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1 . 1  SCOPE OF YORK 

1 . 0  INTRODUCTION 

1-1 

Mr . Cli f ford H.  Frame , Chai rman and Chief Execu t i ve Offi cer , Curragh 

Resources ( Curragh ) reques t ed Ki lborn Engineering ( B . C . ) Ltd . 

(Ki lborn ) to  prepare a Techni cal Review o f  the curren t ly operat ing 

Faro Open-Pi t Mining Operat ion and Long-Term Produc t i on Plans t o  

mine the Faro , Vangorda and Grum depos i t s .  

The preferred plan cons�ders the mining o f  all three depos i ts .  The 

plan is based on a s tar t date of Apri l  1 ,  1987 . Ki lborn was 

reques ted to evalua te prel iminary produc t i on plans and , guided by 

1987 budge ted produc t ivi t i es and opera t ing cos t s , develop proj e c t  

cos t s  t o  the end of  produc t i on in 1987 f i rs t-quar ter funds , i n  

conj unc t i on wi th Curragh personnel . 

The s tudy i s  confined to the Faro , Grum and Vangorda depos i ts .  

Other depos i ts in the area are not cons i dered . 

Volume I ,  Summary , provi des an overview o f  the produc t i on plan and 

cash cos t s  for the s t udy . 

Volume II , Techni cal Review ,  ( this volume ) des cri bes the ore 

depos i ts and reviews the parame ters used in this long range plan for 

mining and milling the ore and for t ransporting the lead and z inc 

concen t ra tes produced . 

Volume III , Capi tal and Opera ting Cos t Es t ima tes , provi des detai ls 

of  the cash cos ts as soc iated wi th thi s plan . 

1 . 2  SETTING 

Curragh owns a large open-pi t lead-z inc-s i lver mine near the 

communi ty of  Faro , approximately 200 air ki lome t res nor theas t of 

Vhi tehorse ,  Yukon Terri tory ( see Figure 1 . 2- 1 ) . 
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The operat ion i s  amongs t the maj or world producers of lead and zinc 

concen t ra tes . The plan t vas ini t ially cons truc ted wi th a capac i ty 

o f  5 , 000 tonnes per day , and in 1980-81 vas expanded t o  i t s presen t 

capaci ty o f  13 , 500 tonnes per day . 

The mining and milling opera t i ons are located a t  an eleva t i on of  

1 , 200 to  1 , 300 me t res above sea level in a rough , semi-ar i d  

subarct i c  region o f  the Yukon . 

1.3 HI STORY 

The ini t ial mineral discovery in the Anv i l  Range vas what i s  nov 

known as the Vangorda depos i t . The depos i t  vas drill t e s t ed by 

Prospector Ai rways , a predecessor to Kerr Addison Mines . 

The Faro depos i t  vas discovered in 1964 whi le drill tes t ing ai rborne 

anomalies . Thi s  depos i t  vas developed and brough t i n to produc t i on 

by the predecessor of Cyprus Anvi l  Mining Corpora t i on ( Cyprus Anv i l )  

in  1969. Subsequen t ly ,  addi t i onal depos i ts were d i scovered: Grum , 

1973 , by Kerr Add i son Mines , and DY by Cyprus Anvil . 

Following the commencemen t of  operat ions in 1969 , the Anvi l  

opera t i ons assumed a pos i t ion of  prominence amongs t the maj or world 

producers of lead and zinc concen t rates . The ini t ial plan t capac i ty 

of  5 , 000 t onnes per day vas increased in 1974 to  9 , 300 tonnes per 

day . Fur ther maj or mill modi ficat ions were pred ica ted upon 

main taining the 9 , 300 tonnes per day milling rate a t  a f iner grind . 

Considerable flexi b i l i ty vas incorporated in the des ign to  facili­

tate an t i cipated increases in produc t i on levels in the future . 

Cyprus Anv i l  curtai led production in June 1982 due t o  the depressed 

s ta t e  of me tal prices . 

Open-pi t was te s t ripping operat i ons commenced in June 1983 in accor­

dance wi th the terms of an agreemen t be tween Cyprus and the Federal 

Governmen t whi ch provided financial ass i s tance for this program . 
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Approximately 9 .  7 million bank cubi c  yards of  was te were removed 

during t he period June 1983 to Oc tober 1984 . 

Unsuccess ful labour nego t iat ions resul ted in a lock-ou t o f  all 

uni oni zed employees , and all the faci li t i es were mothballed by the 

late summer of 1985 . 

A t  this  t ime Dome Pe t roleum publi cly s tated i t s wi sh to  d ives t i t s  

i nteres t i n  Cyprus Anvil . 

Curragh acqui red the asse t s  of Cyprus Anvi l  in November 1985 . The 

opera t ion was rehabili tated and s t ripping operat i ons re commenced i n  

January 1 986 . The mill was reac t ivated and s tarted ore process i ng 

i n  June 1986 . 

The mill i s  curren tly operat ing a t  in excess of  des ign capac i ty .  

1 . 4 PROPERTY 

The Curragh mineral hold ings in the Anvi l  Di s t rict  are shown on the 

Di s t r i c t  Claim Map Figure 3 . 1 . 2-2 . 

The Faro Mine Si te Layou t  shown in Figure 1 . 4- 1  ind i ca t es the 

rela t i ve location of  the Faro open pi t ,  concen t rator , servi ce 

bui ldings and the tail ings impoundmen t ponds . 

The loca t i ons of the·vangorda and Grum pi ts  in rela t ion to  the Faro 

pi t and concen trator are shown in Figure 1 . 4-2 . 
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2 . 0  SUMMARY 



2.1 INTRODUCTION 

2 . 0  SUMMARY 

2 - 1  

Curragh proposes to  extend the l i fe of  t h e  Faro opera t i ons by mining 

the Vangorda and Grum depos i ts as well  as the Faro Mine . I t  i s  

planned to  cont inue the opera t i on to  the year 1 9 9 9  at  whi ch t i me all 

the known open-pi t ore will be mined and processed . Thi s  will  no t 

exhaus t the mineral inventory in the Faro area . 

The mining concept incorporates the sequent ial mining of  the three 

depos i t s  by the open-pi t method and the mining of underground 

remnants  o f  the Faro deposi t .  Productivi ty rates for men and 

equi pment are based on curren t experience in the Faro open pi t .  

2 . 2  ASSUMPTIONS 

The princi pal assump t i ons used in the Study are : 

Infras t ructure 

Milling 

Produc tivi ty 

2 . 3  DI SCUSSION 

No planned changes ; 

Maximum average daily milling rate -

13 , 500 tonnes for Faro Ore and 1 1 , 000 

t onnes for Vangorda/Grum Ore 

Maximum average daily concent rate 

product i on rate - 1 , 600 tonnes ; 

Efficiency rates equivalen t t o  1987 

budge t .  

The mining s chedules and concepts  des cribed in  this  Report are one 

route whi ch can be taken to profi tably mine the depos i ts whi ch are 

amenable to open-pi t mining in the Faro area . The underground 

mining of the Faro remnan ts wi th the comple t i on of the open-pi t 

opera t ions i s  a logi cal las t s tep in complet ing the ext rac t i on o f  

the ore i n  the depos i t .  
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Throughou t this Report there i s  di scuss i on of  add i t i onal work 

required . This work i s  necessary for opt imization and detailed 

planning . The informa t i on i s  no t requ i red t o  make a deci s ion t o  

proceed . Further opt imizat i on o f  specif i c  i terns in  the s chedule 

will  enhance the value of the Proj ec t . 

2 . 4  PRODUCTION SCHEDULE 

Mining i s  s cheduled to be comple ted by the end of 1 997 , after whi ch 

t ime low grade s tockpi les will be treated . Table 2 . 4-1  g i ves the 

mine ore p roduct i on schedule , mill  feed schedules and concen t ra t e  

product ion . Table 2 . 4-2 ( 4  pages ) gives the s tockp i le inventories  

and sources of mill  feed by  year . Figure 2 .  4-1 graphi cally shows 

the mining quan t i t ies by year . 

2 . 5  SCHEDULE 

A s chedule for implementat ion of the Proj e c t  as described in t h i s  

Report  i s  included a s  Figure 2 .  5-1 . This schedule has some key 

even t dates whi ch require an early s tart on por t i ons o f  the Proj ec t .  
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Tonnes 

Z Zn 

Total Con[ 
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Apr - D�[ 

1987 

4 153 875 
7.65 

3.19 

4.46 
43 

8.11 

3 533 115 
8.11 

3.35 
4.76 

42 

8.89 

153 931 

61.16 
551 

1.41 

269 269 

58.91 

428 128 

1988 

6 739 125 

7.11 

2.86 

4.15 
39 

1.11 

4 791 321 
7.91 

3.22 
4.68 

42 
1.17 

194 881 
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1.41 
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TABLE 2.4-1 

FARO AREA DEPOSITS STUDY 

MINED ORE, MILL FEED & CONCENTRATE PRODUCTION SUMMARY 

1989 1991 1991 1992 1993 1994 1995 1996 1997 1998 1999 2181 Total 
� ......... """'"'"" "'"'"'"' "'"""""" .............. 

5 726 882 4 426 855 5 783 211 6 574 443 3 836 829 4 577 467 4 677 182 3 628 173 3 925 417 U/6 U/6 U/G 54 148 367 

7. 76 8.53 7.11 7.48 7.34 8.39 8.71 8.24 8.41 NA NA NA 7.78 
3.15 3.62 2.77 2.65 2.68 3.18 3.22 3.14 3.15 NA NA NA 3.12 

4.61 4.91 4.33 4. 75 4.66 5.22 5.48 5.19 5.26 NA NA NA 4.76 
44 51 38 32 44 53 55 54 56 NA NA NA 44.83 

1.22 1.53 1.37 1.25 8.65 1.83 1.91 1.86 1.99 NA NA NA 1.48 

4 324 747 3 997 868 4 879 716 4 466 176 4 374 324 4 115 Ill J 881 181 4 188 273 4 115 Ill 4 147 856 4 liB 413 I 54 451 887 

8.57 9.12 7.79 8.35 7.56 8.92 9.58 8.38 8.31 4.19 4.36 1.11 7.76 

3.49 3.83 3.19 . 3.11 2.77 3.37 3.53 3.18 3.11 1.57 1.69 .... 3.11 

5.18 5.21 4.71 5.34 4. 79 5.55 6.15 5.21 5.21 2.51 2.66 Ul 4. 74 

47 54 41 37 43 56 61 54 55 26 26 I 44.49 
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212 892 235 492 286 735 174 181 156 414 181 191 181 814 171 517 162 921 74 754 79 297 I 2 173 917 

58.67 54.73 57.42 58.93 59.51 6UB 61.81 59.92 61.811 58.92 56.68 1.11 59.91 
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345 732 311 243 351 245 379 787 319 621 345 518 361 435 326 566 318 959 141 516 152 975 I 3 976 171 

51.56 53.93 52.85 52.29 54.11 55.81 55.81 54.77 55.88 53.74 58.73 8.18 53.23 

548 615 546 735 556 988 552 967 476 023 526 718 542 249 498 183 481 781 215 271 231 262 I 6 146 699 

N I w 



Table:2.4-2 
PAGE 1 OF 4 FARO AREA DEPOSIT STUDY 

SU"MARY OF MINED ORE WITH OPENING AND CLOSING STOCKPILE INVENTORIES 

1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 ��������������������������������������������������������������������������������������������������������������������� 

Opening Stockpile 
������������������ 

Tonnes 402520 1023390 3571310 4372429 4802216 5705711 7813978 7276483 7838950 8715952 8255852 8166259 4018403 
IPb 1.87 2.70 2.81 2.90 2.97 2.92 2.85 2.84 2.86 2.90 2.91 2.92 2.92 
Iln 3.14 3.98 4.10 4.22 4.29 4.30 4.42 4.44 4.49 4.59 4.62 4.65 4.65 
Ag g/t 26.18 36.56 38.12 39.60 40.68 39.96 37.74 38.16 39.22 40.78 41.44 42.09 42.09 
Au g/t 0.06 0.08 0.10 0.13 0.17 0.22 0.23 0.25 0.29 0.36 0.38 0.41 0.41 
Lead 8545 21682 92613 104889 113607 119830 166858 142878 154918 174839 153899 153041 78287 
XPb 47.81 56.24 58.77 58.66 58.34 58.25 58.40 58.48 58.60 58.76 58.82 58.87 58.87 
Ag 497.74 547.97 565.72 572.13 574.82 580.79 565.78 577.41 596.55 623.87 634.15 644.33 644.33 
Au 0.00 0.00 0.30 0.52 0.75 1.25 1.42 1.63 2.00 2.55 2.76 2.97 2.97 
Zinc 18786 42519 158671 179844 192195 222336 333402 282342 304378 341515 297188 293491 152975 
r.zn 50.34 50.68 51.00 51.12 51.32 51.68 51.81 51.99 52.21 52.51 52.62 52.71 52.71 

Mined Ore 
'\-l'lf'v'V""'\r"""''\r 

Tonnes 4153875 7339241 5125866 4426855 5783211 6574443 ·3836829 4577467 4677002 3628173 3925407 0 0 
i.Pb 3.19 2.86 3.15 3.62 2. 77 2.65 2.68 3.18 3.22 3.14 3.15 o.oo 0.00 
XIn 4.46 4.15 4.61 4.91 4.33 4.75 4.66 5.22 5.48 5.09 5.26 0.00 0.00 
Ag g/t 42.61 38.75 44.08 50.83 37.64 31.73 44.47 52.95 54.77 53.65 56.01 0.00 0.00 
Au g/t 0.10 0.11 0.22 0.53 0.37 0.25 0.65 0.83 0.91 0.86 0.99 0.00 0.00 
Lead 167067 265731 215159 244209 212959 221207 132424 193230 200736 150576 161964 0 0 
XPb 60.95 59.54 58.31 54.82 57.94 58.80 60.01 60.00 60.00 60.0(1 60.1)0 0.0(1 0.00 
Ag 576.08 571.15 593.62 604.16 601.36 527.53 814.49 823.69 836.26 836.48 875.45 0.00 0.00 
Au 0.00 0.39 1.25 3.33 2.95 I. 84 5.92 6.40 6.89 6.71 7.82 0.00 0.00 
Zinc 293002 471358 366905 323594 380385 489853 268560 367554 398572 282239 315262 0 0 
i.Zn 50.91 51.11 51.53 53.87 52.76 52.08 54.97 55.00 55.00 55.00 55.00 0.00 0.00 

1\J I ,p,. 



Table:2.4-2 
PAGE 2 OF 4 FARO AREA DEPOSIT STUDY 

SUMMARY OF MINED ORE WITH DPENINS AND CLOSING STOCKPILE INVENTORIES 

1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
��������������������������������������������������������������������������������������������������������������������� 

Pit to Hi 11 
�"'r'\r'\r'\r'\rl\.•1\!'\r'\r'\r 

Tonnes 3507146 4791321 4042122 3967068 4439760 4466176 3387324 4015000 3800000 3208962 3558106 (I 0 
i.Pb 3.43 3.22 3.51 3.84 3.09 3.01 2.86 3.37 3.53 3.35 3.31 0.00 0.00 
i.Zn 4.79 4.68 5.11 5.21 4.75 5.34 4.93 5.55 6.05 5.46 5.56 0.00 0.00 
Ag g/t 45.05 41.58 47.35 53.84 40.91 36.68 47.06 56.00 60.00 57.00 59.00 0.00 0.00 
Au g/t 0.09 0.07 0.22 0.53 0.37 0.30 0.67 0.85 0.96 0.88 1.01 0.00 (1.00 
lead 153163 194800 191048 234684 186024 174180 125739 181190 180814 143129 155509 0 0 
i.Pb 60.99 60.67 58.60 54.71 57.89 58.83 60.01 60.00 60.00 60.00 60.00 0.00 o.oo 
Ag 567.84 553.35 583.17 605.44 587.58 544.69 811.54 823.00 837.00 835.00 877.00 o.oo 0.00 
Au 0.00 0.05 1.32 3.28 2.73 2.11 5.76 6.22 6.68 6.47 7.64 0.00 0.00 
Zinc 267701 355206 325028 309664 324392 378787 252653 345518 361435 269625 304042 0 0 
IZn 50.90 50.91 51.58 53.93 52.69 52.29 54.97 55.00 55.00 55.00 55.00 0.00 0.00 

Pit to SP 
l'v'WI\t'\r'\rfll'\11\r'w 

Tonnes 646729 2547920 1083744 459787 1343451 2108267 449505 562467 877002 419211 367301 0 0 
i.Pb 3.19 2.86 3.15 3.62 2.77 2.65 2.68 3.18 3.22 3.14 3.15 0.00 0.00 
i.Zn 4.46 4.15 4.61 4.91 4.33 4.75 4.66 5.22 5.48 5.09 5.26 0.00 o.oo 
Ag g/t 42.61 38.75 44.08 50.83 37.64 31.73 44.47 52.95 54.77 53.65 56.01 0.00 o.oo 
Au g/t 0.10 0.11 0.22 0.53 0.37 0.25 0.65 0.83 0.91 0.86 0.99 o.oo o.oo 
lead 13904 70931 24111 9525 26935 47028 6685 12040 19922 7447 6455 0 0 
i.Pb 60.95 59.54 58.31 54.82 57.94 58.80 60.01 60.00 60.00 60.00 60.00 0.00 0.00 
Ag 576.08 571.15 593.62 604.16 601.3& 527.53 814.49 823.69 836.2& 836.48 875.45 0.1)0 0.00 
Au 0.00 0.39 1.25 3.33 2.95 1. 84 5.92 6.40 6.89 6.71 7.82 0.00 0.00 
Zinc 25301 116152 41877 13930 55994 111066 15907 22036 37137 12614 11220 0 0 
7.Zn 50.91 51.11 51.53 53.87 52.76 52.08 54.97 55.00 55.00 55.00 55.00 o.oo 0.00 [\) I \.Jl 



Table:2.4-2 
PAGE 3 OF 4 FARO AREA DEPOSIT STUDY 

SUMMARY OF MINED ORE WITH OPENING AND CLOSING STOCKPILE INVENTORIES 

1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 ��������������������������������������������������������������������������������������������������������������������� 

Stockpile to Mill 
����������������� 

Tonnes 25859 0 282625 30000 439956 0 987000 0 0 879311 456894 4147856 4018403 
XPb 2.41 0.00 3.24 2.20 3.07 0.00 2.47 0.00 0.00 2.55 1.44 1. 57 1.69 
XZn 3.84 0.00 4.66 3.66 4.16 0.00 4.32 0.00 0.00 4.28 2.46 2.51 2.66 
Ag g/t 34.00 0.00 42. 11 36.00 43.85 0.00 27.12 0.00 0.00 40.98 25.87 26.37 25.63 
Au g/t 0.06 0.00 0.12 0.48 0.49 0.00 0.09 0.00 0.00 0.48 0.59 0.50 O.lt 
Lead 767 0 11834 BOB 20712 0 30665 0 0 28388 7312 74754 78287 
7.Pb 62.00 0.00 59.77 60.00 53.26 0.00 57.45 0.00 0.00 59.49 60.00 58.82 56.68 
Ag 371.00 0.00 558.88 808.00 614.31 0.00 429.91 0.00 o.oo 751.96 861.74 750.78 598.47 
Au 0.00 0.00 0.54 5.31 4.08 0.00 0.00 0.00 0.00 4.34 9.93 7.10 0.00 
Zinc 1568 (I 20704 1578 25853 (I 66967 0 0 56941 14917 140516 152975 
7.Zn 51.00 o.oo 51.25 55.00 54.91 0.00 50.82 0.00 0.00 53.69 55.00 53.74 50.73 

Mi 11 Feed Total 
"""'"'"'"'"'�:V'\r'\t'w'b'\r¥w'\r 

Tonnes 3533005 4791321 4324747 3997068 4879716 4466176 4374324 4015000 3800000 4088273 4015000 4147856 4018403 
XPb 3.42 3.22 3.49 3.83 3.09 3.01 2.77 3.37 3.53 3.18 3.10 1. 57 1.69 
XZn 4.78 4.68 5.08 5.20 4.70 5.34 4.79 5.55 6.05 5.21 5.21 2.51 2.66 
Ag g/t 44.97 41.58 47.01 53.71 41.17 36.68 42.56 56.00 60.00 53. 5o 55.23 26.37 25.63 
Au g/t 0.09 0.07 0.22 0.53 0.38 0.30 0.54 0.85 0.96 0.79 0.96 0.50 0.11 
Lead 153930 194800 202882 235492 206735 174180 156404 181190 180814 171517 162821 7H54 78297 
i'.Pb 61.00 60.67 58.67 54.73 57.42 58.83 59.51 60.00 60.00 59.92 60.00 58.82 56.68 
Ag 566.86 553.35 581.75 606.14 590.26 544.69 736.72 823.00 837.00 821.26 876.31 750.78 598.47 
Au 0.00 0.05 1.28 3.29 2.87 2.11 4.63 6.22 6.68 6.12 7.74 7.10 0.00 
Zinc 269269 355206 345732 311243 350245 378787 319620 345518 361435 326566 318959 140516 152975 
r.zn 50.90 50.91 51.56 53.93 52.85 52.29 54.10 55.00 55.00 54.77 55.00 53.74 50.73 

[\.) I (J) 
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1987 1988 1989 199(1 

Closing SP 
'L•.I\r r�·'!tl\ol\r 1\t�"vl\rl'v 

Tonnes 1023390 35713!0 4372429 4802216 

i:Pb 2.70 2.81 2.90 2.97 

7.Zn 3.98 4.10 4.22 4.29 

Ag g/t 36.56 38.12 39.60 40.68 
Au g/t 0.08 0.10 0.13 0.17 

Lead 21682 92613 104889 113607 

i:Pb 56.24 58.77 58.66 58.34 

Ag 547.97 565.72 572.13 574.82 
Au 0.00 0.30 0.52 0.75 
Zinc 42519 158671 179844 192195 
i.Zn 50.68 51.00 51.12 51.32 

Table:2.4-2 

FARO AREA DEPOSIT STUDY 

SUMMARY OF MINED ORE WITH OPENING AND CLOSING STOCKPILE WVENTORIES 

1991 !992 1993 1994 1995 1996 1997 1998 

5705711 7813978 7276483 7838950 8715952 8255852 8166259 4018403 

2.92 2.85 2.84 2.86 2.90 2.91 2.92 2.92 

4.30 4.42 4.44 4.49 4.59 4.62 4.65 4.65 

39.96 37.74 38.16 39.22 40.78 41.44 42.09 42.09 

0.22 0.23 0.25 0.29 0.36 0.38 0.41 0.41 

119830 166858 142878 154918 174839 153899 153041 78287 

58.25 58.40 58.48 58.60 58.76 58.82 58.87 58.87 

580.79 565.78 577.41 596.55 623.87 634.15 644.33 644.33 

1.25 1. 42 1.63 2.00 2.55  2.76 2.97 2.97 

222336 333402 282342 304378 341515 297188 293491 152975 
51.68 51.81 51.99 52.21 52.51 52.62 52.71 52.71 

1999 

0 

0.00 

0.00 

o.oo 
0.00 

0 

o.oo 
0.00 

0.00 

0 

0.00 

[\.) I -..] 
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D E S C R I P T I O N  

VANGORD CREEK DIVERSION-WATER BOARD APPROVAL 
MINING PERMIT-ENVIRONMENT IMPACT APPROVAL 

CONDUCT BASELINE ENVIRONMENTAL STUDIES 
FARO PIT: 

PHASE-AY-ORE MINING 
RELEASE MARION SHOVEL TO VANGORDA PIT 
PHASE-BZ-WASTE/ORE MINING 
RELEASE P&H 2100 SHOVEL TO VANGORDA PIT 
PHASE -CZ-WASTE/ORE MINING 
RELEASE P&H SHOVEL TO GRUM STAGE I 
RELEASE P&H SHOVEL TO DY-PHASE 
PHASE-DY-WASTE/ORE MINING 
RELEASE P&H 2100 SHOVEL TO GRUM PIT 

FARO UNDERGROUND: 
DEVELOPMENT OF DECLINE/ORE PRODUCTION 
UNDERGROUND COMPLETED 

INFRASTRUCTURE: 
25 kV POWERLINE TO VANGORDA COMPLETE 
ROSE CREEK CROSSING **FOOTNOTE 1 ** 
VANGORDA PLATEAU HAUL ROAD **FOOTNOTE 2** 
VAN GORDA PLATEAU MAINTENANCE SHOPS 
VANGORDA PLATEAU CHANGE HOUSE 
VANGORDA PLATEAU FUEL/LUBE STATION 

SITE PREPARATION: 
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VANGORDA CREEK DIVERSION/DAM 
TREE REMOVAL/GRUB GRUM 
DEWATER OVERBURDEN GRUM 

VANGORDA PIT: 
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STAGE I 
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ooof'OOTNOlE ,.. ACCESS REQUIRED FOR SHOVEL MOllE FROM FARO TO VANOORDA PIT 
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A LA TEST IMPLEMENTATION DATE 

1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 

� 
� 

�AN GORDA 
-

GRUM 
-

-- f!PHASE-AY COMPLETE 
0 -·--· fl PHASE-1Bz COMPLETED 

0 I I 111!1111111.111111111 fl PHASE-CZ COMPLETED � 
0 fl PHASE-DY FARO PIT COMPLETED 

0 

.. 

