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Scope of assignment:
The scope was not strictly specified but was indicated to be

broad, including advising on operational procedures, and assessing
the reliability of current geological modeling.
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i)Observations

Executive Summary

1) The geological model on which the computer
mine model is based, cannot be expected to give
reliable detailed forecasts of tonnage and
grade on the scale of a single mining bench
twenty feet in height. This is because of the
heterogeneity of the orebody which precludes
detailed accurate geological interpretation
from the current drillhole density.

2)Grade control
Selective mining is 1limited by truck shovel

method of ore and waste removal.
Horizontal or subhorizontal layers of ore and
waste are not separable. Waste and ore are

designated in vertical columns 20’ high, on the
basis of blast hole chip sampling grade.Columns
are bounded by blast hole spacing.Since the
waste and ore boundaries tend to be
subhorizontal, this system is 1inefficient in
separating ore from waste.

Initial benching patterns based on a computer
block model, were not optimized for reducing
dilution.

3} Bench Dblasthole data 1is c¢losely enough
spaced to allow a considerable improvement in
detailed interpretation if the data obtained is
accurate. The accuracy of the current blasthole
sampling method is not good encugh for reliable
grade control. It is certain that some of the
columns are desighated for waste, low grade, or
direct to crusher ore, in error.

4} The logging of blasthole chips gives only a
rough 1idea of lithology and contacts. Bench
face mappring can help fill in the geological
picture but exposures are always limited. Geo-
physical logging of blastholes may locate some
conhtacts accurately and greatly facilitate
geological interpretation.

5)Timely and accurate forecasting of bench
production requires rapid gathering and

processing of data from blast holes and bench
faces. Processing should include the highest
possible application of geological interpreta-
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tion as well as obtaining high quality data.

The current level of geological staffing
doesn’t allow for more than data gathering and
recording. There is not time for plotting and
geological analysis which 1is required to
project information and make predictions for
the next bench.

ii) recommendations
1)Bring geology staff up to allotment as
quickly as possible.

2)Find an accurate method of sampling Dblast
holes. A system of collecting chips during
drilling may be best. A separate sample of
subbench material would be useful for
forecasting a bench ahead. I recommend a test
comparing the chip sampling method with a
diamond drill core drilled close by on the same

bench. I further recommend that the comparison
be made for 12 pairs of holes and the data be
analyzed statistically, including a

geostatistical search for variograms describing
the distribution of lead and zinc.

3)Consider the possibility of using a mining met-
hod such as front end loaders loading trucks, to
enhance selective mining and improve grade
control.

43411 geological staff should be impressed with
the importance of using the data collected to
improve their understanding of the geological
situation (especially metal distribution) to
facilitate accurate forecasting of bench
tonnage and grade.

4) It should also be understood that the oppor-
tunity to obtain data and refine the geo-
logical understanding of the Faro deposit will
be of great importance for the early accurate
interpretation of the other ore bodies in the
Anvil Range.
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1}

GEOLOGY

1.1)Faro Qrebody

i.‘ III-

FPersonal
obhasrvations

g

The orebody is conzidered to- be &a sediment
hogted, synsedimentary, stratgform, exhalative
maggsive sulfide deposit. In itz formative
state it i= thougbht to have been a layered
strataform body In which individoal layers
wiollld hawve bad distinctive characteristics of
esulphide mineralogdy and gangus mnaterials,. Thea
gealodic model would predict the lavers to
have been Fairly uaiform over large arcas.

Subsequent to deposition the ocrebody has
beean subjected to zaveral patriods of
deformetion iIn whicsh the roclks 2rd ore hbave
beenn folded amd faulted. In addition the ore
by has ]300k gub jected to regional
metanornhi=m that hax mdoukted 1w added
further complexity by changing detall=s of ore
mineral ogy.

Geologizsts who have worked out the
current geoclodical model on oross  =ecblions,
created and used a remarkably comprehengive
pnomenclature for rock and ore types. These
units were then treated as stratigrarhic
horizons and a model was made which attempted
to acrrelate these “"strats” from drill hole to
drill halsa., An impyessive picture with a 1ot
of detall wa=s built up. Clozer sxamitation re-
veals that there was much that there was much
interprative material incorvorated to acocount
for large differences between adjacent drill
hole=,

My impression of the Faro orebody is that it
consists of a very heterogenous distribution
of sulphide minerals withinh a zone of altersed
rooks that 18 a ressonably well defined
digtinguishable unit.

