotated block model (which lies 
in the plane of the Yarnell structure), certain blocks remained 
unfilled due to the different geometries of the two models. 
Occasionally, two different blocks from the rotated model would 
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fall inside the same block of the horizontal modeland thereby 
leave an adjacent block empty. These empty blocks are counted as 
waste by both the cone miner and the reserve programs. 

We have implemented a new algorithm for transferring points from 
rotated to horizontal models which accounts for their geometric 
differences. The horizontal block model now contains the closest 
data point from the rotated block model which falls within a 
uniform sphere of influence whose radius is the size of one block 
(20 feet in this case). 

Using this algorithm, a new horizontal block model has been built 
from the rotated block model. The new model, named <4796>, has 
been examined closely in cross section and plan view and shows no 
unexpected empty blocks. It also demonstrates a good correlation 
between the drill hole composites and the block model values. 

\4 

A comparison of the <Au96> and the new <4796> block models is 
summarized below. 

INVENTORY 
USING J.D.SELL 
PIT OUTLINE 

COMPARISON OF TWO COMPUTER MODELS 

MODEL <Au96> WITH 
0.053 STOPE ASSAYS 

(EMPTY BLOCKS) 

MODEL <4796> WITH 
0.053 STOPE ASSAYS 
(FILLED BLOCKS) 

M TONS OZ/T % CHANGE 
IN OZ AU 

M TONS OZ/T 

3749 @ 0.051 +30% 4797 @ 0.052 

ECONOMIC @ 
$400 Au 

USING PREVIOUS 
PIT OUTLINE 
No <2023> 

t 

2295 @ 0.058 +33% 2953 @ 0.060 

\ 

\.. J 
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A new cone mine run was made on the <4796> model using $400 Au 
price and new costs of $7.34 per ton of ore versus $6.67 per ton 
of ore on the previous economic model <2023> (above). The ore 
reserves from this new cone mine run are shown below: 

ECONOMIC 
RESERVES @ 
$400 Au 

COMPARISON OF TWO ECONOMIC RESERVES 
FROM THE NEW MODEL <4796> 

MODEL <4796> WITH 
0.053 STOPE ASSAYS 

FILLED BLOCKS 
USING ORIGINAL 

PIT <2023> 

MODEL <4796> WITH 
0.053 STOPE ASSAYS 

FILLED BLOCKS 
USING NEW ECONOMIC 

DESIGN <7223> 

M TONS OZ/T % CHANGE M TONS OZ/T 
IN OZ AU 

2953 @ 0.060 +27% 3755 @ 0.060 

All three of the computer models have been made using polygonal 
interpolation in the plane of the Yarnell structure. Plan maps 
and cross sections through the rotated model clearly show the 
affect and extent of each composite. Since these changes to the 
computer model have such a dramatic effect on the ore reserves I 
feel we should schedule another meeting to determine: 

A) Should we re-model using a I/D2 interpolation ? 
This would surely reduce the grade and increase the tonnage. 

B) The type of plan maps and cross sections to be made. 
Color or B/W, color cutoffs, type of drill hole display, etc. 

Please contact us if you have any questions or to arrange the 
next meeting. 

C ~  .. Z - -~ ' / - / z -  

F 
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File Note 

Southwestern Exploration Division 

February 13, 1990 

Estimated Grade of 
Removed Stope Material 
Yarnell Project 
Yavapai County, Arizona 

dDS 

I \ 

In the February I, 1990 report by W.D. Gay (Estimate of Tonnage removed 
by prior mining from Yarnell Mine), he estimated that 229,500 tons had 
been removed. 

In that study, assumptions were made as to the probable stope pillars 
left at the present time. Some of the information was from present survey 
data. 

W.D. Gay then took the map of workings and broke the area into various 
polygons of equal thickness. By planimeter he then calculated the 
percentage of area of 15' or less of stope height and the percentage of 
area of 20' stope height. By multiplying the percentage by grade he 
arrived at a new grade for the stope interval tonnage as shown on 
Figure I, attached. 

The new estimated average grade is 0.096 opt gold for the removed tonnage. 

This is the best estimate available and follows the same parameters as 
established for the new study involving stope intervals. 

A slight adjustment might be made for the variation in tonnage within 
the two stope heights, but I believe this would not be any appreciable 
improvement over the method/results now available. 

JDS:mek /~ James D. Sell 
Art. / 

CC: R.L. Brown 
F.T. Graybeal 
W.L. Kurtz 
W.D. Gay 
L.J. Jansen 
S.L. Lakosky 
M.A. Miller 



f - - ,  :, / \ . . . .  

t 

I 

i / 

0 

/ 5  

/ 4 0 . 4 6 k  .0 c, = 2.ga!g- 

gg. ~-4 '~, /o -- ~5..g4o 
A / O  'g C ,'q ~-E 

er~:> ,< ,  AvE.GP~tTF= o.og& 

o 

c'? 

D 
L5 

YARNELL PROJEC T 
P O L Y G O N  IdAP FOR E S T I I d A T E  

OF U N D E R G R O U N D  ORE 
G R A D E  

7 f £ ~ "  9 0  

• l O  / .0-. '> ~ 
• 1 0  g- '~O 
. ~ 0 o-,~" 

2.0"  4 r e .  :0.09 

,'9/~V I , , ,o¢ ~j 
"< ZO'  : ~  : ~ o,/o 

/::11 ....... 

C ~  

2 /~3  

4 /42.  
; v<_.~ 

e 235 

: a 2 8  

D~ 4 o , ' / 4 E  ?-E~ 

"- Z /~3 

3 7/Z 

,,---4 / 4:2 

6- I~J5  

7 H9 

" 8  ZzE 

- 5 4 e 8  
/ o  ~oJ 

7 0 T n L  

I . .  3~ 

3 7/g 
//,/5- 

-~ :,'9. 

/o :':/ 

zTEg 

, , f  o . m .  

zj_A~: s~.5.~ (0.,0) 4 % 7 9  

:..r .4--~ ' : .  /n.:%> T ~ 7' 
. . "  . . ~ ~ ¢ ~: ~ ,  " , . 



/ 

\ 

, /  \ 

\ ) 

\ 

, /  

!I 
i! 

, i i  

Fr~ 7 f ~ J ~  

i 

i i  

I i ' 

I i  

: I 

i i i  

i !  

!!; 

l l i  

i!  ~, v 

, i # .~ , /~ /  
i 

' b ~ _ ~ - ~ _ ~  ~"~_~ 
i i i  

i 

i i 

ill 

d ~  

~i ~,~3 '~-' 

: i  

:i! 
' i i  

:i 

!1i 

J 



r i l 

k~ j "  

I I  

i 
li 

I 

i 

iJ 
r! 

i 

i i ]  

i '  

<76"7 

j ~  

; : l  
I 



r ~ j - ~  
--.> 

I t  I " ~. s 2 ~  / .  / - - "  . 

,,F 

i~ '~1 "i L~-<~z,~ <.~- , / J %  " 

< . ' ~  . . . . .  i-~c.:.<~=4,.<-- . .-'7":~ 
<,,,,.~ . . . . . .  ~7 . . . . . . . . . . . . . . . . . . . .  

.... +. ~ ( . . - _ . ~  ~ j ,  .... 

i 
I ; S  X,..~ 

i; q t q';'<~ 
/./,lx c~7 : Z. 

, i  

\ , i  

! '  



'. ~, -- .~.~ . 

f 

F~oM: 
<j---t: -~u 

I.  D .  SELL: " 

'to../,si/7-/~ s 

f-DO'</" 
lvo - - D  

,X ' ~  

~- 7-<_:.<:- 

: :40 2c(O 

' ~ - ' ~  ....... ]- .o4J 
~ _ _ _ ~  . . . . . . . . . . . .  

- "? ,  , 

¸'2,¸ 

/ ,r 

\ J 

, . . 



Z.  
,,~ , x  

. S S  
S * L "  ~ - -  

lie 

• I 

p~ 

t 

. i  ! 

!il . . . .  

:I 

l 

! '  

i ' 

ilj 

• ! . . . .  

I 



, /  --. / :  / , 

1 0 2 0 0 0  

S E C T I O N  L O C A T I O N  M A P  
1 0 2 0 0 0  

" h  

1 0 1 5 0 0  

1 0 1 0 0 0  

1 0 0 5 0 0  

1 0 0 0 0 0  

9 9 5 0 0  

9 9 0 0 0  
0 o 8 8 
i ~  0 i11 

+i 

4 

i B i B i ' i ' i i i  ;i = i l ; ' ; ' ; ' ;  i l i ' i ' i  i t ~  = " i ' i ' i ' i  i l l  ; ;  , ,  :::::::::::::::::::::::::::::::::::::::::::::: ;I; ;]; 
. . . . . .  " i l  i l i l  l i  i l i l i l  I I  l a ; . J . I  I I l i ,  i i  , i  
. . . . .  ;; ' 1 ' 1 '  ' 1 ' 1 '  i ' I ' I ' I ' I ' I ' I ' I ' P . I  ' ' 1 ' 1 ' 1 ' 1 ' 1 '  ' i '  
;; i ;; I;; I;;  ; i ; I ; i ; i ; i ;  i : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : :  : : 
; I ; I ; I ;  ; < ~  I i l i l i  i l  l i l i l  I l i l i g , ; l  ; , ~  i t  I ! I  lli ! ; ; ; ; ;,p . . . .  , , , , , , , , , , , , , .. , , , , , , = ,  

, ,  , , , , ; ; ; ;  ; ;  ; ;  ; ; ; ;1 ; ; ; ; ; ; ; ; 
" ' ' ' ' ' ° ' '  " _ _ ." I ? I ? I ? I ~ I ! I ." I ! O  ! 1  ~ I ! I ." I ." I ~ ! ? 

i i I i  ", ~,,i ",11 ~ , : , i  :,li = i i=-t- i l :  ~,1~,~, ~,H:, i ~, +, l i : ,  i ; ,  ~,'i 
' l i  " ' ! '  i ~ .  ' ~1~1 l i l . i l "  ~ g "  I I '  ' 

I I I I I I I I I I I I . ~ I I I I I ! I 

+I+I+I+I+ + +I+I.~I+-~ ~ l , ~ " . . + l + l + ~ + l + l + l + l + l ~  
I I I I I I I I I I I+  I I I I I I 

;I+ii;I;I; ; I ; I ; I ; I ~ i ~  +,+~, ~ ,~ ' i I~ I~  i "~il~l;l;l;l;nFl+i 
• .~Jh'.l;l~l+" : I : I ; I : Y + ' T ~ I ' I : !  ; ~  ;. :IT_..I.:I_'.~ ~ . ' . I ; I ~ I . ' I ; I : I : M : I :  
r l ' , l ; l i l i  ',I+I~++i,-+I+I,~+ j . i i  '~ # i  ¢ ~-: + ~ + ~ + , l + l ; ~ r l i i + l  +, 
; I ; I ; I ; I ;  ; l ,~'rl;+l;h;l '; l ;  ~'i; + ; , +  ~.+', ; , ;  ; Y ; I ; I , I ; I ; I ; H ,  ; 
; ; ; ; ; • . . ; ' . , ~ .  ,,, i + +  +;, ; ; ; ; ; ; ; ; .  . . . . .  - - ~ .  • h : .  • . :  ~.. ; ; ; . ; ; ; I I  +-Igl+h+"l~ ,,,~.,.+, ,+,+, .... +~+~I I I I+I g l I . I + ; + + +  + + ,+ .+  + ++, ; + ; + ; + +  
. . . . . . . . . .  .+ ~,'1+ . ~ . #  + . . . .  ,I,I,I,I, {P,I+I+I++IJH+ , +,+,, . , ,  + , ,  I~I,I,I,I+I,LI, 
• • , . . . .  + . L...; . . . .  ~ . . . . . . . .  o • 

, l+ lJ l , l ,  ~ + . l ~ l ~ I L b , -  , ,  , , , : '+~+, ~ ,  ,..+lll'l'l,l+l+g+l+ 
; . : J + , u ;  , r ~ ; h ' J u q ; t ; + l  ~ , i . ,  i ;~ , ;  ] ; ; .2~ ; l~ l+ l+ l ] l+ l+e+l+ 
; , ; • ' , , ; • ; - -~  " ; , ' ; ' ; , ;  ' , , , , , , , :/~i ~ ~F~+ , l~ l i ,  :,,.+ + : + ~  ~+ ~+:l:i:l:lil:n:,: 

~+; , ,  , , , , ;  +,+, ++, + ++~ ++ +++ +++ +I+I+I+I+I+I+I+++I + ;L;+I ; I ; I ;  ; . + ;  ; i ~ ; =  "+ :  <, ~,,+ . . . . . . . . . . .  

' [ 'I~'I'  '" ++ + ++ ~ +"+ . . . . . . . . . . . . .  ;~ ;+ ~+.~ ,+~ ~.+.~,+. ~,, ,£j, . . i l!l  . . . . . . . . . . .  
. . . . .  . . <  ~ , , ,  ~,~ ~ +~ ~ , ~ . ~ +  + 

+ .~ I ~ , i !i l j ~ i ' i 

.+ 

!~  \ 
J 

1 0 1 5 0 0  

1 0 1 0 0 0  

1 ~ 5 ~  

100000 

99500 

9 9 0 0 0  

' j \  • 

1 

. +  



!/-. 

A 

. . . . . .  ~ . . . . . . . . . . .  ~" . . T . ,  " ~ . ~  - , '  ' - . . . .  .~ , ;  > - 7 - - : . -  - ] . L , ~ - : , 7  . . . . . . . . . . . . . .  

........... _. ~-:<-,--'~ ÷~ .... -<+--7'-..- ~. . . . . . . . . . . .  

d ..~.~;L'L'.~. ~--~--'.---,,,-~;"~ 

I" . " ' t )  . t  . • z_ 

. . . . .  = . . . .  _ . u - ~ -  . . . . . . . . . . .  ~ . • - - ~ - -  ~ ,  " L , t )  . . . .  ~ . . . .  7 . . . . . .  " ~  . . . . . . . . . . . . .  

,-?s~..,~.2¢.-~<:__<,jj<z~:,-¢+~_., b .,~_--~<,:.,__,~ .,'.s? ,/~- , ...... 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. - _ ~  i o ~ : ~ _ _ , %  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ -  - 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  " -  . , ,~  ~? - ~ , <- ~ < ~  . , , , .  

i #  i , J  ' _ ¢ 

............. ! ....... i , _ ~  ~ - ~ ~ ~ ,  ................................ 

. . . . . . . . . . . . . . . . . . .  ' ~ "  r ~ . . . . . . . . . . . . . . . . . . .  



M.A. M i l l e r  

IL T -  . . ' [  i.,'d- 
. . . , - - . .  

(..Ua.. 

b_.,~ 

7l  

S 9 

Southwestern Exploration Division 

February 15, 19~0 

7 

c~¢-¢<,:.L 
<-' 

Format for Report 
Yarnell Project 
Yavapai County, AZ 

Format and address your Yarnell Project report to follow the F.T. 
Wiluna report as applicable. 

-- [~'~..~ <', ~ A.4 I # " l l  I. 

"._~ D e, <4 [5 /'.-s,+-,.(-i 

Graybeal ~9~ '~'- ~ 

Addressing these numerous Guestions now will save much rewriting later. 

In his cover letter, Graybeal summarized what was in the body of the 
report, his methods of calculations and the reserve table; then a Table 
of Contents (attached). 

In the Text format details, he included: 

Introduction 
Geology 
Style of Mineralization 
Previous Mining 
Drilling and Sampling 
Assaying 
Ore Reserve 

Assays 
Cutoff Grade 
Specific Gravity 
Pit Slope 
Mining Width 
Measurement and Calculation of Reserve 
Dilution 
Mine Plan 
Variability of Ore Reserve Estimate 
Comparison with Other Reserve Methods 
Additions to Reserves 
Metallurgy 

Concluding Remarks. 

Note his Figure titles as they express some of the detail problems addressed 
in the Text and visualized by use of figures (and perhaps, to be in Tables 
in some instances at Yarne11). 

Put together a preliminary Table of Contents detailing the topics to be 
covered in your report, for review. 

A copy of the F.T. Graybeal Wiluna Report, except for the Appendix material 
is with the File Copy only. 

JDS:mek // James D. Sel l 
A t t s .  . /  

cc- F.T. Graybeal, W.L. Kurtz 
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M.A. Miller 

Southwestern Exploration Division 

February 15, 1990 

Format for Report 
Yarnell Project 
Yavapai County, AZ 

Format and address your Yarnell Project report to follow the F.T. Graybeal 
Wiluna report as applicable. 

Addressing these numerous questions now will save much rewriting later. 

In his cover letter, Graybeal summarized what was in the body of the 
report, his methods of calculations and the reserve table; then a Table 
of Contents (attached). 

In the Text format details, he included: 

Introduction 
Geology 
Style of Mineralization 
Previous Mining 
Drilling and Sampling 
Assaying 
Ore Reserve 

Assays 
Cutoff Grade 
Specific Gravity 
Pit Slope 
Mining Width 
Measurement and Calculation of Reserve 
Dilution 
Mi~e Plan 
Variability of Ore Reserve Estimate 
Comparison with Other Reserve Methods 
Additions to Reserves 
Metallurgy 

Concluding Remarks. 

Note his Figure titles as they express some of the detail problems addressed 
in the Text and visualized by use of figures (and perhaps, to be in Tables 
in some instances at Yarnell). 

Put together a preliminary Table of Contents detailing the topics to be 
covered in your report, for review. 

A copy of the F.T. Graybeal Wiluna Report, except for the Appendix material 
is with the File Copy only. 

JDS:mek 
Arts. 

cc: F.T. Graybeal, W.L. Kurtz 

James D. Sell 
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lO,500N I0,650 
I0,525 I0,675 
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Exploration Department 
Frederick T. Graybeal 
Chief Geologist 

Mr. R. L. Brown, Jr. 
Vice President 
Exploration Department 
ASARCO Incorporated 
New York Office 

March 3, 1986 

APR 

D.F.S. 

4 1£86 

Cross Section Ore Reserve 
Wiluna Project 
Western Australia 

Dear Si r: 

Herewith please find 3 copies of the Wiluna ore reserve. Proven and 
probable ore reserves using a cross-section method are summarized on Table 
l which follows this letter. Individual cross sections and d r i l l  maps are 
appended. Estimates were also made for possible mineralization, not presently 
considered ore because of marginal economics, uncertain metallurgy, or unproven 
continuity. The calculations distinguish between oxidized ore and transition 
ore which have different metallurgical characteristics. Definitions of 
reserve class and ore types are given on Table I. The cross-section method 
has been used at a number of recently developed open pi t  qold mines in Western 
Australia and early data indicate i t  provides an accurate estimate of reserves 
as long as the qeology of the deposit is understood. 

Estimates use a l.O gm Au cutoff, a 3 meter minimum horizontal mining 
width, and are not diluted. Proven and probable oxide ore is a mineable 
reserve available in 450 pits and totals 1,239,000 tonnes averaging 4.07 gm 
Au in four separate areas. Waste/ore in these areas varies from 2.9-8.5. 
Recent dewatering of the underground workings has revealed that qlory hole 
walls are stable and i t  is l ikely that p i t  slopes in excess of 45 degrees 
may be used. 

Aggregate reserves in all categories indicated by dr i l l ing are 2,580,000 
tonnes averaging 3.7 gm Au. I t  is possible that up to 1.3 million tonnes 
could be added from areas adjacent to old workings which can't be intersected 
by surface dr i l l ing and from below existing reserves. Exploration of numerous 
other mineralized zones within the area of the Wiluna Joint Venture wi l l  
add further to these estimates. 

Mineralization occurs along north-striking shear zones which dip 75 o 
east. True width of individual ore zones at a l.O gm Au cutoff varies, but 
for the East Lode pit  i t  is about 20 meters in the center of the reserve area 
thinning to about 7 meters at each end. The ore mineral is native gold 

/ \, 

\ / 

ASARCO Incorporated 180 Maiden Lane New York, N.Y. 10038 (212) 510-2000 
Telex:lTT 420585 RCA 232378 WUI 62522 Cables: MINEDEPART Telegrams: WU1-25991 



/ -, 

Mr. R. L. Brown, Jr. 

-2- 

March 3, 1986 

Y 

which is very fine grained. The absence of coarse gold eliminated the nugget 
effect which simplified sampling and, combined with the tendency for higher 
grade assays to cluster predictably in certain areas of the ore reserve, 
jus t i f ied the use of all assays at face value. Continuity of the various 
ore zones is good and correlations between d r i l l  holes at 12.5 meter spacing 
along sections drawn at 25 meter intervals were rarely ambiguous. Continuity 
was confirmed by dr i l l ing  a number of holes between the 25 meter sections 
and by d r i l l i nq  several shallow 3 x 5 meter grid patterns. Surface depletion 
of gold is not significant. 

The mine plan, ore control procedures, and mill design wi l l  require 
f l e x i b i l i t y  to deal with variations in clay content which becomes less abundant 
at depth, competence of the rock which becomes harder with depth, and different 
ore types which contain variable amounts of sulfide below 20-30 meters. 
Recognition of these variables, in addition to on-going exploration, p i t  
wall s tabi l i ty  studies, and geologic mapping of ore, wi l l  require ful l-t ime 
experienced resident geologists. 

Finally, I acknowledge the personal commitment to the success of the 
Wiluna Project made by Mr. H. C. Williamson, Managing Director of Asarco 
(Australia), under whose direction the discovery, acquisition of some 450 
sq. km. of mineral tenements, and 5 years of exploration and pre-development 
work were accomplished. 

Very truly yours, ~ / I  

F. T. Graybeal "\~ 

FTG:Ib:bc 

cc: RJKupsch - 1 Copy 
HCWilliamson- 2 Copies 
Klngram - 2 Copies 



WILUNA ORE RESERVE 

The ore reserve illustrated in Table 1 is presented in Metric 
Tonnes. Convert to short tons by multiplying by 1.1023. 

The total proven and probable reserve in short tons becomes as 
follows: 

Tons Gm Au 

Oxide - Proven & Probable 
Transition - Proven & Probable 

1,365,443 4.07 
294,427 4.77 

TOTAL 1,659,870 4.19 

ASARCO 50% Share 

Oz/Ton Au 

829,935 0.12 

k / 
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TABLE I. WILUNA ORE RESERVE I 

OXIDE ORE TYPE 2 

Area 

E. Lode Pit 
E. Lode Main Shaft 
E. Lode N. Extension 
West Lode 

Totals 

Proven 3 
To ta l  

Probable  4 Proven + Probab le  
Tonnes ~m Au Tonnes ~m Au Tonnes ~m Au 

743,586 4.16 
32,519 3.63 
79,457 3.88 

211,417 4.45 
1,066,978 4.]8 

100,952 3.56 844,538 4.08 
1,382 2.51 33,901 3.59 
3,642 3.80 83,099 3.88 

65,768 3.25 277,185 4.17 
171,744 3.44 1,238,722 4-:.07 

Waste9/ 
Waste 9 Proven 
Tonnes Oxide Ore 

2,196,518 2.911 
206,413 6 .3 /1  
534,696 6 . 7 / I  

1 ,793,828 8 . 5 / I  

TRANSITION ORE TYPE 5 

Area 

E. Lode P i t  
E. Lode Main Shaf t  
E. Lode N. Ex tens ion  
West Lode 

To ta l s  

Proven 6 
Tonnes ~m Au 

46,699 7.04 

11,492 9.19 
2,571 2.93 

60,762 7.27 

Tota l  
Probable  7 Proven + Probab le  

Tonnes ~m Au Tonnes ~m Au 

83,615 3.65 130,314 4.86 
7,460 2.92 7,460 2.92 
14,445 2.89 25,937 5.68 

100,821 4.40 I03,392 4.36 
206,341 3.97 ~ 4.77 

.367/o13 

POSSIBLE MINERALIZATION 8 

Oxide 
Area Tonnes gm Au 

E. Lode Pit 40,203 2.34 
E. Lode Main Shaft 4,912 3.67 
E. Lode N. Extension 11,533 3.10 

West Lode 78,217 2.05 

Essex lO0,OO0 2.0 
Happy Jack ~ 360,000 3.0 
Bulletin 230,000 2.7 
Moonlight IIO,OO0 5.5 

T r a n s i t i o n  
Tonnes gmAu 

35,364 4.08 

104,355 3.14 

IEstablished by drilling using 1.0 gm Au cutoff, 45 ° pit slope, 3 meter minimum horizontal mining width. 
All units are metric. 

2Oxide Ore Type. Specific gravity = 2.10. No sulfides remaining in the rock. 

3proven Oxide. Inside a 45 ° pit; continuity established both down dip and along strike at 12.5 m hole 
spacing on 25 m section spacing. 

4probable Oxide. Inside a 45 ° pit designed for proven oxide; continuity uncertain at 12.5 m hole spacing 
or 25 m section spacing, but will be mined to conform pit to optimum geometry for extraction of proven 
oxide. 

5Transition Ore Type. Specific gravity = 2.50. Variable amounts of partly oxidized sulfides. 

6proven Transition. Inside 45 ° pit designed for proven oxide; continuity established both down dip and 
along strike at 12.5 m hole spacing and will be mined to conform pit to optimum geometry for extraction 
of proven oxide. 

?Probable Transition. Below floor of 45 ° pit, but not more than 50 m deep; continuity down dip and along 
strike based on variable drill hole spacing and projection from overlying zones. 

8possible Mineralization. 
a) East and West Lodes. Material adjacent to 45 ° pit walls with variable continuity down dip and along 

strike; either submarginal grade for required stripping or uncertain metallurgy. 
b) Essex, Happy Jack, Bulletin, Moonlight. Material within 30 m of the surface for which there are only 

wide-spaced drill hole intersections, but where continuity can be reasonably assumed based on proximity 
to underground workings and geologic inference. 

9Waste. Specific gravity = 2.80. All material less than l.O gm Au in 45 ° pit designed to extract proven 
oxide ore only. Waste/proven oxide ore does not include probable or possible material which will reduce 
ratio if ultimately oroven to be ore. 
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4) Map showing distribution of gold mineralization 
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9,800N 10,050 10,250 
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CROSS SECTION ORE RESERVE 
• WILUNA PROJECT 
WESTERN AUSTRALIA 

Y 

INTRODUCTION 

Wiluna is located 550 miles northeast of Perth, Western Australia in 
the East Murchison Goldfield (Fig. l ) .  I t  is the fourth largest gold d is t r ic t  
in Western Australia having produced roughly 2.08 million ounces of gold ~ 
from I0.3 million tons of ore during 1896-1947. In 1980 Asarco (Australia) 
geologists under the direction of H. C. Williamson recognized the potential 
for disseminated gold mineralization in the walls of two old open cuts at 
Wiluna. In 1981 Asarco executed a jo in t  venture option with Western Alluvials 
for ground in the central portion of the d is t r ic t  including the East and 
West Lodes. Vesting was completed in July 1985. On-going land acquisition 
has accumulated roughly 120 square miles or about 95% of the Wiluna Distr ict 
(Fig. 2). 

This report summarizes a manual cross section ore reserve based on 
geological interpretation of assay data, a technique used widely in Western 
Australia for shallow oxidized gold ores. Limited operating data acquired 
from numerous vis i ts to operating open pi t  gold mines in Western Australia 
indicate the technique is accurate as long as the geologic environment of 
the ore is understood. 

GEOLOGY 

Pre-1980 geologic information about Wiluna is limited. The only 
general summary is by Edwards (1953; see Appendix A) which was compiled 
from unpublished reports written in 1936 and 1937. Most of the mineralized 
outcrops are covered by a surface wash and all underground workings are 
flooded. Detailed surface mapping by Asarco (Australia) confirms the area 
is underlain by a sequence of weakly metamorphosed northwest-striking and 
steep-dipping mafic volcanic flows with rare thin interbedded felsic tuffs. 
The sequence has been modestly dilated by several mafic s i l ls  and rare post- 
mineral dikes are inferred from a study of longitudinal mine sections. 

Structure is dominated by two north-striking shear zones which can 
be traced for several miles in surface and underground workings and along 
which as much as several thousand feet of right lateral offset may have 
occurred. Each shear zone may be up to several hundred feet wide with numerous 
internal faults which spl i t  unpredictably. Dips are 75°E to vertical. 

The various mineralized areas explored in the central part of the 
d is t r ic t  are shown on Figure 3. All mineralization dri l led to date is confined 
to certain shear zones. Additionally, the East Lode and West Lode orebodies, 
the largest presently known, appear confined to an area where the associated 
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shear zones cut a highly magnetic basalt flow with abundant pillow structures. 
Although details are unclear, the implication is strong that lithology exerts 
a strong control on the distribution of gold mineralization and the mere 
presence of a strong structure does not guarantee continuity of ore grade 
values or mineable widths. Alteration associated with ore consists of quartz- 
carbonate-pyrite-arsenopyrite replacement of wall rock. Quartz occurs as 
discrete, discontinuous veins up to one foot or so thick within faults and 
as irregular stockworks along the faults. Stibnite is present in the Moonlight 
zone and at the north end of the West Lode. 

The ore mineral is native gold. In the sulfide zone of the East and 
West Lodes, Edwards (1953) reports that gold occurs largely as inclusions 
in arsenopyrite. Sulfide ores at Wiluna were termed refractory and required 
flotation, roasting of the sulfide concentrate, and cyanide leaching of the 
calcine to produce acceptable recovery. Edwards' comment that ore in the 
upper levels of the East Lode had an assay hangingwall indicates that sulfides 
were disseminated. Most of the ore mined at Wiluna was in the sulfide zone. 

Oxidation due to severe weathering has destroyed all sulfides to 
maximum depths of 50 meters in the East Lode, 40 meters in the West Lode, 
and in excess of 50 meters in the Happy Jack-Bulletin zone. Oxidation is 
of fundamental importance because i t  has liberated gold from arsenopyrite, 
resulting in an ore type which responds well to conventional carbon-in-pulp 
(CIP) technology, a much lower cost process than the float-roast-leach process 
required for Wiluna sulfides. Weathering has also resulted in the formation 
of highly variable and unpredictable amounts of clay minerals and fine-grained 
si l ica which are generally more abundant close to the surface. 

Within the zone of complete oxidation of sulfides, referred to as 
the oxide zone, logging of d r i l l  chips has attempted to define a weathered 
ore type and an oxidized ore type. Generally, the weathered material contains 
more clay and is more disintegrated than the underlying oxidized ore type. 
The important metallurgical difference between the two is that the oxidized 
type is harder and wil l  l ikely require longer grinding time to achieve similar 
size distribution and perhaps more blasting during mining. However, the 
change to a harder rock with increasing depth is gradational and does not 
occur abruptly at the boundary of the two ore types. In addition, the abundance 
of clay and supergene si l ica is highly variable even within the weathered 
ore type and i t  is l ikely that the abundance of clay and si l ica, and degree 
of disintegration of the rock are more variable within the weathered ore 
type than between the weathered and oxidized ore types. Clay and sil ica 
content do not significantly impact recovery of gold which wil l  be 90% by 
CIP in both ore types. Mine scheduling must plan for unpredictable variations 
in mineralogy and hardness throughout the oxide zone, regardless of ore 
type, and sufficient faces in ore should be maintained so that an acceptable 
blend of these variations can be delivered to the plant. 
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Gold in the oxidized zone is generally very fine grained. Most grains 
observed microscopically are less than lO microns across and, to my knowledge, 
free gold in the East and West Lode orebodies has never been observed with 
the unaided eye in hand specimen. The characteristic fine grain size of 
gold has greatly reduced sampling problems associated with the nugget effect 
as a source of uncertainty in the interpretation of grade and continuity of 
ore at Wiluna. The silver content of Wiluna ore has not been studied in 
detail, but is believed to be less than 3 gm and not of economic significance. 

The oxide zone is roughly U-shaped in cross section, being deepest 
in the central parts of the shear zones where permeability was presumably 
greater. The base of the oxide zone is marked by the appearance of small 
amounts of sulfide which increase erratically and unpredictably with depth 
through a lO-2Qmeter thick transition zone to clean sulfides. Metallurgical 
test work indicated CIP recovery of gold in the transition zone will vary 
from 25-90% with low recovery corresponding to abundant sulfide. Insufficient 
work has been done to know where the higher recovery zones are and whether 
they are continuous enough to be mined for the CIP circui t .  The boundary 
between the oxide and transition zones wil l  l ikely be found by mining to be 
more irregular than shown on the attached cross sections, but because i t  is 
gradational and because sulfides can be easily recognized severe mixing of 
oxide and transition zone ores should not be a problem during mining. 

Supergene movement of gold at Wiluna has not been assessed in detail. 
A review of cross sections suggests that some enrichment of gold has occurred 
because outcropping ore zones drawn at a l gm Au cutoff appear to narrow 
downward. Further, the 7 ore reserve blocks which average over lO gm Au 
are all within 25 meters of the surface and averaQe 15 meters depth. This 
enrichment does not appear to have been concentrated within single quartz 
veins because one meter assays above about 50 gm Au are rare. Rather, enrichment 
appears to have overprinted existing hypogene patterns throughout the stockwork 
veined and faulted portions of the shear zones, resulting in a general increase 
in gold content of all previously mineralized rock. The source of the gold 
is presumed to have been in updip portions of the shear zone which have 
since been eroded. Enrichment has not resulted in a uniformly upward-expanding 
geometry of all +l gram Au ore zones, some of which narrow upward, but rather 
has increased the width of the preexisting hypogene ore zones near the surface. 

Numerous examples of supergene enrichment and leaching (depletion) 
have long been recognized within the Yilgarn Shield of Western Australia, 
often with examples of both within the same dist r ic t .  The phenomenon is of 
considerable practical importance and nearly impossible to predict from 
geologic assessment alone. I t  is complicated by the fact that near-surface 
depletion may occur in orebodies which have experienced a net enrichment 
within the entire oxidized zone. Eight separate examples of surface depletion 
of gold were reviewed during a recent v is i t  to Western Australia and in most 
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depletion went unrecognized during exploration dr i l l ing.  This is because 
most ore zones are narrow and steep dipping and are explored using angle 
holes collared outside the surface projection of the ore. In the eight 
documented examples depletion has reduced grades by 20-50% down to depths 
of roughly 15 meters. Depletion not only reduced the grade, but does so in 
a very irregular way so that the continuity of local higher grade remnants 
is limited and dilution during mining is severe. Grade control techniques 
which are usually optimized during the early stages of mining don't work 
because of unrecognized depletion. The result leads to confusion during 
the early stages of a project when a greater-than-normal amount of attention 
is being focused on the operation. 

Although a number of exploration holes at Wiluna were collared within 
ore zones, the possibility of depletion could s t i l l  be inferred from 
geometry of some ore zones which narrow upward and where inspection of cross- 
sections could not confirm whether the narrowing was a hypogene feature or 
due to supergene leaching. As an in i t ia l  test both of the accuracy of projected 
i gm Au ore zone boundaries and for the presence of supergene leaching, 
three areas were dri l led using vertical rotary air blast (RAB) methods on a 
3x5 meter grid to a depth of 5-6 meters. Although these tests are not a l l -  
encompassing, comparisons of RAB intersections showed that the interval 
from 1-3 meters depth was often within 10% of the RAB interval from 3-5 
meters depth and could be higher or lower. Comparisons of RAB assays with 
intersections in deeper exploration holes generally agreed within 20%, with 
RAB assays again both higher and lower than the exploration hole assays. 
The details of this work wi l l  be discussed in a later section, but indications 
are that supergene leaching, i f  present, is not significant. On a local 
scalA, mineralization is either weakly leached or strongly enriched, resulting 
in a greater variabil i ty of grades within 5-15 meters of the surface. In 
Western Australian mining distr icts where supergene leaching has been documented, 
surface workings are often random and small, even though numerous. In areas 
where supergene leaching is absent or minor, old surface workings tend to 
be very large such as Wiluna. The conclusion is that near-surface depletion 
of gold in the East and West Lode pi t  areas is l ikely to be minor. The 
extent of depletion in other zones within the Wiluna Joint Venture remains 
to be determined. 

The oxidized mineralization is covered by a discontinuous deposit of 
surface alluvial material and severely weathered bedrock. I t  is both soft 
and hard and nearly always contains i-2 gm Au over and outside the surface 
projection of deeper ore intersections. I t  is not known to what extent 
gold in the surficial layer is due to sheet-flood contamination from adjacent 
tail ings (including sulfide), but the f i r s t  meter has been excluded from 
all ore reserve calculations. Due to highly suspect mineralogy, this material 
should not be milled without blending with deeper material. Water-soluble 
chlorides and sulfates may form up to 2% of near-surface material and decrease 
in abundance with depth. 
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STYLE OF MINERALIZATION 

Accessible exposures of mineralization at right angles to the interpreted 
strike of the ore zones do not exist and interpretations of continuity have 
been assembled from observations along pi t  walls, diamond dr i l l  core, study 
of various plans of underground workings, and exploration dr i l l  data. The 
lack of well-developed exposures of mineralization for careful geologic 
study is perhaps the single weakness in the interpretations of continuity 
of mineralization. 

The style of the mineralization, defined by a 1.0 gm Au cutoff, reflects 
a hypogene geometry which has been modified to an unknown extent by supergene 
processes. I t  is obvious from a quick look at the open cuts, maps of underground 
workings, and maps showing the distribution of gold mineralization in Appendices 
C, E, and F that mineralization in the East and West Lode areas occurs in 
elongate, north-striking zones which are relatively narrow in proportion to 
their length. Ore zones drawn at a 1.0 gm Au cutoff are continuous along 
strike, unless interrupted by pre-1919 stopes, for 700 meters in the East 
Lode, 400 meters in the West Lode, and 300 meters in the East Lode North 
Extension. Multiple ore zones are present at right angles to the strike 
which spl i t  from and rejoin the overall north-south trend in a braided pattern. 
This pattern is particularly well developed in the East Lode pi t  where the 
average true width of individual splits varies from 20 meters in the central 
portion of the p i t  to 7 meters at each end. Average widths in the other 
reserve areas are under 10 meters. 

The strike and dip of the mineralization at a 1.0 gm Au cutoff was so 
predictable that not a single interspaced hole dri l led to measure proven 
ore failed to cut mineralization; most cut mineralization where predicted 
and generally within the anticipated grade range. Therefore a high degree 
of confidence exists in the interpretations of ore zone geometry along strike 
and down dip as shown on all plans and sections appended to this report. 
Confidence in ore zone geometry is greatest in the central part of the East 
Lode pi t  from 9,625-9,750N where the ore zones are thickest. Confidence, 
even in areas of proven mineralization, is somewhat less in the peripheral 
areas of all ore zones, in the West Lode pi t  area where backfilled stopes 
could not be penetrated by dr i l l ing,  and for all thin or low grade ore zones. 

All ore zones have assay walls and mineralization is largely disseminated. 
The highest grades occur within the central portion of the ore zones and 
decline outward to the 1.0 gm Au cutoff and beyond. Assay graphs often 
approximate a bell-shaped curve, with thicker ore zones having several high 
grade peaks. Loss of high grade values, which carry a disproportionately 
high amount of the metal in the deposit, by dilution with adjacent waste 
wi l l  not be a problem during mining. 

Although higher grade mineralization generally occurs within and not 
along the edge of ore zones, the distribution of these values is not easily 
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correlated between d r i l l  holes by grade contours. Some continuity of higher 
grade values appears present along strike and down dip in the central part 
of the East Lode pi t  area as shown on Figure 4 where ore zones are somewhat 
thicker than elsewhere. Here, contour lines at a 5 gm Au cutoff show good 
continuity in plan and section and are parallel to the 1 gm Au contour as 
long as values are averaged across 2 or 4 meter assay intervals. Presumably, 
a moving average would generate even better continuity. Contours drawn at 
intermediate and higher values are far more erratic than the 1 and 5 gm Au 
contours on Figure 4. Close-spaced RAB dr i l l ing  described below in more 
detail also indicates that high grade zones defined at certain but not all 
cutoff values exhibit good continuity. This type of continuity should faci l i tate 
selective mining of higher and lower grade zones in some areas and thereby 
enhance grade control procedures. 

PREVIOUS MINING 

Nining operations in the oxidized zone ceased about 1919. The large 
open cuts in the south lobe of the East Lode pi t  were developed as glory 
holes with ore being removed probably through the 100 and 150 f t .  levels. 
The north lobe of the East Lode pi t  may not have been mined to the surface 
and could be floored by a collapsed crown p i l la r .  Portions of this p i l la r  
might contain high grade mineralization, but because i ts nature is uncertain 
and i t  could not be penetrated by dr i l l ing,  i t  is not included in the ore 
reserve calculation. Formation of the West Lode pit, which might be similar 
to the north lobe of the East Lode pit, is unclear because i t  is almost 
entirely f i l led  with rubbish and waste. 

For purposes of ore reserve calculations I have assumed relatively 
large glory holes which narrow at depth to connect with deeper workings. 
Rib or crown pi l lars (intact or collapsed) which may be present in the glory 
holes were excluded from the ore reserve because they could not be sampled 
and their volume was uncertain. The extent to which stope sizes have been 
overestimated, laterally or at depth, is unclear. Dewatering of the East 
Lode pi t  has indicated that in i t ia l  estimates of the near-surface cross- 
section area of the glory holes were reasonably accurate, but that assumed 
extensions of these stopes below about 30 meters may be too large. 

Because of the importance of local high grade zones to the ore reserve, 
considerable effort and expense were made to intersect ore zones directly 
below the glory holes and pi l lars. These efforts were not particularly 
successful due to back-filled stopes which collapsed on angle holes, cracks 
along which post-mine rock failure had occurred and in some cases along 
which movement occurred during dr i l l ing,  and geometry which required long, 
low angle holes that also experienced caving problems. Workings were mostly 
open in the East Lode and back-filled in the West Lode. I t  is unlikely 
that any undetected workings exist within the oxide zone which would significantly 
reduce the oxide reserve estimate. Dewatering to the 140 f t .  level should 
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nevertheless be completed and accessible workings inspected fo r  large unrecorded 
stopes which might endanger open p i t  operat ions or cause s i g n i f i c a n t  loss 
of ore by col lapse in to  deeper workings. 

DRILLING AND SAMPLING 

From 1981 to the present 21,085 meters were d r i l l e d  in reverse c i r -  
cu la t i on  holes, 6,315 meters in a i r  core holes, and 1,763 meters in diamond 
d r i l l  holes. The d r i l l  g r id  was establ ished by theodo l i te  using the Wiluna 
shaf t  as IO,O00N, IO,O00E. Hole spacing used for  proven ore was 12.5 meters 
along east-west cross sect ions at  25 meter north-south i n te r va l s .  The gr id 
var ied where access was a problem and interspaced holes were d r i l l e d  to 
conf i rm the grade and con t i nu i t y  of unusually high grade zones. Two 1:2,500 
scale d r i l l  hole locat ion maps are included in Appendix B. Most holes were 
i nc l i ned  60 ° below hor izonta l  and d r i l l e d  on a due west bearing. Holes 
averaged 40-50 meters long unless l o s t  due to water or workings at more 
shallow depths. Co l la r  e levat ions were not surveyed because fo r  any given 
reserve area e levat ion does not vary by more than I /2  meter. No down-the- 
hole d i rec t iona l  surveys were made, but several holes in tersected workings 
w i th in  1-2 meters of where shown on old underground maps so deviat ion of 
d r i l l  holes is not considered s i g n i f i c a n t .  

Reverse c i r c u l a t i o n  u t i l i z e d  both a i r  hammer or ro tary  b i t s  on a double- 
wal l  d r i l l  stem with sample intake ports one meter behind the b i t .  B i t  
diameter was 5.5 inches. Several cont ractors  were used and equipment c a p a b i l i t i e s  
var ied,  but the technique was genera l ly  able to d r i l l  50-60 meter boles. 
Sampling of the f i r s t  meter of depth was crude and involved co l l ec t i on  of 
mater ia l  accumulated around the c o l l a r .  Recovery of sample fo r  the second 
meter of depth was var iab le  depending on the amount of sample which escaped 
to the surface between the hole wal ls  and d r i l l  rods. Thereaf ter  s u f f i c i e n t  
back pressure was establ ished to d i r e c t  v i r t u a l l y  a l l  the sample to the 
intake ports and up through the outer  r ing  of the double-wall stem. Sample 
mater ia l  moved from the d r i l l  stem tilrough a hose to a co l l ec t i on  drum, and 
was then reduced in a Jones s p l i t t e r  to approximately 5 I b s . ,  and stored in 
canvas bags fo r  assay. A l l  reverse c i r c u l a t i o n  samples were I meter long. 

The cursory check on the r e p r o d u c i b i l i t y  of s p l i t t i n g  reverse c i r c u l a t i o n  
d r i l l  cut t ings to a 5 lb .  assay sample was made by taking dupl icate s p l i t s  
of  i meter i n te rva ls  from holes R-311, 412, 413, and 414. The re l a t i ve  
dev ia t ion  of the assays fo r  a l l  sample i n te rva l s  (135) was 12%. Relat ive 
dev ia t ion is the average of the deviat ions of ind iv idua l  samples from the 
populat ion mean expressed in percent. The re l a t i ve  dev iat ion fo r  4 separate 
ore zones (I  gm Au cu to f f  over minimum 4 meter length) was 10%. Subtract ing 
the re la t i ve  dev ia t ion caused by assaying suggests that  on-s i te  s p l i t t i n g  

/ \, 
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of the sample may introduce an addit ional 4% var iat ion beyond the 6% caused 
by the assay procedure. Insu f f i c ien t  check work of th is  type was conducted 
to provide a re l iab le  s ta t i s t i ca l  base or to determine optimum sample size. 
Although grade var iat ion was possibly greater than desired, the posit ion 
and length of +I.0 gm Au intersect ions were identical for both high and low 
grade intervals as shown on Figure 5 which gives considerable i n tu i t i ve  
confidence to the r e l i a b i l i t y  of s p l i t t i n g  techniques. Further, the 4 holes 
were d r i l l ed  in outlying portions of the ore reserve where the d is t r ibu t ion  
of values is v is ib ly  less predictable, so the re lat ive deviations noted may 
be above average for the deposit as a whole. 

Sample recovery for reverse c i rcu la t ion  was generally 90% or above. 
No attempt was made to measure precise recoveries because of loca l ly  s ign i -  
f i can t  var iat ions in specif ic gravi ty .  Problems were encountered in co l lec t -  
ing a fu l l y  representative sample for the f i r s t  I-2 meters of depth as noted 
above. Collection problems were also encountered when the d r i l l  neared the 
water table and st icky sample material b u i l t  up on the col lect ion drum. 
Sample recoveries were occasionally low in what were probably c lay-r ich 
zones below the water table, although th is  was an infrequent problem. Total 
sample loss was also incurred in the one meter interval below open stopes 
and par t ia l  loss usually continued for an additional meter before the rods 
above the sample intake port could achieve an effect ive seal against the 
walls of the hole. 

The advantage of reverse c i rcu la t ion  techniques over sinale-wall a i r  
hammer d r i l l i n g  is that sample contamination by abrasion and washinq of in- 
tervals higher in the hole is minimized. Some contamination is s t i l l  possible 
from the uncased one meter interval  above the b i t  through which cutt ings 
must travel before entering the sample ports. In a rock of uniform hardness 
contamination would be equal throughout with a net zero ef fect  on average 
grade. However, i f  high grade zones occur in re la t ive ly  soft  or broken rock 
which is more susceptible to abrasion or washing than adjacent lower grade 
zones, the net ef fect  may resul t  in an upgrading of the actual gold content 
of the one meter interval below the high grade zone. 

A visual inspection of a l l  cross sections revealed that in reverse 
c i rcu la t ion  holes the grade of the i meter interval immediately below the 
highest grade 1 meter interval  in an ore zone is higher than the grade of 
the 1 meter interval  immediately above the highest grade interval  about 20% 
more frequently than in diamond d r i l l  or a i r  core holes where the sample 
enters the d r i l l  stem immediately. An attempt to quantify th is ef fect  by 
comparing assays of reverse c i rcu la t ion  holes with twin diamond or a i r  core 
holes ( i -5  meter co l la r  separation) was unsuccessful. I t  appears that i f  
contamination of reverse c i rcu la t ion  samples has occurred the ef fect  is 
obscured by natural variat ions of grade along st r ike or dip and in sp l i t t i ng  
and assaying procedures. Measurement of contamination by weight of sample 
recovered is not possible due to s ign i f i can t  variat ions in speci f ic gravi ty.  
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Reverse c i r c u l a t i o n  techniques were used both above and below the 
water tab le.  Washing of the wall  of the hole below the water table can be 
a severe problem and is  commonly e l iminated by more cost ly  diamond d r i l l i n g .  
Ind ica t ions  from ear ly  work at Wiluna were tha t  the rock was f a i r l y  competent 
below about 10 meters depth and tha t  contamination would not be a problem. 
This was la rge ly  confirmed in 1983 when 4 diamond d r i l l  twins of reverse 
c i r c u l a t i o n  holes were completed. The resu l t s ,  shown on Figure 6, suggest 
contamination is  not s i g n i f i c a n t .  

I t  is also possible tha t  contamination has operated to downgrade 
assays, p a r t i c u l a r l y  in the f i r s t  I0 meters where surface weathering has 
generated l o c a l l y  abundant clay in barren as well as mineral ized rock. 
Further,  the apparent downward drag of high gold values in reverse c i r c u l a t i o n  
holes may pa r t l y  be due to supergene enrichment of gold on the footwal l  
side of the shear zones by downward-moving meteoric water. The conclusion 
is  that ,  i f  contamination has occurred, the e f f ec t  has not been systematic 
or severe enough to be quan t i f i ed ,  and the impact on ore reserve estimates 
is  thought to be minimal. 

Diamond d r i l l i n g  was done 1) in the ear ly  stages of the pro jec t  when 
deeper m inera l i za t ion  was considered a ta rge t  (1981), 2) to twin reverse 
c i r c u l a t i o n  holes as a check fo r  contamination, c o n t i n u i t y ,  and to gather 
meta l lu rg ica l  samples (1983, 1985), and 3) to i n te rsec t  ore zones where low 
angle c a p a b i l i t y  was required.  Core sizes used were HQ, NQ, and BQ. Core 
recoveries mostly exceeded 97% except in the 1985 work when average recoveries 
were 60-70%. Recovery in the 1985 work was genera l ly  lower in the nearsurface 
severely weathered zones averaging 50% from 0 - i0  meters and 69% below i0 
meters hole depth. Although 90% of the ore grade i n te rva l s  were d r i l l e d  
below i0 meters hole depth, recoveries were s t i l l  lower in higher grade 
zones averaging 77% in 1-2 gm Au rock and 61% in rock averaging over 2 gm 
Au, presumably due to stronger shearing in the higher grade zones. Pr io r  
to 1985 core was s p l i t  f o r  assay; core d r i l l e d  in 1985 was crushed with a 
s p l i t  taken of the to ta l  core r e j e c t  fo r  assay. A l l  core from +i gm Au 
zones has since been consumed fo r  meta l lu rg ica l  t es t i ng .  

A i r  core d r i l l i n g  techniques were u t i l i z e d  fo r  por t ions of the p ro jec t  
when su i tab le  reverse c i r c u l a t i o n  contractors  were unavai lable,  mostly in 
1984. Although, e f f ec t i ve  in c l a y - r i c h  zones the 3.5 inch b i t  was unable 
to cut harder, qua r t z - r i ch  zones and many a i r  core holes were bottomed above 
ta rge t  depth. Overa l l ,  a i r  core techniques were not su i tab le  fo r  East and 
West Lode m ine ra l i za t i on .  

ASSAYING 

Al l  reverse c i r c u l a t i o n  and a i r  core holes were assayed on 1 meter 
i n t e r va l s ;  diamond d r i l l  core assay in te rva ls  var ied.  Assays were run on 
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a 50 gm sample by f i r e  assay fusion followed by acid dissolut ion of the 
f i r e  assay bead and readout by atom absorption. Detection l i m i t  by th is  
technique was 0.005 gm Au. 

Routine assayina was by Analyt ical Services who ran numerous duplicates 
on r esp l i t  pulp. Their precision on +i .0 gm Au samples, expressed as the 
re la t i ve  deviation, was 6.3%. Extensive check work on +i .0 gm Au sample 
pulps by an independent laboratory (SGS Austral ia) averaged 1.1% lower than 
Analyt ical  Services. Since the difference between the two laboratories was 
substant ia l ly  less than the routine precision of e i ther laboratory, the 
dif ference is not s ign i f i can t  and the Analyt ical Services work is taken as 
accurate. Check analyses of +1.0 gm assays were also run on a resp l i t  of 
coarse reject  material. The re la t ive  deviation was 7.5% for  24 samples, 
v i r t u a l l y  ident ical to the 6.3% internal precision achieved by Analytical 
Services from checking pulp sp l i t s .  Although extensive s ta t i s t i ca l  analysis 
was not undertaken, the re la t ive  deviation does not vary ei ther at higher 
or  lower levels of gold, or as a function of the duplicate sample cut. These 
findings tend to confirm l imi ted petrographic work that coarse gold is not 
abundant. 

One problem arose in 1984 when i t  was found that Analytical Services 
has accidental ly switched iden t i f i ca t i on  on certain groups of 8 or 16 samples 
which had been f i red and were wait ino for cupell ing. The problem was recognized 
when i t  was noted that certain ore zones with good cont inuity along and 
between cross sections developed abrupt d iscont inu i t ies in the assay pattern 
from la te r  interspaced d r i l l i n q .  Check work involving some 1500 samples 
was completed in January 1985 and mechanical procedures at Analytical Services 
were modified. I t  is unl ikely that any serious problems remain within the 
ore zones as drawn on the accompanying sections. 

A second source of uncertainty not believed s ign i f icant  arose in the 
report ing of assays. In perhaps 5-10 holes certain assay values appeared 
with improbably high frequency. A typical example was R-I06 on section 
9,850N in the East Lode p i t  area. From 20-27 meters depth i meter assays 
were 1.6, 1.6, 2.1, 2.8, 2.1, and 2.8 gm Au re f lec t ing a clear preference 
for  certain numbers. This was discussed with the laboratory manager who 
argued randomness, but such non-random report ing natural ly disappeared 
thereafter.  

Assaying during the early 1981 d r i l l i n g  was by atomic absorption 
without f i r e  assay. These samples were al l  reassayed by combined fire-AA 
and the l a t t e r  values plotted on the sections. All  i meter values plotted 
on sections are the f i r s t  assay made of an in terva l ;  average values of several 
assays were not plotted and only Analyt ical Services values were used where 
values from several labs were avai lable. 

/ \ 
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ORE RESERVE 

Ore reserves were ca lcu la ted usinq a manual cross section method. 
Proven and probable reserves are summarized on Table 1 at  the f r on t  of t h i s  
repor t  and occur in four separate areas inc lud ing the East Lode p i t ,  East 
Lode Main Shaft,  East Lode North Extension, and West Lode p i t  (Fig.  3) .  
Cross sect ions and de ta i led  reserve tables fo r  each area are found in Appendices 
C-F of th i s  repor t .  This sect ion reviews the various parameters and method 
used to ca lcu la te  the ore reserve. 

Assays. A l l  assays were used at face value for  the reserve ca lcu la -  
t i ons .  Frequency p lo ts  on Figure 7 show gold values are lognormally d i s t r i -  
buted, both in exp lora t ion  d r i l l  samples and in RAB gr id  assays, and an 
argument can be made tha t  high gold values should be cut. The decision not 
to cut  high grade assays was based on the lack of coarse gold in the deposi t ,  
the tendency fo r  high values to c l us te r  in adjacent i meter i n te rva ls  in a 
d r i l l  hole and w i th in  cer ta in  areas of the orebodies, an assessment of the 
c o n t i n u i t y  of high grade zones (F ig.  4) ,  and a study of the occurrence of 
each assay over 20 gm Au in the deposi t .  Further,  the ou t l y ing  assays on 
Figure 7 are not as anol~lous as they appear, in that  they are par t  of an 
o r i g i n a l l y  more continuous frequency d i s t r i b u t i o n  which existed p r i o r  to 
the g lory hole mining of the high grade oxides. 

Due to a lack of experience, most new open p i t  gold mines in Western 
Aus t ra l i a  had cut  high assays in exp lo ra t ion  samples used fo r  ore reserve 
ca l cu la t i ons ;  thresholds and a r i thmet i c  var ied widely.  Some of the mines 
had such s p a t i a l l y  random or high values tha t  some cu t t ing  of assays was 
c l e a r l y  j u s t i f i e d .  Most mines have not operated long enough to tes t  the 
v a l i d i t y  of cu t t i nq  assays; however, several of those which did cut  assays 
are now repor t ing  tha t  more gold is  being recovered than was predicted in 
the reserve est imate. Many which cut high exp lora t ion samples are not now 
cu t t i ng  ore contro l  assays. 

Assays of pre-1919 vintage on maps of the underground workings were 
not used in the reserve ca lcu la t ions  due to considerable imprecision below 
2-3 gm Au. The underground assays were used to reconstruct  the pos i t ion  
of ore zones where d r i l l  data were unavai lable and inf luenced i n t e rp re ta -  
t ions  of c o n t i n u i t y ,  p a r t i c u l a r l y  in the West Lode. 

Cutof f  Grade. Cutof f  grade fo r  reserve ca lcu la t ion  was 1.00 gm Au. 
Operating breakeven grade wi thout  amort izat ion var ies from roughly 1.35- 
1.60 gm Au at  90% recovery depending on size of the operation and gold pr ice .  
However, mater ia l  in the i - 1 .5  gm Au range would recover m i l l i n g  cost plus 
enough of the mining cost incurred fo r  mater ia l  which must be moved to cost 
the operat ion less than i f  i t  were taken to the waste dump. Further,  the 
c o n t i n u i t y  of lower grade ore zones was improved by using 1.0 gm Au ra ther  
than some higher cu to f f  value. Most of the new open p i t  gold mines in 
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Western Austral ia use cutoffs in the v i c i n i t y  of 1.0 gm Au. 

Specific Gravity. Specif ic gravity was measured on 3-4 inch pieces 
of diamond d r i l l  core which had dried natural ly to ambient humidity, but 
which were not oven dried for the measurement. Values used for reserve 
calculat ions were 2.10 for  oxidized ore, 2.50 for t rans i t ion ore, and 2.80 
for  waste. Figure 8 shows that speci f ic gravity generally increases with 
increasing depth. Within the zone of complete oxidation i t  varies from 
1.752.70 regardless of depth and there may be s ign i f i cant  geographic variat ions. 
This extreme scatter is l i ke l y  due to strong weathering and makes an average 
value, regardless of the number of measurements, meaningless. The numerical 
average of East Lode p i t  samples was 2.26, but measurements were run on 
in tac t  (sol id) pieces of core. I t  is l i ke l y  that zones of strong clay where 
no in tact  core was available may have had re la t i ve ly  lower speci f ic gravi t ies 
and that the numerical average is biased toward higher values. Additional 
measurements on d r i l l  core or pyncnometer measurements on reverse c i rcu lat ion 
cutt ings would not have resolved uncertaint ies so a lower value of 2.1 was 
a r b i t r a r i l y  chosen based on what i n t u i t i v e l y  seemed geologically reasonable. 
The extent to which zones of extremely low or high speci f ic grav i t ies w i l l  
const i tute blocks of rock large and uniform enough to y ie ld  several days of 
ore for the mi l l  is unknown. The impact of a low specif ic gravi ty ,  high 
clay ore on the mi l l  might be su f f i c ien t l y  troublesome to j u s t i f y  ei ther 
stockpiles by ore type ( in addit ion to grade stockpiles) at the primary 
crusher or several faces of ore active simultaneously, or both. An average 
speci f ic  gravity was chosen to s impl i fy ore reserve calculat ions, but wide 
variat ions may occur from place to place on a large enough scale to complicate 
mining and mil l inQ and the mine plan should incorporate f l e x i b i l i t y  to deal 
with these var iat ions. 

Specific gravity of t rans i t ion  ore was not accurately measured, but 
an average of 2.50 seemed reasonable being in the upper range of oxidized 
ore and close to that of clean sul f ide ore. Specific gravity of sulf ide 
ore was not measured. Specif ic gravity of fresh barren basalt (waste) was 
about 2.80. Much of the waste mined w i l l  be re la t ive ly  l ightweight oxidized 
material in the 0 . I - I . 0  gm Au range, so i t  is certain that the specif ic 
gravi ty of waste has been somewhat overestimated. 

Pi t  Slope. A 45 o p i t  slope was designed to extract only proven oxide 
ore and has not been engineered for haul roads. I f  underlying t rans i t ion 
or sulf ide mineral izat ion is mined the p i t  w i l l  have to be wider or steeper 
p i t  slopes used. Pi t  slopes in other open p i t  gold mines in Western Austral ia 
at 45-60 o have experienced numerous small and a few s ign i f i cant  slope fa i lures,  
par t icu lar ly  in rocks with a high ta lc content. 

The Wiluna rocks do not contain abundant ta lc .  Furthermore, walls 
of the two glory holes in the East Lode p i t  have been stable for about 70 
years at angles up to 75 o for  depths of 35 meters and a recent geotechnical 
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study suggests that p i t  slopes steeper than 45 o can be used at Wiluna. 
Whatever p i t  slope is used, continuous careful geologic mappina should be 
required. 

Mining Width. A number of Western Australia open pi t  gold operations 
mine to a 0.8 meter width, the minimum practical width of digging buckets, 
but this is only done in free-digging ore (does not have to be ripped or 
blasted). Most of the oxide ore at Wiluna wi l l  require blasting and the 
resulting dilution wil l  require a wider minimum mining width for adequate 
grade control. Therefore, for ore reserve calculations, a minimum horizontal 
mining width of 3 meters was used. 

A 3 meter wide ore zone (in plan) is the geometric equivalent of a 4 
meter long intersection dr i l led against the dip of a structure inclined at 
750 . Therefore, the grade of the 3 meter horizontal width is determined by 
4 assays (all assays on one meter intervals). Although a sinqle high grade 
assay could alone carry a 4 meter width, the strike or dip continuity of a 
single assay is highly subjective in the absence of an observed ore control. 
Therefore, a modest additional requirement was that any ore zone must have 
at least 2 assays at or above l gm Au to be included in the ore reserve. 
Where 2 assays carried the entire 4 meter d r i l l  hole length, the ore zone 
boundary was expanded into mineralization averaging less than 1.0 gm Au in 
order to accumulate a minimum mining width. I f  a choice was available, the 
zone was expanded in the direction of the higher of the less than 1.0 gm Au 
assays. Internal zones of waste less than 3 meters wide were included in 
the ore zones and i f  inclusion of waste reduced the adjacent ore grade rock 
to less than l gm Au the aggreaate width was excluded from the reserve. 