... 
A 

A 
A 
A r 
A 

.. 

A 
A 
A 
A 

----::=:::�--�:·�-=---� I fl VANGORDA PIT COMPLETED 
0 SHOVEL TO GRUM • 

·--·--·-··-··----· f1 GRUM STAGE I COMPLETED 
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3 . 0  GEOLOGY AND GEOLOGICAL ORE RESERVES 



3 . 1  

3 . 1 . 1  

3 . 1 .  2 

3 . 1 . 3  

3 . 0  GEOLOGY AND GEOLOGICAL ORE RESERVES 

DISTRICT GEOLOGY 

Introduc t i on 

3-1  

The Anvil  Range Lead-Zinc-Si lver Dis tr i c t  i s  located in  the cent ral 

Yukon Terri tory near the town of Faro . The d i s tri c t  con tains one of  

the  world's large s t  reserves of  lead and z inc in  several depos i t s  

including the recen t ly re-opened Faro Mine . Figure 3 . 1 . 1- 1  shows 

the mineral holdings of Curragh Resources and the depos i ts whi ch 

have been d i scovered to  the present t ime .  

Regi onal Geology 

The Anvil Di s t r i c t  i s  par t of  the Selwyn Bas in ( F i gure 3 . 1 . 2-1) , a 

large area of the cent ral Yukon where deep water shales accumulated 

along the ancien t  North  Ameri can con t inental margin during the 

Paleozo i c .  The shales o f  the Selwyn Basin hos t mos t  o f  Canada ' s  

large s tra t i form lead-zinc depos i ts , making i t  a me tallogen i c  

province o f  worldwide s igni ficance . Unlike t h e  remainder o f  the 

Selwyn Bas i n ,  the rocks and ores of  the Anv i l  Dis t r i c t  are me ta­

morphosed thus the shales are converted to phylli tes and s chi s t s . 

The cent ral part o f  the d i s trict  i s  underlain by a large grani t i c  

body that cores an elongate  dome expos ing the met amorphi c  sequence 

( Fi gure 3 . 1 . 2-2 ) . The d i s t r i c t  contains several s t ra t i form , lead­

zinc-s i lver bearing , pyri t i c ,  mass ive sulphide depos i ts hos t ed by 

Cambrian me tasediment s  on the southwes t flank of the dome . The 

Tintina Faul t ,  one of the major right laterial Cordi lleran s t rike 

s l i p  faul ts , passes j us t  south of  the d i s t ri c t  ( Figures 3 . 1 . 2-1  and 

3 . 1 . 2-2 ) ,  but is not d i re c t ly rela ted to the ores . 

D i s t r i c t  S trat igraphy 

The s t rat igraphic  sequence of Anvil Di s t r i c t  ranges in age f rom 
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lates t Precambrian to  Permian . Two maj or divis ions or assemblages 

o f  s t ra t a  are presen t . They are separated by a poorly exposed 

i n terval of  black shale of  uncer tain affin i ty whi ch con tains late 

middle Devonian limes t one lenses (Tempelman-Klui t ,  1972 ) . 

The lower d i v i s i on ranges in  age f rom late Precambrian to  perhaps 

early S i lurian . It is  approximately 5 ki lomet res thi ck and 

divis ible into  three maj or mappable uni ts ( Figure 3 . 1 . 3-1 ) .  From 

the bas e ,  these are non-calcareous me tapeli t e  of Mount Mye form­

a t i on ,  calcareous me tapeli te of Vangorda format ion and basal t and 

black phylli te o f  Menzie Creek forma t i on .  Es tablished formal 

s trat igraphi c  nomenclature does no t apply d i rectly to this  area , but 

the rocks are very s imi lar to  those of  Kechika Group , south of the 

d i s t r i c t  in Pelly Moun tains . The lead-zinc depos i ts occur wi thin a 

res t r i c ted por t i on of  the lower divis i on .  

The upper d ivis ion includes rocks ranging in  age from Devoni an t o  

Permian . In con tras t t o  the lower division ,  the upper d i v i si on i s  

characteri s t i cally cherty and conspi cuously coarsely clas t i c .  All 

or part of the upper divis ion may be allochthonous wi th respe c t  to 

the lower . The upper divis ion is  hos t  to  s trat i form bar i t e  depos i ts 

and t o  a number of  interes t ing geologic problems beyond the s cope o f  

thi s summary . 

( a )  Moun t Mye Forma t i on 

The Mount Mye forma t i on varies from non-calcareous , bio t i te­

muscovi te schis t  t o  non-calcareous , weakly carbonaceous , l i gh t  

t o  medium gray muscovi te-chlori te phylli tes w i t h  lesser , 

interlayed , black graphi t i c  phylli te , marble , calc- s i l i cate 

phyll i te or schi s t , me tabas i te and psammi t i c  schis t .  At Faro, 

the format ion i s  dominated by s chis tose variants  of these rock 

types . The forma t i on is at leas t 2 ki lomet res thick ,  i t s  base 

is no t exposed in the dis trict . 
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The upper por t i on of  the format ion is very s imi lar to the buf f  

weathering mud s t one and blue-gray mud s t one uni t s  described by 

Gordey ( 1978 ) t o  the eas t near Howards Pass and to Uni t BA of  

Blusson ( 1966 ) near Cantung . Correlat i on wi th t hese uni t s 

would imply the top o f  the format i on i s  lower Cambrian or 

pos s ibly middle Cambrian . Par ts  of the Moun t Mye also 

resemble rocks underlying those presumed correlat ive uni t s  

locally , implying the Mount Mye probably includes rocks a s  old 

as Hadrynian . 

( b )  Vangorda Format i on 

The Vangorda forma t i on i s  character i z ed by light to  med i um­

gray , calcareous , phylli t i c  rocks made up of  very thin  ( 0 . 1 -

2 cen t imetres ) interlayers o f  i )  med i um gray , non-calcareous , 

weakly carbonceous , muscovi t e-chlori te  peli te , and i i )  l igh t 

gray , generally calcareous quar tz  plus or minus calc i t e  plus 

or minus dolomi te s i l t s tone . In areas of  more intense me ta­

morph i s m ,  such as near the Faro depos i t ,  the calcareous 

phylli te  is altered to a harder , banded , green , purpli sh-brown 

and cream coloured calc- s i l i cate . O ther rock types in ter­

bedded with the calcareous phyll i t e  include me tabas i te and 

meta- tuffs , graphi t i c  phyll i te and phyll i t i c  limes t one . 

Mos t metabas i te bod ies are medium-grained and equi-granular , 

t hus they may have been s i lls ; however , locally amygdalo idal 

margins and a common associ a t i on wi th thin bedded , tuf faceous 

rocks sugges t at  leas t some were flows . �hole rock composi­

t i onal data  shows that  the me tabas i tes are all  o f  basal t i c  

compos i t ion . The bodies range from one t o  100 me t res i n  

thi ckness and are up t o  several ki lomet res i n  length . 

The Vangorda forma t i on varies be tween 0 . 5  and 2 ki lome t res in 

apparent thi ckness  wi th bas i c  igneous rocks comprising 

approximately 15  percent of  the sec t i on .  The forma t i on 

becomes more calcareous up sec t i on ,  paralleling an increase in 
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metabasal t i c  uni ts . A maj or carbonaceous member occurs at the 

base o f  the forma t i on . 

The Vangorda format ion is  li tholog i cally s imi lar t o , though 

more argi llaceous than , the Rabbi tke t tle  forma t i on seen to the 

eas t .  Based on this correla t i on ,  the Vangorda format ion may 

range in age from middle or upper Cambrian through lower 

Ordov i cian . 

( c )  Menzie Creek Forma t i on 

The Menzi e  Creek forma t i on i s  a uni t of  basal t i c  me tavolcan i c  

rocks cons i s t ing of  p i llowed and mass i ve flows w i t h  comparable 

amount s  of  mas s i ve ,  coarse , monoli thic  breccias and lesser , 

thin-bedded tuff and/or  volcan i c  sand s t one and s i l t s tone . 

Carbonaceous phyll i te and brown s i l t s tone interbeds nor theas t 

o f  the Anvi l  Batholi th con tain grap toli tes of  middle 

Ordovi cian or lower Si lurian age , sugges t ing correla t i on wi th 

the widespread Road River forma t i on black shale and chert  to 

the nor theas t .  The Menzi e  Creek forma t i on varies from zero to  

abou t 1 . 5  ki lome tres in thickness  in and near the d i s t r i c t . 

I t  has been t raced for 100 ki lome tres along s trike and 

30 ki lome t res across s t rike , showing that i t  is one o f  the 

large s t  o f  several basal t i c  uni ts o f  i ts age in and around the 

Selwyn Bas i c .  

( d )  Relat i on o f  S t rat igraphy t o  Ore Depos i ts 

The ore deposi t s  of  Anvil  Di s tr i c t  are s t rat i form and s t rata­

bound t o  an approximately 150 me t re thi ck interval s t raddling 

the contac t o f  the Moun t Mye and Vangorda forma t i ons . The 

depos i ts cons i s t  of one to  five horizons of sulphide mineral­

i za t i on s tacked one above the o t her wi thin this interval . 

They appear t o  be related t o  facies changes involving the 

basal carbonaceous member of  the Vangorda forma t i on .  
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Deformat i on Metamorphism 

The s t ructural and metamorphic  his tory of  the Anvil  Range i s  complex 

and of cons i derable s igni f i cance to the form and nature of the ore 

depos i ts .  During mid-Mesozo i c ,  the d i s t r i c t  suf fered two peri ods o f  

intense fold deforma t i on and concurrent met amorphism during whi ch 

the gross s t ruc ture o f  the mineral depos i ts was determined . 

The f i r s t  deformat ion produced a regional me tamorph i c  foliat ion 

axial planar to  t ight t o  i soclinal mesoscopic  folds in bedding . 

Mesoscop i c  early folds are rarely preserved in the d i s t r i c t . 

Nor t heas terly inclined t o  upright , nor theas t erly verging megas copi c  

folds w i t h  shallow northwes terly o r  southwesterly plunging axes 

appear to have formed at that t ime . 

During the second even t , the i n i t ial foliation was s trongly 

crenulated and ubiqui t ous close to  t ight mesoscop i c  folds were 

produced . Some of  the larges t megascopic  folds known to  have been 

formed during this even t are those at the Grum depos i t .  Parallel to  

the axial planes o f  these folds i s  a crenulat ion c leavage whi ch 

impart s  a well developed l i thon s t ructure and pronounced f i s s i l i ty 

to  mos t  rocks of the d i s tr i c t . 

Three later , less intense periods o f  folding and associated fault ing 

followed . These later even ts generally produced open folds and weak 

crenulat i ons . An impor tant excep t i on to this  general rule is found 

in t he vi cini ty of the Faro depos i t  where the four th even t is qui te  

intense . 

During the later s tages of the fold deformat i on h i s tory ,  a large 

grani t i c  body (Anv i l  Batholi th)  was intruded into the me tamorphi c  

sequence . Anvil  Batholi th ranges in composi t i on from granodi o r i t e  

t o  quar tz  monzoni t e  and textures include equigranular mas s i ve ,  

megacrys t i c  mass i ve and various s trongly t o  weakly foliated 

vari ants . Several potass ium/argon ages on the grani t i c  rocks y ield 

ages of 85-100 million years . Intrusion of  the Anvi l  Batholi th 
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fur ther deformed the metamorphic sequence so that the overall 

s tructure of the d i s trict i s  an elongate  dome cored by the Batholi th 

( F igure 3 . 1 . 2-1 ) .  In the later s tages of  batholi th emplacemen t ,  

large ext ens ional fault d i splacements  occurred along i t s  margins . 

These faults  determine the present day limi ts  o f  several o f  the 

depos i ts .  

Metamorph i sm was concurrent wi th  deforma t i on and was mos t  intense 

during the early deforma t i ons . Metamorphic facies developed range 

from m i ddle amphibol i t e  facies to lower greensch i s t  facies in a low 

pressure Buchan facies series . Met amorphic isograds are roughly 

concent ric about the Anvil Batholi t h .  Faro , close to the batholi th 

( Fi gure 3 . 1 . 2- 2 )  i s  s trongly metamorphosed , whi le depos i t s  such as 

Vangorda are less intensely metamorphosed . This d i fference in me ta­

morph i sm i s  reflected in  decreased grain s i ze ,  increased degree o f  

mineral i n tergrowth , and lesser i ron content o f  sphaleri te in  the 

less me tamorphosed depos i ts .  Thi s  has a signi ficant impact  on 

metallurgical performance of Anvil  Di s t rict ores . 

Ore Depos i ts 

The lead-z inc-si lver depos i ts of  the Anv i l  Range are of  the sediment 

hos ted , s t ra t i form , mass ive pyri tic  sulphide type . They occur as a 

s ingle thick sulphide lens wi th l i t t le or no interbanded me tased i­

men tary rocks ( e . g .  Faro ) or as mul t i-layered depos i ts wi th several 

thinner lenses s tacked approximately one above the o ther wi th  sub­

s tant i al me tasedimentary or me tavolcanic interlayers ( e . g .  Grum and 

Dy ) .  An individual mineralized layer was depos i ted parallel to the 

bedding of the hos t sediments . I t  cons i s ted of an upper , of ten 

cen trally pos i t ioned , lead-z i nc rich ,  mass ive sulphide facies and a 

lower and peripheral , lower grade , quar tzose ,  di sseminated sulphide 

facies . 

These sulphide shee t s ,  or horizons , have since been deformed in to  

complex fold s t ructures . The depos i t s are thus elongate parallel to  

t he fold axes and associated l ineat i ons in the hos t  me tasediments . 
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The  Faro depos i t ,  whi ch appears t o  be  an excep t i on to t h i s  

generali z a t i on ,  actually shows great internal complex i t y  in  t h e  

geomet ry o f  high grade and was te layers . 

Present day deposi t  lengths are generally two to  three t imes wid ths ; 

unfolded depos i t  dimens ions range up to  4 ,  000 me tres across the i r  

ameboid  shapes . Individual sulphide horizons commonly are 10  t o  4 0  

me t res in  t h i ckness .  The upper and lower contacts  o f  sulphide 

hori zons are invariably sharp , while laterally the sulph ides grade 

into  the enclos ing hos t  rocks . 

All deposi ts are composed o f  a small number of  d i f ferent sulphide  

rock types . As noted above , the sulphide rock types are broadly 

d i vi s i ble into  mass ive sulphides and quar tzose , d i s s eminated 

sulphides . There are pyri t i c ,  bari t i c , pyrrho t i  t i c  and carbona te­

bearing variants  o f  mass ive sulphide types and carbonaceous and 

non-carbonaceous var i ants  of the quartzose sulphide rock types . 

All depos i ts show a variably developed , whi te mi ca-dominan t , 

altera t i on overprint in the wallrocks . 

There are presen tly f ive known lead-zinc bearing mineral depos i ts 

along a prominent curvilinear t rend on the s outh flank of  Anvi l  Arch 

( Figure 3 . 1 . 2-2 ) .  From northwes t to  southeas t ,  they include Faro , 

Grum , Vangorda , Dy and Swim.  Add i t ionally , two lead-z inc deficient 

sulphi de occurrences , the SB and Sea , are also known . 

The Faro area geological reserves and mineral inventory are 

summarized in  Table 3 . 1 . 5-1 . 



Source 

Faro 

To t al Depos i t  

Grum 

Main Zone 
( 6 H1-87Y) 
Champ Zone 
( 5 1Y-61Y) 

N . Y .  Extension 
( 87Y-100Y) 

To tal Depos i t  

Vang:orda 

To tal Depos i t  

� 
Total Depos i t  

Swim 

To t al Depos i t  

TOTAL INVENTORY 

TABLE 3 . 1 .  5-1 

FARO AREA 

GEOLOGICAL RESERVES AND MINERAL INVENTORY 

Cu t-off 
% Pb+Zn Class Tonnes % 

4 . 0  Proven 29 , 25 1 , 000 

4 . 0  Proven 30 , 649 , 000 

4 . 0  Probable 1 , 700 , 000 

N . A .  Poss i ble 8 , 000 , 000 

N . A .  N . A .  40 , 349 , 000 

4 . 0  Probable 7 , 457 , 000 

9 . 0  Possible 21 , 059 , 000 

6 . 0  Poss i ble 4 , 309 , 000 

102 , 425 , 000 

Pb+Zn % Pb 

8 . 2  3 . 1  

9 . 0  3 . 4  

7 . 8  3 . 5  

10 . 0  N . A .  

9 . 1  N . A .  

8 . 7  3 . 8  

12 . 2  5 . 5  

8 . 5  3 . 8  

9 . 4  N . A .  

% Zn Ag: g:/ t  

5 . 0  41  

5 . 6  5 7  

4 . 3  46 

N . A . N . A .  

N . A .  N . A .  

4 . 9 54 

6 . 7  84 

4 . 7  5 1  

N . A .  N . A .  

3-8 

Au g:/ t  

N . A .  

0 . 95 

N . A .  

N . A .  

N . A .  

0 . 69 

0 . 95 

N . A .  

N . A .  

NOTES : Two o ther depos i ts ,  SB and Sea , contain sulph ide mineral izat ion bu t 

have no t been evaluated due to  sub-marginal grades . 

Effect ive Date January 1 ,  1986 . During 1986 , 1 . 8  million tonnes were 

mined from the Faro open pi t .  
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3-9 

The mass ive sulphides consi s t  of  banded to homogenous , usually 

weakly foliated and/or lineated , mass ive py:r i t e  wi th lesser 

s phaleri te and galena . To tal sulphide content i s  at  leas t 60 

percen t , generally greater than 80 percent and commonly nearly 

100 percent . Gangue consi s t s  of quar tz and/or  bari te  and/or 

carbonates ( calci t e ,  dolomi t e ,  ankeri t e ) . Accessory minerals 

include pyrrho t i t e ,  chalcopyri t e ,  magne t i t e ,  arsenopyri te and 

marcas i te .  At amphiboli te facies metamorphi c  grad e ,  this  rock 

type commonly develops a bucksho t porphyroblas t i c  tex ture of  

pyri te in a matrix  of  dark reddi sh-brown t o  black lead-z inc 

sulphides . Thi s  tex ture usually i s  res t r i ct ed to rocks w i t h  

econom i c  lead-z inc grades ( Uni t 2F ) .  Hard , barren , mass ive 

pyr i t e ,  commonly wi th d i sseminated , black , magne t i te porphy­

roblas ts , is widespread at Faro , par t i cularly in the nor theas t 

par t of  the depos i t .  

( b )  Bar i t i c ,  Mas s i ve Pyr i t i c  Sulphides [ Un i t  2G]  

The bar i t i c  sulphides are s t rongly and thinly banded massi ve 

sulphide/sulphate  rock consi s t ing of pyr i t e ,  galena , 

s phaler i t e  and commonly magne t i c  in  a gangue of  off-whi te  

bar i te and lesser carbonates ( calci t e ,  dolomi te , ankeri te and 

probably barytocalci t e ) . The amount of bar i t e  may be as high 

as 50 percent ; non-sulphidi c ,  mass ive bari te does not occur in  

the  Anvil  depos i ts . There i s  a complete gradat i on between 

thi s and the above facies wi th 10 percent v i s i ble bari te by 

volume being the dividing l ine . The facies i s  usually qui te 

high grade ( 10-15 percent combined lead-zinc ) .  Sphaleri te  i s  
charac teri s t i cally honey coloured to  reddish brown . 

Pyrrho t i te is  not commonly seen in  the bar i t i c  fac ies excep t 

in  the Faro depos i t  where overall pyrrho t i t e  i s  more abundan t .  
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The carbonate-bearing sulphides are s imilar to  mass i ve pyri t ic 

sulphides , but contain greater than 10 percent carbona te  

( calc i t e ,  dolomi t e ,  ankeri te )  ei ther as  inters t i t ial gangue o r  

a s  coarse pat ches and i rregular blebs . Thi s  i s  a minor facies 

and is not known wi th certainty to  always be an original 

compos i t ion varian t . The mos t common occurrence o f  coarse , 

pinki sh-beige to  tan , ankeri te  patches may represent recry­

s talli zed original carbonate or re-worked pre/syn-me tamorphic 

veins . Thi s  variant is  generally lead-zinc poor . The 

varian t s  wi th whi te  inters t i t ial gangue can be h igh grade , and 

locally they texturally resemble the bari t i c  sulphides . 

( d )  Pyrrho t i t i c  Mass ive Sulphides [ Un i t  2H ] 

Thi s  rock type cons i s ts o f  mass ive , finely crys talline , 

usually well foli ated pyrrhot i te wi th  less than 50 percen t 

pyr i t e  porphyroblas t s  and highly variable amoun ts  o f  

sphaleri te and galena . Minor chalcopyri t e  i s  charac teri s t ic 

o f  t h i s  relatively copper-r i ch facies . Rounded to  angular , 

rotated , foliated quar tzi te or quar tz-vein clas t s  2 cen t i­

met res or less in diame ter are typi cal . Thi s  i s  a minor 

facies and i s  no t known with certainty to  be primary as some 

pyri te in the mass ive facies may invert to pyrrhot i te during 

regional me tamorphi s m .  At Faro , the pyrrhot i  t i c  facies i s  

more volumetri cally impor tant than the o ther depos i ts . 

Pyrrho t i te-rich ores are generally much finer grained than 

non-pyrrho t i t i c  ores at Faro . 

( e )  Ribbon Banded , ' Graphi t i c ' , Pyri t i c  Quar t z i te [ Uni t 2A ] 

Thi s  uni t  i s  a dark gray t o  black , well-banded , sulphi de­

bearing quar t z i t e  (metamorphic usage ) . Bands are : i )  dark 

gray , very fine grained carbonaceous phylli t i c  quar t z i te  to 

s i l i ceous phylli te ( presumed me tacher t ) , and i i )  light gray , 
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quar tz-sulphide ( pyri te-sphaleri te-galena ) bands . These  bands 

are usually 2 mi llime t res to  2 cen t ime t res thick .  To tal 

sulphide content of  Uni t  2A is usually between 10 to 30 

percen t , but ranges from 2 to  60 percen t . Pyr i te  is usually 

the dominan t species , but higher grade examples have subequal 

pyri te and lead-z inc sulphides . Lead-zinc dominant varian t s  

wi th  l i t tle pyri te o ccur , but are n o t  common unless to tal 

sulphide content is low . S trong sulphide species d i fferen t­

i a t i on be tween bands , such that barren pyri te bands are 

adj acent to  or near s phaleri te or galena-r i ch bands ,  occurs 

but is no t generally the case . 

( f )  Pyr i t i c  Quar t z i t e  [ Un i t s  2B , 2C , 20 ] 

The pyr i t i c  quart z i tes are light t o  medium gray , generally 

poorly banded , moderately t o  weakly foliated , mi caceous 

quar t z i tes with  highly variable lead-zinc and pyri te conten t s . 

Pyri te contents are generally 10 t o  40 percen t ranging be tween 

2 and 60 percent . Although there is a complete gradat i on from 

mass ive to  quar t zose ores , there i s  usually l i t tle problem in  

separat ing this  facies from the  mas s i ve pyr i t i c  sulphi des as 

the vas t majori ty  of examples have less than 40 percent t o tal 

sulphi des . A minor variant of  this facies ( Uni t 2B ) shows low 

pyri te ( <  5 percen t )  content wi th lead-zinc sulphides predomi­

nan t . Bar i te in  major amount s  i s  uncommon in  the quar tzose 

facies ; carbonate  species are no t typical but locally are 

abundant . Chal copyri te ,  pyrrho t i te and magne t i te-bearing 

var i e t ies are common . Sphaleri te in the high grade examples 

is charac teri s t i cally a vibran t reddish brown . 

Both wallrocks and certain ore facies of the Anvil  depos i ts are 

overprin t ed by a prominent , eas i ly recognized , light beige , whi te 

m i ca dominan t al terat ion assemblage ( Uni ts  2L and 104 ) . This 

overprint  facies i s  not a depos i t i onal uni t  and may form as a 

react i on produc t between wallrocks and deposi t  forming hydrothermal 

fluids , or as a metamorphi c  reaction envelope unrelated to ore 
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forming fluids  or as  combinat ion of  these processes . In the mul ti­

layered depos i t s ,  this al teration overpri n t  appears d i s cont inuous 

and o f t en bes t  developed in the footwall of a given lens or depos i t  

as a whole . At  Faro , a cont inuous envelope o f  this li thology 

encloses the en t i re deposi t  wi th local ( especially Zone 1 )  bes t 

development in the hangingwall . The more intensely developed 

altera t i on assemblages can cause frothing problems in the mill s ince 

they contain talc or ser i c i t e  that acts l i ke talc . 

