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prepared using the established procedures (Langmhyr and Paus, 1968).
The precision of this method was determined by using a granitic rock

standard (G-1) analysed four times, as shown in Table A.1.ii.

TABLE A.1.i1l

Precision of AAS analysis (n=4)

3 Range
Element Published Value* X S low high
8102 69.11 69.70 0.57 68.2 69.96
A1203 15.40 15.10 0.24 14.75 15.60
Fe203 2.65 2.60 0.02 -+ 2.64 2.74
MgO0 0.76 0.80 0.05 0.75 0.82
Ca0 1.94 2.00 0.10 1.92 2.14
Na20 4,07 4.30 0.02 4.07 4.21
K20 4.51 4.56 0.02 4.50 4.57
TiO2 0.50 0.50 0.01 0.47 0.51
MnO 0.03 0.03 0.0 - -

S=standard deviation
X= mean
*Flanagan, 1970

A.1.3. Wet-Chemical and Flameless Atomic Absorption Method: Precious
Metals

Precious metal (Au, Ag, Pd) concentrations were determined using
the wet chemical-flameless atomic absorption spectrophotometry technique
of Fryer and Kerrich (1978). The samples were prepared for analysis as

follows:
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TABLE A.1.iv

Comparison of Gold and Silver Analyses by
Flame and Flameless Atomic Absorption

Sample Au (flame) ppm Au (flameless) ppm
SM.2 0.84 1.00

SM.4 2.00 1.70

MHH .4 9.28 3.00%

MHH.6 9.04 2.60%

SM.53 0.72 0.70

TR.44 2.60 2.60

FC.7 1.12 « 0.80

Sample Ag (flame) ppm Au (flameless) ppm
SM.5 5.68 7.65

TR. 44 2.46 5.14

SM.53 2.30 2.30

TR.17 0.34 0.38

SM.16 0.12 0.14

TR.53 60.6 12.0%

SB.15 0.10 0.14

*error induced by excessive dilution)

No internal standard was available but replicate analyses show at
least internal consistency. Sensitivity determinations for the precious
metals may be calculated using:

A=4.4 xV x C
S

where A is the absorbance, V is the volume, C the concentration and S
the sensitivity. Values for the standard solutions showed close agreement

with the specified values (users' handbook); Table A.1.iv).






Extreme caution is necessary when analysing for low concentra-
tions of precious metals, because of contamination, especially in the
wet—chemical digestion (Fryer and Kerrich, 1978). Blank analyses (one in

each run of 20) showed values of 1 ppb.

A.1.3. Mineral Compositions by Electron Microprobe

Both sulphide and silicate minerals were analysed using an
automated electron microprobe; the JEOL JXA-50A electron probe micro-
analyzer with Krisel control through PDP-11 computer. Operating conditions
include an accelerating voltage of 15 kV, three wa;elength-dispersive
spectrometers, a beam current of approximately 0.3 microamps, a beam size
of approximately 1-2 microns and a counting rate of 30,000 with a default
time of 30 seconds. The sulphide major and trace analyses were corrected
and calculated by the Krisel Magic program, and the silicate analyses
using the Alpha Bence—-Albee matrix.

Calibrations were made using various sulphide minerals, pure
metals and silicates as appropriate. For each element a background point

and counts from five other points were determined. Counting errors in the

major elements of the sulphide minerals were mostly <27%.



APPENDIX 2

FLUID INCLUSION TECHNIQUES

A.2.1. The Chaixmeca Heating/Freezing Stage

The fluid inclusions were examined using an ordinary petro-
graphic microscope stage with high power objectives and high illumination.
The thermometric data were derived using the Chaixmeca Heating/Freezing
stage comprising an ordinary microscope stage with attached heating and
freezing stage, a control unit which monitors the temperature of the
stage and commands the heating and cooling of the stdge either manually

or automatically, and a pressurized liquid N,-container which both feeds,

2
and acts as a reservoir for, liquid N2 through the control unit and then
the stage, as illustrated in Figure A.2.i and A.2.ii. The system operates
between +600°C and -190°C. Samples are placed at the centre of the top,
flat surface of the condenser lens near to the Pt resistance sensor
(measuring 100 at OOC), and beneath a metallic cover with a polished
silica window. The temperature measurements are determined by the Pt
sensor which is resolved to #0.1°C on the digital readout.

Below 0°C, rapid cooling is induced by the flow of liquid N,.