The digtipfuishing featurez of the uvnit

inolude the sulphides, devealopmert of
grarhite, =sericitic alteration, tmalc, and the
rock type designated D4, {(muscovite saricite
envelope}.

Iataral variastion= have bean obzerved to
occur rapidly. For example the irom sulfide
nineral of massive sulphides in a bench faes
in the JE =one changed from pyrite to
prrrhotite over a distance of § to 10 feet. Fb
& ZIn grade contours also show rTapid lateral
changes with patechy areas of high grade.
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Sub volcanic
Environment

1.2)Suggestibns

Observations I have made in the pit and
information proferred by Lee Pigage and Greg
Jilson have given me the strong impression that
the Dbreccia cap and the wvarious dikes are
intrusive elements that form part of a
subvolcanic suite. I suggest that the
structural effects of the intrusion of these
elements may be irregular radial tension
cracks, {some filled with dikes), and some
underthrusting of material being dragged up on
the flanks of the intrusive material. In
addition I expect that permeation of wvolecanic
steam and other gasses along fractures would
produce gouge-like alteration material far
exceeding the amount normally expected from
fracturing alone. This scenario may explailn
some of the difficulties in correlating fault
traces in current pit mapping. I suggest that
the idea is worth some investigation by someone
with expertise in volcanic environments.

The highly variable distribution of ore
minerals is a result of original wvariability of
deposition complicated by post depositional
folding and faulting. This wvariability is
indicated on the geology cross sections by
showing rock units as discontinuous lenses and
blocks separated by faulting. These methods of
illustration result from the fact that there is
often too little resemblance between adjacent
drill holes to allow for confident correlation
of details of mineralization.

I believe that the geological
interpretation has one unfortunate effect;- that
of indicating more reliability of detail than is
waranted by the drillhole framework.

1}JA strong effort should be made to keep pit
mapping up to date and plotted on current work
rlans.

1i) Grade distribution plots and contours
should be kept current.

iii) Continual effort to relate new data to
geclogy should be maintained. Bench plots
should be interpolated onto geological sections
regularly.

iv}) Grade distribution should be examined
statistically, both in the classical sense and
in the geostatistical sense. The object is to
quantify variability and evaluate the
reliability of grade and tonnage estimates.
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2)

2, 1)General

2.2)YComments

WORK REQUIREMENTS

The operational task of the Geology Department
at Faro is;-
1) to determine where ore is located and to
guide the mining operation to it.
2) to predict tonnages and grades for various
production units of ore as required by mine
planning.
3) to guide the mining operation in selecting
ore and discarding waste. {Grade Control)
4) to predict various ore types and conditions
of oxidation of ore available for milling.

Accomplishing the tasks efficiently requires
the Dbest knowledge obtainable of the geology
of the deposit. A very considerable body of
data and interpretation exists and has been
used to construct a computer model of the ore
body. This in turn has been utilized for long
range production planning.

Bench blast hole information allows detailed
evaluation of ore distribution in the bench
but it 1is obtained so close in time +to the
actual mining of the bench that there is
little scope for adjusting mining plans to any
surprises that appear.

It might be considered worthwhile to do
infill diamond drilling from a bench at or
near the ore hangingwall, to allow for inter-
mediate planning revisions.

2.3)Reccommendations

1)Continuous updating of the geology using all
data provided by operations.

2)Determine the best method of obtaining grade
data from blast holes.

3)Determine the best methods of using computer
for data handling and plotting.
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3)

3.1)Pit Mapping

3.2)Analytical
Data

3.3)Data
Recording

DATA GATHERING

lLee Pigage developed pit mapping methods which
he has described. The following conditions are
critical in my opinion.

i)Geologists going into pit should always be
equipped and ready to take notes and record
geological data.

ii)A method of quickly locating one’s position
in the pit should be devised. Preferably it
should be usable by geologists without recourse
to surveyors, be accurate to +/- 3 feet, and not
require bulky equipment. My suggestion is to
check out optical range finders as a partial
solution, to be used with a set of permanent
visual markers.

i1i)A vehicle for geology department use should
be provided.