In  some cases , i t  i s  preferable t o  refer to  a combinat i on of  

sulphide rock types , par t i cularly in a mining context . In such 

cases , the let ters are combined with  the dominant componen t l i s  ted 

f i rs t .  Thus , 2EG would be mixed 2E and 2G ; 2BCD refers t o  all non­

carbonaceous quar t z i tes regardless o f  sulphide species . Ano ther 

common combina t i on is 2CE whi ch can refer both to mixed 2C and 2E 

and semimass i ve sulphides between 2C and 2E in character . At Faro , 

there are now three ore types mined : 2A , 2BG and 2H . In this case , 

2BG means all the detai led sulphide types from B through G .  

FARO GEOLOGY AND RESERVES 

H i s t ory 

The Faro depos i t  was discovered in 1964 whi l e  drill  tes t ing ai rborne 

electromagne t i c  anomalies supported by o ther indi cat i ons . Mining at  

Faro began in late 1969 and con t inued unt i l  1982 when it  was forced 

to close . 

In November  1985 , Curragh Resources bought the Faro Mine and o ther 

depos i t s  in the Anvil  Range . TJas te  removal from the Faro pi t 

resumed in  early 1986 . The Faro concentra t or resumed produc t i on in  

June 1986 . 
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General Geology 

Figure 3 . 2 . 2-1  and Figure 3 . 2 . 2-2 are schema t i c  longi tudinal and 

cross-sect i on views o f  the Faro depos i t .  

( a )  Stratigraphy and Li thology 

The Faro depos i t  occurs approximately 100 met res beneath the 

Mount Mye/Vangorda format ion boundary . S t rat igraphi cally , 

this  may equate  to  the pos i t i on o f  the lowes t horizons in the 

Vangorda Plateau depos i ts .  

The immediate hos t rock of the orebody i s  b i o t i te-muscovi te­

andalusi te schi s t  that grades downwards into a coarse , 

gneis s i c  b i o t i te-muscovi te schis t .  A discon t inuous graph i t i c  

phyll i t e  uni t  abou t 6 me tres thick i s  interlayered wi th the 

s chi s ts abou t 25 me tres above the ore depos i t .  There are also 

several thin interbands of  s trongly foliated chlori te 

act inoli te schi s t ,  or bleached and carbonated equivalents  o f  

this  mafic  s chi s t , above the orebody . 

The Vangorda forma t ion at  Faro i s  represented by hard , dens e ,  

banded calc- s i l i cates rather than the calcareous phylli te that 

characteri zes the Vangorda Plateau . Thi s  fact is of 

cons iderable importance in blas thole drilling at  Faro because 

o f  the rock ' s hardness .  Amphibol i te up to 10 met res thick i s  

interbanded wlth the calc-s i l i cates and there are several thin 

graphi t i c  phyll i t e  layers . The basal uni t  of  the Vangorda 

format ion in the Faro depos i t  area cons i s t s  of graphi t i c  

phyll i te ,  amphibol i te and calc- s i l i cates mixed i n  subequal 

amoun t s . 

Pos t me tamorphi c  igneous intrus ive rocks are more widely 

developed at Faro than elsewhere in the d i s t r i c t . There are 

two clans of importance : i )  a equigranular to subporphyri t i c  

hornblende dior i t e  t o  quar tz  d i o r i t e  clan , and i i )  a quar tz-
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feldspar porphyry clan . The former occurs as a large dyke 

t runcating the depos i t  at i ts northwes t end , a smaller dyke 

along the fault  be tween Zones 1 and 3 ,  an inferred s i ll 

beneath the breccia cap ( see below ) , and several smaller 

dykes . The lat ter forms highly i rreg;ular and unpred i c t able 

i n t rusive bodies in the north  par t of Zone 3 .  

Associated w i t h  these dykes or irregular intrusive bod ies , and 

the intersec tion of two impor t ant faults  i s  a large mass o f  

heavi ly s i li c i f i ed pos t metamorphi c breccia at  the nor theas t 

edge o f  the depos i t  in Zone 3 .  This ' breccia cap ' comp l i cates 

the p roblems o f  blas thole drilling becuase of i ts ext r eme 

hardness . 

( b )  S t ructure 

Faro is deeper in the s t ructural sequence than o ther par ts  of 

the Anvil  Dis t r i c t . Consequen t ly ,  the s t ructural p i c ture i s  

rather d i f ferent . The second deformat i on effect  i s  very 

s t rong at Faro . Virtually all s ign o f  the f irs t deforma t i on 

have been comple tely over-printed . 

The planar s chis tos i ty i s  s trongly developed and i s  the plane 

o f  greates t f i s s i l i  ty in all metamorphi c rocks of the Faro 

area . I t  d i ps 10 to  20 degrees towards the southwes t or wes t .  

Second phase folds are generally i socl inal wi th shallowly 

northwes t or southeas t plunging axes . The ore depos i t  is a 

tabular body parallel to  compos i t ional layering . 

Generat ions o f  folds deform compos i t i onal layering and the ore 

depos i t  into close to t ight northeas terly verging folds wi th 

axi al planes d i pping 45 to  60 degrees t owards the sou thwes t 

and generally wes t or northwes t  plunging axes . The late folds 

commonly have ampli tudes of  approximately one me tre and folds 

o f  several tens of me tres are inferred in  the base of  the 

depos i t .  The s i ze of  these folds and the ex tent t o  whi ch the 
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deposi t  margin  and internal banding geome t ry i s  defined by 

late folds as opposed t o  faul ts  i s  one of the maj or uncert ain­

t i es i n  ore reserve est imation at  Faro . 

· Faul ts  postdat ing the fold deforma t i on ( and concurrent me ta­

morphism)  are widely developed a t  Faro . Two sets  lire par t i cu­

larly i mportan t :  i )  a N20°W s tr iking and s teeply wes t 

dipping set , and i i )  an eas t or N60°E s t riking and generally 

s t eeply to moderately south d i pping set . These two s e t s  

define a graben s t ructure . Zone 3 ,  whi ch con tains the 

remaining reserves , is the cen t ral down- thrown block , and 

Zones 1 and 2 ,  now mined out , are the upthrown blocks . Many 

o t her faul t s e t s  are more locally developed . 

The shallow t o  moderate southwes t dip  means that the nor theas t 

wall o f  the p i t  i s  relat ively uns table.  Fai lures to  date 

appear to  be surfi cial and involve platy rock fragmen ts  

s l iding slowly t owards the p i t . The pos s i b i l i ty of  larger 

scale failures involving s l i p  backed by some of the larger 

faults  dipping towards the p i t  canno t be d ismissed . The 

relat i vely more mass ive and s tronger rock mass of the nor th­

eas t edge of  t he sulphide depos i t  is expected to  bu t ress the 

nort heas t pi t wall as the p i t  deepens . 

( c )  Depos i t  Geology 

Before mining , . the Faro depos i t  was 2 , 000 me tres along s t ri ke , 

800 met res across  s trike ,  and from a few met res t o  90 me t res 

thi ck.  The depos i t  i s  a flat-lying , elongate , asymmet r i c  lens 

wi th a thi ck northeas t s ide and a thin t aper ing southwes t 

s i d e .  

There i s  essen t ially one thick hori zon at Faro , although t h i s  

hori zon contains numerous cycles and several thin phyl l i t e  

was te  bands are included . Locally , a thin upper horizon i s  

d i f feren t iated from the main mass of  the depos i t ,  generally 

.. 
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this  i s  too thin to  be  mineable . Low grade sulphide inter­

banding wi th the high grade ore is widespread especially in 

the nor theas t part of the depos i t .  The low grade o r  was t e  

sulphides pose a maj or d i lu t i on problem , unl ike phyll i t i c  

was te  they cannot b e  visually d i f feren t iated , thus are much 

more d i ff i cult  to  con t rol . Only blasthole assays can define 

sulphide was te . The thi ckness of  high grade and sulphide 

was te or low grade interbanding is commonly less than the 

6 met re ( 20 foo t )  bench height , par t i cularly in  the northeas t 

part of  the depos i t .  Thi s  places bas i c  limi ts  on d i lu t i on 

con trol us ing the current methods of  ore sampling and deline­

a t i on .  

Ore type zoning i s  par t i cularly s trong a t  Far o .  I t  follows 

the scheme ou t lined above wi th a mass ive variably bar i  t i c  

upper port i on and a quartzose variably carbonaceous lower 

par t . In add i t ion ,  there i s  a prominent , very low-grade semi­

mass ive zone along the northeas t edge o f  Zone 3 and unusually 

abundant ( compared to o ther Anvil Dis tr i c t  depos i t s ) , but 

erra t i cally d i s tributed , pyrrho t i t i c  minerali za t i on in the 

sou thwe s t  part of the depos i t . Grade zoning follows ore type 

zoning so that the base and northeas t edge of  the depos i t  

con tains the lower grade minerali zat ion , whereas the upper and 

s ou thwest  port ion contains the higher grade minerali z a t i on .  

Zoning was also obvious i n  plan view a t  Faro . Zone 1 was r i ch 

in bari t i c  ores thus high grade , Zone 2 at  the o ther end o f  

the depos i t  was rich in carbonaceous quart zose ore types thus 

low grade and me tallurgi cally undes i rable . Zone 3 has inter­

mediate charac teri s t i cs .  

The greates t con t inu i ty in the depos i t  i s  along the depos i t  

elongation .  Across this trend the hori zontal con t inu i ty i s  

relat i vely poor with  gradual changes i n  rock type and grade in 

the nor theas t half of  the depos i t ,  and less abrup t grade 

vari a t i on in  the sou thwes t hal f .  The vert i cal cont inu i ty i s  

poor s ince there are rapid  changes in rock type and grade 



3 . 2 . 3  

3 . 2 . 4  

3-17  

across the subhor izontal layering . The ore depos i t  thus has a 

feather edge assay boundary along i ts nor theas t edge . A 

better  defined lower assay boundary and a rela t i vely sharply 

defined upper boundary . The southwe s t  limi t of  the open-pi t 

ore i s  defined by the gradual thinning o f  the depos i t  and the 

gen tle sou thwes t d i p .  

I t  i s  easy t o  make generali zat ions such a s  those above i n  

order to  convey an impress ion of  the depos i t ;  however ,  the 

Faro deposi t  shows very complex internal var i a t i on .  Between 

d r i l l  holes , variabili ty is so great that commonly the rock 

type and assay d i s tribu t i on in adj acent d r i l l  holes seem t o  

bear n o  relat i on t o  one ano ther . Thi s  great vari ab i l i ty 

places some bas i c  limi ts  on the reliab i l i ty of  local reserve 

es t imates . 

Drilling Dens i ty 

The Faro depos i t  was d r illed off  on 43 metre ( 141  foo t )  · spaced 

sec t i ons wi th holes s paced nominally at 43  met res along the 

sec t i ons . Mos t  holes were ver t i cal . In some par ts  o f  t he depos i t ,  

fi ll-in drilling t o  43 me tres has no t been comple ted . In 1 986 , 

add i t ional f ill-in ( to about 25 met res ) was added t o  the northeas t 

s i de of  Zone 3 because o f  d i ff i cult ies in making accurate shor t  

range proj ect ions wi th the avai lable data.  The resul t s  o f  t h i s  new 

drilling are s t i l l  being processed for use in detai led mine produc t­

i on planning .  

Reserve Calculat i on 

( a )  Me thod and Procedure - "FI "  Model 

The reserves used for Faro Mine planning are derived from the 

" FI "  Mine Model , generated from Oc tober to  December 1985 by 

Cyprus Anvil  Mining Corpora t i on .  The FI Model i s  one of  

several computer block models of  the Faro depos i t ;  reference 

to s ome o thers will be made herein . The F3 and T3 date f rom 

198 1 .  
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The F4 is  more recent , but was never comple t ed by Cyprus Anv i l  

and thus i s  no t useable f o r  mine planning .  The F I  Model i s  an 

interim model that combined parts  o f  the F3 and F4 and 

incorporated extensive dri lling resul ts  pos tdat ing complet ion 

o f  the F3 and T3 Models . The 1985 Kilborn analysi s  o f  the 

Faro Mine Proj ect  used the T3 Model resul ts . 

Geologi cal data will  be con t inually updated t o  fac i l i t a t e  

detai led product ion planning a s  the opera t i on progresses . 

( b )  Block Geology and Dri l l  Hole Informa t i on 

The FI Model i s  a computer based block model wi th block s ize  

15 . 25 metres by  15 . 25 met res by  6 . 1  met res high ( 50 feet by  50  

feet by  20 feet high) . The blocks are  oriented Nor th-South 

and Eas t-Ves t ,  at  45 degrees t o  the elonga t i on of  the o re 

depos i t  and geologi cal sec t i ons . The Mintec Medsys tem ,  

release 1 0  sof tware package , was used t o  generate the model 

and derive reserves . 

The geologi cal interpre t ive base was derived from two s ources . 

In the southeas t part of  Zone 3 ,  the geologi cal in terpre tat ion 

is t he mos t up t o  date poss i ble ( 1983 ) ,  and i s  t he same as 

that used for the F4 Model . In the remainder of  Zone 3 ,  this  

new geological interpretation was not ye t avai lable , t hus the 

interpretation used was that developed in 1981 for the F3 and 

T3 Models . Thi s  d i d  no t take advantage of 1 984 drilling .  The 

i n terpre tat i ons will d i f fer only in the relat ive impo r t ance o f  

folds and faults  whi ch resul t i n  d i fferences i n  bench t o  bench 

geology . For an overall sec t i on t hrough the depos i t ,  the 

cross-sec t i on area , and hence the volume , will not be very 

d i f ferent . 

Block geological code assignmen t was based on 6 me tre ( 20 

foo t )  spaced bench plans o f  the geology . A block whose  area 

is underlain by more than 50 percen t sulphide rock type was 
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coded as  an ore type , o therwise it  was coded as  was t e .  The 

actual block geologi cal code was defined by the uni t  occupying 

the maximum plan view area wi thin  the block. One rock code 

was ass i gned to each block and that code was assumed to apply 

uni formly to  the ent i re block . 

The d r i l l  hole database used includes all holes in  the depos i t  

t o  the t i me o f  model cons t ruc t ion ; thus , all holes prior t o  

Curragh ' s  acqui s i ti on of  Faro , bu t none of  Curragh ' s  1986 

holes , are included . These will be included in subsequent 

geologi cal updates . 

All drill  holes were relogged t o  a common s tandard be tween 

1 98 2  and 1 984 and extensive checking of the assay and survey 

data for cons i s tency was carri ed out by Cyprus Anvi l ' s  s ta f f .  

Some holes have not been surveyed for downhole deviat i on .  I n  

these cases , an average devia t i on based on nearby surveyed 

holes was used . There are now known to  be errors in  the 

collar loca t i ons of some holes on the order of  50 fee t 

laterally . Thi s  i s  apparent ly due t o  a small angular error in  

re-es tablishing survey control during the  late  1960 ' s  and 

cannot be correc ted now . The error is  larges t in  the more 

s ou theas terly holes . Apparen t ly ,  no t all holes are a f fected . 

Holes pos tda t i ng the mid-1970 ' s  are thought t o  be cons i s tent 

wi th the current survey con trol . 

( c )  Compo s i te Calcula t i on 

Drill  hole assays were compos i ted on a 6 me tre ( 20 foo t )  bench 

bas i s . Assays were weighted by length wi thin the bench and 

spec i f i c  grav i ty of the cons t i tuent samples . High assay 

values were rolled back to  the 95th percen t i le level before 

compos i t ing . Internal was te (3 me t re or 10  feet t h i ck or 

les s ) was included in the compos i tes at  zero grade . 

Compos i tes were again  cli pped t o  the 95th percen t i le before 

i n terpolat i on .  External was te  and was te bands greater than a 
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one-half bench heigh t ( 3  me t res or 10 fee t )  were no t included 

in the compos i te i ntervals resul t i ng in a compos i te shor ter 

than 6 me t res ( 20 fee t )  long . Thi s  was carried ou t on the 

premise that was t e  or ore thi cker than half a bench heigh t  

could b e  separated during mining . There i s  some debate a s  t o  

the validi ty o f  the assump t i on s ince this me thod of  compos i te 

calculat ion could lead t o  grades that requ i re a higher 

d i lut i on in order to  quo t e  mill feed than a calcula t i on that 

averages an ent i re bench regardless o f  material type . Par t of  

t he rat i onale in this me thod o f  compos i t ing is  tha t a gi ven 

compos i te will be used on more than one bench , thus a 

compos i te from the margin o f  the depos i t  will be used t o  

es t i ma t e  the grade of  the interior of  the depos i t ,  and in that 

case i t  would no t be appropria te to  have averaged in a large 

amoun t o f  unminerali zed mat erial . All previ ous Anvi l  Dis t r i c t  

geologi cal models have followed exactly the same compos i t ing 

s cheme . Thus , this  i s  no t an explanat i on of  d i f ferences 

between model reserves . 

The geologi cal coding of  the compos i tes was changed and 

i mproved over previ ous models ( par t i cularly the T3 ) .  Each 

compos i te was checked manually to  ensure that i t  was coded 

cons i s ten t ly wi th the sec t i onal geology rather than machine 

coded by detai led logged geology . Since large interpre t ed 

uni t s  o f t en encompass several smaller int ervals o f  d i f fe ren t 

geology , this procedure ensured that the compos i t e would be 

used t o  interpola t e  only relevan t uni ts . The impl i ca t i ons of 

t h i s  cod ing are d i s cussed in the nex t s e c t i on .  

( d )  Interpola t ion 

Interpolat ion search volume was 69 me t res ( 225 fee t )  along 

s t ri ke , 46 me t res ( 150 fee t )  along d ip and 8 me tres ( 25 fee t )  

ver t i cally . Composi tes were selected for interpola t i on on the 

bas i s  o f  block geology being equivalen t to compos i te geology 

cod ing . No compos i te less than 2 . 4  met res ( 8  fee t )  long was 
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used i n  t he i n terpola t ion to  avoi d  biasing large blocks wi th 

small data poin t s . One compos i te per drill hole was allowed 

for interpolat i on to minimize ver t i cal averaging across 

banding in the s t rat i form depos i t . 

Interpola t ion was carried out in f ive passes s tar t ing wi th 

s t r i c t  mat chi ng requiremen t s ,  and a small search volume then 

gradually loosening the res t ri c t i ons to interpola te values 

i n t o  blocks missed on previ ous passes wi t hou t affect ing t he 

values already as s igned . 

much as 76 met res ( 250 

me t res ( 105 fee t ) high .  

The search volume was enlarged t o  as 

fee t ) by 53 me t res ( 175 feet ) by 32 

Vhere more than one compos i te was avai lable to  es t ima t e  a 

given block , they were weigh ted i so tropi cally by the inverse 

square of  d i s tance to  the point being est imated as well as by 

t he l ength o f  the compos i t e .  The length weigh t ing of  

compos i tes was carried out to  avo id biasing large volumes o f  

o r e  wi th assays represen tat ive of  only. a small amoun t of  

ma t erial . Thi s  procedure is di fferen t from all previous Faro 

depos i t  models excep t the l i t t le known F4 , and probably 

explains why the F4 Model d i f fers from o ther calculat ions in 

marginal benches . 

The implica t i ons of  the geologi cal ma t ch ing requi remen t dur i ng 

in terpolat ion have not been tes ted ; however ,  some s tatemen t s  

can b e  made i n  ligh t  of  the rock type - grade correla t ions and 

grade zoning described above . Since mass i ve ores tend to be 

higher grade than d isseminated ores and mas s ive ores are more 

cent ral and higher in the depos i t  than disseminated ores , 

t here will be a t endency to  average grade both by rock type 

and in space i f  there is not ma tching requi red . The use of 

rna t ching will  tend to  make massive ores higher grade and 

d i sseminated ores lower grade than would be the case wi thou t 

ma tching . Because of  the geome t ry of  the depos i t  and i t s 

zoning , the higher grade ore will be more cen t ral and highe r 
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in eleva t i on in the case o f  ma tching than i t  would be wi thou t 

ma t ching . Vhen a cu toff i s  applied to the block values 

computed through geologi cal code ma tching , the t onnage above 

cu toff  will be lower and the average grade higher than a 

reserve compu ted wi thou t a ma tching requi remen t ;  fur thermore , 

the limi ts  o f  ore will be higher in elevation and closer to 

the cen t re of  the depos i t .  Because of  these rock type and 

zoning charact eri s t i cs of the Faro depos i t ,  i t  is cons i dered 

essen t i al to  use mat ching to produce an accurate pi cture of 

grade d i s t r i but ion . I t  is , however ,  inescapable that a 

reserve compu ted through geology ma t ching will requ i re a 

higher d i lu t ion fac tor than one compu ted wi thout ma t ch ing . I t  

i s ,  however ,  considered more real i s t i c  for d i lu t i on 

calcula t i ons t o  be made after the model i s  cons t ructed ra ther 

than during in terpolation when i t  wi ll occur in uncon t rollable 

and unpred i c table fashi on . 

Speci f i c  gravi ty ( SG )  was t reated as an assay and interpola ted 

into blocks . Thi s  is  due to the vari abili ty of  SG by rock 

type and by grade as well as regional varia t i ons of  SG wi thin 

one rock type . Sulphide blocks ou tside of  in terpola t i on range 

were ass igned an average SG based on rock type . The SG values 

used for interpolat ion were the pulp SG , not the whole rock 

SG , thus the value did no t reflect  poros i ty in the insi tu 

in tac t material . A number o f  compara t ive SG tes ts  have been 

carried out on Anvi l  d i s t r i c t  ore to determine the degree of  

overs tatemen t  of SG . In light  of the resul ts of  these t es t s , 

block SG values were reduced by 5 percen t for quar t zose ore 

types or 10 percen t for massive ore types to correct  for 

poros i ty in the ins i tu whole rock . Previ ous Faro models have 

not had this correction made i f  pulp SG was used . Cyprus 

Anvi l ' s prac t i ce in quo t i ng model resul ts as mill feed 

pred i c t i ons was generally to reduce the grade by 5 percen t ,  

but not t o  adj ust  the tonnage ; s ince the tonnage was al ready 

overs tated by use of the pulp SG value , this was nearly the 

same as adding 5 percen t d i lut ion . Curragh ' s  approach i s  to 
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at temp t to  es t imate the insi tu t onnage and apply an 

appropriate d i lu t ion fac tor later rather than a t t empt t o  make 

two sets  o f  corre c t i ons a t  once . 

( e )  Reserve Repor t i ng 

Reserves were computed for s i x  ore types : 2A , 2BCD , 2CE , 2EF , 

2GE and 2HE . Geologi cal reserve computation was by a weigh te d  

average o f  a l l  blocks in  the model below t opography that 

exceed a certain arbi t rary lead and z inc conten t . Pi t 

reserves are repor ted by comput ing the weighted average o f  all  

blocks above cutoff  lying between two surfaces gridded on the 

same block grid  as the block model . The two surfaces are an 

upper sur face represen t ing topography or the previous phase 

bot tom , and a lower surface represent i ng the current phase 

bo t tom . Blocks par t ly above or below the surface are 

mul t i pl i ed by the frac t i on of  the block that i s  be tween the 

surface eleva t i ons for that block when comput ing the weighted 

average . 

Result s  

Geologi cal reserves calculated from the F I  Model are given i n  Table 

3 .  2 .  5-1 below , along wi th some previous f i gures of a comparable 

nature . The Dome manual calculat ion covers a larger area than the 

Fl Model thus canno t  be compared d i rect ly .  Since neares t neighbour 

sec t i onal calcula t i ons , such as the Dome one , tend to  report  higher 

grades than inverse d i s tance squared interpolated models , the 

d i f ference in grade may not be sign i f i can t . 



TABLE 3 . 2 . 5-1  

GEOLOGICAL RESERVES FOR THE FARO DEPOSIT ZONE 3 

[ all values are undi luted and unadj us ted ] 

Grade 

Category 

Ore 

( tonnes ) 

FI Computer Model 

+5% Pb+Zn 

4-5% Pb+Zn 

+4% Pb+Zn 

2 2 , 793 , 000 

3 ,  770 , 000 

2 6 , 563 , 000 

Pb 

( % )  

3 . 28 

1 .  72  

3 . 06 

Zn 

5 . 14 8 . 41 

2 . 78 4 . 50 

4 . 81 7 . 86 

TOTAL METAL AT +4% Pb+Zn CUTOFF = 2 , 088 , 000 TONNES 

Dome Sec t i onal Manual Calculat ion 

+4% Pb+Zn 2 9 , 251 , 000 3 . 13 5 . 03 8 . 16 

TOTAL METAL AT +4% Pb+Zn CUTOFF 2 , 38 7 , 000 TONNES 

Cyprus Anvi l  ( F3 Computer Model ? )  

+4%( ) ? )  Pb+Zn 33 , 000 , 000 3 . 0  4 . 6  7 . 6  

TOTAL METAL AT +4% ( ? )  Pb+Zn CUTOFF = 2 , 508 , 000 TONNES 

3 . 2 . 6  Add i t i onal Vork Required 

Ag 

� 

4 1 . 5  

2 7 . 3  

39 . 5  

40 . 8  

35 . 7  
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In order t o  provide improved es t imates of  reserves for  short- term 

p roduct i on planning , i t  will be necessary to drill  add i t i onal 

f ill-in holes on an ongoing bas i s . To f i ll in the current pat tern 

t o  43 met res ( 141  fee t )  minimum on the main 43 metre ( 14 1  foo t )  

s paced sec t i ons , will requi re 3 2  add i t i onal holes to talling 4 ,  270  

met res ( 14 , 000 fee t ) . Of this to tal , 20 holes t otalling 2 , 300 

met res ( 7 , 500 fee t )  are in the AY and early BY phases and have 

higher prior i ty .  