The result of the minimum mining width parameter is that the appearance 
of the ore reserve sections appended to this report differs somewhat from 
geologic sections prepared by myself and others which also contain several 
long ore grade zones I-2 meters thick. Selective mining may recover some 
ore grade material from these narrow zones, but the impact on the overall 
reserve wi l l  not be significant. 

Measurement and Calculation of Reserve. Ore reserves were calculated 
on 1:500 scale east-west cross sections spaced at 25 meter north-south intervals. 
Additional cross sections are included in the appendices for interspaced 
d r i l l  holes. Holes in ore were included in the reserve calculation regardless 
of location. For twinned holes (less than 4 meters separation) the average 
of both was used, i f  the d r i l l  technique was the same. Where reverse circula- 
tion holes were twinned by air core or diamond core, only the reverse circula- 
tion assays were used. All calculations exclude the f i r s t  meter. 

Reserve estimates involved calculation of ore grade intersections 
in d r i l l  holes followed by correlation of these intersections between adjacent 
d r i l l  holes on each section. Concurrently, level maps were constructed for 
each reserve area to assess the continuity of individual ore zones between 
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sect ions. These plans are included in the appendices at  I : I , 0 0 0  scale. 
Ore zones are i d e n t i f i e d  on a l l  plans and sections by a capi ta l  l e t t e r  ins ide 
a c i r c l e .  

Ore blocks were constructed on 25 meter sect ions. Each block is  
bisected by an ore grade d r i l l  i n te rsec t ion  and extends up and down the dip 
one-hal f  the distance to an adjacent d r i l l  hole. Within 12.5 meters of a 
d r i l l  hole, ore was c l a s s i f i e d  as proven and beyond tha t  distance probable 
or possible (see Table 1 fo r  d e f i n i t i o n s  of ore c lasses).  Most of the ore 
blocks are less than 12.5 meters in aggreQate dip length.  Ore blocks were 
also extended north and south of the sect ion one-hal f  the distance to an 
adjacent sect ion where co r re la t i ons  on level  maps ind icated that  con t i nu i t y  
was present. Ore blocks do not mix ore types so the boundary between the 
ox id ized zone and the t r a n s i t i o n  zone l i m i t s  many ore blocks. 

The assay assigned to an ore block was the grade of the associated 
d r i l l  hole i n te rsec t i on .  Ore in te rsec t ions  in holes d r i l l e d  between the 25 
meter cross sect ions were used in ore block assays by tak ing the ar i thmet ic  
average of I )  the on-sect ion and interspaced hole in te rsec t ion  as ha l f  of 
the ore block assay and 2) the on-sect ion i n te rsec t i on  on the 25 meter sect ion 
as the other ha l f .  

The area of each ore block was measured by Mr. W. D. Gay of Asarco's 
Southwestern Explorat ion Department using a planimeter and dimensions recorded 
on the tables in the appendices fo r  each ore reserve area. The tonnage of 
each ore block was reduced by the volume of underground workings w i th in  the 
block. No reserve block extends below a depth of 50 meters. Sul f ide ore 
reserves were not tabulated.  

Waste was tabulated at a uniform spec i f i c  g rav i t y  of 2.80, whether 
bedrock or g lory  hole rubble, and was not reduced by the volume of underground 
workings, a very modest conservat ive step. The waste tabu la t ion  includes 
only tha t  mater ia l  removed to al low mining of proven oxide ore and was 
ca lcu la ted fo r  each cross sect ion separately.  Waste/ t rans i t ion ore cannot 
be determined u n t i l  the economics of t r a n s i t i o n  ore metal lurgy are known. 

A l l  ore reserve tables d is t ingu ish  between ore types and a l l  blocks 
are c l a s s i f i e d  by the confidence of the estimate (proven, probable, and 
poss ib le ) .  The d e f i n i t i o n s  of each c l a s s i f i c a t i o n  given on Table 1 fo l low 
the 1981 recommendations of the Austra las ian I n s t i t u t e  of Mining and Meta l lu rgy ,  

Because of the wide d r i l l  and section spacina in the Happy Jack, 
B u l l e t i n ,  Essex, and Moonl ight areas, tabu la t ions  of ind iv idua l  ore blocks were not 
made and ind iv idua l  sect ions are not included in th i s  report .  Up-to-date 
sect ions from these areas at 1:500 scale are on f i l e  in the Perth o f f i ce  
of Asarco (Aus t ra l i a ) .  

\\. / '  



j -15- 
\ 

f \ 

\ J 

Di lu t i on .  The ore reserve on Table 1 does not include external d i l u t i on  
from mining. Addit ion of a 1 meter wide envelope adjacent to the 1.0 gm Au 
ore zone boundaries in the East Lode p i t  would add 239,000 tonnes averaging 
0.59 gm Au, a 32% increase in tonnage and would change East Lode p i t  undi luted 
proven oxide ore from 744,000 tonnes at 4.16 gm Au to 983,000 tonnes at 
3.27 gm Au. The e f fec t  in the other 3 reserve areas w i l l  be more severe 
where the grade of the minera l i za t ion  drops more quickly outward from the 
center of the ore zones than in the East Lode. 

The impact of d i l u t i o n  noted above can be s i gn i f i can t ,  emphasizing 
that  the design of the mine plan and mi l l  should be compatible wi th the 
size of the ore zones. Overdesign may lead to excessive d i l u t i on  both in 
areas where ore zones are r e l a t i v e l y  narrow and during production from near- 
surface zones where sof ter  ore may permit operation at 25% or more above 
rated capacity. 

Some visual control  on d i l u t i o n  during mining should be possible 
because the ore zones are a l l  shades of brown, red, yel low, or white in 
sharp contrast  to barren rock which is dark qreen to black in the East and 
West Lode p i t  areas. 

Mine Plan. This ore reserve study does not contain a mine plan. 
Nevertheless the estimates on Table 1 do const i tu te  mineable ore given the 
parameters used in the study. The highest grade and widest ore zones with 
the greatest cont inu i ty  located nearest the surface and with lowest waste/ore 
occur around section 9,650N in the East Lode p i t  area. Co l lec t i ve ly  sections 
9,600-9,700N contain roughly 331,000 tonnes averaging 5.08 gm Au and, assuming 
rapid payback of invested capi ta l  is  the primary object ive of the pro ject ,  
t h i s  area is an obvious place to s t a r t  mining. 

V a r i a b i l i t y  of Ore Reserve Estimate. Among sources of var ia t ion  in 
the reserve estimate are I )  accuracy of sampling and assaying, 2) assumptions 
of cont inu i ty  of ore in plan and section, and 3) extent to which high grade 
values should be used. The accuracy of sampling and assaying was discussed 
above. Assumptions of con t inu i ty  were tested by d r i l l i n q  shallow, ve r t i ca l  
rotary a i r  b las t  (RAB) holes on a close-spaced gr id along the surface projec-  
t ion  of ore zones defined by explorat ion holes. The resu l ts  of th is  work 
are summarized on Figure 9. Although the RAB grids were not always complete, 
the cor re la t ion  between the surface pro ject ions of ore zones from explorat ion 
holes and the d i s t r i b u t i o n  of + I .0  gm Au defined by the RAB gr id is reasonably 
good both in posi t ion and in grade. 

Correlat ions are marginal between 9,575-9,600N in the East Lode p i t  
area where ore zones appear to s p l i t  and braid. Nevertheless, the average 
grade of RAB holes wi th in  the surface pro ject ion of the ore zones is generally 
close to that p r e d i ~ o r  the ore block by the explorat ion hole, even 
though several RAB holes containing less than 1.0 gm Au were included in 
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the average and some ore blocks were not completely covered by the RAB grid. 
Some of the zones of internal waste in ore block C/R-156 (C is the ore zone, 
R-156 is the exploration dr i l l  hole which penetrates the ore block) on Figure 
9 are large enough to be mined separately reducing tonnes recovered, but 
increasing grade. In addition, there is a large volume of ore indicated by 
the RAB grid both east and west of ore block C/R-156 where exploration dr i l l ing  
had indicated waste. The net result is that the area around section 9,575N 
on Figure 9 wi l l  produce about the same or more tonnes of ore than predicted 
and more grams of gold. The area around section 9,600N (Fig. 9) at ore 
block B3/R-34,96 suggests near-surface mining wil l  produce much lower grade 
material than predicted, although the ore block is incompletely dri l led and 
tonnes of ore should be about the same as predicted or higher. 

The exercise of checking the near-surface position and grade of ore 
reserve blocks by RAB grid dr i l l ing increases the confidence in predicted 
positions and grades of ore blocks defined by the exploration dr i l l ing.  
This exercise was not extensive in scope and further RAB grid dr i l l ing,  
perhaps using inclined holes, should be done prior to mining. Hopefully, 
grade control holes could also be used for blasting to hold down mining 
costs. Some variation in predicted position and grade of the various ore 
blocks wil l  occur and the mine plan wi l l  have to be flexible enough to adjust 
for them. 

Frequency distributions for proven oxide ore blocks are shown on 
Figure lO. Gold assays generally follow a lognormal distribution and are 
tedious to transform for estimates of error. However, the coefficient of 
variation for East Lode pitblocks is 0.84 and Koch and Link (in Statistical 
Analysis of Geological Data, 1971) suggest that where the coefficient of 
variation is below 1.2 untransformed values may be used to estimate the 
population mean. Using uncut assay values for all East Lode proven oxide 
ore blocks the unweighted mean is 4.05 gm Au. The error in this estimate 
is +0.26 gm Au or 6% at the 90% confidence interval. Two of the East Lode 
pit--ore blocks contain assays which appear anomalously high in comparison 
to other ore blocks. Reduction of the grades of these two ore blocks using 
the average of assays from all adjacent blocks reduces the unweighted mean 
of all East Lode pit ore blocks by 0.23 gm Au, improving the error in the 
estimate of the mean to +0.15 gm Au or 4% at the 90% confidence interval. 

Cutting the grades of the two outlying ore blocks from the East Lode 
reduces the error in the estimate, but the percent improvement in the accuracy 
of the estimate is only marginal. Further, a geological assessment of the 
two high grade ore blocks indicates they both occur in an area of numerous 
higher than average gold assays and i t  is reasonable, on an intuit ive basis, 
to accept that some high grade ore blocks wi l l  be present. Additionally, 
the two high grade ore blocks are not as anomalous for the East Lode pit  
area as Figure lO suggests, because the population represents that ore remaining 
after extraction of the relatively high grade oxide ore mined prior to 1919. 
The gap in the East Lode histogram from lO-18 gm Au overlaps the grade mined 
prior to 1919 and i t  is l ikely that the two high grade blocks were part of 
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an o r i g i n a l l y  continuous populat ion. The philosophy of whether or not to 
cut assays w i l l  always be a subject of debate, but evidence from the East 
Lode p i t  suggests the ore block assays can be accepted at face value without 
r i sk  of serious er ror .  

Frequency d i s t r i b u t i o n  plots of proven oxide ore in the other reserve 
areas are also shown on Figure I0.  S t a t i s t i c a l  assessments of uncertainty 
in the mean ore grade estimate for  these areas have not been attempted and, 
although the percent e r ro r  in the estimate may be higher for  these areas, 
inspect ion of Figure I0 suggests the er ror  w i l l  not be serious and cu t t ing  
of assays is not j u s t i f i e d  based on avai lable data. 

The uncer ta in t ies  discussed above per ta in to grade. Estimates of 
e r ro r  in caculat ions of tonnage are more d i f f i c u l t  to quant i fy .  C r i t e r i a  
fo r  proven oxide ore were qui te r iqorous and I do not ant ic ipate  the tonnage 
w i l l  change by more than 5% from that  measured on the 1:500 scale sections. 
Any changes w i l l  be large ly  determined by the amount of d i l u t i on  accepted 
during mining and var ia t ions  in stope geometries w i th in  50 meters of the 
surface. For the most par t ,  stope out l ines shown on the sections are thought 
to be maximum dimensions. Although addi t ional  ore may be mined in areas 
where excessively large stopes were assumed, some may be l os t  in the various 
larger  andsmal ler  stopes which are s t i l l  open, e i ther  by d i l u t i on  with 
waste or possibly by f a l l i n g  in to  deeper stopes below the l i m i t  of open p i t  
mining, and no net loss or gain can be assumed. 

Comparison With Other Reserve Methods. V i s i t s  to numerous recently 
developed open p i t  gold mines in Western Aust ra l ia  revealed that  most used 
hand-drawn sections and the cross section method described above for  ore 
reserve estimates and mine planning. Several companies have fol lowed up 
the cross section work wi th various computer-generated reserve estimates 
and mine plans and new software packages have been designed for  th is  work. 
The lland-drawn cross section measurements were said to check well with early 
mining experience, although few of the mines v i s i t ed  had been in operation 
more than a few years. Mined grades were mostly higher than predicted from 
cross-sect ion estimates, perhaps due to excessive cu t t ing  of high assays. 

Messrs. D. F. Skidmore and L. J. Jansen of Asarco's Southwestern 
Mining Department calculated East and West Lode reserves using an inverse 
distance squared technique with 3 meter ore blocks and the same general 
model of no r ths t r i k ing  ore zones used for  the cross section method. The 
inverse distance technique found 1,330,861 tonnes averaging 3.40 gm Au in 
cont rast  to the cross section technique which found 1,066,979 tonnes averaging 
4.18 gm Au for  proven oxide ore. The di f ferences in grade and tonnage re late 
en t i r e l y  to di f ferences in the two techniques. Total grams in the reserve 
check to w i th in  1.5%. No other independent reserve estimates of mineable 
ore have been made and none are believed necessary. 



-18- 

~ j 

Additions to Reserves. Additions to reserve estimates on Table l 
may come from several areas. The glory hole pi l lars in the East Lode pit  
and collapsed crown pi l lars in both pits l ie  along strike of mineralization 
mined prior to 1919,and l ikely contain 20,000-I00,000 tonnes averaging 4- 
lO gm Au. Additional transition ore may be mined in areas where the volume 
of workings below 30 meters depth was overestimated and below 50 meters 
depth where l i t t l e  dr i l l ing  has been completed. Although this deeper material 
may have a relatively high sulfide content much of i t  l ies directly below 
high grade oxide material. The potential might be 200,000 tonnes averaging 
4-5 gm Au. I f  the surficial l meter thick layer of la ter i t i c  weathered and 
wash material can be treated i t  would add about 50,000 tonnes of 2 gm Au to 
reserves. Perhaps lO0,O00 tonnes of oxidized I-3 gm Au material in the 
Main Shaft, North Extension, and northern end of the West Lode which is 
presently sub-marginal might be added at a higher gold price. These zones 
are shown on the plans and sections, but are excluded from the reserves. 

A substantial increase to reserves wil l  be made i f  the pre-1919 assays 
in the oxide zone shown on underground maps are accurate. Reserve calcula- 
tions by D. F. Skidmore and L. J. Jansen using an inverse distance squared 
technique found that i f  underground assays were included with d r i l l  hole 
assays, grade was increased by 26% and tonnage increased by 29% above estimates 
obtained using only exploration data. I f  the impact on the cross-section 
technique is similar, proven plus probable oxide ore which now stands at 
1,239,000 tonnes of 4.07 gm Au would be increased to 1,598,000 tonnes of 
5.09 gm Au. 

Uncertainties were also involved in estimates of mineralization in 
the Happy Jack, Bulletin, Essex, and Moonlight areas which were not generally 
dr i l led at closer than 50 meter section spacing or 25 meter d r i l l  hole spacing 
(see dr i l l  hole location map, Appendix B). Assumptions of continuity in 
these areas are based on the presence of numerous workings. However, several 
different rock types intersect the Happy Jack-Bulletin structure with possible 
disruption of continuity and metallurgical response is unknown. The uncertainty 
in the estimate of tonnes i f  +50%. Happy Jack, Bulletin, and Essex grades 
are lower than other oxidized-zones dri l led to date so waste/ore using a 
450 p i t  slope was used to l imi t  the reserve shown on Table l to a maximum 
depth of 30 meters. However, i f  steeper p i t  slopes can be used and i f  higher 
gold prices are prevailing, the Happy Jack-Bulletin zone might be mined to 
the base of oxidation at about 50 meters adding another 500,000 tonnes. 

Summarizing, i t  is possible that up to 1.3 million tonnes averaging 
4 gm Au might be added to reserves listed on Table l from within the area 
shown on Figure 3. Most of this material wil l  await identification as mining 
proceeds into areas not easily dri l led, as underground workings are sampled 
( i f  accessible), as metallurgical work is completed on transition material, 
and future gold prices. The total of all proven, probable, possible, and 
inferred additions discussed in this report is 3.8 million tonnes and, i f  
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dilution is added from outside the l.O gm Au ore zone boundaries, in excess 
of 4 million tonnes wil l  be mined from the area of Figure 3. Discoveries 
of ore in one or more of the numerous identified prospects outside the area 
of Figure 3, but s t i l l  within the Wiluna Joint Venture, would further increase 
reserves. 

No attempt was made to d r i l l  or estimate clean sulfide reserves accessible 
in an open pit,  and the economics of sulfide metallurgy have not been researched. 
Depending on the volume of old stopes an open pi t  sulfide reserve might be 
developed, but waste/ore wi l l  be high, and ore zones wil l  not be as wide as 
in the oxidized zone. Low grade mineralization which might respond profitably 
to heap leach techniques has not been inventoried, but on the order of one- 
half to l million tonnes of oxidized material averaging 0.4-0.5 gm Au wil l  
otherwise be mined as waste. 

Metallurgy. Metallurgical testing of oxidized mineralization (both 
weathered and oxide zones) is complete. Mr. A. R. Raihl believes parameters 
have been identified which allow response of the ore to be predicted within 
20%. Sample material for the tests came from diamond dr i l l  holes which are 
representative of the variations present in the East and West Lode areas. 
Core recovery was generally low in 1985 holes dri l led in the East Lode North 
Extension and in the West Lode; however, most of the core used in the tests 
came from 1983 holes in the East Lode pi t  area where core recovery exceeded 
98%. 

Results of metal lurgical work have been reported separately by Mr. 
Raihl. The various geological features which w i l l  af fect  mi l l  response 
have been reported ear l ie r .  I t  is of par t icu lar  importance that features 
which may vary s ign i f i can t l y  on a dai ly basis w i l l  be very d i f f i c u l t  to 
predict  in advance of mining and the f l e x i b i l i t y  to deal with these var iat ions 
w i l l  have to be designed into the mi l l  and ore blending techniques at the 
primary crusher. 

Heap leach treatment of material below the cutoff ultimately chosen 
for milling ore remains a possibil i ty. In i t ia l  column leach tests conducted 
in 1983 indicated reasonably high recoveries were achievable following agglomera- 
tion of fine material. Design of the mine plan should consider possible 
heap leach stockpile areas. Finally there has been no test work of consequence 
done on transition material or on any mineralization in the Happy Jack, 
Bulletin, Essex, or Moonlight areas. 

CONCLUDING REMARKS 

Outcome calculat ions on proven and probable oxide reserves at Wiluna 
at $A470/oz Au give DCFROI = 30-50% indicat ing the reserve is ore. Operating 
costs should be $A2OO/oz Au before amortization. The volume of proven and 
probable material is su f f i c ien t  for a 4 year l i f e  at 300,000 tpy. Although 
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further discoveries of ore are l ikely within the area dr i l led in detail to 
date and elsewhere within the Wiluna Joint Venture area, the plant capacity 
should be designed for ore in sight not unproven potential. 

The mining operation wi l l  require daily involvement of geologists 
famil iar with the ore reserve for geologic and geotechnical mapping and 
grade control work. Several of the open p i t  mines visited in November 1985 
had ful l-t ime geologists responsible for ore control who had no idea how 
the ore reserve was calculated, where the calculated reserve was supposed 
to be, or how and why actual mining results differed from those predicted. 
This information is required i f  ore control practice and adjustments in the 
mine plan are to be effective. Geologists wi l l  also be required to conduct 
on-going exploration within the Mining Joint Venture block and to coordinate 
this work with exploration on the Exploration Joint Venture. 

i ' \ ] 

FTG 
M a r .  1986  
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Recalculat ion of Stope 
Intercepts and Recalculat ion 
of D r i l l ed  Mineral Reserve 
Yarnell Project  
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I submit Mark A. Miller's report on the recalculation of stope and main "B" 
zone intervals using the methodology determined to be the best-fit on the 
available data. 

The summation (Table 4-A Revised) by M i l l e r  suggests that nearly 15,000 
ounces of gold are t ied up in p i l l a r s  and near wall areas which had been 
underestimated in the o r ig ina l  report on th is  subject.  

The present study was the result of reexamination of the drill holes which 
penetrated the pillars within the stope outline or cut the walls near the 
stopes. The reexamination results indicated a higher value were in the 
stope pillars and walls than had originally been used in the report of 
December 20, 1989 (Drill Indicated Reserve, J.D. Sell). 

The December report used the t r i ang le  method of ca lcu la t ing  the grade of 
the t r i ang le  block, by using the grade in the three adjacent holes. When 
these holes which penetrated open stope were used, the e a r l i e r  "assumed" 
grade d i sp ropo r t i ona l l y  lowered the average grade of the block. The tota l  
change is related to the number of stope holes, the thickness of the stope 
in tercept  to the to ta l  in tercept ,  and the nearness to the stope wal l .  A 
t r i a l  comparison using two t r iang les  with stope holes and the resul ts 
indicated a pos i t i ve  change (memo of 2-6-90, J.D. Se l l ) .  

Miller has recalculated all the drill hole intervals which penetrated stopes 
(Table I-A Revised) and has recalculated the average grade of all the 
involved triangles (Table 4-A Revised). The tonnage within the triangles 
remains the same, with the contained ounces of gold increasing. 

Also changed was the tonnage and grade of the removed stope material. The 
stope reexamination and recalculations for tonnage and grade were detailed 
in two memos by W.D. Gay (2-I-90 and 2-13-90). 

The new interval values (Table 5) are on a computer disk and are available 
for any additional computer runs. 

JDS :mek 
Atts. 

James D. Sell 

CC: R.L. Brown 
F.T. Graybeal 
M.A. Miller 
S.L. Lakosky 
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J.D. Sel l  

February 22, 1990 

Recalculation of Stope 
Intercepts & Recalculation 
of Drilled Reserves 
Yarnell Project 
Yavapai County, Arizona 

/ \ ,  

I have recalcu lated the Yarnel l  ore reserve (per J.D. S e l l ' s  memo of 
1/29/90) using d i f f e r e n t  values fo r  the open stope in te rva ls .  
I n te rva l s  were reca lcu la ted as fo l lows:  

MAM:mek 
Arts. 

Bottom 15' of open stope = 0.10 opt Au 
Remainder of stope above 15' = 0.05 opt Au 
Grade of Stope = Weighted Average of above values. 

The attached Tables I-A and 4-A are revisions of J.D. Sell 's 12/20/89 
report on Dr i l l  Indicated Reserves. 

Table 1-A Revised l is ts  the recalculated grade in opt Au for the entire 
interval including the recalculated stopes. 

Table 4-A Revised l i s ts  the recalculated grade in opt Au and the 
recalculated ton-ounce values. The bottom of Table 4-A summarizes and 
compares the original estimate vs. the recalculated estimate. 

The recalculated stope tonnage and grade is based upon studies completed 
by W.D. Gay on February 1, 1990 and February T, 1990 in which he 
planimetered the stope thickness for tonnage removed, and planimetered 
the area of influence of each of the d r i l l  holes that intercepted the 
stope and calculated the grade of the removed ore. W.D. Gay's stope 
results were 229,500 tons removed at a calculated grade of 0.096 opt 
gold (using the method of recalculation described in this memo). These 
values were used to recalculate the f inal tonnage and grade used in 
Table 4-A Revised. The recalculated tonnage and grade after subtracting 
the tonnage mined is 4,131,505T i 0.055 opt Au compared to 4,111,005T e 
0.051 opt Au from the original (12/20/89) calculation. 

t 

Mark A. Miller 
Project Geologist 

CC: R.L. Brown 
F.T. Oraybeal 
W.L. Kurtz 
S.L. Lakosky 
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Table 1-A 

YARNELL PROJECT 

Yavapai County, Arizona 

Revised - Zone Interval Tabulation 

Dr i l l  12/20/89 
Ho le  Zone* From To Footage Grade (opt Au) 

YM-I A 5 55 50' 0.025 
YM-I B 55 125 70' 0.053 

YM-2 A 45 140 95' 0.017 
YM-2 B 140 245 105' 0.049 

YM-3 A 20 125 105' 0.011 
YM-3 B 125 200 75' 0.060 

YM-4 A 15 230 175' 0.013 
YM-4 B 285 310 25' 0.037 

YM-5 A 150 200 50' 0.005 
YM-5 B 200 355 155' 0.041 

YM-6 B 125 180 55' 0.042 

YM-7 B 155 230 75' 0.047 

YM-8 A 30 225 195' 0.022 
YM-8 B 225 275 50' 0.041 

YM-9 B 275 315 40' 0.035 

YM-IO A 130 190 60' 0.021 
YM-10 B 190 225 35' 0.029 

YM-11 B 175 240 65' 0.049 

YN-12 A 40 150 110' 0.013 
YN-12 B 150 240 90' 0.039 

YN-13 B 180 210 30' 0.022 

2 /19 /90 
Recalc.Grade 

(opt Au) 

0.063 

0.056 

0.064 

0. 048 

0.050 

0.049 

\ . /  



\, YARNELL PROJECT - Table I-A Revised - Zone Interval Tabulation 

D r i l l  12/20/89 
Hole  Zone* From To FootaQe Grade (opt Au) 

2/19/90 
Recalc.Grade 

(opt Au 

\ /J 

YM-14 B 15 90 75' 0.040 

YM-15 A 25 140 115' 0.015 
YM-15 B 140 295 155' 0.034 

YM-16 A 0 40 40' 0.017 
YM-16 B 40 80 40' 0.039 

YM-17 A 210 285 75' 0.015 
YM-17 B 285 325 40' 0.047 

YM-18 A 0 100 100' 0.022 
YM-18 B 100 140 40' 0,078 

YM-19 A 10 85 75' 0.015 
YM-19 B 205 235 30' 0.058 

YM-20 B 0 35 35' 0.070 

YM-21 A 25 55 30' 0 .019 
YM-21 B 80 90 10' 0 .033 

YM-22 A 215 225 10' 0.036 
YM-22 B 270 285 15' 0.025 

YM-23 B 40 125 85' 0.047 

YM-24 B 65 115 50' 0.093 

YM-25 B 55 90 35' 0 .070 

YM-26 B 200 290 90' 0 .054 

YM-27 A 35 265 g0' 0.015 
YM-27 B 300 315 15' 0.033 

YM-28 A 95 225 130' 0.022 
YM-28 B 225 245 20' 0.042 

YM-29 B 220 230 10' 0,033 

YM-30 A 170 200 30' 0.012 
YM-30 B 215 250 35' 0.032 

2 

0.047 

0.094 



/ \ YARNELL PROJECT - Table I-A Revised - Zone Interval Tabulation 

Dr i l l  12120/89 
Ho le  Zone* From To Footaqe Grade (opt Au~ 

YM-31 A 
YM-31 B 

YM-32 A 
YM-32 B 

YM-33 A 
YM-33 B 

YM-34 A 
YM-34 B 
YM-34 B 

YM-35 B 

YM-36 A 
YM-36 B 

YM-37 B 

YM-38 B 
Note: 

YM-39 A 
YM-39 B 

YM-40 A 
YM-40 B 

YM-41 B 

YM-42 B 

YM-43 B 

YM-44 A 
YM-44 B 

YM-45 B 

YM-46 B 

YM-47 A 
YM-47 B 

115 135 20' 0.017 
365 385 20' 0.055 

0 190 155' 0,012 
190 200 10' 0.027 

15 55 40' 0.015 
275 365 90' 0.051 

110 130 20' 0.013 
not reached - assume from other holes. 

240 250 10' 0.025 

15 40 25' 0.010 

35 55 2 0 '  0.023 
130 140 10' 0.048 

120 180 60'  0.036 

185 220 35' 0.028 
i f  no fau l t  in area, then above may be "A" Zone. 

0 325 75' 0 .024,  250' gap. 
325 360 35' 0 .048,  end in ore.  

20 80 60' 0.014 
275 380 105' 0.062 

295 335 40'  0.046 

330 340 10' 0.056 

65 85 20' 0.063 

115 235 120' 0.024 
235 265 30' 0.143 

60 75 15' 0.084 

200 260 60' 0.012 

120 170 50'  0.014 
170 205 35' 0.031 

211919o 
Recalc.Grade 

(opt Au 



YARNELL PROJECT - Table I-A Revised - Zone Interval  Tabulation 

D r i l l  
Hole 

YM-48 

YM-49 

YM-50 

YM-51 

YM-52 

YM-53 

YM-54 
YM-54 

YM-55 
YM-55 

YM-56 
YM-56 

/ 

v 

YM-57 
YM-57 

YM-58 

YM-59 

YM-60 

YM-61 

YM-62 
YM-62 

YM-63 
YM-63 

YM-64 
YM-64 

YM-65 

YM-66 

/ \ 

j 

12/20/89 
Zone* From To Footage Grade (op t  Au) 

B 45 85 40'  0.049 

B 140 160 20' 0.049 

B 0 85 85'  0.059 

B 165 170 5' 0.061 

B 50 75 25'  0.049 

B 65 140 75' 0.036 

A 55 125 70' 0.015 
B 180 270 90' 0 .054 

A 0 70 70' 0.011 
B 70 165 95' 0.050 

A 0 45 45' 0.012 
B 70 105 35' 0.082 

A 0 15 15' 0.011 
B 15 60 45' 0.035 

8 0 20 20' 0.034 

B 50 100 50' 0.032 

In FW . . . .  

B 80 200 120' 0.037 

A 115 190 75' 0.015 
B 190 295 105' 0.040 

A 10 140 130' 0~011 
B 140 240 100' 0 .081,  end in  

A 50 110 60'  0.025 
B 110 145 35' 0.053 

B 0 50 50' 0.049 

In FW . . . .  

o r e .  

2119190 
Recalc.Grade 
(opt Au 

0.058 

0.053 

0.044 

0.051 



YARNELL PROJECT - Table I-A Revised - Zone In te rva l  Tabulat ion 

~. y 

\~: / 

D r i l l  12/20/89 
Hole Zone= From To Footage Grade (op t  Au) 

YM-67 B 0 50 50' 0.048 

YM-68 In FW . . . .  

YM-69 A 185 250 65'  0.011 
YM-69 B 250 280 30' 0 ,069 

YM-70 A 60 95 35' 0.011 
YM-70 B 95 135 40' 0.031 

YM-71 B 45 110 65'  0.131 

YM-72 B 0 35 35' 0,084 

YM-73 B 0 20 20' 0.190 

YM-74 In  FW . . . .  

YM-75 A 65 105 40'  0.023 
YM-75 B 105 170 65'  0,066 

YM-76 A 0 75 75' 0.012 
YM-76 B 75 115 40' 0.034 

YM-77 A 70 107 37'  0.022 
YM-77 B 107 180 73' 0.048 

YM-78 A 130 215 85'  0.011 
YM-78 B 215 270 55' 0.070 

YM-?9 A 10 120 110' 0.019 
YM-79 B 120 170 50' 0.046 

YM-80 A 140 230 90' 0,023 
YM-80 B 230 280 50'  0.040 

YM-81 A 5 55 50' 0.015 
YM-81 B 55 90 35' 0.066 

YM-82 A 0 35 35' 0.015 
YM-82 B 35 95 60' 0.049 

YM-83 A 0 140 140' 0.014 
YM-83 B 140 240 100' 0.044 

2/19/90 
Recalc.Grade 

(opt Au 

0.059 

0.057 

0.053 

\ J 5 



\\!. jJ 

/" 

YARNELL PROJECT - Table I-A Revised - Zone Interval Tabulation 

Dr i l l  12/20/89 
Hole Zone* From To Footage Grade (opt Au) 

YM-84 A 10 105 95' 0.017 
YM-84 B 105 140 35' 0.062 

YM-85 In FW . . . .  

YM-86 B? 50 70 20' 0.013 

YM-87 A 245 285 40' 0.010 
YM-87 B 285 305 20' 0.050 

YM-88 A 180 240 60' 0.020 
YM-88 B 240 295 55' 0.064 

YM-89 A 40 180 140' 0.010 
YM-89 B 180 270 90' 0.051 
YM-89 Subzone 270 340 70' 0.016 

YM-90 A 10 120 110' 0.012 
YM-90 B 120 215 95' 0.062 
YM-90 Subzone 215 235 20' 0.019 

YM-91 A 10 95 85' 0.010 
YM-91 B Hole lost in stope - assume from other holes. 
YM-91 B 95 180 85' 0.051 

YM-92 B 35 55 20' 0.072 

YM-93 B 5 25 20' 0.064 

YM-94 B 105 155 50' 0.086 

YM-95 B 385 395 10' 0.015 

YM-96 B 570 575 5' 0.061 

2/19/90 
Recalc.Grade 

(opt Au 

0.088 

*Zone A - Upper low-grade zone. 
*Zone B - Main Yarnell Fault Zone & envelope. 



\ / YARNELL PROJECT 

Yavapai County, Arizona 

Table 4-A Revised - Main "B" Zone 

Using 12.0 f t .3/ ton factor 

Triangle Volume 
No. f t .  3 

6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

1 87,375 
2 208,250 
3 382,500 
4 117,600 
5 182,250 

189,810 
149,184 
119,699 
232,187 
221,130 
191,403 
280,292 
308,424 
505,084 
486,850 
681,298 
989,495 
298,880 
169,070 
255,500 
190,515 
205,920 
211,723 
256,880 
373,700 

! 290,105 
i 280,740 
!i 232,000 

667,076 
994,194 
557,304 
339,398 

Thickness Grade 
f t .  Tons o_z_/ton 

23.3 
35.0 
30.0 
20.0 
30.0 
33.3 
33.3 
31.7 
56.7 
56.7 
41.7 
63.3 
78.3 
91.7 
70.0 
63,3 
66 .7  
46.7 
58.3 
50.0 
51.7 
60.0 
78.3 
95.0 

100.0 
85.0 
93.3 
80,0 

126.7 
108.3 
103.3 
76.7 

Recalc. 
Grade 

7,281 0.037 - -  
17,354 0.057 - -  
31,875 0.068 - -  

9,800 0.037 .043 
15,188 0.035 .039 
15,818 0.047 .056 
12,432 0.051 .065 

9,975 0.054 .057 
19,349 0.054 .060 
18,428 0.050 .056 
15,950 0.043 .045 
23,358 0.047 .051 
25,702 0.051 .057 
42,090 0.041 .046 
40,571 0.044 .048 
56,775 0.049 .053 
82,458 0.041 .045 
24,907 0.050 .053 
14,089 0.047 .055 
21,292 0.054 .062 
15,876 0.057 .061 
17,160 0 . 0 5 5  .062 
17,644 0.045 - -  
21,407 0.044 - -  
31,142 0.048 - -  
249175 0.045 - -  
23.395 0.046 - -  
19,333 0.047 - -  
55,590 0.039 .043 
82,850 0.036 .039 . 
46,442 0.040 .042 
28,283 0.036 - -  

Recalc. 
Ton-oz. 

269.397 
989.178 

2167.500 
421.400 
592.332 
885.808 
808.080 
568.575 

1160.940 
1031.968 
717.750 

1191.258 
1465.014 
1936.140 
1947.408 
3009.075 
3710.610 
1320.071 
774.895 

1320.104 
968.436 

1063.920 
917.488 

1134.571 
1712.810 
1257.100 
1216.540 

985.983 
2390.370 
3231.150 
1950.564 
1018.188 



YARNELL PROJECT - Table 4-A Revised - Main "B" Zone 

Triangle Volume Thickness Grade 
No. f t .  3 f t .  Tons oz/ton 

Recalc. 
Grade 

Recalc. 
Ton-oz. 

/ \ 

\ J 

33 180,290 55.0 
34 490,428 71.7 
35 856,800 80.0 
36 188,100 55.0 
37 188,370 48.3 
38 154,837 53.3 
39 205,800 60.0 
40 331,840 76.7 
41 438,510 93.3 
42 474,789 98.3 
43 551,291 116.7 
44 535,500 90.0 
45 532,950 95.0 
46 402,050 55.0 
47 674,960 76.7 
48 728,660 78.3 
49 144,417 48.3 
50 137,625 36.7 
51 238,000 50.0 
52 414,426 71.7 
53 258,750 90.0 
54 278,30 100.0 
55 211,565 85.0 
56 233,700 9 5 . 0  
57 324,684 93.3 
58 436,458 116.7 
59 547,500 100.0 
60 639,450 105.0 
61 350,175 66.7 
62 434,985 61.7 
63 371,371 58.3 
64 242,820 58.3 
65 153,643 46.7 
66 263,749 58.3 
67 340,303 71.0 
68 124,115 59.3 
69 245,532 77.7 
70 272,727 77.7 
71 265,560 83.3 
72 352,207 73.3 
73 237,786 66.7 
74 181,125 48.3 
75 243,563 43.3 
76 213,553 33.3 
77 205.416 31.7 
78 145,745 28.3 

15,024 
40,869 
71,400 
15,675 
15,698 
12,903 
17,150 
27,650 
36,543 
39,566 
45,941 
44,625 
44,413 
33,504 
56,247 
60,722 
12,035 
11,469 
19,833 
34,536 
21,563 
23,192 
17,630 
19,475 
27,057 
36,372 
45,625 
53,288 

298,181 
36,249 
30,948 
20,235 
12,804 
21,979 
28,359 
10 343 
20,461 
22,727 
21,130 
29,351 
19,815 
15,094 
20,297 
17,796 
17,118 
12,145 

0.047 
0.037 
0.038 
0.054 
0.050 
0.045 
0.039 
0.056 
0.059 
0.058 
0.044 
0.045 
0.048 
0.055 
0.056 
0.055 
0.049 
0.049 
0.051 
0.064 
0.068 
0.061 
0.058 
0.051 
0.047 
0.043 
0.048 
0.052 
0.060 
0.055 
0.083 
0.076 
0.092 
0.085 
0.078 
0.075 
0.053 
0.049 
0.050 
0.054 
0.060 
0.058 
0.049 
0.047 
0.041 
O.048 

m ~  

.059 

.055 

.050 

.044 

.060 

.062 

.062 
.049 
.049 
.052 

m ~  

~ w  

.053 

.065 

.070 

.064 

.063 

.056 

.050 

.049 

.052 

.055 

.098 

.087 

.082 

.084 

.060 

.053 

.051 

.055 

706.128 
1512.153 
2713.200 
924.825 
863.390 
645.150 
754.600 

1659.000 
2265.666 
2453.092 
2251.109 
2186.625 
2309.476 
1842.720 
3149.832 
3339.710 

589.715 
561.981 

1051.149 
2244.840 
1509.410 
1482.288 

110.690 
1090.600 
1352.850 
1782.228 
2372.500 
2930.840 

17890.860 
1993.695 
2568.684 
1537.860 
1254.792 
1912.173 
2325.438 
868.812 

1227.660 
1204.531 
1077.630 
1614.305 
1188.900 
875.452 
994.553 
836.412 
701.838 
582.960 
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YARNELL PROJECT - 

Triangle Volume 
No. f t .  3 

79A 
79B 
80A 
80B 
81 
82 
83M. 
84 
86M. 
87M. 
88 
9ON. 
91 
92 
93 
94 
95 
96 
97 
98 
99 

lOOM. 
101 
102 
103 
104 
105 
106 
107 
108H. 
109 
110 
111 
112 
113 
114M. 
118 
119 
120 
121 
122H. 
124 
127H. 
128 
129M. 
135M. 

93,375 
81,250 
95,924 
79,123 
85,973 

206,123 
311,355 
209,420 
319,800 
294,962 
643,243 
277,611 
478,865 
297,675 
200,445 
192,000 
349,800 
313,031 
362,500 
360,000 
366,751 

39,000 
215,129 
247,260 
280 ,200  
157,643 
315,040 
235,980 
143,623 
181,125 
363,720 
431,653 
245,258 
672,975 
502,238 
210,000 

1 ,188,594 
765,000 
665,184 
415,911 

91,000 
1 ,282,600 

388,~90 
279,000 
125,000 
77,520 

Table 4-A Revised - Main "B" Zone 

Th ickness  Grade 
f t ,  Tons o z / t o n  

Recalc.  
Grad____ee 

25.0 7,781 0.103 - -  
25.0 6,771 0.109 - -  
31.7 7,994 0.055 . 0 6 5  
31.7 6 ,594 0.060 .071 
18.3 7,164 0.114 - -  
49.3 17,177 0.049 .061 
45.0  25,946 0.084 .085 
28.3 17,452 0.084 .084 
53.3 26,650 0.069 .070 
52.7 24,580 0.065 .069 
69.3 53,604 0.044 .049 
61.0 23,134 0.054 .059 
63.3 39,905 0.048 .052 
56.7 24,806 0.049 - -  
48.3 16,704 0.049 - -  
40.0 16,000 0.045 - -  
58.3 29,150 0 . 0 6 3  .064 
53.3 26,086 0.047 - -  
50.0 30,208 0.037 - -  
40.0 30,000 0.045 - -  
26.7 30,563 0.043 - -  
30.0 3,250 0.069 - -  
23.3 17,927 0.085 - -  
31.7 20,605 0.075 .076 
46.7 23,350 0.073 - -  
58.3 13,137 0.054 - -  
61,7 26,253 0.051 - -  
45.0 19,665 0.047 - -  
28.3 11,969 0.029 - -  
22.5 15,094 0.054 - -  
43,3 30,310 0 . 0 5 8  - -  
61.7 35,971 0.048 - -  
61.7 20,438 0.043 - -  
75.0 56,081 0.044 - -  
61.7 41,853 0.045 - -  
50.0 17,500 0.043 - -  
66.7 99,050 0.048 - -  
45.0 63,750 0.042 - -  
53.3 55,432 0.043 - -  
48.3 34,659 0.034 - -  
20,0 7,583 0.049 - -  
58.3 106,883 0.054 - -  
30.0 32,408 0.049 - -  
25.0 23,250 0.075 - -  
25.0 10,417 0.060 - -  
40.0 6,460 0.057 - -  

3 

Recalc.  
Ton-oz.  

801.443 
738.039 
519.610 
468.174 
816.696 

1047.797 
2205.410 
1465.968 
1865.500 
1696.020 
2626.596 
1364.906 
2075.060 
1215.494 

818.496 
720.000 

1865.600 
1226.042 
1117.696 
1350.000 
1314.209 
224.250 

1523.795 
1545.375 
1704.550 
709.398 

1338.903 
924.255 
347.101 
815.076 

1757.980 
1726.608 

878.834 
2467.564 
1883.385 
752.500 

4754.400 
2677.500 
2383.576 
1178.406 

371.567 
5771.682 
1587.992 
1743.750 

625.020 
368.220 
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YARNELL PROJECT - Table 4-A Revised - Main "B" Zone 

Triangle Volume Thickness Grade 
No. f t .  3 f t .  Tons oz/ton 

136 468,000 40.0 39,000 0.065 
137 513,827 41.7 42,819 0.041 
138 607,200 55.0 50,600 0.046 
144 507,400 40.0 42,283 0.052 
145M. 118,300 65.0 9,858 0.049 
146M. 89,250 30.0 7,438 0.050 
147M. 54,000 20.0 4,500 0.050 
148 258,251 46.7 21,521 0.057 
149 92,364 56.7 7,697 0.049 
150 751,162 56.7 62,597 0.049 
151M. 92,000 20.0 7,667 0.064 
152M. 321,563 52.5 26,797 0.060 
153M. 813,484 68.0 67,790 0.055 
154M. 580,000 50.0 48,333 0.049 
156M. 172,500 50.0 14,375 0.049 
162H.  389,034 18.0 32,420 0.072 
163M. 97,650 17.5 8,139 0.063 
165M. 36,000 8.0 3,000 0.084 
166M. 852,600 42.0 71,050 0.049 
167M. 693,000 42.0 57,750 0.053 
168M. 362,250 23.0 30,188 0.059 
169M. 2,835,000 45.0 236,250 0.048 
170M. 400,125 27.5 33,344 0.057 

Recalc. 
Grade 

~ m  

Recalc. 
Ton-oz. 

2535.000 
1755.579 
2327.600 
2198.716 

483.042 
371.900 
225.000 

1226.697 
377.153 

3067.253 
490.688 

1607.820 
3728.450 
2368.317 

704.375 
2334.240 

512.757 
252,000 

3481.450 
3060.750 
1781.092 

11340,000 
1900.608 

Or ig inal  12/20/89 

Tons 4,361,005 
Grade, opt Au .051 
Total Oz 223,912 

Recalculated 

4,361,005 
.057 
247,960 

2/19/90 

Mined 

Previously Mined 250,000 
Grade, opt Au .051 
Total Oz 12,750 

Mined 

229,500 
.096 
22,032 

Totals Remaining Remaining 

Tons , 4,111,005 
Grade, opt Au .051 
Oz 211,162 

4 

4,131,505 
.055 
225,928 
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T a b l e  

YARNELL PROJECT 

Y a v a p a i  C o u n t y ,  A r i z o n a  

5 - R e c a l c u l a S e d  S t o p e  I n t e r c e p t s  

H o l e  
No.  

YM-1 
YM-1 
YM-2 
YM-2 
YM-3 
YM-5 
YM-5 
YN-7  
YM-12 
YM-16 
YM-24  
YM-55  
YM-57 
YM-61 
YM-62  
Y N - 6 2  
Y N - 7 6  
YM-77 
YM-83 
YM-83 
YM-94  

F o o t a g e  

100 .  105 .  
105 .  120 ,  
2 0 0 ,  2 2 5 .  
2 2 5 .  2 4 0 .  
147 .  155.  
2 9 5 .  3 2 0 .  
3 2 0 .  3 3 5 .  
2 2 0 .  2 3 0 .  
180 .  195.  

6 5 .  70 .  
65 .  75 .  

150 .  165 .  
5O. 60 .  

175 .  190 .  
2 5 0 .  2 7 5 .  
2 7 5 .  2 9 0 .  

75 .  90 .  
107 .  120 .  
2 0 5 .  2 1 0 .  
2 1 0 .  2 2 5 .  
127 .  135 .  

R e c a l c .  
G r a d e  
OPt Au 

.05  
.10  
.05  
. 10  
. 10  
.05  
.10  
.10  
.10  
. 10  
.10  
.10  
.10  
.10  
.05  
.10  
. 10  
.10  
.05  
.10  
.10  

/" \ 
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J.D. Sel 1 
Tucson Office 

Exploration Department 
Western USA 

February 23, 1990 

Yarnell Ore Reserve 

/" ~, 
i / 

As I have discussed with you, you must critically review the Yarnell 
drill hole assays, the "Sellian Reserve," and the newly created 
computer inventory and economic ($400) pit reserve. You must generate 
a new ore reserve that the exploration department can sign off on. 

Your review and work should take into consideration, as a minimum, 
what assays, if any, should be cut and how much; should any changes 
be made in the projection of values, if so, in all the deposit or in 
just certain places; and should assign the geologically most realistic 
values to the drill holes passing through stopes and rubble. These 
changes should be incorporated into calculating your final reserve and 
should be used in the computer inventory and economic pit calculations. 

I believe the data already generated by Jansen (cross section data; 20' 
level plans) can be edited to speed up your work, but if not, so be it. 
You should call upon anyone necessary to help complete this work, since 
the Mining Department hopes to complete a feasibility at the end of 
March. You should certainly consult with Mr. Anzalone on the cutting 
of values and assignment of values to the stopes, and Mr. Lakosky 
should be kept informed and understand the reasons for any changes. 

If you run into any computer scheduling problems, please inform 
Mr. Brown or Mr. Graybeal. 

WLK:mek W.L. Kurtz ~ -  ~ _  

CC : R.L. Brown 
F.T. Graybeal 
T.E. Scartaccini 
S.L. Lakosky 
S.A. Anzalone 
L.J. Jansen 
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' t . . ? 

Exploration Department 
Western USA 

February 23, 1990 

F/z ; 

J.D. Sell 
Tucson Office 

Yarnell Ore Reserve 

As I have discussed with you, you must critically review the Yarnell 
drill hole assays, the "Sellian Reserve," and the newly created 
computer inventory and economic ($400) pit reserve. You must generate 
a new ore reserve that the exploration department can sign off on. 

Your review and work should take into consideration, as a minimum, 
what assays, if any, should be cut and how much; should any changes 
be made in the projection of values, if so, in all the deposit or in 
just certain places; and should assign the geologically most realistic 
values to the drill holes passing through stopes and rubble. These 
changes should be incorporated into calculating your final reserve and 
should be used in the computer inventory and economic pit calculations. 

I believe the data already generated by Jansen (cross section data; 20' 
level plans) can be edited to speed up your work, but if not, so be it. 
You should call upon anyone necessary to help complete this work, since 
the Mining Departme~ hopes to complete a feasibility at the end of 
March. You should certainly consult with Mr. Anzalone on the cutting 
of values and assignment of values to the stopes, and Mr. Lakosky 
should be kept informed and understand the reasons for any changes. 

If you run into any computer scheduling problems, please inform 
Mr. Brown or Mr. Graybeal. 

/ "\ 

WLK: mek 

CC: R.L. Brown 
F.T. G raybeal 
T.E. Scartaccini 
S.L. Lakosky 
S.A. Anzalone 
L.J. Jansen 
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Southwestern Exploration Division 

March 12, 1990 

J.D. Sell 

Various Stope Calculations 
Yarnell Project 
Yavapai County, Arizona 

f \ 

Per your request I have calculated various scenarios for the estimated 
grade of the stoping area. By using W.D. Gay's contours of the floor 
and back of the stoping area and projections based upon geology, I have 
calculated a grade for the stope equivalent ground. This is the area that 
is by elevation equivalent to the stopes, but are either pillar holes or 
perimeter holes to the stope. These holes have not been cut by stoping. 
Tabulated results are attached, but are summarized as follows: 

Drill holes within stoping area but are in pillars 
.090 opt Au. 

Perimeter holes to the stopes ±50 ft. from estimated and/or 
surveyed stope outline 
• 076 opt Au. 

There are several possible explanations for the difference in both 
techniques. 

I. 

. 

The methodology used to determine the approximate elevation 
of the stopes is by estimate and is subject to considerable 
error. Error in elevation would change the stope equivalent 
ground elevations and would change the assays. 

The miners took the best ore they could, thus leaving the 
"leaner" walls and therefore "leaner" perimeter holes. 

MAM:mek 
Att. 

Mark A. Miller 
Project Geologist 

cc: W.L. Kurtz 

f 
\ / 



Drill Holes Within Stoping Area 

That Did Not Hit Open Stopes (Pillars) 

Hole # Elevation Intercept Thickness Cum. Grade 

54 

56 

63 

70 

' 79 

' 80 

' 82 

5060 225 - 230 20 

5078 85 - 110 25 

5045 205 - 225 20 

5O58 115 - 135 20 

5076 135 - 155 20 

5067 250 - 270 20 

5092 70 - 95 25 

•116 

•155 

• O98 

.040 

.084 

.069 

.066 

,f \, 

x. ) 
Ave rage 21, ~ I .090 

\ / 



Drill holes Not Cut By Stopes 

But Equal to Stope Width (Perimeter Holes) 

\/ Hole # Elevation Intercept Thickness Cum.Assay 

4 5052 300 - 320 20 
14 5050 65 - 80 15 
15 5037 275 - 290 15 
2O 5O75 0 - 35 35 
25 4947 55 - 75 20 
58 5056 0 - 2o 2o 
64 5041 1OO - 120 20 
71 5011 70 - 90 20 
72 5009 20 - 30 10 
81 5067 55 - 75 20 
84 5052 1 1 0 -  135 25 
89 5017 250 - 270 20 
90 5027 185 - 210 25 
92 4985 35 - 45 10 

~ Z~</' ~ 

A v e r a g e  : 1~,~ 

. 0 3 2 -  

. 0 9 5 "  

.059  o 

. 0 7 0 -  

. 0 6 2 -  

.034- 

.065, 

. 048 -  

.166- 

.080o 

. 071 -  

.122- 

. 1 2 2 -  

.085- 

• 076 opt Au 

j 
"- - - J ~  Hole # 

~i<y - , c , / .  ~ 2 ' 

/~ '  - ~ I<OJL5 3 

,-;~--. ~& Z 5 

,o  - . 1~'~ 7 
J ~ " - ,  i o o  12  

s - .  1oo 16 
1~-" "-, '~-'~ 24 ' 

i o -  , t ~ ( ,  57 ' 

i ~ - -  . Ice ,  61 " 

i o ' - ,  i ~ o  76 

s--° i:~_~ 77, 
2 _ ~ , ' - , a ' ~ 8 "  83" 

Io- ,Ioo 94" 

; k C ~ , O / ~  Average 

Stopes 

Top Assay Bottom Assay 

90 - 100 
190 - 200 
135 - 145 
285 - 295 
210 - 220 
17o - 18o 

55 - 65 
55 - 65 

140 - 150 
4O - 5O 

165 - 175 
240 - 250 

65 - 75 
95 - 105 

195 - 205 
125 - 125 

056 120 - 130 
041 240 - 250 
026 155 - 165 
063 335 - 345 
059 230 - 240 
052 195 - 205 
O38 70 - 8O 

.004 75 - 85 

.141 165 - 175 

.048 6O - 7O 

.046 190 - 200 

.060 290 - 300 

.012 90 - 100 

.036 120 - 130 

.065 225 - 235 

.209 135 - 145 

.060 

.036 
•o15 
• 049 
.073 
.011 

.034 

.046 

.173 

.012 

. 0 2 6  

. 0 2 2  

. 0 2 2  

.O46 

.015 

.029 

.07 

.042 

h ) 
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YARNELL P~OJECT ROCK SAMPLES 

For Russ Honea 

Y-150 Fresh Weathered Unal tered Gran i te? , / ~ / ? o  

Y-151 Fre_Eessh Unweathered "Core"  Gran i te? # / ~ 7 / ~ o  

Y-152 Weathered - Weakly A l t e red  i / ~ / ~ o  

Y:153.. No Sample 

Y-154 Mod Alt- Unoxidized ii~,/~o 

Y-155 Mod Alt - Oxidized ~i/~/9~-. 

Y-156 Mod/Strong Air - Oxidized 

Y-157 Strong Alt- Oxidized i~l &/q'° 

Y-158 Stockwork Quartz Mod/Strong A l t -  Open Cut ~ / ~ / ~  

Y-159 strong Alt - Open Cut / /~'7/~/° 

Y-160 Strong Sz0~- Open Cut - Strong Alt? ;/~,/9(o 

Y-161 Strong Alt- K-Spar Addition /1~/9~ 

i':? 

Main Adit Traverse 

Y-162 +50' Wk Aft i/~71~o 

Y-163 +100' Wk A l t  #/z7/~2°~ 

jf-164 +220' Mod Alt ~/z719o 

Y-165 +310' Mod A l t  
t ' l z  T i ~ o  

Y-166 +350' Mod Alt 

Y-167 +385' Mod/St rong? 

Y-168 +400' Mod/Strong - Silic j l  /~i i<; , ,  

First Priority 

Y-150 
Y-152 
Y-154 
Y-155 
Y-157 
Y-158 
Y-160 
Y-161 

,/~,/90 

t /z, /~o 
i i ~ l ~ o  

Pol i  shed 
Pol i  shed 
Poli shed 

Second Priority 

Y-162 - 

Section 
Section 
Section 

Y- 168 ,/Z7/#~, -~/~ Y/9~ 

• I 
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Southwestern Exploration Division 

January 19, 1990 

W.L. Kurtz 

Polished Section Mineralogy 
Yarnell Project 
Yavapai County, Arizona 

Attached is the polished section report by Russell M. Honea from the 
hi-grade zone in YM-71, 85'-90' 

This is within the Yarnell Fault Zone and the assay interval returned 
1.05 opt gold. 

\i 

JDS:mek 
Att. 

mes D. Sell 

C C :  R.L. Brown 
F.T. Graybeal 
M.A. Miller 

\ j; 
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Office 
I o5 SeLLA,Ae 

S~OOMF,SLO COLORAOO SOOSO 

c'q(- ~ 9o3 400.q'Mq 

Mailing Address 
P.O. B o x  3 2 3  

BROOMImlImLO, COLOI~b~.O0 B O O 2 0  

December 7, 1989 

N~. Mark A. Miller 
ASARCO Incorporated 
P. O. Box 5747 
Tucson, Arizona 85703 

Re: Polished section 
mineralogy 

Dear Nmrk: 

Enclosed are results of polished section examination of the sample 
forwarded under your cover letter of November 4, 1989. The sample was 
examined in sections prepared from both the "as received" head ground to 
minus 70 mesh and from a panned concentrate prepared therefrom• As 
usual, photomicrographs are included to illustrate occurrence of gold 
in the material. 

Native gold was observed as 38 particles - 14 of which are liberated 
and 24 of which are locked by either goethite (18) or quartz (6). Particle 
size ranges from less than one to 110 microns, and the average for all 
observed particles is 18.3 microns. Size of locked particles ranges from 
less than one to 26 microns, and averages 5.4 microns. Thus, particle 
size for native gold is relatively small, and is smallest for locked 
particles. 

Small amounts of remnant pyrite and galena are preserved from the 
primary sulfide suite, but most sulfides have been oxidized to goethite. 
The oxide is accompanied by minor amounts of jarosite and the manganese 
oxide psilomelane. 

Please let me know if there are questions regar~ding the data. Have 
received your latest sample set, and they have been submitted for prep- 
aration of t~ and polished sections. 

i \ 

'\ /: 
Encl. • Honea 

! 



,/ \ 

\L / '  

- 85-9o' Liberated and locked relatively fine grained native 
gold with minor remnants of pyrite and galena in 
a strongly oxidized ore assemblage. 

Native gold - -1% - Dark golden yellow color - indicating relatively 
low silver content, isotropic but 
does not show complete extinction 
because of polishing scratches, low 
hardness and is well polished. Observed 
as 38 particles - 14 of which are 
liberated and 24 of which are locked 
by goethite (18) and quartz (6). 
Grain size varies from less than i to 
ii0 microns, and average diameter for 
all particles is 18.3 microns. Size 
variation in liberated particles is 
from 3 to ii0 microns and average is 
40.4 microns. Size of locked particles 
varies from less than i to 26 microns, 
and average is 5.4 microns. A few of 
the larger particles have a complex 
dendritic texture. The relatively 
abundant and very small locked gold 
particles in goethite oxidation 
pseudomorphs after pyrite suggest a 
potential for sulfide locking problems 
in reduced or unoxidized ore. 

Pyrite - -1% - Pale yellow, either isotropic or with weak anomalous 
anisotropism and very faint blue to 
purplish polarization colors, hard 
and is well polished. Occurs as 
scarce liberated remnants - that often 
show oxidative corrosion at grain 
margins. Also as rare remnants in 
interiors of goethite oxidation 
pseudomorphs. As noted above, originally 
enclose some of the fine grained 
gold. 

Galena - -1% - Light grayish white, isotropic and with well developed 
cubic cleavage, low hardness and is 
well polished. Present as remnant 
cleavage fragments, and only rarely 
shows oxide rimming. Lack of oxide 
coating no doubt reflects perfect 
cleavage that results in breaking 
loose of oxidation products during 
grinding. 

Goethite - 3% - Light to medium gray, anisotropic but with 
polarization effects masked by strong 
reddish to brown internal reflections, 
highly variable hardness and with 
moderate to good development of polish. 
Occurs as complex and finely banded 
aggregates that form both as oxidation 

g~ 
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YM71 - 85-90'. 

pseudomorphs after original sulfides 
and as apparent cavity fillings. 

Jarosite - -1% - Medium to light gray, anisotropic and with 
polarization effects masked by strong 
pale yellow internal reflections, 
soft and with variable perfection of 
polish. Present alone and with 
goethite as an oxidation product of 
original sulfides. 

Psilomelane - -1% - Light to medium bluish gray, moderately 
anisotropic and with polarization 
colors of blue to gray, moderate 
hardness and is usually well polished. 
Occurs alone and with goethite in 
subradial aggregates of acicular to 
almost fibrous material deposited as 
cavity fillings in oxidation 
environment. 

Trash iron - -1% - White metallic, isotropic, moderate hardness and 
is well polished. Present as curved 
shavings that were added during 
sample preparation. 

Non-metallic gangue - 96% - Comprised very dominantly of silicates. 

*Note: Two polished sections were prepared and examined - one of the 
head sample ground to -70 mesh and one of a panned 
concentrate prepared therefrom. 

'4 • ./ 
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Y~HI - 85-90'. Polished section photomicrograph of liberated 
dendritic aggregate of native gold. Plain light, Xa35. Each 
so uare of grid is 32 microns on an edge. 

0 

~J 
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-v~D1 - 85-90'. Polished section photomicrograph of liberated native 
gold particle with associated oua.~z, g~n~-ue. Plain --~-~,~'~ X~35. 
Each square of grid is 32 microns on ~n edge .  

0 
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YM71 - 85-90'. Polished section photomicrograph of liberated 
native gold p~ticle with associated ~ua-~tz gangue (dark), 
goethite (cen~er), ~ud galena (far left). Plain light, X~5. 
Each square cf grid is 72 micrcns cm am edge. 

0 

<, 
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YE71 - 85-90'. Polished se2tion photomicrograph of liberated naZive 
gold particle. Plain light, X435. Each square of grid is 32 
microns on an edge. 

O 

7 
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Y~I - 85-90'. Polished section photomicrograph of small native 
gold particle locked by goet~ite oxidation pseudomo.--~h. ~ ~ . _a-n 

light, X435. Each square of grid is 32 mi~-rons on ~n edge. 

O 
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YM71 - 85-90'. Polished seotion ~hotomiorograph of liberated native 
native gold partiole. Plain light, X435. Eaoh square of grid is 
32 microns on an edge. 

O 
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Y~HI - 85-90'. Polished section photomicrograph of native gold 
!n liberated particle asso=ia~ed with pyrite remz~ant rimmed by 
goe~iulte oxidation pseudomorph. Plain ligh~, X~35. Ea=h square 
of ~rid is 32 mi=rcns cn an edge. 