The important points about gathering analytical
data are:-

i)YSampling procedure must produce a
representative sample. The sampling procedure
should be checked until users of the data are
confident in the results.

Further tests of tube sampling the blast hole
chip pile may show that it is possible to get
representative samples by this method. If not,
it may be necessary to test a method of
collecting samples while the holes are Dbeing
drilled. The system must be capable of taking a
representative sample from the stream of chips.

ii)Samples should be analyzed to get the
optimum amount of information. For example, an-
alyses for iron and sulphur would allow
estimation of ore sulphide types, specific
gravity, and the condition of oxidation.

a)Entry of data into a computer data base
which records the sample location and allows
plotting and statistical analyses of data,
should occur at the esarliest possible moment to
eliminate manual transcription and plotting.

page 3



b} Methods of plotting deta for batter illus-
tratiocn should be investigated. For example the
purrent betich plot of circles with calor codes
raprasenting rock types determined from blaest
hole c¢chips 18 confusing. | suggest that it
might be improved bw plotting cnly one or two
of the domioant litbhologise on men L shaped
diagrmm. The +two legs of the L would be the
samg, a&pd could be resd meE an element 1In a
fence diagram elong either of the grid linez of
Ehe blast hole pattern that pass through the

ole.,

Thea following dismgram illustrates +the mneathod
propoeed mnd it's relemtionship to currant
practise,

rege 190



c)Working drawings such as bench plans and the
geology sections pertaining to an active pit
area, should be on standard sized sheets and
have a home in a labeled file drawer.

d)Information worked up on current drawings
should periodically be transferred to the

permanent geology base maps and sections. Non
current working drawings could then be
discarded.
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FARD HIME

View from east wall August B/786
looking oorth west
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FARD MINE

View from north well of pit Auwdust B/68
looking south, reservoir in backeround
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FARD MINE

Vigw from wast wall of pit August 1E/B6&
lonking east

poaqe I3



Appendix A

The Breccia Cap as an Intrusive Breccia Column

Some of the

following: -

characeristics of the breccia cap are summarized

1)Clasts are mainly metasediments similar to
the metasedimentary country rocks of the
region.

2)Clasts have been found to have deformations
and crenulations typical of the late stages of
regional deformation.

3) The Dbreccia contains scattered clasts of
igneous dike rocks similar to dikes that have
intruded the breccia and have sent small apoph-
oses anastomosizing among the breccia fragments
4)0ne strong crosscutting dike mapped in the
breccia did not crosscut the breccia boundary.
5)Clasts of sulphides have not been observed in
the breccia.

8)The upper contact of the breccia is overlain
by steeply dipping schistose
metasediments. However the contact does not
conform to the primary layering of the metased-
iments, and could be considered intrusive.

Magmatic stoping and breccia columns described following: -

The process is thought to act in the following

manner. Magma under pressure begins to invade
it’s cover rocks in areas of weakness such as
fault itersections.Pressure in the magma
varies resulting in surges followed by
relaxations. Surges produce fracturing and
relaxation allows the Dbroken material to
loosen and fall back. a column of Dbreccia

builds up in advance of the invading magma.

Brecciation at the advance end of the column
may consist merely of fractured rock, and
gradually downward becomes more comminuted,
rotated and mixed.Good reviews of breccia and
pebble columns and mineralized breccia pipes
are given by Leonard Bryner (1961) and Vincent
D, Perry (1961)

Perry states that- "repeated magma adwvances
at wvarious points and resultant slumpage in
the chimneys would eventually extend the
breccias to or near the surface.

Leech (G.S.C. Paper 64-1 p30) reports
diatreme breccia columns occuring in the Rocky
Mountains. He has this to say {(Leech personal
commuhication)
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Comments

References

Bryner,

Perry,

At the highest levels the rock is fractured
but not displaced. At a lower level the rock

is brecciated with some rotation of
fragments, then brecciated and containing some
"foreign" but local sedimentary
fragments. There is an 1increase in the

proportion of matrix and a range of fragment
shapes from angular to partially rounded by
abrasion. {~—=~———~ >Going deeper the igneous
components increase and also dikes may appear.