3 . 3  

3 . 3 . 1  

3 . 3 . 2  
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Blas thole cu t t ings assays will con t i nue t o  be used for day- t o-day 

forecas t ing o f  mill feed grades and geologi cal upda t ing . 

A new modelling technique has been devised that t reats blocks not as 

homogenous s i ngle geologi c en t i t ies bu t as the sum of  two or more 

ma terial types . Thi s  modelling techni que will be implemen ted soon 

and should s ign i f i can t ly improve the pred i c t ion of  low grade and 

was te d i lu t i on .  

GRUM GEOLOGY AND RESERVES 

His tory 

The Grum depos i t  was d i scovered in 1973 by AEX Minerals in j oi n t  

venture wi th Kerr Add i son Mines . Discovery was a s  the resul t o f  

drill t es t ing a gravi ty anomaly in an area down fold plunge from the 

Vangorda depos i t  along what was then a, as ye t ,  poorly def ined 

favourable t rend . 

Surface drilling in 1973 and 1974 indi cated a s igni f i can t depos i t ;  

in  1975  and 1976 , an underground sampl ing and drilling program , 

along wi th further surface d i amond drilling , was carried out to  

fur ther define i t .  

Kerr Add i son Mines sold the deposi t ,  along with Vangorda and Swi m ,  

t o  Cyprus Anvil Mining Corporat i on in 1979 . From 1980 to  1982 , 

Cyprus Anvil dri lled add i t ional holes in and around the depos i t  and 

relogged all exi s t ing holes in i t .  All avai lable sulphide 

in tersec t i ons were resampled and reassayed at that t ime . 

General Geology 

Figures 3 . 3 . 2- 1  and 3 . 3 . 2-2 are respectively longi tudinal and 

cross-sec t ional view o f  the Grum depos i t . 
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(a) S t ra t igraphy and Li t hology 

The Grum deposi t  cons i s t s of  three to f ive highly con torted 

layers of  mass ive and disseminated sulphide mineralizat ion 

wi thin a 150 me tre sec t i on of  barren phylli te . The mos t 

impor t an t  minerali zed hori zon occurs j us t  benea th the basal 

carbonaceous member of the Vangorda forma t i on .  There are thin 

low-grade horizons wi thin the Vangorda format ion and more 

impor tan t  hori zons in the upper part of the Moun t Mye 

forma t i on .  

A t  Grum , the Vangorda forma t ion cons i s t s  o f  so f t , highly 

f i s s ile , calcareous phylli tes . He tabas i tes in the Grum area 

are minor and tend to be highly folia ted chlor i t e  phylli te 

rather than blocky , mass ive greens tones that typ i fy the 

Vangorda format ion elsewhere . The basal carbonaceous member 

of the forma t i on thi ckens across the depos i t  from abou t 10 

me t res in the northeas t to  as much as 80 or 100 me tres 

s outhwes t of the depos i t .  The sulphide hori zons appear to  be 

associa ted wi th the nor theas t pinchout of  this un i t .  

Immed iately above the main ore horizon the carbonaceous rocks 

are sof t , highly sheared and gouged , bu t elsewhere they are 

moderately hard , highly frac tured , black s i l i ceous phylli t es . 

The Moun t Mye format i on also cons i s t s  of  soft  phyll i t es wh ich 

are d i s t ingui shed from those of  Vangorda format ion by being 

non-calcareous and less d i s t inctly banded . 

There are no s i gn i f i can t pos t  me tamorphic dykes at Grum . The 

Anv i l  Batholi th crops out 1 . 5  ki lome tres northeas t of the 

depos i t ,  bu t is separa ted from i t  by maj or faul t s . The 

ba thol i th is unrelated to the depos i t  and does not appear to  

have s igni fi can t ly affected i t .  



( b )  S t ructure 
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The ore layers at Grum are con tor ted into a complex , shallowly 

northwes t  plunging , polyphase fold s t ructure . The prominen t 

" S" shaped folds are second phase s t ruc tures . They are 

superimposed on a larger " Z "  shaped f i r s t  phase fold . The 

dominan t p lane of f i s s i l i ty in the phyll i tes at Grum is axial 

planar to the second phase folds and d i ps shallowly ( 10 to 30 

degrees ) generally to the sou thwes t .  Thi s  f i s s i l i  ty is a 

maj or fact or i n  ass essing s lope s tabi l i ty for a Grum pi t .  The 

overall depos i t  elonga t ion parallels the axial d i re c t i on of  

the second phase folds ( 315 degrees t rend 11 degrees plunge ) . 

There are several impor tan t  faults  at Grum . The larges t 

d i s p lacement s  occur on moderately ( 35-45 degrees ) d i pping 

s t ructures that t runcate the depos i t  at bo th i t s nor thwes t  and 

southeas t ends . Nei ther of these s t ruc tures would crop out in  

an open pi t ,  bu t smaller subparallel faults  wi ll be found in 

the p i t .  A s teeply nor thwes t dipping fault  t rend ing abou t 060 

degrees , passes be tween sec t i ons 70� and 72� and downdrops the 

depos i t  abou t 60 me tres to  the nor thwes t .  A myriad of  smaller 

faul t s  were mapped underground by Kerr Addi son Mines , t rend ing 

on the average 080 degrees and d i pping s t eeply . Joints  mapped 

underground and on sur face tend to s t rike 060 degrees and d i p  

subve r t i cally . 

( c )  Surf i cial Geology 

The subcrop of  the ore depos i t  is  covered by up to  100 me t res 

of morainal material ( t i lls ) and be t ter sor ted galcio fluvial 

s i l t s , sands and gravels . These unconsol i da ted sediments  are 

water sa turated and may con tain pocke t s  of permafros t .  The 

northeas t wall of any pi t des igns at Grum mus t contend wi th 

thick s ec t i ons of  these sedimen t s . Dewa tering in advance of 

s t ripping may help increase s tabi l i ty subs tan t ially as well as 

s impl i fy opera t i ons in the pi t .  
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( d )  Ore Deposi t Geology 

As with  o ther depos i ts in the Anv i l  Range , a given o re hori zon 

at Grum tends to have a massive sulphide upper and cen t ral 

por t i on and a quart zose , d isseminated sulphide lower and 

peri pheral por t ion . The horizons can be up to 30 me t res 

thick,  but are mos t ly 15 me t res or less thick .  Grade i s  

s t rongly par t i t ioned into massive ,  par t i cularly bari t i c ,  

sulphides t hus the tops o f  hori zons t end t o  be high grade and 

the bot toms low grade ( excep t ,  of course , where the hori zons 

are over turned ) .  The sulphide hori zons are s eparat ed by 

s igni f i can t thi cknesses of barren phyll i t e .  Interfaces 

be tween ore and was te tend to be sharp at t he s trat igraph i c  

hangingwall con tact agains t barren phylli t e ,  and grada t i onal 

both at the footwall and laterally agains t sulphide was t e .  

Grum , l ike Vangorda and Dy , has several charac ter i s t i cs that 

d i s t inguish i t  from Faro . In large par t , this is  due t o  the 

lower me tamorphic  grade the depos i t  has reached . The mos t 

ou ts tand ing d i f ference be tween Grum and all the o ther Vangorda 

Pla t eau depos i t s , as opposed to Faro , is the form of the 

depos i t .  The Vangorda Plateau depos i t s cons i s t  of several 

d i s t inct , highly contorted horizons separa ted by barren 

phyll i t e  was t e .  Faro , on the o ther hand , is essent ially one 

thick hori zon in overall ou t l ine with  lesser phyll i t i c  was t e  

bu t substan t ial barren sulphide was t e  band ing . Th i s  implies 

that d i lu t i on by phylli te will be higher a t  Grum than a t  Faro . 

Faro , however , con t ains considerable internal sulphide was t e ,  

thus i ts mining dilut ion i s  higher than migh t  appear a t  f i r s t  

glance . Nonetheless ,  Grum has a higher po t en t i al for mining 

d i lu t i on and wi ll have more complex mining problems than Faro . 

However , the di lu tant at Grum will be predomi nan t ly the more 

eas i ly iden t i f iable phyll i te rather than low grade sulphides 

as at Faro . Experi ence at Faro shows that phyll i te dilut ion 

i s  much eas ier to  con trol than low grade sulphides . 



3 . 3 . 3  
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Grum ores have a f iner grain s ize and more complex rna terial 

i n tergrowth than Faro ores , neces s i tat ing f iner grinding .  

A t  a given l ead-z inc cutoff grade , ores a t  Grum are higher 

grade t han those remaining at Faro , and are higher in precious 

me tals rela t i ve to base metals . The average gold con t en t  of  

Grum i s  several t i mes higher than Faro . Simi larly , o ther 

elemen t s  that tend to be geochemi cal associates of  gold , i . e .  

mercury and arsenic , tend to  be h igher a t  Grum . The 

s phaleri te at Grum , and l ikely o ther Vangorda Plat eau 

depos i ts ,  i s  ri cher in zinc and lower i n  i ron con tent due to  

lower metamorphic  grade . 

A feature unique to  Grum among the Vangorda Plateau depos i ts 

i s  the relat ive abundance of  quar t zose ore types , par t i cularly 

carbonaeous pyri t i c  quartzi tes whi ch comprise about 35 percen t 

o f  the reserves above 4 percen t lead and z inc . 

Drill ing Defini t i on and Information Base 

The Grum depos i t  ext ends from sec t i on 52V in the southes t to  sec t i on 

1 12V in the nor thwes t .  The depos i t  has been mos t densely dri lled 

between 62V and 86V ,  and i t  is this  por t ion of  the depos i t  for whi ch 

proven geologic reserves are repor ted . 

Mos t of  the depos i t  southeas t of  BBV has been dri lled from the 

sur face on at leas t a 61  me t re by 30 . 5  me t re ( 200 foo t by 100 foo t )  

pa t tern . Mos t surface holes are ver t i cal . 

Between sec t i ons 62V and 86V ,  the depos i t  has also been explored by 

15 , 000 me t res o f  underground drilling in fans from a pa ir of  

parallel inclines following the depos i t  trend . The s t rike leng th of 

the depos i t  examined from underground is  700 met res , underground 

workings , now flooded , to tal 2 , 900 me t res . 
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The fans are mos t comple te on even numbered sec t i ons ( i . e .  spaced 6 1  

me t res apar t ) ;  o n  the odd numbered s e c t i ons , inbe tween , some 

f i ll-in drill ing has also been carried ou t from underground . The 

overall dens i ty of drilling i s  on the order of 15 me t res by 30 

met res wi th l ocal areas being much in excess of tha t . 

In the southeas t par t of  the depos i t ,  add i t i onal fi ll-in d r i l li ng 

was carri ed out by Cyprus Anv i l  in 1980-82 from the surface to  more 

closely define shallow o re for early produc t ion . 

To tal d r i l li ng a t  Grum i s  6 7 , 200 me t res of  whi ch 15 , 000 me t res i s  

underground drill ing and 52 , 200 me tres i s  surface drill ing . Be tween 

62V and 86V , there i s  a t o t al of 53 , 600 me t res of drill ing in 372  

drill holes ( 154 surface and 218 underground ) o f  whi ch 344 are used 

in the curren t model . The remainder , not included in the model , are 

underground holes that are at high angles to  the geologi cal sections 

and s ome short holes that did not in tersect ore . 

There are 9 , 000 samples in the Grum depos i t  assay da tabase . .  Assay 

i n tervals generally average 1 . 5  me t res in length and are normally 

cross-referenced to  sulphide rock types . Assaying was comple ted by 

Kamloops Research and Assay Laborat ories . All assays were 

determined using a s e t  of Anvi l  Di s t ri c t  ore type s tandards for 

con t rol . Rej ects and N2 purged pulps ( by now s omewha t oxi dized)  

have been re tained for  add i t i onal analyt i cal work . 

For mos t samples , assays were de termined for lead , zinc , copper and 

s i lver . For two- thirds of  these samples , de t ermi nations were also 

made for insoluble i ron , soluble ( in hot concen t rated HCL ) i ron , 

gold and pulp SG . For approximately 10 percen t of the to tal samples 

from the property,  assays were det ermined for lead , z inc and s i lver 

only . There are no barium or manganese assays avai lable , nor 

sys tema t i c  data for mercury , arsen i c , cadmium or any o ther elements . 



3 . 3 . 4  Reserve Calcula t i on 

( a )  Int roduction 
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To evaluate the Grum ore reserves , a new block model , the 

G8606 Hodel , was constructed by Curragh in June and July 1986 . 

New reserves were calcula ted for the depos i t  in  two por t i ons : 

one from surface ( 1 , 336 me t re maximum eleva t i on )  to  1 , 088 . 5  

me tre e levat i on ,  and a second from 1 , 088 . 5  to 8 68 . 0  me t re 

e leva t i on .  This was due to  sof tware and hardware limi t a t i ons 

brough t abou t by a low bench heigh t  ( 4 . 5  me tres ) and 

correspondingly larger number of benches . 

The PC Mine sof tware package was used for grade in terpolat ion 

and reserve calcula t i on .  The block geology and compos i tes had 

been previously calcula ted us ing Hintec ' s  Hedsys t em release 

10 . The resul ts of  the calculat ion are ou t lined in Sec t i on 

3 . 3 . 5  of this Repor t .  

Geologi cal data will be con t inually upda ted during produc t i on 

t o  faci l i tate detailed bench-by-bench mine planning . 

( b )  Block Geology and Dri l l  Hole Informat ion 

The reserves are calcula ted from a compu ter-based 3D Block 

Hodel based on a set of  cross-sec t i ons produced by Cyprus 

Anvil  geologis t s  in 1982 . The sec t i ons are parallel to the 

columns in the mine model and perpendi cular to  the elonga t i on 

of  the depos i t .  The cross-sec t ions are 61  me t res apar t and 

provide the geologic con t rol for the mine model . These 

sec t i ons were used for the sectional calculations by Cyprus 

Anv i l  in 1983 , and for recalcula t i ons by Dome in 1984 . All 

sec t i ons are avai lable in a suppor t ing document available at 

Curragh ' s  Toron to and Vhi t ehorse offices . 
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The logging and d r i ll hole orientat ion data used were the mos t 

curren t avai lable for the deposi t .  Mos t o f  the depos i t  i s  so 

densely drilled that there is l i t tle scope for vari a t i ons in 

geologic in terpre tat ion t o  change the volume of  the depos i t  

s ign i f i can t ly .  However , the details o f  ore d i s t r i bu t i on on a 

given bench can change . For the purposes of  annual proj e c t i ons 

of production ,  the curren t geologi cal model is cons idered 

adequat e .  

The block geology was generated manually by laying a grid over 

the geologi c sec t i ons and hand cod ing the rock types . Block 

dimens i ons are 4 . 5  me t res high ,  8 . 0  me t res across depos i t  

t rend , and 15 . 0  me tres along depos i t  t rend . These block s i zes 

provide a reasonable approximat ion of  the complex s t ructure of 

Grum . Codes were ass igned by vi sual est imat ion of the mos t 

abundan t rock types in the area . I f  the block was more than 

50 percent sulphides , i t  was coded as a sulphide type , o ther­

wise the block was cons idered was te . One code is as s igned per 

block and that code is as sumed to apply homogenous ly to  the 

en t i re block . The sect ional cod es were plo t ted , checked and 

edi t ed for each sec t ion .  The blocks in overburd en or a i r  were 

ass i gned from interpolated grids represen t i ng topography and 

bedrock surfaces based on d igi t ized cont our maps . Blocks more 

than 50 percen t above t opography were coded as ai r ,  and more 

than 50 percent between topography and bedrock as overburden . 

One generic was te code was carried for the remainder of  the 

model not coded as a i r ,  overburden or sulphide . 

Sec t i onally ass igned codes were appl ied to two columns of  

blocks on ei ther s ide of the section .  Since the Grum depos i t  

plunges t o  the nor thwes t ,  this assignment would create a 

s tairs tep appearance in long sec t i on .  By coincidence , the 

diagonal of two blocks in long sec t i on i s  parallel to the 

depos i t  plunge , thus a "plunge correction "  was made by rai s i ng 

the f i r s t  column of  blocks one level ( southeas t of  the 

sect ion ) and lowering the four th column of blocks one level 
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(northwes t  o f  the sec t i on ) . The second and third columns of 

blocks are kep t  the same . Thi s  has no affect on deposi t  

reserves . All this block coding was carried out ou t s i d e  PC 

Mine e i ther us ing the Mintec Medsys tem release 10 s o f tware 

package or by manual means . The block codes were re forma t t ed 

to  sui t PC Mine , then impor ted . 

DOH data and composi tes were imported d i rec t ly t o  PC Mine f rom 

reforma t ted Mintec output f i les . 

( c )  Compos i te Calculat i on 

Compos i tes were calculated by Medsys t em on a 4 . 5  met re bench 

bas i s  for holes s teeper than 45 degrees . For holes shallower 

than 45 degress , compo s i tes were based on 4 . 5  met re hori zontal 

intervals from the drill hole collar . Compos i te intervals can 

range from 4 . 5  met res to 6 . 5  me t res depending on borehole 

orien t a t i on .  Vas te intervals less than one-half bench heigh t  

( 2 . 25 metres ) were considered internal was te and included in  

the compos i te interval . Intervals greater than one-half bench 

height were external was te  and not included . Thi s  procedure 

was intended to accurately represent the grade of ore in 

blocks of  all s e t t ings , but d i d  not au toma t ically include all 

d i lu t i on in marginal compos i tes . Such d i lut ion adj us tmen t s  

mus t  b e  made separately and are addressed in Sec t i on 4 . 0 .  

Dri ll hole assay data were clipped t o  the 95th percen t i le 

levels to avoid  ass igning unusually high assays t o  large 

blocks . These levels are l i s ted in Table 3 . 3 . 4-1 . Intervals 

w i t h  no measured SG were ass igned an SG depending on rock type 

as l i s ted in Table 3 . 3 . 4-2 . These were based on s ta t i s t i cal 

analys i s  of  the measured data .  
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Compos i te calculat i on was carried ou t for the minerali zed 

sect i ons us ing this mod i fied assay data and weigh t ing by 

length and spec i f i c  gravi ty .  The l ength o f  the compos i te 

wi thin a minerali zed band was carried as well as the values 

s ince only the l ength of the mineralized par t of an interval 

was compos i ted . 

The final compos i tes used were as short as 0 . 1  me t res but only 

if a small par t of a mineralized band was wi thin a compos i te 

int erval . Af ter calculat ion , the composi t es were also cli pped 

to  the 95th percen t i le level as ou t lined in Table 3 . 3 . 4-3 . 

Every compos i te was manually checked agains t the 

cross-sect ions to  ensure that the codes applied to  sec t i onal 

uni t s were cons i s ten t  wi th the compos i te codes . 

( d )  In terpolat ion 

The geos tat i s t i cal analys is carried out was no t adequa te to  

use kriging as an interpola t ion me thod , thus inverse square 

d i s tance weigh t ing was used fo llowing preceden t set at Faro . 

The search volume was an ellipsoid wi th maj or axi s  of  150 

met res parallel to the depos i t  plunge and wi th d iame ter in 

cross-sec t i on of  106 me t res . The ellipsoid cen tered on the 

block being interpolated , thus the maximum d i s t ance a sample 

can be used to weight a block is 75 me t res . A hori zon t al and 

ver t i cal ani s o topy of 1 . 41 was used . This results  in samples 

along t rend b�ing weigh ted twice as heav i ly as those across 

t rend (wi th an anisotopy of 1 . 41 , a sample 53 me t res across 

s t rike is weigh ted the same as one 75 me t res along plunge 

because the sample is treated as i f  i t  is 53 by 1 . 4 1 or 

75 met res from the block cen t re ,  once this apparen t d i s t ance 

is squared the fac tor of 2 [ =  1 . 412 ] appears ) .  A search 

volume radius much larger than the range was used in order to  

ensure that the blocks in the less intensely dri l led par t of  

the depos i t  would ge t grades ass igned . 



TABLE 3 . 3 . 4 - 1  

MAX IMUM PERMITTED ASSAY VALUES AND SG VALUES 

Pb 

Zn 

Ag 

Au 

Cu 

Pu l p  SG 

TABLE 3 . 3 . 4-2 

1 1 . 0  % 
20 . 0  % 

175 . 0  g/tonne 

2 . 8  g/tonne 

0 . 4  % 

5 . 0  

SG  VALUES ASS IGNED FOR EACH MAJOR ORE TYPE 

IN CASE OF M I SS ING ANALYT I CAL DATA 

Ore Type 

4AO 
4A4/4AE 

4B 

4C  

40 

4E 

4G 

4H  

4J 
4K 

4LO 

4L4/4LE 

Pb 

Zn 

Ag 

Au 

Cu 

Pu l p  SG  

TABLE 3 . 3 . 4-3 

SG  

3 . 23 
3 . 3 1 

3 . 00 

3 . 45 

3 . 53 

4 . 32 

4 . 42 

3 . 86 

3 . 87 

3 . 84 

3 . 1 1 
3 . 29 

MAX IMUM PERMITTED ASSAY AND SG 

FOR DOH COMPOS ITES 

9 . 00 % 
17 . 00 % 

150 . 00 g/tonne 

2 . 30 g/tonne 

0 . 34 % 

4 . 80 

3-35 
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In the model , the mos t importan t  tes t that a sample wi thin the 

s earch volume mus t pass before being used to interpolate a 

block i s  the equivalence of  geologi cal codes . Thi s  i s  

impor t an t  in Anvi l  Dis t ri c t  depos i ts because o f  the s t rong ore 

type zoning and coupled grade zoning . The impli ca t i ons o f  

t h i s  res t r i c t ive code mat ching for use of  the model are very 

s igni f i cant . 

The minimum number o f  compos i tes requi red to  int erpola te a 

block was s e t  a t  two , the maximum a t  eigh t . The minimum limi t 

was s e t  to avoid the possibi l i ty that one very short compos i te 

could bias an en t i re block , the possibili ty that two very 

short compos i tes could be used cannot be excluded ; however ,  in 

mos t cases , a very short  compos i te would be near a longer one . 

Speci f i c  gravi ty was interpola ted in the same fashion as 

assays . Unin terpolated sulphide blocks were ass i gned an SG of 

2 . 7 .  Pulp SG was reduced by 5 percen t in the final model in 

order to  convert the pulp SG t o  insi  tu whole rock SG . The 

average SGs for the Grum depos i t  are given wi th the geologi cal 

reserves in Tables 3 . 3 . 4-4 and 3 . 3 . 4-5 . 

( e )  Geologi cal Reserve Report ing 

Reserves were calculated by the weigh ted average of  block 

values for all blocks that exceed an arbi t rary percen t lead 

plus percent zinc cu toff value . Geologi c reserves are the sum 

o f  all blocks in the model below topography , bu t i rrespec t i ve 

o f  any pi t ou t l ines . 

Since t here are two part ial Grum mod el s to cover the whole 

depos i t ,  the resul t s  from the two models were combined by a 

spreadshee t .  
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Sec t i onal geologia! reserves were also compu ted for each 

cross-sec t i on by repor t ing the reserves vi thin a plan view 

polygon represen t i ng the area of  influence o f  each sec t i on 

(� 30 . 5  me t res from the sec t i on line ) . The sec t i onal reserves 

were needed to compare to  previous manual calculat i ons . 

Resul t s  

( a )  Geologi cal Reserves 

The geologi cal reserves calcula ted for Grum are summari zed in 

Table 3 .  3 .  4-4 for the two cons t i tuen t models and for the 

ent i re depos i t .  Sec t ional geologi cal reserves are summari zed 

in Table 3 . 3 . 4-5 for the ent i re depos i t .  

The Champ Zone southeas t of  sec t ion 62V and s eparat e  from 

Grum , is  es t ima ted to  con tain an addi t i onal 1 . 7  million t onnes 

of geologi cal reserves averaging 3 . 5  percent lead , 4 . 3  percen t 

zinc , and 46 grams per t onne of  s i lver . These figures are 

based on sec t ional calculat i ons and quo ted at a 4 percen t 

lead-zinc cutoff . Nor thwes t of  86V and par t o f  the Grum 

depos i t ,  preliminary drill ing ind i ca tes that there may be an 

add i t i onal 5 to 10 million tonnes of deep mineraliza t i on .  

( b )  Reliab i l i ty of  Reserves 

The curren t level of geos tat i s t i cal knowledge of the depos i t  

has precluded determinat ion of block est ima t ion variance . 