0 

/o 
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YM71 - 85-90'. Polished section photomicrograph of liberated native 
gold pa.~icle (center) ~th goet~ite-jarosi~e fragment (upper 
center). Plain lig~ht, X~35. Each square of grid is 32 microns 
cn ~ edge. 

O 

11 
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~,~I - 85-90'. Polished section phot~omicrograph of looked native 
gold particles in goet~ite fragment. Plain .,gh,, X435. Each 
square of grid is 32 microns on an edge. 

0 
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Yk~,1 - 85-90'. Polished section photomicrograph of small liberated 
native gold particles associated with goerS.ire ~nd ~rash iron 
fragments. Plain light, X~5. Each square of grid is 32 microns 
C- ~ e,d~,e. 
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YMT~ - 85-90'. Polished section photomicrograph show~ng com- 
posite grain with native gold and goethite. Plain light, Xh~5 . 
Each s~uare of grid is 32 microns on an edge. 

O 
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YM71 - 85-90'. Polished section photomicrograph of liberated and 
dendritic native gold aggregate associated with goethite-gangue 
fragments. Plain light, X435. Each square of grid is 32 morons 
O~ e-~ e~ge. 

O 
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Yk~1 85-90'. Polished section photomicrograph sho~r.~ - "" - S , , ~ .  r.atl ve 

~ha~ also forms comv~sLte ~razn gold pa-~icle looked :n goet~i~e ~ ~ 

~%h larger naZive gold particle. Plain li~h%, X-35. Ea.~h square 

-~ is 52 zlzror~ c. a_n edge. of ~--. 

0 
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YM71 - 85-90'. Polished section photomicrograph of liberated native 
gold particle associated ~-ith separate fragments of goeS.ire 
(upper center), galena (upper right), and ~yri~e (lower left). 
Plalm !i~h~, va~= ~.. ~Za= ~'- - square ..~ ~.-r-ld is 32 ~'..~'-czs~ on an edge. 

/7 
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~,HI - 85-90'. Polished section photomicrograph of liberated n~- 
tive gold associated with quartz gan~oe (dark) and goethi~e 
(bluish gray). Plain light, X~35. Each s~aare of grid is 32 
zi~r~r~ ~-n ~,-- edge. 

© 
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~,~1 - 85-90'. Polished section photomicrograph of n~tive gold in 
liberated p~ticle with associated goe~hi~e and q'~z gaze-as. 
Plain light, X~35. Each square of grid is 32 micro~ cn an edge. 

© 
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lq<71 - 85-90'. Polished section photomicrograph of native gold 
~--n small particles locked gy goet~te. Plain light, X435. 
~_ach square of grid is 32 microns on a~n edge. 
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YET1 - 85-90'. Polished section phoZo~_icrograph of native gold 
in !ibsra~ed panicle associa%ed with goet~hite. Pl~ain light, 
Xa35. Each square of grid is 32 morons on ~n edge. 

O 
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Y~,~I - 85-90'. Polished section photomicrograph sho~ing small lib- 
erated particle of native gold (upper center) wlZh qua.~z gar~-ue. 
Plain llghz, X435. Each square of grid is 32 microns on ~n edge. 

0 
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AO~H /-(-~o 
Southwestern Exploration Division 

January 19, 1990 

J 

W.L. Kurtz 

Thin Section Work 
Yarnell Project 
Yavapai County, AZ 

Attached is one of the Russell M. Honea petrographic-polished section 
reports on samples collected at Yarnell by M.A. Miller. 

This report is the first priority suite samples, and other reports, 
including the polished sections showing the native gold relationships 
will be distributed as they become available. 

f \,, 
~L J 

JDS:mek 
Att. 

i/James D. Sell 
f 

CC: R.L. Brown 
F.T. G raybeal 
M.A. Miller 
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ASP.qCO Southwestern Exploration Division 

January 10, 1990 

! />5 

J.D. Sell 

Thin Section Work 
Yarnell Project 
Yavapai County, AZ 

The attached report by Russ Honea describes rock samples that we have 
taken at Yarnell. Sample sites (attached) were selected to assist in 
the confirmation of the alteration assemblage we are describing for the 
Yarnell Deposit. Samples were taken from fresh rock through the 
strongly altered zone (150-161'). Samples were also taken from weakly 
altered rock located well into the hanging wall of the Yarnell structure 
to moderate/strongly altered rock at the Yarnell Fault Zone (162-168'). 
This suite was taken in the main adit tunnel. Results from the tunnel 
suite will be available within two weeks. 

f f  \ 

MAM:mek 
Atts. 

Mark A. Miller 
Project Geologist 

cc: R.L. Brown 
W.L. Kurtz 

:~ Ij 
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Office 
" 1 0 5  E3E_LAII::RE 

BROOMFIELD.  C O L O R A D O  8 0 0 2 0  

c-44" 3o:~ 400-9'I'/~ 

January 6, 1990 

Maihng Address 
P o B O X  3 2 3  

BROOMFIELD.  C O L O R A D O  E30020  

h~. hiark A. ~ller 
ASARC0 Exploration 
P. 0. Box 5747 
T, cson, Arizona 85703-0747 

/ 

Re: Yarnell Project, AZ 

Dear ~,~rk: 

Enclosed please find petrographic descriptions for the first priority 
group of samples from the suite forwarded under your cover letter of 
November 28, 1989. As usual photomicrographs are included to illustrate 
some of the pertinentmineralogic and textural characteristics. 

The sample suite is comprised of weakly (propylitie) to moderately 
altered (sericitic) sheared granite. In addition to superimposed hydro- 
ther~al alteration there is an early late magmatic or deuteric alteration 
of plagioclase to sericite. A quartz-poor syenitic phase with lesser amounts 
of contained biotite is also present (Y-157 and Y-161). This could be 
a compositional variant of the granite (with local depletion of silica), 
or it may be a separate intrusive phase. It is also rather strongly crushed, 
and as noted in our telephone conversation yesterday I am uncertain at this 
stage whether the K-feldspar in the crushed matrix is dominantly from 
recrystallization of primary K-feldspar or of hydrothermal origin. Will 
have more to say about that problem after examining the remaining sections. 

Please let me know if there are questions or problems regarding the 
data. The remaining descri)tions will follow in about two weeks. 

{/ 

E n c l .  

Sincerely, 

~ssell M. Honea 

/ 
ASA;iuL,. i,,::;,-~:~;. 

'JAN 1 0 1990 
SW Explu~L,J~ 
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Y-150. Rather weakly propy!itized (epidotized and chloritized) 
biotitic granite with early sericitic alteration of 
plagioclase. 

Primary Minerals Percent 
Essential Constituents 

Description 

Plagioclase-Ano 25 Subhedral, rather poorly preserved 
Carlsbad plus albite twinning. Present 
as separate crystals with weak to 
moderate replacement by sericite and 
epidote, and as finer aggregates 
enclosed by microcline microperthite. 
Sericite may be late magmatic rather 
than classical hydrothermal. 

Microc!ine 50 

Quartz 16 

Subhedra~ poorly developed grid 
twinning, microperthitic. Shows 
little alteration, and contains small 
crystal inclusions of plagioclase and 
quartz. 

Anhedral aggregate-textured material 
occurs interstitially to feldspars. 
Has strongly undulatory extinction. 
Rutile needle inclusions. 

Varietal accessory minerals 

Biotite 7 Subhedral plates, strongly pleochroic 
in yellowish to greenish brown, high 
birefringence. Occurs with quartz 
interstitially to feldspars. Shows 
rather weak alteration to chlori%e. 
Often bent or deformed by shearing 
or deformation. 

Minor accessory minerals 

Sphene i 

Apatite -I 

Sub- to euhedral prisms, extreme 
positive relief and high birefringence, 
strongly inclined extinction. 
Relatively large grains are mostly 
near contacts of ~terstitial quartz 
aggregates with feldspars. 

Small colorless subhedral prisms with 
moderate positive relief and low 
birefringence, mostly enclosed by 
feldspars and biotite. 

Monazite -i Very small short prisms with very 
high positive relief and high 
birefringence, slightly inclined 
extinction. Present as inclusions 
in biotite and is surrounded by small 
radiation damage halos. 



\ / 

¥-150. 

Percent Description 

Zircon -i Small prisms with extreme positive 
relief and high birefringence. Rarely 
present as inclusions in biotite and 
feldspar minerals. 

Tourmaline -i Fine grained, subhedral prismatic, 
strongly dichroic in grayish blue to 
dark bluish brown, moderate positive 
relief and moderate birefringence. 
Aggregates border biotite. 

Rutile 

Magnetite 

-i Very tiny needle-like crystals with 
extreme positive relief, present as 
inclusions in quartz. 

SubhedraZ equant prisms in feldspar 
and bordering biotite, largely altered 
to hematite. 

Secondary Minerals 

Sericite 6 Fine to very fine grained colorless 
mica aggregates with high birefringence, 
present mostly in plagioclase and is 
likely of deuteric or late magmatic 
origin. 

Chlorite 

Epidote 
(Clinozoisite) 

i+ Green color, low birefringence. Present 
as an alteration product of some 
biotite and at times present with 
epidote replacing plagiociase.. 

3 Subhedral prismatic, very fine grained, 
pale greenish yellow color, very high 
positive relief and high birefringence, 
inclined extinction. Present alone 
and with sericite and minor chlorite 
replacing plagioclase. Some also 
present in sheared quartz aggregates. 
Present with chlorite replacing 
biotite. 

Hematite 

Texture: 

Opaque aggregates with red internal 
reflections, present with remnant 
magnetite in accessory grains. 

Medium grained phaneritic, equigranular. Shows some 
shearing and interstitial granulation of primary mineral 
suite. 
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Y-150. Thin section photomicrograph of sheared grazLtte show-~ng 
sericitized plagioclase (upper cen~er) and weak chlori~e- 
epidots replacement of biotite (left and across eem~er) along 
with unalteredmicrocline and quartz. Plain light and crossed 
nieole, X55. Each square of grid is 260microns on an edge. 
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Y-152. Sheared and granulated biotitic granite with weak epidotization 
(propylitic alteration) and apparently earlier sericite 
alteration of plagioclase. 

Primary Minerals Percent 
Essential Constituents 

Description 

Plagioclase-An~ 30 

Microcline 44 

Subhedral blocky prisms, Carlsbad 
plus albite twinning, shows weak to 
strong replacement by relatively 
coarse and early sericite and by 
epidote. 

Subhedral blocky to anhedral, moderate 
to good development of grid twinning, 
microperthitic and with irregular 
patches of plagioclase. This feldspar 
is essentially unaltered. 

Quartz 15 Fine grained granular mosaic aggregates 
with strongly undulatory extinction. 
Present interstitially to feldspars. 
Contains ruti!e needle inclusions. 

Varietal accessory minerals 

Biotite 9 Medium grained, subhedral, pleochroic 
in shades of brown, often shows some 
shearing and granulation. Some is 
bleached to colorless with separation 
of opaques. Minor parallel growths 
of muscovite. 

Muscovite -i Scarce and small colorless mica flakes 
with high birefringence adjacent to 
and in parallel growth with some of 
biotite. May possibly be of deuteric 
origin. 

Minor accessory minerals 

Sphene -i Fine grained, subhedral wedges and 
prisms, extreme positive relief and 
high birefringence. Scattered through 
host and is at times associated in 
space with biotite. 

Apatite -i Small colorless prisms with moderate 
positive relief and low birefringence, 
present as inclusions in biotite and 
feldspars. 

Tourmaline -i Medium size subhedral prisms, strongly 
dichroic in grayish blue to brownish 
blue, moderate positive relief and 
moderate birefringence. Crys~a!s are 
often broken and are associated in 
space with biotite. 
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Y-152. 

Percent Description 

Zircon -i Very small prisms with extreme positive 
relief and high birefringence, enclosed 
by feldspars and biotite. 

Monazite -i Small prisms with very high positive 
relief and high birefringence, slightly 
inclined extinction. Enclosed by 
biotite and is surrounded by weak 
radiation damage halos. 

Rutile -i Very tiny needle-like crystals with 
extreme positive relief are present 
as inclusions in quartz aggregates. 

Magnetite Small equant opaque crystals are mostly 
associated in space with biotite. 
Is now altered to hematite. 

ilmenite -i Fine grained, subhedral tabular, black 
opaque. Associated in space with 
altered magnetite. 

Secondary Minerals 

Sericite 9 Fine grained colorless mica aggregates 
with high birefringence, present mostly 
in plagioclase and has textural 
characteristics suggesting a deuteric 
or late magmatic origin. Also minor 
amount associated with biotite. 

Ciinozoisite 2 Very fine grained, subhedral prismatic 
to anhedral, very high positive relief 
and high birefringence, almost colorless 
or at times with pale greenish yellow 
pleochroism and color. Present in 
alteration aggregates replacing 
plagioclase and in minor amount with 
biotite. Optics indicate low iron 
epidote or clinozoisite. 

Leucoxene -i Extremely fine grained opaque white 
aggregates of Ti oxides present in 
bleached biotite flakes. 

Iron oxides i+ Very fine to extremely fine grained 
opaque red aggregates replacing 
accessory magnetite and as a dusting of 
orange red oxides in some of fractured 
or granulated material. 

Texture: Medium grained phaneritic, equigranular. Shows moderate 
shearing and some granulation along grain margins to form 
finer grained interstitial aggregates - especially of biotite 
and quartz. 
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Y-152. Tnln section photomicrograph of sheared and weakly altered 
granite showing biotite along with associa%ed microcline, quartz, 
and altered plagioclase (right center). Plain light and crossed 
nicols, X55. Each square of grid is 260microns on an edge. 
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Y-154. Moderately sericitized granite with minor chlorite-calcite- 
quartz and pyrite (Phyliic alteration). 

Primary Minerals Percent 
Essential Constituents 

Description 

Plagioclase-An? 35 

Microcline 45 

Subhedral short prismatic, Carlsbad 
plus albite twins, shows moderate to 
complete alteration by fine grained 
sericite aggregates. 

Subhedral stubby prisms to anhedral, 
well developed grid twinning, 
microperthitic. Either unaltered or 
with minor sericite and calcite along 
microfractures. 

Quartz 12 

Varietal accessory minerals 

Biotite 6 

Minor accessory minerals 

Fine to medium grained, anhedral and 
with sutured to granular mosaic 
contacts, rutile needle inclusions. 
Has strongly undulatory extinction. 

None preserved. Former subhedral 
flakes are now completely bleached 
to colorless sericite with accompanying 
separation of opaques. 

Sphene -i 

Apatite -i 

None preserved. Former wedge-shaped 
to prismatic crystals are now completely 
replaced by leucoxene. 

Small colorless prisms with moderate 
positive relief and low birefringence, 
enclosed by feldspars and by altered 
biotite. 

Zircon -i 

Monazite -i 

Rutile -i 

Magnetite i 

Small prisms with extreme positive 
relief and high birefringence, enclosed 
by altered biotite and feldspars. 

Small short prisms with very high 
positive relief and high birefringence, 
slightly inclined extinction. Enclosed 
by altered biotite. 

Scarce and very small needle-like 
inclusions present in quartz. 

Small equant subhedral black opaque 
grains associated in space with 
altered biotite. Most has been altered 
to hematite. 
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Y-154. 

Percent 

Secondary Minerals 

Description 

Quartz 2 Very fine grained aggregates with 
sutured contacts present with sericite- 
chlorite-calcite filling fractures 
cutting host. 

Sericite 20 Very fine grained colorless mica 
aggregates with high birefringence, 
present as essentially complete 
replacement of biotite and plagioclase 
from the primary assemblage. Some 
may be of deuteric origin. 

Chlorite Very fine grained, pale green to 
greenish yellow, ~ow birefringence. 
Occurs with sericite and calcite 
replacement aggregates after biotite 
and plagioclase, and in fracture 
fillings. 

Calcite 2 Fine to very fine grained colorless 
aggregates, strong differential 
relief and high birefringence. Present 
in fracture fillings and replacement 
aggregates. 

Leucoxene I Extremely fine grained opaque white 
Ti oxide aggregates formed from 
alteration of both biotite and sphene. 

Pyrite -i Small cubic crystals, opaque yellow 
metallic in oblique incident light. 
Present in small amount with sericite- 
chlorite-calcite replacement aggregates. 

Hematite i Very fine grained opaque aggregates 
with red internal reflections, present 
as an alteration product of accessory 
magnetite. 

Texture: Medium grained phaneritic, equigranular. 
shearing and rather strong alteration. 

Shows some 
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Y-154. T~.in section photomicrograph of sericitized graai~e wi~Ja 
completely sericitized biotite and plagioclase associated with 
microcline and quartz. Plain light and crossed nicols, X55. 
Each square of grid is 260 microms on an edge. 
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Y-155. Moderately sericitized granite with minor oxidized pyrite. 

Primary Minerals Percent 
Essential Constituents 

Description 

Plagioclase-An 7 35 Subhedral short prismatic, Carlsbad 
plus albite twinning. Is mostly 
replacement by sericite - of probable 
deuteric (coarser) and hydrothermal 
(finer) origin. 

Microcline 41 Subhedral stubby prisms to anhedral, 
moderately well developed grid 
twinning, microperthitic. Grains are 
essentially unaltered. 

Quartz 12 Fine grained aggregates with sutured 
contacts and undulatory extinction. 
Occurs interstitially to feldspars. 
Contains abundant rutile needle 
inclusions. 

Varietal accessory minerals 

Biotite i0 None preserved. Former subhedral 
flakes and aggregates are now 
completely replaced by sericite 
(bleached) and show accompanying 
separation of opaque oxides. 

Minor accessory minerals 

Sphene -i None preserved. Former subhedral 
prisms are now completely altered 
to leucoxene. 

Apatite -i Subhedral prisms, colorless, moderate 
positive relief and low birefringence. 
Associated in space with altered 
biotite and enclosed by feldspars. 

Zircon -i Subhedral prisms with extreme positive 
relief and high birefringence, enclosed 
by feldspars and altered biotite. 
At times associated in space with 
magnetite. 

Rutile -i Very tiny needle-like crystal 
inclusions with extreme positive relief, 
present in quartz and at times forming 
oriented hexagonal patterns. 

Monazite -i Subhedral prisms with very high 
positive relief and high birefringence, 
slightly inclined extinction. Single 
crystals and aggregates are enclosed 
by altered biotite. 
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Percent Description 

Magnetite i+ Equant subhedral opaque aggregates are 
often associated in space with altered 
biotite, in part oxidized to hematite. 

llmenite -i Subhedral tabular black opaque grains, 
usually associated in space with 
magnetite. 

Secondary Minerals 

Sericite 20 Fine to very fine grained colorless 
mica aggregates with high birefringence, 
present as complete replacement of 
biotite and as almost complete 
replacement of piagioclase. The 
coarser material in plagioclase 
replacement aggregates may be of 
deuteric origin. 

Leucoxene + 
Rutiie 

i Occurs as extremely fine grained 
aggregates formed by alteration of 
biotite and sphene and in needle-like 
to acicular Crystals separated from 
biotite during alteration. 

Pyrite (i) None preserved. Former small cubic 
crystals with sericite are now 
oxidized to goethite. 

iron oxides Extremely fine grained opaque red to 
brown aggregates present as an 
oxidation product of accessory 
magnetite and from secondary pyrite. 

Texture: Medium grained phaneritic, equigranular. 
shearing in this sample. 

Very minor 

f" 



@ 

@ 
] '  

q p - - -  

• ¢ ,  , .  . 

Y-155. T~tn section ~o~omlcrograph of altered gran~e snowlng seri- 
cite replaced plagioclase a~th associated microcline, quartz, and 
8ericite replace biotite. Plain light and crossed nicols, X55. 
Each square of grid is 260mlcrons on an edge. 
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Y-157. Sheared and granulated rather weakly altered syenite with 
goethite staining. Shows minor clay and sericite in sheared 
areas. 

Primary Minerals Percent 
Essential Constituents 

Description 

Plagi°clase-An7 27 Subhedral short prismatic, Carlsbad 
plus albite twinning, frequently 
fractured and shows some bending of 
twin iamellae. Locally replaced by 
clay and sericite along shears. 
Contains rutile needle inclusions 
similar to those in quartz. Some of 
crystals are antiperthitic - contain 
very small and irregularly shaped 
inclusions of microcline. 

Microcline 66 Subhedral short prismatic to anhedral, 
moderately well developed grid 
twinning, either unaltered or with 
minor clay formation on some of 
fractures. Crystals are microperthitic. 

Quartz 3 

Varietal accessory minerals 

Fine to medium grained, anhedral, 
undulatory extinction, rutile needle 
inclusions. Occurs in minor amount 
interstitially to feldspars. 

Biotite 2? None preserved. Scarce former small 
subhedral flakes are now sheared and 
bleached to colorless with accompanying 
separation of opaques. 

Minor accessory minerals 

Sphene -i None preserved. Former subhedral 
prisms and wedges are now completely 
altered to leucoxene. 

Apatite -i Subhedral colorless prisms with 
moderate positive relief and low 
birefringence, enclosed by feldspars. 
Also in sheared or granulated 
aggregates. 

S "\ 

Zircon -i 

Monazite -i 

Small prisms with extreme positive 
relief and high birefringence, enclosed 
by feldspars and in sheared aggregates. 

Scarce short prisms with very high 
positive relief and high birefringence, 
slightly inclined extinction. Present 
mostly with sheared and interstitial 
altered biotite aggregates. 
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Y-157. 

Percent Description 

Rutile -i Extremely fine grained needle-like 
crystals with extreme positive relief, 
present as inclusions in both quartz 
and plagioclase. 

Magnetite Small equant opaque grains with altered 
biotite in sheared aggregates. 

Secondary Minerals 

Sericite Very fine grained colorless mica 
aggregates with high birefringence, 
present in small amount as an 
alteration product of biotite and 
plagioclase in sheared portions of 
host. 

Clays 3 Very fine to extremely fine grained 
aggregates with low birefringence, 
present either alone or with sericite 
in fractures cutting host and in 
granulated aggregates. 

Leucoxene -i Extremely fine grained opaque white 
Ti oxide aggregates formed by 
alteration of accessory biotite and 
sphene. 

Pyrite (1) None preserved. Former subhedral 
cubic crystals in sheared host are 
now replaced by goethite oxidation 
pseudomorphs. 

Iron oxides 2+ Extremely fine grained opaque red 
to brown aggregates formed from 
magnetite and by oxidation of pyrite. 

Texture: Medium grained phaneritic, equigranular. Sheared and shows 
some intergranular crushing or granulation. 
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Y-157. Thin section photomicrograph show-Ang sheared and goethite- 
stained plagioclase and microcline of syenite host. Plain light 
and crossed nicols, X55. Each square of grid is 260 microns on 
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Y-158. Moderately granulated and sericitized granite cut by fracture 
fillings containing quartz-sericite-goethite. 

Primary Minerals Percent 
Essential Constituents 

Description 

Plagioclase-An~ 36 

Microcline 40 

Subhedral prismatic, Carlsbad plus 
albite twinning, separate crystals 
are strongly replaced by sericite. 
Also present as small and irregularly 
shaped inclusions in microcline. 

Subhedral blocky prisms to anhedral, 
moderately well developed grid 
twinning, microperthitic. Is 
essentially unaltered - but is cut by 
fractures containing sericite and 
showing granulation. 

Quartz 15 Fine grained, anhedral, sutured 
contacts, present interstitially to 
feldspars. Has strongly undulatory 
extinction and contains futile needle 
inclusions. 

:- \ 

Varietal accessory minerals 

Biotite 8 None preserved. Former subhedral 
flakes and aggregates are now bleached 
to colorless or replaced by sericite - 
with accompanying separation of 
opaque oxides. 

Minor accessory minerals 

Zircon -I 

Apatite -i 

Small euhedral prisms with extreme 
positive relief and high birefringence, 
most is associated in space with 
altered biotite but some also in 
feldspars. 

Subhedral short prisms, colorless, 
moderate positive relief and low 
birefringence. Same mode of 
occurrence as for zircon. 

Sphene -i None preserved. Former subhedral 
wedges and prisms are now altered to 
leucoxene. 

:g , 
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Rutile -i 

Monazite -i 

Extremely fine grained needle-like 
crystals with extreme positive relief, 
present as inclusions in quartz. 

Scarce short prisms with very high 
positive relief and high birefringence, 
slightly inclined extinction. Present 
in altered biotite aggregates. 
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Percent Description 

llmenite -i Rare and very fine grained black 
opaque aggregates enclosed by quartz 
and feldspar. Some is altered to 
iron oxide and leucoxene aggregates. 

Secondary Minerals 

Quartz 5? Fine to very fine grained colorless 
aggregates with granular mosaic contacts, 
present alone and with sericite as 
filling of small veinlets cutting 
host minerals. 

Sericite 27 Fine to very fine grained colorless 
mica aggregates with high birefringence. 
Present mostly as replacement of 
plagioclase - but also replacing 
biotite and as partial filling of 
fractures. 

Leucoxene 

Pyrite 

Goethite 

Texture: 

Extremely fine grained opaque white 
Ti oxide aggregates formed from both 
sphene and biotite. 

(2) 

3 

None preserved. Former small cubic 
to pyritohedral crystals are now 
completely replaced by goethite. 

Very fine to extremely fine grained 
yellowish brown to orange brown 
aggregates present both as oxidation 
pseudomorphs after pyrite and with 
leucoxene in altered biotite. Also 
in fracture fillings. 

Medium grained phaneritic, equigranular. Shows moderate 
degree of shearing and some granulation along grain 
margins. 
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Y-I~. Thin section photomicrograph of sheared grar~te sho~ng 
quartz veinlet with opaque goethite cuZtlng maZrix of microcline, 
quax~z, and sericitized plagioclase (lower rig/~t and left). 
Plain light and crosse~ nieols, 155. Each square of  grid is 260 
microns on an edge. 
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Y-160. Strongly sheared and granulated granitic host with quartz- 
sericite-clay alteration and veinlets and with goethite 
formation. Minor chalcedony and opal in cavity fillings. 

Primary Minerals Percent 
Essential Constituents 

Description 

Plagioclase-An~ 20? 

Microcline 62 

Subhedral short prisms to anhedral, 
rather poorly developed Carlsbad 
plus albite twins. Larger crystals 
show dusting of clay alteration and 
there is some sericite replacement in 
granulated material. 

Subhedral blocky prisms to anhedral, 
moderately well developed grid 
twinning, microperthitic. Grains are 
essentially unaltered. 

Quartz 12 

Varietal accessory minerals 

Fine to medium grained aggregates 
with sutured contacts, occurs 
interstitially to feldspars. Strongly 
undulatory extinction and often 
contains rutile needle inclusions. 

Biotite 5 None preserved. Former relatively 
scarce flakes are now rather strongly 
crushed and altered to sericite with 
accompanying separation of opaque 
oxides. 

Minor accessory minerals 

Apatite -i Colorless subhedral prisms with 
moderate positive relief and low 
birefringence, enclosed by feldspars 
and with sheared biotite. 

Zircon -i Small prisms with extreme positive 
relief and high birefringence. Scarce 
inclusions in feldspars and with 
sheared biotite, 

Rutile -~ 

Sphene -i 

Very %iny needle-like crystals with 
extreme positive relief, present as 
inclusions in quartz. 

None preserved. Former subhedral 
prisms are now completely replaced 
by leucoxene. 

Secondary Minerals 

Quartz 22? Fine to very fine grained, granular 
mosaic contacts, undulatory 
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Y-16o. 

Chalcedony 

Opal 

Sericite 

Clay 

Clinozoisite 

Leucoxene 

Pyrite 

Goethite 

Texture: 

Percent Description 

extinction. Occurs alone and with 
other secondaries as filling of 
veinlets and as matrix cementing 
crushed or granulated host material. 

-i Very fine grained and feathery- 
textured subradial aggregates present 
in minor amount overlieing opal 
deposited at cavity walls. 

-i Minor amount present as finely banded 
aggregates at walls of cavities 
filled by chalcedony. Isotropic or 
amorphous and with strong differential 
relief. 

i0 Very fine grained colorless mica 
aggregates with high birefringence, 
present in shears and in granulated 
matrix. Formed from both biotite and 
plagioclase. 

i0 Extremely fine grained dusting of low 
birefringence clay is formed from 
plagioclase in the host assemblage. 
In part stained by iron oxides. 

Very fine grained prismatic aggregates, 
essentially colorless in section, 
very high positive relief and high 
birefringence. Present in minor 
amount as partial filling of shears 
in association with sericite. 

-I 

(2) 

4 

Extremely fine grained opaque white 
Ti oxide aggregates formed from 
alteration of sphene and biotite. 

None preserved. Former small cubic 
crystals in fractures and sheared 
matrix are now completely altered to 
goethite oxidation pseudomorphs. 

Extremely fine grained opaque reddish 
to orange brown aggregates formed as 
oxidation pseudomorphs after pyrite, 
filling fractures, and as a stain in 
altered silicates. 

Strongly sheared and granulated, originally medium grained 
phaneritic and equigranular. 
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Y-160. Thin section photomicrograph showlng chalcedony filling cav- 
ity lined by opal in crushed granite with fragmenzs of quartz and 
mierocline. Plain light and crossed nicols, X110. Each square of 
grid is 130 microns on an edge. 
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Y-160. Thin section photomicrograph of sheared and veined granite 
with clay-altered plagioclase (right) and microcline (grid tw~n- 
nimg) in goethite stained host. Plain light and crossed nicols, 
X55. Each square of grid is 260 microns on an edge. 
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Y-16i. Crushed or granulated quartz-bearing syenite with weak to 
moderate sericite alteration and with cementation by quartz 
and K-feldspar. 

Primary Minerals Percent 
Essential Constituents 

Plagioclase-An 7 24 

Description 

Subhedral short prismatic to anhedral, 
Carlsbad plus albite twinning, shows 
weak to moderate replacement by 
sericite. 

Microcline 66 Subhedral stubby prisms to anhedral, 
Carlsbad plus rather well developed 
grid twinning, microperthitic. 
Crystals are essentially unaltered. 

Quartz 5? Relatively minor fine grained and 
anhedral aggregates occur interstitially 
to feldspar minerals. 

Varietal accessory minerals 

Biotite 2 None preserved. Scarce former flakes 
are now crushed and replaced by 
sericite with accompanying separation 
of leucoxene. 

Minor accessory minerals 

Zircon -i Small prisms with rounded terminations, 
extreme positive relief and high 
birefringence, enclosed by feldspars 
and with altered biotite. 

Rutile -i Small subhedral prisms and aggregates, 
translucent brown, extreme positive 
relief and high birefringence. 
Associated in space with relatively 
abundant ilmenite. 

Monazite -i Subhedral prismatic, very high 
positive relief and high birefringence, 
slightly inclined extinction. Rarely 
present with altered biotite. 

llmenite 3 Subhedral tabular black opaque 
aggregates, present in aggregates that 
are interstitial to feldspars. 

Apatite -i Minor small colorless prisms with 
moderate positive relief and low 
birefringence, enclosed by feldspars. 

Secondary Minerals 

Quartz i0? Very fine grained aggregates present 
with K-feldspar and as matrix cementing 
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Y-161. 

K-feldspar 

Sericite 

Leucoxene 

Hematite 

Texture: 

Percent Description 

the strongly crushed host silicates. 

157 Very fine grained, untwinned, scarce 
rhomb-shaped crystals typical of 
adularia, lower birefringence and 
indices than for quartz. Present in 
matrix cementing crushed silicates. 
I am uncertain how much is 
recrystallized from the host suite 
and how much is introduced as a 
hydrothermal phase. 

7 Very fine grained colorless mica 
aggregates with high birefringence, 
present in minor to moderate amounts 
as an alteration product of plagioclase 
and from alteration of biotite. Occurs 
in both strongly crushed and less 
granulated portions of host. 

Extremely fine grained translucent 
to opaque white Ti oxide aggregates 
formed from alteration of sphene(?) 
and biotite. 

-i Extremely fine grained opaque red 
aggregates present in small amount 
with leucoxene from alteration of 
biotite. 

Originally medium grained phaneritic, equigranular. 
Now shows locally strong crushing or granulation and 
cementation by quartz and K-feldspar. 

/ h 



O 

O 

O 

Y-161. Thin section photomicrograph showing microcline and opaque 
ilmenite fragments in rather finely crushed and recrystallized 
quartz-K-feldspar matrix. Plain light and crossed nicols, X110. 
~aoh square of grid is 130 micron8 on an edge. 
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Y-161. T~n section photomicrograph of altered syenite showlng ser- 
iciZized plagioclase with microcline and ilmenite bordered across 
bottom by finely crushed host cemented by quartz and K-feldspar. 
Plain light and crossed nicols, X55. Each square of grid is 260 
microns on an edge. 
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W.L. Kurtz 

Thin-Section & Polished Sections 
Yarnell Project 
Yavapai County, Arizona 

Attached are the last three Russell M. Honea petrographic-polished 
section reports on the material sent by M.A. Miller. 
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M.A. Miller (w/atts.) 
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ASARCO Exploration 
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Re8 Yarnell Project, AZ 

Dear Marks 

Enclosed are additional petrographic descriptions for your Yarnell 
sample suite. As usual, photomicrographs are included to illustrate some 
of the pertinent mineralogic and textural features. 

The enclosed descriptions show characteristics very similar to those 
for the previous group - except that the "weakly altered" samples (Nos. 
Y-162 and Y-163) show characteristics of moderate sericitic alteration 
as compared to the prior data. Sample No. YA151, which was omitted from 
the previous group of descriptions, shows the least alteration of any of 
the samples examined to date. Sample Y-159, also omitted from the previous 
group, is a granite sample from your strong alteration zone in the open 
cut, and shows distinct quartz veining in additlonto strong sericitic 
alteration of both plagioclase and biotite. 

After our conversation on the telephone this morning I went back 
and have looked again at the data for the two "syenite" samples from 
the more strongly altered zone. I am still uncertain as to whether they 
are a separate intrusive phase or a sheared and altered variant of the 
granite. Both lack the fine grained micas in plagioclase present in all 
the granite samples, and the rather coarse (and usually altered) sphene 
and miner tourmaline seen in almost all granite samples. I will go 
back to the thin sections to have a look at other oharacteristics, a~d 
give more data in the final report. 

Please let me know if there are questions regarding the data. The 
remaining thin and polished section descriptions will follow soon. 

I ~ c l  • ~seli M. Honea 
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Y-151. Sheared and rather weakly propylitized granite with some 
deuteric alteration of plagioclase. 

Primary Minerals Percent 
Essential Constituents 

Description 

Plagioclase-An 7 25 Subhedral blocky prisms, Carlsbad plus 
albite twinning, contains very fine 
grained muscovite (sericite) inclusions 
that are of probable late magmatic or 
deuteric origin. Also shows some 
fracturing and replacement by late 
epidote and clay. 

Microcline 45 Subhedral blocky to anhedral, scarce 
Carlsbad twins and with well developed 
grid twinning, microperthitic and with 
stringers of albite. Is essentially 
unaltered. 

Quartz 18 Fine grained, anhedral, undulatory 
extinction, present as sutured to 
granular mosaic aggregates interstitial 
to feldspar minerals. 

Varietal accessory minerals 

Biotite l0 Subhedral flakes and aggregates, 
pleochroic in shades of olive green, 
high birefringence. Often shows some 
shearing and occurs mostly with quartz 
interstitially to feldspars. Shows 
local replacement by chlorite and 
epidote. 

Minor accessory minerals 

Sphene 1 Subhedral prisms and wedges, extreme 
positive relief and high birefringence, 
inclined extinction. Relatively large 
crystals are mostly associated in 
space with biotite. 

Monazite -1 Small prisms with very high positive 
relief and high birefringence, slightly 
inclined extinction. Present as 
inclusions in biotite and is surrounded 
by radiation damage halos. 

Apatite -i 

Tourmaline -1 

Small colorless prisms with moderate 
positive relief and low birefringence, 
associated with biotite and usually 
enclosed by quartz. 

Subhedral prismatic, moderate positive 
relief and moderate birefringence, 
strongly dichroic in grayish green 
to pale greenish brown, strongest 
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Y-15i. 

Primary Minerals Percent Description 

Allanite -1 

absorption is E - W. Scarce prismatic 
aggregates are enclosed by plagioclase. 

Subhedral prisms with high positive 
relief, strongly pleochroic in shades 
of brown, low birefringence. Present 
with biotite and is at times altered 
to or rimmed by epidote. 

Zircon -1 Small prisms with extreme positive 
relief and high birefringence, 
associated in space with biotite and 
is enclosed by feldspars and 
associated with magnetite. 

Magnetite 1 Small equant black opaque grains and 
aggregates are usually associated 
in space with biotite. 

Secondary Minerals 

Clay 3 

Chlorite 3 

Extremely fine grained dusting of low 
birefringence clay present in 
association with epidote as an 
altera£ion product of plagioclase. 

Fine grained, green color, weakly 
pleochroic, low birefringence or with 
abnormal blue interference colors. 
Formed as an alteration product of 
biotite. 

Epidote 5 

t 

Pyrite -1 

Fine to very fine grained, subhedral 
~_ prisms, very high positive relief and 
~with low to high birefr~ngence, inclined 
~extinction. Occurs wit~ ~ chlorite as 

an alteration product of ~iotite and 
in varying amounts replacing 
plagioclase. 

Fine ~ained, anhedral, pale yellow 
metallic in oblique i~ident light. 
Occurs with chlorite bordering and in 
part replacing magnetite. 

Texture: Medium to coarse grained phaneritic, equigranular. 
some shearing and granulation. 

Shows 
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Y-151. Thin section photomicrograph of granite showing sericitized 
and epidotized plagloclase (left and lower right) with weakly 
ehloritlzed biotite and microcline. Plain light and crossed 
nicols, X55. Each square of grid is 260microns on an edge. 

Q 
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Y-15~. Thin section photomicrograph weakly sheared and altered granite 
showing biotite with microcline, quartz, and sericitized plagioclase. 
Plain light and crossed nicols, X55. Each square of grid is 260 
microns on an edge. 

0 
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Y-159. Sheared, sericitized and silicified granite cut by quartz 
veinlets. 

Primary Minerals Percent 
Essential Constituents 

Description 

Plagioclase-An 7 38 Subhedral prismatic, Carlsbad plus 
albite twinning, shows partial to 
complete replacement by very fine 
grained sericite. 

Microcline 28 Sub- to anhedral, Carlsbad plus grid 
twinning, most is fresh and unaltered. 

Quartz 25 Fine to medium grained, granular 
mosaic to sutured contacts, undulatory 
extinction. Present in aggregates 
that are interstitial to feldspars 
and is finer grained than those 
minerals. Contains oriented rutile 
needle inclusions. 

Varietal accessory minerals 

Biotite 7 None preserved. Former flakes are now 
sheared and altered to colorless 
sericite - with accompanying separation 
of opaques. 

Minor accessory minerals 

Zircon -i Short prisms with extreme positive 
relief and high birefringece, mostly 
associated in space With altered oxides 
and biotite. 

Monazite -i Small short prisms with very high 
positive relief and high birefringence, 
slightly inclined extinction. Rare 
and small crystals are enclosed by 
altered biotite. 

Apatite -i Very small colorless prisms with 
moderate positive relief and low 
birefringence, enclosed by altered 
biotite and by quartz. 

Rutile -i Very tiny needle-like crystals 
enclosed by quartz. Shows orientation 
in planes perpendicular to the c-axis. 

Magnetite i+ Former subhedral equant opaque grains 
are now largely altered to hematite. 
Often associated with ilmenite and 
zircon. 
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Y-159. 

Percent Description 

llmenite -i Small tabular to anhedral black 
opaque grains are associated in space 
with altered biotite and with 
magnetite. 

Sphene(?) -1 None preserved. Former prisms and 
anhedral grains that border ilmenite 
are now completely altered to 
leucoxene. 

Secondary Minerals 

Quartz 15 Very fine to medium grained, sutured 
contacts, undulatory extinction. 
Present as filling of small veinlets 
cutting sheared host and also in 
finer aggregates intergrown with 
sericite replacing plagioclase. Vein 
quartz lacks the rutile inclusions 
present in primary quartz. 

Sericite 

Clay 

35 Very fine grained colorless mica 
aggregates W~th high birefringence. 
Occurs as partial to complete 
replacement of biotite and as almost 

~ complete replacement of plagioclase. 

Small iron oxide stained clusters with 
low birefringence, present mostly 
in host adjacent to veinlets. 

Leucoxene 
( Rut i le ) 

Iron oxides 

r J 

2 

Extremely fine grained opaque anhedral 
aggregates replacing original sphene 
and also as needle-like crystals with 
sericite from alteration of biotite. 
Latter may be of primary origin. 

Extremely fine grained opaque red 
hematite from oxidation of accessory 
magnetite, and opaque brownish goethite 
from oxidation of pyrite and as a 
stain in so~ host silicates. There 
are no remnants of pyrite. 

Texture: Originally coarse grained phaneritic, equigranular. 
Is now sheared and granulated and cut by late quartz 
veinlets. 
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Y-159. Thin section photomicrograph of sheared and altered granite 

showing serioitized plagioclase with biotite and unaltered micro- 
coline and quartz. Plain light and crossed Dicols, X55. Eaoh 
square of grid is 260 microns on an edge. 
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Y-I~9. Thin section photomicrograph showing quartz vein (upper 
left to lower right) cutting altered granite with sericitized 
plagioolaee and biotite accompanlted by quartz and unaltered 
mlerooline. Plain light and crossed nlools, X55. Each square 
of grid is 260 microns on an edge. 
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Y-162. Moderate to strong sericitic alteration of plagioclase in 
biotitic granite containing complex minor accessory mineral 
suite. 

Primary Minerals Percent 
Essential Constituents 

Description 

Plagioclase-An 8 28 Subhedral short prismatic, Carlsbad 
plus albite twins, shows moderate to 
strong replacement by sericite. 

Microcline 38 Subhedral stubby prisms to anhedral, 
Carlsbad plus albite twinning, slightly 
microperthitic. Crystals are 
essentially unaltered. 

Quartz 20 Fine to medium grained, sutured 
contacts, undulatory extinction. 
Occurs in aggregates interstitial to 
feldspars. Contains needle-like 
rutile inclusions. 

Varietal accessory minerals 

Biotite 8 Medium grained, subhedral, pleochroic 
in brown to olive green, shows some 
shearing and bleaching, is sagenitic - 
contains oriented rutile needle 
inclHsions. 

Minor accessory minerals 

Zircon -1 Short prisms with extreme positive 
relief and high birefringence, mostly 
associated in space with biotite and 
magnetite. 

Apatite -1 

Monazite -i 

Small colorless prisms with moderate 
positive relief and low birefringence. 
Associated in space with biotite 
aggregates. 

Scarce and very small prisms with 
very high positive relief and high 
birefringence, slightly inclined 
extinction. Enclosed by biotite and 
is surrounded by weak radiation 
damage halos. 

Sphene -1 None present. Former small prisms 
associated in space with biotite are 
now altered to leucoxene. 

Magnetite 2 Equant opaque crystals and aggregates 
are associated in space with biotite 
and now replaced by hematite. 
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Percent Description 

Ilmenite -i Small tabular black opaque subhedral 
crystals are enclosed by and associated 
with biotite. 

Rutile -1 Very tiny needle-like crystals present 
as primary inclusions in both quartz 
and biotite. 

Tourmaline -i Small aggregates of prisms, strongly 
dichroic in shades of blue to grayish 
blue, moderate positive relief and 
moderate birefringence. Associated 
in space with biotite. 

Secondary Minerals 

Quartz 4 Occurs as very fine grained colorless 
aggregates intergrown with sericite 
replacing plagioclase. Not seen as 
separate aggregates. 

Sericite 18 

Leucoxene 1 

Very fine grained colorless mica with 
high birefringence, present as partial 
to almost complete replacement of 
plagioclase. Also minor amount 
replacing biotite. 

Extremely fine grained opaque white 
to tan aggregates present as an 
alteration product of sphene and at 
margins of bleached and altered biotite 
aggregates. 

Hematite + 3 

Goethite 
Extremely fine grained opaque red 
hematite occurs mostly as an 
oxidation product of original 
accessory magnetite, while goethite 
is present mostly as a stain in 
altered biotite aggregates. 

Texture: Medium to coarse grained phaneritic, equigranular. 
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Y-162. Thin section photomlorograph of altered granite showing 
serieitizedplagioclase ~th associated quartz, microcline, and 
biotite (left). Plain light and crossed nleols, X55. Each 
square of grid is 260mlerons on an edge. 
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Y-I~3. Thin section photomicrograph of altered granite with serici- 
tlzed plagioclase (right) associated with microoline, quartz, 
biotite, and opaque magnetite. Plain light and orossed nlsols, 
X55. Eaoh square  o f  g r i d  i s  260 microns  on an edge .  

0 
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Y-164. Granite with moderate sericitic alteration of plagioclase 
and containing a complex suite of minor accessory minerals 

Primary Minerals Percent 
Essential Constituents 

Description 

Plagioclase-An 8 32 Subhedral short prisms with Carlsbad 
plus albite twinning, shows weak to 
strong replacement by sericite. Also 
minor amount as inclusions in 
microcline. 

Microcline 43 Subhedral short prismatic to anhedral, 
grid twinning and with scarce Carlsbad 
twins, essentially unaltered. Is 
microperthitic. 

Quartz 16 Fine to medium grained, anhedral, 
sutured contacts, undulatory extinction. 
Present in aggregates interstitial to 
feldspars. Contains needle-like 
inclusions of rutile. 

Varietal accessory minerals 

Biotite 6 Medium grained, subhedral, pleochroic 
in shades of green to brown, is often 
deformed by shearing. Some flakes 
are replaced by sericite with 
accompanying separation of opaques. 

Minor accessory minerals 

Sphene l+ None preserved. Former prismatic 
to wedge-shaped crystals are now 
replaced by leucoxene. Original 
crystals were relatively large. 

Zircon -1 Short prisms with extreme positive 
relief and high birefringence, most 
is associated in space with biotite 
and magnetite. 

Apatite -1 Small colorless prisms with moderate 
positive relief and low birefringence, 
Often associated in space with biotite 
and magnetite. 

Rutile -i Very small needle-like crystals with 
extreme positive relief, present as 
inclusions in quartz. 

Tourmaline -1 Small prisms in slightly radial 
aggregates, strongly dichroic in shades 
of brown to dark blue, moderate 
positive relief and moderate 
birefringence. Surrounded by 
interstitial quartz aggregates. 
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Y-164. 

Percent Description 

Ilmenite -i Very fine grained, subhedral tabular 
to anhedral, black opaque in oblique 
light. Present as inclusions in 
altered sphene and associated with 
biotite. 

Magnetite 1 Equant opaque grains are now altered 
to hematite. Most is associated in 
space with biotite. 

Secondary Minerals 

Quartz Very fine grained colorless aggregates 
are intergrown with sericite replacing 
plagioclase. 

Sericite 

Leucoxene 

16 Fine to very fine grained colorless 
mica aggregates with minor quartz, 
replaces plagioclase and present with 
opaques replacing some of biotite. 
Minor amount also present in fractures 
that cut other primary silicates. 

Extremely fine grained opaque white 
to pale tan aggregates formed by 
alteration of sphene and with sericite 
from biotite. 

Hematite + 

Goethite 
i+ Extremely fine grained opaque red 

hematite formed as an oxidation 
product of magnetite, and orange 
brown goethite is present with sericite 
from alteration of biotite. 

Texture: Medium to coarse grained phaneritic, equigranular. Shows 
rather weak shearing and development of some microfractures 
and intergranular crushing. 
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Y-16~. Thin section photomicrograph of altered granite with 
strongly sericitized plagioclase associated with microeline, 
quartz, and biotite. Plain light and crossed nicols, X55. Each 
square of grid is 260 microns on an edge. 
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Y-165. Thin section photomicrograph of altered granite showing ser- 
ioitlzed plagioclase (right) and biotite (left) with associated 
mlcrocline and quartz. Plain light, X55. Each square of grid is 
2 6 0  micron8 o n  a n  edge. 
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Y-166. Thin section photomicrograph of weakly argillized microoline 
(upper right) and weakly sericitized plagioclase (lower left) with 
quartz and hematite plates (opaque) in fractured and rehealed 
host granite. Plain light and crossed nicols, X55. Each square 
of grid is 260 microns on an edge. 
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Southwestern Exploration Division- 

February 23, 1990 

W.L. Kurtz 

Polished-Thin. Section 
Yarnell ProJect 
Yavapai County, AZ 

Attached is the latest report from R.M. Honea in which he found 
additional gold locked in the iron oxide mineral. 

Again the free gold is in very small particles. 
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JDS~mek 
A t t s ;  

CC: R.L. Brown 
F.T. Graybeal 
M.A. M i l l e r  
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ASP.q(:X) Southwestern Exploration Division 

February 23, 1990 

J.D. Sell 

-Additional Polished Sections 
Yarnell Project 
Yavapai County, AZ 

The attached polished sections are from part of the Yarnell Alteration 
Suite that Mr. Honea has been working with. These polished sections 
show the same relationships seen in other pan concentrate sections. 
However, this is the first time that we have seen gold in one of its 
mode of occurrence in the rock (PS Y-160). This section shows gold 
associated with goethite in quartz vein filling. The gold is 
extremely fine in the 3-4 micron range. Partial locking appears to 
occur but mainly within goethite. Mr. Honea has also identified 
native silver in the sample as fracture filling (PS Y-158). 

js 

MAM • mek 
Atts. 

Mark A. Miller 
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Office 
1105 BELLAIRE 

S~OOMF'E'O. CO 'ORAO0 SO020  

Co,z uh ,z 9  zg, oFc,9  t 

J 6 '  _~o'_~ 406-07"10 

February 20, 1990 

Mailing Address 
p . o .  B o x  3 2 3  

BROOMI=IELO. COLORADO BOO20  

Mr. Mark A. Filler 
ASAEC0 Exploration 
P. 0. 5747 
Tucson, Arizona 85703-0747 

Re: Yarnell Project, AZ 

Dear Mark: 

Enclosed are results of polished section examination of both solid 
samples and panned concentrates for three mineralized samples from your 
Yarnell suite. As usual, photomicrographs are included to illustrate 
some of the important mineralogic and textural characteristics. 

Native gold is present in polished sections of tu~o of the three 
samples (Y-157 and Y-160). Particle size varies from 5 to 75 microns, 
and color of the gold suggests a low to moderate silver content in the 
mineral structure. Very minor native silver is present in the solid 
sample polished section of Y-I~, and occurs in quartz fracture fillings. 
The samples are all rather strongly oxidized, and contain minor amounSs 
of remnant pyrite (all samples) and arsenopyrite (one sample). Goe~hite 
or limonite is the dominant opaque mineral, and is formed both as 
oxidation pseudomorphs after original sulfides and as apparent fracture 
fillings. The polished surfaces also show minor amounts of hematite, 
rutile, monazite, and zircon from the minor accessory and alteration 
suites of t h e  host. 

Data for the few re~n~ng thin sections and the last mineralized 
sample will follow. Meamehile, please let me know if there are questions 
or problems regarding the da~a. 

Encl. ?sell M. Honea 



P.S. Y-i57. NaZive gold wi~n minor remnant pyriLe in s:rongly oxidized 
and mineralized material. 

Native gold - -1% - Medium ~clien yellow color - suggesting low to 
moderate silver content, isotropic but 
does not show complete extinction 
because of polishing scratches, low 
hardness and is rather well polished, 
high reflectivity. Present as single 
particle in concentrate prepared from 
solid sample - and here forms a 
composite grain with minor associated 
goethite in a fragment having a 
maximum dimension of 75 microns. 

Pyrite - -1% - Pale yellow color, either isotropic or with weak 
anomalous anisotropism and very faint 
blue to purplish polarization colors, 
hard and is well polished. Present as 
rare remnants of corroded equant 
crystals in liberated fragments, and as 
rare inclusions in interiors of goethite 
oxidation pseudomorphs. Most of 
original sulfide has been oxidized to 
goethite. 

Goethite - 2% - Light to medium gray and with slight bluish tint where 
better polished, anisotropic but with 
polarization colors masked by strong 
red to brown internal reflections, 
highly variable hardness and perfection 
of polish. Present both as oxidation 
pseudomorphs after original equant 
pyrite crystals and in more irregularly 
shaped aggregates that fill small 
fractures cutting the host. 

Rutile + Zircon - -1% - Light to medium gray, anisotropic but with 
polarization colors masked by strong 
colorless to white internal reflections, 
hard and is well polished. Present as 
small short prisms (zircon) and anhedral 
aggregates (rutile) enclosed by silicate 
host~ Zircon is remnant from the 
minor accessory suite of host while 
rutile is formed by alteration of 
original titanian minerals from host. 

k r j 

Trash iron - -1% - White metallic, isotropic, moderate hardness and 
is well polished. Scarce curved 
"shavings" were added during sample 
preparation. 

Non-metallic gangue - 97% - See thin section description for details 
of mineralogy and occurrence. 

*Note: Two polished sections were prepared and examined - one of the 
solid sample "as received" and one of a panned concentrate 
prepared from this sample after grinding to -70 mesh. 

- I - 
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P.S. Y-157. Polished section Phot~nicrograDh of native gold in 
composite grain ~th goethite. ~s% of grain is present b e n e a t h  
polished surface. Pialn light, X~35. Each square of grid is 
32 macrons on an sage. 

O 
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P.S. Y-157. Polished section photomicrograph of pyrite remnant 
presnt with goet~i~e fragment. Plain light, X435. Each square 
of grid is 32 microns on an edge. 

Q 
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P.S. Y-157. Polished section photomicrograph of goethite filling 
fracture in sheared and oxidized hos~. Plain light, X~35. Each 
square of grid is 32 microns on an edge. 

0 
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P.S. Y-158. Very fine grained native silver with minor remnant 
pyrite and dominant goethite oxidation pseudomorphs and 
fracture fillings. 

Native silver - -1% - White with faint creamy tint, isotropic but does 
not show complete extinction, low 
hardness and with moderate perfection 
of polish. Present as very small 
(2 to 48 microns) and irregularly 
shaped grains in fractures cutting 
host and enclosed by quartz. 

Pyrite - -1% - Pale yellow, either isotropic or with weak anomalous 
anisotropism and very faint blue to 
purplish polarization colors, hard and 
is well polished. Scarce corroded 
remnants of equant to pyritohedral 
crystals, and as rare remnants in 
interiors of goethite oxidation 
pseudomorphs. Most of original pyrite 
has been thus oxidized. 

Goethite - 4% - Light to medium gray and with bluish tint where 
better polished, anisotropic but with 
polarization colors masked by strong 
reddish brown internal reflections, 
highly variable hardness and perfection 
of polish. Occurs as complexly and 
finely banded aggregates formed as 
oxidation pseudomorphs after pyrite 
crystals, and as irregularly shaped 
aggregates filling fractures in host. 

Hematite - -1% - Light bluish gray, anisotropic and with polarization 
in shades of gray, shows deep red 
internal reflections, hard and is well 
polished. Scarce and small aggregates 
of platy crystals are present in host, 
and probably formed from alteration of 
original host minerals. 

Zircon + Rutile - 1% - Light to medium gray, anisotropic but with 
polarization colors masked by strong 
colorless to pale pinkish and yellowish 
internal reflections, hard and is well 
polished. Present as small tetragonal 
prisms (zircon) and as anhedral 
aggregates (rutile) scattered through 
host. Zircon is from minor accessory 
suite and rutile is an alteration 
product of original host minerals. 

Trash iron - -1% - White metallic, isotropic, moderate hardness and 
is well polished. Present as curved 
shavings in the concentrate sample - 
that were added during sample 
preparation. 

-5- 



P.S. Y-158. 

Non-metallic gangue - 95% - See thin section description for details 

of mineralogy and occurrence. 

*Note: Two polished sections were prepared and examined - one of the 
solid sample "as received" and one of a panned concentrate 
prepared therefrom. 

-6- 
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P.S. Y-15~. Polished section pho~microgra~h o f  native silver 
particle in fracture filling cutT~img altered host. Associated 
with poorly polished goet~i~e. Plain light, X435. Each square 
of grid is 32 microns on an edge. 

O 
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P.S. Y-158. Polished section Dhm~micrograph of native silver in 
fracture filling cutting altered host. Plain light, ZI090. 
Each square of grid is 13 mimrons on an edge. 

O 

-8- 



O 

O 

P.S. Y-I~. Polished section photomicrograph showing goethite 
filling fracture cutt~ug altered host. Plain light, 1435. 
Each square of grid is 32 microns on an edge. 

0 
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P.S. Y-I~. Polished section photomicrograph of pyrite remmaat 
in fracture with goethi~e. Plain light, X435. Each square of 
grid is 32 microns on an edge. 

O 
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P.S. Y-158. Polished section photomicrograph of complexly banded 
goethi~e aggregate ~ormed as an oxidation pseudomorph after pyrite. 
Plain light, X435. Each square of grid is 32 microns on am edge. 

0 
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P.S. Y-160. Extremely flne grained nauive gold locked in poorly 
polished goeznite oxidatlon pseudomorph after pyrite in 
fractures cu:ting host. 

Native gold - -1% - Medium golden yellow color - suggesting low to 
moderate silver content, isotropic but 
does not show complete extinction, low 
hardness and is relatively well 
polished. Observed as two very small 
(5 and 6 microns) particles enclosed 
by goethite oxidation pseudomorphs 
after original pyrite. One of these 
has a somewhat cellular texture. 

Pyrite - -1% - Pale yellow, either isotropic or with weak anomalous 
anisotropism and very faint blue to 
purplish polarization colors, hard 
and is well polished. Rare and small 
remnants with corroded margins, present 
as liberated grains, as rare locked 
particles in silicate gangue, and as 
rare remnants in interiors of goethite 
oxidation pseudomorphs. Most of 
original sulfide material has been 
oxidized to goethite. 

Arsenopyrite - -1% - White with faint creamy tint, anisotropic and 
with polarization colors of blue to 
yellowish orange, hard and is well 
polished. Present in polished section 
as single remnant prismatic grain 
showing minor corrosion at grain 
margins. No clues as to paragenetic 
position. 

Goethite - 3% - Light to medium gray where better polished and with 
bluish tint, anisotropic but with 
polarization colors masked by strong 
reddish brown internal reflections, 
highly variable hardness and varies 
from powdery and unpolished to 
aggregates having moderate polish. 
Occurs both as finely and complexly 
banded oxidation pseudomorphs after 
original pyrite and as filling of small 
fractures cutting host. 

Zircon + Monazite + Rutile - 1% - Light to medium gray, anisotropic 
but with polarization colors masked 
by strong colorless to pale yellowish 
to white internal reflections, hard 
and is well polished. Present as 
small grains derived from minor 
accessory suite (zircon and monazite) 
and from alteration suite (futile) of 
host. 

-12- 
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Trash iron - -1% - White me~allic, isotropic, moderate hardness and 
is well polished. Small curved 
particles are widely scattered through 
concentrate - and were added as an 
impurity during sample preparation. 

Non-metallic gangue - 96% - See thin section description for details 
of mineralogy and occurrence. 

\< / 
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P.S. Y-160. Polished section photomicrograph of arsenopyrite frag- 
ment with associated ~rash iron. Plain light, 1325. Each square 
of grid is 32 microns on an edge. 
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P.S. Y-160. Polished section phot~nicrograph of very small gold 
particle with goethi~e in quartz vein filling. Plain light, 
XI090. Each square of grid is 13 m~crons o~ am edge. 

O 
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P.S. Y-160. Polished section photomicrograph showing very small 
native gold particle with poorly polished goethe.re i n  frac%-are 
fill:.u~. Plain light, ZI090. Each square of grid is 13 microns 
On 8 ~  e ~ e .  

0 
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A,SRRCO Southwestern Exploration Division 

June 5, 1550 

W.L. Kurtz 

Thin-Section & Polished Sections 
Yarnell Project 
Yavapai County, Arizona 

Attached are the last three Russell M. Honea petrographic-polished 
section reports on the material sent by M.A. Miller. 

JDS : mek 
Art. (3) 

J James D. Sell 
J 

CC: R.L. Brown (w/arts.) 
F.T. Graybeal (w/arts.) 
M.A. Miller (w/arts.) 



Office 
1 l o r e  SSLLA~RE 

BFIOOMFIELO,  C O L O R A D O  8 0 0 5 0  

~ l ~  ~ 30"3 466-9779 

~rch 10, 1990 

Mailing Address 

P.O. B O X  3 2 3  

B R O O M F I E L D ,  C O L O R A O 0  B O O 2 0  

k~ • j/ 

Y~. Mark A. ~ller 
ASARC0 Exploration 
P. 0. Box 5747 
Tucson, AZ 85703-0747 

_.~ Res Yarnell Project, AZ 

Dear Marks ~W~" 

Enclosed are results of polished section examination of your sample 
IG - 35-40. The sample is relatively high grade, and contained five 
gold particles in a polished surface prepared from a panned concentrate 
of the cuttings. These particlesare variously locked, liberated, and 
in composites. Average particle size of observed grains is 92 microns. 
Associated with the gold is minor remnant pyrite, dominant goethite, 
and minor magnetite and hematite from the host minor accessory suite. 

Please let me know if there are questions or problems regarding the 
data. Will have the last of the petrographic descriptions in the mail 
early next week. 

t ~ c l  • 

1,4 1990, 

~ sell M. Honea 

~! /" 
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1G - 35-40'. Liberated, locked, and composite native gold particles 
with minor remnant pyrite in strongly oxidized (goethite- 
rich) assemblage* 

Native gold - -1% - Dark golden yellow color - suggesting low silver 
content, isotropic but does not show 
complete extinction because of 
polishing scratches, low hardness and 
is moderately well polished. Present 
in polished surface as 5 particles - 
one of these (i14 microns) forms a 
composite with goethite, and the smallest 
of which (3 microns) is locked by 
goethite formed as an oxidation 
pseudomorph after original pyrite. 
The remaining 3 particles (7, 14, and 
320 microns) are liberated. 

Pyrite - -1% - Pale yellow color, either isotropic or with weak 
anomalous anisotropism and faint blue 
to purplish polarization colors, hard 
and is well polished. Scarce remnants 
show oxidative corrosion at grain 
margins. Most of original pyrite has 
been oxidized to goethite. 

Goethite - 53% - Light to medium gray and with bluish tint where 
better polished, anisotropic but with 
polarization colors masked by strong 
reddish brown internal reflections, 
variable hardness and perfection of 
polish. Finely banded aggregates are 
present mostly as oxidation pseudomorphs 
after pyrite. Some was also deposited 
as fracture or cavity fillings. 