A flow of dry N, through a plastic sleeve around the objective lens and

2
below the stage prevents excessive ice build-up at low temperatures
(modifications by Higgins, 1979). The dry gas is shut off when the

. o
temperature 1s -24 C.

Above OOC, the plastic tubing and sleeve (for the dry N2 circu-

lation) must be removed, and a water-cooled jacket is placed around the












objective lens to protect from overheating. A heating rate of O.SOC
min = is advisable near homogenization temperatures.

The Chaixmeca stage was calibrated (Fig. A.2.iii) by heating a
few crystals of chemical standards between several 1cm2 coverslip glasses
to approximate the thickness of a fluid inclusion section ( 600 um), and
melting points recorded. Similarly freezing point calibrations are made
using chemical standards for freezing of organic liquids. A detailed
calibration was made by N. Higgins in 1980, which was found to approximate
closely to melting and freezing point values for chemigal standards from
this study.

Accuracy and precision measurements were made on using chemical
standards and representative fluid inclusions. These data indicate that
below 0°C measurements are accurate within iQ.ZOC ideally. Below -40°¢
error is greater, as the Chaixmeca stage does not allow for control at
these low temperatures. Observations are variably obscured by condensation
in all freezing runs and the formation or disappearance of ice or clathrate
are very difficult to see in such small inclusions as in the present study
(<10 um), which produced further errors in thermometric data below 0°c. All
thermometric data are represented in the histogram plots in the text

(Chapter 6) using bar widths exceeding the errors of accuracy and measure-

ment.

A.2.2, Preparation of Fluid Inclusion Sections

The sections were prepared following the technique of Higgins

(1980) as follows:



10.
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The sample is cut to a block 1 cm x 2 cm X 2.5 cmz. Care must be
taken not to overheat the sample by friction which may decrepitate
inclusions. A thin diamond-edged blade (Felker 5" OL) 5/8) may be
used but is so fragile, it is more efficient to use a standard blade
at a slow rate.

The sample block is slowly ground down 1 mm on a Hillquist coarse
vertical grinder to remove any of the sample which may be damaged by
frictional heating.

The coarsely ground side is ground briefly on the horizontal lap
using 220 and 320 grits (carborundum powders) followed by 600 and
800 um abrasive powders on glass.

The samples are cleaned and dried thoroughly and the roughly polished
side is attached to an ordinary glass thin section plate using a
soluble glue (a spray-liquid coverslip*). .

Note: There is a problem with nucleation of air bubbles between the
slide and sample which may be decreased by spraying a thick layer of
the glass on both the semipolished sample and the slide, and leaving
for up to 10 min.,, K periodically stirring, using a botany needle to
eliminate the bubbles. The sample may be mounted on the slide when
the liquid glass is quite ''tacky''. Press the sample firmlv and allow
to dry for 12 to 24 hours. Do not dry by heating.

Mounted samples are slowly ground to an approximate thickness of 0.6
to 0.8 mm using the Hillquist coarse vertical grinder. The thickness
depends on the translucence of the mineral. The thinner the section,
the greater is the risk of loss of fluid inclusions.

Grind briefly on the horizontal lap (220 and 320 grits) followed by
grinding on glass (600 pum and 800 um powders).

The sample is then polished by hand on the Unipole polisher using a
1ijrm alumina powder. Polishing takes;;ZO minutes per specimen for
quartz.

The samples for thermometry are removed by dissolving the glass by
soaking in Xylene (in a shallow covered tray), for 5 to 12 hours.
Clean the sample chip with acetone and dry.

Remount the sample (the polished side down) to the glass slide (as
step 4).

Briefly grind the newly exposed surface on horizontal lap (220 and
320 grits) and on glass (600 and 800 uum powders).

*Higgins, 1980, suggests using Trycolac Mk IV distributed by Petrologic
Ltd., but this is no longer manufactured and other liquid glass had to
be substituted in this study.



11. Polish side (as step 6). Examine inclusions using a petrographic
microscope before removing the fragile section from the slide.

12. For thermometry, remove the glass slide by immersion in Xylene.
Clean thoroughly with acetone and dry.

The ideal fluid inclusion section will have parallel, optically
polished sides and an approximate thickness of 0.5-0.3 mm. Detailed
descriptions may be made from carefully cut and ground, unpolished
sections using immersion oils and coverslips. These are most suitable
for photography and enables morphological and preliminary compositional
evaluation of the fluid inclusions, without the time consuming process

(steps 6 to 12).
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