Thus , quan t i f i a t i on of  overall depos i t  variance i s  no t ye t 

pos s i ble . However ,  the dens i ty of drilling i s  suf f i cient t o  

l imi t the possibili ty of maj or changes in depos i t  volume due 

to  vari ance in interpretat ion . Volume ranges of  plus or minus 

10 percen t would be possible . 
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TABLE 3 . 3 . 4-4 

G8606 MODEL GEOLOG ICAL RESERVES FOR THE TWO CONSTITUENT MODELS 

AND FOR THE ENT I RE DEPOS IT  

Grade Vol ume Ore Lead Zi n c  Pb+Zn S i l ver  Go l d  
Category ( bern ) SG ( tonnes ) ( % )  ( % )  { % )  ( g/t )  ( g/ t )  

Above Grum ( 1 336 . 0  m to 1088 . 5  m )  

+ 6 %  4 , 677 , 480 3 . 37 15 ,765 , 300 3 . 84 6 . 50 10 . 34 64 . 0  0 . 92 

4 - 6% 1 , 942 , 920 3 . 12 6 ,065 , 990 1 . 90 3 . 10 4 . 99 33 . 0  0 . 7 7 

+ 4% 6 , 620 ,400 3 . 30 2 1 ,83 1 , 290 3 . 30 5 . 56 8 . 85 55 . 4  0 . 88 

Under Grum ( 1088 . 5  m to 868 . 0  m )  

+ 6% 1 , 880 ,820 3 . 75 7 , 057 , 100 4 . 04 6 . 36 10 . 40 68 . 5  1 . 18 

4 - 6% 5 22 , 720 3 . 37 1 ,760 ,770 2 . 12 2 . 76 4 . 88 35 . 5  0 . 99 

+ 4% 2 , 403 , 540 3 . 67 8 , 817 , 870 3 . 66 5 . 64 9 . 30 6 1 . 9 1 . 14 

Tota l Depos i t  ( 1336 . 0  m to 868 . 0  m )  

+ 6 %  6 , 558 , 300 3 . 48 22 , 822 ,400 3 . 90 6 . 46 10 . 36 65 . 4  1 . 00 

4 - 6% 2 ,465 , 640 3 . 17 7 ,826 , 760 1 .  95 3 . 02 4 . 97  33 . 6  0 . 82 

+ 4% 9 , 023 , 940 3 . 40 30 ,649 , 160 3 . 40 5 . 58 8 . 98 57 . 2  0 . 95 
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TABLE 3 . 3 . 4-5  

GEOLOGICAL RESERVES BY CROSS-SECTION FROM G8606 COMPUTER MODEL , 1986 

TOTAL DEPOS IT - 4% Pb+Zn CUTOFF GRADE 

Total 
Vol ume Ore Lead Z i nc S i l ver Gol d Pb+Zn Metal 

Sec .  ( bern ) SG ( tonnes ) ( % )  ( % )  ( g/ t )  (g/ t )  (% )  ( tonnes ) 

86W 684 , 180 3 . 09 2 '  1 1 6 , 2 10 2 . 60 4 . 99 46 . 0  0 . 44 7 . 59 160 , 592 
84W 584 ,820 3 . 16 1 ,849 ,610  2 . 80 4 . 90 47 . 6  0 . 60 7 . 70  142 ,432 
82W 787 ,860 3 . 40 2 ,680 , 540 3 . 19 5 . 55 56 . 5  0 . 84 8 . 73 2 34 ,069 
BOW 1 ,297 ,080 3 . 35  4 ,340 ,270 3 . 10 4 . 85 5 1 . 8  1 . 05 7 . 95 345 ,081 
78W 975 , 780 3 . 27 3 , 195 , 500 3 . 16 5 . 50 54 . 7  1 . 04 8 . 66 276 , 762 
76W 907 , 200 3 . 36 3 ,048 ,860 3 . 49  5 . 80 58 . 6  1 . 07  9 . 2 9  283 , 135 
74W 1 ,0 1 3 , 040 3 . 45 3 ,498 ,640 3 .  72 6 . 20 6 2 . 3  1 . 05 9 . 92 347 , 148 

72W 748 ,440 3 . 45  2 , 584 ,690 3 . 64 5 .  77  6 1 . 2  1 . 02 9 . 4 1  243 , 256 

?OW 694 , 980 3 . 52 2 ,449 , 940 3 . 86 6 . 57 63 . 6  1 . 04 10 . 43 255 ,415 

68W 355 , 320 3 . 70 1 , 3 14 , 260 4 . 10 6 . 27 66 . 7  1 . 00 10 . 3 7 136 , 297 

66W 442 , 260 3 . 69 1 , 632 , 1 90 4 . 14 5 . 75 66 . 7  0 . 99 9 . 90 16 1 , 507 

64W 301 ,860 3 . 6 1  1 ,09 1 ,070 3 . 79  5 . 52  6 1 . 2  0 . 99 9 . 30 1 0 1 ,486 

62W 178 , 200 3 . 69 657 ,640 3 . 39 5 . 03 54 .8  1 . 1 0 8 . 42 55 ,347 

8 , 97 1 , 020 3 . 40 30 ,459 ,410 3 . 41 5 . 60 57 . 3  0 . 95 9 . 00 2 , 742 , 527 
- - - - - - - - - - - - - = = = = = = = = = =  - - - - - - - - - - - - - - - - - - - - - = = = = = = = = =  - - - - - - - - -
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Poss i ble vari ance due to calculat i on methods is also no t 

quan t i f i ed , but changes of  a few percen t would be poss i ble 

through adj ustment o f  interpolat ion parameters such as 

ani s o t opy , weighting scheme and range , and the geology 

mat ching s cheme . 

How well the reported geologi cal reserves will  relate to  mill  

feed d epends on the  type and degree o f  d i lut ion allowed . The 

need to use a higher d i lu t i on than the historic  5 percent used 

for Anvi l  D i s t r i c t  depos i ts in the pas t is brought on largely 

by the res t r i c t ive geology matching used during i n terpola t i on .  

This matching was not carried out previously , thus the models 

tended to d i lute  themselves in  unpredi cable ways during 

in terpolation .  The modelling technique was changed in  o rder 

t o  present a more accurate por trayal o f  grade d i s tribu t i on ,  

especi ally wi th respect t o  grade averaging into o t herwise 

barren sulphides , par t i cularly foo twall sulphides . As  in the 

case for Faro , d i lut ion will be speci f i c  t o  each ore zone , 

taking into  account the complexi ty of  the geologi cal s t.ructure 

and the nature of  the surrounding was t e  rock . 

Add i t i onal Vork Requi red 

The complex geology of the Grum deposi t  and i ts mul t i -hori zon nature 

creates some d i f f i culty in producing an interpretation that i s  

cons i s tent from sec t i on to  sect ion . Horizons are d i f f i cult  t o  

d i s t inguish from one ano ther in d r i l l  core , thus the i tera t ive 

process of sec t i on by sec t i on interpret a t i on and compari son mus t be 

used . The current in terpre tation requi res further refinement in 

thi s regard . Add i t i onally , 60 . 5  met re spaced sec t i ons do not fully 

u t i li z e  of all avai lable drill  hole informa t i on .  A revised detai led 

interpre tat i on , based on thi r ty me t re spaced sec t i ons , is being 

prepared for short  range produc t i on planning . 
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The Champ Zone will be included in  the Grum depos i t  models s ince 

mining that area might influence the overall p i t  econom i cs by 

lowering the main p i t  exi t .  Cons idering both zones together o f fers 

the poss i b i l i ty of  enhancing the economi cs of bot h .  

Due t o  the wide s pacing o f  d r i l l  holes in mos t Anv i l  Dis t r i c t  

depos i ts ,  geos t a t i s t i cal analyses have been d i f f i cul t .  At  Grum , the 

d r i ll pat tern is dense enough to  produce meaningful analys i s  once 

the bas i c  geologic  data is organized into the thi r ty me tre s paced 

interpre t a t ion.  Such analysis  should allow interpola t i on me thods 

o ther than the s imple inverse square method to be used . 

Further geotechni cal data i s  requi red at  Grum in order t o  desi gn the 

final pi t s lopes . A program of  ori ented core dri lling wi ll  be 

undertaken . These holes will  also sample the overburden t o  evaluate  

its  clay content and hydrogeology . I f  the overbruden i s  amenable t o  

dewatering and can b e  kep t  dry , then p i t  s lopes s t eeper than those 

current ly designed may be pos s i ble . 

The foundat i on cond i t i ons o f  the proposed was te dump s i tes will  be 

inves t igated . 

I t  may be necessary to  carry out f ill-in drilling t o  fur ther 

delineate  and detail the reserves in early produc t i on areas . Thi s  

work could b e  coordinated with  the colle c t i on o f  metallurgi cal 

samples . 

VANGORDA GEOLOGY AND RESERVES 

His tory 

Vangorda was the ini t ial d i scovery in the Anvil  Range . The depos i t 

was d r i l l  tes ted from 1 953 to 1955 by Prospector Airways , a 

predecessor to  Kerr Add ison Mines . Thi s  drill ing showed a 

s i gni f i cant deposi t  exi s t ed ,  bu t a produc t i on dec i s i on was no t 

warranted at  that t ime .  Minor add i t i onal d r i lling was carried out 
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by Kerr Add i son , largely for metallurgi cal sampling .  The deposi t 

was s old t o  Cyprus Anvi l in 1979 . Cyprus Anvi l  geologi s t s  examined 

the avai lable drill core and concluded that i t  would be necessary to 

redrill  the depos i t  to  provide adequate material to re-evalua te i t .  

In 1 97 9 ,  the por t i on o f  the depos i t  from 2\1 to  12E was redri lled 

wi th NQ core holes . Seat tered core holes were pu t down i n  the 

s ou t heas t par t of the depos i t .  Because of  ant i c i pat ed poor 

recoveries in this area , i t  was j udged advisable to  drill this part 

of the depos i t  wi th rotary methods . Thi s  f i l l-in drill ing was 

carried out i n  198 1 .  Since 1981 , no add i t ional drilling has been 

carried out . 

General Geology 

Figure 3 . 4 . 2- 1  is  a cross-sec t i onal view of the Vangorda depos i t . 

( a )  St rat igraphy and Li thology 

The Vangorda depos i t  cons i s ts of  one maj or sulphide hori zon 

abou t 50 to  120 met res benea th the basal carbonaceous member 

of the Vangorda formation .  The hos t rocks for the deposi t are 

dominan t ly non-calcareous phylli tes , probably par t of the 

.Moun t Mye format i on ;  however ,  forma t i onal ass i gnmen ts near 

this depos i t  are ambiguous . The reason for the ambi gui ty is  

largely due to  the s t rong wall rock al teration developed 

around the depos i t .  Mos t  phylli tes , especially in the depos i t  

foo twall ,  are bleached , locally s i l ici f ied and/or chlori t i c­

and sulphide-bearing . 

A number of thin sulphide hori zons occur above the main 

horizon ; one , at the base of the carbonaceous phyl li tes 

s ou thwes t of  ( s trat igraphi cally above ) the depos i t ,  may equa te 

t o  the main horizon at Grum . In general , these horizons are 

t oo thin or too low grade to be mineable . 
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The Vangorda depos i t  occurs in the hinge of  a large second 

phaSE! fold . Overall , the dep9s i t  has the s hape o f  a reclining 

"M" or a " 3 "  in  cross-sec t ion ; however , there is  s ome 

uncertainty i n  the details of fold morphology . The depos i t  i s  

e longate in the nor thwes t-southwes t d i rect ion parallel t o  fold 

axes . I t  has been t raced over a 1 ,  300 me tre by 200 me t re 

area . 

The northwes t half of the depos i t  plunges about 10 degrees 

t owards the nor thwes t ,  whi le the sou theas t hal f has a 

subhori zont al plunge . The foliat ion d i ps shallowly t oward the 

southwes t as a t  Grum , bu t is locally qui te variable . 

The depos i t  i s  t runcated by a s teep normal fau l t  a t  i ts 

nor thwes t end . Many gouge zones were observed in drill  core , 

but the orientation of the s t ructures responsible for them i s  

no t wel l  known . A number of faul t s  parallel to foliat ion are 

pred i c t ed . These are " requi red " to make the s t ruc ture and 

s t ra t igraphy f i t .  These l ow angle s t ruc tures are bes t though t 

of  a sheared-out fold limbs ; they are not generally gouge 

zones and will pose no more serious a problem for s lope 

s tabi l i ty than the foliat ion i tself and the myriad of  small 

gouge zones that parallel i t .  

( c )  Depos i t  Geology 

The depos i t  i s  qui te shallow ; in mos t places , subcroping 

beneath glacial t i ll .  The t i ll blanke t i s  up to  abou t 30 

metres thick in the nor thwes t par t of  the depos i t ,  but thin in 

the southeas t .  Northwes t of  Vangorda Creek , t i ll cover is  

also qui t e thin . Locally , the basal overburden and uppermos t 

broken bedrock are cemen ted by i ron oxides into a t ough 

brecc i a .  
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The depos i t cons i s ts of the same sulphide rock types as the 

Faro and Grum depos i ts , bu t two rock types are par t i cularly 

prominen t . In the foo twall ( also the interpre t ed s t ra t i ­

graphi c  footwall )  of  the depos i t  i s  a sulphide-ri ch quart z i te 

whi ch grades downwards into s i l i ceous phyl l i t e  and u l t i mat ely 

altered phyll :i t e .  Parallel to this downward decrease in 

s i l i ca is  a downward decrease i n  the abundance of  sulphides 

from quar tz-rich s emi-mass ive sulphide a t  the top to weakly 

pyr i t i c  al tered phyl l i t e  at the bas e .  Mos t of the sulphides 

in the quar t z i te are pyri te ; however , pyrrho t i te is generally 

present and locally abundant or dominan t . Magne t i t e i s  

unusually well developed i n  the quar t z i t e .  The quar t z i te 

con tains only minor lead and z inc , but i s  relati vely r i ch in 

copper and unusually high in gold ( see Table 3 . 4 . 2-1 ) The 

quar t z i te is s imilar to the semi-mass ive zone along the 

nor theas t edge of  Zone 3 a t  Faro , and one of the lower ore 

panels a t  Grum . 

From a reserve e s t imation point  of  view ,  the barren pyri t i c 

quar t z i te i s  s igni fi can t in that i t  i s  ·located benea t h ,  and 

sharply del ineated from , the high grade mass ive sulph ides . 

For this reason , i t  was importan t  t o  res t r i c t  the select ion o f  

assay compos i tes during grade interpolat i on to  equivalen t 

geology , thus preven t i ng excess ive averaging of  grades i n t o  

the depos i t  foo twall and lowering of the overall depos i t  

grade . 

The mass ive sulphides that overl ie the pyri t i c  quar t z i t e  are 

commonly bari t i c  and rich in lead and z inc . Of  the 

mineral i za t i on exceeding 6 percen t lead and zinc , 90 percen t 

i s  bari te-bearing mass ive sulphides . Mos t pyri t i c  quar t z i t e  

i s  sulphide was te o n  the bas i s  of lead-zinc con tent ( see 

Table 3 . 4 . 2-1 ) .  
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TABLE 3 . 4 . 2-1  

GEOLOGI CAL RESERVES FOR VANGORDA DEPOSIT FROM V8607 MODEL 

NO D I LUTION 

Rock % of Tonnes Densi ty Pb Zn Pb+Zn Ag Au 
� Ore Type (xlOOO) (tri/bcm) ill ill (%)  (g/t )  ( g/t )  
PLUS 6% Pb+Zn 

4A 1 7 . 1 382 . 33 2 . 81 3 . 17 4 . 66 7 . 83 39 . 74 0 . 68 
4C 2 0 . 0  1 . 42 3 . 50 6 . 40 1 . 0 1  7 . 4 1  57 . 51 1 . 77 
4EC 3 0 . 4  21 . 41 3 . 65 2 . 97 3 . 79 6 . 75 46 . 65 0 . 80 
4E 4 0 . 1  4 . 16 3 . 43 2 . 57 4 . 12 6 . 69 46 . 50 0 . 63 
4EG 5 90 . 8  4 , 917 . 88 3 . 96 4 . 5 1 5 . 83 1 0 . 34 64 . 03 0 . 75 
4EH 6 1 . 7  90 . 23 3 . 65 6 . 82 5 . 05 1 1 .87 83 . 1 5 0 . 54 

TOTAL 100 . 0  5 ,417 . 43 3 . 88 4 .45 5 . 72 10 . 17 62 . 55 0 . 74 

4% TO 6% 

4A 1 58 . 6  1 , 194 . 40 2 . 83 1 . 86 3 . 02 4 . 88 26 . 48 0 . 46 
4C 2 9 . 5  194 . 12 3 . 27 2 . 34 2 . 08 4 . 42 25 . 82 0 . 79 
4EC 3 14 . 1  286 . 99 3 . 68 2 . 28 2 . 40 4 . 68 33 . 18 0 . 85 
4E 4 10 . 2  207 . 58 3 . 76 1 . 90 2 . 87 4 . 77 37 . 94 0 . 14 
4EG 5 6 . 7  137 . 28 3 . 75 2 . 47 2 . 76 5 . 23 36 . 96 0 . 76 
4EH 6 0 . 9  1 9 . 13 3 . 78 2 . 43 2 . 95 5 . 38 34 . 3 1 0 . 41 

TOTAL 100 . 0  2 ,039 . 5 1  3 . 16 2 . 01 2 . 8 1  4 . 83 29 . 30 0 . 53 

MINUS 4% 

4A 1 36 . 2  3 ' 72 1 .  08 2 . 92 0 . 90 1 . 44 2 . 34 12 . 48 0 . 33 
4C 2 42 . 8  4 , 393 . 2 1  3 . 27 0 . 79 1 . 00 1 .  79  14 . 50 0 . 65 
4EC 3 1 7 . 9  1 ,842 . 51 3 . 67 1 . 33 1 . 34 2 . 67 21 . 57 0 .  94 
4E 4 2 . 9  299 . 17 3 . 65 1 . 50 1 . 40 2 . 90 1 7 . 48 0 . 28 
4EG 5 0 . 1 5 . 88 3 . 23 0 . 67 0 . 86 1 . 53 1 1. 66 0 . 65 
4EH 6 0 . 1 9 . 09 2 . 99 0 . 39 0 . 49 0 .88 5 . 95 0 . 08 

TOTAL 100 . 0  1 0 , 270 . 94 3 . 23 0 . 95 1 . 23 2 . 18 1 5 . 12 0 . 57 

TOTAL DEPOS IT (ALL GRADES ) 

4A 1 29 . 9 5 , 297 . 81 2 . 89 1 . 28 2 . 03 3 . 31 1 7 . 60 0 . 38 
4C 2 25 . 9  4 , 588 . 75 3 . 27 0 . 86 1 . 04 1 . 90 1 5 . 00 0 . 66 
4EC 3 1 2 . 1 2 , 150 . 90 3 . 67 1 . 47 1 .  5 1  2 . 98 23 . 37 0 . 93 
4E 4 2 . 9  5 10 . 92 3 . 69 1 . 67 2 . 02 3 . 69 26 . 03 0 . 23 
4EG 5 28 . 5  5 , 06 1 .  05 3 . 96 4 . 45 5 . 74 10. 19 63 . 24 0 . 75 
4EH 6 0 . 7  1 18 .46 3 . 62 5 . 62 4 . 36 9 . 98 69 . 33 0 . 48 

TOTAL 100 . 0  17 ,727 . 88 3 . 42 2 . 14 2 . 78 4 . 92 31 . 24 0 . 62 

PLUS 4% 

4A 1 2 1 . 1  1 , 576 . 72 2 . 83 2 . 18 3 . 42 5 . 60 29 . 69 0 . 51 
4C 2 2 . 6  1 95 . 54 3 . 27 2 . 37 2 . 07 4 . 44 26 . 05 0 . 80 
4EC 3 4 . 1 308 . 40 3 . 68 2 . 32 2 . 50 4 . 82 34 . 1 1 0 . 84 
4E 4 2 . 8  21 1 . 75 3 . 75 1 . 9 1  2 . 90 4 . 81  38 . 1 1 0 . 1 5 
4EG 5 67 . 8  5 , 055 . 17 3 . 96 4 . 45 5 . 74 10 . 20 63 . 30 0 . 75 
4EH 6 1 . 5  109 . 36 3 . 67 6 . 05 4 .68 10 .74 74 . 60 0 . 52  

TOTAL 100 . 0  7 ,456 . 94 3 . 68 3 . 78 4 . 92 8 . 7 1 53 . 46 0 . 69 
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The shallow depth of  burial of  the 

me tallurgi cal d i f fi cult ies because of 

depos i t  may 

oxidat i on .  
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create 

Early 

metallurgi cal work seemed to show thi s ; however , later work 

carried out by Cyprus Anvi l  on fresh core achieved be t ter 

resul t s . The limi ted core observed by the wri ter was no t 

v i s i bly oxidized and oxidat ion i s  not extens ively described in 

mos t drill logs below the f i rs t few me tres o f  bedrock . 

Diamond drill core recoveries in massive sulphides were 

generally good excep t locally near Vangorda Creek and in the 

s outheas t end of the depos i t  ( a t  Faro , oxidi zed mass ive 

sulphides yield poor core recoveries ) .  In much o f  the 

sou theas t end of  the depos i t ,  informat ion on core recoveries 

f rom recent d r i ll ing is  not avai lable , bu t i t  i s  known that 

the older holes did  not core well . It seems prudent to assume 

that the por t i on of the depos i t  sou theas t of 12E , where t i l l  

cover i s  thi n ,  w i l l  b e  oxidized . Thi s  could affect u p  to  

1 ,  900 , 000 tonnes of  bari t i c  sulphides or 37 percen t of  the 

bari t i c  sulphi des in the geologi cal reserves . 

Dri ll i ng Defini t ion and Information Base 

In the port ion of the depos i t  from 2V to 12E , there are 53 diamond 

drill  holes in a 60 me t re by 30 met re pat tern . All holes are 

ver t i cal and all are NO diame ter . Collar locations have been 

surveyed , checked and appear accurate . Assay intervals are 1 . 5 to 2 

me tres long and , where pos s i ble , are confined to one rock type . 

In the remainder of  the depos i t ,  there are forty-f ive rot ary holes 

and e igh t recent NO and HO diamond drill holes . The pat tern is  also 

60 me t res by 30 me t res . There appears to have been a sampling 

problem wi th some of  the rotary holes that resul ted in unuseable 

assays whi ch have cas t doub t on the assay resul ts from the remainder 

of  the ro tary holes . For this reason , where a Prospector Ai rways 

hole was also avai lable and good recovery was obtained , the 

informa t i on from the older hole has been used in preference to that 

from a rotary hole . 
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For mos t assay in tervals , copper , lead , z inc , s i lver , gold , soluble 

( in ho t HCl ) i ron , i ns oluble i ron , and barium assays were det er­

mined . Old diamond drill holes were only assayed for lead , z inc and 

s i lver .  The newer assays are the same as those described for Grum . 

The l ead assays from the older holes are suspect because no 

corre c t i on for bari um interference was made . 

Reserve Cal culat i on 

( a )  Int roduc t ion 

The Vangorda depos i t  reserves were 

compu ter-based 3D Block Hodel , the V8607 

Curragh during June and July 1986 . 

genera ted using a 

Hodel , cons t ructed by 

The PC M ine sof tware 

package was used for all s tages of model cons t ruc t i on . 

( b )  Block Geology and Drill Hole Informa t i on 

The model was generated using geologic  con t rol provided by 60 

me t re spaced cross-sec t i ons . The cross-sec t ions were newly 

interpreted for this  model in order to provide a uni form 

s t ructural concept for the ent i re depos i t . The as sump t i ons 

used in cross-sec t ion cons t ruc t i on were : 

i )  The depos i t  mus t f i t  the overall s t ruc tural s e t t i ng of  

this par t of  the Vangorda Plateau as defined by sur face 

mapping and deep dri l li ng nearby . Thi s  work shows that 

the depos i t  i s  in the hinge region of  a large recumben t 

second phase fold . 

i i )  S t ratigraphi c  facings implied by Anv i l  cycles were 

followed wherever pos s i ble . Of par t i cular i mpor tance was 

the barren pyri t i c  quar t z i t e  whi ch shows s t rong 

ind i cations of being a foo twall faci es . 

i i i )  Symmetric  suphide intersec t i ons were taken to  imply 

folds . 
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i v )  The dominant deforma t i on eposide would be the second 

phase implying a depos i t  shape s im i lar to Grum , bu t 

d i f feren t from Faro . 

Assump t ion i )  and i i )  t oge ther requi re highly at tenuat ed folds 

in order to  produce a cons i s ten t i n terpre t a t i on .  The 

resul t i ng fold shapes are cons i s ten t  wi th the deforma t i on 

s tyle observed in nearby out crops on a small s cale and wi t h  

the inferred shapes of  more closely con t rolled folds a t  Grum . 

All sect i ons are included i n  support ing documen t s  a t  Curragh ' s  

Toron to and Whi tehorse o f f i ces . 