Hematite - 1% - Light bluish gray, moderately anisotropic and with 
polarization in shades of gray, hard 
and is well polished. Occurs both as 
composites with magnetite - in which 
formed by oxidation of that mineral, 
and as separate liberated particles 
containing no remnant magnetite. 

Magnetite - -1% - Light grayish brown, isotropic, hard and is well 
polished. Present as composites with 
hematite oxidation aggregates, and is 
remnant from the minor accessory suite 
of the host rock. 

Trash iron - 5% - White metallic, isotropic, moderate hardness and is 
well polished. Present as curved 
"shavings" that were added as a 
contaminant during sample preparation. 

Non-metallic gangue - 40% - Comprised of silicate minerals. 

*Note: Sample examined in a panned concentrate prepared from the 
head sample ground to -70 mesh. 
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1(} - 35-40 ' .  PoliCed seotlon l)hOt~a~Loro~ph show~g I~c~:Lolea o f  
n ~ L v e  gold and goet~Lte. Trash i r o n  ~ra~n~nt a t  lower oenter .  
Note that most Of 8old pa- "~o le  iS present beneath1 polished 
surfaoe. Plain light, X~35. Each square of 8rid is ~2 miorons 
on an edgeo 

© 



1G - 35-~0'. Polished section Dhotomiorograph of native gold assoo- 
iated with fragments of goe%hite and trash iron. Plain light, X435. 
Each square of grid is 32 microns on an edge. 



IG - 35-40'. Polished section photomicrograph showing small liber- 
ated fragment of n~tive gold associated with goethite and gangue. 
Plain light, XA35. Each square of grid is 32 microns on sn edge. 

© 
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IG - 35-~0'. Polished section photomlerograph showing very small 
native gold partiole looked in goethlte fragment (righ1~ center) 
and wi~h other goethite, t~ash iron, and non-metallic gangue 
fragments. Plain light, X~35. Each square of grid is 32 microns 
on an edgSo 
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IG - 35-40'. Pollshed seotlon photomlarograph showlng enlarged view 
of very small na~Lve gold parti~le in goe~hite oxidation pseudo- 
morph after pyrite associated with trash iron. Plain light, XI090. 
Eaoh square of grid is I~ mloro~8 on all edge. 
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IG - 3 5 - 4 0 ' .  P o l i s h e d  s e c t i o n  photomicrograph of  smal l  l i b e r a t e d  
n a t i v e  go ld  p a r t i c l e  i n  p l a s t i c  mounting medium a d j a c e n t  t o  
g o e t h i t e  o x i d a t i o n  pseudomorph. P l a i n  l i g h t ,  X435. Each square  
of  g r i d  i s  32 microns  on an edge. 

O 
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IG - 35-~0'. Polished section photomlorograph showin~ liberated 
native gold particle in which only a small part of the grain is 
exposed in the polished surface. Associated at upper left are 
goethlte, hematite, and trash iron. Plain lightD X435. Each 
s q u a r e  o f  g r i d  i s  32 m i o r o n s  on  an  edge .  

0 
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Southwestern Exploration Division 

June 5, 1950 

W.L. Kurtz 

Thin-Section & Polished Sections 
Yarnell Project 
Yavapai County, Arizona 

Attached are the last three Russell M. Honea petrographic-polished 
section reports on the material sent by M.A. Miller. 

J D S : mek 
Art. (3) 

James D. Sell 
/ 

CC:  R.L. Brown (w/arts.) 
F.T. Graybeal (w/arts.) 
M.A. Mi]ler (w/arts.) 



Office 
1 1 0 5  BEt.-LAIRE 

BROOMFIELO.  C O L O R A O 0  8 0 0 2 0  

~ - '  303 466-9"r/9 

Mailing Address 
P.O. B O X  3 2 3  

BROOMFIELD ,  C O L O R A D O  B 0 0 2 0  

~arch 14, 1990 

Y~. ~iark A. Iv~ller 
ASARC0 Exploration 
P. 0. Box 5747 
Tucson, AZ 85703-0747 

Re: Yarnell Project, AZ 

/ \ 

Dear ~rk: 

Enclosed are  the last of the petrographic descriptions for your 
Yarnell sample suite. As usual, photomicrographs are included to 
illustrate some of the important mineralogic and textural relationships. 

The samples are comprised of weakly to moderately granulated and 
sericitized granite - with significant quartz introduction in some 
samples. Again, there is a complex minor accessory mineral suite, 
but I did not see tourmaline in any of these samples. 

Please let me know if there are questions regarding the data. 

t,~ j j  

1~1.01. 

Sine erely, 

M. Honea 

/ 
ASARCO Incorporated 

MAR T 6 1990 

~W rAl.)~l dtlU( I 
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Y-165. Weakly granulated and moderately sericitized granite. 

Primary Minerals Percent 
Essential Constituents 

Description 

Plagioclase-Anl2 ? 44 Subhedral prismatic, Carlsbad plus 
albite twinning, shows moderate to 
strong replacement by sericite. 

Microcline 29 Sub- to anhedral, well developed grid 
twinning, micrOperthitic and with 
patches and stringers of albite. The 
microcline is essentially unaltered. 

Quartz 20 Medium grained, anhedral, undulatory 
extinction. Occurs as grains and 
aggregates interstitial to feldspar 
minerals. Locally granulated and 
recrystallized to finer grained material. 
Contains needle-like inclusions of 
rutile. 

Varietal accessory minerals 

Biotite 5 None preserved. Original flakes are 
completely replaced by colorless 
sericite with accompanying separation 
of opaques. 

Minor accessory minerals 

Apatite -1 Small colorless prisms with moderate 
positive relief and high birefringence, 
present as inclusions in altered 
biotite, feldspars, and quartz. 

Zircon -1 Small short prisms with extreme 
positive relief and high birefringence, 
pale pinkish color in transmitted 
light. Enclosed by feldspars and by 
altered biotite. 

Monazite -1 Scarce short prisms with very high 
positive relief and high birefringence, 
slightly inclined extinction. Enclosed 
by altered biotite. 

Ilmenite 1 Small tabular black opaque crystals 
are present with magnetite in 
association with altered biotite. 

Rutile -i Scarce oriented needle-like crystals 
with extreme positive relief are 
present as inclusions in altered biotite 
and also present in quartz. 
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Y-165. 

Percent 

Magnetite -i 

Description 

small equant sub- to anhedral opaque 
grains are enclosed by altered biotite 
and feldspars. Most is oxidized in 
part to hematite. 

Sphene -1 None preserved. Former wedge-shaped 
crystals are associated in space with 
biotite and now completely replaced by 
leucoxene. Crystals are relatively 
large. 

Secondary Minerals 

Quartz 5 Fine to very finegrained granular 
mosaic to sutured aggregates present 
at times with sericite replacing both 
biotite and plagioclase. Some of the 
finer aggregates interstitial to 
feldspar have undergone granulation and 
recrystallization. 

Sericite 28 Fine to very fine grained colorless 
mica aggregates with high birefringence, 
present as partial to complete 
replacement of plagioclase and completely 
replacing biotite. 

Leucoxene -1 Extremely fine grained opaque tan to 
white Ti oxide aggregates present with 
sericite replacing biotite and accessory 
sphene. 

Goethite-hematite 2 Extremely fine grained opaque brownish 
goethite present with sericite replacing 
biotite and in microfractures. 
Hematite occurs as partial replacement 
of accessory magnetite. 

Texture: Medium grain phaneritic, equigranular. Shows some 
interstitial crushing or granulation and accompanying 
recrystallization of quartz. 
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¥-165. Thin section photomicrograph of granite showing sericitized 
plagioclase and grid twinnedmicrooline with quartz and goethite- 
stained serioitized biotite. Plain light and crossed niools, X55. 
Each square of grid is 260microns on an edge. 

O 
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Y-166. Quartz-hematite veins cutting weakly sericitized granite 
with some interstitial granulation. 

Primary Minerals Percent 
Essential Constituents 

Description 

Plagioclase-An 9 30 

Microcline 55 

Subhedral prisms, Carlsbad plus albite 
twinning, varies from unaltered to 
crystals showing moderate replacement 
by sericite. Twin lamellae at times 
deformed by crushing. 

Anhedral, Carlsbad plus well developed 
grid twinning, patchy microperthite. 
is essentially unaltered. 

Quartz 15 Fine grained, anhedral, undulatory 
extinction. Occurs interstitially to 
feldspars and shows some granulation 
and recrystallization. Contains very 
tiny needle-like rutile inclusions. 

Varietal accessory minerals 

/" \ 

Biotite 3 

Minor accessory minerals 

None preserved. Former subhedral flakes 
are now replaced by colorless sericite 
with accompanying separation of opaques. 
Also some quartz in replacement 
aggregates. 

Apatite -i Small colorless prisms with moderate 
positive relief and low birefringence, 
enclosed by altered biotite, feldspars, 
and quartz. 

Zircon -1 Small prisms with extreme positive 
relief and high birefringence, 
inclusions in altered biotite and in 
feldspars. 

Monazite -1 Scarce short prisms with very high 
positive relief and high birefringence, 
slightly inclined extinction. Enclosed 
by altered biotite. 

Sphene -i None preserved. Former relatively 
large wedge-shaped crystals are now 
completely replaced by leucoxene. 

Rutile -1 

Ilmenite -1 

Very tiny needle-like crystals are 
present as inclusions in quartz. 

Small tabular black opaque grains 
present mostly in association with 
altered biotite. 
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Y-166. 

Percent Description 

Magnetite -i Small equant opaque grains are 
associated in space with altered 
biotite and ilmenite. Is almost 
completely replaced by later hematite. 

Secondary Minerals 

Quartz 15 Fine grained, sutured contacts, 
undulatory extinction. Occurs mostly 
as filling of fracture controlled veins 
that cut host. Also with sericite 
replacing biotite and plagioclase. 

Sericite Fine to very fine grained colorless 
mica aggregates with high birefringence, 
present with quartz and opaques 
replacing biotite and in varying amounts 
replacing plagioclase. 

Leucoxene 1 Extremely fine grained opaque white Ti 
oxide aggregates formed as an alteration 
product of biotite and from accessory 
sphene. 

Hematite Fine grained black opaque platy 
aggregates of specular hematite are 
present near margins of quartz veins 
cutting host. Also at times present as 
the sole filling of fractures. Some 
is also formed as an oxidation product 
of accessory magnetite. 

Goethite 2 Extremely fine grained translucent to 
opaque orange brown aggregates present 
in microfractures and with altered 
biotite. 

Texture: Medium grained phaneritic, equigranular. Fractured and 
with vein fillings as well as granulation and some 
recrystallization. 

\k / 
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Y-166. Thin section photomicrograph of altered granite with seric- 
itized plagioelase (lower left) plus grid twinned mlcrocline and 
quartz. Plain light and crossed nicols, X55. Each square of grid 
is 260 microns on an edge. 

O 
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Y-167. Moderately sericitized granite with some interstitial 
granulation and recrystallization. 

Primary Minerals Percent 
Essential Constituents 

Description 

Plagioclase-An7? 38 Subhedral prismatic, Carlsbad plus 
albite twinning, shows moderate to 
complete replacement by sericite. 

Microcline 32 Subhedral prisms to anhedral, Carlsbad 
plus grid twinning, microperthitic and 
with small stringers and patches of 
plagioclase. Is essentially unaltered. 

Quartz 20 Fine to medium grained, anhedral, 
undulatory extinction. Occurs 
interstitially to feldspars and has 
undergone some granulation and 
recrystallization. 

Varietal accessory minerals 

Biotite 7 None preserved. Former subhedral flakes 
are replaced by colorless sericite - 
that is accompanied by separated 
opaques. A few of colorless flakes 
are probably primary muscovite. 

Minor accessory minerals 

Apatite -i Small colorless prisms with moderate 
positive relief and low birefringence, 
enclosed by all of the above silicates. 

Zircon -1 Small prisms with extreme positive 
relief and high birefringence, enclosed 
by altered biotite and by feldspars. 

Sphene 1 Sub- to euhedral wedge-shaped crystals 
are now completely altered to very fine 
grained leucoxene-ilmenite aggregates. 
Present as clusters of crystals that 
are relatively large for the species. 

Monazite -i Small short prisms with very high 
positive relief and high birefringence, 
present in crystals enclosed by altered 
biotite. 

Rutile -1 Extremely small needle-like crystals 
with extreme positive relief are 
present as oriented inclusions in quartz. 

Ilmenite -1 Fine grained, subhedral tabular, black 
opaque. Present in separate crystals 
associated in space with magnetite and 
most often near altered biotite. 
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Y-167. 

Percent Description 

Magnetite 1 Small equant opaque grains are often 
associated with altered biotite and 
ilmenite. Most is now oxidized to 
hematite. 

Secondary Minerals 

Quartz 3 Very fine to fine grained, granular 
mosaic to sutured contacts, undulatory 
extinction. Finer material with 
sericite aggregates replacing 
plagioclase and biotite. Also a 
recrystallization product in areas with 
granulation. 

Sericite 20 Very fine to fine grained, subhedral 
flakes, high birefringence. Occurs 
mostly in aggregates replacing 
plagioclase - but also as complete 
replacement of biotite and in small 
fractures that cut quartz and 
microcline. 

Leucoxene 2 Very fine to extremely fine grained 
aggregates with extreme positive relief, 
white in oblique incident light. 
Formed by alteration of biotite and 
sphene. 

Goethite + Hematite 3 Very fine to extremely fine grained 
opaque yellowish brown goethite present 
mostly in altered biotite and in 
microfractures cutting host. Hematite 
occurs as an alteration product of 
accessory magnetite in this sample. 

Texture: Medium grained phaneritic, equigranular. 
shearing and interstitial granulation. 

Shows minor 
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Y-168. Quartz-hematite veins cutting weakly sheared and sericitized 
granite. 

Primary Minerals Percent 
Essential Constituents 

Description 

Plagioclase-An8? 39 Subhedral prismatic, Carlsbad plus 
albite twinning, shows weak to moderate 
replacement by sericite. 

Microcline 33 Anhedral, Carlsbad plus grid twinning, 
microperthitic and with both patches 
and stringers of albite. Is essentially 
unaltered. 

Quartz 20 Fine to medium grained, anhedral, 
undulatory extinction. Occurs 
interstitially to feldspars and shows 
some granulation and recrystallization. 
Contains very small rutile needle 
inclusions. 

Varietal accessory minerals 

Biotite 6 Subhedral flakes are pleochroic in 
shades of green to olive green, high 
birefringence. Most is altered to 
colorless sericite with accompanying 
separation of opaques. 

Muscovite 1 Subhedral flakes, colorless, high 
birefringence. Occurs interstitially 
to feldspars and lacks the opaque 
mineral separated from altered biotite. 

Minor accessory minerals 

Apatite -1 Small aggregates and single crystals, 
prismatic, colorless, moderate positive 
relief and low birefringence. Enclosed 
by all of the minerals described 
above. 

Zircon -i Small prisms with extreme positive 
relief and high birefringence, most is 
associated in space with biotite and 
sometimes marginal to magnetite. 

Monazite -i Short prismatic, very high positive 
relief and high birefringence, slightly 
inclined extinction. Associated in 
space with biotite. 

Rutile -1 Extremely fine grained needle-like 
crystals with extreme positive relief, 
enclosed by quartz. 
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Sphene 

Percent 

-1 

Description 

Few larger than usual wedge-shaped 
crystals that are now completely 
altered to leucoxene. 

Ilmenite -1 Small tabular black opaque grains are 
mostly associated in space with biotite. 

Magnetite -i Equant black opaque grains are 
associated with biotite and show 
partial oxidation to hematite. 

Secondary Minerals 

Quartz Fine to very fine grained, colorless, 
granular mosaic to sutured contacts. 
Present as fracture fillings or 
veinlets with hematite and in small 
amount as finer grained aggregates with 
sericite after plagioclase and biotite. 

Sericite 

Leucoxene 

12 

1 

Very fine to fine grained colorless 
aggregates with high birefringence, 
present as replacement of both 
plagioclase and biotite. Also in small 
amount in fractures. 

Extremely fine grained opaque white 
Ti oxide aggregates formed from 
alteration of accessory biotite and 
sphene. 

Pyrite 

Hematite 

Goethite 

(1) 

1 

None preserved. Former small euhedral 
cubic crystals are now completely 
oxidized to goethite. 

Fine to very fine grained, platy 
specularite aggregates of opaque grains 
with red internal reflections, present 
both as vein mineral with quartz and 
as ~oxidation product of magnetite. 

Extremely fine grained opaque orange 
to reddish brown aggregates present as 
an alteration product of pyrite, with 
leucoxene from alteration of biotite, 
and in microfractures cutting host. 

Texture: Medium grained phaneritic, equigranular. Shows some 
shearing and veining - plus some interstitial granulation 
and recrystallization. 



@ 
. ~ [ -  • . • i i  I 

, I~ 

. . . .  

F .l l 
'i 81~ 

0 

3 I R k  ~ ~ - ~ , , " , , ~ .  ~ . _ - _ _  ~ .  ¢ 

y-168. Thin sec¢ion photomicrograph of granige showing hemat~Ite 
plates with quartz in crushed zone interstitial to 8er~oitlzed 
plagioelase and microeline, plain light and crossed niools, 
X55. Each square of grid is 260 mlerons on an edge. 
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Y-168. Thin section photomicrograph of granite showing sericitized 
plagioclase with microcline (right), smallmueeovite flake (left), 
minor quartz, and sheared and altered biotite (top). Plain light 
and crossed nlools, X~. Each square of grid is 260 microns on 
an edge. 

1 
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Via FAX 

R.L. Brown 

Southwestern Exploration Division 

March 23, 1990 

Revision of Computer Reserve 
Yarnell Project, Arizona 

Jb,s 

I received a set of the twenty-foot blocks on cross-sections in the 
second week of March, and the twenty-foot block bench plans on 
March 21-22. 

In reviewing the computer information, three items deserved a con- 
ference review, and this was done with L. Jansen, S. Lakosky, M. Miller 
and me. The three items were: 

I. Areas showing hi-values up in the hanging wall, which 
were based on a drill hole intercept and the values 
spread in all directions. 

2. Drill hole values spread into the footwall below the 
apparent cutoff at the base of the main mineralization. 

. The computer gap in interpreted values within the 
mineral zone which was caused by insufficient drill 
hole information, and thus outside the influence of 
the surrounding drilling holes during the computer 
search. 

After discussion among the four of us, item number I was resolved by 
bringing up the plans on the screen and changing the values so that 
an indication of mineral is known, but no mining block is shown. 
The ore grade value is present as a narrow steeply-dipping vein and 
is probably recoverable along the strike direction, but not spread 
laterally as done by the computer. 

Items 2 and 3 are concerns and will be addressed by the joint team 
of M.A. Miller, S.A. Anzalone, S.L. Lakosky, and J.D. Sell, with 
the computer input by L.J. Jansen. This will involve agreement on 
the values to be placed or deleted and manual adaptation of these 
values, block-by-block, on the computer bench plans. 

In the present computer model, the "stope" values are placed in at 
0.053 opt gold. Mr. Jansen assures me that this is unnecessary to 
add in and then Subtract the tonnage value. When the stope config- 
uration and pillar drill holes are in the model, then the model will 
call the stopes as waste and give the pillar holes their due influence 
and realistically assess the situation. The "stope" waste will be 
taken out of the stripping tonnage in the final tabulation. 
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R.L, Brown March 23, 1990 
Page 2 

The group agreed that with item No. I clarified, the remaining items 2 
and 3 appeared to balance out in that the stope excess and the footwall 
excursion excess probably balanced out the computer gaps, and the values 
to be reached in the present preliminary will be in the ballpark for the 
parameters now being presented. 

Corrections of items 2 and 3 will be ongoing and a final adjusted model 
will be available as agreement is reached by the various members of the 
group and computer time is available. 

Mr. Sal Anzalone was unavailable during the bulk of the discussions, 
but was advised of the situation and agrees to the viewpoints and 
projected resolvement. 

JDS:mek 

i" } • 1/ -, 

x James D. Sell 

CC: F.T. Graybeal 
W.L. Kurtz 
S.A. Anzalone 
S.L. Lakosky 
L.J. Jansen 
M.A. Miller 
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ASARCO Southwestern Exploration Division 

, M ~W-m'" 1990 

J.D. Sel l  

Final Geologic Report 
Yarnell Project 
Yavapai County, Arizona 

• 

\ 
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Attached is the final report on the "Geology of the Yarnell Gold 
Deposit." The body of the report addresses the following aspects of 
the project: 

I. The geology and mineralization of the Yarnell gold deposit. 

2. Discussion of d r i l l ing  and sampling techniques and a general 
discussion of the ore reserves. 

Numerous memos have been written during the project relating to 
sampling, assaying and ore reserves. This report wil l  summarize these 
memos and reference them for the reader. 

The Yarnell deposit is a structurally controlled epigenetlc gold 
deposit hosted in Precambrian granites. The deposit is found within an 
"envelope" of phyl l ic ly altered rocks with the Yarnell fault zone (YFZ) 
the most probable locus of gold mineralization. The YFZ is a low angle 
structure with an attitude of N30o-45OE dipping 30o-45ONW. Gold 
mineralization is associated with varying amounts of iron oxides and 
several stages of quartz. Mineralogic work has indicated that gold 
occurs in free form and also part ial ly locked with iron oxides and 
quartz. The greatest majority of the gold is in the micron size range 
which wil l  make i t  more amenable to heap leaching. Visible gold has 
been seen in the d r i l l  core on rare occasions always associated with 
quartz veins. 

Reverse circulation dr i l l ing  was done to define the deposit. A total 
of 96 holes were completed with 83 holes within the proposed pit  
l imits. Most of the holes are located on 100' centers on d r i l l  fences 
perpendicular to the main structure. Correlation and continuity 
between the mineral intercepts is good. 

Ore reserves were arrived at by two methods. Engineering and Computer 
Services calculated the reserve using an economic model known as the 
Cone Miner. Reserves were also calculated by J.D. Sell using an equal 
triangle method. Both methods are further discussed in the report. 

I would like to acknowledge the dedicated help of the following people 
who were instrumental  in the successful completion of  t h i s  p ro jec t :  
W.D. Gay who spent many hours surveying the surface and underground 
under sometimes very adverse condi t ions;  John Malusa who handled the 



; i J.D. Sel l  May 3, 1990 
Page 2 

daily logging of al l  the d r i l l  cuttings and the daily supervision of 
the d r i l l ;  Steve Keehner, a local Yarnellian who was kind of a "jack 
of al l  trades"; and Jim Rasmussen who came to the project towards the 
end, but his suggestions and discussions resulted in a better and more 
quantitative understanding of the deposit. 

MAM:mek 
Att. 

Mark A. Mil ler 
Project Geologist 

cc: W.L. Kurtz 

i 
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YARNELL PROJECT 

Yavapai County, Arizona 
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I. SUMMARY AND CONCLUSIONS 

The Yarnell Deposit is a structurally controlled (and prepared) 
hydrothermally altered zone that hosts economic gold mineralization 
in a configuration and thickness amenable to an open pi t  operation. 
The deposit is hosted in a Precambrian granite and occurs in and 
surrounding a low angle fault structure; the Yarnell Fault. The 
hanging wall o f  the fault has been extensively fractured and 
altered to sericite (phyll ic alteration). Gold mineralization 
appears to be associated with secondary quartz veining, iron 
oxides, and the development and intensity of quartz veins stockwork 
which has been developed in the hanging wall. The footwall of the 
mineralized zone (below the Yarnell Fault) is phyl l ic ly altered, 
but is usually unmineralized with respect to gold. The Yarnell 
Fault Zone (YFZ) continues both NE and SW from the main deposit and 
where exposed i t  contains gold mineralization; however, the 
thickness of the zone and the associated alteration envelope 
appears to be considerably less. Ninety-six reverse circulation 
and four diamond d r i l l  holes have been completed. A mineral 
inventory of 4.1 million tons at .055 opt Au (JDS reserve) has been 
estimated with a recovery by leaching of +TO%. In addition there 
is 2.T million tons at .01T opt Au in a low grade zone above the 
main mineralized zone. 

Additional dr i l l ing is recommended to extend the mineral inventory 
both northeast and southwest from the as known limits. 
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I I .  RECOMMENDATIONS (Plate 4) 

Asarco has dri l led off an inventory of (+4 million tons at .05-.06 
opt Au) .  This is based upon T3 d r i l l  holes from a total of 96 
holes. The remaining 23 holes are too far down dip to be included 
in the reserve calculations, too far away from other holes, or 
collared in the footwall of the mineralized zone. Projections of 
mineral trends and geologic mapping on 100 and 200 scale over the 
deposit indicated other areas of untested mineral potential that 
could be included in the mine plans and should be tested. The 
areas of interest are listed below. 

AREA I: SOUTHWEST EXTENSION OF THE MINERALIZED ZONE. 

A potential for 600,000 - 800,000 tons of similar grade as the 
mineral inventory is indicatedsouthwest of the last dri l led fence 
of holes (YM-48, 64, 65). The alteration zone has been mapped 
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along the projected trend of the Yarnell Fault. Scattered assays 
in this zone indicate that gold mineralization is continuous. The 
footwall of the potential mineralized zone is exposed where i t  is 
in contact with fresh granite. The majority of the hanging wall 
zone is on a dip slope and d i f f i cu l t  to accurately sample. Eleven 
holes are proposed to test the mineral potential of this area. A 
report and proposal have been submitted for approval. 

AREA 2: NE EXTENSION OF THE MINERALIZED ZONE 

Mapping and sampling of the area (and particularly the small knob 
NE of the proposed pit) has indicated a zone of gold 
mineralization. Mineralization appears to be related to a fault 
structure, possibly a splay of the Yarnell Fault. Detailed rock 
chip sampling along the exploration roads that traverse the knob 
and trenching on the structure have indicated spotty values of +.01 
opt Au with a zone in the trench averaging 30' at .048 opt Au. 
This trench was cut across the strike of the structure. Alteration 
is continuous from the base of the h i l l  to the top with abundant 
sericite, moderate s i l i f i ca t ion ,  and occasional quartz veining. 
One RC hole collared near the top of the h i l l  had an interval of 
20' which averaged .013 opt Au; not ore but certainly indicative of 
good mineralization. A potential for +/-200,000 tons of similar 
grade to the mineral inventory is indicated. Two holes are 
proposed to test the mineral potential of this area. 

AREA 3: DOWN DIP EXTENSION OF THE MINERAL INVENTORY 

Additional dr i l l ing is recommended to test the downdip limits of 
the mineralized zone intersected in RC hole YM-26 (90' at .054 opt 
Au) and YM-33 (90' at .051 opt Au). A potential for 600,O00T at 
>.05 opt Au exists with an ore to waste ratio around 3.0. 

I I I .  INTRODUCTION & HISTORY 

The Yarnell Deposit is located within the Weaver/Rich Hill Mining 
Distr ict in Yavapai County, Arizona (see location map, Figure I).  
Historical production from the Yarnell Mine was mostly underground 
with some limited production from the open cut. This amounted to 
+/-200,O00T being mined between 1900-1941 on a very intermittent 
basis. The last operator of any consequence was the Winslow Mining 
Company which operated the property from 1939-1941, and constructed 
a cyanide agitation mill on the property. I t  was during this time 
period that the majority of the 200,O00T were mined. Average grade 
was reported to be .2-.3 opt Au mined exclusively from the Yarnell 
Fault Zone. Overbreaking of the ore zone is evident as the ground 
conditions caused large and blocky roof fa l ls  of sub ore (for that 
time period) material. Actual grade of the ore may have been in 
the 0.1+ opt Au range. The mine was shut down in 1941 by L-208; 
the Federal Gold Mine Closure Order. Asarco's recent Interest in 
the property was through a new release in the Georg~ Cross News 
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Letter, a Vancouver B.C. promotional news letter. Norgold 
Resources, the junior Canadian mining company that controlled the 
property, reported the results of a reconnaissance rock chip 
sampling program. The length of the sample lines and resultant 
grade suggested a bulk tonnage O.P. target. This property was 
examined in November 1988, sampled with results confirming 
Norgold's values. I t  was sampled in more detail in December with 
again confirming results. A letter agreement was signed with 
Norgold Resources in late January 1989 for an exploration option on 
the property. Detailed sampling and mapping at I" = 200' was 

completed and a nine hole R.C. program was proposed and completed. 
The results of the dr i l l ing strongly suggested the possibil ity of a 
bulk tonnage open pit deposit and additional holes were completed. 
A total of 96 R.C. holes and 4 diamond d r i l l  holes (which are twins 
to the R.C. holes) were completed. 

IV. LOCATION & TOPOGRAPHY 

The Yarnell Gold Deposit is located in the Weaver Mining Distr ict 
on the SW side of the Weaver Mountains in Yavapai County, Arizona 
(location map, Figure I). The deposit is situated very close to 
the drainage divide between the Yarnell/Peoples Valley watershed 
and the Congress Valley watershed. Highway 89, a US maintained 
highway, is within 300' of the deposit and access is year-round. 
The present dr i l led mineralized orebody within the computer model 
benches, is between the 5100 and 4640 benches. Topography and 
attitude of the deposit are very  amenable to open pit mining. 
Preliminary studies indicate a <3:1 waste/ore ratio. The climate 
is also conducive to year-round operation. 

\ t  / 

V. LAND STATUS & GENERAL AGREEMENT (Plate I, Figure 2) 

The project is a jo int  venture between ASARCO Incorporated and 
Norgold Resources, a Vancouver junior mining company. Property 
under control in the JV area consists of the following: 

Patented Lode Claims 
Unpatented Lode Claims 
State Leases 

5 + / - 1 0 0  Ac. 
56 + / -1120  Ac. 

2 480 Ac. 

Total +/-1700 Ac. 

Details of the agreement are complex, but are summarized as 
follows: Asarco wil l  become a 51% partner and operator after 
spending $250,000 in exploration on the property, make payments to 
Norgold thru 1991; assume all underlying agreements and provide 
Norgold with a feasibi l i ty  study by July 1991 and a commitment to 
mine within 3 years from the date committed. The attached schedule 
of payments details the underlying payouts. Norgold wil l  share in 
these costs once the 51/49 JV is enacted. 



PAYMENT & ROYALTY SCHEDULE 

YARNELL PROJECT 

Figure 2 

Payment Schedule beginning June 1, 1989. 

(Pat. & 
Unpat.) (Unpat.) (Patented) 

Year Roman Layton Heintzelman Sub Total Nor~old Total 

1989 $ 7,000 $ 10,000 $ 15,000 $ 32,000 $ 30,000 $ 62,000 

1990 100,000 15,000 12,500 127,500 40,000 167,500 

1991 100,000 25,000 12,500 137,500 50,000 187,500 

1992 100,000 40,000 12,500 152,500 25,000= 177,500 

1993 150,000 60,000 - -  210,000 25,000= 235,000 

1994 - -  100,000 - -  100,000 25,000= 125,000 

$457,000 $250,000 $ 52,500 $759,500 $195,000 $954,500 

=To be paid i f  Asarco has not begun development on property. 

Royalty (NSR IN %) 

Al Roman Layton Heintzelman 

2% year 0 - 2 
I% year 3 - 4 
.5% ad infinitum 

Payments not to 
exceed $175,000/yr 

I% or Advance 
Royalty (Greater 
of the two) 

4 

None 
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VI. GEOLOGY (Plate 2) 

A. GENERAL STATEMENT OF ROCK TYPE FOUND 

The gold deposit occurs within a Precambrian (1400 my) medium 
to coarse grained equigranular bioti te granite/granodiorite; 
however, the petrographic description by Russ Honea is closer 
to a quartz monzonite. Included within this intrusive complex 
are schistose xenoliths and the angular nature of some of these 
xenoliths suggest that "stoping" by the intrusive has occurred. 
These xenoliths have been seen in the altered and unaltered 
rocks. The fresh unaltered intrusive is l ight gray/green in 
color with up to 10-15% black biot i te, and the remainder of the 
rock is composed of microcline (~50%, quartz (~15%) and 
plagioclase feldspar (~25%). As the rock weathers i t  becomes 
l ight brown in color; probably due to the leaching of the ferro 
mag minerals and the biot i te. Jointing is very common in both 
unaltered and altered rocks creating very  large boulders 
(elephant rocks) in the unaltered rocks typical of a granite 
terrane. 
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Aplite dikes occur especially in the southern portion of 
section 14 and the northern part of section 23. These 
dikes/si l ls are associated with the late stage quartz veins and 
quartz vein f loat.  The aplite structures trend N20-40OE and 
dip to the NW at 30-80 ° . These dikes are usually thin (2-4') 
in width and appear to have a sheared/stretched appearance. I t  
is evident that the dikes follow the predominant regional 
structural direction; however, their relationship to the 
Yarnell Fault is unknown. 

Diorite dikes and/or s i l l s  also occur within the mapped area 
and have been seen in association with other deposits in the 
d is t r ic t .  These dike structures trend both NIO-2OoW to E-W 
within the Yarnell Area. The NW trending structures dip +/-80 ° 
to the SW while the E-W trending structures appear to dip +/- 
30ON. These dikes are much thicker than the aplite variety, up 
to +10' in thickness. Based upon the mapping, i t  appears that 
the dior i te may postdate the aplite dikes. The largest diorite 
dike trending NIO-2OON appears to cut the Yarnell Fault as 
there is no obvious displacement across the fault .  The dike(s) 
do not show any of the NE regional structure suggesting 
emplacement after this even t .  Quar tz  veining is commonly 
associated with the dior i te dikes. The quartz veins appear to 
be late stage white quartz which is often auriferous. There 
are also indications of dior i te in the footwall of the 
mineralized zone as noted in some to the RC holes. The 
significance of the footwall? diori te at the Yarnell Deposit is 
unclear at this time. 

The existence and occurrence of diori te dikes and s i l l s  



\.i associated with gold deposits in the d is t r i c t  is well 
documented. Diorite is mentioned at the Alvarado Mine, the 
Octave Mine, Congress Mine and other mines and prospects within 
the Weaver District associated in some way with gold 
mineralization. 

The existence of diori te associated (at least spatially) with 
the Yarnell Deposit suggests a similar relationship. However, 
only trace amounts of go ld have been assayable from the 
diori te. The quartz veins, however, are commonly auriferous. 
This suggests that this stage of quartz veins with gold was 
emplaced along the weak structural zones along the diori te 
granite contacts. 

B. STRUCTURE 

The principal structure which controls and localizes gold 
mineralization is the Yarnell Fault Zone (YFZ). This is a 4'-  
6'+ zone composed of strong gouge, mylonite, microbreccias 
(tectonically derived), quartz veins and si l ica replacement and 
fault breccia. Abundant clay is present in this zone, probably 
from the fault gouge. The YF is a low angle structure trending 
N40-60OE with dips to the northwest ranging from 25-40 ° along 
i ts mapped and exposed length. The YFZ is a regional structure 
and has been traced by surface exposure for 2+ miles to the 
southwest before i t  disappears under alluvial cover. The 
northeast extension is less clear as i t  trends into a thick 
valley f i l l  capped by volcanic flows. Associated with the YFZ 
are numerous faults/fractures which occur in the hanging wall 
of the structure and are often mineralized with quartz and 
various types of iron oxides (goethite, hematite, specularite, 
etc.). These fractures were probably the conduits for the gold 
bearing fluids to move away from the Yarnell Fault Zone and 
create the "Disseminated Deposit." Several prominent jo int  
sets have been identified striking NIOOE x NTOoW. These sets 
are frequently mineralized with iron oxides. 

C. GOLD MINERALIZATION & OCCURRENCE 

On the basis of core logging, f i e l d  observations, and l im i ted 
mineralogical  work by Russell Honea (consul tant  minera log is t )  
gold appears to have several modes of occurrence. I t  occurs in 
the f ree state and associated with iron oxides (goe th i te ) .  Mr. 
Honea prepared a pan concentrate of a very high grade gold zone 
encountered in the d r i l l i n g  which assayed 1.02 opt Au (YM-71; 
85-90 ' ) .  He reported tha t  38 pa r t i c l es  of gold were seen; 14 
of which were l ibera ted ( f ree)  and 24 which showed some degree 
of  locking with goeth i te  (18) and quartz (6) (Attachment B). 
Of pa r t i cu l a r  i n te res t  was photomicrograph (Figure 3) which 
shows included gold w i th in  a oxidized py r i t e  cube. Size ranges 
of a l l  the f ree gold pa r t i c l es  range from <1 to 110 microns (1 
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micron = .OOmm or 1/25,000"). Some of this "Free" gold may 
have been l iberated by the sample preparation process ( to 
prepare the pan concentrate). How much, however, is not known. 
The locked gold par t i c les  range in size from <1 to 26 microns. 
This study indicates that  the size range of free Yarnell gold 
is small (18.3 microns average) and even smaller in the locked 
particles (5.4 microns average). Thus the Yarnell Deposit is a 
micron gold deposit. The locked particles may not be 
accessible to the cyanide without some beneficiation. However, 
the very small size of the free gold suggests the possibi l i ty 
of a shorter leach time in the heaps. 

I have compared size ranges of other micron size gold deposits 
in the Mohave Region. Particle size of gold at the Mesquite 
Mine operated by Goldfields U.S. is +/-10 microns in the 
oxidized zone. Literature on the Picacho Mine reports gold 
particles up to 1000 microns in size; however, average size is 
not reported. Within the Carlin Trend in Nevada particle size 
of the Gold Quarry Mine is <I to 10 microns. 

Mr. Honea has indicated that the greatest majority of the 
sulfides have been oxidized to goethite. F ree  gold has also 
been seen within the quartz vein stockwork zone (YDDH-4) in 
association with grey quartz and quartz/specularite veins. 
Higher gold assays have been found in the quartz stockwork with 
adularia. The occurrence of adularia (potassic addition) seems 
to favorably effect the gold grade. Gold is also associated 
with re l ic t  sulfides. In f ie ld observation the occurrence of 
pyrite pseudomorphs and red hematite patches usually indicates 
a higher than usual gold content. Strong gold mineralization 
(+.I opt) is found within the Yarnell Fault Zone with abundant 
red hematite and quartz. This was the main zone that the old 
time miners were following and ranges from .I to 1.0 opt Au. 
However, l i t t l e  visible gold has been seen in this zone. 

Additional gold mineralization (based upon assay results) along 
the northeast and southwest extension of the YFZ occurs 
indicating continuous gold mineralization along the fault  
extensions. 

O. ALTERATION (ATTACHMENT C) (PLATE 2) 

We have recognized three zones of alteration during the 
mapping. These zones are roughly tabular envelopes outward 
from the plane of the Yarnell Fault and are described from 
outside to inside to the Yarnell Fault (weakest --> strongest). 
Each zone wi l l  be described from f ie ld observation and hand 
sampling identif ication. This wi l l  be followed by the 
• petrographic description of the zones based upon Russell 
Honea's (consultant mineralogist) observations with 
interpretations (Attachment D). 

. . . . . . . . . . . . . . . . . .  . . . . .  • . . . . . . . . . . . . . . . . . . . . . . .  ~ i ~ T ~ - ~ T  • ' - ' "  . . . . . . . . . .  ' ~ -  • 
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Weak Alteration (Propylitic) 

This zone is characterized by the weak replacement of 
biot i te by iron oxides (hematite?). This usually occurs 
along the margins of the biot i te and can be easily seen 
with a IOX hand lens. Both microcline (K spars) and 
plagioclase feldspars are very  weakly ser ic i t ica l ly  
altered. There is also the beginning of alteration of 
biot i te -> chlorite which increases into the transition 
zone. From the unaltered granite boundary this zone is 
+/-50-150' thick (measured from the plane of the Yarnell 
Fault). 

Petrographic Description (Attachment D) 

This zone contains up to 9% biot i te which is 
approximately equal to the unaltered granite. There is a 
small increase in the amount of sericite in the secondary 
mineralogy (K-spars & biot i te var. converted to sericite) 
and the primary plagioclase minerals which are being 
variably converted to sericite for a total of 9-16% 
sericite. 

Transition zone 

As seen in the f i e l d ,  t h i s  zone takes on the 
c h a r a c t e r i s t i c s  of  both the weakly a l te red  and moderately 
a l te red  zone. These 1"-6"+ s t rong ly  a l te red areas are 
character ized by the absence of  b i o t i t e ,  higher degrees 
of  s i l i c i f i c a t i o n ,  s e r i c i t i c  a l t e r a t i o n  of  the fe ldspar  
and occasional l imoni te  pseudomorphs. The stronger 
a l te red  zone increases in abundance as the degree of  
a l t e r a t i o n  increases. There is a strong suggestion of  
c h l o r i t e  in t h i s  zone as seen in the d r i l l  core (and as 
described in the previous zone). The b i o t i t e  appears to 
be a l te red  to c h l o r i t e  before being a l tered to s e r i c i t e  
as the level of a l t e r a t i o n  increases. 

Petrographic Descr ipt ion - No th i n  sect ions were cut.  

Moderate A l t e r a t i o n  ( P h y l l i c )  Oxidized 

This zone is character ized by the complete replacement of  
b i o t i t e  by s e r i c i t e .  This zone is also character ized by 
pink fe ldspar  (adular ia?)  rimming quartz veins and other 
fe ldspars (photo - Figure 4). As the i n t ens i t y  of 
a l t e r a t i o n  increases the ground mass becomes increas ing ly  
more s e r i c i t i c  and the secondary fe ldspars appear to  
become more prominent through the ground mass. Calc i te  is 
absent in the oxidized zone. This zone is also 
character ized by an increase in s i l i c a  as stockwork and 
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"flooding." This wil l  be discussed in later sections. 
The zone (oxidized) occurs principally in the hanging 
wall and is from 50-200' thick. 

Moderate Alteration (Phyllic) Unoxidized 

As previously mentioned, the alteration zones appear to 
form an envelope around the Yarnell Fault Zone, the 
probable egress of the mineralizing fluids. As shown in 
surface mapping and in d r i l l  hole, the moderate altered 
zone also occurs in the footwall of the YFZ complex. 
However, a portion of this zone is unoxidized and the 
unoxidized zone is characterized by the replacement of 
biot i te to sericite (6% of biot i te to sericite) and up to 
20% secondary sericite. The ground mass and matrix 
appear to be strongly s i l i c i f i ed  (flooded). Quartz 
veining is very rare and no stockwork is present in the 
footwall. Fresh pyrite occurs as discrete cubes and as 
"pseudobands" of sulfides up to 3-5% locally. 
Specularite is locally very abundant up to 10% averaging 
3%+/-. The rock has a greenish cast, possibly due to 
chlorite. K-spars are noticeably pink and appear to be 
primary? and unaltered. Rare calcite is present in 
"gash" veins. 

Petrographic Description (Attachment D) 

The mineralogy of the hanging wall and footwall 
moderately altered zones are very  similar (attached 
chart) with up to >20% sericite as secondary minerals and 
almost complete replacement of primary plagioclase 
minerals to sericite. A minor difference between the 
mineralogy of the unoxidized vs. oxidized portions of the 
zone is the notable occurrence of chlorite in the 
unoxidized portion (2% vs. 0%). The amount of iron 
oxides as goethite is much greater in the moderate 
oxidized zone (3%+/-) compared to ni l  --> trace in the 
unoxidized section. 

Moderate Alteration - Yarnell Fault Zone Complex 

As seen in the f i e l d  and in d r i l l  core t h i s  zone is 
h igh ly  sheared and granulated. Moderate abundant clay 
(gouge) up to 15-20% is also present in t h i s  zone. This 
zone is also character ized by massive quartz veins 
pa ra l l e l  to the Yarnel l  S t ruc ture  from I - 2 '  t h i ck .  
S i l i c a  also occurs as banded chalcedony and opal (from 
f i e l d  observat ions) .  Rock tex ture  is destroyed; probably 
due to the f a u l t i n g  and crushing and not due to the 
a l t e r a t i o n .  As seen in core, the rock is a f ine  grained 
almost c r y p t o c r y s t a l l i n e  rock w i th  no obvious g r a n i t i c  
tex tures .  The complex zone is 4-->20'  in th ickness. The 
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actual Yarnell Fault Zone is only 4-6'+ thick. Strike of 
the mineralized zone is N40-60°E dipping northwest 30-40 ° 
northwest. 

Petrographic Description (Attachment D) 

The petrography of  the rock suggests a quartz poor (3-5~ 
primary quartz) phase. Russ Honea has ca l led t h i s  rock a 
syeni te,  but is unsure whether t h i s  may be due to 
remobi l izat ion of  the s i l i c a  from the o r i g ina l  rock and 
redeposit ion as secondary quartz veins and i n t e r s t i t i a l  
s i l i c a .  The amount of  secondary, add i t iona l  quartz as 
seen by Honea is 15-22I which is more than any other 
zone. I t  is  also possible tha t  t h i s  syen i t i c  rock may 
represent a d i f f e r e n t  phase of in t rus ive  which has been 
emplaced along the Yarnel l  Fault  Zone. The de ta i l s  of  
t h i s  rock are not known at t h i s  time. Within t h i s  zone 
is moderately strong potassic add i t ion as adu lar ia  (15I ) .  
This also is seen throughout port ions of  the oxidized 
moderate zone where the amount of  quartz vein stockwork 
is the greatest .  Russ Honea (personal communication) has 
stated tha t  in his experience there is a close 
re la t ionsh ip  between the quartz adular ia  systems and go ld  
minera l i za t ion .  Some of the higher gold values are 
wi th in  the quartz stockwork adular ia  zones. 

E. SILICIFICATION 

Within the Yarnell Deposit s i l ica is seen in several modes of 
occurrence. Quartz ($I02) occurs as discrete quartz veins and 
as quartz vein stockworks. These quartz veins are found both 
parallel and cross cutting the principal Yarnell structure. On 
the basis of f ie ld observations and diamond d r i l l  core, the 
following paragenesis of quartz veining is suggested. 

1. Early gray quartz + / -  associated with specu lar i te  in vugs 
para l le l  to  quartz veins. 

2. Dark gray quartz - Some brecciation in the vein; dark color 
probably due to presence of specularite. 

3, Lighter gray quartz with disseminated limonite pseudomorphs 
usually on the margin of the vein. 

These three generations of  quartz are usual ly  seen as small 
veins and ve in le ts  + / -  1/4" t h i ck ,  l oca l l y  up to 1/2" and have 
been seen up to 3" th i ck .  

. White Quartz - We have identified two stages of white 
quartz. These veins appear to cross-cut all of the other 
stages. The white quartz veins are the thickest (6" in 
core to I ' ) .  These have also been seen in the f ie ld and 
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have been seen up to 20' thick. We have assayed these 
veins in the f ield and they wil l  consistently assay gold 
from .01 opt to .8 opt Au (average .05-.07). We have seen 
visible gold in diamond d r i l l  holes (YDDH-4) in similar 
looking veins. Perhaps the late stage veins are 
remobilizing gold from the deposit and redepositing as 
coarser gold. 

Sil ica also seems to occur as a pervasive flooding into the 
wallrock and the intensity of flooding appears to be related to 
the degree of quartz veining and quartz ve in  stockwork 
development. The flooding postdates the phyllic (sericite) 
alteration as i t  appears to overprint the alteration zones. 

The Yarnell Fault Zone contains quartz veins, banded 
chalcedonic quartz and opal; classic epithermal textures. 
Honea also noted chalcedony and opal in the zone in thin 
section. 

F. DRILLING RESULTS (PLATE 3) 

Ninety-six reverse circulation holes were completed by Dri l l ing 
Services Inc. totaling 24,207' from February to October 1989. 
Four N.C. diamond d r i l l  holes were completed by Boyles Brothers 
Dri l l ing Company, totaling 1295' The diamond d r i l l  holes were 
twins to four reverse circulation holes. Direct dr i l l ing  costs 
for the R.C. holes were $8.73/ft. (7.50 base rate). Diamond 
d r i l l  costs were $23.40/ft. (base rate $17.00/ft.). 

The assay resu l ts  of the reverse c i r c u l a t i o n  d r i l l i n g  are 
summarized on the attached map showing "B" zone only (Plate 3). 
A l l  d r i l l  logs and assays are included in bound volumes. The 
attached cross sect ions through the d r i l l  holes show the s t y le  
of alteration and mineralization discussed in previous 
sections. All d r i l l  holes were plugged and abandoned upon 
completion per D.W.R. requirements, and abandonment reports 
were f i led. The geologic details of the diamond dr i l l ing  are 
summarized in the next section. The four diamond d r i l l  holes 
were surveyed using a Sperry Sun single shot down hole camera 
and hole deviation was <I ° at TD (350-400'). All collar 
evaluations and locations were surveyed by W.D. Gay and 
coordinates were transferred to the ECS (Engineering & Computer 
Services) data  base. Most of the holes were dri l led dry. 
However, upon encountering the water table, water was injected 
for more uniform sample return. 

Stoped Areas - Dri l l ing Technique 

I t  became readily apparent that the area to be explored 
was honeycombed with stopes of which >50~ were 
inaccessible. To assure the bes t  possible sample 
retrieval, the following dr i l l ing  technique was adopted: 
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a. Intersect stope with hammer d r i l l .  

b. Probe to bottom of stope - record back + floor 
footage. 

c. Pull rods and change to a tricone bit .  

d. Reenter hole and continue +/-40' below stope floor. 

This technique was used for all reverse circulation holes 
past YM-5 when stopes or openings were encountered. 

\ / 

G. DIAMOND DRILLING OBJECTIVES 

Four diamond d r i l l  holes were completed during the project. 
The purpose of the diamond d r i l l i ng  was threefold: 

I .  Twin existing reverse circulation hole to check assays. 

2. Provide a complete geologic section through the deposit 
from hanging wall through the footwall. 

3. Provide material for metallurgical testing, i f  needed, at a 
larger size than the rotary cuttings. 

Summary of Results 

Four R.C. Holes were twinned with diamond d r i l l  holes, as 
follows: 

R.C. TD Oiamond TD _ 

YM-8 350 DDH-1 350 
YM-40 400 DDH-2 400 
YM-63 240 DDH-3 325 
YM-75 220 DDH-4 220 

A l l  of  the holes has been assayed and compared to the R.C. 
holes. Based upon t h i s  study there is good co r re l a t i on  w i th in  
the assay tn terva l  but notable and sometimes s i g n i f i c a n t  
variation within the individual assays. The variation in 
individual assays may be due in part to nugget effect. A 
report detailing the procedures and results is attached 
(Attachment J). 

H. GEOLOGY OBSERVATIONS 

Al l  holes were co l lared in the weakly a l te red zone and were 
designed to  d r i l l  through the sect ion in to  the footwal l  of the 
minera l ized zone. A number of  observat ions were made tha t  
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influenced the geologic picture. Many of these observations 
have been included in other sections of this report but they 
wil l  be reiterated here. These are as follows: 

I. The weakly altered through transition zone shows moderate 
developed propylit ic alteration. The change of the biotite 
to sericite is gradational and appears to pass through a 
chlor i t ic  stage. There is also evidence of the beginning 
of iron replacement on the edges of the biot i te grains 
(pink rims). 

2. A prominent quartz vein stockwork has been seen in some of 
the holes which occur above the Yarnell Fault Zone. This 
stockwork zone is composed of the various stages of quartz 
as previously discussed in the Geology Section. In 
addition there is a definite area of potassic addition 
which rims the quartz veins and moves outwards into the 
ground mass (Figure 4). 

/ 

3. The pervasive nature of the si l ica flooding becomes very 
evident from the d r i l l  c o r e .  There is a definite 
relationship between the amount of quartz veining and 
stockwork. As the amount and intensity of quartz 
veining/quartz stockwork increases the amount of flooding 
increases until i t  pervades the entire ground mass. 

4. Free visible gold has been seen in and associated with 
quartz vein. I t  is interesting to note that the areas with 
visible gold in YDDH-4 which occurs within a quartz veins 
stockwork assayed .011 and .026 opt, respectively, for the 
equivalent rotary interval. Free gold was also seen in 
YDDH-2 in the Yarnell Fault Zone. Assay values for the 
equivalent rotary interval is .177 opt Au. A possible 
explanation of this might be that the gold in the quartz 
stockwork in YDDH-4 may be later remobilized gold which 
apparently does cause a nugget effect in the assays. This 
type of gold occurrence would be unaccountable in the assay 
(and reserves), but might be recoverable in a leach 
c i rcui t .  The Yarnell Fault Zone, however, is more uniform 
in gold content and would probably consistently assay in 
the 0.1-0.2 opt range. I t  might be advisable to reassay 
(with multiple assays or larger sample size) rotary 
cuttings with indicated higher (than usual) quartz content. 

5. The Yarnell Fault Zone is a strongly sheared almost 
cryptocrystalline r o c k  which has undergone strong 
tectonism. The Yarnell Fault Zone as seen in d r i l l  core 
ranges from 5' in YDDH-I to 90' in YDDH-2. Assay values 
within this 90' zone support the thickness of the zone. 

6. The footwall of the mineralized zone is unoxidized and is 
moderately altered. Biotite is absent.  Pyrite and 
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X / specularite is moderately abundant as discussed in previous 
sections of this report. The unoxidized rock has a 
greenish t i n t  suggesting the occurring of chlorite. Quartz 
stockwork abruptly ends within the Yarnell Fault. Rare 
quartz and limonite veinlets are seen within this 
unoxidized zone and the rock appears to be strongly 
s i l i c i f i ed  (very pervasive quartz flooding). Copies of the 
four diamond d r i l l  logs are attached (Attachment E). 

f ~-, 

VII. SAMPLE COLLECTION 

Samples were collected on a continuous basis every 5' from the 
collar to the bottom of the hole. The sample was collected in a 
cyclone and then run through a tr i - level  sp l i t ter  (supplied by the 
contractor). The t r i - level  sp l i t ter  reduced the through pit sample 
size to I/8 of the original. The I/8 remaining was then spl i t  into 
two equal functions labelled A & B. The "A" sample was then sent 
to the assay lab for analysis. The "B" sample was stored for 
future use. We have not used the "B" sample for check assaying. 
The "A" sample was f i re assayed by Triad Minerals using a I assay 
ton sample size. Gold content was determined by gravimetric means. 

A. Assay Standard 

The  Asarco standard created by Oarby Fletcher was used 
extens ive ly  during the d r i l l i n g  program. There are two 
standards in use .006± opt Au and .022 opt Au. These standards 
were inserted as odd numbers in to  the sample stream (example, 
171-179').  We t r i e d  to get equal high and low standards wi th in  
each hole. Standards were inserted every 20-50 samples wi th in  
the sample stream. The attached tabu la t ion  (Table A) by John 
Malusa l i s t s  a l l  of the standards with the assayed values. The 
second tabu la t ion  (Table B) shows the chronology of  the samples 
when a sample was used mul t ip le  times. Results of  the 
standards ind icate tha t  contamination wi th in  the lab was not a 
problem. The purpose of the assay standards as used during the 
pro jec t  was to spot any contamination in the sample stream, or 
e r r a t i c  resu l ts  due to procedure or equipment. From th i s  end 
the standards procedure was successful. Future programs using 
sample standards should u t i l i z e  rocks from the area; i . e . ,  
d r i l l  cu t t ings ,  re jec ts  and a su i te  of standards designated to 
be site specific. This wil l  al low better control on the 
assays. 

B. Reruns of Assay In te rva ls  

Reruns of both pulps and re jec ts  were done to check fo r  
r epea tab i l i t y  of assay resu l ts .  Seventy-f ive pulps were run by 
Triad and Skyl ine to check for  comparative resu l ts  (Assay 
Checks memo 7-13-89, at tached).  The resu l ts  of  t h i s  study 
indicated tha t  while there was some var ia t ion  between labs, the 
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average fo r  the 75 samples was almost i den t i ca l .  
Cv .... 

Another check on assay resu l ts  was done much l a te r  in the 
d r i l l i n g  program (Attachment H). Ent i re o r e  i n te rva l s  were 
rerun under d i f f e r e n t  hole number designat ions and compared 
with the o r i g i na l  assay resu l ts .  The "A" re jec ts  were 
submitted as reruns (not the pulps). The resu l ts  of  t h i s  study 
indicated a percent change of  0-30~ from o r i g i na l  pulp vs. new 
pulp (prepared from resubmitted "A" re jec t s ) .  The new pulp 
general ly  returned a higher assay than the o r i g i na l  pulp. The 
greatest  amount of  va r i a t i on  seemed to be in the e a r l i e r  d r i l l  
holes suggesting a period of  time wi th in  the f i r s t  36 holes 
where the lab was reporting lower values. 

r \ 
< 
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VIII. SPECIFIC GRAVITY 

The specific gravity of the deposit was determined through a suite 
of hand samples scattered throughout the deposit and by three d r i l l  
cores taken in the weak, moderate + footwall zones. Values 
obtained from McClelland Labs in Reno were 2.55 gm/cm 3 or 12~56 
ft3/ton vs. the values obtained by Metcon in Tucson which were 2.66 
gm/cm 3 or 12.05 ft3/ton. The Metcon technique is probably the most 
accurate (D.E. Crowell's memo 11/I/89, Attachment F). A value of 
12 ft3/ton was used in al l  reserve calculation. 

IX. STOPED OUT AREAS 

Determination and Calculation of Stoped Area and the Relationship 
to the Ore Reserves. 

Numerous memos have been written on this subject since 17% of the 
96 holes intersected stopes. Excluding holes outside of the 
ultimate pi t  l imits, twenty  percent of the (83) holes have 
intersected stopes, 

The methodology to determine the tonnage and grade of  material  
previously mined and necessary to  subtract  from the reserve is  as 
fo l lows:  (most recent ca l cu la t i on )  

. The accessible areas of  the underground were mapped; 
however, t h i s  amounted to  ~30-40~ of the stoped area. The 
remaining 60~ was estimated by pro jec t ing  an approximate 
area from d r i l l  holes tha t  intersected open stopes. Based 
upon an experience fac to r ,  a l l  stope openings were cut to 
20' .  The approximate and projected stope cut l i ne  was 
planimetered by W.D. Gay and 25~ was kept in fo r  p i l l a r s .  
The grade was determined by s imi la r  means assigning values 
to the stopes tha t  are more r e a l i s t i c  of  the grade mined. 

Once the tonnage and grade have been determine fo r  the 
stoped areas we can then subtract  t h i s  tonnage and grade 
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from the total reserve. This study was 
detailed in a report to J.D. Sell on 2/22/90. 

completed and 

X. ORE RESERVES 

Ore reserves were determined by two means. 
exp la in ing  the techniques of ca l cu la t i on  have 
however, I w i l l  attempt to summarize the methods. 

Numerous memos 
been wr i t t en ;  

Reserves were ca lcu la ted by J.D. Sel l  using an equal t r i a n g l e  
method. Tr iangles were drawn between d r i l l  holes and modif ied wi th  
respect to p i t  wal ls  and outcrop of  the mineral ized zone. The 
grade of  the t r i ang les  was ca lcu la ted by using the weighted average 
of the holes comprising the triangles. The tonnage of the 
triangles was determined by measuring the volume of the triangles 
divided by the rock - ton factor. A pit  slope of 50 ° was used for 
the downdip limits of the proposed pit. This model does not use 
economic parameters. 

Reserves were also calculated by ECS (Engineering & Computer 
Services) using the cone miner. This method uses economic 
parameters mining costs, plant & operating costs, taxes, royalty, 
etc. and mines out the deposit within these parameters. The 
program also uses var ious grade and recoveries to ca lcu la te  the 
f i n a l  reserve. The de ta i l s  of  the cone miner method are discussed 
in Sy Lakosky's Intermediate F e a s i b i l i t y  Report (2/16/90).  

Comparing the two methods, the results are as follows: 

JDS Reserve ECS Reserve 

(Recalc. by MAM 
Removing Stopes) 

4,131,505T e .055 opt. Au 

(Removing Stopes @ 250,000T 
• .053 & I01 Mining Dilution) 

4,829,000T @ .049 opt Au 

Removing Stopes at the same 
amount as MAM Recalc. of JDS 
Reserve 
4,849,500T @ .047 opt Au 

These numbers may be subject to additional recalculation. 

\, 

XI. METALLURGICAL TESTING 

Phase I of metallurgical testing is completed. This phase of 
testing used materials mined from the open cut and composite as run 
of mine ore and then column leached. Results are attached. This 
phase of the testing was under the direction of D.E. Crowell. 
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Additional work is in progress. Twenty-four d r i l l  holes were 
selected and the assay in terva ls  were composited into one sample 
per hole (Attacment I ) .  A program of bot t le  r o l l s  have been 
completed. Holes picked throughout the deposit are ant ic ipated to 
give a representative average of the leachab i l i t y  of  the ore zone. 

f \ 
\ y 

XII. EXPLORATION POSSIBILITIES AND OTHER TECHNIQUE~ 

The Yarnell Deposit provides us with an excellent opportunity to 
determine exploration parameters for these type deposits and to aid 
in the search for other deposits in the d is t r ic t .  At Yarnell we 
have recognized an alteration assemblage and mineralogy which 
comprise the gold deposit. The large alteration "halo" seen at 
Yarnell has not been duplicated elsewhere to date; however, we have 
seen smaller occurrences with similar alteration and 
mineralization. 

We have completed two orientation surveys over the deposit. A four 
line soil geochemical survey was completed using the GSI 15 element 
detection package. All of the elements were plotted on histograms 
and s ta t is t ica l ly  graphed to determine threshold values. In 
addition to the soils, two rotary holes (rejects) were resample and 
the main tunnel adit rejects resampled in order to better 
understand the orebody and to have a rock/soil comparison. Having 
performed al l  of the stat ist ics the results are as follows: 

A. Scattered anomalies of base and v o l a t i l e  element (As, Sb, BI, 
Hg) occur especia l ly  in the hanging wall of the deposit. 

B. A ~ geochemical halo of gold and possibly s i l ve r  appears to 
surround the deposit. This suggests that  these type deposits 
should be able to be detected with a wider spacing 
reconnaissance soil sampling program. In addition to the 
geochemistry, a ground magnetometer survey was completed. Six 
ground lines were run across the deposit with two of the lines 
run along the roads roughly perpendicular to the strike of the 
deposit. After reducing the data in various ways and looking 
at the published data within the area, i t  appears that the 
Yarnell Deposit is situated on a steep magnetic gradient, and 
appears to show through the gradients in the moderately altered 
and oxidized zone.  There appears to be more magnetic 
destruction within this zone compared to other zones. This 
conclusion suggests that this tool can be used for following 
altered zones under cover. 