There are also various references in the
literature to Rheomorphic Breccias referring
to breccias which become fluidized and can be
intruded into surrounding rocks.

There are fairly obvious similarities between
the Breccia Cap and some of the described
breccia columns.Particularly interesting 1is
the association of igneous clasts and
intrusive dikes within the breccia indicating
breccia formation and igneous activity
occurring together.Large scale batholith em-

placement has occurred in the Anvil range, and
volcanic flows are also present.The igneous
setting seems to have been appropriate for a
subvolcanic suite to have developed. The
relative timing is not however known to me.

Leonid 1961. Breccia & Pebble Columns Associated
with Epigenetic Ore Deposits, Ec.Geol.Vol. 56
pd488-508.

Vincent D. 1961. The Significance of Mineralized
Breccia Pipes. Mining Engineering April 1961.
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FARD MINE

View of sast wall showing subvolcanic complex

pnj:.fﬂ



61‘ -ae—od

o. T/ — — \% ‘\
2 ) V|3lﬂ1— ':jo,”ou)lsl.l&‘jfe‘j —_—

D Tlu Q-ULGL oy—o_uﬁey BY‘OLL)VL
— - =) Tl
be‘( e bYOan \r\x

9
wealthered and erumbly @\ (73 n@ m |
‘Y““\‘\ ks
. - o
h

_Soct’ Cz\"umbb\ \;{D {gkj

ny oli _ t .
«ﬁquﬁd TU‘E.’HQ of vo° ) UJr\‘s\(\ 2
N conladls pink \9{0
NZ - mi —_
\ pinkish 79(‘\ &; n’uarf’z_ mica.

/ u(arcnghfjg cepiot N ? R V_
sehis ant eyis reert Ny intruwsi \ Q_llo
lekls”\ SLK‘S\T / %{/ %T‘j&CC;Z eQP 0, 1‘ brawl’\
sclist ,OIO-V“'»S fach e /fﬂ\; _— 4 e ——— _____ __ochre N 3910 beneh
/

o= _ %
v“a_u)enr nore Or [ess —\// “I
Pcn.'-r‘e..”ef thhe \4.1'(1', 9/ é N
N s
Ne—

skefch of ecastwall of P”') viewed from wesl side o%y’- Au.ﬂ 13/86

T~ 1'1? lﬂ“j golol&d_

Jlm i wations X <
within lerger ¥ 570\’J ble Wil eor ¥y e
la_uj&rs \\“\'e/ ° ]LA U-L f? Lj ‘éz, ?l&‘?é:s

0
: 5
v o rae ‘;&"\(“50 1> & o \of"“’w

S
\7
X €Y
\ DWD’
\\\ eﬁf“;uk mmsk ,mk soﬁ arambl
// 3rc4j celists ose clasls )‘Lubble of 4l'z, bistite 39 (0 Benb)«.

Felds fna.rA/I(e

Skelch ma.ppins a.‘oru’ 3910 level



FARO MIKE

Breooia Blﬂukﬂ.
dislodded from adjacent bedrock
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Appendix B

BLAST HOLE SAMPLING TEST

A proposed program to investigate the reliability of
blast hole cuttings sampling.

Problem There is a certain lack of confidence in the reliability
of assay grades obtained from sampling blasthole
cuttings. Comparison of pairs of samples from 13 blastholes
indicates that a fairly high proportion of the pairs differ by an
unacceptable amount.

It 1is proposed to further check the reliability of the
current sampling method , and evaluate two other methods of sampl-
ing the blasthole cuttings.

The aim of the exercise i1s to find a method that
inspires confidence at the lowest cost and inconvenience.

Present practice The cuttings cone 1s approached, and a narrow
slot is dug into the cone until the stratified
structure of the chips can be seen.