The dens i ty o f  drilling at Vangorda i s  suf f i c i en t  t o  produce 

geologi cal interpre tat i ons and a global es t i mate of  reserves 

wi th reasonable confidence ( changes in volume of  plus or minus 

10 percen t to 15  percen t may be pos s i ble due t o  

interpre tation ) . 

The rotary drilling resul ts i n  the southeas t par t o f  the 

depos i t  are more d i fficult  to  in terpre t because the ro·ck type 

loggi ng was not as prec ise or rel iable as the d i amond dri lled 

par t of the depos i t . As a resul t ,  there is more uncer tai n ty 

in the geologic  sec t i ons o f  this  par t of  the depos i t .  

For computeri zed reserves calcula t i on ,  the cross-sec t i ons were 

digi t i zed and block assignmen t s  were made . The logic used for 

ass i gnment of  the geologi cal rock type code for each block was 

based on the geology at the cen t re of that block . The block 

s i z e  used was 4 . 5  me t res high ,  4 . 5  me t res across s t rike , and 

10 . 0  met res along s t rike .  Thi s  was essent ially the smalles t 

block s i ze prac t i cal tha t allowed maximum resolu t i on of  

geol ogi c detai l .  Rows of blocks were arranged in the model 

parallel to the geologic sect i ons . The same geologi cal codes 

were applied to  three rows of blocks on e i ther s ide of  a 

s ec t i on ,  for a s t r ike length of  60 me t res , bu t each 10 me t re 

segmen t was t rea ted separately for purposes of  interpola t i on . 

There are 45 levels in the model ex tending from 1209 . 5  t o  

1007 . 0  me t re eleva t i on ( 1979  Cyprus Anv i l  Da tum) . 
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Dri l l  hole data was imported as ASCII f iles i n t o  the mine 

modelling sys t em from the Hewle t t  Packard BP3000 based 

database for Vangorda dri ll hole informat i on .  

( c )  Compos i te Calcula t i on 

The assays were composi  ted on the bas i s  o f  geology wi th an 

a t t empt to  conform to  a 4 to  6 me tre length . Thi s  compos i te 

codi ng ensured that an interpre ted geologic  uni t would only be 

ass i gned an assay from a length o f  drill  core that was 

ac tually used to define the uni t .  In some cases , these 

defined uni t s  actually con tained two or more d i f ferent 

geol ogi cal types , bu t the s i ngle ass ignmen t was neces sary i n  

order t o  p roduce uni t s  that would b e  reasonable from a mining 

point o f  v i ew wi th the minimum number of  necessary ore types . 

In general , these mixed types are related . The minimum 

compos i te length was abou t one me t re . In ternal was te was 

i ncluded in the compos i tes at a zero percen t assay value . 

Unli ke mos t previ ous models ,  excep t the F4 , bench compos i t es 

were not used . 

Assays were weighted by length of  the sample , bu t not by i t s  

spec i f i c  gravi ty ( SG ) . Since compos i t e i n te rvals t end t o  be 

res t r i c ted t o  one ore type , SG weigh t ing would have rela t i vely 

l i t tl e  effec t . There was no " cl i pping" of  assay values to 

arbi t rary maxi ma prior to compos i t ing calcula t i ons . 

( d )  Interpolat i on 

In terpolat i on was carried out in essen t i al ly the same fash ion 

as the Grun G8606 Hodel descri bed previously . Experimen tal 

var i ograms calculated from these compos i t es showed only nugge t 

effect due to the relatively large drill  hole s pacing . For 

this  reason , the anisotopy developed for Grum was used at 

Vangorda wi th a s ligh t ly larger search volume . Search volume 

parame ters were : 



Elonga t ion 

Plunge 

Hori zontal Aniso topy 

Ver t i cal Anisot opy 

Maximum Range 

Minimum Number Compos i tes 

Used for a Block 

Maximum Number Compos i tes 

Used for a Block 
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Model 090° ( i . e .  along depos i t  

t rend ) 

-10° ( i . e .  

plunge ) 

1 . 4 1 

1 . 41 

nor thwes t 

90 m ( 1 . 5  x s e c t i on spac ing )  

2 

8 

Composi tes were weigh t ed by the inverse square of  the d i s tance 

f rom the compos i te cen t re to  the block cen t re .  A compos i te 

could be used to  in t erpola te a block only i f  i ts geologic code 

matched the code of the block being es t imated . 

SG was t reated as an assay and interpolated into blocks based 

on measured pulp SG of  compos i te interv�ls . These SGs were 

d e termined by air pycnome ter on assay pulps , and consequen t ly 

do not account for void space . For t ight quar t zose ore types , 

these SGs are high by abou t 5 percent and for vuggy , porous , 

massive ore types , they are high by as much as 10 percen t 

based on compar ison of  whole rock and pulp SGs carried ou t on 

Grum , Faro and Dy ores . In order to recas t the SG data in 

terms of  whole rock values , the pulp SG was reduced by 5 

percen t in the final model . 

Geologi cal reserves were compu ted by weighted average of  

block values be tween certain lead plus zinc grades for all 

levels below topography . 
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( a )  Geologi cal Reserves 

Geologi cal reserves at  4 percent and 6 percen t lead plus z inc 

cutoff  grades are summarized in Table 3 . 4 . 2-1 . The resul ts  

quo ted are for  all  mineral i zat i on regardless o f  po ten t i al p i t  

out lines . There has been no allowance made for d i lu t i on o r  

mining recovery in  the geologi cal reserves . 

( b )  Compari son of Geologi cal Reserves 

Two manual calculat i ons have been carried out for the ent i re 

Vangorda depos i t .  Both are based on the old dri ll ing and 

assays for the depos i t . Table 3 .  4 .  5-1 below compares these 

resul ts  t o  the present computer model . 

TABLE 3 . 4 . 5-1  

EARLIER GEOLOGICAL RESERVE ESTIMATES FOR THE ENTIRE DEPOSIT 
COMPARED TO THE V8707 

Tonnes 
( x1000 ) 

Dens i ty Ph Zn 
( tnlbcm) ( % )  ( % )  

To tal 
Pb+Zn Ag Au Me tal 
_l!L � � ( tonnes ) 

PROSPECTORS AIRWAYS I CHISHOLM ET AL [ Extent unknown - may be 4W t o  40E ] 

High Grade ( +  4%? ) 8 , 528 
Low Grade 1 1 , 43 1  

TOTAL DEPOSIT 19 , 959 

4 . 0  ? 3 . 16 4 . 96 8 . 12 60 . 33 0 . 69 692 , 474 
------------not determined------------

KERR ADDISON MINES I PAXTON [ Recalculated to 3W to 29E ]  

High Grade ( +  4%? ) 
Low G rade 

TOTAL DEPOSIT 

6 , 942 
9 , 139  

16 , 08 1  

THI S CALCULATION [ 3W t o  29E ] 

High G rade ( +  4%) 
Low Grade ( - 4%) 

TOTAL DEPOSIT 

7 , 457 
10 , 2 7 1  

17 , 728 

4 . 0  ? ----nd---- 8 . 67 ----nd----- 601 , 87 1  
3 . 5  ? ----no t determined-----------

3 . 68 
3 . 23 

3 . 42 

3 . 78 4 . 92 
0 . 95 1 . 23 

8 . 7 1  53 . 46 0 . 69 649 , 224 
2 . 18 15 . 12 0 . 57 

2 . 14 2 . 78 4 . 92 3 1 . 24 0 . 62 
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The oldes t one by Prospector Ai rways i s  based on the 

triangular calculat ion method . The compari son to  the presen t 

model i s  reasonably close . The large variance in lead grade 

is expected as i t  is known that the older lead assays were low 

probably because a correc t ion for barium was not made . The 

areal ex tent of this calculation is no t known , but i t  may 

ext end as far as 40E . The amoun t of ore in the far southeas t 

sec t i ons ( be tween 30E and 40E ) i s  slight  bu t this d e t rac ts 

from the compar ison s ince the V8607 Model only ex tends to  2 9E .  

The Kerr Addi son reserves are based on a sec t i onal calculation 

by J .  Pax ton us ing sec t i ons be tween 4V and 30E in 196 6 . These 

sec t i ons show unconnec ted enechelon pods of  ore , thus the 

tonnage should be lower than the curren t model where the 

assump t ions ou t lined above imply the pods should be connected 

into  fold pat terns . 

( c )  Reliabili ty o f  Geologi cal Reserves 

As a check on model computat ions , the areas of geologi cal 

uni t s  output during digi t i z ing of uni t outl ines was used to  

compu te the volume of the overall depos i t  at  the zero percen t 

combined cutoff grade . The average SGs of the ore types were 

used to calcula te tonnes of mineralizat ion . Thi s calcula t i on 

gave a to tal depos i t  tonnage of 18 , 92 1 , 000 tonnes compared to 

18 , 660 , 930 from the block model (all these tonnages are prior 

to  SG reduct ion) , or compared to  18 , 732 , 000 if the 97 

uninterpolated blocks are included . 

During tes t in terpolation ,  increas ing the degree of  an iso topy 

t ended to increase the spread in ex t reme block values . The 

effect on the average i s  no t known bu t ,  above a given cu to f f , 

the average grade would probably increase . 

The reliab i l i ty of  the Vangorda geolog i cal reserves is  wi thin 

the range of  plus or minus 10  percen t to plus or minus 20 

percen t . 
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In calculat ing Vangorda mill feed , mining d i lu t i on mus t be 

considered in a manner s imilar to that descr ibed prev i ously 

for Grum in Sec t i on 3 . 3 . 5  ( b ) . Mining recovery and d i lut i on 

are quan t i f ied in Sec t i on 4 . 3 . 1 .  

Add i t i onal Vork Requi red 

More d i amond drill ing will be requi red at Vangorda to faci l i tate 

detai led mine produc t i on planning .  In par t i cular , fill-in holes 

will be necessary where previously drilled holes deviated f rom the i r  

planned courses and l e f t  informa t i on gaps , in the area explored by 

rotary d r i lling ,  and in likely areas o f  oxida t i on .  

I t  i s  l i kely tha t a s taggered t riangular pat tern will be d i amond 

d r illed to supplement the informa t i on provided from the curren t 

100 f t  by 200 f t  rectangular pat tern . 
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4 . 1 GENERAL 

There are three deposi ts whi ch are s cheduled to be mined by open-pi t 

mining me thods . These include the Faro , Grum and Vangorda depos i t s . 

Bo th the Faro and Grum depos i ts have add i t i onal underground 

reserves . 

4 . 2  FARO PIT 

4 . 2 . 1  

The p i t  des ign and mining plan used in  this plan i s  a mod i f i ca t i on 

o f  that presented in the 1985 plan prepared by Kilborn . This mining 

plan has the Faro p i t  being mined in  four phases from northwe s t  t o  

southeas t ,  these phases being referred to  as AY , BZ , C Z  and DY . Two 

add i t ional subphases , known as JB and the Ramp Zone , will  have been 

mined out by the t i me that this mine plan s tarts . 

Faro P i t  Reserves 

Open-pi t mineable reserves have been calculated from the FI Model . 

Reserves are calculated from mining blocks whi ch are laid out on 

bench plans . The area of each mining block is  digi t ized and the 

block reserve is then calculated . 

Pi t geome try i s  as discussed in Sec t ion 5 . 6 .  

Was te  quant i  t i es have been categori zed into three types : " Sulphide 

was te"  i s  composed of  sulphides grad ing less than 4 percent combined 

lead and z inc , plus any material grading greater than 4 percent bu t 

not recovered as ore ; "Calc s i l i cate was te"  i s  quan t i fied 

separately ; and all o ther was te is quan t i fied under the generi c term 

"was te " . 
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Ore quant i t ies have been cat egorized into the three main ore types , 

2A , 2H and 2BG , and have been fur ther subd ivided into  three grade 

i n tervals , 4-5 percen t , 5-6 percen t and plus 6 percent . 

Mining reserves are adj us ted to reflect a 95 percen t mining recovery 

and a 10 percen t was te dilution .  Recovery is defined as the tonnes 

of ore mined , expressed as a percentage of ins i tu t onnes . Di lu t ion 

i s  defined as the tonnes of  was te (at zero grade ) mined wi th the ore 

and reported as ore , expressed as a percentage o f  recovered ore 

t onnes . 

Adj us tment s  to  the ore quan t i t ies are as follows : 

Recovered ore tonnes 

Di lu t i on tonnes 

Mined ore t onnes 

(Recovery ) x ( ins i tu ore tonnes ) 

(Recovered ore tonnes ) x ( d i lut ion )  

(Recovered ore tonnes ) + ( dilut ion tonnes ) 

(Recovered ore tonnes ) x ( 1  + d i l u t i on )  

( Ins i tu ore tonne s )  x ( recovery ) x 

( 1 + d i lut ion) 

The d i lu t i on i s  assumed to  con tain zero metal : 

Recovered ore grade 

Dilu t i on grade 

Mined ore grade : 

Ins i tu ore grade 

0 . 0  

(Recovered Ore Grade ) x (Recovered Tonnes )  
(Recovered Tonnes + Dilu t i on Tonnes ) 

= ( Ins i tu Ore Grade ) x (Recovered Tonnes ) 
(Recovered Tonnes ) x ( 1  + D i lu t i on )  

( Ins i tu Ore Grade)  
( 1  + Dilut ion) 

Cut o f f  grades are defined wi th respec t  to  the ins i tu ore grade , no t 

t he mined ore grade . 

Table 4 . 2 . 1- 1  summarizes t he Apri l  1 ,  1987 mining reserves , based on 

4 percent and 6 percen t cu toffs . 
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TABLE 4 . 2 . 1- 1  

MINING RESERVES - APRIL 1 ,  1987 STATUS 

4% Cutoff  6%  Cu toff  

Tonnes 20 , 582 , 530 14 , 380 , 466 

% Pb+Zn 7 . 12 8 . 24 

% Pb 2 . 81 3 . 26 

% Zn 4 . 31 4 . 98 

Ag g/ t 35 . 4  39 . 2  

Au g/ t 0 . 10 0 . 09 

Table 4 . 2 . 1-2 ( see page 4-4) l i s t s  the mining reserves by category . 

In add i t ion to  the p i t  reserves above , a p i t  s tockp i le o f  previously 

mined ore exi s t s . 

4 . 2 . 1-3  below : 

Tonnes 

% Pb+Zn 

% Pb 

% Zn 

Ag g/ t 

Au g/ t 

These s tockpi le reserves are l i s ted in Table 

TABLE 4 . 2 . 1-3 

STOCKPILE RESERVES 

4% Cu toff  

402 , 52 1  

5 . 01 

1 . 87 

3 . 14 

2 6  

0 . 06 



Vol ume 
Mat • l .  Grade BCY 

Waste 2 1 204410 

Ca l c-
S i l i c  1842640 

Sul ph-
Was te 2676316 

2BG 4 . 0 -5 . 0  905917  

2BG 5 . 0-6 . 0  973573 

2BG 6 . 0+ . 0  4289278 

2H 4 . 0 -5 . 0  9599 

2H 5 . 0-6 . 0  5 1708 

2H 6 . 0+ . 0  53427 1 

2A 4 . 0-5 . 0  285633 

2A 5 . 0-6 . 0  189726 

2A 6 . 0+ . 0  324294 

TABLE 4 . 2 . 1 -2 

RESERVE L I STING : 1 987 BUDGET RESERVES ( 10% D I LUTION , 95% RECOVERY 

HEAD GRADE 

% 
Tonnes Pb+Zn %Pb %Zn 

4305 1330 

3781097 

68 15670 

2370695 4 . 1 1 1 . 68 2 . 43 

2603726 4 . 98 1 . 98 3 . 01  

12 100230 8 . 16 3 . 23 4 . 94 

24349 4 . 23 1 . 9 1  2 . 33 

146066 4 . 93 1 . 91 3 . 02 

1502319 8 . 6 1  3 . 59 5 . 02  

628026 4 . 06 1 . 31 2 . 75 

429202 4 . 83 1 . 57 3 . 26 

777917  8 . 63 3 . 18 5 . 45 

Ag Au 
.9L! .9L! Pb DMT 

26 . 1 2 43399 

28 . 1 1 58012  

38 . 10 484700 

35 . 09 520 

30 . 06 3133 
49 . 06 68539 

22 . 09 1 1758 

26 . 0 7  1005 1 

39 . 07 42603 

CONCENTRATE 

Ag Au 
%Pb .9L!_ .9L!_ 

62 . 00 654 . 00 

62 . 00 616  . 00 

62 . 00 514 . 00 

60 . 00 747 . 00 

60 . 00 646 .00  

60 . 00 580 . 00 

40 . 00 45 1 . 00 

40 . 00 438 . 00 

40 . 00 329 . 00 

Zn DMT %Zn 

8 1268 5 1 . 00 

1 14876 5 1 . 00 

957464 5 1 . 00 

789 50 . 00 

6427 50 . 00 

120401 50 . 00 

242 18 50 . 00 

202 12  50 . 00 

67298 50 . 00 

% RECOVERY 

Pb Zn � Au 

67 . 6  72 . 0  46 . 9  . 0  

69 . 8  74 . 9  48 . 6  . 0  

76 . 9  8 1 . 7  54 . 6  . 0  

67 . 2  69 . 6  46 . 2  . 0  

67 . 3  73 . 0  46 . 0  . o  
76 . 3  79 .8  53 . 6  . o  
57 . 2  70 . 0  38 . 2  . 0  

59 . 6  72 . 2  40 . 2  . 0  

68 . 9  79 . 4  46 . 1  . 0  
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4 . 3  VANGORDA PIT 

4 . 3 . 1  

The pi t desi gn and mining plan used in this report  have been 

developed by Curragh personnel based on t he Vangorda Geologi cal 

model d i s cussed in Sec t i on 3 . 4 .  The p i t  is to  be mined in i t s  

ent i re ty as a s i ngle phase operat ion wi th  each l i f t  being mined t o  

ult imate pi t l imi ts  i n  sequence . Pi t geomet ry i s  as given i n  

Sec t i on 5 . 7 .  

Economi c  Modeling 

An economi c  model for the Vangorda p i t  was genera ted by Curragh 

us ing PC-Mine s o ftware . Thi s  economic model represents  the ne t 

value o f  each model block based on an e s t ima t i on of all opera t i ng 

cos ts  and revenue . An arbi trary minimum grade for process ing o f  a 

block was chosen at  5% ( Pb + Zn ) .  This i s  par t i ally based on Faro 

experience . 

The economic  modelling me thod i s  done on a sec t i onal bas i s  where 

each sec t i on is evaluated to ob tain a two dimens i onal op t imiza t i on 

of  the section . For this  model sec t i ons were developed every 60  

metres along the s trike of  the depos i t . In t h i s  process no 

provis ion was made for p i t  ramps but only p i t  slope parameters . 

After modelling by section was completed the informa t i on was t rans­

ferred to plans , walls were smoo thed and a ramp access added t o  

define the ult imate pi t .  Thi s  ult imate p i t  was d igi t ized . Con­

tained material wi thin the digi t i zed p i t  were tabulated on 4 . 5  me t re 

benches . These reserves were adj us ted to  reflect a 95 percen t 

mining recovery and 15% was te d i lu t i on . 



4 . 3 . 2 Model Economic Parame ters 

Operat ing cos ts used in the value ass igned to each block are : 

Mining 

Drilling 

Blas t ing 

Load ing 

Mine Serv i ces 

Fixed Haulage 

Variable Haulage 

Hori zontal 

Upward Ver t i cal 

Downward Ver t i cal 

Ore Processing 

Mine Admini s t ra t i on 

Head Office 

Unassigned 

$ . 1748/BCM 

. 3865/BCM 

. 4018/BCM 

. 98 1 7 /BCM 

. 3533/BCM 

. 0189/BCM/ 100M hor izontal 

. 0624/BCM/ 10M ver t i cal 

. 0368/BCM/ 10M ver t i cal 

$6 . 52 / tonne 

$1 . 56/ t onne 

$ . 86 / t onne 

$ . 93/ tonne 

Revenue ass ignment t o  each block are based on : 

Highway Freight $51 . 9329/ tonne cone . 

Ocean Freight $24 . 0394 / t onne cone . 

Smelt ing Cos t 201 . 3746/ tonne cone . 

Concentrate Grades 

Zinc 52 . 8% 

Lead 50% 
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Mill revenues as d i s cussed in Sec t ion 7 . 3  ( mi ll recovery formulas ) 

Exchange rate 

Metal Pri ces 

Lead 

Zinc 

Si lver 

Gold 

$1 . 39 : 1 . 00 Canada/ U . S .  

$0 . 20 U . S . ! lb 

$0 . 42 U . S . /lb 

$5 . 50 U . S . /oz t roy 

400 . 00 U . S . /oz t roy 
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Smelter  Payment for combined me tal : 

Lead 95% 

Zinc 85% 

S i lver 95% 

Gold 95% 

Ore Reserves 

The mining reserves for the Vangorda open p i t  are : 

Was te 

Rock 8 , 593 , 620 tonnes 

Overburden 9 , 069 , 372  tonnes 

Sulphide Was te  3 , 824 , 375 tonnes 

All Was te  2 1 , 487 , 367  tonnes 

Ore 

Type Grade Range Quan t i ty Pb+Zn Pb 
% (Pb + Zn) t onnes % % 

Bari t i c  4 . 0  - 5 . 0  13 , 181  3 . 95 1 .  92 

Bar i t i c  5 . 0  + 4 , 750 , 546 9 . 08 3 . 96 

Pyr i t i c  4 . 0  - 5 . 0  1 38 , 091 3 . 84 1 .  92 

Pyr i t i c  5 . 0  + 163 , 82 1  7 . 39 3 . 94 

Quar t z i t i c  4 . 0  - 5 . 0  482 , 793 3 . 92 1 .  61  

Quar tz i t i c  5 . 0  + 9 1 0 , 336 5 . 69 2 . 30 

Zn 
% 

2 . 02 

5 . 12 

1 .  92  

3 . 44 

2 . 31 

3 . 38 

To tal Ore 6 , 458 , 768 8 . 05 3 . 50 4 . 55 

4-7 

Ag Au 
g/ t g/t  

29  0 . 88 

57  0 . 63 

28 0 . 50 

57 0 . 20 

25 0 . 48 

3 1  0 . 53 

so 0 . 59 

4 . 4  GRUM PIT 

The p i t  des ign and mining plan , for the Grum open pi t ,  used in thi s 

report  have been developed by Curragh personnel b�sed on the Grum 

Geologi cal Model d i s cussed in  Sect i on 3 .  3 .  The p i t  i s  t o  be mined 

in three phases . Only the ult imate phase was modelled for economi c 

parameters . P i t  phases and geomet ry are as g iven in  Sec t i on 5 . 8 .  
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Economic  Modelling 

The Grum p i t  was modelled us ing the same method and economi c 

parame ters d i s cussed in for the Vangorda depos i t .  

Ore Reserves 

The reserves wi thin the var i ous phase of  the Grum pi t are shown on 

Table 4 .  4 .  2 - 1 . 
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TABLE 4 . 4 . 2-1 

Mining Reserves 

Quan t i ty Grades 
Tonnes % ( Pb+Zn) % Pb % Zn Ag: g/ t Au g/ t 

GRUM STAGE ONE PIT 

Vas te  
Was te  Rock 39207270 
Overburden 15067690 
Sulphide Was t e  1254449 
All Was te 55529409 

Ore 
4 - 5% combined 1244585 3 . 9 1 1 . 28 2 . 63 24 0 . 47 
+ 5% combined 7262196 7 . 25 2 . 59 4 . 66 43 0 . 66 

GRUM STAGE TWO PIT 

Was te  
Was te  Rock 8 4432130 
Overburden 12258714 
Sulphide Vas te 1834150 
All Was te  98524994 

Ore 
4 - 5% combined 1408768 3 . 89 1 . 56 2 . 33 26  0 . 66 
+ 5% combined 8927805 9 . 46 3 . 55 5 . 9 1 60 0 . 93 

GRUM STAGE THREE PIT 

Was t e  
Was te  Rock 7 1302610 
Overburden 4254012 
Sulphide Was te 1050922 
All Was te  7 6607544 

Ore 
4 - 5% combined 599910 3 . 86 1 . 55 2 . 3 1 28 0 . 78 
+ 5% combined 5550125 8 . 80 3 . 34 5 . 46 58 0 . 94 

GRUM TOTAL PIT 

Was te  
Was te Rock 1 94942010 
Overburden 3 1580416 
Sulph ide Was te  4139521 
All Vas te  2 30661947 

Ore 
4 - 5% combined 3253263 3 . 89 1 .  45 2 . 44 26  0 . 61 
+ 5% combined 2 1740126 8 . 55 3 . 17 5 . 38 54 0 . 84 

Total Ore 24993389 7 . 94 2 . 95 s . oo 50 0 . 8 1 
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5 . 0  OPEN-PIT MINING 



5 . 1  GENERAL 

5 . 0  OPEN-PIT MINING 

5-1 

Open-pi t mining at the Faro pi t commenced in  1969 and con t i nued to 

cessat i on of  mi lling in June 1982 . Vas t e  s tri pping was carr ied out 

be tween June 1983 and October 1984 . The property was shut down and 

remained idle unt i l  the opera t i on was acqui red by Curragh in  

November 1985 . 