17 



/ \ 

¥ARNELL FINAL REPORT 

TABLE OF CONTENTS 

~V 

I. SUMMARY AND CONCLUSIONS ...................... 

II. RECOMMENDATIONS 

I I I .  .INTRODUCTION & HISTORY 

IV. 

V. 

LOCATION & TOPOGRAPHY . . . . . . . . . . . . . . . . . . . . . . .  

LAND STATUS & GENERAL AGREEMENT . . . . . . . . . . . . . . . . . .  

VI ,  GEOLOGY . . . . . . . .  
A. 
B. 
C. 
D. 
E. 
F, 
G. 
H. 

• • • .= • , • • • • • • . • • • • • • • • • 

GENERAL STATEMENT OF ROCK TYPE FOUND (5) 
STRUCTURE (6) 
GOLD MINERALIZATION & OCCURRENCE (6) 
ALTERATION (7) 
SILICIFICATION (10) 
DRILLING RESULTS (11) 
DIAMOND DRILLING OBJECTIVES (12) 
GEOLOGY OBSERVATIONS (12) 

VII. SAMPLE COLLECTION . . . . . . .  
A. Assay Standard (14) 
B. Reruns o f  Assay I n t e r v a l s  (14) 

VIII• SPECIFIC GRAVITY 

IX. STOPED OUT AREAS 
_ • , , • . • • , . . • • . • • • ° . • • , • • • • 

X, ORE RESERVES 
• • • , • • • • • • • • • • • • = • • • • • • • • • . 

XI. METALLURGICAL TESTING 
• • • • • • • • • • • • • • • • • w • • • • 

XII. EXPLORATION POSSIBILITIES AND OTHER TECHNIQUES .......... 

1 

1 

2 

3 

3 

5 

14 

15 

15 

16 

16 

17 

/ \ 

Y 

18 



© 
Yarnell Project 

Petrographic Descriptions - Russ Honea 
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ATTACHMENT D 

Sample 
No. 

Primary Minerals % 
Alteration Plagio- Micro- 

Zone clase cline Quartz Biotite 

150 

151 

152 
162 

Sericite 

163 
164 
165 
166 
154 
155 

Fresh 25 50 16 7 6 
(Weathered) 
Fresh 25 45 18 10 
(Unweathered) 
Weak 30 44 15 9 9 
Weak 28 38 20 8 18 

157 
161 
158 
159 
160 

Weak/Moderate (35) 40 15 (8) 17 
Weak/Moderate (32) 43 16 (6) 16 
Moderate (44) 29 20 (5) 28 
Moderate (30) 55 10 (3) 8 
Mod.Unoxidized (35) 45 12 (6) 20 
Mod. Oxidized (35) 41 12 (10) 20 

161 
167 
168 

Moderate: Yarnell 
Fault Zone 

Syenite? (27) 66 3 (2) 2 3 
Potassic Rims (24) 66 5 (2) 7 - 
Quartz Stockwork(36) 40 15 (8) 27 - 

(38) 28 25 (7) 35 2 
(20) 62 12 (5) I0 10 

Syenite? (24) 66 5 (2) 7 
Mod. (38) 32 20 (7) 20 
Mod./Sil ic? (39) (33) 20 (6) 12 

(27) - Original Mineral Now altered to Sericite 

*(Clinozoisite) 
**Pseudomorphs 

***Rutile 

Secondary Minerals % 

Clay Chlorite Calcite Epidote 
Leuco- 
xene 

1+ 

3 

3 

2* 

-1 

<1 
1 

1 
2 

<1 
1 
1 
1 

<I 
- 1 

- 1 

- I*** 

I* <I 

- I 

- 2 

- I 

Silica % Iron Oxides % 
Quartz/ Chalce- Hematite/ Limonlte/ Fe Oxides 

Adularia dony/Opal Magnetite Pyrite(Fresh) Goethite (Undiff.) 

3 
2 
5 

15 (Veins) 

1/1 

I0115 
5 

15 
22 

I0115 
3 
4 

<1/<1 

<I 

<I 

I 

<I 
2 
I 

-I-:I 

I+ 

_ 3-I- _ 

I+I- 3 
- I+ 

- 2 

- 2 

-/2 
- I** 2 

I 2+ 

2 3+ 
- 2 

2 4 

3(Hm) 
2 

• : i ; ~ i e 



J.D. Sell 

Southwestern Exploration Division 

June 14, 1990 

Geologic Revision of the ECS 
Block Reserves 
Yarnell Project 
Yavapai County, Arizona 

The geologic revision of the ECS block model ore reserves has been completed. 
The revised model awaits another economic evaluation using the cone miner 
program and wi]l be done as ECS time permits. The changes made in the block 
reserve fell into two categories: continuity of mineralization between 
drill hole intercepts for the "B" zone and projection of the reserve blocks 
outside the geologic limits of the "B" zone mineralization. 

Based upon all available data, surface mapping, subsurface projection of 
drill hole intercepts, underground mapping and sampling, etc., a geologic 
model was designed with constraints on the "B" zone mineralization. The 
ECS model was evaluated within these constraints and modified as needed to 
fit the model. Reserve blocks that were located below the footwall of the 
"B" zone were removed. Reserve blocks located within the "B" zone were 
evaluated for additional continuity and were upgraded to show this conti- 
nuity when the geologic model allowed it. 

The reserve was modified by the following methods. North-south sections 
were printed on 60' centers by ECS. These sections were used to determine 
whether the reserve blocks for the particular section agreed with the 
geologic constraints. The hanging wall and footwall were picked using all 
the available geologic data as described above and blocks that were below 
the footwall of the "B" zone were taken out of the reserve. Blocks above 
the hanging wall were evaluated as to whether they were part of the "A" 
zone. Approximately 24 sections were evaluated. Once the changes were 
made on the sections, the changes into the computer were made on the plan 
maps, level by level. This was done because at this time, it is not 
possible to make computer changes on the sections. 

MAM:mek Mark A. Miller 

cc: W.L. Kurtz 
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Ju ly  12, 1990 

M.A. Mi l ler  

Final Report 
Yarnell Project 
Yavapai Co., AZ 

\ / 

I send your Final Report back with a number of comments. I f ind the 
report i l l - p u t  together which makes for confusion fo r  anyone trying to 
follow text and al l  you Attachments-Plates-Tables-Figures. 

You should not date your cover le t te r  i f  a l l  your supporting data is 
not ready to go. Date when you are ready to submit. 

Some observations: 

1. Geology map, P la te  2 

a. 

b. 

You did not label the 'granite', in the explanation column. You 
only said i t  was fresh/altered, 

Is the d io r i t e / f e l s i t e /g ran i t e  in relat ive age-relationships, 
from youngest to oldest? 

c. Where does the inferred Yarnell fau l t  go from your trench at 
the north base of the eastern knob? 

d. As I recal l ,  the claim YAR-43 was to be the narrow slot between 
the Juniper and the Alvin J. I f  so, a short arrow should point 
to th is  s lot .  Your map has YAR-42 here! What is correct? 

e. What then is the YAR-42 on the northeast end of Juniper? I t ' s  
the real YAR-42? 

f. You have several zones with ~/~# , such as near rotary hole 
65, and rotary hole 30. No explanation in the explanation 
col umn. 

2. On p l a t e  5A, you have a f a u l t  w i t h  cons ide rab le  o f f s e t .  No note o f  
t h i s  s t r u c t u r e  on P la te  2. Same w i t h  P la te  5F, and 5G. 

/ " \  
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. On you Plates 5A thru 5M, you often stopped at a d r i l l  hole, on 
others you projected the information on up to the surface. I had 
asked you to be consistent and pull a l l  the info to the surface. 
Any reason not to? 

, On your Arizona Index 
black c i rc le  for Globe 
dist inct ion? 

Map, no explanation for the difference in 
vs. blue c i rc le  for Superior? What is the 

. On your Attachment C, Schematic Cross Section, you have the band of 
unoxidized granite under the Yarnell fau l t ,  then go back into 
oxidized granite. Three of the 4 diamond d r i l l  holes indicate a 
base of oxidation. Did most of the rotary holes also stop in 
pyri te, and thus indicate a based of oxidation? No comments on 
change from unoxidized back into oxidized at depth either in your 
discussion of Attachment C (Section D of your report) or Section H 
- Geologic Observations. Where do you get support for a 
considerable thickness of oxidized rock between the moderate 
altered unoxidized and the fresh granite? Should be discussed 
somewhere. 

6. D r i l l  log YDDH-3, why h a s n ' t  t he  core been logged from 221-230?, 
and your  log b rough t  u p - t o - d a t e ?  

7. On l i s t  of Attachments and Plates - E. Diamond Dr i l l  Lugs; 
misspelled. 

8. On page 3 of your report, you call the location map - Figure I, but 
in you L ist  of Attachments i t s  Attachment A. 

. Same with Land Status. Can't be both Plate I and Figure 2. Your 
Plate I is called a Land Status map in index, but Plate I is claim 
map with no l i s t  of who is who, thus the Status is unknown. Your 
Figure 2 on page 4 is a Table of payments and royalt ies and Figure 
would seem to be a misnomer, or at least confusing, since i t  is not 
l is ted in any Table of Contents or L is t  of Attachment - Plates. 

10. Under Geology - General Statement  you say . . .  I nc luded  . . .  are 
s c h i s t o s e  x e n o l i t h s  . . .  i n  the  a l t e r e d  and u n a l t e r e d  rocks . . . .  
Yet ,  none o f  these  show up on your  Geology Map o f  P la te  2. Why 
not? Same w i t h  " A p l i t e  D i k e s , "  none on map. S h o u l d n ' t  t h i s  be 
s t a t e d  in  the t e x t  as t o  why they  are not  on the  map? 

11. In the SW part of Plate 2 - Geology map you have a d ior i te  dike 
trending E-W and dipping 20 o north subparallel to the Yarnell fau l t  
( is th is  not a " s i l l "  by def in i t ion?).  Also have a d ior i te  s i l l  
which is perpendicular to the previous d io r i te  and perpendicular 
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(in outl ine) to the major structure jo in t  direct ion, though i t  has 
no other st r ike - dip designation, is not th is  a "dike" l ike mass 
as i t  cross cuts up topography quite sharply? 

12. Under your discussion C. Gold Mineralization (p. 6), you mention 
Honea's work as Attachment B, then say see "Figure 3." No Figure 3 
in Honea's report or elsewhere in your pi le of Attachments, et al. 

13. Your Plate 2 is labelled Geology map, but most of unt i t led legend 
is a l terat ion,  and is so discussed under part D of your text (p. 
7). 

14. Complete the record information on your diamond d r i l l  record 
sheets. Coordinates, started, terminated, etc. 

15. Plates 3 & 4 are labelled "Proposed Dr i l l i ng , "  and are on one 
sheet. But in text,  Plate 3 is the past d r i l l i n g  and the "B" zone 
assays while Plate 4 (in text) ,  is the proposed d r i l l i n g .  Should 
have both labels. 

16. You mention "bound volumes" of a l l  d r i l l  holes 
nowhere do you say where these can be found. 
d is t r ibute the d r i l l  hole-assay volumes along 
report? 

and assays. Yet 
Do you intend to 
with your f inal  

17. On text page 11, part F. Dr i l l i ng  Results, - -  a confusion exists 
when you say . . .  the attached cross sections through the d r i l l  
holes show . . .  discussed in the previous section. But the previous 
section was part E. S i l i c i f i c a t i o n  and had no cross-sections, and 
nothing in text to indicate where the sections would be found - -  in 
"bound volumes" or in Plate 5A thru 5M (not discussed in text ) ! !  

18. Then you say . . .  the geologic detai ls of the diamond d r i l l i n g  are 
summarized in the next section . . .  however, the next section is 
part G. Diamond Dr i l l i ng  Objectives - -  and has no geologic detai l .  

19. Under part G. Diamond Dr i l l  Objectives you note an Attachment J. 
No Attachment J was in your packet. In your l i s t  of Attachments- 
Attachment J RDH vs. DDH memo - M.A. Mi l ler  to J.D. Sell 9/27/90. 
I submit that September 27, 1990 is not yet here while th is  report 
is dated May 3, 1990, which I received in early July. 

20. Under part H. Geological Observations, you state . . .  a l l  holes 
were collared in the weakly altered zone . . . ,  yet, as your Plate 2 
shows, many of the holes were collared in your "moderate" 
al terat ion. 
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21. Under part H, item 2, you state there is a "Figure 4," but no 
Figure 4 is in the packet. 

22. Under part H, item 5, you state . . .  The Yarnell Fault Zone as seen 
in d r i l l  core ranges from 5' in YDDH-1 to 90' in YDDH-2; but on 
YDDH-2 log is only from 310-380±, or 70'±. On your Plate 5 
sequence you only show a single l ine for the Yarnell Fault for the 
diamond d r i l l  twins of rotary holes 8 and 40. Nothing in text or 
plates to indicate that the plates are schematic. 

23. You have a section location map between your Plate 4 sequence and 
your Plate 5 sequence which is not labelled otherwise, nor is i t  in 
your List  of Attachments - Plates. What's i t  to be? 

24. Under part VII. Sample Collection, item A, you mention Table A and 
Table B, but no Tables are in your packet. 

25. Under part VII, item B you mention . . .  (Assay Checks memo 7-13-89, 
attached). This should have the Attachment le t te r  notation 

26. In that July 13, 1989 memo you state that . . .  results are within 
10% of each other . . . ;  however, your pencil notes show that i t ' s  
nearly 2/I of more than 10% deviation vs. less than 10% deviation, 
so i t  would appear that the words "greatest majority" might be 
questioned. 

27. In your Attachment H, have you rechecked everything? In Table 1, 
page I, YM-5, Original Pulp, I came up with 0.033 as composite 
grade. Also in YM-7 the composite footage is 70', not 60', and in 
YM-56, new pulp is 35' not 35". Other mistypes/miscalculations? 
F i l l  out a l l  the values to three decimal places to c la r i f y .  

28. Under part VI I I .  Specific Gravity what is . . .  weak, moderate + 
footwall . . .  ? 

29. Under part VI - D you have Attachment "D"; part VI - G, Att. "J"; 
part VI - E, Att. "E" etc. etc. you've gone back and forth in the 
Attachment notations and i t  w i l l  be d i f f i c u l t  for readers to go 
back and forth. Rearrange the attachments in logical sequence. 
Same with plates (Plates 4-A-G, 5A-M and 6 not mentioned in text ) .  
Figures I thru 4 mentioned in text but none in packet (except for 2 
which I indicated ear l ie r  might better be called a Table) and 
Tables A & B in text not found anywhere, ei ther in text or 
contents. Clean up your text to go with al l  the appended items. 

4 
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30. Under XI. Metallurgical Testing, you say D.E. Crowell's results are 
attached, but give no Attachment notation; then later ta lk  about 
the 24 d r i l l  holes being selected and . . .  one sample per hole 
(Attachment I ) ,  but Attachment I is Crowell's report and has 
nothing to do with the 24 d r i l l  hole bott le ro l l  tests mentioned. 

31. XII. Exploration Poss ib i l i t ies  - well, I'm getting t i red of a l l  
these question being raised, but here we are f i na l l y  at the end and 
you're t e l l i n g  us about geochemistry, but . . .  not a clue as to 
where we can find i t ,  who wrote i t ,  and when. Is th is  not as 
important as Attachment F, Attachment I ,  and bott le rol ls? 

32. And, of course, I don't l ike Plates 3 and 4 on same sheet, then 
have Plate 4A through 4G which are never mentioned in text. 

33. Let us, you and I ,  get together and decide what you need in your 
Final Report as appendages, and what might be referenced to in a 
bibliography section. 

JDS:mek 
/ 

/ James D. Sell / '  

OC- W. L. Kurtz 

l "  \ 
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I .  SUMMARY AND CONCLUSIONS 

The Yarnell Deposit is a structurally controlled (and prepared) 
hydrothermally altered zone that hosts economic gold mineralization 
in a configuration and thickness amenable to an open pi t  operation. 
The deposit is hosted in a Precambrian granite and occurs in and 
surrounding a low angle fault structure; the Yarnell Fault. The 
hanging wall of the fault has been extensively fractured and 
altered to sericite (phyllic alteration). Gold mineralization 
appears to be associated with secondary quartz veining, iron 
oxides, and the development and intensity of quartz veins stockwork 
which has been developed in the hanging wall. The footwall of the 
mineralized zone (below the Yarnell Fault) is phyl l ic ly altered, 
but is usually unmineralized with respect to gold. The Yarnell 
Fault Zone (YFZ) continues both NE and SW from the main deposit and 
where exposed i t  contains gold mineralization; however, the 
thickness of the zone and the associated alteration envelope 
appears to be considerably less. Ninety-six reverse circulation 
and four diamond d r i l l  holes have been completed. A mineral 
inventory of 4.1 million tons at .055 opt Au (JDS reserve) has been 
estimated with a recovery by leaching of +70%. In addition there 
is 2.7 million tons at .017 opt Au in a low grade zone above the 
main mineralized zone. 

Additional d r i l l i ng  is recommended to extend the mineral inventory 
both northeast and southwest from the known limits. 

I I .  RECOMMENDATIONS (Plate 4) 

Asarco has dri l led off an inventory of +4 million tons at .055 opt 
Au (from J.D. Sell 's calculated reserve). This is based upon 73 
d r i l l  holes from a total of 96 holes. The remaining 23 holes are 
too f a r  down dip to be included in the reserve calculations, too 
far away from other holes, or collared in the footwall of the 
mineralized zone.  Projections of mineral trends and geologic 
mapping on 100 and 200 scale over the deposit indicates other areas 
of untested mineral potential that could be included in the mine 
plans and should be tested. The areas of interest are listed 
below. 

AREA I: SOUTHWEST EXTENSION OF THE MINERALIZED ZONE. 

A potential for 600,000 - 800,000 tons of similar grade as the 
mineral inventory is indicated southwest of the last dri l led fence 
of holes (YM-48, 64, 65). The alteration zone has been mapped 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  = . . . . . . . . . . . . . . . . . . . . .  
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along the projected trend of the Yarnell Fault. Scattered assays 
in this zone indicate that gold mineralization is continuous within 
the zone. The majority of the hanging wall zone is on a dip slope 
and d i f f i cu l t  to accurately sample. Eleven holes are proposed to 
test the mineral potential of this area (Miller 2-5-90). 

AREA 2: NE EXTENSION OF THE MINERALIZED ZONE 

Mapping and sampling of the area (and particularly the small knob 
NE of the proposed pi t )  has indicated a zone of gold mineralization 
similar in occurrence to the main deposit. Mineralization appears 
to be related to a low angle fault structure; possibly a splay of 
the Yarnell Fault. Detailed rock chip sampling and trenching (on 
the structure) along the exploration roads that traverse the knob 
have indicated spotty values of +.01 opt Au with a zone in the 
trench averaging 30' at .048 opt Au. Th is  trench was cut across 
the strike of the structure. Alteration is continuous from the 
base of the h i l l  to the top with abundant sericite, moderate 
s i l i f i ca t ion,  and occasional quartz veining. One RC hole collared 
near the top of the h i l l  had an interval of 20' which averaged .013 
opt Au; not ore but certainly indicative of a mineralized system. 
A potential for +/-200,000 tons of similar grade to the mineral 
inventory is indicated. Two holes are proposed to test the mineral 
potential of this area (Mil ler 2-5-90). 

AREA 3: DOWN DIP EXTENSION OF THE MINERAL INVENTORY 

Additional d r i l l ing  is recommended to test the downdip limits of 
the mineralized zone intersected in RC hole YM-26 (90' at .054 opt 
Au) and YM-33 (90' at .051 opt Au). A potential for 600,O00T at 
>.05 opt Au exists with an ore to waste ratio around 3.0. 

\L ) 

I I I .  INTRODUCTION & HISTORy 

The Yarnell Deposit is located within the Weaver/Rich Hil l  Mining 
Distr ict in Yavapai County, Arizona (see location map, Figure I). 
Historical production from the Yarnell Mine was mostly underground 
with some limited production from the open cut. This amounted to 
+/-200,O00T being mined between 1900-1941 on a very intermittent 
basis. The last operator of any consequence was the Winslow Mining 
Company which operated the property from 1939-1941, and constructed 
a cyanide agitation mill on the property. I t  was during this time 
period that the majority of the 200,O00T were mined. Average grade 
was reported to be .2-.3 opt Au mined exclusively from the Yarnell 
Fault Zone. Overbreaking of the ore zone is evident as the ground 
conditions caused large and blocky roof fa l ls  of sub ore (for that 
time period) material. Actual grade of the ore may have been in 
the 0.1+ opt Au range. The mine was shut down in 1941 by L-208; 
the Federal Gold Mine Closure Order. Asarco's recent interest in 
the property was through a news release in the George Cross News 
Letter, a Vancouver B.C. promotional news let ter.  Norgold 



/" Resources, the Canadian junior mining company that controlled the 
property, reported the results of a reconnaissance rock chip 
sampling program (GCNL #177 9/14/88). The length of the sample 
lines and resultant grade suggested a bulk tonnage open pit  target. 
The property was examined in November 1988, at which time i t  was 
sampled. Assay results confirmed Norgold's values. I t  was sampled 
in greater detail in December with again confirming results. A 
letter agreement was signed with Norgold Resources in late January 
1989 for an exploration option on the property. Detailed sampling 
and mapping at I" = 200' was completed and a nine hole R.C. program 
was proposed and completed (Miller 5-11-89). The results of the 
dr i l l ing  strongly suggested the possibil i ty of a bulk tonnage open 
pit deposit and additional holes were completed. A total of 96 
R.C. holes and 4 diamond d r i l l  holes (which are twins to the R.C. 
holes) were completed during the exploration program. 

/ \, 

\ / 

IV. LOCATION & TOPOGRAPHY 

The Yarnell Gold Deposit is located in the Weaver Mining District 
on the SW side of the Weaver Mountains in Yavapai County, Arizona 
(Index Map, Figure I). The deposit is situated very close to the 
drainage divide between the Yarnell/Peoples Valley watershed and 
the Congress Valley watershed. Highway 89, a US maintained 
highway, is within 300' of the deposit and access is year-round. 
The present dri l led mineralized orebody within the computer model 
benches, is between the 5100 and 4640 benches. Topography and 
attitude of the deposit are very amenable to open pit  mining. The 
climate is also conducive to year-round operation. 

J• 

V. LAND STATUS & GENERAL AGREEMENT (Table 1, Plate 1) 

The project is a joint venture between ASARCO Incorporated and 
Norgold Resources, a Vancouver junior mining company. Property 
under control in the JV area consists of the following (Figure 2): 

Patented Lode Claims 
Unpatented Lode Claims 
State Leases 

5 +/-100 Ac. 
56 +/-1120 Ac. 

2 480 Ac. 

Tota l  +/-1700 Ac. 

Details of the agreement are complex, but are summarized as 
follows: Asarco will become a 51% partner and operator after 
spending $250,000 in exploration on the property, make payments to 
Norgold thru 1991; assume all underlying agreements and provide 
Norgold with a feasibi l i ty study by July 1991 and a commitment to 
mine within 3 years from the date committed. The schedule of 
payments (Table I) details the underlying payouts. Norgold will 
share in these costs once the 51/49 JV is enacted. 
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Table 1 
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Payment Schedule beginning June I, 1989. 

(Pat. & 
Unpat.) (Unpat.) (Patented) 

Year Roman Layton Heintzelman Sub Total Norgold 

1989 9 7,000 $ 10,000 $ 15,000 $ 32,000 $ 30,000 

1990 100,000 15,000 12,500 1 2 T , 5 0 0  40,000 

1991 100,000 25,000 12,500 1 3 7 , 5 0 0  50,000 

1992 100,000 40,000 12,500 1 5 2 , 5 0 0  25,000~ 

1993 150,000 60,000 - -  210,000 25,000~ 

1994 - -  100,000 - -  100,000 25,000t 

945T,000 9250,000 9 52,500 9T59,500 9195,000 

Total 

$ 62,000 

167,500 

187,500 

177,500 

235,000 

125,000 

9954,500 

~To be paid i f  Asarco has not begun development on property. 

Royalty (NSR IN %) 

A1 Roman Layton 

2% year 0 - 2 1% or Advance 
1% year 3 - 4 Royal ty  (Greater  
.5% ad i n f i n i t u m  of  the two) 

Payments not to  
exceed 9175,000/yr  

Heintzelman 

None 

, ' \ 
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VI. GEOLOGY (P la te  2~ 

A. GENERAL STATEMENT OF ROCK TYPE FOUND 

The gold depos i t  occurs w i t h i n  a Precambrian (1000-1400 myo) 
medium to  coarse grained equ ig ranu la r  b i o t i t e  
9 r a n i t e / g r a n o d i o r i t e ;  however, the pe t rograph ic  desc r i p t i on  by 
Russ Honea is c loser  to  a quar tz  monzonite. Included w i t h i n  
t h i s  i n t r u s i v e  complex are sch is tose x e n o l i t h s  and the angular 
nature of  some of  these xeno l i t hs  suggest t h a t  "s top ing"  by the 
i n t r u s i v e  has occurred.  These xeno l i t hs  have been seen in the 
a l t e r e d  and una l tered rocks, but are i n s i g n i f i c a n t  in 
occurrence w i t h i n  the mapped areas. The f resh unal tered 
i n t r u s i v e  is l i g h t  gray/green in co lo r  w i th  up to  10-15% black 
b i o t i t e ,  and the remainder of  the rock is  composed of  
m i c roc l i ne  (~50%), quar tz  (~15%) and p lag ioc lase  fe ldspar  
(~25%). As the rock weathers i t  becomes l i g h t  brown in co lo r ;  
probably due to the leaching of  the i ron oxide minera ls  and the 
b i o t i t e .  J o i n t i n 9  is  very common in both una l te red and a l t e red  
rocks c rea t i ng  very large boulders (e lephant  rocks) in the 
una l te red rocks t y p i c a l  o f  a g ran i te  te r rane .  

x" "\ 

Fe ls i c  d ikes (shown as purple on map) occur e s p e c i a l l y  in the 
southern p o r t i o n  of  sec t ion  14 and the nor thern  par t  o f  sect ion 
23. These d i k e s / s i l l s  are associated w i t h  the la te  stage 
quar tz  veins and quar tz  vein f l o a t .  The f e l s i c  d ike s t ruc tu res  
t rend N20-40°E and d ip  to  the NW at 30-80 ° .  They are usua l l y  
2-4 '  in w id th  and appear to  have a sheared/s t re tched 
appearance. I t  is  ev ident  t ha t  the d ikes f o l l ow  the 
predominant reg ional  s t r u c t u r a l  d i r e c t i o n ;  however, t h e i r  
r e l a t i o n s h i p  to  the Yarne l l  Faul t  is  unknown. 

't., .J 

D i o r i t e  dikes and/or  s i l l s  (shown as brown on map) also occur 
w i t h i n  the mapped area and have been seen in assoc ia t ion  w i th  
o ther  depos i ts  in the d i s t r i c t .  These dike s t r uc tu res  t rend 
both NIO-20°W to E-W w i t h i n  the Yarne l l  Area. The NW t rend ing  
s t r u c t u r e s  d ip  +/ -80 ° to  the SW wh i le  the E-W t rend ing  
s t r u c t u r e s  appear to  d ip +/-30°N. These dikes are much t h i c k e r  
than the f e l s i c  v a r i e t y ;  up to  +10' in th ickness .  Based upon 
the mapping, i t  appears t ha t  the d i o r i t e  may postdate the 
f e l s i c  d ikes.  The l a rges t  d i o r i t e  d ike t rend ing  NIO-2OeW 
d ipp ing 80oSW appears to  postdate the l a t e s t  movement on the 
Yarne l l  Faul t  as there  is no obvious displacement of  the dike 
across the f a u l t .  The dikes do not show any of  the NE regional  
s t r u c t u r e  suggest ing emplacement a f t e r  t h i s  event, Quartz 
ve in ing  is commonly associated w i th  the d i o r i t e  d ikes.  The 
quar tz  veins appear to  be la te  stage whi te  quar tz  which is 
o f ten  au r i f e rous  in the Yarne l l  area, There are also 
i n d i c a t i o n s  of  d i o r i t e  in the f oo twa l l  of  the minera l i zed  zone 
as noted in some to  the RC holes. The s i g n i f i c a n c e  of  the 
f o o t w a l l  d i o r i t e  at  the Yarne l l  Deposit  is  not known. 
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B. 

The existence and occurrence of diorite dikes and s i l l s  
associated with gold deposits in the d is t r i c t  has been 
reported. Diorite is mentioned at the Alvarado Mine, the 
Octave Mine, Congress Mine and other mines and prospects within 
the Weaver District associated in some way with gold 
mineralization. 

The existence of diori te associated (at least spatially) with 
the Yarnell Deposit suggests a similar relationship. However, 
only trace amounts of gold have been assayable from the 
diorite. The quartz veins, however, are commonly auriferous. 
This suggests that this stage of quartz veins with gold was 
emplaced along the weak structural zones along the diorite 
granite contacts. 

Aplite Dikes (not shown on map) - These dikes are very minor in 
occurrence and are found in the unaltered granite. They do not 
appear to be related to alteration/mineralization. The aplite 
dikes are probably a late feature of granite crystall ization as 
they have the same mineralogy as the intrusive; only finer 
grained. Thicknesses of the dikes vary from hairline to 6". 

STRUCTURE 

The principal structure which controls and localizes gold 
mineralization is the Yarnell Fault Zone (YFZ). This is a 4'- 
6'+ zone as mapped on surface and underground workings, 
composed of strong gouge, mylonite, microbreccias (tectonically 
derived), quartz ve ins  and si l ica replacement and fault 
breccia. Abundant clay is present in this zone, probably from 
the fault gouge. The Yarnell Fault is a low angle structure 
trending N40-60°E with dips to the northwest ranging from 25- 
40 ° along its mapped and exposed length. This is a regional 
structure and has been traced by surface exposure for 2+ miles 
to the southwest before i t  disappears under alluvial cover. 
The northeast extension is less clear as i t  trends into a thick 
valley f i l l  capped by volcanic flows. Associated with the YFZ 
are numerous faults/fractures which occur in the hanging wall 
of the structure and are often mineralized with quartz and 
various types of iron oxides (goethite, hematite, specularite, 
etc.). These fractures were probably the conduits for the gold 
bearing fluids to move away from the Yarnell Fault Zone and 
create the "Disseminated Deposit." Several prominent jo int  
sets have been identified striking NIO°E x N70°W. These sets 
are frequently mineralized with iron oxides and occasionally 
gold. 

C. GOLD MINERALIZATION & OCCURRENCE 

On the basis of core logging, f ield observations, and limited 
mineralogical work by Russell Honea (consultant mineralogist) 



f \ 

gold appears to have several modes of occurrence. I t  occurs in 
the free state and associated with iron oxides (goethite). Mr. 
Honea prepared a pan concentrate of a very high grade gold zone 
encountered in the dr i l l ing  which assayed 1.02 opt Au (YM-71; 
85-90'). He reported that 38 particles of gold were seen; 14 
of which were liberated (free) and 24 which showed some degree 
of locking with goethite (18) and quartz (6) (Honea 12-7-90). 
Of particular interest is a photomicrograph (Figure 3) which 
shows included gold within a oxidized pyrite cube. Size ranges 
of all the free gold particles range from <I to 110 microns (I 
micron = .O01mm or 1/25,000"). Some of this "Free" gold may 
have been liberated by the sample preparation process (to 
prepare the pan concentrate). How much, however, is not known. 
The locked gold particles range in size from <I to 26 microns. 
Honea's study indicates that the size range of free gold is 
small (18.3 microns average) and even smaller in the locked 
particles (5.4 microns average). Thus the Yarnell Deposit is a 
micron go ld  deposit. The locked particles may not be 
accessible to the cyanide without some beneficiation. However, 
the very small size of the free gold suggests the possibil ity 
of a shorter leach time in the heaps. 

I have compared size ranges of other micron gold deposits in 
the Mohave Region. Particle size of gold at the Mesquite Mine 
is +/-10 microns in the oxidized zone. Literature on the 
Picacho Mine reports gold particles up to 1000 microns in size; 
however, average size is not reported. Within the Carlin Trend 
in Nevada particle size at the Gold Quarry Mine is <I to 10 
microns. 

Mr. Honea has indicated that the greatest majority of the 
sulfides have been oxidized to goethite. Free gold has also 
been seen within the quartz ve in  stockwork zone (YDDH-4) in 
association with grey quartz and quartz/specularite veins. 
Higher gold assays have been found in the quartz stockwork with 
adularia. The occurrence of adularia (potassic addition) seems 
to favorably effect the gold grade. Gold is also associated 
with re l ic t  sulfides. In f ie ld observation the occurrence of 
pyrite pseudomorphs and red hematite patches usually indicates 
a higher t h a n  usua l  g o l d  content. High grade gold 
mineralization (+.I opt) is found within the Yarnell Fault Zone 
with abundant red hematite and quartz. This was the main zone 
that the old time miners were following and ranges from .I to 
1.0 opt Au. However, l i t t l e  visible gold has been seen in this 
zone, 

D. ALTERATION (TABLE 2) (PLATE 2) 

We have recognized three zones of alteration during the 
mapping. These zones are roughly tabular envelopes outward 
from the plane of the Yarnell Fault and are described from 
outside to inside to the Yarnell Fault (weakest --> 
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strongest)(Figure 6). Each zone will be described from f ield 
observation and hand sampling identification. This wil l  be 
followed by the petrographic description of the zones based 
upon Russell Honea's observations with interpretations (Table 

2). 

Weak Alteration (Propylitic) 

The zone is characterized by the weak replacement of 
biot i te by iron oxides (hematite?). This usually occurs 
along the margins of the biot i te and can be easily seen 
with a IOX hand lens. Replacement occurs as a 
reddish/brown rim along the biot i te grain margin. Both 
microcline (K spars) and plagioclase feldspars are very 
weakly ser ic i t ica l ly  altered. There is also the 
beginning of alteration of biot i te -> chlorite which 
increases into the transition zone (Figure 4A). From the 
unaltered granite boundary this zone is +/-50-150' thick 
(measured from the plane of the Yarnell Fault). 

Petrographic Description 

The zone contains up to 9% biotite which is approximately 
equal to the unaltered granite. There is a small 
increase in the amount of sericite in the secondary 
mineralogy (K-spars & biot i te var. converted to sericite) 
and the primary plagioclase minerals which are being 
variably converted to sericite for a total of 9-16% 
sericite. 

Transition zone (subzone between weak & moderate 
alteration) 

As seen in the f ield, this zone takes on the 
characteristics of both the weakly altered and moderately 
altered zone. These I"-6"+ strongly altered areas are 
characterized by the absence of biotite, higher degrees 
of s i l i c i f i ca t ion ,  ser ic i t ic  alteration of the feldspar 
(plagioclase) and occasional limonite pseudomorphs. The 
stronger altered zone increases in abundance as the 
overall degree of alteration increases. There is a 
strong suggestion of chlorite in this zone as seen in t h e  
d r i l l  core (and as described in the previous zone). The 
bioti te appears to be altered to chlorite before being 
altered to sericite as the level of alteration increases 
(Figure 4B). 

Petrographic Description - No thin sections were cut. 

Moderate Alteration (Phyllic) Oxidized 
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This zone is characterized by the complete replacement of 
biot i te by sericite and plagioclase to serici te..  This 
zone is also characterized by pink potassic feldspar 
(adularia?) rimming quartz veins and other feldspars 
(photo - Figure 5). As the intensity of alteration 
increases the ground mass becomes increasingly more 
ser ic i t ic  and the secondary feldspars become more 
prominent through the ground mass. Calcite is absent in 
the oxidized zone. The zone is also characterized by an 
increase in si l ica as quartz ve in  stockwork and 
"flooding." However, this will be discussed in later 
sections. The zone (oxidized) occurs principally in the 
hanging wall of the Yarnell Fault and is from 50-200' 
thick. 

Moderate Alteration (Phyllic) Unoxidized 

As previously mentioned, the alteration zones appear to 
form an envelope around the Yarnell Fault Zone, the 
probable egress of the mineralizing fluids. As shown in 
surface mapping and in d r i l l  holes, the moderate altered 
zone also occurs in the footwall of the YFZ complex. 
However, a portion of this zone is unoxidized and the 
unoxidized zone is characterized by the replacement of 
biot i te to sericite (6% of biot i te to sericite) and up to 
20% secondary sericite. The ground mass and matrix 
appear to be strongly s i l i c i f i ed  (flooded). Quartz 
veining is very rare and no stockwork is present in the 
footwall. Fresh pyrite occurs as discrete cubes and as 
"pseudobands" of sulfides up to 3-5% locally. 
Specularite is locally very abundant up to 10% averaging 
3%+/-. The rock has a greenish cast, due to sericite 
(Malusa 6-19-90). K-spars are noticeably pink and appear 
to be primary? and unaltered. Rare calcite is present in 
"gash" veins. 

Petrographic Description 

The mineralogy of the hanging wall and footwall 
moderately altered zones are very similar (attached 
chart) with up to >20% sericite as secondary minerals and 
almost complete replacement of primary plagioclase 
minerals to sericite. A minor difference between the 
mineralogy of the unoxidized vs. oxidized portions of the 
zone is the notable occurrence o f  chlorite in the 
unoxidized portion (2% vs. 0%). The amount of iron 
oxides as goethite is much greater in the moderate 
oxidized zone (3%+/-) compared to nil to trace in the 
unoxidized section. 

Moderate Alteration - Yarnell Fault Zone Complex 
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As seen in the f ield and in d r i l l  core this zone is 
highly sheared and granulated. Moderate abundant clay 
(gouge) up to 15-20% is also present in this zone. This 
zone is also characterized by massive quartz veins 
parallel to the ¥arnell Structure from I-2' thick. 
Silica also occurs as banded chalcedony and opal (from 
field observations). Rock texture is destroyed; probably 
due to the faulting and crushing and not due to the 
alteration. As seen in core, the rock is a fine grained 
almost cryptocrystalline rock with no obvious granitic 
textures. The Yarnell Fault zone complex has been seen 
up to TO' in thickness in YDDH-2. The actual Yarnell 
Fault Zone, however, is only 4-6' thick. 

Petrographic Description (Table 2) 

The rock has been identified as a syenite by Honea 
indicated by 3-5% primary quartz. The percent of 
secondary quartz in the rock is 15-22%; much higher than 
overlying zones. This may be due to si l ica depletion of 
the original rock (now a syenite) and redeposition of 
s i l ica into quartz veins and quartz flooding. The 
syenite may also represent a different phase of the 
intrusive which has been emplaced along the Yarnell 
Fault. The zone also shows strong potassic addition as 
shown by the mineral adularia up to 15% by volume. 

E. SILICIFICATION 

Within the Yarnell Deposit s i l ica is seen in several modes of 
occurrence. Quartz (Si02) occurs as discrete quartz veins and 
as quartz vein stockworks. These quartz veins are found both 
parallel and cross cutting the principal Yarnell structure. On 
the basis of f ield observations and diamond d r i l l  core, the 
following paragenesis of quartz veining is suggested. 

I. Early gray quartz +/- associated with specularite in vugs 
parallel to quartz veins. 

2. Dark gray quartz - Some brecciation in the vein; dark color 
probably due to presence of specularite. 

3. Lighter gray quartz with disseminated limonite pseudomorphs 
usually on the margin of the vein. 

These three generations of quartz are usually seen as small 
veins and veinlets +/- I/4" thick, locally up to I/2" and have 
been seen up to 3" thick (Figure 7). 

4. White Quartz - We have identified two stages of white 
quartz. These veins appear to cross-cut all of the other 

10 



/: \ 

/ \ 

\ L ./ 

stages. The white quartz veins are the thickest (6" in 
core to I ' ) .  These have also been seen in the f ield up to 
20' thick. We have assayed these veins in the f ield and 
they wi l l  consistently assay gold from .01 opt to .8 opt Au 
(average .05-.07). We have seen visible gold in diamond 
d r i l l  holes (YDDH-4) in similar looking veins. Perhaps the 
late stage veins are remobilizing gold from the deposit and 
redepositing as coarser gold. 

Silica also seems to occur as a pervasive flooding into the 
wallrock and the intensity of flooding appears to be related to 
the degree of quartz veining and quartz ve in  stockwork 
development. The flooding postdates the phyll ic (sericite) 
alteration as i t  appears to overprint the alteration zones. 

The Yarnell Fault Zone contains quartz veins, banded 
chalcedonic quartz and opal; classic epithermal textures. 
Honea also noted chalcedony and opal in the zone in thin 
section. 

F. DRILLING SUMMARY (PLATE 3) 

Ninety-six reverse circulation holes were completed by Dri l l ing 
Services Inc. totaling 24,207' from February to October 1989. 
Four N.C. diamond d r i l l  holes were completed by Boyles Brothers 
Dri l l ing Company, totaling 1295'. The diamond d r i l l  holes were 
twins to four reverse circulation holes. Direct d r i l l i ng  costs 
for the R.C. holes were $8.73/ft. (7.50 base rate). Diamond 
d r i l l  costs were $23.40/ft. (base rate $17.00/ft.). 

Assay results for the "B" zone interval are shown on Plate 3. 
All Reverse Circulation Geologic logs with assays are included 
in bound volumes with this report. Geologic Cross Section 
(Plates 5A-M) show the style of alteration and mineralization 
discussed previously in this report. All d r i l l  holes were 
plugged and abandoned upon completion per DWR recommendatiuons 
and abandonment reports were f i led. The four diamond d r i l l  
holes were surveyed using a Sperry Sun single shot down hole 
camera and hole deviation was <I ° at TD (350-400'). All collar 
evaluations and locations were surveyed by W.D. Gay and 
coordinates were transferred to the ECS (Engineering & Computer 
Services) data base. Most of the holes were dr i l led dry. 
However, upon encountering the water table, water was injected 
for more uniform sample return. 

Stoped Areas - Dr i l l ing Technique 

I t  became readily apparent that the area to be explored 
was honeycombed with stopes of wh ich  >50% were 
inaccessible (Plate 6). To assure the best possible 
sample retrieval, the following dr i l l ing  technique was 
adopted: 
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a. Intersect stope with hammer d r i l l .  

b. Probe to bottom of stope - record back + floor 
footage. 

c. Pull rods and change to a tricone bit .  

d. Reenter hole and continue +/-40' below stope floor. 

This technique was used for all reverse circulation holes 
past YM-5 when stopes or openings were encountered and 
resulted in better sample return below the stopes. 

DIAMOND DRILLING SUMMARY 

Four diamond drill holes were completed during 
The purpose of the diamond drilling was threefold: 

I. 

2. 

. 

the project. 

Twin existing reverse circulation hole to check assays. 

Provide a complete geologic section through the deposit 
from hanging wall through the footwall. 

Provide material for metallurgical testing, i f  needed, at a 
larger size than the rotary cuttings. 

Summary of Results 

Four R.C. Holes were twinned 
follows: 

with diamond d r i l l  holes, as 

R.C. TD Diamond TD 

YM-8 350 DDH-1 350 
YM-40 400 DDH-2 400 
YM-63 240 DDH-3 325 
YM-75 220 DDH-4 220 

All of the holes has been assayed and compared to the R.C. 
holes. Based upon this study there is good correlation within 
the assay interval but notable and sometimes significant 
variation within the individual assays. The variation in 
individual assays may be due in part to nugget effect. A 
report detailing the procedures and results was submitted 
(Mil ler 4-27-90). 

H. GEOLOGIC OBSERVATIONS FROM DIAMOND DRILLING 

Holes were c o l l a r e d  in the weakly a l t e r e d  and moderate zone and 
were designed to  d r i l l  t h rough  the s e c t i o n  and bottom below the 
f o o t w a l l  o f  the m ine ra l i zed  zone. The obse rva t i ons  l i s t e d  
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below are derived from the geologic logging and interpretation 
of the diamond d r i l l  holes. 

I .  The weak ly  altered th rough transition zone is 
propyl i t ical ly  altered. The change of the bioti te to 
sericite is gradational and appears to pass through a 
chlor i t ic  stage. There is also evidence of the beginning 
of iron replacement on the edges of the biot i te grains 
(pink rims). 

. A prominent quartz vein stockwork which occurs above the 
Yarnell Fault Zone has been seen in some of the holes. 
This stockwork zone is composed of the various stages of 
quartz as previously discussed in the Geology Section. In 
addition there is a definite area of potassic addition as 
adularia which rims the quartz veins and moves outwards 
into the ground mass (Figure 5). 

. The pervasive nature of the s i l i c a  f lood ing becomes very 
evident from the d r i l l  core. There is a d e f i n i t e  
r e l a t i onsh ip  between the amount of quartz veining,  quartz 
stockwork, and the magnitude of quartz f lood ing.  As the 
amount and i n t e n s i t y  of quartz ve in ing /quar tz  stockwork 
increases the amount of f lood ing increases un t i l  i t  
pervades the en t i r e  ground mass. 

. Free v i s i b l e  gold has been seen in and associated wi th 
quartz veins. I t  is i n te res t i ng  to note tha t  the areas 
wi th  v i s i b l e  gold in YDDH-4 which occurs w i th in  a quartz 
veins stockwork assayed .011 and .026 opt,  respect ive ly ,  
f o r  the equivalent  ro ta ry  i n te r va l .  Free gold was also 
seen in YDDH-2 in the Yarnel l  Fault  Zone. Assay values fo r  
the equivalent  ro tary  in te rva l  is .177 opt Au. A possible 
explanat ion of t h i s  might be that  the gold in the quartz 
stockwork in YDDH-4 may be l a te r  remobil ized gold which 
apparent ly does cause a nugget e f fec t  in the assays. This 
type of gold occurrence would be unaccountable in the assay 
(and reserves),  but might be recoverable in a leach 
c i r c u i t .  The Yarnel l  Fault  Zone, however, is  more uniform 
in gold content and would probably cons is ten t l y  assay in 
the 0.1-0.2 opt range. I t  might be advisable to reassay 
(w i th  mu l t i p l e  assays or la rger  sample s ize) ro tary  
cu t t i ngs  wi th  indicated higher (than usual) quartz content. 

. The Yarnel l  Fault  Zone is a s t rong ly  sheared almost 
c r y p t o c r y s t a l l i n e  rock which has undergone strong 
tectonism. The Yarnel l  Fault  Zone complex as seen in d r i l l  
core ranges from 5' in YDDH-1 to 70' in YDDH-2. Assay 
values w i th in  t h i s  70' zone support the thickness of the 
zone. 

~ / ¸ 
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. The footwall of the mineralized zone is unoxidized and is 
moderately altered. Biotite is absent .  Pyrite and 
specularite is moderately abundant as discussed in previous 
sections of this report. The unoxidized rock has a 
greenish t i n t  which has been determined to be sericite 
(Malusa 6-19-90). Quartz stockwork abruptly ends within 
the Yarnell Fault. Rare quartz and limonite veinlets are 
seen within this unoxidized zone and the rock appears to be 
strongly s i l i c i f i ed  (very pervasive quartz flooding). 
Copies of diamond d r i l l  logs with assays are included as 
Attachment A. 

SAMPLE COLLECTION 

Samples were c o l l e c t e d  on a cont inuous basis every 5' from the 
c o l l a r  to  the bottom of  the hole.  The sample was co l l ec ted  in a 
cyclone and then run through a t r i - l e v e l  s p l i t t e r  (supp l ied  by the 
c o n t r a c t o r ) .  The t r i - l e v e l  s p l i t t e r  reduced the throughput  sample 
s ize to  1/8 of  the o r i g i n a l .  The 1/8 remaining was then s p l i t  i n to  
two equal func t ions  l abe l l ed  A & B. The "A" sample was then sent 
to  the assay lab f o r  ana lys is .  The "B" sample was stored f o r  
f u t u re  use. We have no__tt used the "B" sample f o r  check assaying. 
The "A" sample was f i r e  assayed by Tr iad Minera ls  using a 1 assay 
ton sample s ize .  Gold content  was determined by g rav ime t r i c  means. 

A. Assay Standard 

The Asarco standard created by Oarby F le tche r  was used 
ex tens i ve l y  dur ing the d r i l l i n g  program. There are two 
standards in use; .006± opt Au and .022 opt  Au. These 
standards were inser ted  as odd numbers i n to  the sample stream 
(example, 171-179 ' ) .  We t r i e d  to  get equal high and low 
standards w i t h i n  each hole. Standards were inse r ted  every 20- 
50 samples w i t h i n  the sample stream. Resul ts  of  the standards 
i nd i ca te  t h a t  contaminat ion w i t h i n  the lab was not a problem. 
The purpose of  the assay standards as used dur ing the p r o j e c t  
was to  spot any contaminat ion in the sample stream, or e r r a t i c  
r e s u l t s  due to  procedure or equipment. From t h i s  end the 
standards procedure was successfu l .  Future programs using 
sample standards should u t i l i z e  rocks from the area; i . e . ,  
d r i l l  c u t t i n g s ,  r e j e c t s  and a su i t e  o f  standards designated to  
be s i t e  s p e c i f i c .  This w i l l  a l low b e t t e r  con t ro l  on the 
assays. 

B. Reruns of Assay I n t e r v a l s  

Reruns of  both pulps and re jec t s  were done to check f o r  
r e p e a t a b i l i t y  o f  assay resu l t s .  Seven ty - f i ve  pulps were run by 
Tr iad  and Sky l ine to  check f o r  comparat ive r e s u l t s  (Assay 
Checks memo 7-13-89) .  The r e s u l t s  of  t h i s  study ind ica ted  t h a t  
wh i le  there was some v a r i a t i o n  between labs,  the average f o r  
the 75 samples was almost i d e n t i c a l .  
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Another check on assay results was done much later in the 
dr i l l i ng  program (Miller 9-9-89). Entire ore intervals were 
rerun under different ho le  number designations and compared 
with the original assay results. The "A" rejects were 
submitted as reruns (not the pulps). The results of this study 
indicated a percent change of 0-30% from original pulp vs. new 
pulp (prepared from resubmitted "A" rejects). The new pulp 
generally returned a higher assay than the original pulp. The 
greatest amount of variation seemed to be in the earl ier d r i l l  
holes suggesting a period of time within the f i r s t  36 holes 
where the lab was reporting lower values. 

C. Reverse Circulation vs. Diamond Dri l l ing 

Three diamond d r i l l  holes (assays) were compared with the 
corresponding reverse circulation holes for assay comparison. 
The conclusions from the study are controversial and not all 
concerned are in agreement; but i t  appears that the reverse 
circulation and diamond d r i l l  results compare within .01 opt Au 
for the entire assayed interval (per hole). But individual 
assays show variation, sometimes of considerable magnitude 
between DDH vs. R.C. (M.A. Mil ler 4-27-90). However, there is 
no bias with either d r i l l i ng  technique. 

V I I I .  SPECIFIC GRAVITY 

The specific gravity of the deposit was determined through a suite 
of hand samples scattered throughout the deposit and by three d r i l l  
cores taken in the weak, moderate, and footwall zones. Values 
obtained from McClelland Labs in Reno were 2.55 gm/cm a or 12.56 
ft3/ton vs. the values obtained by Metcon in Tucson which were 2.66 
gm/cm 3 or 12.05 ft3/ton. The Metcon technique is probably the most 
accurate (D.E. Crowell's memo 11-I-89). A value of 12 ft3/ton was 
used in all reserve calculations. 

IX. STOPED OUT AREAS (PLATE 6) 

Determination and Calculation of Stoped Area and the Relationship 
to the Ore Reserves. 

Numerous memos have been written on this subject since 17% of the 
96 holes intersected s topes.  Excluding holes outside of the 
ultimate pit  l imits, twenty percent of the 83 holes within the 
ultimate pit  have intersected stopes. 

The methodology to determine the tonnage and grade of material 
previously mined and necessary to subtract from the reserve is as 
follows: (most recent calculation) 

1. The accessible areas of  the underground were mapped; 
however, t h i s  amounted to ~30-40% of the stoped area. The 
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remaining 60% was estimated by projecting an approximate 
area from d r i l l  holes that intersected open stopes. Based 
upon an experience factor, all stope openings were cut to 
20'. The approximate and projected stope outline was 
planimetered by W.D. Gay (2-I-90) and 25% was kept in for 
pi l lars. The grade was determined by similar means 
assigning values to the stopes that are more realist ic of 
the grade mined. 

Once the tonnage and grade have been determine for the 
stoped areas we can then subtract this tonnage and grade 
from the total reserve. This study was completed and 
detailed in a report (Miller 2/22/90). 

X. ORE RESERVES 

Ore reserves were determined by two means. 
explaining the techniques of calculation have 
however, I wil l  attempt to summarize the methods. 

Numerous memos 
been w r i t t e n ;  

Reserves were calculated by J.D. Sell (12-20-89) using an equal 
triangle method. Triangles were drawn between d r i l l  holes and 
modified with respect to pit walls and outcrop of the mineralized 
zone. The grade of the triangles was calculated by using the 
weighted average of the holes comprising the triangles. The 
tonnage of the triangles was determined by measuring the volume of 
the triangles divided by the rock - ton factor. A pit slope of 50 ° 
was used for the downdip limits of the proposed pit. This model 
does not use economic parameters. 

Reserves were also calculated by ECS (Engineering & Computer 
Services) using the cone miner. This method uses economic 
parameters mining costs, plant & operating costs, taxes, royalty, 
etc. and mines out the deposit within these parameters. The 
program also uses various grade and recoveries to calculate the 
final reserve. The details of the cone miner method are discussed 
in Sy Lakosky's Intermediate Feasibility Report (2/16/90). 

Comparing the two methods, the results are as follows: 

JDS Reserve ECS Reserve 

(Recalc. by MAM 
Removing Stopes) 

(Removing Stopes @ 250,000T 
@ .053 & 10% Mining Dilution) 

4,131,505T @ .055 opt. Au 4,829,000T @ .049 opt Au 

Removing Stopes at the same 
amount as MAM Recalc. of JDS 
Reserve 
4,849,500T @ .047 opt Au 
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t j These numbers may be subject to additional recalculation. 
The current reserves are s t i l l  waiting revision by ECS. 

Xl. METALLURGICAL TESTING 

Phase I of metallurgical testing is completed. This phase of 
testing used material mined from the open cut, composited as run of 
mine ore, and then column leached. The phase of the testing was 
conducted by McClelland Labs in Sparks, Nevada, and was overseen by 
D.E. Crowell of Asarco's Mineral Beneficiation Dept. 

Additional work is in progress. Twenty-four d r i l l  holes were 
selected and the assay intervals were composited into one sample 
per hole. A program of bottle rol ls have been completed. Holes 
picked throughout the deposit are anticipated to give a 
representative average of the leachability of the ore zone. A 
report detailing the results was submitted by J.D. Sell (4-25-90). 

L 

\ t .  J 

XII. EXPLORATION POSSIBILITIES AND OTHER TECHNIQUES 

The Yarnell Deposit provides us with an excellent opportunity to 
determine exploration parameters for these type deposits which wi l l  
aid in the search for other deposits in the d is t r i c t .  We have 
recognized an alteration assemblage and mineralization associated 
with this deposit and this wi l l  provide a model in the exploration 
for similar type deposits. 

A reconnaissance magnetometer survey and geochemical survey were 
completed at Yarnell. In addition, we flew a HEM survey over the 
deposit and surrounding areas. The results are summarized below. 

Magnetometer Survey - A ground magnetometer survey was completed on 
the property. F i v e  lines were run both perpendicular to and 
parallel to the strike of the Yarnell Fault. The results of the 
survey suggest that the alteration causes destruction of the 
magnetic minerals and a resultant magnetic low. The study has been 
detailed in a report by J.J. Malusa (3-9-90). 

Trace Element Geochemistry - A trace element o r i en ta t i on  survey was 
conducted around the Yarnell  Deposit to determine the geochemical 
signature of  the Yarnel l  Report. J.D. Rasmussen (3-20-90) has 
deta i led and summarized the study in his report and his conclusions 
are that  rock chip sampling is more d e f i n i t i v e  than so i ls  in 
locat ing anomalous gold concentrat ions. Arsenic is associated with 
gold and base metals are depleted wi th in  the a l tered zone. The 
soi l  survey appears to show the broad anomaly whereas the rock chip 
sampling w i l l  al low one to "zero" in on the minera l iza t ion .  Gold 
is the best geochemical ind ica tor ,  but s i l v e r  dispersion appears to 
be larger than gold, and, therefore,  would probably be detected in 
a reconnaissance sampling program. I t  is important to note, 
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however, that orientation surveys need to consider rock types as 
threshold values wi l l  vary from rock to rock. 

HEM S u r v e y s  - A HEM (Helicopter Electro Magnetic) survey was flown 
over the Yarnell Deposit on 1/16" mile centers (330') perpendicular 
to the Yarnell Structure. The survey was expanded outside of the 
mine area on I/4 mile (1320') to cover the SW side of the Weaver 
Mountains. Resu l ts  are preliminary, but there is a strong 
expression of the Yarnell Fault Zone as seen in the geophysics 
which trends SW towards and beyond (into pediment) the Alvarado 
Mine. Refinement of data is in progress. 

In summary, all of the above techniques need to be used with good 
geologic basis. These techniques may be useful for following 
mineralized/altered zones beneath shallow pediment and may help in 
defining d r i l l  targest within an area of alteration/mineralization. 

\ 
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As qco Southwestern Exploration Division 

September 27, 1990 

W.L. Kurtz 

Report on Yarnel| Project 
Yavapai County, Arizona 

As requested by R.L. Brown, I submit my synopsis of the studies and 
results at the Yarnell Project. 

The text has been double spaced to facilitate the corrections and 
additions of yourself, Graybeal,and Brown. 

\ / 

JDS:mek 
Att. 

/ James D. Sell 

cc" R.L. Brown 
F.T. Graybeal 



Southwestern Exploration Division 

W.L. Kurtz 

September 27, 1990 

Report on Yarnell Project 
Yavapai County, Arizona 

\ /  

/ \ 

I submit my report on the Yarnell Project which was d r i l l ed  in 1989 as a 
potential open-pit gold mine. 

Seventy-three reverse-air c i rculat ion d r i l l  holes, on approximately 100- 
foot centers, were d r i l l ed  to define the present configuration of the 
mineral zone. Four diamond d r i l l  core holes were also d r i l l ed  adjacent 
to rotary holes to provide a complete geologic-structural- 
mineralization prof i le  through the deposit and to serve as an assay 
check on the adjacent rotary holes. 

Numerous studies have been undertaken such as bott le ro l l  leach tests, 
large column percolation leach tests, a vat low-grade leach test  and 
numerous computer runs involving various economic parameters. 

At present a geologic inventory of a study p i t  outlines a potential of 
plus four mil l ion tons of plus 0.05 oz/ton gold. Several par t ia l l y  
tested to untested areas remain which when dr i l led  may add from one- 
half to one mil l ion or more tons at a similar grade and favorable 
str ipping ratio. I t  is recommended to carry out the southwest extension 
d r i l l i n g  as the f i r s t  phase of the expansion d r i l l i n g  to add more ounces 
gold to the inventory and be incorporated in a mining plan. Perhaps the 
majority of the waste dump could be restacKed in the area of the 
southwestern extension and decrease mining costs. Should al l  three 
recommended d r i l l  expansion areas be successful in developing added 
tonnage and grade, the mining plans might be altered from the economic 
p i t  design as now suggested. 

As developed in the report, I believe al l  i n i t i a l  assays within the main 
mineralized B Zone can be used uncut in any reserve calculation. Other 
high grade assays in the hanging wall area (A Zone) are l ike ly  to be 
associated with high-angled shears, which cannot be used in reserve 
calculations, but can and should be used in the day-to-day mining plan 
as the benches become subparallel to the str ike of these structures. 

Noted in the report is my heavy reliance upon the observations by the 
f ie ld  project geologists, M.A. Mi l ler  and J.J. Malusa of the SWED Staff, 
and the numerous reports prepared on the various phases of the project, 
both in house and by outside consultants. 

JDS:mek 
Atts. 
cc: R.L. Brown 

F.T. Graybeal 

j James D. Sell 
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REPORT ON YARNELL PROJECT 

Yavapai County, Arizona 

SUMMARY AND CONCLUSIONS 

The Yarnell Deposit is a structurally controlled (and prepared) 

hydrothermally altered zone that hosts economic gold mineralization in 

a configuration and thickness amenable to an open pi t  operation. The 

deposit is hosted in a Precambrian granite and occurs in and 

surrounding a low angle fault structure - the Yarnell Fault. The 

hanging wall of the fault has been extensively fractured and altered to 

sericite (phyll ic alteration). Gold mineralization is associated with 

iron oxides and secondary quartz veining manifested by the development 

and intensity of quartz veins stockwork which has been developed in the 

hanging wall. The footwall of the mineralized zone (below the Yarnell 

Fault) is phyl l ic ly altered, but is usually unmineralized with respect 

to gold. The Yarnell Fault Zone continues both northeast and southwest 

from the main deposit and where exposed i t  contains gold mineral- 

ization; however, the thickness of the zone and the associated 

alteration envelope appears to be considerably less. Ninety-six 

reverse circulation and four diamond d r i l l  holes have been completed. 

A mineral inventory of 4.1 million tons at .055 opt gold has been 

estimated with a recovery by leaching of +70%. In addition there is 

2.7 million tons at .017 opt Au in a low grade zone above the main 

mineralized zone. 
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RECOMMENDATIONS 

Asarco has dr i l led off, on approximately one hundred foot centers, an 

inventory of +4 million tons at +.05 opt gold. This is based upon 73 

d r i l l  holes from a total of 96 holes. The remaining 23 holes are too 

far down dip to be included in the reserve calculations, too far away 

from other holes, or collared in the footwall of the mineralized zone. 

Projections of mineral trends and geologic mapping on 100 and 200 scale 

over the deposit indicates other areas of untested mineral potential 

that could be included in the mine plans and should be tested. The 

areas of interest are listed below, and recommended for further 

expansion of the mineral reserve (Plate I) .  

AREA I: SOUTHWEST EXTENSION OF THE MINERALIZED ZONE. 