A sample is taken from the narrow end of the
slot from top to bottom. The amount taken is a
shovelful which would weigh roughly 1-3 1bs
depending on the amount of sulfide material in
the sample

Proposed test
a) Shovel Method

Sample 30 cuttings piles by the present method in conjunction with
tube and quarter sampling. Compare assays.

b} Tube Sample Method
A tube with an I.D. of 3" will be worked down into the cuttings
cone to bring out a sample.
Assuming a sample 18" 1long the sample volume will be
r= %h=1.5%" X18=127.2 cu in =.07 cu ft.
Assuming an SG of 3 the sample will weigh about 3%.07%62.4= 13.1
1b
Frobloms anticipated
i) Stopping the sample at the base of the pile
ii)Dropping some sample during retrieval
iii)Eliminating the portion of the cuttings from <the
part of the hole that went below bench depth.

fAdvantagas
i)A larger volume of sample is taken than the shovelfull
which increases the statistical wvalidity of the sample
ii)Presumably it will be easier to take +two or more
samples with the tube than by the shovel method.

Test nrosedura
Sample 30 piles, two tube samples from each.Remove the
top 3" of cuttings from the sample area before inserting
the tube.Guage depth to base of pile.Tip tube sideways
to remove without dropping sample.Bag and tag 2
samples. Compare assays between tube samples,vs shovel
sample, and vs quarter samples.
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Proposed test continued
c) Quartering Method
i)Place quartering divider in place
ii)8crape a thin layer of sub bench cuttings
from the surface of quarters A%B
iii)Bhovel the whole of quarter A onto a
mixing board
iv)Reduce the sample to aprox.1 kg by riffling
v) Bag & tag 1
vi)Repeat process for quarter B
i) A large sample is taken and reduced by approved
sampling methods to a manageable representative sample.
ii) Sampling two quarters separately will test whether
sulfides are ditributed evenly in the pile.
i)A lot of equipment has to be moved around
ii) There will be some difficulty in eliminating the
sub-bench chips
iii) It will be time consuming
fast Frocedure
i) Quarter and sample 30 piles
ii) Bag tag & assay 2 samples per pile
iii)Compare A vs B
iv) Compare avge of A+B with tube samples
v) Compare avge of A+B with shovel samples

Notes Steve notes that the cuttinds pile typically
has a somewhat rectangular base and would loock
somewhat asymetrical in profile.

Also there are often ruts under the pile mak-
ing an uneven base.

Huogestions

i) Orient the quarter dividers to be along the
diagonals of the rectangle or try to bisect
irregular lobes

il) Circumscribe a circular sampling 1limit
around the blast hole

iii)Llay a plastic base to catch cuttings
before drilling

D.E.J. aug 3 /86

Grade control al The program to test blast hole =sampling
methods nearly drowmned Iin the rain, but four blast
holes were zampled by the proposed test methods. the
results showed large variations between the
difrerent samples taken from the same cone of chips.
the following concluszions arise from the results =o
farz— i) Grade is diztributed non unitormly Iin the
chip pile.
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i) A single zmall zample Trom the chip pile
hasz little chance of representing the arade
accurately.

In addition there iz a =s=trong suggestion that
the quartering method of sampling 1I= getting
consizstently higher pb & zn values than the other
methodsz.,L Ffour out of fourl. I think It may be
hecause the heavier minerals drop out closest ta
the hole and the guartering method of sampling Is
the only one that samplex the cone at the edge of
the hole.

bl An ex blaszt hole zampler has proterred a design
for a tube zampler and zampling method used by
himnself at a Placer Development mine. Thisz szvsten
wmill be tested. I suggest that an extra tube sample
he taken adjacent to the blast hole to test my
theory that this portion of the pile collectsz more
of the highgrade than the rest.

w) I conclude that the current method of blast hole
sampling Ix not adeguate and may well be assigning
ore to the low grade stock pile. In addition the
bench grades calculated Trom thisz dJdata are not
reliable.

ol In as much as an Improved zampling method is
bound to Iincrease the lvad of work, and as the
testing program hasz already increased the lIoad Tor
the iImmediate future, I reccomend the Immediate
hiring of a chie¥ blast hole sampler and grade

control technician to work clozely with Steve and
Cam. I =suggest that the chap who gave us the
Information about the =zampler iz wmorth trying.

D.E.T. Aug.l7 /8&
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