The fac i l i t i es were reac t ivated in  December 1 985 , and was t e  

s tripping in the Faro p i t  s tarted in January 1986 for a mi l l  

s tart-up in June 1986 . 

The Faro p i t  will be comple tely mined out in 1992 . Future open-pi t  

product ion af ter comple t i on of  the Faro p i t  will be provided by the 

Grum and Vangorda depos i ts .  

5 . 2  CURRENT CONDITIONS 

The Faro open-pi t is in opera t i on at a nominal 100 , 000 t onnes o f  

material moved per calendar day . Material containing 5 percent lead 

plus z inc is shipped to  the mill . Material from 4 . 0  to  5 . 0  percen t 

lead plus z inc is  s tockpi led for later treatment . 

5 . 3  EXI STING EQUIPMENT 

Maj or mine operat ing equipment at the s i te cons i s t s  o f  the 

following : 



Equipment Number 

Blas thole Dri ll 2 

E le c t r i c  Shovel 4 

Haulage Truck 8 
( 170-Ton Capaci ty )  4 

Haulage Truck 22  
( 120-Ton Capaci ty )  

Dozer - Track Type 4 

Dozer - Rubber-Tired 2 

Motor  Grader 3 

Front-End Loader 2 

Descrip t i on 

M4 Marion Drill ( elec tri c )  

3 P&H 2 100 
1 Mar i on 191M  
4 15-cubic yard bucke ts  

Euclid  R170 
Uni t  Rig Elect rahaul 

'Wabco 120 

1 Caterpi llar D9H 
2 Caterpi llar D8L 
1 Caterpillar D8K 

Caterpi llar 824  

2 Caterpillar 16G 
1 Caterpillar 14G 

Le Tourneau 1800 
1 2-cubic  yard bucke t 
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In add i t ion , there i s  a flee t of  servi ce vehi cles required for 

servi cing ,  maintenance and employee t ransport . 

5 . 4  OPERATIONS 

Report ing d i rectly t o  the General Manager - Faro Opera t i ons , the 

Mine Manager is responsible for the safe and efficient operat ion ,  

main t enance , techni cal suppor t  and cont rol o f  the open-p i t .  The 

General Foreman - Opera t i ons , General Foreman - Maintenance , and 

Chi e f  Engineer all report  to the Mine Manager . 

The open-pi t  operates on two 12  hour shi f t s  per day , 7 days per 

week . 
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5 . 5  MAINTENANCE 

5 . 6  

5 . 6 . 1  

The Faro Mine has a well-equipped fac i l i ty for repair  and 

maintenance of the equi pment on s i te .  No phys i cal mod i f i ca t i ons or 

add i t i ons will be requi red to handle the maintenance for planned 

future operat i ons o ther than those d i s cussed in Sect ion 5 . 9  of this 

Report . 

Maintenance phi losophy for fu ture opera t i ons takes into  

cons idera t i on the following :  

( a )  Ligh t  vehi cles will b e  maintained o n  s i te ,  under cont rac t ,  by 

one o f  the local garages . 

( b )  Maj or engine and component rebuilds will be carried out by 

equipment suppliers in their  faci l i t ies or their  agent ' s  

fac i l i t i es .  

( c )  Maintenance personnel will , of  necessi ty ,  be of  flexible 

skills . 

FARO OPEN-PIT 

Introduc t ion 

The main Faro open-pi t will comple tely mine the open-pi t ore in 

Zones 1 and 3 o f  the Faro depos i t .  Zone 2 was mined out by a small 

open-pi t now completed and par t i ally backf i lled . Zone 1 was the 

ini t ial ore source and has been mined out to  the 3 , 590 foo t level . 

I t  i s  the northwes tetn por t i on of the ult imate pi t .  

The curren t mining plan cons i s t s  of  a four-phase mining approach in  

whi ch the  remainder of  the  ore  will  be mined in four phases shown in 

Figure 5 .  6 . 1-1 . Mining will progress from the Faro No . 1  Zone , 

s outheas t in successive phases unt i l  mining i s  complete . Table 

5 . 6 . 1- 1  shows annual material movement .  



-- 1 

2 
�'-�· ""· Q S.E. 

f-l) w <{} I 
;;? 
0 2 lJ.J (]) 

OR I G I"--AL GENERAL 

--;- - -- -- -
SURFACE CONTOUR-

--- -
-

-
I 

- -
- - -- -- -

-
- -

- - -- - - - - - -
41 1 0  - ----- ---- - - -- 41 10 
40--::o--- -- -- - - ............ ..... 4070 

40;!.0 ........... A050 
- - - - - -- -- -

3�.,0 -- - -- -- - �990-

3 9 50 COt.JTOUR AT :I TART UP / ··· ...... ../ �9!50 
A:> OF .JAt-J yoo 

--......... 
I I 3'? 1 0  59 1 0 

\ ' I "' A.Y I 3870 / P� 3 870 

38:10 : _/ '1 ...--::::::::. 1.,8 7 I 3830 
,.-- -- I J - I 37 9 0  I .:3 7<;10 

:37.50 :' I I I 37!50 

\ : ' ...-' I I 37 1 0  3 7 1 0  
\ \ "3 1070 PHA.::>E AY I / PH".5E 'cz I 3lD70 

"----> 31030 :' 1 � 67 � I I I 1900 ---...._ 3C.=xJ 
3590 / \ I P�E BZ 1 """' I :3590 

� 3.550 I I 1':>57-..........___ I '--- - -""'""\ \ I 3.5.50 

3 ::> t U  I I \. I PHO-SE c.z I 35 1 0  

3470 \ I I  _/ \ 1 9 5"' --......... � 3470 

3430 \ /I / \ I 3430 

3390 \ PJ-106E BZ ft:,HA.SE DY PIT BOTTOM _/ 33'?0 

3350 \ 1 955-....... / 1 9 � Z. -1"---- I 3350 

3:31 0 "33 1 0  

I 

0 tOO 2.00 3 00  400 !)00 

5CAL.. E lr-...1 FE.ET 

·�· QOHr, T I T L E  ""·-
SeAL&: "=100' �K CURRAGH RE.SOURCE.S ........ -�-
IIDIIIIIIDH1 J.af'" k.·a.87 LOCATIONo FAR O ,  VUkON FARO AREA DEP051T.5 3509 19 

t55U't> F'OR 1WiNICAI.. RE:\IIEW 43"7 DllAWN IY: BP 3� �0 [1[ID@�[J::\!] FA R'o PIT DftAWING NUM..a, 
l f • � ! � i i � i ! ; ND. D t: S C: I't i ,. T I O N  DATI!: BY � ! ij i ! :i � i � ! � 5 No. D II: S C: I't l f' T I D N  DATI: OY � ! i � � l [ ; � ; � ; l 5 NO D II: S C:  .. I P' T I  O N  DAYO •v CIIIO:lOIT: LON G I TUDit-JAL SECTiON FIG. S.ID.H li'-DWG . ... o. i i ' i ! i i ! ; ! i ll'f i: P' � " I: N C I:  D II'I A W I N G .  ' R E V I S I O N S  ' R E V I S I O N S  ' R E V I S I O N S  U1'tiOVUI ..,,.JeF"" 



TABLE 5 . 6 . 1- 1  

ANNUAL MATE R I AL MOVEMENT 

FARO O P E N  P I T  

( T o n n e s  S t a t e d  I n  Tho u s a n d s ) 

Wa s t e  Mi l l  G r a d e  O r e  > 6 %  P b  + Z n ) 

Y e a r T o n n e s  T o n n e s  % P b + Z n  % P b  % Z n  Ag g/t Au gjt 

1 9 8 7  2 0 , 3 7 5  3 , 1 7 2  8 . 6 2  3 . 6 0  5 . 0 2  4 7  . 0 9  
1 9 8 8  1 5 , 7 9 4  4 , 8 6 4  7 . 9 9 3 . 2 6 4 . 7 3 4 2  . 0 7 
1 9 8 9  5 , 5 1 2  2 , 4 4 9  8 . 2 7 3 .  3 3 4 . 9 4 4 3  . 1 1 
1 9 9 0  7 , 8 3 3  3 2  6 . 7 7 2 . 6 2 4 . 1 5  3 8  . 3 0 
1 9 9 1  4 ' 9 6 6  1 ' 2 9 4  7 . 5 5 2 . 8 3 4 . 7 2  2 7  . 1 4 
1 9 9 2  2 , 3 4 2  2 , 5 6 9  8 . 5 7 3 . 0 2 5 . 5 5 2 6  . 0 9 

S t o c k p i l e  G r a d e  O r e 

T o n n e s  % P b + Z n  % P b  

9 8 1  4 . 5 3 1 .  8 6  
1 , 8 7 5  4 . 5 4 1 .  8 1  

8 8 8  4 . 5 9 1 .  8 4  
9 0  4 . 5 5 2 . 1 4 

1 ' 1 3 8  4 . 4 2 1 .  6 2  
1 , 2 3 1  4 . 5 6 1 .  6 2  

( > 4 %  < 6 %  P b  

% Zn Ag gjt 

2 . 6 7 2 9  
2 . 7 3 3 0  
2 . 7 5 3 2  
2 . 4 1 3 1  
2 . 8 0 2 2  
2 . 9 4 1 9  

+ Z n ) 

Au g; t  

. 1 0 

. 1 0 

. 1 2  

. 3 1  

. 1 1 

. 1 0 

Ul I � 
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5 . 6 . 2  Mining Cri t eria 

The Faro pi t is based on the following cri teri a :  

( a )  Ma terial In-Place Speci fic Gravi t ies 

( b )  

( c )  

( d )  

\Tas te Rock 

Ore ( all types for 

equi pmen t s i z ing) 

Ore ( for product ion 

calculat ion) 

Average - 2A 

- 2BCD 

- 2CE 

- 2EF 

- 2G 

- 2H 

Bench Heigh t s  

\Tas te 

Ore 

Pi t Slope Geome t ry 

Sou thwes t Yall 

Nor theas t Vall 

Berms 

Drilli ng and Blas t ing 

Type 1D - 2 . 60 

Type 3D - 2 . 75 

Type 3DBX - 2 . 7 1 

Average - 2 . 70 

3 . 93 

Measured less 5 or 10 

percen t of  voids depend ing 

on ore type 

3 . 19 

3 . 48 

3 .  77 

4 . 33 

4 . 44 

4 . 02 

Curren t prac t i ce 

12 . 12 me t res 

6 . 06 me tres 

Curren t prac t i ce 

45° s lope 

39° slope 

8 me ters 

Curren t prac t i ce 
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( e )  Load ing 

( f ) Haulage 

5-6 

Opera t i on o f  all shovels un t i l  

s t ripping i s  advanced 

sufficien t ly to permi t 

permanen t reduct ion in shovel 

usage wi th the p i t .  

Opera te all 170- ton t rucks on 

was te . Operate 1 20- ton t rucks 

on ore and was te . Schedule 

170-ton uni t s  is preference t o  

120- ton uni ts . 

Pi t Des ign 

( a )  Material Descrip t i on 

The was te ma terial wi thin the conf ines of  the ul t ima t e  

open-p i t  cons i s t s  of  an assemblage of  gneiss , s ch i s t s , 

quar tz i te and me tamorphic rocks with a minor amoun t o f  quar t z  

d iori te and diori te intrus ives whi ch form t h e  maj ori ty of  the 

overburden , and 6 sulphide minerali zed facies whi ch may or may 

not be ore subj ect  to the lead and zinc conten t . 

Hardnes s  and in-place dens i ty of  the var ious materials are 

variable . 

( b )  Pi t Slope Des ign 

P i t slopes a t  the Faro pi t are based on a Geo techni cal Study 

undertaken by D . R .  Pi teau & Associates L td . , Geo techni cal 

Consul t ants , dated January 1976 . Thi s  evaluat i on was based on 

detai led s t ructural mapping of  all accessi ble benches on the 

eas t s ide of the pi t .  Thei r  recommenda t i ons are shown i n  

Table XI excerp ted from their  Repor t .  
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TABLE XI 

SLOPE DESIGN RECOMMENDATIONS 

[ Excerp t from D . R .  Pi teau & Associates Ltd . Repor t ]  

Sector Water Watered Blas t ing Des ign Angle Wat er Watered 

A 3 9° 44° 35°-37° 53° 70° 34 1 1 2  2 6  1 / 2  

B 36  1 1 2° 39  1 / 20 35°-37° 49°-75° 70° 3 9  34  

c 39° 4 1° 35°-37° 49°-75° 70° 34 1 / 2  3 1  

D 38 1 / 2  43° 35°-37° 70° 35 1 1 2  28  
( No r t h )  

D 43° 47° 41°-42° 30°-80° 80° 36  3 0  
( Sou t h )  

E N/A 47° N/A +80 80° N/A 30 
-

F N/A 45° N/A 7 2°-74° 70° N/A 2 5  

G N/A 45° N/A 7 2°-74° 70° N/A 2 5  

N/A Not Avai lable . 

5 . 6 . 4  

Exis t ing plans are based on final slopes approxima t ing the 

average for high groundwater and dewatered condi t ions assuming 

con trolled blas t ing on the f inal pi t wall . To achi eve these 

s lopes , water control measures and blas t ing cont rol will be 

requi red . 

Mining Plan Concep t 

The Faro pi t is  being mined in four main phases from nor thwes t t o  

southeas t .  An add i t ional subphase at the southern end of  the p i t  

was mined s oon after commencement of  mining act ivi t i es . 

S t r i pping opera t i ons commenced wi th one shovel opera t ing in  January 

1986 and increased to opera t i on of all shovels in June 1 986 . All 

shovels will be used unt i l  the end of  1987 af ter whi ch t ime they 

will  be operated on a dimini shing s cale as s tr i pping requi remen t s  

are reduced . 
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All materials wi th a combined grade above 5 . 0  ( Pb+Zn ) percent will  

be delivered to  the crusher or to  temporary s tockp iles near the 

crusher . Material wi th grades be tween 4 . 0  and 5 . 0  ( Pb+Zn ) percent 

will  be s to ckpiled and treated af ter open-pi t mining i s  comple t e . 

Mining Plan 

( a )  Phases [ Figure 5 . 6 . 1-1 ] 

The Faro open-pi t has been mined out northwes t o f  the Faro 

Faul t .  The longi tudinal sec t i on shows the remaining por t ion 

of the open-pi t  whi ch will be mined . Phases AY , BZ , CZ and DY 

are shown , as are the port i ons whi ch will be mined in each 

t ime period . The drawings associated wi th each t ime peri od 

show maj or ramps as they exis t  a t  the end of  the t ime period . 

Table 5 . 6 . 1-1  indi cates the material movement by t ime period . 

( b )  Curren t Cond i t i on [ Figure 5 . 6 . 5- 1 ]  

The Faro open-pi t ,  as o f  Apri l  1 ,  1987 , has been s tr i pped to  

ore in  the AY phase and ore product i on i s  from this  phase . 

S t r ipping o f  the BZ phase has s tarted . 

( c )  Mining - 1987 [ Figure 5 . 6 . 5-2 ] 

During the period Apr i l  1 ,  1987 t o  end o f  1987 , four shovels 

will  be opera t ing in  the Faro p i t . Ore product ion will  come 

from the AY phase of the pi t ,  from the 3 ,  570 through 3 ,  430 

benches . During this  period , the BZ phase will be s t ripping 

f rom 3830 through 3510 benches and will be producing ore a t  

year-end . The CZ phase s tr i pping will be s tar ted . 
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( d )  Mining - 1988 [ Figure 5 . 6 . 5- 3 ]  

5-9 

During the ini t ial part o f  the year , three shovels will  be 

operat ing in the Faro pi t .  Ore product ion will come from the 

BZ phase whi le s t ri pping of the CZ phase is in progress .  The 

BZ phase will be completed in late 1988 at  whi ch t i me the CZ 

phase will be producing the ore , and s t ripping wi ll have 

commenced on the DY phase .  At year-end , there will  be only 

two shovels operating in the Faro p i t . 

( e )  Mining - 1989 [ Figure 5 . 6 . 5-4 ] 

Two shovels wi l l  be operat ing in the Faro p i t  at  the s tart  of  

1989 . Ore produc t ion will come from the  CZ  phase un t i l  it  is  

comple t ed in mid-198 9 , at whi ch t ime there will  be one 

remaining shovel operating in the Faro p i t  s tripping was te  

from the  DY phas e .  

( f )  Mining - 1990 [ Figure 5 . 6 . 5-5 ] 

Was te  s tripping of  the DY phase will con t inue throughou t th� 

year wi th only minor amounts of  ore released . 

( g )  Mining - 1 9 9 1  [ Figure 5 . 6 . 5-6 ] 

Ore produc t i on will  come from the DY phas e .  One shovel will  

be operating in  the Faro p i t  during the year . 

( h )  Mining - 1992 [ Figure 5 . 6 . 5-7 ] 

The Faro open-pi t  will be comple ted by the end of  the year . 
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5 . 7 . 1  

5 . 7 . 2  
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VANGORDA OPEN-PIT 

Introduc t i on 

The Vangorda depos i t  will be the f i r s t  of  the Vangorda Plat eau 

depos i ts developed and mined . I t  i s  intended to  pres t r i p  and mine 

the depos i t  over a period of four years from 1988 to  1991  inclus i ve . 

Table 5 .  7 . 1-1 . 

There i s  a t o tal of  27 , 946 , 000 tonnes of  ma terial t o  be moved , o f  

whi ch 6 , 459 , 000 i s  cons idered ore . The effect ive s t ri pping rat i o  i s  

3 . 33 t o  1 .  

Mining Cri teria 

The Vangorda pi t is based on the following cri teria : 

( a )  Material In-Place Speci fi c  Grav i t i es 

Unconsolidated Overburden 

"Was te  Rock 

Ore ( For produc t i on 
calculat ion) 

Average - 4A 

- 4C 

- 4EC 

- 4E 

- 4EG 

- 4EH 

( b )  Bench Height 

"Was te  

Ore 

2 . 1  

2 .  70  

Measured SG  less 5 percent for  
voids  

2 . 83 

3 . 27 

3 . 68 

3 . 75 

3 . 96 

3 . 67 

1 3 . 5  metres 

4 . 5  me tres 



Ye a r  

1 9 8 8  
1 9 8 9  
1 9 9 0  
1 9 9 1  

wa s t e  

T o n n e s  

6 , 6 6 6  
6 , 0 2 9  
8 , 1 3 2  

6 6 1  

TABLE 5 .  7 . 1-1 

ANNUAL MATERIAL MOVEMENT 

VANGORDA O P E N  P I T  

( To n n e s  S t a t e d  I n  Tho u s a n ds ) 

Mi l l  G r a de O r e  ( > 5 %  Pb + Zn ) 

T o nn e s  % Pb+ Z n  

1 , 5 9 5  
3 , 2 1 7  
1 , 0 1 3  

7 . 8 1  
8 . 9 1 
8 .  3 1  

% Pb 

3 .  3 3  
3 . 8 7 
3 . 78  

% Z n  

4 . 4 8 
5 . 0 4  
4 . 5 3 

4 8  
5 4  
5 4  

. 5 5 

. 6 1  

. 6 6 

S t o c k p i l e  G r a d e  O r e  

T o n n e s  

2 4 2  
3 2 0  

7 2  

% Pb+Zn 

3 . 8 8 
3 . 9 1  
3 . 9 2 

% Pb 

1 .  6 2  
1 .  6 7  
1 .  9 5  

> 4 %  
% Z n  

2 . 2 6 
2 . 2 4 
1 . 9 7 

5% Pb + Zn ) 

2 8  
2 3  
2 7  

. 4 1  

. 4 9 

. 7 6 

U1 I 1-' 1-' 



( c ) 

( d )  

( e )  

( f )  

( g )  

5 . 7 . 3  Pi t 

( a )  

Pi t Slope Geome t ry 

Southeas t Wall 

Northeas t Wall 

Southeas t Wall 

Nor thwest Wall 

Overburden 

Pi t Ramps 

Wid th 

Maximum Grade 

Drill ing and Blas t ing 

Loading 

Haulage 

Des ign 

Material Descript ion 

45° s lope 

40° slope 

45° slope 

45° s lope 

35° slope 

30 me t res 

8 percent 

Curren t Faro pract ice 

Curren t prac t i ce 

5-12 

All ma terials in 170- ton t rucks 

Surficial depos i ts in the p i t  area cons i s t  mainly of glacial 

t i l l .  Thi cknesses o f  overburden range from 2 to  30 me t res . 

The t i ll i s  relat ively cons i s ten t  and i s  composed of  primar i ly 

sandy s i l t  wi th some sand and gravel . No permafro s t  was 

encount ered in any t es t  pi ts  or drill  holes . 

The was te rock wi thin the p i t cons i s t s  primari ly of  

non-calcareous phylli tes . Mos t phyl l i tes , especi ally i n  the 

depos i t  foo twall , are bleached , locally s il i c i f i ed and/or 

chlor i t i c  and sulphide-bearing .  



5 . 7 . 4  

5-13 

(b)  Pi t Slope Des ign 

P i t  s lopes s tabi l i ty will be governed primar i ly by the 

orien ta t ion of  fault  and fol iat ion surfaces . Possible fai lure 

modes include plane fai lure on foliat ion surfaces and wedge 

fai lure on in tersec t ing fault and foliat ion surfaces . The 

nor theas t wall , with  the foliation d i pping into the pi t ,  wi ll 

probably requi re a flat ter wall . Fur ther s tudy will be 

requi red to  determine p i t  s lopes ; however ,  the p i t  s lopes 

con tained wi thin the cri teria are real i s t i c  approxima t i ons . 

Mining Plan Concept 

The Vangorda pi t will be mined as one phas e . Benches will be t aken 

to ul t imate walls as the p i t  is mined to ult imate depth . 

Overburden will be removed wi th scrapers . Rock s t ripping opera t i ons 

will s tar t as soon as overburden s t ripping is sufficien t ly advanced 

and necessary facili t i es are avai lable . 

All ore wi ll be s tockpi led ou ts ide the p i t  and rehandled i n t o  

haulage t rucks to  feed the crusher a t  the Faro Mill . Material 

having a combined grade above 5 . 0  percent ( Pb+Zn ) will be delivered 

to  the crusher as requi red . Material wi th grades be tween 4 . 0  and 

5 . 0  percen t ( Pb+Zn ) wi ll be lef t  in s tockp ile and t reated after 

open-pi t  mining i s  comple te . 

Yas te from the p i t  will be disposed of  in a single was te dump 

ou t s ide the p i t area ( see Figure 5 . 9 . 1-2 ) .  



5 . 7 . 5  Mining Plan 

( a )  Mining Plan Descri p t ion [ Figure 5 . 7 . 5-1 ] 

5-14 

The Vangorda open-pi t will be approximately 1 , 000 met res in  

length , 400 me t res in width at the  wides t point  and 110  me t res 

in dep t h .  The longi tudinal axi s  of  the p i t  i s  approximately 

northwes t /southeas t wi th the deepes t por t i on to  the northwes t 

end o f  the pi t .  Access to the pi t wi ll be a ramp located on 

the sou thwes t pi t wall whi ch will exi t the pi t on the 

nor thwes tern end of  the pi t .  

( b )  Current Cond i t i on 

At  the presen t , no preproduct i on work has been undertaken at  

the pit  s i t e .  S i te clearing , water divers ion d i tching and p i t  

area dewatering have no t been s tarted . No fac i l i t ies are 

avai lable at  s i t e .  

( c )  Mining - 1987 

Work at the Vangorda p i t , during 1987 , will cons i s t  of s i t e  

clearing , water divers i on and a s tar t o n  pi t area dewatering .  

( d )  Mining - 1988 [ Figure 5 . 7 . 5-2 ] 

Mining will commence at the 1 , 170 me tre eleva t i on at  the north 

end of  the pi t .  During the early par t of  the year , the 

Vangorda Creek diversion wi ll be cons true ted . Some of the 

unconsolidated overburden will be used for the d iversion dam . 

By year-end , the p i t  will be mined down to  the 1 , 130 me tre 

eleva t i on and 6 . 7  million tonnes of  was te will have been 

removed . 

During the year , one shovel will have been opera t i ng in this  

pi t .  

P i t  s tatus at the end of  the year i s  shown in Figure 5 . 7 . 5-2 . 
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5 . 8  

5 . 8 . 1 

( e )  Mining - 1989 [ Figure 5 . 7 . 5-3 ] 

5-15 

During 1989 , approximately 1 . 8 million tonnes of ore and 6 . 0 

million tonnes of was te will be removed from the Vangorda 

open-pi t .  Pi t bot tom at year-end , as shown in Figure 5 . 7 . 5-3 , 

will be 1 , 1 10 me t res elevation .  

Up t o  500 , 000 tonnes o f  near surface ore may be oxi di zed to  

some degree . 

( f )  Mining - 1990 [ Figure 5 . 7 . 5-4 ] 

During 1990 , approxima tely 3 . 5  million tonnes o f  ore and 8 . 1  

mi llion tonnes of  was te will be removed from the Vangorda 

open-pi t .  In order to  mee t  these produc t ion requi remen t s , a 

second shovel will be moved into the pi t early in 1990 . 