A potential 

inventory is 

(YM-48, -64, 

for 600,000 - 800,000 tons of similar grade as the mineral 

indicated southwest of the last dri l led fence of holes 

-65). The alteration zone has been mapped along the 

pro jec ted t rend o f  the Yarne l l  Fau l t .  Scat tered assays in t h i s  zone 

i nd i ca te  t h a t  gold m i n e r a l i z a t i o n  is  cont inuous w i t h i n  the zone. The 

m a j o r i t y  of  the hanging wal l  zone is  on a d ip  slope and d i f f i c u l t  to  

accura te l y  sample. Eleven holes are proposed to t e s t  the mineral  

p o t e n t i a l  o f  t h i s  area (Sel l  1990, M i l l e r  1990). 

AREA 2: NORTHEAST EXTENSION OF THE MINERALIZED ZONE 



/ 

/ " \  

Mapping and sampling of the 

northeast of the proposed 

mineralization similar in 

Mineralization appears to be 

area (and particularly 

pit) has indicated a 

occurrence 

related to 

the small knob 

zone of gold 

to the main deposit. 

a low angle fault structure; 

possibly a splay of the Yarnell Fault. Detailed rock chip sampling and 

trenching (on the structure) along the exploration roads that traverse 

the knob have indicated spotty values of +.01 opt gold with a zone in 

the trench averaging th i r ty  feet at .048 opt gold. This trench was cut 

across the strike of the structure. 

base of the h i l l  to the top 

s i l i f icat ion,  and occasional quartz 

Alteration is continuous from the 

with abundant sericite, moderate 

veining. RDH-96 collared near the 

top of the h i l l  had an interval of twenty feet which averaged .013 opt 

gold. A potential for +/-200,000 tons of similar grade to the mineral 

inventory is indicated. Two holes are proposed to test the mineral 

potential of this area (Miller 1990). 

AREA 3: DOWN DIP EXTENSION OF THE MINERAL INVENTORY 

Addi t ional  d r i l l i n g  is recommended to tes t  the downdip l im i t s  of the 

mineral ized zone in tersected in RO hole YM-26 (90' at .054 opt gold) 

and YM-33 (90' at .051 opt gold) .  A potent ia l  f o r  600,000 tons at >.05 

opt gold ex is ts  w i th  a waste to ore r a t i o  above 3 / I .  A number of holes 

should be d r i l l e d  along the en t i r e  downdip perimeter of the indicated 

ore zone to def ine the economic p i t  which may al low the increased p i t  

depth to secure the downdip po ten t i a l ,  
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INTRODUCTION 

The Asarco-Norgold Resources jo int  venture project, in north-central 

Arizona, is located I - I /2  miles south of the town of Yarnell in Yavapai 

County. Yarnell is located 72 miles northwest of Phoenix, or 16 miles 

on Highway 89 northeast of Wickenburg, or 29 miles on Highway 89 

southwest of Prescott (Figure I). 

The Yarnell project was named after the Yarnell Mine centered on the 

small h i l l  named Yarnell. 

Historical production from the Yarnell mine was from the early 1900's 

and was operated intermittently until the Gold Mine Closure Order L-208 

of 1942. The underground workings exploited the higher grade gold 

values located along the major Yarnell Fault structure. The Yarnell 

Fault strikes N30o-45OE and dips 30o-45oNW. 

removed from an open cut along the surface 

top of ¥arnell h i l l .  

Minor production was also 

trace of the fault at the 

Asarco became interested 

release (George Cross News 

Norgold by Philpot (1988). 

potential open pit  tonnage of 4 

recoverable grade of 0.05 opt gold. 

in the property through a Norgold press 

Letter, 1988), and a private report to 

Philpot stated that the area contained a 

million tons with an anticipated 

\ !  / 
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/ "\ii Asarco geologist, M.A. Miller, sampled the area and recommended further 

work (Miller, 1989 a,b). 

After agreeing to a letter of intent Asarco dri l led 96 reverse 

circulation rotary d r i l l  holes and four diamond core holes. Evaluation 

of the dril l/assay data suggested an open-pit potential of 4.1 million 

tons at 0.051 opt gold with a 3/I waste/ore ratio, using the triangular 

method of computation (Sell, 1989 b). 

GEOLOGY 

\ / 

Biotite Granite. The Yarnell project is within the Yarnell granite 

immediately south of the town of Yarnell (Figure 2). 

At the project area, the granite is a medium-grained phaneritic, 

equigranular biotite granite. The petrographic studies (Honea, 1990 a) 

indicate a compositional range of minerals as follows from fresh 

granite: 

Plagioclase (±ANT) 25-35% with Carlsbad and Albite twinning 

Microcline 40-65% with grid twinning and microperthitic texture 

Quartz 12-16% 

Biotite 5-10% 

: \ 

Anderson (1989) recently completed a PhD at the University of Arizona 

and describes the Yarnell granite mass as belonging to the "Group 4: 

Late (Late-Tectonic) Porphyritic Monzogranite-Granite Pluton and 

5 
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Batholith" class. 

To paraphrase Anderson (1989): 

"The Yarnell Granodiorite (new formal name), is a foliated, 

coarse-grained porphyritic granodiorite to monzogranite, . . .  The 

Yarnell Granodiorite follows the northwest edge of the Stanton- 

Octave metavolcanic-metasedimentary screen to as far north as 

Wilhoit, where dikes of unfoliated Yarnell Granodiorite intrude 

foliated granodiorite of the Wilhoit batholith . . .  The Yarnell 

Granodiorite is dist inct ly coarse-grained and weakly foliated, 

with large pinkish-tan K-feldspar phenocrysts in an equigranular 

matrix with bioti te, plagioclase, uncommon hornblende, and 

abundant sphere . . .  Chemically the Yarnell body is metaluminous, 

high-K, calc-alkaline, high Fe-Ti and high-total alkali rock . . . "  

Anderson places the age of the Yarnell pluton in the 1730-1710 ma 

range. 

f,7 "~ 

DeWitt (1989) further states under the heading: 

"Suite 4: Syn-to posttectonic biotite granodiorite to granite 

plutons: . . .  The granodiorite of ¥arnell is equigranular to 

sl ight ly porphyritic, alkali-calcic biotite granodiorite and is 

the westernmost foliated pluton in this study area .. .  although 

the pluton is undated, i t  is assumed to be 1700-1750 ma because of 

i ts foliated nature. L.T. Silver (personal communication, 1986) 

suggested on the basis of unpublished U-Pb zircon data that the 
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granodiorite may be 1400 ma . . .  The pluton is the most magnetic 

rock in the region, averaging 8.0 percent magnetite . . .  Another 

distinguishing feature is the moderate iron-r ich nature of the 

pluton, a characteristic restricted to this group of plutons . . . "  

Table I compares three samples of granodiorite of Yarnell (DeWitt, 

1989, Table 2) with samples taken at the Yarnell Mine (Malusa, 1990 a). 

De Witt 's sample 72 was collected about a mile north of the Yarnell 

Mine area, sample 73 about a mile to the west, and sample 74 at the 

base of the mountain on the west (Figure 2), al l  being collected near 

the highway 89. 

/ \ 

Malusa's samples were co l lec ted in the f reshest  gran i te  avai lable in 

the hanging wal l  (HW) and footwal l  (FW) of  the Yarnel l  Fault  at Yarnel l  

H i l l .  

As noted in Table I ,  a l l  f i ve  samples have the same major element 

chemistry, w i th  the major d i f fe rence being the 3% extra s i l i c a  in the 

b i o t i t e  gran i te  at the Yarnel l  Mine area. 

Dikes. The Yarnel l  pluton has few dikes w i th in  i t .  At the Yarnel l  

mine area, four  types of d i k e s / s i l l s  have been mapped ( M i l l e r  and 

Rasmussen, 1990): a p l i t e ,  andesite, f e l s i c  and d i o r i t e .  The d i k e / s i l l s  

are very minor in extent and volume. 



,f "\, a. Aplite. 

fine grained, 

I t  occurs as 

through the Yarnell pluton in 

degrees of dip. The aplite 

granodiorite melt phase. 

The aplite is yellow-white in color, fine to very 

granular texture, quartz feldspar composition. 

less than four inch wide streaks wandering 

all directions and with all 

is probably a syn-Yarnell 

b. Andesite. Andesite is medium grey to dark grey, aphanitic 

with occasional biot i te (?) grains, commonly weathers to green 

brown in clay developed zones. The andesite occurs as four to 

eight foot thick dikes widening to fifteen to twenty feet, in 

elongated lenses. They strike east-west to 700-80 ° northeast 

and dip 25-40 ° northerly. The andesite dikes can be followed 

for one half-two thirds mile. They often have associated 

quartz veins on one or the other wall. The quartz is 

generally only three to five inches wide, but may become up to 

fifteen inches thick. Sericit ic halos of six inches to two 

feet wide generally occur on either side of the dike with or 

without the associated quartz. 

Malusa (1990 a) reports the andesite has 51% si l ica,  high iron 

(6% FezO8 plus 6.7% FeO), and low alkali (1% Na20 and 3.3% 

K20). 

! 
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c. Felsic. The felsic dikes are yellow to orange-yellow to white, 

granular texture, quartz feldspar composition, with quartz 

eyes (elongated-stretched), often sheared appearance 

throughout. They strike east-west to 80 ° northeast, all 

nearly vertical in dip, are three to five feet thick and up to 

twenty feet thick, and can be followed up to half mile along 

strike. 

/ \ 

c. Diorite. The diori te is dark  grey to black, weathers to 

green-brown with clay development. The main dior i te dike is a 

prominent photo linear in the west central part of Yarnell 

Hi l l .  I t  is ten to twenty feet thick, strike NIOOW, dips 80ow 

to vertical. The dike has a sheared appearance, and is 

magnetic. Malusa (1990 a) reports the diorite has 47% si l ica, 

high iron (8.6% Fe203 plus 2.T% FeO) and low alkali (3.3% NazO 

and 1.5% K20). 

Comment. The andesite s i l l s  and felsic dikes do not appear in the 

hanging wall of the Yarnell Fault. The main diori te dike is found 

within the Yarnell Fault structure, as well as both in the hanging wall 

and foot wall of the structure, but does not appear to offset the 

Yarnell Fault nor be offset by the Yarnell Fault. 

To the southeast of the project area, the Yarnell pluton is bordered by 

a sequence of mafic metavolcanics and metasediments of the 8radshaw 

Mountains group - Stage I (Anderson, 1989). This mafic volcanic screen 



occurs between the Yarnell pluton and the Rich Hil l  pluton further to 

the southeast (Figure 2). 

The only other rock unit sequence nearby is the mid-Tertiary ash and 

andesite-basalt units which cap the h i l l s  to the northeast. 

Asarco mapping at a scale of I" = 200' has been completed over sections 

14 and 23 which covers the main claim block (Mil ler and Rasmussen, 

1990). 

STRUCTURE 

/ \ 

The main structure in the Yarnell Project area is the Yarnell Fault 

(Plate I, I.A). The Yarnell Fault strikes N40°-50°E and dips 25°-30°NW 

in the mine area. The main gouge zone of the fault varies from inches 

to several feet in width and is within a larger five to twenty foot 

zone of a crushed and sheared zone within the granite (Miller, 1990 a). 

The gold at the Yarnell deposit lies within the Yarnell Fault zone and 

within an associated alteration halo which contains quartz veining and 

quartz stockwork in and above the Yarnell Fault. 

f r  C 

\ ,/ 

The Yarnell Fault can be traced to the northeast only fifteen hundred 

feet from the top of Yarnell Hi l l  before i t  is concealed by debris from 

the basalt cap and valley f i l l  with large unmineralized granite 

boulders. 

10 



, /  \ 

' ~L  J 

The sheared and crushed zone o f  the Yarne l l  Faul t  va r ies  from f i v e  to  

twenty fee t  w i t h i n  the d r i l l e d  par t  o f  the depos i t .  As the s t r u c t u r e  

is fo l lowed downward and l a t e r a l l y  the Yarne l l  Fau l t  zone becomes 

t h i nne r  and may be on ly  two to  f i v e  fee t  in th ickness .  As w i l l  be 

noted in l a t e r  sec t ions  of  t h i s  repo r t ,  the a l t e r a t i o n  halos and 

m i n e r a l i z a t i o n  zones also decrease in th ickness w i th  the associated 

t h i nn ing  of  the Yarne l l  Fau l t  zone. 

As p rev ious l y  discussed in the GEOLOGY Sect ion,  the andesi te dikes 

occupy eas t -west  to  N70o-80°E, d ipp ing 25°-40 ° n o r t h e r l y  s t r uc tu res  

subpara l le l  to  the Yarne l l  Faul t  s t r u c t u r e .  

/ \ This system of n o r t h e a s t e r l y  s t r i k i n g ,  sha l l ow-d ipp ing  to  the nor th 

s t r uc tu res  are w ide ly  d i s t r i b u t e d  in the g rea te r  Yarne l l  area. They 

of ten conta in  d ikes,  quar tz ,  a l t e r a t i o n  halos and m i n e r a l i z a t i o n .  

Besides the h a l f  dozen s t r u c t u r e s  of  the Yarne l l  Fau l t  t rend found on 

the Yarne l l  c la ims,  the sha l l ow-d ipp ing  s t r u c t u r e s  are found to the 

west both above and below the t race  of  the Yarne l l  Fau l t  f o r  several 

mi les.  

S im i l a r  t rends are found at  the gold mines at Congress, Octave, and 

Vu l tu re .  

/ \ 

\ / 

A congregate system of structures trending northeasterly, dipping 

steeply (often occupied by felsic dikes) and trending north or slightly 

11 
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northwesterly and also dipping steeply (often occupied by diorite 

dikes) is found throughout the Yarnell area. 

At Yarnell, the f ield mapping (Miller and Rasmussen, 1990) suggests the 

two congregate dike sets do cut and offset one another in various 

exposures, but with no apparent systematic sequence. 

Both the congregate sets appear to offset the shallow-dipping Yarnell 

Fault. In the open cut, several north-trending, steep dipping faults 

offset the Yarnell Fault with the east side being down-dropped four to 

eight feet. 

i ~ \ 

The main diori te dike at Yarnell is north northwest trending and is 

readily followed on aerial photographs and can be traced from the 

footwall side into the Yarnell fault zone and continuing in the hanging 

wall. However, the diorite dike is found as an isolated block within 

the Yarnell Fault zone and is not observed to cut either the base nor 

the top of the Yarnell fault structure. Obviously, the diorite dike 

does cut the Yarnell fault as i t  is found in both the hanging wall and 

footwall (Miller & Rasmussen, 1990) in a line of disconnected outcrop. 

The east-west striking set of fractures is not observed to cut the 

Yarnell Fault structure, but several d r i l l  holes intercepts are best 

resolved by placing an east-west structure within the sequence of 

events. 

\ 
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On the surface, several nor theas ter ly  s t r i k i n g ,  steep dipping narrow 

veins were mapped in the hanging wall of the Yarnel l  Fault (M i l l e r ,  

1990 a). Underground, in the hanging wal l ,  these mineral ized 

s t ruc tures dip steeply to the north and ro l l  in to  s t ructures which sub- 

para l le l  the Yarnel l  Faul t ,  then re-steepen and disappear in to the wall 

of the workings. I t  is probable tha t  these s t ructures are l i s t r i c  in 

nature and do sole in to  the main Yarnel l  Fault zone. 

A number of d r i l l  holes have intercepted a s ingle sample length of 

high-value gold in the hanging wal l ,  and these are believed to belong 

to the easter ly  trend, steep dipping s t ruc ture  system. 

/ \ 

In the footwal l  of the Yarnel l  Fault  in the main d r i l l e d  area, s ix 

d r i l l  holes have intercepted a f i ve  to ten foot  assay of  i n te res t ing  

values at depth. In three adjacent holes the in tercept  can be resolved 

to indicate being along a th in ,  subparal le l  zone to the Yarnel l  Faul t ,  

whereas the remaining three holes are iso lated from other holes which 

do not have a lower in te rcept ,  and these may be ind ica t ing  a steep 

dipping narrow s t ruc tu re (s ) .  

The present d r i l l  spacing and the lack of many samples much beyond the 

base of the main minera l i za t ion  preclude a rigorous analysis of these 

ind iv idual  sample values, e i t he r  in the hanging wall or the foo twa l l ,  

as to t h e i r  associated f rac tu re  set or t h e i r  re la t i on  to the 

minera l iza t ion  system. 

'~. / )  
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~ \ ALTERATION 
\ )  

Alteration at Yarnell follows a variation of the hydrothermal series 

from central to peripheral : potassic, phyll ic (ser ic i t i c -a rg i l l i c )  and 

propyl i t ic. 

The three zones have been discussed by Honea (1990 a,b,e) and Mil ler 

(1990 g) as reviewed through the petrographic microscope, f ie ld 

mapping, and logging of the diamond d r i l l  core holes. 

Alteration is strongest and central with the Yarnell Fault structure 

and decreases in intensity as alteration halo envelopes outward in both 

the hanging wall and footwall (Figure 2.A). 

Within the Yarnell Fault zone the granite is highly crushed and sheared 

(Figure 3). Noted in thin-section 

quartz, chalcedony, secondary K-spar 

and secondary clay development. 

and logging is abundant secondary 

(adularia), secondary sericite, 

Recent X-ray diffraction studies on 

material is mainly very fine sericite, 

b,c). 

the clay fraction suggests the 

variety i l l i t e  (Malusa, 1990 

f \i \ I 

Outward from the crushed fault zone, the potassic zone is characterized 

by the pink feldspar (K-spar alteration) in the phenocrysts as well as 

along selvages to the quartz veins. Pinking (Figure 4) of feldspars 

14 
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and K-spar selvages can be noted f i f t y  to eighty feet above the fault 

gouge, and may extend twenty-five feet down into the footwall. This 

zone is also noticeable in the surface exposures. 

The potassic zone grades outward into the phyllic zone where sericite 

is widely and pervasively developed. Complete replacement of the 

plagioclase and biot i te by sericite characterizes the phyllic zone 

(Figure 5). Secondary iron oxide as hematite, geothite, and leucoxene 

(from altered sphere) is a by-product of this alteration phase. 

The sericite zone extends as an intermediate envelope in thickness of 

th i r ty  to one hundred f i f t y - f i ve  feet above the potassic zone, and 

extends only ten to forty-f ive feet into the footwall below the 

footwall potassic zone. 

The arg i l l i c  zone was not noticeable as a hanging wall envelope, but 

exists as a fine-grained dusting of the feldspars (Figure 6). 

In the footwall, fine-grained clays were noted in the core holes. 

The two eastern holes had up to th i r ty  feet of ser ic i t ic  alteration 

(Miller 1989 d) with no noticeable clay-argi l l ic  alteration, whereas 

the two western holes had no noticeable ser ic i t ic  alteration, but did 

have up to forty-f ive feet of the clay-argi l l ic  alteration. Subsequent 

studies have indicated that much of the clay is fine 

and arg i l l i c  alteration may again be restricted 

feldspars. 

grained sericite 

to dusting of 
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The rotary hole distribution is more extensive than the core holes, but 

the rotary chips have not been studies in sufficient detail to separate 

out the difference between fine-grained sericite and fine-grained clays 

(which now are suggested to be more finely-grained sericite) in the 

footwall intercepts, nor to suggest any distribution trends to the two 

types logged during dr i l l ing  (Malusa, 1989). 

The propylit ic zone is characterized by the occurrence of chlorite, 

epidote, minor calcite veining, with weak sericite alteration along 

biotite edges, and is the far outer alteration envelope (Figure 7). 

,/ \ \  

In the hanging wall the propylit ic envelope may extend up to one 

hundred feet beyond the phyllic envelope, but, in general, is a five to 

f i f t y  foot transition zone between the phyllic and fresh granite. In 

the footwall i t  may be indicated by calcite f i l led  gash veins in the 

lower part of the phyllic zone. 

MINERALIZATION 

General Statement. The mineralization events appear simple within the 

Yarnell system. Gangue minerals of si l ica, pyrite, and specularite; 

ore minerals of gold with trace amounts of silver, lead, zinc, and 

copper. However, the interplay of events with the alteration system 

appears much more complex. 

16 



Gangue Minerals. 

a. Silica is found as banded chalcedonic quartz and opal within 

the Yarnell Fault zone, and as an early pervasive flooding- 

type overprint on all the alteration zones including 

propylitic. The si l ica is found as at least three stages of 

quartz with pyrite and specularite, and as two stages of late 

quartz, often with visible gold. 

M i l l e r  (1990 g) states that  the s i l i c a  occurs as d iscre te  

quartz veins, as veins in quartz stockwork, and as the f looded 

quartz tex tures,  

i 

The f i e l d - c o r e  paragenesis indicates the Yarnel l  Faul t  and the 

sub-para l le l  s t ruc tures  system was the e a r l i e s t  event, wi th 

massive s i l i c a  f lood ing  out in to both the hanging wall 

( f u r t he r  penetrat ion)  and footwal l  ( lesser  penet ra t ion) ,  

Continued movement along the shallow dipping f a u l t  s t ructures 

crushed and sheared the quartz in the v i c i n i t y  of  the 

s t ruc tures,  

/ "\ 

"\~ j 

Within the developing s i l i c a  system at least  three quartz vein 

types have been noted by M i l l e r  (1990 g). These quartz veins 

developed in s t ruc tures both subparal le l  to the shallow 

dipping Yarnel l  Fault  s t ruc tu re  and as high-angled veins 

cu t t ing  upward in to  the hanging wal l .  Very few quartz veins 

developed below the Yarnel l  Fault  zone in comparison to the 
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volume in and above the fault zone. / [ \'\ 

The three types of quartz noted by Mil ler (1990 g) include: 

I. Early, medium grey quartz, +/- associated with specularite 

in rugs aligned parallel to variously oriented quartz 

veins. 

. Dark grey quartz with some brecciated textures within the 

veins. The dark color is due to the fine specularite 

dusting within the quartz. 

i' "\ 

. Lighter grey 

pseudomorphs from 

quartz veins. 

quartz with disseminated limonite 

pyrite, usually on the margins of the 

These three generations of quartz development are generally 

noted as thin veins +/- one quarter inch in thickness, locally 

up to a half inch in thickness, and rarely up to a maximum of 

three inches thick. 

Two later stages of white quartz cut one another and the three 

stages of grey quartz. The white quartz is found within the 

Yarnell Fault zone, the main mineralized zone, and up into the 

A zone mineralization and beyond into the hanging wall and 

peripheral to the deposit. 

i ~ 

The white quartz veins range from 
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thickness and form discrete veins peripheral to the mineral 

system as masses up to twenty feet thick of limited extent. A 

gold assay is invariably obtained from these white quartz 

veins and often visible 9old has been noted. 

The major quartz development of flooded and vein quartz occurs 

as a domed shaped mass sub-concordant to the outer alteration 

halo envelopes, thinning on the lateral extremities and 

downdip, with a f la t t i sh  bottom not far below the Yarnell 

Fault zone. 

." 

b. Pyrite is found throughout the dri l led area. I t  is nearly 

to ta l ly  oxidized to various iron oxides from the surface to 

the base of the Yarnell Fault, whereas within the footwall 

massive s i l ica the pyrite is unoxidized. 

Pyrite forms occur as discrete cubic shapes in the wall rock 

of the various veins as well as within the l ight grey quartz 

veins. 

Bands of 30-50%, massive, granular, pyrite in thin lenticular 

zones are found both in the hanging wall (oxidized) and 

footwall (sulfide). 

Within the d r i l l  indicated reserve the pyrite and its oxidized 

equivalents are 2-4% by volume. 
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C, Specularite is very noticeable within the Yarnell deposit and 

may average 2~ throughout, both in the hanging wall and the 

footwall. Honea (1990 a) does not describe specularite as a 

separate mineral, but identifies magnetite and ilmenite as 

minor accessory minerals. 

Native and Base Metal Sulfide Minerals 

a. Gold, the primary economic mineral at Yarnell is found in the 

native state within quartz and various iron oxides. 

Honea (1989, 1990 c, 1990 d) studied samples from the surface 

exposures, d r i l l  holes, and panned concentrate. Table 2 

tabulates the size of the gold-silver particles found in the 

Honea photomicrographs. The size varies from very small dots 

I/2 micron in size (Figure 8), up to the large elongate, 60 x 

225 micron size (Figure 11). The figures are two-dimensional, 

with only limited expression of the depth factor. See Figure 

11 for an example of three dimension aspect. 

(/ 

Even though Table 2 contains limited data, i t  does indicate 

the problem of having one of the large particles in a sample 

set. I f  i t  is assumed that the third dimension is equal to 

the short side of the exposed particle then the volumes of the 

particles can be calculated. In the example of Table 2, the 

total volume of all the forty gold particles from very small 
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through medium plus is 511,000 cubic microns, while the single 

large particle calculates to be 810,000 cubic microns. The 

problem of particle size 

will be discussed further 

sections. 

and its influence on assay grades 

under the sampling and assaying 

b. Silver has been found in the native state (Figures 12, 13), 

and as electrum in the solid solution state with gold. Honea 

(1990 c) states " . . .  the color of the gold suggests a low to 

moderate silver content to the mineral structure." 

Fire assays for silver show only a trace of silver, with most 

of the values less than 0.01 opt silver, with a few values as 

high as 0.06 opt silver. 

In the 24-hour bottle roll tests by Metcon (1990), they 

calculated a head assay and report values of silver from 0.013 

up to 0.059 opt silver in the twenty four samples in the 

study. 

In the larger column leach tests McClelland Labs found only a 

trace of silver (Crowell, 1990 b). 

C. Base metals, copper, lead, and 

amounts in both soil and rock 

deposit. 
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Rasmussen (1990) conducted a 15-element geochemistry survey 

around and over the Yarnell deposit. The soil survey extended 

for f ifteen hundred feet in the footwall of the Yarnell Fault 

and for fourteen hundred feet in the hanging wall of the 

deposit. Also collected were samples from rejects of three 

rotary d r i l l  holes, and along the adit in the hanging wall. 

C 
" . .  / 

Table 3 compares the values in the d r i l l  ho le  rock 

geochemistry from that of the soil surveys values. Copper 

values (average) range from a low of 3.7 ppm in hole YM-6, to 

a high of 28.4 ppm from soil in the hanging wall. Lead and 

zinc also reflect low ppm values from the Yarnell system area. 

Honea (1989) found a few pieces of galena (35 micron) and 

pyrite in d r i l l  hole YM-71 (Figures 14 and 15). In the logging 

of the rotary cuttings and the core, no lead or zinc sulfides 

were noted. The values reported by Rasmussen from the rock 

samples were mainly from the oxidized part of the mineral 

system. 

DRILLING 

Rotary. The bulk of the dr i l l ing at Yarnell was by truck mounted 

rotary, reverse air circulation, down-the-hole hammer, with cyclone 

discharge over a three-tiered Jones spl i t ter.  The dr i l l ing was dry 

through the mineralized section and became damp to wet below the 
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Yarnell Fault zone. 

Dril l ing Service Company commenced dr i l l ing using a TH-IO0 d r i l l  with a 

5 I/4 inch bit  on March 20, 1989. After changing to a TH-60 d r i l l ,  5 

I/4 inch bit,  on d r i l l  ho le  YM-37, Dril l ing Services completed the 

dr i l l ing of 24,367 feet on October 3, 1989 (Table 4). 

f x 
\ /  

Mining of the main Yarnell Fault zone had begun in 1900 and continued 

intermittently until the Gold Mining Closure Order L-208 closed the 

mine down in 1942. A l i t t l e  p i l la r  robbing and slabbing took place 

underground after that date when the gold mine closure was l i f ted, but 

the post-closure work was mainly concentrated in the open-cut at the 

top of the outcrop. The workings deteriorated from 1942 to 1989 and 

only a portion was available for inspection prior to the start of 

dr i l l ing.  With no accurate map of the probable extent of the 

underground workings, i t  was not surprising that all five of the f i r s t  

holes dri l led in the mined area intercepted stope openings. 

From the drop in sample volume return, i t  soon became apparent that the 

down-the-hole hammer did not provide a good sample return after i t  

penetrated the floor of the stope opening. 

\Q / 

In viewing the action underground i t  was noted that the bit  penetrated 

the floor and a cuttings pile cone was discharged onto the floor but as 

the sample intake ports on the hammer assembly are five feet above the 
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bit ,  no sample was returned to the surface. I t  was after the intake 

ports had gotten a foot or so below the floor and cuttings pile before 

sufficient sample entered the intake ports and was transmitted to the 

surface to be processed. 

f -\ 

At this time of the d r i l l i ng  act ivi ty a change of technique was 

init iated for adequate sample control after entering an opening. Upon 

hit t ing an opening with a hammer d r i l l  bi t ,  the top and bottom footages 

of the opening were recorded and the d r i l l  string was removed from the 

hole. The hammer assemblage was removed and a tricone bit  was 

installed. The tricone assemblage has only a short, six inch 

difference between the face of the bi t  and the intake skir t  which 

transferred the cuttings into the reverse air column, thus providing a 

reliable sample after entering solid rock below an opening. 

Several holes were observed in the underground workings after 

in i t ia t ion of the new technique and i t  was confirmed that the bulk of 

the cuttings were transferred into the skir t  collection shortly after 

the skir t  passed below the f loor of the opening. 

Thirteen additional holes were dr i l led through the mine openings using 

the modified procedure with excellent dr i l l ing  results and sample 

recovery. Seven rotary holes had also been dri l led in the mine working 

area which intercepted pi l lars within the stopes (Plate I) .  
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/ Core. Four core holes (Miller, 1989 d) 

rotary holes, as follows: 

were dri l led as twins to the 

Diamond TD Feet R.C. TD Feet 

DDH-t 350 YM-8 350 

DDH-2 400 ¥M-40 400 

DDH-3 325 YM-63 240 

DDH-4 220 YM-75 220 

t / " \  
L\< / 

\• J 

The core holes were dri l led by Boyles Brothers Dri l l ing Company using 

aa Longyear 44 Hydraulic machine and coring NC size. In the four holes 

Boyles cored 1,295 feet (Table 4). 

Core hole YDDH-3 intercepted a stope opening whereas i ts twin rotary 

hole YM-63 had hit  a p i l la r  and remained in rock all the way. When the 

opening was hi t  the hole was probed to bottom and the d r i l l  string 

pulled. The NC core barrel and bit  was then replaced by a casing shoe 

and the NC d r i l l  string then was returned down the hole and set on 

"solid ground" at 18T feet. An NX d r i l l  string with core barrel and 

bi t  was made up and sent to bottom inside the NC string. The NX coring 

resumed at 187 feet, but recovered debris and muck with isolated blocks 

of rock down to 221 feet where solid core was obtained. Obviously a 

caved stope portion had been encountered to account for the thickness 

of debris and apparent large boulders cored through to the solid rock 

to the final depth at 325 feet. 
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Table 5 l is ts  all the d r i l l  holes, both 

coordinates and collar elevations and the 

cumulative 25,662 feet of dr i l l ing.  

rotary and core, their 

total depths for the 

SAMPLING 

Rotary - General Statement 

i /  \ 

Samples were collected on five-foot intervals throughout the rotary 

reverse air circulation program. The dr i l l ing  was momentarily stopped 

at the end of each five foot run to "blow" the hole clear and clean the 

sampling system. 

From the d r i l l  pipe discharge, the cuttings passed into a cyclone which 

rapidly dropped the cuttings which cascaded through a three-tiered 

Jones spl i t ter .  

The third spl i t  collection pan of cuttings was again passed through a 

single Jones spl i t ter  and both sides, A and B, sacked into bags with 

the d r i l l  hole and footage marked on the bag. 

/ "4 

\ / 

A small sample was taken from the "A" pan side, washed, and placed in 

p l as t i c  t rays .  These samples were logged along wi th any comments noted 

during the d r i l l i n g  of the i n te rva l .  The sample t rays  are stored in 

Tucson. 
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Rotary - Dr i l l inq thru Openings 

As remarked under Dri l l ing, the 

rotary d r i l l i ng  was the loss 

opening. As noted, after d r i l l  

only problem encountered during the 

of some sample after penetrating an 

hole YM-5, the d r i l l i ng  sequence was 

changed by replacing the hammer with a tricone bi t  for d r i l l ing  below 

the opening. As the same reverse air circulation d r i l l  pipe was used, 

the sample returned to the surface in the same manner as before. 

A clean sample was secured by the time the tricone penetrated a foot 

below the new surface, whereas with the hammer, the sample was erratic 

for five to six feet before the collection ports were below the new 

surface. ~ c ~ ~  d ~ ~  

When passing through an opening, the sample return was monitored at the 

surface to judge whether the return was from isolated blocks of mine 

rubble on the floor of the opening. The rubble material returned 

erratic volumes of material as the open spacing in the rock pile 

allowed sample and air to be dissipated into the rubble mass. 

Sampling continued below the workings until sulfides appeared or the 

rock became very hard and dense suggesting a non-oxidized part of the 

system. 

Assay results of samples below the main zone 
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sharp drop between mineralized (O.OXX 

mineralized footwall (O.OOX opt gold). 

opt gold) and the weakly 

Rotary - Holes Encountering Water 

The majority of the holes were dr i l led dry in the oxidized portion of 

the zone. In the sulfide footwall, in the down-dip holes, the bottom 

would often become moist and water was added to fac i l i ta te  the removal 

of cuttings. As this moist condition was generally at or below the 

base of the mineralized zone, no 

to the collection of a wet 

reserve. 

sampling/assay problem is attributed 

sample in the area of the geological 

f Table 6 l is ts  the "wet" d r i l l  holes and the relation of the water level 

to the main mineralized zone and 

down-dip extent of the geologic pit 

information and l is ts  the depth 

thickness and grade. 

a note on the relationship to the 

edge. Figure 16 plots this same 

to the main mineralization, i ts 

Review of this data indicates that water had l i t t l e  impact on sample 

collection inside the geologic pit outline as only one hole encountered 

water within the main mineral zone (YM-33). The deep, thin, intercepts 

of mineralization outside the present geologic pit edge, precludes the 

expansion of the pit  into the area of wet holes except in an improved 

cost scenario. 

i '̧. 
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Core - General Statement / , 

In logging the core, the core was marked for sp l i t t ing.  Spl i t t ing was 

by use of a diamond saw blade cutting of the core longitudinally. One 

half of the core was sent for assay, the remaining half is in storage 

for review. 

Sampling was integrated with the rotary footages as closely as 

possible. Often the f ive-foot runs were further broken down so as to 

separate out obvious high-grade stringers. The assay was then 

recombined into the equivalent f ive foot intervals for comparison with 

the adjacent rotary hole values (Mi l ler ,  1990 d). 

\ y 
ASSAYING 

General Statement. The primary assay laboratory was Triad Minerals 

Company, Cory Eddington assayer, P.O. Box 2754, Wickenburg, Arizona 

85358. 

Assays were also performed by Skyl ine Labs, Inc . ,  Charles E. Thompson, 

Chief Chemist, P.O. Box 50106, Tucson, Arizona 85703. 

All assays were fire-assay, gravimetric and reported as ounces per ton 

gold/si lver. 

S ¸ \ 

S ~ 

The assays are in bound volumes attached to 
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1989) and located in the Tucson Office f i les.  

Assay Checks. Checking of assay results was handled in a variety of 

ways: a. insertion of an Asarco standard within the sample runs, 

generally two per hole; b. rerunning same standard reject, returned by 

the assayer, with several different holes; c. inserting reject rock 

samples material from previous holes; d. multiple assays from same 

pulp; and e. comparing Triad assays with Skyline assays of same pulps. 

/ 

a-b. Standard Checks. Asarco standards were inserted with most of the 

rotary d r i l l  ho le  samples. The standards reflect an "interesting" 

value, "A" standard at 0.022 ±0.001 opt gold, and a low value, "B" 

standard, 0.006 ±0.0003 opt gold. 

cement and supplied by the Rocky 

Asarco. 

The standards were incorporated in 

Mountain Exploration Division of 

Table 7 l is ts  the number of sample sets, the high value, the low value, 

and the average of the "A" & "B" samples broken down by dr i l l ing break 

sequence. 

/ "\ 

As noted in the high and low variations, Triad Assays reported a value 

which at f i r s t  glance might belong to the opposite set of standard; 

however, the average of all the samples in the set is generally within 

±10% in the "A" standard, and with the f i r s t  third of samples in the 

"B" standard. Such variation within labs was noted in the report by 

Fletcher (1989) on all  samples reported from Asarco projects throughout 
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western US. The high and low "spikes" were generally attributed to I. 

mismarked f i led sample or 2. blotched sample analysis at assayer. 

With the average of the samples being within the sample error of all 

the labs i t  would appear that Triad had only a small problem as noted 

in the d r i f t  during the several phases of the dr i l l ing.  

In reviewing Table 7, the d r i f t  in the value reported for dr i l l ing 

holes YM-I thru YM-64 was nominal and the averages were overall lower 

than the reported Standard "A." The Standard "B" drifted higher from 

the early dr i l l ing  thru the later dr i l l ing and was overall higher than 

the reported standard. 

\ The Standards "A" and "B" were used up at the end of d r i l l  hole YM-64. 

Thus from hole YM-65 to the end at YM-96, the reject from the previous 

standard samples were re-run through the assay procedure. As noted in 

Table 7, some of the samples were re-run the 2nd and 3rd time. 

Again, the nominal d r i f t  was from a lower value in the early holes to a 

higher value in the later holes, but s t i l l  below the reported value for 

Standard "A" and higher than in Standard "B." 

indicate that the assayer was consistent in 

variation is within the prepared standard. 

From this data i t  would 

his reporting, and the 

The one sample re-run the 

third time cannot be evaluated other than being a reported low value. 

/ \ 

c. Rerunning previous ro ta ry  d r i l l  hole 
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Ten holes scattered across the deposit were used for this study. Only 

the main zone mineralized portion was used. The reject sample of the 

hole was renumbered and sent to the assayer where new pulps were 

processed and the sample assayed. On eight of the holes, the new pulps 

were again spl i t  and a "refire" assay produced. 

In Mil ler's 

that in the early holes (YM-3, -5) and the later 

56) the new reject assay was within 10% of the 

generally lower in reported value, whereas in the 

(1990 e) tabulation of the results (Table 8) i t  is noted 

holes (YM-40, -50,- 

original assay, and 

remaining five holes 

the v a r i a t i o n  was in excess of  10% and genera l l y  reported a h igher  

value. In the e igh t  r e f i r e s  of  new r e j e c t  assays, a l l  but two were 

w i t h i n  10% of  the o r i g i n a l  assay and a l l  but one was lower than the new 

r e j e c t  assay. 

As the o r i g i n a l  assays were taken in sequence of  d r i l l i n g  over a f o u r -  

month per iod and the r e j e c t - r e f i r e  assays were a l l  taken w i t h i n  a few 

days, i t  would appear t h a t  the assayer v a r i a t i o n  is nominal. 

d. Rerunning same pulp w i th  m u l t i p l e  assays was undertaken to address 

the quest ion of  v a r i a b i l i t y  w i t h i n  the sample pulp.  Kurtz (1989) 

reported on the r e s u l t s  of  f i v e  pulps of  d r i l l  hole YM-55. 

",. / 

Table 9 l i s t s  a l l  the m u l t i p l e  assays from the pulps and a standard 

dev ia t i on  was ca lcu la ted  from t h i s  data. As shown only  two sample 

values out of  twenty  f e l l  ou ts ide  the 95% conf idence f i g u r e ,  suggest ing 
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that the assay values are within 5% of the actual value based on the 

short sets used. The two outside samples may indicate a coarse gold 

var iabi l i ty but with the short set of values available for this study 

they probably do not change the val idi ty of the sample value as being 

indicative of the value in the sample. 

e. Comparison of Triad with Skyline Labs. Seventy-five samples were 

collected of various grades of mineralization previously assayed by 

Triad from holes YM-10 - 32. The pulps were sent to Skyline for 

reassay. Prior to the Skyline assay, they screened the pulp material 

and reported the +80 mesh, -80+200 mesh, and -200 mesh weight percent 

of sample. The sample was reground (-200 mesh), spl i t  and assayed 

(Miller, 1989 c). 

The average of all samples for Triad is 0.053 opt gold vs. Skyline 

0.055 opt gold (Table 10). The breakdown is also shown in various 

intervals of mineralization and these again show good correlation 

between Triad and Skyline. Although some five assays show Skyline 

appreciably lower than Triad, i t  is noted that these intervals had in 

general a +60% weight in the -80+2200 mesh size prior to Skyline 

repulverizing and reassaying and may reflect a non-homogeneous prepared 

sample and subject to a "nugget" problem when the assay ton was removed 

from the larger pulp. 

f \ 

j 

Also, Table 10 indicates that few samples assayed by Triad and Skyline 

would have been placed in a different cut-off block i f  one or the other 
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/ had been chosen as the "correct" assay. The two notable exceptions are 

the Triad .078 vs. Skyline .165 and Triad .093 vs. Skyline .016. Based 

on the remaining samples i t  would appear that the sample values are an 

assayer's "bust" and not a variation in the sample pulp. 

The remaining conclusion is that overall Triad assay values are 

sl ightly conservative compared to Skyline and can be used in all 

calculations. 

CUTTING OF ASSAYS 

f,' \, 
i 
\ /  

From the previous discussion i t  is concluded that the Triad Lab assay 

values are nominally within ±I0% of the value within the sample and 

that Triad Lab values are sl ightly conservative from those reported by 

Skyline Labs. The bulk of the assays are from Triad. 

No sample values were cut because of the grade reported. 

Sample values were cut within the computer program, however, to prevent 

the spreading of values where they probably do not belong. The case in 

point is isolated samples high in the hanging wall which probably 

reflect high angle, relatively narrow vein structures. These have been 

removed from the computer program even though i t  is recognized that the 

mining scheme may be able to take these zones should they l ie along the 

strike of the bench in question. 

, /  

i ̧ ~,, 
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F \, I t  is believed that blast hole sample plotting wil l  delineate these 

zones and contribute minor  ounces to the overall zone of 

mineralization. 

Also, for the rerun of the block model computer study, some blocks were 

eliminated or changed to reflect the structural and geologic-assay 

control on values where they were projected incorrectly into the 

footwall of the mineralization. 

CONTINUITY OF VALUES 

Y 

General Statement. Expressed in the d r i l l  hole assay data is a zone of 

lower grade values, 0.01 to 0.03 opt gold, overlying the main 

mineralized zone of higher grade, and amenable to open-pit 

calculations. 

In the "Dri l l  Indicated Reserve" report (Sell, 1989 b) these values 

were separated into the upper or A Zone and the lower main B Zone of 

mineralization. 

The previous mining was from within the main B Zone and along the 

Yarnell Fault where the highest grade of mineralization is generally 

found. 

The A Zone values general ly  continue in to the B Zone values with a 

usual sharp change in gold values. S im i la r l y  the base of the B Zone is 
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also a sharp gold value cut-off. 

Table 11 

o f  the B Zone 

change across 

Table 11. 

l i s ts  the d r i l l  holes and tabulates the top and bottom assay 

with the next assay above or below. The sharp grade 

the B Zone interval is evident from the inspection of 

. 

Within the B Zone, the continuity of the intercept values appear to be 

excellent when viewed from hole to hole for the entire B Zone 

intercept. Within the B Zone, higher and lower grade values occupy 

various levels within the intercept. This is a natural function of a 

multiple injection quartz system with strong af f in i ty  to the regional 

northwest dipping Yarnell Fault structure. With stockwork quartz 

veining at high-angles as well as undulating and braided quartz veining 

in the plane of the Yarnell Fault, the lateral change in assay grade 

may vary within the overall intercept, but continuity of values for the 

overall intercept is considered very positive and can be projected from 

hole to hole. 

Comparison of B Zone assays in DDH vs. RDH holes. Four diamond d r i l l  

holes were twinned next to previously dri l led rotary holes for visual 

examination of the structural and mineralogical features and to 

evaluate the continuity of sample values. 

/ 
( \ )  

M.A. Miller (1990 d) discussed the rotary and diamond d r i l l  assays and 

check assay results obtained during this dr i l l ing program. Table 12 
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/ 
abstracts the comparative assays for the B Zone assays of the twinned 

pairs from Mil ler's memo. The respective collar elevations and 

coordinates of the four twin holes are listed in Table 5. 

Miller noted the var iabi l i ty between actual depth values often exceeded 

50Z, but as noted in Table 12, the total B interval between the paired 

d r i l l  holes is around I0%. The actual depth values do not take into 

consideration the fact of the grade change due to high-angled veins 

which transpose their values to a different level in the adjacent hole. 

/ "\ 

Blast hole assays should be a part of the mining plan and mining along 

the strike of the mineralization wil l  maximize the delineation of the 

northwest dipping mineralized zone. 

METALLURGICAL STUDIES 

General Statement. 

deposit: 

I. 

2. 

1 

4. 

Four studies were undertaken for evaluation of the 

Specific gravity determinations 

Bottle Roll studies of leachability and check assays of 

intervals. 

Large column leach tests of various ore types and grades. 

Flotation/Fine Grind/Cyanide leach tests. 

Specif ic Gravity. Twelve rock samples were collected and sent to 

McClelland Labs, Sparks, Nevada, for test ing. The speci f ic gravi ty 
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ranged from 2.36 gm/cm 3 to 2.62 gm/cm s, with an average of 2.55 gm/cm 3. 

The average converts to a tonnage factor of 12.57 ft.3/ton. 

Three pieces of core from YDDH-I was collected and sent to METCON 

Research, Tucson, for testing. They ran the three pieces by Torbal 

balance and by graduated cylinder methods. The Torbal balance is 

considered the most accurate and consistent and three values returned 

2.67, 2.60, 2.70; average 2.66 gm/cm 3 converts to 12.05 ft.3/ton. The 

graduated cylinder returned 2.64,  2 .50 2.58;  average 2.57 gm/cm 3, 

converts to 12.47 f t .3/ton (Crowell, 1989 b). 

f \ 

The tonnage factor of 12.0 cubic feet per ton has been selected for 

calculations. 

Bottle-roll tests were i n i t i a l l y  completed by METCON Research, Tucson, 

in late April 1989 (Sell 1989 a). This 24-hour test involved material 

from holes YM-2, -5, & -8. Results of hole YM-2 were low (23%), 

whereas holes YM-5 and -8 were encouraging at 60% and 70%, 

respectfully, for the gold and around 50% for the silver values in the 

calculated head assay. The low value was with a sample where METCON 

and Triad head assays were widely different and interpretation of the 

low value recovery was not made. 

\ / 

METCON (1989) continued the bott le-rol l  leach from 24 hours to 72 hours 

and the percent recovery increased to 70%, 68%, and 83% for the gold 

values. Silver is again around 50%, but with the calculated head value 
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. -\ of less than 0.02 oz/ton silver, the effect on economics is minor. The 

late recovery increase of the low 23% test is encouraging that the 

values are determinable. 

Four samples of rock from the open-cut were also submitted to 

McClelland Labs, Sparks, Nevada, for bott le-rol l  tests. The bottle- 

rol l  leach tests at 80% - 3/8 inch size for 96 hours obtained the 

following results (Crowell, 1989 a). 

Open-Cut Open-Cut  Open-Cut Clay 

Composite High Grade Low Grade 

/- "\ 

j 

96-hr 

Extraction 63~ 69~ 70~ 74~ 

The cyanide-lime consumption was low and the encouraging results from 

the bott le-rol l  leach tests led to expanded column tests and an 

expanded bott le-rol l  test from throughout the deposit. 

A composite B Zone mineralization sample was collected from twenty-four 

holes throughout the deposit and within the d r i l l  indicated reserve. 

This 72-hour cyanide bottle roll test by METCON ranged from 60% to 89% 

recovery, with an overall average of 73% recovery (Sell, 1990 a). 

r- \ 

kL / 

No strong variation was noted across nor down the zone of 

mineralization, though two of the lowest values returned were from 
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holes near the downdip bottom of the d r i l l  indicated reserve. 

Table 13 l is ts  the twenty-four holes, their percent recovery, the 

METCON calculated head assay, Triad original assay and a Skyline head 

assay. As noted, the weighted average (based on feet- oz. divided by 

feet) of the METCON calculated head assay of 0.063 opt gold is 10% 

higher than the Triad original weighted assay of 0.057 opt gold. The 

Triad assay is a calculated value from the individual samples making up 

the composite. The Skyline head is an assay of a spl i t  from the pulp 

sent to METCON for the leach test. As noted, the Skyline head weighted 

average is s l ight ly lower than Triad values, but with a variation on 

the individual assays. 

/ \ 
/ ,, 

,\ , Skyline was requested to assay as many splits as available in the pulps 

from six holes which indicated a Skyline variance with the other two 

assays. Eight repeat assays were secured by this method and the 

average is listed in Table 13 for the six holes. In all but one case, 

Skylines new composite average was within the ball-park of the original 

Triad and the METCON head assay. 

, -  \ 

At the start of the column leach tests, the core sample rejects of the 

B Zone composite was selected from the three diamond d r i l l  holes which 

cut the entire B Zone mineralization. 

hour leach test and these indicated 

(Crowell, 1990 c). 

HcClel land Labs conducted a 96- 

recover ies of  67%, 65%, and 62% 
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The average of all 

the gold values. 

the bott le-rol l  tests suggest a recovery of 71% of 

Large column perculation leach tests were conducted from material 

collected from the open-cut and from underground. The surface samples 

were from four locations and amounted to about twelve tons of freshly 

blasted material from the walls of the pit. This included several tons 

of 9ougy material in the v ic in i ty  of the crushed zone of the Yarnell 

Fault structure. Some two tons of material of low-grade values were 

removed from the underground main adit by blasting the sides of the 

adit. The material was separately contained in 55-gallon barrels and 

shipped to McClelland Labs, Sparks, Nevada, where a bulk sample 

composite was made with the high grade/low grade material. 

As noted previously,  a sample of  the open cut high-grade, the low- 

grade, the composite sample, and the clay gouge sample was run with a 

96-hour bo t t l e  ro l l  t es t  fo r  pre l iminary values. 

Column perculat ion leach tes ts  were conducted on the high grade/low 

grade bulk ore composite at 80% minus 6", 2", and 3/8" feed sizes 

(Crowell, 1990 a). 

41 



\ /' 
The test data is as follows: 

80% 

Passing Column 

Size Size 

Leach Head Ta i l  

Time Assay Assay 

Days Opt Extraction 

6 inch 

2 inch 

3/8 inch 

24" d ia .  x 18 f t .  111 0.046 0.022 52.2% 

15" d ia .  x 18 f t .  102 0.051 0.015 70.6% 

12" d ia .  x 18 f t .  79 0,055 0.013 76.4% 

\ / 

As noted the composite is amenable to heap leach cyanidation treatment 

in all three feed ranges with an increase in go ld  recovery with 

decrease in feed size. Gold recovery rates were fa i r l y  slow, but 

extraction was substantially complete in 60 days of leaching. 

Cyanide consumptions were low and ranged from 0.56 to 0.79 pound per 

ton of ore. Consumption rates were fa i r ly  constant throughout the 

leaching cycles. The ten pounds of lime and cement (3/8 inch feed) per 

ton of ore added to the ore charges as the columns were f i l l ed  was 

sufficient to maintain protective alkal ini ty at above pH 10.5 

throughout the test period (Crowell, 1990 b). 

A vat leach test on the underground low-grade composite at run-of-mine 

feed size, along with a parallel column test using 80% minus 3/8 inch 

feed was conducted. The respective gold recoveries were 40% (vat) and 

70% (column) in about 40 days of leach contact. This suggests that the 
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low grade (0.010 opt gold) would be amenable for leaching i f  crushed to 

the smaller size. Cyanide and l ime consumptions were within the 

previous column tests results. 

Flotation/Fine Grind/cyanide leach tests were conducted on the Yarnell 

composite sent to Tucson from McClelland Labs. This head sample of 35 

pounds assayed 0.031 opt Au and 2.35% Fe (Henderson, 1989). 

In the two f lotat ion tests, ground to -200 mesh, the recoveries were 

75%-76% in the f i n a l  concentrate and 79%-80% in the rougher 

concent ra te .  

I 
\ ,  I 

In the two fine grind/cyanide leach tests, also ground to -200 mesh, 

the recoveries were 97% in 22 hours of agitated leach. The cyanide 

consumption was 0.21 pounds per ton of ore and the lime was 3.3 pounds 

per ton of ore. 

The trade-off between high recovery by fine grinding agitated leach and 

lower recovery by coarse crush/heap leach is a matter of economics. 

MINERAL INVENTORY - RESERVE 

r -\ 
\ 

General Statement. The Yarne l l  P ro jec t  conta ins  n i n e t y - s i x  d r i l l  holes 

of  the reverse c i r c u l a t i o n  ro ta r y  type,  fou r  diamond d r i l l  holes which 

twinned adjacent  ro ta ry  holes, and a comprehensive sampling of  the 

open-cut along the outcropping upper edge of  the mineral  zone. The 
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\ rotary portion amounted to 24,367 feet of dr i l l ing  with 1,295 feet of 

core dri l led for a total of 25,662 feet of dr i l l ing (Plate I and Plate 

2). 

As noted in the dr i l l ing  section, not all the footage contained assays, 

since some of the footage is through the open stopes while others were 

dri l led in the footwall of the mineralization. 

A packet of s i l i c i f i ca t ion ,  quartz veining, 

alteration sub-parallels the Yarnell Fault which 

dips 30 ° northwesterly. 

contains the highest grade 

and grade. This zone 

mineralization. 

and quartz-sericite 

strikes N40°E, and 

The packet with the Yarnell Fault generally 

of mineralization and varies in thickness 

was designated the main or B Zone of 

Upward, a lower grade of mineralization is often found above the B 

Zone. Where i t  was of continuity and grade i t  was also inventoried as 

the A Zone mineralization. 

Evaluation of the reserve potential was performed by two methods" 

I. A d r i l l  indicated reserve using approximately a 0.010 opt gold 

cut-off for the A Zone and an 0.020 opt gold cut off for the B 

Zone mineralization. The hand calculation method using the 

triangular method discussed below and 

I x 

\._ j 
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2. The computer, cone miner, method using a modified polygon 

configuration, as discussed below. 

/ \I 

Exploration Department triangular method. The triangular method was 

selected (Sell, 1989 b), and each d r i l l  hole leg assay values were 

scanned and the best interval of assays in the v ic in i ty of the Yarnell 

Fault were selected for the B Zone calculation. Within this zone, some 

assay values were as low as 0.00X opt gold, but unless the grade and 

thickness was sufficient to be included within a proposed pit  outline 

of the combined main B Zone, the inventory was not included in the 

d r i l l  indicated reserve. A lso  factored in was the parameter that any 

interval of twenty feet should average an 0.20 opt gold cut-off within 

the intercept used. 

Through the f i r s t  pass review i t  was determined that the average grade 

of the deposit might be 0.051 opt gold. This value was then placed in 

all the open stope areas for a total thickness computation of the B 

Zone. The tonnage and grade estimated as previously mined was then 

subtracted from the calculated tonnage-grade for the entire B Zone 

d r i l l  indicated reserve. 

Calculation of the upper or A Zone mineralization was taken to be that 

which was within the suggested pit  outline determined by the B Zone 

calculations. A 50 ° back-slope was suggested to be adequate for the B 

Zone and the pi t  plan was smoothed into what might be an acceptable 

outline, with a waste/ore ratio of around 3 tons of waste per ton of 
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ore. The value of the block within the A Zone needed to be within a 

minable plan with a 0.010 opt gold cut-off and a nominal thickness to 

be mined. Even though i t  was known that the material had to be moved 

to secure the B Zone mineralization, no economic parameters were placed 

in the calculation. 

The previous Table 11 l is ts all the d r i l l  hole values broken down into 

A and B Zone intervals. Also noted are the holes not included in the 

d r i l l  indicated reserve as well as several other notes, such as, stope 

intercept, f i r s t  and last value, and intervals projected from the 

areas. 

Plate 2 plots the d r i l l  holes, the footwall outline of the 

mineralization, the downdip toe outline of the suggested pi t ,  the crest 

outline of the proposed pit,  the indicated outline of the underground 

workings and pi l lars,  and the triangles used in the reserve study. 

Using a 12.0 tonnage factor, the following parameters were established: 

Zone Tonnage Grade, op t  Au Waste/Ore 

Waste* 12 ,670 ,000  . . . .  

B T o t a l  4 ,360 ,000  0.051 - -  

Prev.  Mined 250,000 0.051 - -  

B Remain ing  4 ,110 ,000  0.051 3 .08 /1  

/ 

Waste**  9 ,930 ,000  - -  

A Zone 2 ,740 ,000  0.017 
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B Zone 

(remaining) 

4,110,000 0.051 

A + B 6,850,000 0.038 1.45/1 

~AII material above B Zone inside pit  parameters. 

~mPrevious waste minus A Zone material. 

Of the A Zone triangle blocks used, only two out of one hundred 

thirteen blocks averaged 0.010, all others were 0.011 or above, with a 

high of 0.025 opt gold. 

J 

In the B Zone 

opt gold. 

the lowest grade block was 0.029, with a high of 0.114 

Recalculation of previously removed 

recalculation of dr i l led mineral reserve. 

stope tonnage/grade and 

Several questions had been 

the pi l lars,  the near wall holes next to 

configuration of the extracted stope perimeter, 

remaining material in the B Zone. 

raised as to the influence of the grade in 

the stopes, and the 

to the value of the 

The surveyed and estimated outline is plotted on Plate 2. 

Mil ler (1990 c) compiled the d r i l l  hole intercepts from the holes which 
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intercepted pi l lars, ? in number, and using the stope thickness 

calculations, separated out the equivalent stope interval. The average 

stope thickness was 21.4 feet with a grade of 0.090 opt gold. Miller 

also calculated the similar stope thickness on the holes outside the 

stope configuration, but within 50 feet of the stope wall. Fourteen 

holes with an average thickness of 19.6 feet contained an average of 

0.076 opt gold. 

Gay (1990) calculated the ore tonnage removed from the B Zone main 

mineralization by using all the d r i l l  holes which penetrated the 

openings, his survey of the working, and the estimate of the openings 

as suggested from an old f i l e  map. Gay also calculated the grade of 

the ore removed by using the ratio of the polygon readings. 

Gay's calculations suggested a thickness of 20 feet of stope height 

with 230,000 tons of ore removed at a grade of 0.096 opt gold. The Gay 

data includes isopachs of the floor and back of the stopes and with the 

p i l lar  and wall outlines, the data can be placed in the computer model 

for inclusion of the stope p i l lar  while excluding the open stopes, i f  

additional refinement is needed. 

The values previously given for the waste and A Zone mineralization are 

not affected by the recalculation of values. 

f 
\ y 

Miller (1990 b) recalculated the d r i l l  indicated reserve, using the new 

parameters developed. Table 14 is Table 4-A of Mil ler 's report l ist ing 
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the revised-main B Zone values. The bottom line indicates 4,130,000 

tons at 0.055 opt gold remains in the B Zone area. 

Computer evaluation with economic parameters has been undertaken by the 

ASARCO Engineering and Computer Service. Numerous scenarios of 

variable mining, mill ing, fixed and gold value costs have been used. 

L.J. Jansen's report (1990) using a 0.053 opt gold value for the open 

stope values, compared the inventory using the Exploration Department 

pit  design and B Zone configuration vs. the economic pi t  using the 

computer derived pit  with a $400 gold value, and costs of $7.34 per ton 

of ore mined (Model 4796). 

\ J  

The summary of the data for Model 4796 is as follows: 

Exploration Dept. Inventory 

Economic Computer Inventory 

Tons* Grade, oz-ton 

4,797,000 0.052 

3,755,000 0.060 

~No adjustment for previously mined material. 

Exploration Department 

Economic Computer 

Adj.Tons*~ Adj.Grade, oz-ton 

4,567,000 0.052 

3,525,000 0.060 

~Not adjusted for  stope tonnage previously removed. 

~Adjusted by subtract ing 230,000 tons at 0.096 opt gold previously 
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/ \ mined as estimated. 

The above figures compare favorably with the Exploration Department 

calculation reviewed in the previous section of the report. 

A f u r t h e r  computer rev i s ion  is in progress based on the e l i m i n a t i o n  of  

some values in blocks which were m is -p ro jec ted  beyond the f oo twa l l  

p r o j e c t i o n .  

OTHER STUDIES - MAPS 

A number o f  s tud ies  and map compi la t ions  have been conducted on the 

Yarne l l  Proper ty .  

The repor ts  have been reviewed f o r  f ac t s  l i s t e d  in the fo rego ing  repor t  

and are placed here f o r  add i t i ona l  reference:  

A. Studies 

Bengson, S.A. 1990, Yarne l l  P ro jec t  reclamat ion : Report to  Asarco, 

Ju ly  23, 1990, 10 pages. 

Crowel l ,  D.E.,  1989, McClel land proposal f o r  m e t a l l u r g i c a l  t e s t s  : 

Report to  Asarco, June 9, 1989, 8 pages. 
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Graybeal, F.T., 1989, First pass Yarnell reserve estimate (thru YM-45) 

: Report to Asarco, August 8, 1989, 8 pages. 

Jansen, L.J., 1989, Dr i l l  hole frequency diagrams, holes YM-I thru YM- 

36 : Report to Asarco, July 18, 1989, 13 pages printout. 

Jansen, L.J., 1989, Composite 20' bench plans, DAT-I - Report to 

Asarco, November 22, 1989, 137 pages printout. 

Jansen, L.J., 1990, 20 foot block mineralization model Au 96 : Report 

to Asarco, January 23, 1990, 10 pages printout. 

Jansen, L.J., 1990, Summary of parameter used in cone miner ore reserve 

calculations : Report to Asarco, January 24, 1990, 12 pages printout. 

Kurtz, W.L., 1989 a, Progress and recommendations : Report to Asarco, 

April 18, 1989, 9 pages. 

Kurtz,  W.L., 1989 b, Yarnel l  depos i t  : Asarco Exp lora t ion  meeting t a l k ,  

December 5, 1989, 6 pages. 

Lakosky, S .L . ,  1990, Mine c losure costs - Report to  Asarco, June 11, 

1990, 3 pages. 

/ \ 

~',;.. .7' 
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Lakosky, S.L., 1990, Incorporation of reclamation costs and changes of 

DCFROI : Report to Asarco, July 25, 1990, 2 pages plus Sections I 

thru 3. 

Maley, P.J., 1989, Yarnell Project environmental considerations : 

Report to Asarco, August 21, 1989, 3 pages. 

Malusa, J.J., 1990, Ground magnetometry : Report to Asarco, March 9, 

1990, 6 pages plus attachments. 

Malusa, J.J.,  1990, Whole rock values - altered vs. unaltered granite : 

Report to Asarco, July 10, 1990, 7 pages. 

/," \ ,  
\ >  Malusa, J .J . ,  1990, Lime 

July 27, 1990, 9 pages. 

green clay (Nontronite) : Report to Asarco, 

Mil ler,  M.A., 1989, Phase I d r i l l i ng  results and recommendations : 

Report to Asarco, May 2, 1989, 13 pages plus Attachments A thru E. 

Mil ler,  M.A., 1989, Preliminary alteration study : 

May 18, 1989, 4 pages. 

Report to Asarco, 

Mi l le r ,  M.A., 1989, Open-cut and underground bulk sampling : Report to 

Asarco, July 26, 1989, 6 pages. 
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Mil ler,  M.A., 1989, Phase 2 d r i l l i ng  results and 

Report to Asarco, August 7, 1989, 23 pages. 

proposed phase 3 : 

Mi l ler,  M.A., 1989, Sulfide zones through YM-68 d r i l l  holes : Report to 

Asarco, September 6, 1989, 3 pages. 

Mi l ler,  M.A., 1990, Location and description of rock samples for 

petrographic and thin-section studies : Report to Asarco, March 14, 

1990, 3 pages. 

Mi l ler,  M.A., and Skidmore, D.F., 1989, Order of magnitude study : 

Report to Asarco, May 22, 1989, 9 pages. 

/ \ 
L I 
\_J Sell, J.D., 1989, Preliminary thoughts on continuity of grade and 

thickness : Report to Asarco, July 25, 1989, 6 pages. 

Sell, J.D., 1989, Zone footages for computer data, thru YM-62 : Report 

to Asarco, August 25, 1989, 5 pages. 

Sell, J.D., 1989, Contour and isopach maps : Report to Asarco, November 

16, 1989, I page, 5 maps. 

Sell, J.D., 1989, Computer grade additions : Report to Asarco, November 

16, 1989, 8 pages. 

I \ 
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Sell, J.D., 1990, Metallics assay - 6 samples : Report to Asarco, April 

16, 1990, 4 pages. 

Sell, J.D., 1990, Yarnell land status : Report to Asarco, June 15, 

1990, 4 pages plus map 6864. 

Sel l ,  J .D. ,  M i l l e r ,  M.A., 

Ju ly  14, 1989, 4 pages. 

1989, Open-cut sampling: Report to Asarco, 

Sell, J.D., Mil ler, M.A., and Gay, W.D., 1989, Estimated tons of ore 

removed from main B Zone mineralization : Report to Asarco, October 

31, 1989, 3 pages. 

B. Maps 

D r i l l i n g  progress, 1" = 200', Map 6734, 6773, 6781, 6841. 

S t ruc tura l  contour top of B Zone, Map 6778. 

S t ruc tura l  contour, base of B Zone, Map 6779. 

Geology, 1" = 100', Map 6780. 

Tr iangles & d r i l l  holes used in study p i t ,  Map 6811. 

Isopach, th ickness, upper A Zone, Map 6812. 

Isopach, foot-ounces gold, main B Zone, Map 6813. 

Isopach, th ickness,  main B Zone, Map 6814. 

D r i l l i n g  program with proposed holes, 1" = 200', Map 6841. 

Claims, 1" = 200', Map 6864. 

Topography, Sec. 14, 1" = 100', no map number. 

Topography, Sec. 14 & 23, 1" = 200', no map number. 
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This photo shows the unique 
capability of the dual-wall reverse 
circulation drilling method. 

Circulatipn was only momentarily 
lost as the drill pipe passed through 
this mine tunnel. As soon as the 
drill bit bore into the floor of the tun- 
nel, circulation was quickly regained. 

Had a conventional drilling 
method been used, all circulation 
would have been lost which would 
have necessitated setting casing, 
cementing or abandoning the hole. 
The additional materials and lost 
time would have been costly com- 
pared to using the dual-wall reverse 
circulation method. 

It should be noted that in this 
case, as with other dual-wall reverse 
circulation applications, no drilling 
mud and/or additives were required 
for drilling operations to proceed. 

3 

DRILLING SERVICES CO. 
A Division of Layne-Western Company, Inc. 

12030 East Riggs Road 
Chandler, Arizona 85249 

(602) 895-9336 
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and Cre~ey(19.~, 1%7), Andc~on ar~l Blacet (1972~ ]972b. ] 97,?.c), DeWLIt (1976, [9"/9),Jerome (i956), Ligh[ (1975), Hook  (1956), Pf la~er (1956). Wo~c(19S3),lnd unpubllsbed r~.'on nmssanol mapping 
by the lu thoK A l l  contacts, whether deposit ~oned. intrtL~Ve, or fault-related. ~ shown by the ~ m e  kind o f  llne. The Ei r ly  Protcmzol¢ rne~lmorphlc urals (bo(h pro- zmd post plut onl¢) ¢oe, zist o1" volcamc 
end sedimentary proloiiths intruded by gabbroic mlu~'s. Sample numbers wl lhc~I an A arc |ram this siud y. Sample numbers wish an A ate published and are from: ~ 1984 (3A and 7A)~ Anderson 
and Biacet. 1972b (12A. 18A. ]gA.  22A, 26A. 27A, ?3A, 29A, 32A, 33A. and 37A); Andcrson, 1972 (48A, 50A. 52&, 54A, 55A. and 57A); ICneSt r, 1965 (6A, $A, 9&, i0A,  and 30A); Anden~on and 
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F i g u r e  2 .  R e g i o n a l  g e o l o g i c  map o f  n o r t h - c e n t r a l  A r i z o n a  
(DeWitt, 1989, p.150). 
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Y-161. Thin section photomicrograph showing microcline and opaque 
ilmenite fragments in rather finely crushed and recrystallized 
quartz-K-feldspar matrix. Plain light and crossed nicols, X110. 
Each square of grid is 130 microns on an edge. 

FIGURE 3. Yamel Fault zone. surface (R.MHonea. I-.6-90) 



FIGURE 4 
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i rder~ 142"-143" 
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interval 126"-12T 



FIGURE 5 

O 

O 

Y-155. Thin section photomicrograph of altered granite showing seri- 
cite replaced plagioclase with associated microcline, quartz, and 
sericite replace biotite. Plain light and crossed nicols, X55. 
Each square of grid is 260 microns on an edge. 

0 
FIGURE 5. Phyr~ sericite, alteral~on (RMJ-Ionea 16-90) 



FIGURE 6 
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O 
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Y-166. Thin section photomicrograph of weakly argillized microcline 
(upper right) and weakly sericitized plagioclase (lower left) with 
quartz and hematite plates (opaque) in fractured and rehealed 
host granite. Plain light and crossed nicols, X55. Each square 
of grid is 260 microns on an edge. 

FK;URE 6. Outer. weak aieralJon ( ~  1-27-90) 
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FIGURE 7 

O 

O 

Y-I~0. Thin section photomicrograph of sheared granite showing 
serlcitized plagioclase (upper center) and weak chlorite- 
epidote replacement of biotite (left and across center) along 
with unaltered microcline and quartz. Plain light and crossed 
nicols, XS~. Each square of grid is 200 microns on an edge. 

RGURE 7. Wea~ altered grar~ ( ~  1,-6-gO) 
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YM71 - 85-90'. Polished section photomicrograph of small native 
gold particle locked by goethite oxidation pseudomorph. Plain 
light, X435. Each square of grid is 32 microns on an edge. 

J:K;URE & ~ 4x4 micron gold parties ( ~  12-7-89) 

O 



FIGURE 9 

O 

O 

YM71 - 85-90'. Polished section photomicrograph showing com- 
posite grain with native gold and goethite. Plain light, X435. 
Each square of grid is 32 microns on an edge. 

F'IGURE 9. Me~J~ elongate~ 12x87 micron gold (R.M.Hor~ 12-7-90) 

O 



FIGURE 10 

O 

O 

YM71 - 85-90'. Polished section photomicrograph of liberated 
dsndritio aggregate of native gold. Plain light, X435. Each 
square of grid is 32 microns on an edge. 

FIGURE 10. Medium,. 4.5x64 micron gold (R.M.Honea. 12-7-89) 
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FIGURE 11 

0 

0 

IG - 35-40'. Polished section 12~1;omicrograph showing liberated 
native gold particle in which only a small part of the grain is 
exposed in the polished surface. Associated at upper left are 
goethite, hematite, and trash iron. Plain light, X435. Each 
square of grid is 32 microns on an edge. 

FIGU~ 11. ~ elongate, 60x225 micron gold (R.M.Honea. 3-10-90) 

0 
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P.S. Y-158. Polished section 1~ho~mlcrograph of native silver 
particle in fraoture filling cutting altered host. Associated 
with poorly polished goe~hite. Plain light, X435. Eaoh square 
of grid is 32 micronm on an edge. 

FIGURE 12. Sinai. ekmgat~ 5x19 micron slyer (RMJ4one~ 2-20-90) 

O 
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P.S. Y-158. Polished section photomicrograph of native silver in 
fracture filling cutting altered host. Plain light, XI090. 
Each square of grld is 13 microns on an edge. 

FIGURE 13. Sinai. 2x4. 2x6. 3x5 micron saver partic~ (R.MHonea. 2-20-90) 

O 



~GURE14 

0 

0 

YP~/I - 85-90'. Polished section photomicrograph of liberated native 
gold particle associated with separate fra~nents of goethits 
(upper center), galena (upper right), and pyrite (lower left). 
Plain light, X~35. Each square of grid is 32microns on an edge. 

RGIJRE 14, Galena and pyrite (RM.Hones. 12-7-89) 

0 



RGURE 15 
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O 

Yt,~71 - 85-90'. Polished section photomicrograph of native gold 
in liberated particle assooiated with pyrite remnant rimmed by 
goethite oxidation pseudomorph. Plain light, X435. Each square 
of grid is 32 microns on an edge. 

FIGURE 15. Py~te/geol/~e (R,MHones, 12-7-89) 

O 
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YARNELL PROJECT 

Yavapai County,  Ar izona 

Table I.  Major Element Chemistry - Yarnell Pluton 

0 

sam_ le 

S102 

A1203 

Fee Os 

HgO 

CaO 

NazO 

K20 

Ti02 

P205 

MnO 

TOTAL 

Granodiorite (De wi t t )  Bioti te Granite (Malusa) 
72 73 74 HW FW 

67.4 66.3 65.1 70.0 69.8 

14.5 14.1 14.3 14.3 14.4 

4.98 5.45 6.65 4.76 5.02 

1.17 1.22 1.52 1.00 1.10 

2.57 2.84 3.43 2.60 2.30 

3.08 3.10 3.14 3.20 3.10 

4.18 4.33 3.78 4.10 3.90 

0.80 0.79 1.02 0.70 0.85 

0.27 0.34 0.39 0.45 0.55 

0.12 0.11 0.13 0.11 0.13 

9g.07 98.58 99.72 101.22 101.15 

~Fet02, total  iron as Fe20a 

0 



O 
YARNELL PROJECT 

Yavapai County, Arizona 

Table 2. Size of Gold & Silver Particles 

O 

GOLD 

SILVER 

Size 

v.small 
small 

medium(-) 

medium 

medium(+) 

large 

v.small 
small 
medium(-) 
medium 
medium(+) 
large 

Equidimensional 
No~ in microns No__~. 

7 "dot", I /2 - -  
9 1( lx2) ,2(2x2) ,  6 

2(2x4),1(3x3), 
1(3x6),1(4x4), 
1(4x8) 

7 1(9x15),1(12x18), 4 
2(13x19), l(15x30), 
l (1gx32) , l ( lgx38)  

3 1(25x33),l(25x38), 1 
1(32x32) 

3 1(35x60),1(45x60), - -  
1(45x64) 

. . . .  

29 + 12 

Elongate 
in microns 

1(2x8),3(2x12) 
1(2x20),1(6x25) 

1(lOx35),1(10x45), 
1(12X87),1(13x34) 

1(26x70) 

1(60X225) 

= 41 Subtotal 

10 5(2x4),5(3x5) 2 1(2x6),1(5x19) 

. . . . . .  ~ m  

10 + 2 = 12 Subtotal 

3.__99 + 14 = 53 TOTAL 

Q 
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YARNELL PROJECT 

Yavapai County, Arizona 

Table 3. Comparison of Trace Elements 
(ppm values) in Main Ore Zone rotary cuttings 

and Hanging Wall-Footwall soil samples. 

0 

Ore Zone, Rotary  Cu t t i ngs  HW FW 
ppm S o i l s  S o i l s  

YM-6 YM-25 YM-50 ~ 

No. o f  Samples 3 4 5 53 61 

Cu,average 3.7 18.4 17.0 28.4 19.4 
Cu, h igh 5.0  36.4 25.1 55.4 30.0 
Cu, low 2.6 5.1 8.7 15.3 11.5 

Pb, average 7.9 69.1 8.5 24.5 21.1 
Pb, high 10.7 255.0 11,7 58.5 34.9 
Pb, low 5.9 4.7 7.1 14.5 12.5 

Zn, average 28.8 59.6 41.8 86.8 60.3 
Zn, h igh 36.4 124.0 57.0 270.0 124.0 
Zn, low 24.1 34.3 34,8 33.7 30.3 

0 
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YARNELL PROJECT 

Yavapai County, Arizona 

Table 4. Dr i l l ing Contractors and Sequence 

0 

Contractor/ 
E ~  

Dri l l ing Services 
Company, 

Reverse Air 
Circulation 

TH-IO0 

TH-lOO 

TH-60 

Hole Numbers 

YM-I thru YH-9 

YM-IO thru YM-36 

YM-37 thru YM-96 

Started Completed Footaqe~ 

3/20/89 4/1/89 3,022 

6/3/89 6/29/89 7,350 

7/19/89 10/3/89 13,995 

Subtotal 24,367 

1,295 

Boylea Bros., 
Core 

Longyear 44H YDDH-1 thru -4 9/25/89 10/21/89 

Subtotal 1,295 

TOTAL 25 662 

• Footage is to bottom of hole and includes footage in stopes 
where no samples were recovered. 

0 
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Table 5. 

YARNELL PROJECT 

Yavapai County, Arizona 

Yarnell Dr i l l  Hole - Survey Data 

0 

ROTARY 
DRILL HOLE 

NUMBER 

YH-1 
YM-2 
YM-3 
YM-4 
YN-5 
YH-6 
YH-7 
YM-8 
YM-9 
YM-IO 
YM-11 
YM-12 
YM-13 
YH-14 
YM-15 
YH-16 
YH-17 
YM-18 
YM-19 
YN-20 
YN-21 
YM-22 
YH-23 
YH-24 
YH-25 
YM-26 
YH-27 
YM-28 
YM-29 
YN-30 
YM-31 
YH-32 
YM-33 
YN-34 
YM-35 

DEPTH 
FEET 

220 
350 
250 
440 
370 
400 
292 
350 
350 
300 
260 
240 
280 
160 
35O 
150 
45O 
25O 
3OO 
2OO 
20O 
38O 
140 
150 
155 
45O 
440 
35O 
28O 
315 
45O 
260 
410 
150 
100 

COORDINATES 
NORTH EAST 

100 255.5 49,875.4 
100 490.7 49,860.6 
100 218.5 49,625.8 
100 505.3 49,675.8 
100 437.1 49,565.2 
100 278.7 49,286.7 
100 260.5 49,471.6 
100 717.9 49,749.2 
100 734.8 49,577.2 
100 177.0 49,171.1 
99,998.0 48,983.2 

100 356.5 49,788.4 
101 099.2 49,909.0 
100 110.1 49,780.1 
100 581.8 49,765.5 
100.383.9 50,017.0 
100 458.2 49,405.8 
100.637.8 507002.4 
100 769.4 49,894.2 
100.136.5 50,065.9 
101.062.1 50,094.4 
100 172.6 49,027.2 
100.027.2 49,165.2 
100 062.9 499349.4 
100.063.1 49,533.7 
100 427.5 49,139.4 
100.923.0 49,436.3 
100 959.3 49,648.0 
100.118.7 48,832.5 
100 331.8 49,022.5 
100,684.2 491253.6 
100 873.5 49,960.0 
100.629.8 497440.8 
101 468.1 49,898.0 
101.181.8 50,199.4 

ELEVATION 

5,078.5 
5,063.0 
5,010.7 
5,052o3 
5,041.8 
4,949.0 
4,986.9 
4,957.9 
4,930.2 
4,893.9 
4,874.0 
5,073.6 
4,810.1 
5,050.5 
5,036.8 
5,057.1 
5,017.2 
4,990.8 
4,973.5 
5,074,7 
4,806,2 
4,884.0 
4,860.9 
4,893.5 
4,947.3 
4,911.0 
4y835.4 
4,817.0 
4,858.6 
47894.1 
4~918.6 
4,920.2 
4,969.7 
4,671.9 
4,729.8 

(Continued) 

0 
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YARNELL PROJECT - Table 5. Yarnel l  D r i l l  Hole - Survey Data (Continued) 

ROTARY 
DRILL HOLE DEPTH 

NUHBER FEET 
COORDINATES 

NORTH EAST ELEVATION 

O 

O 

YH-36 
YH-37 
YH-38 
YH-39 
YM-40 
YH-41 
YH-42 
YM-43 
YM-44 
YH-45 
YH-46 
YM-47 
YH-48 
YH-49 
YH-50 
YM-51 
YM-52 
YH-53 
YM-54 
YM-55 
YH-56 
YH-57 
YH-58 
YH-59 
YM-60 
YM-61 
YH-62 
YM-63 
YH-64 
YH-65 
YM-66 
YH-67 
YH-68 
YH-69 
YM-70 
YH-71 
YM-72 
YH-73 
YM-74 
YH-75 
YM-76 
YH-77 
YH-78 
YH-79 
YH-80 
YM-81 

180 101 319.7 
240 100 178.0 
360 100 374.7 
360 100587.8 
400 100501.3 
460 100.564.3 
410 100 760.1 
140 100793.2 
310 100 850.2 
120 100551.4 
300 100 057,8 
320 100104.5 
220 99 681.3 
220 99,853.3 
85 99,861.6 

240 99,994.7 
200 99,996.4 
150 99,916.2 
340 100,413.6 
220 100,391.2 
180 100,324.7 
120 100,254.5 
90 100,323.3 

180 100,517.2 
110 100,467.5 
250 100,564.3 
320 100,361.3 
240 100,306.6 
200 100,188.0 
135 99,551.4 
60 99,378.5 
90 99,597.7 

130 99,789.8 
400 100,371.2 
190 100,258.4 
160 100,129.8 
150 100,016.3 
90 99,972.5 

160 99,982.5 
220 100.096.1 
175 100.116.0 
215 100 175.7 
350 100.309.6 
220 100 327.0 
320 100.475.4 
170 100 165.3 

50,064.8 4,705.2 
49,314.9 4,925.1 
49,312.5 4,983.9 
49,594.9 5,010.7 
49,506.1 5,024.4 
49,330.1 4,978.4 
49,454.9 4,909.6 
50,066.0 4,907.9 
49,780.1 4,910.5 
50,110.8 4,980.4 
48,921.0 4,883.5 
49,097.3 4,873.4 
48,754.2 4,776.6 
48,847.1 4,827.6 
49,155.5 4,818.2 
48,694.1 4,789.0 
49,214.3 4,854.5 
49,077.7 4,844.7 
49,704.6 5,060.0 
49,885.2 5,073.8 
49,962.1 5,078.2 
50,021.2 5,090.1 
50,088.3 5,055.8 
50,020.0 5,019.0 
50,107.5 5,009.9 
49,899.7 5,036.1 
49,612.9 5,039.5 
49,701.4 5,045.0 
49,738.1 5,041.5 
48,903.2 4,765.6 
48,923.0 4,764.5 
48,811.0 4,776.5 
49,232.8 4,848.5 
49,213.1 4,951.2 
49,792.7 5,058.4 
49,864.8 5,010.7 
49,691.4 5,008.8 
49,569.8 4,947.4 
49,463.8 4,899.1 
49,233.7 4,880.3 
49,610.1 4,989.5 
49,536.7 4,982.1 
49,381.9 4,985.8 
49,857,7 5,076.2 
49,755.9 5,067.1 
49,829.4 5,067.4 
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YARNELL PROJECT - Table 5. Yarnell D r i l l  Hole - Survey Data (Continued) 

ROTARY 
DRILL HOLE DEPTH 

NUMBER FEET 

YM-82 140 
YM-83 285 
YM-84 200 
YM-85 100 
YM-86 155 
YM-S7 380 
YM-88 400 
YM-89 390 
YM-90 320 
YM-91 155 
YM-92 160 
YM-93 100 
YM-94 195 
YM-95 420 
YM-96 575 

COORDINATES 
NORTH EAST ELEVATION 

100217.1 49,927.8 
100.419.1 49,805.2 
100 449.6 49,950.0 
100483.6 50,401.7 
100 636.9 50,574.2 
100 477.2 49,270.8 
100 365.6 49,438.8 
100 332.0 49,532.8 
100 292.0 49,620.8 
100 257.2 49,559.2 
100 040.8 49,620.6 
99,929.2 49,309.7 

100,137.6 49,436.6 
100,526.5 48,764.8 
101,187.1 49,017.0 

5,091.9 
5,072.5 
5,051.8 
4,975.9 
5,010.2 
4,97T.5 
5,012.3 
5.016.6 
5,027.0 
5,003.3 
4,984.9 
4,855.0 
4,939.9 
4,822.1 
4,846.3 

Subtotal 24 367 

0 DIAMOND DRILL HOLES 

DRILL HOLE DEPTH 
NUMBER FEET 

YDDH-1 350 
YDDH-2 400 
YDDH-3 325 
YDDH-4 220 

Subtotal 1,295 

COORDINATES 
NORTH EAST 

100,715.1 49,740.7 
100,507.1 49,510.8 
100,316.1 49,723.0 
100,100.8 49,224.2 

ELEVATION 

4,956.8 
5,024.3 
5,045.4 
4,879.9 

GRAND TOTAL 25 662 

0 
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Table 6. List of "Wet" Dr i l l  Holes 

O 

Hole 
No. 
YM- 

33 
41 
87 
26 
47 
42 
31 
30 
22 
29 
51 
34 
36 
13 
28 
27 
96 
95 

Below Base 
o f  

Main Zone 

At or within Above 
10' of Base Base of 
of Main Zone Main Zone 

Relation to downdip 
extent of geological 

p i t  reserve edge. 

X Inside p i t  

X 

X 
X 

X 
X 
X 
X 

X 
X 
X 

X 
X 

Near p i t  edge 

Far outside p i t  edge 

O 

r • . . . . . . . . . . . . . . . . . .  . . . . . . .  . . . . . . . . . . . . . . . . . . .  7 
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Table 7. Triad Assay Values Returned on Asarco Standards 

0 

Standard Hole Number Assay 
* Se_~uence of Samples 

Returned, opt Gold 
Low Averaqe 

A 1-9 8 0.025 0.014 0.01825 
A 10-36 33 0.035 0.004 0.02388 
A 37-64 48 0.033 0.004 0.02156 
A 65-96** 43** 0.025 0.004 0.01993 

B 1-9 20 0.015 <0.001 0.00555 
B 10-36 41 0.014 <0.001 0.00654 
B 37-64 42 0.022 0.004 0.00779 
B 65-96** 58.~ 0.020 0.005 0.00738 

*Standard A, 0.022 ±0.001 opt gold 
*Standard B, 0.006 ±0.0003 opt gold. 
* = D r i l l  Hole 65 thru  96 used r e j e c t s  o f  standards used f o r  

prev ious holes as l i s t e d  below. 

0 

Standard Hole Number 
* SeQuence of Samples 

Ist  Rerun 

Assay Returned, opt Gold 
Low AveraeL 

A 1-9 2 0.022 0.015 0.01850 
A 10-36 13 0.022 0.004 0.01838 
A 37-64 21 0.025 0.016 0.02195 

2nd Rerun 

A 1-9 1 0.020 - -  0.02000 
A 10-36 . . . . . . . .  
A 37-64 5 0.023 0.019 0.02140 

3rd Rerun 

A 1-9 . . . . . . . .  
A 10-36 . . . . . . . .  
A 37-64 _!1 - -  0.014 0.014.00 

43** 
(Continued) 
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Table 7. Triad Assay Values Returned on Asarco Standards (Continued 

O 

Standard Hole Number 
Se ueq~  of Samples 

1st  Rerun 

Assay Returned, opt Gold 
Hi.qh Low Averaqe 

B 1-9 1 0 ,008  - -  0 .00800 
B 10-36 14 0 .008  0 .005  0,00693 
B 37-64  19 0 .020  0 .005  0 .00800 

2nd Rerun 

B 1-9 1 0 ,006  - -  0 ,00600 
B 10-36 8 0 .009  0 .006  0.00713 
B 37-64  12 0 ,009  0 .006  0 .00750 

3rd  Rerun 

8 1-9 . . . . . . . .  
B 10-36 1 0 ,007  - -  0 .00700 
B 37-64  2 0 .008  0 .007 0 ,00750 

5 8 ~  

0 
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Table 8. Original Assay vs. New Reject Assay and Refire Assay 

O 

Original Hole # Original New Reject Refine New 
(New Hole #) Hole Assay Assay Reject Assay 

YM-3 (IJ) .058 .058 .061 

YM-5 (IA) .033 .032 .032 

YM-7 (IB) .047 .055 .052 

YM-8 (IC) .041 .057 .055 

YM-12 (ID) .036 .045 .037 

YM-20 (IE) .070 .088 .076 

YM-24 (1F) .093 .121 .113 

YM-40 (1G) ,062 .066 .059 

YM-50 ,064 .062 - -  

YM-56 .082 ,077 - -  

0 
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Table 9. M u l t i p l e  Assays, Same Pulp, YM-55 

Orig. 
Footaqe Assa~ 

Multiple Assay Spli ts Std. 
Same Pulp Avq. Dev. 

95% of values 
should f e l l  

between high & low 

O 

90-95 .015 .018 .016 .019 .022 .018 .003 .021 .015 

95-100 .021 .023 . . . . . .  .022 .001 .023 .021 

110-115 .048 .063 .046 .044 - -  .050 .010 .060 .040 

125-130 .008 .011 .010 .012 .008 .010 .004 .014 .006 

130-140 .142 .146 .131 .145 - -  .141 .012 .153 .129 

O 
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0 

0 

Table 10. 

Triad Skyline 

.000 to .020 

.004 <.002 
,007 <.002 
,007 <,002 
.009 ,010 
.010 .020 
.011 .006 
.011 .010 
.011 .010 
,012 .010 
.012 .014 
.013 .012 
.013 .012 
.013 .014 
,014 .020 
.015 .016 
,015 .030 
.017 .010 
,017 ,020 
.018 .024 
,018 ,046 
,019 <,002 
,019 ,020 
.019 ,020 

Assay Checks: Triad vs. Skyline 
Values in oz/ton Gold 

Tr iad  Sky l ine  Tr iad Sky l ine  T r iad  Sky l ine  

.021 to  .060 .061 to  .080 

.021 .028 

.023 ,008 

.023 .012 
,023 ,030 
.025 <,002 
.025 .014 
,026 .022 
.027 .032 
.027 .038 
.031 .026 
.031 ,030 
.032 .026 
.032 .030 
,032 .040 
.033 .022 
.033 .040 
.034 .032 
,035 .036 
.036 .016 
.036 .030 
.036 .040 
.038 .060 
.039 .042 
.042 ,034 
,044 .044 
.045 .055 
.046 ,050 
.046 .055 
.053 .055 
.059 ,060 

.061 .O65 

.061 .075 

.062 .070 

.072 .075 

.076 .050 

.078 .165 

.081 plus 

.083 ,070 

.093 .016 

.093 .095 
,094 105 
.095 105 
.099 130 
.101 110 
.111 085 
.114 125 
.116 115 
,121 170 
.132 .065 
.149 ,240 
,229 .270 
.297 .290 
.331 .295 

# of Samples 23 23 30 30 6 6 16 16 

.034 .034 .068 .083' .141 .143 Average .013 .014 

Total Samples: 
Triad Average: 
Skyline Average: 

75 
0.053 opt Au 
0.055 opt Au 

*Dropping the high .165 value recalculates to .067 average. 
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O 

O 

Table 11. Mineral Zone Interval Tabulation 
With nex t  assay above zone and next  sample below zone. 

D r i l l  Last  F i r s t  Feet Last  Head 
Hole Assay Assay Assay Assay 
YM- Zone= Above B Zone From To Footaqe B Zone Below 

1 A 5 55 50 
1 B .014 / .025  55 125 70 .062/ .011 

2 A 45 140 95 
2 8 .009 / .076  140 245 105 .027/ .002 

3 A 20 130 110 
3 B .013/ .021 130 200 70 .129/ .016 

4 A 15 230 175 

4 B .009 / .016  285 310 25 .026/ .007 

5 A 150 200 50 
5 8 .001 / .029  200 355 155 .052/ .006 

6 8 .012 / .069  135 180 45 .155/ .017 

7 B .007 / ,024  155 230 75 .022/ ,013 

8 A 30 225 195 
8 8 .004 / .047  225 275 50 .037 / .004  

9t~ B .005 / .012  275 315 40 .020/ .006 

10 A 130 200 70 
10 B .015 / .058  200 225 25 .041/ .005 

11 B .015 / .045  190 240 50 .103/ .009 

12 A 4O 155 115 
12 B .013 / .068  155 240 85 .030 / * *~  

Grade (ont AU) 

0.025 
0.053, incl. 

20' stope 

0.017 
0.049,  i n c l .  

40' stope 

0.011 
0.063,  i n c l .  

8'  stope 

0 .013,40 '  low 
grade gap 

0.037 

0.005 
0.041. i n c l .  

35 ' stope 

0.049 

0.047 i n c l .  
5' stope 

0.022 
0.041 

0.035 

0.021 
0.034 

0.058 

0.013 
0.041,  i n c l .  

15' stope 
(Cont inued) 



YARNELL PROJECT- Table 11. Mineral Zone Interval Tabulation (Continued) 

0 

0 

0 

Drill Last First Feet Last Next 
Hole Assay Assay Assay Assay 
YM- Zone* Above B Zone From To Foota_qe B Zone Below 

13,*  8 .006/ .021 180 210 

14 B .008/ .038 15 90 

15 A 25 140 
15 B .003/ .132 140 295 

16 A 0 40 
16 B .014/ .036 40 80 

17 A 210 285 
17 B .007/ .076 285 325 

18 A 0 100 
15 B .013/ .058 100 140 

19 A 10 85 
19 B .005/ .015 205 235 

20 B S u r f . / . 0 4 4  0 35 

21 , *  A 25 55 
21 ,*  B .004 / .034  80 90 

22** A 215 225 
22**  B .003/ .032 270 285 

23 B .008/ .116 40 125 

24 B .O05/stope 65 115 

25 B .002/ .029 55 90 

26 B .003/ .027 200 290 

27** A 35 265 
27** B . 0 0 7 / . 0 3 4  300 315 

28** A 95 225 
28** B . 0 0 6 / . 0 4 3  225 245 

29** B .008/ .046 220 230 

30** A 170 200 
30** B .002/ .030 215 250 

Grade (opt  Au) 

30 .019 / .004  0.022 

75 .022/ .010 0.040 

115 0.015 
155 .022/ .008 0.034 

40 0.017 
40 .053/ .007 0.039,  i n c l .  

after stope 5' stope 

75 0.015 
40 .020/ .006 0.047 

100 0.022 
40 .028/ .012 0.078 

75 0.015 
30 .083/ .007 0.058 

35 .024 / .004  0.070 

30 0.019 
10 .032/ .001 0.033 

10 0.036 
15 .035/ .005 0.025 

85 .087/ .005 0.047 

50 .029/ .006 0.093.  incl, 
10' stope 

35 .058/ .011 0.070 

90 .051/ .015 0.054 

90 0.015.  140' gap 
15 .028/ .003 0.033 

130 0.022 
20 .049/ .002 0.042 

10 .019/ .008 0.033 

30 0.012 
35 .041/ .009 0.032 



YARNELL PROJECT - Table 11. Mineral Zone Interval Tabulation (Continued) 

0 

0 

0 

D r i l l  Last F i r s t  Feet Last  Next 
Hole Assay Assay Assay Assay 
YM- Zoner Above B Zone From To Footaqe B Zone Below Grade 

3 1 ~  A 115 135 20 0.017 
31~* B .008/ .093 365 385 20 .015/ .005 0.055 

3 2 ~  A 0 190 155 0.012.  
3 2 ~  B .007/ .027 190 200 10 .026/ .001 0.027 

33 A 15 55 40 0.015 
33 B .015/ .074 280 365 85 .061/ .008 0.053 

3 4 ~  A 110 130 20 0.013 
34=~ B Not reached -projected from other holes. 
34~ B 240 250 10 0.025 

35 B .004/ .017 15 40 25 .016/ .001 0.010 

3 6 ~  A 35 55 20 0.023 
3 6 ~  B .013/ .036 130 140 10 .059/ .004 0.048 

37 B .007/ .034 120 180 60 .030/ .005 0.036 

38 B .009/ .045 185 220 35 .024/ .007 0.028 
Note: I f  no f a u l t  in area,  then above may be "A" 

0 325 75 
.004/ .071 325 360 35 

20 80 60 
.005/ .023 275 380 105 

.015/ .054 300 335 35 

.003/ .077 330 340 10 

.001/ .028 65 85 20 

115 235 120 
.009/ .036 235 265 30 

.001/ .106 60 75 15 

.002/ .010 200 260 60 

120 170 50 
.011/ .041 170 205 35 

.007/ .045 45 85 40 

39 A 
39 B . 0 6 2 / * ~  

40 A 
40 B .018/ .005 

41 B .032/ .004 

42 , *  B .035/ .004 

43 8 .032/ .003 

44~* A 
44 , *  B .191/ .009 

45 B .041/ .007 

46~* B .018/ .008 

47 A 
47 B .017/ .010 

48 B .043/ .004 

(opt Au) 

35' gap 

Zone. 

0.024, 250' gap 
0.048 

0.014 
0.062 

0.050 

0.056 

0.063 

0.024 
O. 143 

O.O84 

0.012 

0.014 
0.031 

0.049 



YARNELL PROJECT - Table 11. Mineral Zone I n t e r v a l  Tabulat ion (Continued) 

O 
D r i l l  Last  F i r s t  Feet Last  Next 
Hole Assay Assay Assay Assay 
YM- Zone* Above B Zone From To Footaqe B Zone Below Grade (opt Au) 

O 

O 

49 B .018 / .048  140 160 20 

50 B S u r f . / . 0 5 3  0 85 85 

51 , *  B .001/ .061 165 170 5 

52 B .003/ .012 50 75 25 

53 B .007 / .039  65 140 75 

54 A 55 125 70 
54 8 .012/ .042 180 270 90 

55 A 0 70 70 
55 B .013/ .025 70 165 95 

56 A 0 45 45 
56 B .005 / .083  70 105 35 

57 A 0 15 15 
57 B .009/ .027 15 60 45 

58 B S u r f . / . 0 4 0  0 20 20 

59 B .004/ .041 50 100 50 

60** In  Footwal l  - - - 

61 8 .011/ .087 80 200 120 

.054/ .013 0.049 

. 1 7 3 / * * *  0.059 

.061/ .002 0.061 

.015/ .012 0.049 

.031/ .003 0.036 

0.015 
.021/ .001 0.054 

0.011 
s tope / .015  0.050,  i n c l .  

15' stope 

0.012 
.095/ .015 0.082 

0.011 
Stope/ .018 0.035.  i n c l .  

13' stope 

.018/ .009 0.034 

.025/ .003 0.032 

.021/ .002 

62 A 115 190 75 
62 B .003 / .056  190 295 105 .043/ .003 

63 A 10 140 120 
63 B .011 / .073  140 240 100 . 0 7 1 / * * *  

64 A 50 110 60 
64 B .014/ .159 110 140 30 .038/ .016 

65 B S u r f . / . 0 9 1  0 50 50 .057/ .005 

66** In Footwall - - 

0.037.  i n c l .  
15' stope 

0.015 
0.040, i n c l .  

40' stope 

0.011 
0.081 

0.025 
0.059 

0.049 
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0 

0 

YARNELL PROJECT - Table 11, Mineral Zone Interval  Tabulation (Continued) 

D r i l l  Last  F i r s t  Feet Last  Next 
Hole Assay Assay Assay Assay 
YM- Zone~ Above B Zone From To Footaqe B Zone Below 

67 B .013 / .062  5 50 

68 , *  In Footwal l  

69 A 185 250 
69 B .044 / .077  250 280 

70 A 60 95 
70 B .006/ .041 95 135 

71 B .011 / .085  45 110 

72 B S u r f . / . 0 2 9  0 35 

73 B S u r f . / . 0 8 7  0 20 

74 In Footwall - 

75 A 65 85 
75 B .010/ .026 85 170 

76 A O 75 
76 B .012 /s tope  75 110 

77 A 70 95 
77 B .016/ .038 95 180 

78 A 130 215 
78 B .004 / .125  215 270 

79 A 10 120 
79 B .011 / .027  120 170 

80 A 140 230 
80 B .014 / .028  230 280 

81 A 5 55 
81 B .002 / .119  55 90 

82 A 0 35 
82 B .013 / .029  35 95 

83 A 0 140 
83 B .006 / .088  140 240 

Grade (opt  Au) 

45 .044 / .008  0.052 

65 0.011 
30 .032/ .012 0.069 

35 0.011 
40 .045/ .007 0.031 

65 .052/ .011 0.131 

35 .143/ .007 0.084 

20 .048 / .008  0.190 

20 0.016 
85 .045/ .010 0.058 

75 0.012 
35 .022/ .015 0.039,  i n c l .  

15' stops 

25 0.016 
85 .117/ .007 0.045.  i n c l .  

13' stope 

85 0.011 
55 .088/ .011 0.070 

110 0.019 
50 .041 / .008  0.046 

90 0.023 
50 .023 / .014  0.040 

50 0.015 
35 .019/ .013 0.066 

35 0.015 
60 .028/ .009 0.049 

140 0.014 
100 .028 / .004  0.044,  inc l  

20' stope 



YARNELL PROJECT - Table 11. Mineral Zone Interval Tabulation (Continued) 

0 
D r i l l  Last  F i r s t  Feet Last  Next 
Hole Assay Assay Assay Assay 
YM- Zone* Above B Zone From To Footage B Zone Below Grade (opt Au) 

O 

84 A 
84 B .010 / .019  

85**  In  Footwal l  

86**  B ? .007 / ,016  

87 A 
87 B ,003 / .086  

88 A 
88 B .004/ .023 

89 A 
89 B .007/ .032 
89 Subzone 

9O A 
90 B .009/ ,022 
90 Subzone 

91 A 
91 B 
91 B 

92 B 

93 B 

94 B 

10 105 95 
105 140 35 .059/ .011 

1 - -  1 

50 70 20 ,012/ .006 

245 285 40 
285 305 20 .034/ ,010 

180 240 60 
240 295 55 .041/ ,008 

40 180 140 
180 270 90 .089/ .017 
270 340 70 

10 120 110 
120 215 95 
215 235 20 

10 95 85 
Hole lost in Stope - projected 

.007/.030 95 180 85 

.003/ .031 35 55 20 

.013 / .036  5 25 20 

.006 / .028  105 155 50 

95**  B .006 / ,018  385 395 10 

96** B .005/ .061 570 575 5 

,077/ .001 

0 . 0 1 7  
0.062 

0.013 

0,010 
0.050 

0.020 
0.064 

0.010 
0.051 
0.016 

0.012 
0.062 
0.019 

0.010 
from other holes. 

0.051 

.032/ .009 

.051/ .018 

.023/ .005 

.011/ .002 

. 0 6 1 / * * *  

0.072 

0.064 

0.086, incl .  
30' stope 

0.015 

0.O61 

* Zone A - Upper low-grade Zone. 
* Zone B - Main Yarnell Fault Zone and envelope. 

** Hole not in d r i l l  indicated reserve. 
*** Hole terminated in "ore" grade assay. 

0 
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Table 12, B Zone Assay Comparison, DDH vs. RDH 

Dri l l  Hole T h i c k n e s s  Composite Recheck of 
Pair Feet Assay, opt Au Rotary Pulps. opt Au 

YDDH-I 50 0.041 
YM-8 50 0.041 0.045 

YDDH-2 105 0.070 
YM-40 105 0.062 0.066/0.080 

54 
YDDH-3= 27/stope/19 
YM-63*t 25/55/20 

.036/stope/.047 

.054/.098/.045 .047/.112/.027 

YDDH-4 85 0.066 
YM-75 85 0.058 0.068 

~YODH-3 intercepted stope from 167 to 221 feet. 

~*YM-63 intercepted the stope p i l la r ,  and later 
terminated in ore grade values. 

0 
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Table 13. Comparison o f  CN Resu l ts  based on Assay o f  I n t e r v a l  

0 

Hole 
Number 

47 
15 
53 

14 
6 
8 

79 
48 
49 
82 

87 
33 
54 

40 
84 
90 
43 
88 
93 
75 

25 
18 
63 
74 

Metcon 
Tr iad S k y l i n e  S k y l i n e  Ca lcu la ted  CN 

Or ig .  Assay Head Check Head Assay %Recovery, Au 

031 .020 .036 72 
,034 ,028 ,037 78 
036 .034 .044 77 

Sub-average 76 
040 .036 .051 81 

.042 .075 .042 .060 66 
042 ,055 ,074 76 

.046 .032 .050 ,056 61 
049 .036 .045 78 

,049 .034 .039 69 
049 .040 .052 65 

Sub-average 71 
050 .036 .068 65 

.051 ,050 .055 60 

.054 .055 .068 68 
Sub-average 64 

062 .060 ,074 67 
,062 ,120 ,067 .073 70 
062 .055 ,053 66 

,063 ,055 ,047 .066 88 
064 ,085 ,086 74 

.064 .065 ,075 79 

.066 ,055 .065 81 
Sub-average 75 

070 .065 .067 64 
.078 .080 .071 89 
081 .046 .070 .077 71 

.131 .120 .127 .141 8_33 
_ _  Sub-average 77 

Weighted Average .057 ,054 .063 

Overall average 73 

0 
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Table 14 - M,A. M i l l e r ' s  Revised "B" Zone Values 

Using 12,0 f t ,3/ton factor 

0 

Tr i ang le  Volume Thickness Grade 
No. f t .  3 f t .  Tons oz / t on  

1 87,375 23.3 
2 208 250 35.0 
3 382 500 30.0 
4 117 600 20.0 
5 182 250 30.0 
6 189 810 33.3 
7 149 184 33.3 
8 119 699 31.7 
9 232 187 56.7 

10 221 130 56.7 
11 191 403 41.7 
12 280 292 63.3 
13 308 424 78.3 
14 505 084 91.7 
15 486 850 70.0 
16 681 298 63.3 
17 989 495 66.7 
18 298 880 46.7 
19 169 070 58.3 
20 255 500 50.0 
21 190 515 51.7 
22 205 920 60.0 
23 211 723 78.3 
24 256 880 95.0 
25 373 700 100.0 
26 290 105 85.0 
27 280 740 93.3 
28 232 000 80.0 
29 667 076 126.7 
30 994 194 108.3 
31 557 304 103.3 
32 339 398 76.7 
33 180 290 55.0 
34 490 428 71.7 

7,281 0.037 
17,354 0.057 
31,875 0.068 

9,800 0.037 
15,188 0.035 
15,818 0.047 
12,432 0.051 

9,975 0.054 
19,349 0.054 
18,428 0.050 
15,950 0.043 
23,358 0.047 
25,702 0.051 
42,090 0.041 
40,571 0.044 
56,775 0.049 
82.458 0.041 
24,907 . 0.050 
14,089 0.047 
21,292 0.054 
15,876 0.057 
17,160 0.055 
17,644 0.045 
21.407 0.044 
31,142 0.048 
24,175 0.045 
23,395 0.046 
19,333 0.047 
55,590 0.039 
82,850 0.036 
46,442 0.040 
28,283 0.036 
15,024 0.047 
40,869 0.037 

Recalc. 
Grade 

- - m  

.043 

.039 

.056 

.065 

.057 

.060 

.056 

.045 

.051 

.057 

.046 
• 048 
.053 
.045 
.053 
.055 
.062 
.061 
.062 

m B  

.043 

.039 

.042 

Recelc. 
Ton-oz. 

269.397 
989.178 

2167.500 
421.400 
592.332 
885.808 
808.080 
568.575 

1160.940 
1031.968 
717.750 

1191.258 
1465.014 
1936.140 
1947.408 
3009.075 
3710.610 
1320.071 

774.895 
1320.104 

968.436 
1063.920 
917.488 

1134.571 
1712.810 
1257.100 
1216.540 

985.983 
2390.370 
3231.150 
1950.564 
1018.188 
706,128 

1512.153 
(Cont inued) 

O 



YARNELL PROJECT - Table 14 M.A. M i l l e r ' s  Revised "B" Zone Values (Continued) 

0 

0 

0 

Tr i ang le  Volume Thickness Grade Recalc. Recalc. 
No. f t .  s f t .  Tons  oz/ton G r a d e  Ton-oz. 

35 856 800 
36 188 100 
37 188 370 
38 154 837 
39 205 800 
40 331 840 
41 438 510 
42 474 789 
43 551 291 
44 535 500 
45 532 950 
46 402 050 
47 674 960 
48 728,660 
49 144417 
50 137 625 
51 238,000 
52 414 426 
53 258 750 
54 278,30 
55 211 565 
56 233 700 
57 324 684 
58 436 458 
59 547 500 
60 639,450 
81 350 175 
62 434 985 
63 371 371 
64 242,820 
65 153 643 
66 263,749 
67 340.303 
68 124.115 
69 245.532 
70 272.727 
71 265.560 
72 352.207 
73 237.786 
74 181125 
75 243563 
76 213 553 
77 205 416 
78 145 745 
79A 93 375 
79B 81 250 
80A 95,924 
80B 79,123 

80.0 71,400 0.038 - -  2713.200 
55.0 15,675 0.054 .059 924.825 
48.3 15,698 0.050 .055 863.390 
53.3 12,903 0.045 .050 645.150 
60.0 17,150 0.039 .044 754.600 
76.7 27,650 0.056 .060 1659.000 
93.3 36,543 0.059 .062 2265.656 
98.3 39,566 0.058 .062 2453.092 

116.7 45,941 0.044 .049 2251.109 
90.0 44,625 0.045 .049 2186.625 
95.0 44,413 0.048 .052 2309.476 
55.0 33,504 0.055 - -  1842.720 
76.7 56,247 0.056 - -  3149.832 
78.3 60,722 0,055 - -  3339.710 
48.3 12,035 0.049 - -  589.715 
36.7 11,459 0.049 - -  561.981 
50.0 19,833 0.051 .053 1051.149 
71.7 34,536 0.064 .065 2244.840 
90.0 21,563 0.068 .070 1509.410 

100.0 23,192 0.061 .064 1482.288 
85.0 17,630 0.058 .063 110.690 
95.0 19,475 0.051 .056 1090.600 
93.3 27,057 0.047 .050 1352.850 

116.7 36,372 0.043 .049 1782.228 
100.0 45,625 0.048 .052 2372.500 
105.0 53,288 0.052 .055 2930.840 
56.7 298,181 0.060 - -  17890.860 
61.7 36,249 0.055 - -  1993.695 
58.3 30,948 0.083 - -  2568.684 
58.3 20,235 0.076 - -  1537.860 
48.7 12,804 0,092 .098 1254.792 
58.3 21,979 0.085 .087 1912.173 
71.0 28,359 0,078 .082 2325.438 
59.3 10,343 0.075 .084 868.812 
77.7 20,451 0.053 .060 1227.660 
77.7 22,727 0.049 .053 1204.531 
83.3 21,130 0.050 .051 1077.630 
73.3 29,351 0.054 .055 1614.305 
66.7 19,815 0.060 - -  1188.900 
48.3 15,094 0.058 - -  875.452 
43.3 20,297 0.049 - -  994.553 
33.3 17~796 0.047 - -  836.412 
31.7 17,118 0.041 - -  701.838 
28.3 12,145 0.048 - -  582.960 
25.0 7,781 0.103 - -  801.443 
25.0 6,771 0.109 - -  738.039 
31.7 7T994 0.055 .065 519.810 
31.7 6,594 0.060 .071 458.174 



YARNELL PROJECT - Table 14 M,A. Mi l ler 's  Revised "B" Zone Values (Continued) 

0 

0 

0 

Triangle Volume Thickness Grade Reca lc .  Reca]c, 
No. f t .  3 f t .  Tons oz/ton G rade  Ton-oz. 

81 85 ,973 
82 206 123 
83M, 311.355 
84 209 420 
86M. 319 800 
87R. 294 962 
88 643 243 
90M, 277.611 
91 478.865 
92 297.675 
93 2 0 0 4 4 5  
94 192.000 
95 349 800 
98 3 1 3 0 3 1  
97 382 500 
98 360 000 
99 366 751 

lOOM. 39 000 
101 215 129 
102 247 260 
103 280 200 
104 157 643 
105 315 040 
106 235 980 
107 143 623 
108M. 181 125 
109 383 720 
110 431 653 
111 245 258 
112 672 975 
113 502 238 
114M. 210 000 
118 1 ,188 ,594  
119 765,000 
120 665 ,184  
121 415,911 
122M. 91,000 
124 1 ,282 ,600  
127M. 388,890 
128 279,000 
129M. 125,000 
135M. 77 ,520 
136 468,000 
137 513,827 
138 607,200 
144 507,400 
145M. 118,300 
146M. 89 ,250 

18.3 7 ,164  0 .114  - -  816.696 
49 .3  17,177 0 .049  .061 1047.797 
45 .0  25 ,946 0 .084  .085 2205.410 
28 .3  17,452 0 .084  .084 1465.968 
53.3  26,850 0 .089  .070 1865.500 
52.7 24,580 0 .065 .069 1696,020 
69 .3  53 ,604  0 .044  .049 2626.596 
61 .0  23 ,134 0 .054  .059 1364.908 
63 .3  39,905 0 .048  .052 2075.060 
56 .7  24 ,806 0 .049  - -  1215.494 
48 .3  16,704 0 .049 - -  818.496 
40 .0  16,000 0 .045  - -  720.000 
58.3  29,150 0 .063  .064 1885.600 
53 .3  26,088 0.047 - -  1226.042 
50.0  30,208 0 .037 - -  1117.696 
40 .0  30,000 0 .045 - -  1350.000 
26.7  30,583 0 ,043 - -  1314.209 
30.0  3 ,250 0 .069  - -  224.250 
23.3  17,927 0 .085 - -  1523.795 
31.7  20,605 0 .075  .076 1545.375 
46 .7  23,350 0 .073  - -  1704.550 
58 .3  13,137 0 .054  - -  709.398 
61.7  26,253 0.051 - -  1338.903 
45 .0  19,665 0 .047 - -  924.255 
28 .3  11,969 0 .029 - -  347.101 
22.5  15,094 0 .054  - -  815.076 
43.3  30,310 0 .058  - -  1757.980 
61.7 35,971 0 .048 - -  1726.608 
61.7  20,438 0 .043  - -  878.834 
75 .0  56,081 0 .044  - -  2467.564 
81.7  41 ,853 0 .045 - -  1883.385 
50 .0  17,500 0 .043  - -  752.500 
66.7  99,050 0 .048  - -  4754.400 
45 ,0  63 ,750 0 .042 - -  2677.500 
53.3  55,432 0 .043  - -  2383.576 
48 .3  34,659 0 .034  - -  1178.406 
20.0  7 ,583 0 .049 - -  371.567 
58.3  106,883 0 .054  - -  5771.682 
30.0  32,408 0 .049 - -  1587.992 
25 .0  23,250 0 .075  - -  1743.750 
25 .0  10,417 0 .060 - -  625.020 
40 .0  6 ,460 0 .057 - -  368.220 
40 .0  39,000 0 .065  - -  2535.000 
41 .7  42,819 0.041 - -  1755.579 
55 .0  50,800 0 .046 - -  2327.600 
40 .0  42 ,283 0 .052 - -  2198.716 
65.0  9 ,858  0 .049 - -  483.042 
30 .0  7 ,438 0 .050  - -  371.900 



YARNELL PROJECT - Table 14 M.A. Mi l ler 's  Revised "B" Zone Values (Continued) 

0 
Triangle Volume Thickness Grade Reca lc .  Recalc. 

No. f t .  s f t .  Tons oz/ton Grade Ton-oz. 

147M. 54,000 20.0 4,500 0.050 - -  225.000 
148 258,251 46.7 21,521 0.057 - -  1226.697 
149 92,364 56.7 7,697 0.049 - -  377.153 
150 751,162 56.7 62,597 0.049 - -  3067.253 
151H. 92,000 20.0 7,667 0.064 - -  490.888 
152M.  321,563 52.5 26,797 0.060 - -  1607.820 
153M.  813,484 68.0 67,790 0.055 - -  3728.450 
154M.  580,000 50.0 48,333 0.049 - -  2368.317 
156M.  172,500 50.0 14,375 0.049 - -  704.375 
162M.  389,034 18.0 32,420 0.072 - -  2334.240 
163M. 97,650 17.5 8,139 0.053 - -  512.757 
165H. 36,000 8.0 3,000 0.084 - -  252.000 
166M.  852,800 42.0 71,050 0.049 - -  3481.450 
167M.  593,000 42.0 57,750 0.053 - -  3060.750 
168M.  362,250 23.0 30,188 0.059 - -  1781.092 
169M. 2,835,000 45.0 236,250 0.048 - -  11340.000 
170M.  400,125 27.5 33,344 0.057 - -  1900.608 

O O r i g i n a l  12/20/89 Reca lcu la ted 2/19/90 

Tons 4,361,005 4,361,005 
Grade, opt  Au .051 .057 
Tota l  Oz 223,912 247,960 

Mined Mined 

Previously Mined 250,000 229,500 
Grade, opt Au .051 .096 
Tota l  Oz 12,750 22,032 

Totals Remainin~ Remainin9 

Tons 4,111,005 4,131,505 
Grade, opt Au .051 .055 
Oz 211,152 225,928 

0 
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• 
Anderson (19899: 

"The Yarne l l  Granod io r i te  (new formal name), is  a f o l i a t a d ,  

coarse-gra ined DorDhyr i t i c  g ranod io r i t e  to  monzogranita . . . .  The 

Yarnal l  Granod lo r i t e  fo l l ows  the northwest edge o f  the $tanton- 

Octave metavolcanic-metasedimentary screen to  as f a r  north as 

Wi lho i t ,  where dikes o f  u n f o l i a t e d  Yarnel l  G r a n o d i o r i t e  in t rude 

foliated granodlorite of the Wilhoit batholith ... The Yarnell 

Granodiorite is distinctly coarse-grained and weakly foliated. 

with large plnkish-tan K-feldspar phenocrysts In an eauigranular 

matrix wlth biotite, plagloclase, uncommon hornblende, and 

abundant sphere ... Chemically the Yarnell body is metaluminous, 

high-K, calc-alkaline, high Fe-Ti and high-total alkali rock ... 

Anderson places the age o f  the Yarne l l  p luton in the 1730-~710 ma 

range. 

DeWit~ (19899~tes under the h ~  
' Suite 4: \ Svn-to o'~ttectonic biotite qreno'~,iorite tO ,o.renite 

..~The grano~ite of Ya~ll is~igranular to 

~ i g h t l y  porph~tic, a lka l i -~ ic  biot i~ 9rano~oP~ and is 

th~sternmost ~liate d p luton ~ t h i s  s~y area ...~hough 

suggested on t h ~ o f  unpubl ished U - P b ~ n  data tha t  the ~" 

6 
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Table 1. Ma~or Elemen~ Chemis t ry  - Yarne l l  Plu¢on 

0 
Granodiorite (De wi t t )  B1otlte Granite (Malusa) 
7 2  7._3_3 7_~_4 HW FW 

SlO= 67.4  66.3 65, 1 70,0 69.8 

A1203 14, 5 14, 1 14,3 14,3 14,4 

Fee03= 4,98 5,45 6,65 4,76 5,02 

MgO 1.17 1.22 1.52 1.00 1.10 

CaO 2.57 2.84 3.43 2.60 2.30 

Na=O 3,08 3,10 3,14 3,20 3,10 

K20 4,18 4.33 3.78 4,10 3.90 

Tt02 0,80 0,79 1.02 0,70 0,85 

P~O~ 0.27 0.34 0.39 0.45 0.55 

MnO 0.12 0.11 0.13 0.11 0.13 

TOTAL 99.07 98.58 99.72 101.22 101.15 

0 
=FetOz, to t ;a ]  i ron  as FezOs 

i ; 
! ,  
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• Table 3.  Comoarison of=Trace Element,~ " . 

(ppm va lues)  in Haln Ore Zone ro ta ry  cu t t ings  
and Hangtng Wal1 -Footwal l  so11 samples. .: 

Ore Zone. Rotary Cut t inRs HW F~ 
ppm Sot ls  8 o i l s  

YH-6 YH-26 YN-50 Dom ol0m 

O 

No. of Samples 3 4 5 53 61 

Cu,average 3 .7  18 .4  17.0 28.4  19 .4  
Cu, hlgh 5 .0  36 .4  26.1 55.4  30 .0  
Cu, low 2 .6  5.1 8 .7  16.3 11.5  

Pb, average 7 .9  69.1 8 .5  24.6 21.1 
Pb, high 10.7 255 .0  11.7 58.5  34 .9  
Pb, low 5 .9  4 ,7  7.1 14.5 12.5  

Z n ,  average 28 .8  59.6  41 .8  86.8 60 .3  
Z n ,  htgh 36 .4  124.0  57.0  270.0  124.0  
Zn, low 24.1 34 .3  34 .8  33.7 30 .3  

~ ~ ~ _  ~ .~  z_ ,  . . . .  ~ " - ~ :  ~ ' ~ ' ~  i : : - ' ,  ~ .  . . .  ~ ~ - ~  . . _ ~ .  - : "  - . . . . . .  -~ 

;~. -~  . . . .  ~ ~ 4 ~ - ~  ~ "_-. ~ ~'• . . . . .  - _~ • ~ ~ ' ~  ~ - ~ -  , ~ ,  ~ ~:. ~.~ ~ • ~ . ~  • • • ~ P "  - ~ ' - ~ : ~  3r, . ~  _ 5 ~ : ~ . ' . ~  ~ '~ ~ -~  ~ :  ~ ~ ' ~ . . ~ -  ~ ~ ~.; 
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80I  Leach Head Tat1 

Passing Column Time Assay Assay 

stz_Et L size _gEL 

( 

6 inch 24" d ta .  x 18 f t .  111 0.046 0.022 52.2~ 

2 inch 15" d ta .  x 18 f t .  102 0.051 0.015 70.6X 

3/8 inch 12" d ta .  x 18 f t .  79 0.055 0.013 76.4¢ 

]X/•u # in a l l  th ree 

composite is amenable t o  heap leach cyanidation treatment 

feed ranges. ~ L ~  =. i - ~ - = ° -  ~- . . ~  
. . . . .  =- .  - - ~ ,  " "th 

F ~ d  s i~e.  ~ ~ c o v e r y  ra tes  were f a t r l y  slow, but 

e x t r a c t i o n  was s u b s t a n t i a l l y  complete in 60 days o f  leach ing.  

Cyanide consumptions . : ,  ~- 
.... "'~=~l from 0.56 to  0.79 pound per 

ton o f  ore.  Consumption ra tes  were f a i r l y  cons tan t - th roughou t  t h e  

]eaching cyc les .  The ten pounds o f  l ime and cement (3 /8  inch feed) per 

ton  o f  ore added to .  the  ore charges as the  columns:were f i l l e d  was_ 

su f f i c ien t  ~ to maintain protective.- a ] k a l i n l t y  at:: above pH- 10.5- 

:~F~: --. t h roughou~ . t he ' t es~  pe r i od~ (Crowe i l ,  l g g 0 b  . ~ . , ~ 



C~ 

Ftbtatlon/Fine~Grlnd/cyenide- l~c~Ltests~were~conductsd.on the Y a r n e l ;  

comDosite s e n t - t o  Tucson from-McClel land~Labs; This head samp|e o f  35z 

pounds assayed 0.031 opt Au and 2.35Z Fe~(Henderson, 1989). 

In the~ two-f lotat lon tests, ground 

751-761 in- the f ine] concentrate 

concentrate. 

to:--200 mesh, the recover ies were 

and 7g¢-80¢ in  the rougher- 

In the two f i n e  gr ind/cyanide leach tes ts ,  also ground to -200 mesh, 

the recover ies  were g7~ in 22 hours o f  ag i ta ted  leach. The cyanide 

consumption was 0.21 pounds per ton o f  ore and the lime was 3.3 pounds 

per ton of ore. 

The trade-off  between high recovery by fine grinding agitated leech and 

lower recovery by coarse crush/heap leach is a matter of economics. 

of  he r rse a the 
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Southwestern Exploration Division 

November 13, 1990 

.jb,s 

W.L. Kurtz 

M.A. Miller's 
Final Geological Report 
Yarnell Project 
Yavapai County, Arizona 

I am pleased to submit M.A. Miller's final Geological Report on the 
Yarnell Project, Yavapai County, Arizona. This should essentially 
wrap up the project from the SWED work load and allow us to get on 
with the business at hand. 

The report has gone through a number of revisions and reviews, and 
some glitches still exist, but do not distract from the intent of 
the report. 

JDS:mek 
Art. 

cc: R.L. Brown 
M.A. M i l l e r  
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ASP.qCO Southwestern Exploration Division 

November 12, 1990 

J.D. $e l l  

Flnal Geologic Report 
Yarnell Project 
Yavepei County, Arizona 

Attached is the f inal report on the "Geology of the Yarnell Gold 
Deposit." The body of the report addresses the following aspects of 
the project: 

I .  The geology and mineralization of the Yernell gold debosit. 

2. Discussion of dr i l l ing  and sampling techniques and a general 
discussion of the ore reserves. 

Numerous memos have been written during the project relating to 
sampling, assaying and ore reserves. This report wi l l  summarize these 
memos and reference them for the reader. 

The Yernell deposit is a structurally controlled epigenetic gold 
deposit hosted in Precambrian granites. The deposit is found within an 
"envelope" of phyl l ic ly altered rocks with the Yarnell faul t  zone (YFZ) 
the most probable locus of gold mineralization. The YFZ is a low angle 
structure with an att i tude of N30o-45OE dipping 30=-45oNW. Gold 
mineralization is associated with varying amounts of iron oxides and 
several stages of quartz. Minerslogic work has indicated that gold 
occurs in free form and also part ia l ly  locked with iron oxides and 
quartz. The greatest majority of the gold is in the micron size range 
which wi l l  make i t  more amenable to heap leaching. Visible gold has 
been seen in the d r i l l  core on rare occasions always associated with 
quartz veins. 