Pi t s tatus at the end of  1990 i s  shown in Figure 5 . 7 . 5-4 . 

( g )  Mining - 1991  [ Figure 5 . 7 . 5-1 ] 

During early 1 991 , mining of  the Vangorda open-pi t  wi ll be 

comple te . Produc t ion during this per iod will be 1 .  0 million 

tonnes of  ore and 0 . 7  million tonnes of was t e .  

Pi t s ta tus a t  end of  mining in Vangorda i s  shown i n  Figure 

5 . 7 . 5-1 . 

GRUM OPEN-PIT 

Int roduction 

The Grum depos i t  wi ll be the second of the Vangorda Pla t eau depos i t s 

t o  be developed and mined . I t  is intended to  pre-s t r i p  and mine the 

depos i t  over the period 1989 through 1997 inclus ive . 

The mining plan cons i s t s  of three phases whi ch are des cri bed later 

in this Report . 
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A t otal of  256 , 315 , 000 tonnes will be removed from the p i t  during a 

10  year period . This t o tal i s  comprised of 40 , 645 , 000 t onnes 

overburden , 190 , 677 , 000 t onnes was te and 24 , 993 , 000 tonnes ore . 

Table 5 . 8 . 1-1  gives the annual mining quan t i t ies . 

Mining Cri teria 

The Grum open-pi t i s  based on the following cri teri a :  

( a) Material In-Place Speci f i c  Gravi t ies 

Unconsolida ted Overburden 2 . 10 

Was te  Rock 2 . 70 

Ore ( for product i on Measured 
calculat ion )  for voids 

Average - 4AO 3 . 23 

- 4A4/4AE 3 . 31 

- 4B 3 . 00 

- 4C 3 . 45 

- 4D 3 . 53 

- 4E 4 . 32 

- 4G 4 . 42 

- 4H 3 . 86 

- 4J 3 . 87 

- 4K 3 . 84 

- 410 3 . 1 1 

- 4L4/4LE 3 . 29 

SG less 5 percent 



Y e a r  

Wa s t e  

Tonnes ---

1 9 8 8  1 , 3 3 4  

1 9 8 9  

1 9 9 0  

1 9 9 1  

1 9 9 2  

1 9 9 3  

1 9 9 4  

1 9 9 5  

1 9 9 6  

1 9 9 7  

2 1 , 5 0 0  

2 0 , 2 0 8  

2 9 , 1 9 0  

3 1 , 6 8 4  

3 4 , 2 7 7 

3 2 , 1 6 8  

2 9 , 4 2 3  

2 7 , 8 3 2  

3 , 7 0 7  

TABLE 5 . 8 . 1- 1  

ANNUAL MATERIAL MOVEMENT 

GRUM OPEN PIT 

( Tonnes s t a t e d  In Thousands ) 

Mi l l  G r ade o r e  ( > 5 %  Pb + Zn ) 

Tonne s % Pb+Zn 

5 2  

2 1 8  

1 , 3 7 7  

1 , 8 9 7  

3 , 3 7 4  

4 , 0 9 7  

3 , 9 5 6  

3 , 2 0 9  

3 , 5 5 8  

5 . 8 6 

5 . 6 2 

7 . 3 7 

7 . 2 5 

7 . 7 7 

8 . 9 2 

9 . 5 6 

8 . 8 1 

8 . 8 7 

% P b  

2 . 2 0 

1 . 9 6  

2 . 6 6 

2 . 5 9 

2 . 8 5 

3 . 3 7  

3 . 5 3 

3 . 3 5  

3 . 3 1 

% Zn 

3 . 6 6 

3 . 6 6  

4 .  7 1  

4 . 6 6 

4 . 9 2 

5 . 5 5 

6 . 0 5 

5 . 4 6 

5 . 5 6 

3 6  

3 3  

4 4  

4 2  

4 7  

5 6  

6 0  

5 7  

5 9  

. 4 8 

. 6 6 

. 6 6 

. 6 2 

. 6 7 

. 8 5 

. 9 6 

. 6 8 

1 .  0 1  

Stockpi l e  G r ade O r e  

Tonn e s  

5 1  

3 8 9  

3 7 8  

4 5 0  

4 8 1  

7 1 9  

4 1 9  

3 6 7  

% Pb+Zn 

3 . 8 1 

3 . 9 2  

3 . 8 5  

3 . 9 8 

3 . 9 1 

3 . 6 7 

3 . 6 6 

3 . 6 8  

% Pb 

1 . 2 7  

1 .  2 8  

1 . 2 7 

1 . 3 5  

1 . 5 4  

1 .  5 3  

1 . 5 7 

1 . 5 5  

l 

> 4 %  < 5 %  Pb + Zn ) 

% Zn 

2 . 5 4 

2 . 6 4 

2 . 5 8 

2 . 6 3 

2 . 3 7 

2 . 3 4 

2 . 2 9 

2 . 3 3  

2 4  

2 5  

2 4  

2 5  

2 7  

2 6  

2 6  

2 7  

. 7 7 

. 5 3 

. 4 0 

. so 

. 6 5 

. 6 3 

. 7 3 

. 7 6 
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( b )  

( c )  

( d )  

( e )  

( f )  

( g )  

5 . 8 . 3  Pi t 

( a )  

Bench Height 

Was te 

Ore 

Pi t Slope Geome t ry 

Sou theas t Wall 

Nor theas t Wall 

Sou thwes t Wall 

Nor thwes t Wall 

Overburden 

P i t  Ramps 

W i d t h  

Maxi mum Grade 

Dri lling and Blas t ing 

Loading 

Haulage 

Des ign 

Material Des criEt ion 

13 . 5  me tres 

4 . 5  me tres 

40° slope 

40° slope 

45° s lope 

45° slope 

35° slope 

30 me tres 

8 percent 

Current Faro prac t i ce 

Curren t practice 

5-18  

All ma terial in 170- t on t rucks 

Surfi cial deposi ts  wi thin the pi t area cons i s ts primari ly o f  

morainal and glaciofluval deposi ts . Depths o f  this overburden 

ma terial range from zero to 10 me t res in the nor thern por t i on 

o f  the depos i t  to over 100 me tres in the sou thern end . Th i s  

ma terial contains t i lls , uni form s i l ts and gravels . Some 

pocke ts of permafros t have been encoun tered , but do no t appear 

to be extens ive . The overburden is known to be 

water-saturated in some areas , bu t the ex tent of sa tura t i on 

has no t been defined . 
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Regional bedrock geology contains b i o t i te-muscov i t e  schis ts , 

calc- s i l i cate gneiss and b i o t i t e-muscovi te phylli tes . 

Mineralizat i on occurs wi thin the phylli tes . 

The overall s t ructure of the depos i t  i s  that of  a broad 

syncline , complicated by a number of faul t s . 

( b )  Pi t Slope Design 

Pi t wall s tabi l i ty wi ll be governed primari ly by the 

orientat i on of fault and foliation surfaces , and poten t ial 

wedge failure on intersec t ing fault and foliation surfaces . 

The fol i a t i on on the northeas t and southeas t walls d i ps i n t o  

the pi t ,  and these walls w i l l  of  necess i ty be o f  flat ter 

s lopes than the o thers . Slopes selected are given previously 

in Sec t i on 5 . 8 . 2  of this Report . 

Mining Plan Concept 

The Grum p i t  will be mined in three overlapping s tages . The f i rs t  

s t age o f  the pi t ,  shown i n  Figure 5 . 8 . 4- 1 ,  will go t o  the 1 , 160 

met re eleva t i on .  Concurrent wi th the mining of  the s tage one pi t ,  

s tri pping will  begin on the second s tage , shown in Figure 5 . 8 . 4-2 . 

The second s tage will  involve pushing back both the sou theas t and 

northeas t walls o f  the s tage one pi t .  The maj o r i ty of  the mater ial 

will  be removed from the southeas t wall . The s tage two p i t  bo t t om 

will be 1 , 090 me t res elevation .  

The s t age three p i t  (ult imate pi t )  i s  shown in Figure 5 . 8 . 4-3 . The 

s t ripping o f  this s tage will s tart during the mining of s tage two 

and will take the ul t i mate p i t  to the 1 , 030 met re level . 
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Mining Plan 

( a )  Mining Plan Des cript ion 

The Grum open-pi t  wi ll be u l t i mately 1 , 150 me t res in length , 

850 me t res in wid th and 300 me t res in dep t h .  The longi tud i nal 

axis of the pi t is approximately nor t hwes t /sou theas t .  The 

ramp exi t from the p i t  will be on the sou thwes t corne r ,  2 2 0  

me t res above the u l t imate p i t  bo t tom . Mining ac t ivi t ies in 

the Grum open-pi t will s tar t in late 1988 and con t inue un t i l  

late 1 997 . A t ot al o f  2 5  million tonnes o f  ore and 2 3 1  

million tonnes o f  was te will be mined . 

( b )  Mining - 1 988 

Mining will begin in late 1988 wi th s craper removal o f  

overburden . Stri pping of  the s tage one p i t  will be s tarted a t  

the 1 , 310 me t re eleva t i on .  During t h e  year , 1 . 3  million 

tonnes of  material will be removed . 

( c )  Mining - 1989 [ Figure 5 . 8 . 5-1 ] 

Early in 1989 , two shovels will be avai lable to  the Grum p i t .  

S tage one s t ripping will continue during the year wi th 

s crapers and shovels operat ing . Approximately 2 1 . 5  m i l l i on 

tonnes of was te will be removed . A minor amount of  ore 

( 52 , 000 tonnes ) wi ll be mined and stockpi led . 

Figure 5 . 8 . 5-1 shows the pi t s tatus a t  the end of  the year . 

( d )  Mining - 1990 [ Figure 5 . 8 . 5-2 ] 

One shovel will be removed from the Grum pi t for use a t  the 

Vangorda pi t early in 1990 and replaced i n  the lat ter par t of 

the year . By year-end , two shovels will be operat ing i n  the 

Grum pi t .  Approximately 270 , 000 tonnes o f  ore wi ll be m ined 

and s t ockp i led . Yas te removal wi l l  amoun t to 20 . 2  milli on 

tonnes . 

Pi t s tatus a t  the end of 1990 is  shown in Figure 5 . 8 . 5-2 . 
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( e )  Mining - 1991 [ Figure 5 . 8 . 5-3 ] 

5-2 1 

During 1991 , 1 . 7  million tonnes o f  ore will be produced from 

s tage one of the Grum pi t along wi th 29 . 2  mi llion tonnes o f  

was te from s tages one and two . A t  year-end , three shovels 

will be opera t ing in the Grum p i t .  

Pi t s ta tus a t  the end of  1991 i s  shown in Figure 5 . 8 . 5-3 . 

( f )  Mining - 1992 [ Figure 5 . 8 . 5-4 ] 

Ore produc t ion will continue t o  come from the s tage one pi t 

wi th 2 . 3  mill ion tonnes of ore being released . Stri pping will 

con t inue on the s tage two pi t .  

A to tal of  3 1 . 7  mi llion tonnes o f  was te will be mined during 

the year . At comple t i on of the Faro pi t ,  a fourth shovel will 

be moved into the Grum pi t .  

P i t s tatus a t  the end of  1992 i s  shown in Figure 5 . 8 . 5-4 . 

( g )  Mining - 1993 [ Figure 5 . 8 . 5-5 ) 

During the year , ore produc t i on will come primari ly from s tage 

one wi th only a small por t i on l i berated in s tage two . 

S t ri pping of  s tage two will con t i nue . A to tal of 3 . 8  million 

t onnes of ore and 34 . 3  million tonnes of was te will be mined . 

Pi t s ta tus a t  the end of 1993 is  shown in Figure 5 . 8 . 5-5 . 

( h )  Mi ning - 1994 [ Figure 5 . 8 . 5-6 ] 

During early 1994 , s tage one will  be comple ted and s t age two 

will become the primary source of ore produc t ion . During the 

second quar ter of the year , s t ri pping will s tar t on s tage 

three . A t o t al of  4 . 6  million t onnes of  ore and 32 . 2  million 

tonnes of  was te will be mined . 

Pi t s ta tus at the end o f  1994 i s  shown in Figure 5 . 8 . 5-6 . 
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( i )  Mining - 1995 [ Figure 5 . 8 . 5-7 ] 

5-22 

Ore production will be 4 . 7  million tonnes from the s tage two 

pi t during the year . Associated was te from the s tage two pi t 

and s tripping in the s tage three pi t wi ll produce 29 . 4  mill ion 

tonnes of was te during 1995 . During the third quar ter , a 

shovel will be re t i red from servi ce and three shovels will be 

operating in the pi t at the end of the year . 

P i t  s ta tus a t  the end of 1995 i s  shown in Figure 5 . 8 . 5-7 . 

( j )  Mining - 1996 [ Figure 5 . 8 . 5-8 ] 

The s t age two pi t will be completed during the year and the 

s t age three p i t  will become the ore source . A to tal of 3 . 6  

million tonnes of ore and 2 7 . 8  million tonnes of was te will be 

mined . During the second quar ter of the year , operat ing 

shovels will be reduced from three to two . 

P i t  s ta tus at the end of 1996 i s  shown in Figure 5 . 8 . 5-8 . 

(k)  Mining - 1997 [ Figure 5 . 8 . 5-9 ] 

The Grum pi t will be completed during 1997 . Produc t ion will 

be 3 . 9  million tonnes of  ore and 3 . 7  mi llion tonnes of was te . 

P i t  s tatus at the end of open p i t  mining in Grum i s  shown in 

Figure 5 . 8 . 5-9 . 

VANGORDA/GRUM SITE FACILITIES 

General 

The s i te developmen t for the mining of the Vangorda and Grum depos i t  

will cons i s t  primari ly of road access , water diversion , s i te 

clear ing, electrical power supply , changehouse and a shop for 

equi pmen t servi cing .  The s i te plan showing pi t and dump locat ions 

is given in Figure 5 . 9 . 1-1 . The ore haulage road i s  shown on Figure 

5 . 9 . 1-2 . 
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5 . 9 . 2  S i t e  

5 . 9 . 3  

5 . 9 . 4  

S i t e  clearing will be undertaken during 1987 . The areas to be 

cleared are ligh t ly to moderately fores ted .  There i s  exi s t ing road 

access to the s i t e .  Star t o f  work i s  governed only by wea ther , 

envi ronmen tal permi t s  and mobil izat ion t ime . 

The two was te dump locations and final open p i ts are shown on Figure 

5 . 9 . 1-1 . Thei r  locat ion necessi tates the red i rect ion of a number of 

water courses . Di t ching will be requi red around the upper slopes of 

the pi ts  to  d iver t  water from exi s t ing water courses . 

Si t e  Faci li t ies 

The planned operat ion takes into cons idera t ion the con t i nued use of 

maintenance facili t ies , warehouse and o f f i ces a t  the Faro s i t e .  

Minimal fac i l i t ies will be provided a t  the Vangorda/Grum s i t e .  

A two bay running maintenance and lubri cat ion shop wi th a small 

a t t ached ready-use warehouse .  This bui lding will be a 

pre-engineered s t ructure wi thou t crane fac i l i t ies . Shop dimens ions 

will be 23 me t res by 20 me tres . The warehouse and office will be a 

5 me t re by 24 me t re lean- to attached to  the shop . 

A prefabri cated changehouse will be provi ded for the mining crew . 

Faci l i t i es will be provided for both men and women . To tal locker 

capaci ty will be for · 100 people . 

Pi t Dumps 

Two separate was te dumps will be provided in one common wa tershed . 

One dump will be provided for each pi t .  The dump s i tes are near the 

pi t exi ts  and will fill two ravines . Dump locat ions permi t a short 

flat haul for was te from the pi t edge . 



DWO, NO, REFERENCE DRAWINGS 

c;!'<UM PIT 

DESCRIPTION 

R E V I S I ONS  

DUiviP EL. I 300m. 

A 165UED FOR TE.c.H�Ic.J;IL RE.V. 
�� � f-.. .C. • ...l--_ _:

D
::::

ESC
:::::::::�PT_.::

V

I
::::�::_

I D
-
N
-
S
--'---'-1 

REV I S I ONS  

f.:,..::::::"::·· I-: 5�0-0�0-r---l cCURRAGH RESOURCES 
ounlNEoav:J.a.F. Ea.o7 LoCAnoN: FA RO YUKON 
DRAWN BY: P.A. H FEB.67 

APPROVEDBYJBF 

TITLE 

rARO AREA DEP051T5 

VANG;ORDA PLATEAU 
SITE PLAN 



5000 
SCA LE IN M ET RES . �-d'---1 I 

� '  - / L � . -"'*' 
\ - -\.. .... .• _ 

10 ,000 

SCALE I : I 2 �000 DATE CLIE"NT FA RO A R EA D E PO S I TS DESIGNED J . B. F. Fe B.e? C U R RAGH R E :SO URC E S  
r-----------------+---l--+-.J.:-===.::..:...::::��� VA NGO R DA PL-AT E A U  
--����\C�������������fA����DR=�=N ���A�·�H�- fF�E=S-�87�Lo�cA�n�oN�F�A;R�O�, �Y;U�K�()�- ���------� � I S S U E D FO R TEC H N ICAL R E V I E W CHECKED rw o n I"C'){r=\\I'C5) f0..n H AU L  R OA D  

; REVISIONS NO DATE BY APPROVED � ���LN.u� t.:-:PR�OJ�. N�� 0-5-Q-�----� �-rO�W�G.-No-. F-/6
---5-

. ::>-.
-, -- z_-...,....R-EV-A

---,! 



5 . 9 . 5  

5 . 9 . 6  

5-24 

Ore S torage and Haulage 

Ore from the Vangorda and Grum p i t  will be s tockpiled in the pi t 

area and hauled to  the Faro Mill as requi red . The haulage road will 

be 14 ki lome tres in length with maximum grades of  2 percent agains t 

the load . 

Power Supply 

Elect r i cal power will be provided by a short  l ine from the main NCPC 

power line to the Faro Si te . The power line will be 5 , 000 me tres in 

length . Power will be t ransm i t ted trans formed down from 138 kv to  

34 . 5  kv and t ransmi t ted to  the mine s i te at 34 . 5  kv . In the p i t  

area , i t  will be further t ransformed t o  4 . 16 kv for pi t use . 
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6 . 0  FARO UNDERGROUND MINING 



6 . 1  GENERAL 

6 . 0  FARO UNDERGROUND MINING 

6- 1  

Sout hwest  o f  the ore being mined in the Faro Open pi t i s  a zone o f  

high grade lead z inc ore whi ch will b e  mined by underground me thods . 

Mining prac t i ces a t  the Faro Underground will be influenced by two 

maj or fact ors : 

a)  The minerali zed t abular zones d i p  at  15 to  25 degrees ; 

b )  The rock comprising the footwall and the hanging wall  i s  

minerali zed and the grades s imi lar t o  the material being mined 

wi thin the open p i t .  

The d i p  o f  the z ones is  well below the angle o f  repose o f  broken 

rock and grav i ty cannot be used to move broken ore . The d i p  is too  

s t eep t o  allow the use of  rubber t i red equipment wi thin the s t opes . 

The compe ten t  rocks , however , allow the use of  a mining me thod 

requi ring relatively large areas of  exposed , unsupported back . 

Open s t oping methods will be used . Open s topes will  be mined up d i p  

and p i l lars left be tween s topes . These pi llars will be par t i ally 

removed during final mining re t reat to  give a f inal overall 

extrac t ion o f  75 percen t . 

The thi ckness whi ch will be mined are normally greater than 

3 me t res . A minimum mining heigh t of 2 . 1  met res has been used . 

Mine water inflows are no t expec ted t o  be a maj or problem . The we t 

areas encountered wi thin the Faro open p i t  appear t o  be associated 

w i t h  faul ts and mos t of  the rocks have low permeab i l i ty . 
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The mine will be operated on a two - ten hour shi f t , five day per 

week bas i s . Produc t ion per operat ing day wi ll be 2000 tonnes . 

Access will be provided by a decline . Hydraulic j umbos and 

t rackless loaders and trucks will be used to drive the decline and 

the access d r i f t s  to the s toping areas . Stope mining opera t i ons 

will be conducted wi th short hole , por table dri lls and elec t r i c  

s lushers . 

6 . 2  ORE RESERVES 

The ore zone shown on Figure 6 . 2-1  i s  an ex tens i on of the orebody 

being mined by the Faro open pi t .  The reserves are based on surface 

d r i ll holes as ind i cated in the f igure . A geolocial reserve was 

calculated by the polygon me thod us ing the following parameters : 

a)  Minimum ins i tu grade 9 percen t Pb + Zn . 

b )  Minimum mining he igh t 2 . 1  me t res . 

c )  Maximum rad ius of  influence 46 me tres . 

d )  Minimum pillar between underground reserves and final �pen pi t 

wall i s  15 me t res . 

These reserves are cons idered to be in the probable catagory . 

Geologi cal reserves are given in table 6 . 2-1 . 

Mining reserves are calcula ted from geologi cal reserves on the 

following parame ters : 

a )  Dilu t i on - 10 percen t a t  zero grade . 

b )  Mining Recovery - 7 5  percen t of  inplace reserves . 

Mining Reserves are given in table 6 . 2- 1 . 
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6 . 3  MAJOR DEVELOPMENT 

Table 6 . 2- 1  

Geological Reserves 

Lead Zinc 

Percent Percent 

1 . 98 3 . 88 

5 . 09 7 . 69 

5 . 21 9 . 26 

5 . 04 7 . 76 

Mining Reserve 

4 . 59 7 . 00 

6-3 

Si lver Quan t i ty 

gm/ tonne tonnes 

13 . 86 58 , 000 

67 . 51 2 , 288 , 000 

82 . 17 264 , 000 

67 . 90 2 , 610 , 000 

6 1 . 29 2 , 014 , 000 

Maj o r  development prior to  the s tart  of produc t i on is  shown on 

Figure 6 . 3-1  and comprises 3 main areas : 

- Main access decline ; 

- Mining levels ; 

- Ven t i la t i on Raise . 

The main access decline will be collared on the wes t wall o f  the 

exis t ing open pi t at 3670 f t  eleva t ion . The grade of the decline 

will  be 15 percent . Dimensi ons of the decline will be 4 . 3  met res 

high by 5 . 2  metres wide . This  decline wi ll be pos i t ioned to permi t 

intersec t ion of  the bot tom of  the ore zone at  30 met res ver t i cal 

intervals . Prior to s tart o f  produc t i on 1 2 1 9  met res of  decline will 

be driven . Two main level d r i f t s  will be d riven as part of  the 

preproduct i on development at 3300 and 3400 f t  eleva t i ons . This  

maj or dri f t ing will amount t o  1 128 metres o f  whi ch 579  met res will  

be  at  the 3400 f t  eleva t i on .  The remaining 550 met res of pre­

product i on development will be at  the 3200 ft eleva t i on .  These 

dri f t s  will  have the same dimens i ons as the decline . 

The main ven t i la t i on downcas t rai se will  be driven from the end o f  

the 3300 f t  level t o  surface in a d i s tance o f  245 metres . This  

raise will be  a 2 .  4 met re diameter bored raise f i t ted with an 

emergency escape manway . 
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Total maj or developmen t  for the l i fe of the mine is  shown on Figure 

6 .  3-2 and includes further d r i f t ing on the 3200 f t . ,  3400 f t .  and 

3500 f t . eleva t i ons . This  addi t i onal ongoing development amoun ts to  

1433 me tres in length . 

6 . 4  STOPE DEVELOPMENT 

S t ope development will be s imilar for both s topes in thick ore zones 

and s topes in thinner ore zones . This development for a s t ope , 

whi ch can be seen on Figure 6 . 4-1 , includes : 

s lusher stat i on wi th access raise 

- d rawpoint 

- s tope raise 

S tope development will be pos i t ioned in  ore t o  minimize the 

excavat i on of was t e .  

6 . 5  STOPING METHOD 

The s t oping me thod whi ch will be used i s  up-d ip  open-s toping wi th 

air  leg pneumat i c  drills and electric  powered slusher/scrapers for 

ore removal to the s tope drawpoin t . 

Figure 6 . 4-1 . 

The proceedure will be as follows : 

Typi cal s topes are shown on 

a)  A slot  raise will be excavated from the top of  the drawpoint 

dri f t  to  the top of  the ore . 

b )  An access raise from the main level d r i f t  to  the slusher hoist  

s tat i on and the slusher hoi s t  s tat ion will be excavated . 

c )  The slusher hois t  and scraper w i l l  b e  ins talled . 

d )  A 2 . 1  me tre slot raise will be driven along the back o f  the 

s t ope from the t op of the slot  raise to the level above . 

e )  The ore body will be mined u p  d i p  from the slot  raise t o  the 

crown p illar . Drill holes will  be drilled up d i p  as shown on 

Figure 6 .  4-1 .  Hole length will be 10 fee t . Ini t ial mining 

height will be 3 me tres or ore thi ckness i f  less than 

3 met res . The s tope back will be rockbol t ed as required . 