Reverse circulation dr i l l i ng  was done to define the deposit. A total 
of 96 holes were completed with 83 holes within the proposed pi t  
l imits. Most of the holes are located on 100' centers on d r i l l  fences 
perpendicular to the main structure. Correlation and continuity 
between the mineral intercepts is good. 

Ore reserves were a r r i v e d  a t  by two methods. Eng ineer ing  and Computer 
Serv ices  c a l c u l a t e d  the  reserve using an economic model known as the  
Cone Miner.  Reserves were a lso  c a l c u l a t e d  by J.O. Se l l  us ing an equal 
t r i a n g l e  method. Both methods are f u r t h e r  d iscussed in the  repor t .  

I would like to acknowledge the dedicated help of the following people 
who were instrumental in the successful completion of this project: 
W,D. Gay who spent many hours surveying the surface and underground 
under sometimes very adverse conditions; John Malusa who handled the 

J S, q l 
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J.D. Sell November 12, 1990 
Page 2 

daily logging of all  the dr i l l  cuttings and the daily supervision of 
the dr i l l ;  Steve Keehner, a local Yarnellian who was kind of a "jack 
of all  trades"; and Jim Rasmussen who came to the project towards the 
end, but his suggestions and discussions resulted in a better and more 
quantitative understanding of the deposit. 

MAM:mek 
Att. 

I i 7 

Mark A. M i l l e r  
Project Geologist 

cc: W.L, Kurtz 
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YARNELL PROJECT 

Yavapai County, Arizona 

I .  SUMMARY AND CONCLUSION~ 

The Yarnell Deposit is a structural ly controlled (and prepared) 
hydrothermally altered zone that hosts economic gold mineralization 
in a configuration and thickness amenable to an open p i t  operation. 
The deposit is hosted in a Precambrian granite and occurs in and 
surrounding a low angle faul t  structure; the Yarnell Fault. The 
hanging wall of the fault  has been extensively fractured and 
altered to sericite (phyll ic alterat ion). Gold mineralization 
appears to be associated with secondary quartz veining, iron 
oxides, and the development and intensity of quartz veins stockwork 
which has been developed in the hanging wall. The footwall of the 
mineralized zone (below the Yarnell Fault) is phyl l icly altered, 
but is usually unmineralized with respect to gold. The Yarnell 
Fault Zone (YFZ) continues both NE and SW from the main deposit and 
where exposed i t  contains gold mineralization; however, the 
thickness of the zone and the associated alteration envelope 
appears to be considerably less. Ninety-six reverse circulation 
and four diamond d r i l l  holes have been completed. A mineral 
inventory of 4.1 mill ion tons at .055 opt Au (JDS reserve) has been 
estimated with a recovery by leaching of +70~. In addition there 
is 2.7 mill ion tons at .017 opt Au in a low grade zone above the 
main mineralized zone. 

Additional d r i l l i ng  is recommended to extend the mineral inventory 
both northeast and southwest from the known limits. 

I I .  RECOMMENDATIONS (Plate 4) 

Asarco has dr i l led o f f  an inventory of +4 million tons at .055 opt 
Au (from J.D. Sell 's calculated reserve). This is based upon 73 
d r i l l  holes from a total of 96 holes. The remaining 23 holes are 
too far down dip to be included in the reserve calculations, too 
far away from other holes, or collared in the footwa]l of the 
mineralized zone.  Projections of mineral trends and geologic 
mapping on lOO and 200 scale over the deposit indicates other areas 
of untested mineral potential that could be included in the mine 
plans and should be tested. The areas of interest are listed 
below. 

AREA I: SOUTHWEST EXTENSION OF THE MINERALIZED ZONE. 

A potential for 600,000 - 800,000 tons of similar grade as the 
mineral inventory is indicated southwest of the ]ast dr i l led fence 
of holes (YM-48, 64, 65). The alteration zone has been mapped 
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along the projected trend of the Yarnell Fault. Scattered assays 
in this zone indicate that gold mineralization is continuous within 
the zone. The majority of the hanging wall zone is on a dip slope 
and d i f f i c u l t  to accurately sample. Eleven holes are proposed to 
test the mineral potential of this area (Miller 2-5-90). 

AREA 2: NE EXTENSION OF THE MINERALIZED ZONE 

Mapping and sampling of the area (and particularly the small knob 
NE of the proposed pi t )  has indicated a zone of gold mineralization 
similar in occurrence to the main deposit. Mineralization appears 
to be related to a low angle faul t  structure; possibly a splay of 
the Yarnell Fault. Detailed rock chip sampling and trenching (on 
the structure) along the exploration roads that traverse the knob 
have indicated spotty values of +.01 opt Au with a zone in the 
trench averaging 30' at .048 opt Au. Th is  trench was cut across 
the str ike of the structure. Alteration is continuous from the 
base of the h i l l  to the top with abundant serici te, moderate 
s i l i f i ca t ion ,  and occasional quartz veining. One RC hole collared 
near the top of the h i l l  had an interval of 20' which averaged .013 
opt Au; not ore but certainly indicative of a mineralized system. 
A potential for +/-200,000 tons of similar grade to the mineral 
inventory is indicated. Two holes are proposed to test the mineral 
potential of this area (Mil ler 2-5-90). 

AREA 3: DOWN DIP EXTENSION OF THE MINERAL INVENTORY 

Additional dr i l l ing  is recommended to test the downdip limits of 
the mineralized zone intersected in RC hole YM-26 (90' at .054 opt 
Au) and YM-33 (90' at .051 opt Au). A potential for 6OO,OOOT at 
>.05 opt AU exists with an ore to waste ratio around 3.0. 

I I I .  INTRODUCTION & HISTORY 

The Yarnell Deposit is located within the Weaver/Rich Hil l  Mining 
Distr ict  in Yavapai County, Arizona (see location map, Figure I ) .  
Historical production from the Yarnell Mine was mostly underground 
with some limited production from the open cut. This amounted to 
+/-200,O00T being mined between 1900-1941 on a very intermittent 
basis. The last operator of any consequence was the Winslow Mining 
Company which operated the property from 1939-1941, and constructed 
a cyanide agitation mill on the property. I t  was during this time 
period that the majority of the 200,O00T were mined. Average grade 
was reported to be .2-.3 opt Au mined exclusively from the Yarnell 
Fault Zone. Overbreakin9 of the ore zone is evident as the ground 
conditions caused large and blocky roof fa l l s  of sub ore (for that 
time period) material. Actual grade of the ore may have been in 
the 0.1+ opt Au range. The mine was shut down in 1941 by L-208; 
the Federal Gold Mine Closure Order. Asarco's recent interest in 
the property was through a news release in the George Cross News 
Letter, a Vancouver B.C. Promotional news let ter .  Norgold 
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Resources, the Canadian j un io r  mining company tha t  cont ro l led the 
property,  reported the resu l ts  of a reconnaissance rock chip 
sampling program (GCNL ~17T 9/14/88).  The length of the sample 
l ines and resu l tan t  grade suggested a bulk tonnage open p i t  ta rget .  
The property was examined in November 1988, at which time i t  was 
sampled. Assay resu l ts  confirmed Norgold's values. I t  was sampled 
in greater de ta i l  in December with again confirming resul ts .  A 
l e t t e r  agreement was signed with Norgold Resources in late January 
1989 fo r  an exp lora t ion opt ion on the property. Detai led sampling 
and mapping at 1" = 200' was completed and a nine hole R.C. program 
was proposed and completed (M i l l e r  5 - t l - 89 ) .  The resul ts  of the 
d r i l l i n g  s t rong ly  suggested the p o s s i b i l i t y  of a bulk tonnage open 
p i t  deposit  and add i t iona l  holes were completed. A to ta l  of 96 
R.C. holes and 4 diamond d r i l l  holes (which are twins to the R.C. 
holes) were completed during the explorat ion program. 

IV. LOCATION & TOPOGRAPHY 

V. 

The ¥arne l i  Gold Deposit is located in the Weaver Mining D i s t r i c t  
on the SW side of the Weaver Mountains in Yavapai County, Arizona 
(Index Map, Figure I ) .  The deposit  is s i tuated very close to the 
drainage d iv ide between the Yarnel l /Peoples Val ley watershed and- 
the Congress Val ley watershed. Highway 89, a US maintained 
highway, is w i th in  300' of the deposit and access is year-round. 
The present d r i l l e d  mineral ized orebody wi th in  the computer model 
benches, is between the 5100 and 4640 benches. Topography and 
a t t i t ude  of the deposit  are very amenable to open p i t  mining. The 
cl imate is also conducive to year-round operat ion. 

LAND STATUS & GENERAL AGREEMENT (Table 1, Plate 1) 

The pro jec t  is a j o i n t  venture between ASARCO Incorporated and 
Norgold Resources, a Vancouver j un io r  mining company. Property 
under contro l  in the JV area consists of the fo l lowing (Figure 2): 

Patented Lode Claims 
Unpatented Lode Claims 
State Leases 

5 +/-100 Ac. 
56 +/-1120 Ac. 

2 480 Ac. 

Total +/-1700 Ac. 

Detai ls  of the agreement are complex, but are summarized as 
fo l lows:  Asarco w i l l  become a 51% partner and operator a f te r  
spending $250,000 in exp lora t ion on the property, make payments to 
Norgold thru 1991; assume a l l  underlying agreements and provide 
Norgold with a f e a s i b i l i t y  study by July 1991 and a commitment to 
mine w i th in  3 years from the date committed. The schedule of 
payments (Table 1) de ta i l s  the underlying payouts. Norgold w i l l  
share in these costs once the 51/49 JV is enacted. 

3 
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PAYMENT & ROYALTY SCHEDULE 

YARNELL PROJECT 

Table 1 

Payment Schedule beginning June I, 1989. 

(Pat. & 
Unpat.) (Unpat.) (Patented) 

Year Roman Layton Heintzelman Sub Total Norgold Total 

1989 $ 7,000 9 10,000 $ 15,000 $ 32,000 $ 30,000 $ 62,000 

1990 100,000 15,000 12,500 1 2 7 , 5 0 0  4 0 , 0 0 0  167,500 

1991 100,000 25,000 12,500 1 3 7 , 5 0 0  5 0 , 0 0 0  187,500 

1992 100,000 40,000 12,500 1 5 2 , 5 0 0  25,000t 177,500 

1993 150,000 60,000 - -  210,000 25,000~ 235,000 

1994 - -  100,000 - -  100,000 25,000~ 125,000 

9457,000 9250,000 9 52,500 9759,500 9195,000 9954,500 

~To be paid i f  Asarco has not begun development on property. 

Royalty (NSR IN %) 

Al Roman 

2% year 0 - 2 
I% year 3 - 4 
.5% ad infinitum 

Payments not to 
exceed $175,000/yr 

Layton 

I% or Advance 
Royalty (Greater 
of the two) 

Heintzelman 

None 
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VI. GEOLOGY (Plate 2) 

A. GENERAL STATEMENT OF ROCK TYPE FOUND 

The gold deposit occurs within a Precambrian (1000-1400 myo) 
medium to c o a r s e  g r a i n e d  equigranular bioti te 
granite/granodiorite; however, the petrographic description by 
Russ Honea is closer to a quartz monzonite. Included within 
this intrusive complex are schistose xenoliths and the angular 
nature of some of these xenoliths suggest that "stoping" by the 
intrusive has occurred. These xenoliths have been seen in the 
altered and unaltered rocks, but are insignificant in 
occurrence within the mapped areas. The fresh unaltered 
intrusive is l ight gray/green in color with up to 10-15% black 
biot i te,  and the remainder of the rock is composed of 
microcline (~50%), quartz (~15%) and plagioclase feldspar 
(~25%). As the rock weathers i t  becomes l ight brown in color; 
probably due to the leaching of the iron oxide minerals and the 
biot i te.  Jointing is very common in both unaltered and altered 
rocks creating very large boulders (elephant rocks) in the 
unaltered rocks typical of a granite terrane. 

Felsic dikes (shown as purple on map) occur especially in the 
southern portion of section 14 and the northern part of section 
23. These dikes/si l ls are associated with the late stage 
quartz veins and quartz vein f loat. The felsic dike structures 
trend N20-4OOE and dip to the NW at 30-80 o. They are usually 
2-4' in width and appear to have a sheared/stretched 
appearance. I t  is evident that the dikes follow the 
predominant regional structural direction; however, their 
relationship to the Yarnell Fault is unknown. 

Diorite dikes and/or s i l l s  (shown as brown on map) also occur 
within the mapped area and have been seen in association with 
other deposits in the d is t r i c t .  These dike structures trend 
both NIO-20°W to E-W within the Yarnell Area. The NW trending 
structures dip +/-80 ° to the SW while the E-W trending 
structures appear to dip +/-30°N. These dikes are much thicker 
than the felsic variety; up to +10' in thickness. Based upon 
the mapping, i t  appears that the diorite may postdate the 
felsic dikes. The largest diorite dike trending NIO-2OeW 
dipping 80osw appears to postdate the latest movement on the 
Yarnell Fault as there is no obvious displacement of the dike 
across the fault .  The dikes do not show any of the NE regional 
structure suggesting emplacement after this event. Quartz 
veining is commonly associated with the diorite dikes. The 
quartz veins appear to be late stage white quartz which is 
often auriferous in the Yarnell a r e a .  There are also 
indications of diori te in the footwall of the mineralized zone 
as noted in some to the RC holes. The significance of the 
footwall diori te at the Yarnell Deposit is not known. 
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The existence and occurrence of diorite dikes and s i l l s  
associated with gold deposits in the d is t r ic t  has been 
reported. Diorite is mentioned at the Alvarado Mine, the 
Octave Mine, Congress Mine and other mines and prospects within 
the Weaver District associated in some way with gold 
mineralization. 

The existence of diori te associated (at least spatially) with 
the Yarnell Deposit suggests a similar relationship. However, 
only trace amounts of gold have been assayable from the 
diori te. The quartz veins, however, are commonly auriferous. 
This suggests that this stage of quartz veins with gold was 
emplaced along the weak structural zones along the diorite 
granite contacts. 

Aplite Dikes (not shown on map) - These dikes are very minor in 
occurrence and are found in the unaltered granite. They do not 
appear to be related to alteration/mineralization. The aplite 
dikes are probably a late feature of granite crystall ization as 
they have the same mineralogy as the intrusive; only finer 
grained. Thicknesses of the dikes vary from hairline to 6". 

STRUCTURE 

The principal structure which controls and localizes gold 
mineralization is the Yarnell Fault Zone (YFZ). This is a 4'- 
6'+ zone as mapped on surface and underground workings, 
composed of strong gouge, mylonite, microbreccias (tectonically 
derived), quartz ve ins  and si l ica replacement and fault 
breccia. Abundant clay is present in this zone, probably from 
the fault  gouge. The Yarnell Fault is a low angle structure 
trending N40-60°E with dips to the northwest ranging from 25- 
40 ° along its mapped and exposed length. This is a regional 
structure and has been traced by surface exposure for 2+ miles 
to the southwest before i t  disappears under alluvial cover. 
The northeast extension is less clear as i t  trends into a thick 
valley f i l l  capped by volcanic flows. Associated with the YFZ 
are numerous faults/fractures which occur in the hanging wall 
of the structure and are often mineralized with quartz and 
various types of iron oxides (goethite, hematite, specularite, 
etc.). These fractures were probably the conduits for the gold 
bearing fluids to move away from the Yarnell Fault Zone and 
create the "Disseminated Deposit." Several prominent joint 
sets have been identified striking NIOOE x N7OoW. These sets 
are frequently mineralized with iron oxides and occasionally 
gold. 

C. GOLD MINERALIZATION & OCCURRENCE 

On the basis of core logging, f ield observations, and limited 
mineralogical work by Russell Honea (consultant mineralogist) 
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YM71 - 85-90'. Polished section photomicrograph of native gold 
in small particles locked gy goethite. Plain light, X~35. 
Each square of grid is 32mlcrons on an edge. 

FIGURE 3 
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gold appears to have several modes of occurrence. I t  occurs in 
the free state and associated with iron oxides (goethite). Mr. 
Honea prepared a pan concentrate of a very high grade gold zone 
encountered in the dr i l l ing which assayed 1.02 opt Au (YM-71; 
85-90'). He reported that 38 particles of gold were seen; 14 
of which were liberated (free) and 24 which showed some degree 
of locking with goethite (18) and quartz (6) (Honea 12-7-90). 
Of particular interest is a photomicrograph (Figure 3) which 
shows included gold within a oxidized pyrite cube. Size ranges 
of all the free gold particles range from <I to 110 microns (I 
micron = .O01mm or 1/25,000"). Some of this "Free" gold may 
have been liberated by the sample preparation process (to 
prepare the pan concentrate). How much, however, is not known. 
The locked gold particles range in size from <I to 26 microns. 
Honea's study indicates that the size range of free gold is 
small (18.3 microns average) and even smaller in the locked 
particles (5.4 microns average). Thus the Yarnell Deposit is a 
micron go ld  deposit. The locked particles may not be 
accessible to the cyanide without some beneficiation. However, 
the very small size of the free gold suggests the possibility 
of a shorter leach time in the heaps. 

I have compared size ranges of other micron gold deposits in 
the Mohave Region. Particle size of gold at the Mesquite Mine 
is +/-10 microns in the oxidized zone. Literature on the 
Picacho Mine reports gold particles up to 1000 microns in size; 
however, average size is not reported. Within the Carlin Trend 
in Nevada particle size at the Gold Quarry Mine is <I to 10 
microns. 

Mr. Honea has indicated that the greatest majority of the 
sulfides have been oxidized to goethite. Free gold has also 
been seen within the quartz ve in  stockwork zone (YDDH-4) in 
association with grey quartz and quartz/specularite veins. 
Higher gold assays have been found in the quartz stockwork with 
adularia. The occurrence of adularia (potassic addition) seems 
to favorably effect the gold grade. Gold is also associated 
with re l ic t  sulfides. In f ield observation the occurrence of 
pyrite pseudomorphs and red hematite patches usually indicates 
a higher t h a n  usua l  g o l d  content. High grade gold 
mineralization (+.I opt) is found within the Yarnell Fault Zone 
with abundant red hematite and quartz. This was the main zone 
that the old time miners were following and ranges from .I to 
1.0 opt Au. However, l i t t l e  visible gold has been seen in this 
zone. 

D. ALTERATION (TABLE 2) (PLATE 2) 

We have recognized three zones of alteration during the 
mapping. These zones are roughly tabular envelopes outward 
from the plane of the Yarnell Fault and are described from 
outside to inside to the Yarnell Fault (weakest --> 
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strongest)(Figure 6). Each zone wi l l  be described from field 
observation and hand sampling identification. This wi l l  be 
followed by the petrographic description of the zones based 
upon Russell Honea's observations with interpretations (Table 
2). 

Weak Alteration (Propylit ic) 

The zone is characterized by the weak replacement of 
biot i te by iron oxides (hematite?). This usually occurs 
along the margins of the biot i te and can be easily seen 
with a IOX hand lens. Replacement occurs as a 
reddish/brown rim along the biotite grain margin. Both 
microcline (K spars) and plagioclase feldspars are very 
weakly ser ic i t ica l ly  altered. There is also the 
beginning of alteration of biotite -> chlorite which 
increases into the transition zone (Figure 4A). From the 
unaltered granite boundary this zone is +/-50-150' thick 
(measured from the plane of the Yarnell Fault). 

Petrographic Description 

The zone contains up to 9% bioti te which is approximately 
equal to the unaltered granite. There is a small 
increase in the amount of sericite in the secondary 
mineralogy (K-spars & biot i te var. converted to sericite) 
and the primary plagioclase minerals which are being 
variably converted to sericite for a total of 9-16% 
sericite. 

Transition zone (subzone between weak & moderate 
alteration) 

As seen in the f ield, this zone takes on the 
characteristics of both the weakly altered and moderately 
altered zone. These I"-6"+ strongly altered areas are 
characterized by the absence of biotite, higher degrees 
of s i l i c i f i ca t ion ,  ser ic i t ic  alteration of the feldspar 
(plagioclase) and occasional limonite pseudomorphs. The 
stronger altered zone increases in abundance as the 
overall degree of alteration increases. There is a 
strong suggestion of chlorite in this zone as seen in the 
d r i l l  core (and as described in the previous zone). The 
biot i te appears to be altered to chlorite before being 
altered to sericite as the level of alteration increases 
(Figure 4B). 

Petrographic Description - No thin sections were cut. 

Moderate Alteration (Phyllic) Oxidized 
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This zone is characterized by the complete replacement of 
biot i te by sericite and plagioclase to serici te..  This 
zone is also characterized by pink potassic feldspar 
(adularia?) rimming quartz veins and other feldspars 
(photo - Figure 5). As the intensity of alteration 
increases the ground mass becomes increasingly more 
ser ic i t ic  and the secondary feldspars become more 
prominent through the ground mass. Calcite is absent in 
the oxidized zone. The zone is also characterized by an 
increase in s i l ica as quartz ve in  stockwork and 
"flooding." However, this wi l l  be discussed in later 
sections. The zone (oxidized) occurs principally in the 
hanging wall of the Yarnell Fault and is from 50-200' 
thick. 

Moderate Alteration (Phyllic) Unoxidized 

As previously mentioned, the alteration zones appear to 
form an envelope around the Yarnell Fault Zone, the 
probable egress of the mineralizing fluids. As shown in 
surface mapping and in d r i l l  holes, the moderate altered 
zone also occurs in the footwall of the YFZ complex. 
However, a portion of this zone is unoxidized and the 
unoxidized zone is characterized by the replacement of 
biot i te to sericite (6% of bioti te to sericite) and up to 
20% secondary sericite. The ground mass and matrix 
appear to be strongly s i l i c i f ied  (flooded). Quartz 
veining is very rare and no stockwork is present in the 
footwall. Fresh pyrite occurs as discrete cubes and as 
"pseudobands" of sulfides up to 3-5% locally. 
Specularite is locally very abundant up to 10% averaging 
3%+/-. The rock has a greenish cast, due to sericite 
(Malusa 6-19-90). K-spars are noticeably pink and appear 
to be primary? and unaltered. Rare calcite is present in 
"gash" veins. 

Petrographic Description 

The mineralogy of the hanging wall and footwall 
moderately altered zones are very  similar (attached 
chart) with up to >20% sericite as secondary minerals and 
almost complete replacement of primary plagioclase 
minerals to sericite. A minor difference between the 
mineralogy of the unoxidized vs. oxidized portions of the 
zone is the notable occurrence of chlorite in the 
unoxidized portion (2% vs. 0%). The amount of iron 
oxides as goethite is much greater in the moderate 
oxidized zone (3%+/-) compared to nil to trace in the 
unoxidized section. 

Moderate Alteration - Yarnell Fault Zone Complex 
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8A - DDH - 3 @ 18-19 feet - Weak Zone 
host rock (plagioclase - biotite - alkali feldspar - quartz; 
granodiorite or quartz-monzonite?) showing weak alteration 
including formation of specularite (slightly magnetic) 
± pyrite at biotite sites, and greenish hue in feldspars. 

(Page I0-24-89) 

4B 

IOA - DDH - 3 @ 103 feet - Transition + Moderate Zone 
incipiently altered host rock (as above) but with limonite 
± specularite veinlets; note green hue in feldspars, most 
biotite is 'washed out' and crystal boundaries are deteriorating. 
(Page, t0-24-89) 

FIGURE 4 
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14A - DDH - 3 @ 142 feet - Moderate Zone 
stockwork mineralization showing quartz stringers subparallel 
to main Yarnell structure; later finer fractures contain 
mixed specularite and Mn-ox; minor pseudomorphs of limonite 
after pyrite occur locally• Note potassic hue adjacent to 
both quartz stringers and specularite ± Mn-ox fractures, 
(Page,10-24-89) 

12A - DDH - 3 @ 126 feet - Moderate Zone 
stockwork mineralization; pinkish potassic alteration occurs 
as a selvage about grey quartz veinlet containing specularite; 
note that adjacent feldspars have assumed a 'potasslc' pinkish 
hue. Specularite ± Mn-ox ± limonite is disseminated locally 
and occurs in later veinlets. (Page, 10-24-89) 

FIGURE 5 
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Primary Minerals % 

Sample Alteration Plagio- Micro- 
No. Zone clase cline Quartz 

150 Fresh 25 50 16 
(Weathered) 

151 Fresh 25 45 18 
(Unweathered) 

152 Weak 30 44 15 
162 Weak 28 38 20 

163 Weak/Moderate (35) 40 15 
164 Weak/Moderate (32) 43 16 
165 Moderate (44) 29 20 
166 Moderate (30) 55 10 
154 Mod.Unoxidized (35) 45 12 
155 Mod. Oxidized (35) 41 12 

Yarnell Project 

Petrographic Descriptions - 

Table 2 

Secondary Minerals ~; 

Moderate: Yarnell 
Fault Zone 

157 Syenite? (27) 66 3 
161 Potassic Rims (24) 66 5 
158 Quartz Stockwork(36) 40 15 
159 (38) 28 25 
160 (20) 62 12 

161 Syenite? (24) 66 5 
167 Mod. (38) 32 20 
168 Mod. /S i l i c?  (39) (33) 20 

Biotite Sericite C l a y  Chlorite 

7 6 - 1+ 

1o 3 3 

9 9 
8 18 - - .  

(8) 17 
(6) 16 
( 5 )  28 - - 

(3) 8 - 
( 6 )  20 4 2 

(10) 20 - 

(2) 2 3 2 
( 2 )  7 " - 

( 8 )  2 7  - - 

( 7 )  35 2 
(5) 10 10 

(2) 
(7) 
(6) 

Calcite 

m 

i 

m - 

7 
20 
12 

Russ Honea 

Epidote 

3 

2* 

-I 

Leuco- 
xene 

<1 
1 

I 

2 
<I 

I 
I 
I 

Silica % 
Quartz/  Cha lce3 Hematite/ 

Adularia dony/Opal. Magnetite 

4 

m 

2 
5 

1 5 ( V e i n s )  - 
m 

- < 1  - - 

- I 1 0 / 1 5  - 

- 1 5 - 
- I*** 15 - 

I* <1 22 <1/<1 

10/15 
3 
4 

I/I 

<1 
2 
1 

m 

<I 

i 

D 

<I 

I 

Iron Oxides % 
Limonite/ 
Pyrite(Fresh) Goethite 

-/<1 

m 

m 

3+ 

l+/- 
m 

_ 2 

_ 2 

-/2 
_ I** 

- I 

_ 2 

_ 2 

I 

3 (Hm) 
2 

Fe Oxides 
(Undiff.) 

I+ 

3 
I+ 

2 

2 +  

B 

3+ 
2 
4 

m 

D 

(27) - 0 r i g i na l  Mineral Now a l te red  to S e r i c i t e  

* ( C l i n o z o i s i t e )  
**Pseudomorphs 

* * * R u t i l e  

iO 
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As seen in the f ie ld  and in d r i l l  core this zone is 
highly sheared and granulated. Moderate abundant clay 
(gouge) up to 15-20% is also present in this zone. This 
zone is also characterized by massive quartz veins 
parallel to the Yarnell Structure f rom I-2' thick. 
Si l ica also occurs as banded chalcedony and opal (from 
f ie ld  observations). Rock texture is destroyed; probably 
due to the fault ing and crushing and not due to the 
alteration. As seen in core, the rock is a fine grained 
almost cryptocrystal l ine rock with no obvious granitic 
textures. The Yarnell Fault zone complex has been seen 
up to 70' in thickness in YDDH-2. The actual Yarnell 
Fault Zone, however, is only 4-6' thick. 

Petrographic Description (Table 2) 

The rock  has been identif ied as a syenite by Honea 
indicated by 3-5% primary quartz. The percent of 
secondary quartz in the rock is 15-22%; much higher than 
overlying zones. This may be due to s i l i ca  depletion of 
the original rock (now a syenite) and redeposition of 
s i l i ca  into quartz veins and quartz flooding. The 
syenite may also represent a dif ferent phase of the 
intrusive which has been emplaced along the Yarnell 
Fault. The zone also shows strong potassic addition as 
shown by the mineral adularia up to 15% by volume. 

E. SILICIFICATION 

Within the Yarnell Deposit s i l i ca  is seen in several modes of 
occurrence. Quartz (Si02) occurs as discrete quartz veins and 
as quartz vein stockworks. These Quartz veins are found both 
parallel and cross cutting the principal Yarnell structure. On 
the basis of f ie ld observations and diamond d r i l l  core, the 
following paragenesis of quartz veining is suggested. 

I. Early gray quartz +/- associated with specularite in rugs 
parallel to quartz veins. 

2. Dark gray quartz - Some brecciation in the vein; dark color 
probably due to presence of specularite. 

. Lighter gray quartz with disseminated limonite pseudomorphs 
usually on the margin of the vein. 

These three generations of quartz are usually seen as small 
veins and veinlets +/- I/4" thick, locally up to I/2" and have 
been seen up to 3" thick (Figure 7). 

4. White Quartz - We have identif ied two stages of white 
quartz. These veins appear to cross-cut al l  of the other 
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15A - DDH - 3 @ 167 feet  
stockwork m i n e r a l i z a t i o n  above stope w i th  ea r l y  grey quar tz  
cut by very  dark grey specu la r l t e  ± manganese r i ch  quar tz  and 
brecc ia  in turn cut by l a t e r  grey quar tz ;  note potass ic  
a l t e r a t i o n ,  minor disseminated l imon i te  a f t e r  p y r i t e ,  and 
minor vugs. (Page, 10-24-89) 

ell 
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,q 
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0 
13A - DDH - 3 @ 121 feet 

crosscutting relationships; early vert ical grey veinlet with 
specularite cut by wide horizontal grey quartz with specularite 
in turn cut by l ighter,  nearly white quartz. (Page,t0-24-89) 

FIGURE 7 
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stages. The white quartz veins are the thickest (6" in 
core to I ' ) .  These have also been seen in the f ie ld  up to 
20' thick. We have assayed these veins in the f ie ld and 
they wi l l  consistently assay gold from .01 opt to .8 opt Au 
(average .05-.07). We have seen visible gold in diamond 
d r i l l  holes (YDDH-4) in similar looking veins. Perhaps the 
late stage veins are remobilizing gold from the deposit and 
redepositing as coarser gold. 

Si l ica also seems to occur as a pervasive flooding into the 
wallrock and the intensity of flooding appears to be related to 
the degree of quartz veining and quartz vein stockwork 
development. The flooding postdates the phyl l ic (serici te) 
alteration as i t  appears to overprint the alteration zones. 

The Yarnell Fault Zone contains quartz veins, banded 
chalcedonic quartz and opal; classic epithermal textures. 
Honea also noted chalcedony and opal in the zone in thin 
section. 

F. DRILLING SUMMARY (PLATE 3) 

Ninety-six reverse circulation holes were completed by Dr i l l ing 
Services Inc. total ing 24,207' from February to October 1989. 
Four N.C. diamond d r i l l  holes were completed by Boyles Brothers 
Dr i l l ing  Company, total ing 1295'. The diamond d r i l l  holes were 
twins to four reverse circulation holes. Direct d r i l l i ng  costs 
for the R.C. holes were $8.73/ft. (7.50 base rate). Diamond 
d r i l l  costs were $23.40/ft. (base rate $17.00/ft .) .  

Assay results for the "B" zone interval are shown on Plate 3. 
All Reverse Circulation Geologic logs with assays are included 
in bound volumes with this report. Geologic Cross Section 
(Plates 5A-M) show the style of alteration and mineralization 
discussed previously in this report. All d r i l l  holes were 
plugged and abandoned upon completion per DWR recommendatiuons 
and abandonment reports were f i led.  The four diamond d r i l l  
holes were surveyed using a Sperry Sun single shot down hole 
camera and hole deviation was <I ° at TD (350-400'). All col lar 
evaluations and locations were surveyed by W.D. Gay and 
coordinates were transferred to the ECS (Engineering & Computer 
Services) data base. Most of the holes were dr i l led dry. 
However, upon encountering the water table, water was injected 
for more uniform sample return. 

Stoped Areas - Dr i l l ing Technique 

I t  became read i l y  apparent that  the area to be explored 
was honeycombed with stopes of w h i c h  >50% were 
inaccessible (Plate 6). To assure the best possible 
sample retr ieval,  the following d r i l l i ng  technique was 
adopted: 

11 



C~ 

U 

~J 

c ~  

t J  

c~ 

LJ 

LJ 

~7 

cJ 

( 7  
i 

f - 7  

S " \  

\ J 
C ~  

, j  

~J 

a. Intersect stope with hammer d r i l l .  

b. Probe to bottom of stope - record back + f loor 
footage. 

c. Pull rods and change to a tricone b i t .  

d. Reenter hole and continue +/-40' below stope f loor. 

This technique was used for al l  reverse circulation holes 
past YM-5 when stopes or openings were encountered and 
resulted in better sample return below the stopes. 

G. DIAMOND DRILLING SUMMARY 

Four diamond d r i l l  holes were completed during the project. 
The purpose of the diamond d r i l l i ng  was threefold: 

I. Twin existing reverse circulation hole to check assays. 

. Provide a complete geologic section through the deposit 
from hanging wall through the footwall. 

3. Provide material for metallurgical testing, i f  needed, at a 
larger size than the rotary cuttings. 

Summary of Results 

Four R.C. Holes were twinned with diamond d r i l l  holes, as 
follows: 

R.C. TD Diamond TD 

YM-8 350 DDH-1 350 
YM-40 400 DDH-2 400 
YM-63 240 DDH-3 325 
YM-75 220 DDH-4 220 

A l l  o f  the holes has been assayed and compared to  the R.C. 
holes.  Based upon t h i s  study there is  good c o r r e l a t i o n  w i t h i n  
the assay i n t e r v a l  but notab le and sometimes s i g n i f i c a n t  
v a r i a t i o n  w i t h i n  the i n d i v i d u a l  assays. The v a r i a t i o n  in 
i n d i v i d u a l  assays may be due in par t  to nugget e f f e c t .  A 
repo r t  d e t a i l i n g  the procedures and r e s u l t s  was submitted 
( M i l l e r  4-2T-90) .  

H. GEOLOGIC OBSERVATIONS FROM DIAMOND DRILLING 

Holes were co l l a red  in the weakly a l t e red  and moderate zone and 
were designed to  d r i l l  through the sect ion and bottom below the 
f o o t w a l l  of  the m ine ra l i zed  zone, The observat ions l i s t e d  
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below are derived from the geologic logging and interpretation 
of the diamond d r i l l  holes. 

I. The weak ly  altered th rough transition zone is 
propyl i t ical ly altered. The change of the bioti te to 
sericite is gradational and appears to pass through a 
chlor i t ic  stage. There is also evidence of the beginning 
of iron replacement on the edges of the biot i te grains 
(pink rims). 

. A prominent quartz vein stockwork which occurs above the 
Yarnell Fault Zone has been seen in some of the holes. 
This stockwork zone is composed of the various stages of 
quartz as previously discussed in the Geology Section. In 
addition there is a definite area of potassic addition as 
adularia which rims the quartz veins and moves outwards 
into the ground mass (Figure 5). 

. The pervasive nature of the si l ica flooding becomes very 
evident from the d r i l l  c o r e .  There is a definite 
relationship between the amount of quartz veining, quartz 
stockwork, and the magnitude of quartz flooding. As the 
amount and intensity of quartz veining/quartz stockwork 
increases the amount of flooding increases until i t  
pervades the entire ground mass. 

. Free visible go ld  has been seen in and associated with 
quartz veins. I t  is interesting to note that the areas 
with visible gold in YDDH-4 which occurs within a quartz 
veins stockwork assayed .011 and .026 opt, respectively, 
for the equivalent rotary interval. Free gold was also 
seen in YDDH-2 in the Yarnell Fault Zone. Assay values for 
the equivalent rotary interval is .177 opt Au. A possible 
explanation of this might be that the gold in the quartz 
stockwork in YDDH-4 may be later remobilized gold which 
apparently does cause a nugget effect in the assays. This 
type of gold occurrence would be unaccountable in the assay 
(and reserves), but might be recoverable in a leach 
circui t .  The Yarnell Fault Zone, however, is more uniform 
in gold content and would probably consistently assay in 
the 0.1-0.2 opt range. I t  might be advisable to reassay 
(with multiple assays or larger sample size) rotary 
cuttings with indicated higher (than usual) quartz content. 

. The Y a r n e l l  F a u l t  Zone i s  a s t r o n g l y  sheared a lmost  
cryptocrystalline r o c k  which has undergone strong 
tectonism. The Yarnell Fault Zone complex as seen in d r i l l  
core ranges from 5' in YDDH-I to 70' in YDDH-2. Assay 
values within this 70' zone support the thickness of the 
z o n e .  

13 
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. The footwall of the mineralized zone is unoxidized and is 
moderately altered. Biot i te  is absent. Pyrite and 
specularite is moderately abundant as discussed in previous 
sections of th is  report. The unoxidized rock has a 
greenish t i n t  which has been determined to be ser ic i te  
(Malusa 6-19-90). Quartz stockwork abruptly ends  within 
the Yarnell Fault. Rare quartz and limonite veinlets are 
seen within th is  unoxidized zone and the rock appears to be 
strongly s i l i c i f i e d  (very pervasive quartz flooding). 
Copies of diamond d r i l l  logs with assays are included as 
Attachment A. 

SAMPLE COLLECTION 

Samples were collected on a continuous basis every 5' from the 
col lar  to the bottom of the hole. The sample was collected in a 
cyclone and then run through a t r i - l eve l  s p l i t t e r  (supplied by the 
contractor). The t r i - l eve l  s p l i t t e r  reduced the throughput sample 
size to I/8 of the or ig inal .  The I/8 remaining was then sp l i t  into 
two equal functions labelled A & B. The "A" sample was then sent 
to the assay lab for analysis. The "B" sample was stored for 
future use. We have no__tt used the "B" sample for check assaying. 
The "A" sample was f i r e  assayed by Triad Minerals using a I assay 
ton sample size. Gold content was determined by gravimetric means. 

A. Assay Standard 

The Asarco standard created by Darby Fletcher was used 
extensively during the d r i l l i n g  program. T h e r e  are two 
standards in u s e ;  .006± opt Au and .022 opt Au. These 
standards were inserted as odd numbers into the sample stream 
(example, ITI-179').  We t r ied to get equal  high and low 
standards within each hole. Standards were inserted every 20- 
50 samples within the sample stream. Results of the standards 
indicate that contamination within the lab was not a problem. 
The purpose of the assay standards as used during the project 
was to spot any contamination in the sample stream, or er rat ic  
results due to procedure or equipment. From th is  end the 
standards procedure was successful. Future programs using 
sample standards should u t i l i ze  rocks f rom the area; i .e . ,  
d r i l l  cutt ings, rejects and a suite of standards designated to 
be s i te  specif ic. This w i l l  allow better control on the 
assays. 

B. Reruns of Assay Intervals 

Reruns of  both pulps and r e j e c t s  were done to check f o r  
r e p e a t a b i l i t y  o f  assay resu l t s .  Seven ty - f i ve  pulps were run by 
Tr iad  and Sky l ine to  check f o r  comparative resu l t s  (Assay 
Checks memo T-13-89) .  The r e s u l t s  of  t h i s  study ind ica ted  t ha t  
wh i le  there  was some v a r i a t i o n  between labs, the average f o r  
the 75 samples was almost ident ical .  

14 
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Another check on assay results was done much later in the 
d r i l l i n g  program (Mi l ler  9-9-89). Entire ore intervals were 
rerun under d i f ferent  hole number designations and compared 
with the or iginal  assay results. The "A" rejects were 
submitted as reruns (not the pulps). The results of th is  study 
indicated a percent change of 0-30% from original pulp vs. new 
pulp (prepared f rom resubmitted "A" rejects).  The new pulp 
generally returned a higher assay than the or iginal pulp. The 
greatest amount of variat ion seemed to be in the ear l ie r  d r i l l  
holes suggesting a period of time within the f i r s t  36 holes 
where the lab was reporting lower values. 

C. Reverse Circulation vs. Diamond Dr i l l i ng  

Three diamond d r i l l  holes (assays) were compared with the 
corresponding reverse c i rculat ion holes for assay comparison. 
The conclusions from the study are controversial and not a l l  
concerned are in agreement; but i t  appears that the reverse 
c i rculat ion and diamond d r i l l  results compare within .01 opt Au 
for the ent i re assayed interval (per hole). But individual 
assays show variat ion, sometimes of considerable magnitude 
between DDH vs. R.C. (M.A. Mi l ler  4-27-90). However, there is 
no bias with ei ther d r i l l i n g  technique. 

SPECIFIC GRAVITY 

The specif ic gravity of the deposit was determined through a suite 
of hand samples scattered throughout the deposit and by three d r i l l  
cores taken in the weak, moderate, and footwall zones. Values 
obtained from McClelland Labs in Reno were 2.55 gm/cm 3 or 12.56 
f t3/ ton vs. the values obtained by Metcon in Tucson which were 2.66 
gm/cm 3 or 12.05 f t3/ ton.  The Metcon technique is probably the most 
accurate (D.E. Crowell's memo 11-I-89). A value of 12 f t3/ ton was 
used in al l  reserve calculations. 

IX. STOPED OUT AREAS (PLATE 6) 

Determinat ion and Ca lcu la t i on  of  Stoped Area and the Re la t ionsh ip  
to  the Ore Reserves. 

Numerous memos have been w r i t t e n  on t h i s  sub ject  s ince 17% of the 
96 holes i n te rsec ted  stopes. Excluding holes outs ide of  the 
u l t ima te  p i t  l i m i t s ,  twenty percent  of  the 83 holes w i t h i n  the 
u l t ima te  p i t  have in te rsec ted  stopes. 

The methodology to determine the tonnage and grade of  mater ia l  
p rev ious ly  mined and necessary to  sub t rac t  from the reserve is as 
fo l l ows :  (most recent c a l c u l a t i o n )  

1. The access ib le  areas o f  the underground were mapped; 
however, t h i s  amounted to  ~30-40% of the stoped area. The 
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remaining 60% was estimated by projecting an approximate 
area from d r i l l  holes that intersected open stopes. Based 
upon an experience factor, all stope openings were cut to 
20'. The approximate and projected stope outline was 
planimetered by W.D. Gay (2-I-90) and 25% was kept in for 
p i l lars.  The grade was determined by similar means 
assigning values to the stopes that are more real ist ic of 
the grade mined. 

Once the tonnage and grade have been determine for the 
stoped areas we can then subtract this tonnage and grade 
from the total reserve. This study was completed and 
detailed in a report (Mil ler 2/22/90). 

X. ORE RESERVES 

Ore reserves were determined by two means. Numerous memos 
explaining the techniques of calculation have been written; 
however, I wi l l  attempt to summarize the methods. 

Reserves were calculated by J.D. Sell (12-20-89) using an equal 
triangle method. Triangles were drawn between d r i l l  holes and 
modified with respect to pi t  walls and outcrop of the mineralized 
zone. The grade of the triangles was calculated by using the 
weighted average of the holes comprising the triangles. The 
tonnage of the triangles was determined by measuring the volume of 
the triangles divided by the rock - ton factor. A pi t  slope of 50 ° 
was used for the downdip l imits of the proposed pit .  This model 
does not use economic parameters. 

Reserves were also calculated by ECS (Engineering & Computer 
Services) using the cone miner. This method uses economic 
parameters mining costs, plant & operating costs, taxes, royalty, 
etc. and mines out the deposit within these parameters. The 
program also uses various grade and recoveries to calculate the 
final reserve. The details of the cone miner method are discussed 
in Sy Lakosky's Intermediate Feasibility Report (2/16/90). 

Comparing the two methods, the results are as follows: 

JDS Reserve ECS Reserve 

(Recalc. by MAM 
Removing Stopes) 

(Removing Stopes @ 250,000T 
@ .053 & 10% Mining Dilution) 

4,131,505T @ .055 opt. Au 4,829,000T @ .049 opt Au 

Removing Stopes at the same 
amount as MAM Recalc. of JDS 
Reserve 
4,849,500T @ .047 opt Au 

16 
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These numbers may be subject to additional recalculation. 
The current reserves are s t i l l  waiting revision by ECS. 

×I. METALLURGICAL TESTING 

Phase I of metallurgical testing is completed. This phase of 
testing used material mined from the open cut, composited as run of 
mine ore, and then column leached. The phase of the testing was 
conducted by McClelland Labs in Sparks, Nevada, and was overseen by 
D.E. Crowell of Asarco's Mineral Beneficiation Dept. 

Three columns were run using di f ferent size fractions of the ore. 
A complete description of the testing is detailed in the McClelland 
Report dated 2/12/90 and summarized in a memo by D.E. Crowell 
(2/2/90). Results of the column leaching are summarized below. 

Leach Head Tail 
80% Time Assay Assay 

passing size Column Size (Days) opt ~ t  Extraction 

6 inch 
2 inch 

1/2 inch 

24- in  d ia,  x 18 f t  111 0,046 0.022 52.2% 
15- in d ia ,  x 18 f t  102 0.051 0.015 70.6% 
12- in c ia ,  x 18 f t  79 0.055 0.013 76.4% 

Additional test work was recommended by D.E. Crowell (2/2/90) 
which included small columns leaching diamond d r i l l  core, 2 
parallel columns at 1 I/2" size with and without clay, and a 
low grade column (from the underground sample) at 1 I/2" size. 

In a d d i t i o n  to  the column leach ing,  t w e n t y - f o u r  RC holes were 
picked and the "B" zone i n t e r v a l  was composited i n to  one sample per 
hole. Holes picked throughout  the depos i t  were a n t i c i p a t e d  to give 
a rep resen ta t i ve  average of  the l e a c h a b i l i t y  of the ore zone. A 72 
hour cyanide leach program was completed on the d r i l l  c u t t i n g s .  
Recoveries ranged from 59.7 to  88.8%. A repor t  d e t a i l i n g  the study 
was submit ted by J.D. Sel l  ( 4 / 25 /90 ) .  Figure 8 shows the hole 
l oca t i ons  w i th  percent recovery.  

×II. EXPLORATION POSSIBILITIES AND OTHER TECHNIQUES 

The Yarne l l  Deposit  provides us w i t h  an exce l l en t  oppo r t un i t y  to  
determine exp lo ra t i on  parameters f o r  these type depos i ts  which w i l l  
aid in the search f o r  o ther  depos i ts  in the d i s t r i c t .  We have 
recognized an a l t e r a t i o n  assemblage and m i n e r a l i z a t i o n  associated 
w i th  t h i s  depos i t  and t h i s  w i l l  prov ide a model in the exp lo ra t i on  
f o r  s i m i l a r  type depos i ts .  

A reconnaissance magnetometer survey and geochemical survey were 
completed at  Ya rne l l .  In a d d i t i o n ,  we f lew a HEM survey over the 
depos i t  and surrounding areas. The resu l t s  are summarized below. 
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Magnetometer Survey - A ground magnetometer survey was completed on 
the property. F i v e  lines were run both perpendicular to and 
parallel to the str ike of the Yarnell Fault. The results of the 
survey suggest that the alterat ion causes destruction of the 
magnetic minerals and a resultant magnetic low. The study has been 
detailed in a report by J.J. Malusa (3-9-90). 

Trace Element Geochemistry - A trace element orientation survey was 
conducted around the Yarnell Deposit to determine the geochemical 
signature of the Yarnell Report. J.D. Rasmussen (3-20-90) has 
detailed and summarized the study in his report and his conclusions 
are that rock chip sampling is more def ini t ive than soils in 
locating anomalous gold concentrations. Arsenic is associated with 
gold and base metals are depleted within the altered zone. The 
soil survey appears to show the broad anomaly whereas the rock chip 
sampling w i l l  allow one to "zero" in on the mineralization. Gold 
is the best geochemical indicator, but si lver dispersion appears to 
be larger than gold, and, therefore, would probably be detected in 
a reconnaissance sampling program. I t  is important to note, 
however, that orientation surveys need to consider rock types as 
threshold values wi l l  vary from rock to rock. 

HEM Surveys - A HEM (Helicopter Electro Magnetic) survey was flown 
over the Yarnell Deposit on 1/16" mile centers (330') perpendicular 
to the Yarnell Structure. The survey was expanded outside of the 
mine area on I/4 mile (1320') to cover the SW side of the Weaver 
Mountains. Results are preliminary, but there is a strong 
expression of the Yarnell Fault Zone as seen in the geophysics 
which trends SW towards and beyond (into pediment) the Alvarado 
Mine. Refinement of data is in progress. 

In summary, al l  of the above techniques need to be used with good 
geologic basis. These techniques may be useful for following 
mineralized/altered zones beneath shallow pediment and may help in 
defining d r i l l  targest within an area of alteration/mineralization. 
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Asarco's interest in the property was init iated in 1988 when Norgold 
Resources, a Canadian company, published the results of rock chip 
sampling from the implied width of the mineralized zone. The resultant 
grade suggested a bulk tonnage open pi t  target. Asarco examined and 
sampled the property confirming Norgold's results. A letter of 
agreement was signed with Norgold in late January 1989 for an 

:-~ exploration option on the property. A mapping and detailed rock chip 

samoling program was completed at which time a nine hole d r i l l  program 
began. Dri l l ing results confirmed the bulk tonnage open pi t  potential 
of the deposit. Three  phases of dr i l l ing  were completed total l ing 
25,662 feet. This consisted of 90 reverse circulation and four diamond 
d r i l l  holes (twins to the reverse circulation holes) which completed the 
dr i l l ing  program. 
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ALTERATION ( F i a u r e s  2 & , ,  

. A l t e r a t i o n  a t  the  { a r n e l l  Gold O e o o s l t  v a r i e s  f rom ~ r o D y l i t i c  t o  
o o t a s s l c .  The sz ronges~  a l t e r a t i o n  i s  c e n t e r e a  w ~ t h i n  t h e  Y a r n e l l  F a u l t  
Zone ana d e c r e a s e s  ou twa rd  in  i n t e n s i t y  i n t o  the  f o o t w a ] l  and hang ing  
wail. 

Prooylitic Zcne- This zone is characterized by chlorite, eoidote, minor 
calcite veining (in the unoxidized footwall) with weak ser ic i t ic  dusting 
and reDlacement by sericite zlong biot i te edges and/or on piagioclase 
feldsDars. In the hanging wall, the #ro#yli t ic zone may extend uu to 
100' beyond the phyll ic envelope. In the footwall, the oropylit ic zone 
is thinner and is usually marked by calcite gash veins. 

~ - °  

2¢__ , / . 2 ~  ~ 

\_ ] 

.5-~E.¢~+c', ~-/¢" ' ~2//,~"d:c 

//d~.4r,-- .~, 

/ 
2--/7" ~ "  

¢ 

"7";"~: ~ 1 " z ~ . ~ - ~  

I 

g o e t h i t e ,  h e m a t i t e  and l eucoxene  c h a r a c t e r i z e  the  o x i d i z e d  p o r t i o n  o f  
t h i s  zone. The u n o x i d i z e d  p o r t i o n  ( w h i c h  o c c u r s  :n t he  f o o t w a l l  o f  t he  
s t r u c t u r e )  i s  c h a r a c t e r i z e d  by e x t e n s i v e  s i l i c a  f l o o d i n g  and s e r i c i t e  

. . .  wh ich  g i v e s  t h e  rock  a d i s t i n c t l y  g reen c o l o r .  The D h y l l i c  zone ex tends  
30-100 '  i n t o  t h e  h a n g i n g  w a l l  above t he  D o t a s s i c  zone and !0 -45"  i n t o  
the  f o o t w a l l .  

P h y l l i c  Zone - B i o t i t e  and p l a g i o c t a s e  have been c o m p l e t e l y  a t t e r e a  t o  
s e r i c i t e  ( T a b l e  4, Honea ! 9 9 0 ) .  Secondary  i r o n  o x i d e s  as l i m o n i t e ,  - 
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Potassic Zone - A l t e r a t i o n  is s t rongest  wi th in  the YFZ. Abundant 
secondary quar tz ,  chalcedony, a d u l a r i a  and clays occur wi th in  t h i s  
h ighly  crushed and tec ton ized  zone. X - ray  d i f f r a c t i o n  studies by Malusa 

) on the clay size fraction of the fault zone suggest the material is fine 
grained sericite ( i l l i t e )  and adularia. The Dotassic zone outward from 
the YFZ is defined by adularia occurring as Dhenocrysts and selveges to 
the auartz veins. The altered zone is noted 50-80' above the fault and 
up to 25' below. 
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STRUCTURE 

The principal feature that localizes and controls a l terat ion and gold 
minerallzation is the Yarnell Fault Zone (YFZ): a N30-50°E, 30-50 °Nw 
aiDplng structure wholly contalned in the Yarnell Granite. This zone is 
comoosed of strong gouge,  mylonite, micro-breccia ( tectonical ly 
derived), Quartz veins and chalcedonic replacement within a 3 - 7+ foot 
zone. There is abundant clay in the zone probably as a result of the .............. 
fau l t  gouge. A sample of i l l i t e  from the fau] t  (Shafiqu]lah, 1990) gave 
an age of 69 mi l l ion years; +/- 1.6 mi l l ion years. This date is - 
probably indicat ive of regional cooling and u p l i f t  and suggests that the 
mineralization is no younger than the i l l i t e  date. Tert iary extension 
(detachment style fau l t ing)  is not related to th is  deposit. 

The fau l t  has been traced two miles to the southwest where i t  disappears 
under the valley alluvium. The fau l t  can be traced to the northeast 
1500' from the top of Yarnell.-hi l l  before i t  is concealed by debris from 
the volcanic cad and valley f i l l  which consists of large unmineralized 
Yarnell granite boulders. 
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The sheared and crushed zone of the Yarnell Fault complex varles from 
five to eighty feet in thickness within the d r i l l ed  part of the deposit . . . . .  
As the structure is followed downdiD and along st r ike the entire zone 
thins to less than ten feet. The a l terat ion envelope and mineralization ........ 
also diminish in thickness with the associated thinning of the Yarnell 
Fault. 

f \ 
\., / 

There are numerous sub-parallel fractures in the hanging wall that 
appear to mimic the fau l t .  There are also several northeast trending 
quartz veins that have been mapped on the surface in the hanglng wall of 
the Yarnell structure. These structures appear to f la t ten  and " ro l l "  in 
the underground exposures and may merge with the Yarnell Fault at deoth. 
This or ientat ion suggests a l i s t r i c  nature to these structures. The 
fe ls ic  dikes as mapped on the surface sub-Dara]le~the Yarnell Fault in 
both s t r i ke  and dip and show s imi la r  but much rest r ic ted a l tera t ion and 
mineralization. This may represent a "halo" to the maln Yarnell 
deposit. 
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MINERALIZATION AND OCCURRENCE 

Gold mineralization is associated with several stages of quartz, iron 
sulf ides and oxides (pyr i te,  sDecularite). Base metal  sulfides have 

" been seen in polished section and implied from trace element 
geochemistry. Copper minerals (azuri te and malachite) are associated 

" with quartz/hematite veins in the underground workings. 

QUARTZ 

Q u a r t z  occurs 

' s t c c K w o r k .  

associated with the Yarnell Fault as discrete veins and 
Quartz veins also occur subDarallel to the faul t .  

\ )  
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Paragenesis of the quartz suggests that the Yarnell Fault and subsidiary 
structures were the ear l iest  event  with s i l i ca  flooding from these 
structures into the surrounding rocks. Successive movement along the 
fault and faul t - re lated structures crushed and sheared the Quartz. 
There has also been some remobilization of s i l i ca  into the YFZ as banded 
chalcedonic quartz. At least four generations of quartz veining have 
been identif ied. 

I. Early grey Quartz associated with specularite in vugs parallel 
to quartz veins. 

2. Dark grey quartz with some brecciation in the vein; dark color 
is probably due to fine grained soecularite. 

3. Lighter grey Quartz with disseminated limonite pseudomorDhic 
after pyri te; usually on the margins of the vein. 

These three generations of quartz are usually seen as small veins uD to 
I/4" thick, commonly up to a half inch and have been noted up to three 
inches thick in d r i l l  core. 

. White Quartz has been recognized in at least two stages. These 
veins appear to cross cut al l  of the other stages. The white 
quartz veins have been measured from six inches to one foot in 
d r i l l  core and uD to twenty feet thick in the f ie ld.  These 
veins wi l l  consistently assay from 0.01 to 0.8 opt gold. 
Visible gold occurs in similar looking veins in diamond d r i l l  
holes. 

E~ 
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' ,,. , IRON OXIDES 

Iron oxides occur within this deposit and al l  are intimately associated 
with gold mineralization. 

Limonite Dseudomorphic af ter  oyri te is very common in the oxldized 
phyll ic zone. I t  occurs as discrete crystals or as intergrowths 
associated with quartz veins. Polished sections show native gold locked - 
within and at the edges of limonite pseudomorpns. 

Goethite occurs as fracture/vein f i l l i n g  and fracture coatings. 
Goethite also occurs as discrete patches associated with pseudomorphs. - .... 
The total amount of iron oxides (pr incipal ly limonite and goethite) 
dramatically increase within the zone up to 4-5~. --- 

Hematite is very common within the Yarnell Fault and when intersected in 
d r i l l  holes turns the cuttings brick red. Hematite is associated with 
the highest gold grade and visible gold occurrences. Hematite is also 
associated with pyr i te cubes especially close to the Yarnell fault .  The 
occurrence of hematite usually indicates increased grade: greater than 
0.03 opt gold. 

/ "\, Visible gold is associated with quartz stockworK in association with 
grey quartz and quartz/specularite veins. The higher gold assays are 
related to quartz stockwork with adularia. Higher gold assays are also 
related to the occurrence of hematite and limonite pseudomorphic after 
oyri te. The highest grade assays are d i rect ly  related to the Yarnell 
Fault and abundant (+I0%) red hematite and quartz. This was the zone 
that the old time miners were following and ranged from .01-1.0 opt 
gold. 
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Base metals-copper, /'1~ad and zinc occur in the geochemical regime in 
recen~'~.soil withi.~ a.~ around Yarnell deposit. Sec~d, ary copper as 

'~-,, malac~it~and azurit!e i sXassoc ia ted  with late stageiq~artz/hematite 

u/') ~smus~en co~k~leted a"~ 15 e lenlent geochemlstrXsurvey ove~ an~ around the 
d e p o s i t - T h e ~ u r v e y  v~as d e s i r e d  to con~inuou~y sample !~rock\ and SOilS 
frokm tf~e han~ng wa~l zone\through i~he foo~(~all into~ fre~h.granlt_e- 

~ . / )  Sam~]es ~ere col~lected\from rejects of t~hese reverse clrcula~1o n noles 
th'at~est~d through the'\hanging ~I I  and ~=ootwall\zone anQ~ from- the maln 
haula~a~t that ~s d~ven in t~bangIIg wall. ~ i i, 

~ e s t h e \  values in t h ~ d r i l ~  hole roc~ geo~chemis~ry from 
th soil s vey Copper alue~ (average)\rangei from ~ low of that of ~ • ' " " in - 3 , p;fm i~h~o~oi~M-6,~teY~'hiCg hppeo; 2~1.4 loPm from s~,l ,~ the hang g 

Y \ " - I ' ...... !~i~.P;fmL and zinc' a~refl'ect low ~._~ values. \ 

(ppm values) in Main Ore Zone rotary cuttin~sJ 
and Hanging Wall-Footwall soil samples, k/ 

Y< /J 

# Ore Zone, Rotary Cuttings HW FW 
' ! ~  ppm Soils Soils 

YM-6 YM-26 YM-50 _ ~  

No. of Samples 3 4 5 53 61 

Cu, average 3.7 18.4 17.0 28.4 19.4 
Cu, high 5.0 36.4 26.1 55.4 30.0 
Cu, low 2.6 5.1 8.7 16.3 11.5 

Pb, average 7.9 69.1 8.5 24.6 21.1 
Pb, high 10.7 255.0 11.7 58.~ 34.9 
Pb, low 5.9 4.7 7.1 14.5 12.5 

Zn, average 28.8 59.6 41.8 86.8 60.3 
Zn, high 36.4 124.0 57.0 270.0 124.0 
Zn, low 24.1 34.3 34.8 33.7 30.3 
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METALLURGY 

Numerous bott le rol l  tests and column leach tests were completed on the 
deposit. A f i f teen ton sample was mined from the ore zone exposed in 
the oven cut to provide run of mine ore for column leach testing. 
Results of the column testing are summarized on Table 3. 

/ 

\ 

80% 
Passing 
Size 

Table 3. Column Leach Data 

Column Size 

Leach " ..... ~= .... Tail 
Time Assa~, Assay 
Days ~ Extraction 

6 inch 24" d i a .  x 18 f t .  111 0.046 0.022 52.2% 

2 inch  15" d i a .  x 18 f t .  102 0.051 0.015 70.6% 

3/8 inch 12" dia. x 18 f t .  T9 0.055 0.013 76.4~ 

/ 
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Cyanide consumptions ranged from 0.56 to 0 .79 pound per ton or ore. 
Consumption rates were fa i r ly  constant throughout the leaching cycles. 
The ten pounds of lime and cement (3/8 inch feed) per ton or ore added 
to the ore charges as the columns were f i l l ed  was sufficient to maintain 
protective a lkal in i ty  at above pH 10.5 throughout the test period. 

Flotation/Fine Grind/cyanide leach tests were conducted on the Yarnell 
composite sent to Tucson from McClelland Labs. This head sample of 35 
pounds assayed 0.031 opt Au and 2.35% Fe. 

In the two f lotat ion tests, ground to -200 mesh, the recoveries were 
75%-76% in the final concentrate and 79%-80% in the rougher concentrate. 

In the two fine grind/cyanide leach tests, also ground to -200 mesh, the 
recoveries were 97% in 22 hours of agitated leach. The cyanide 
consumption was 0.21 pounds per ton or ore and the lime was 3.3 pounds 
per ton or ore. 

/ % 

XL / 

The trade-off between high recovery by fine grinding agitated leach and 
lower recovery by coarse crush/heap leach is a matter of economics. 
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i:i 

!i 
i! . . . . . .  

i7 . . . . . . . . . . .  

~I~ 

!i{ 
"~ ~ I < <  | ._co 

i 

i l l  . 

' !i 
i + 

! i i  

i 

' i  I 

i 


