

























































































































































































Table 5.2. Summary of recorded reactivity of sulphidic minerals at three chosen locations under lake

water cover (32 cm depth), thin section B.

Recorded Reactivity of Sulphidic Minerals
in Lake Water

Mineral 6 days 15 days 40 days
Pyrite no change detected no change no change
5.2.A
Comments: greenish tint at time zero, and reddish tint at 40 days is not an indication
of reaction, this is due to variation of software attributes
Pyrrhotite orange-brown tarnish at|slight change from 6  |noticeable increase in
Adjacent to inclusion boundaries  |days; orange brown etching/scratching; no
Chalcopyrite within the pyrrhotite;  {tarnish detected within |increase of tarnish since
5.2.B minor etching/scratches [the chalcopyrite; no 15 days
noted; no change in change in the rutile
rutile
Comments:; moderate reaction; most changes occurred within the first 15 days
Pyrrhotite / orange-brown tarnish at|slight increase of increase of orange-
Marcasite the outer edges of orange-brown tarnish; [brown tarnish at holes
5.2.C holes; no change in no change in rutile and randomly within
rutile the grain (possibly at
small inclusions)
Comments: moderate reaction; consistent from zero to 40 days













Table 5.3. Summary of recorded reactivity of sulphide minerals at three chosen locations under

seawater cover (32 cm depth), thin section C.

Recorded Reactivity of Sulphidic Minerals
in Sea Water

Mineral 6 days 15 days 40 days
Pyrite Orange-brown tarnish, [increase of orange completely covered
53.A blue color at edges brown tarnish, blue with orange-brown

color within the inner |tarnish
regions
Comments: High reaction detected consistently from time zero to 40 days
Pyrrhotite Black tarnish on increase of black completely covered
Adjacent to pyrrhotite at boundary |tarnished regions; with black and orange-
Chalcopyrite with chalcopyrite and at|distinct variation of brown tarnish; blue BF
53.B holes; slight variation [|yellow tones in colors detected within
of yellow within chalcopyrite chalcopyrite
chalcopyrite
Comments: High reaction detected consistently from time zero to 40 days
Pyrrhotite / Blue/black/orange- consistent with day 6  |Consistent with day 6,
Marcasite brown colors 15
5.3.C throughout the grain
increasing in intensity
towards outer edges
Comments: High reaction detected within the first 6 days
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5.4 Water Sample Results
5.4.1 pH values
At standard temperature (21°C), the initial pH values of all water samples are shown in Table

54.A. Distilled and lakewater samples entering the experiment are near neutral; seawater is only
slightly more alkaline. The pH values at 40 days, the complete duration for the experiment, are
displayed in Table 5.4.B. The pH values measured at similar standard temperatures appear to have no
significant change for all water samples containing the sulphide bearing thin sections. Seawater has
decreased by only 0.2 pH measurements and lakewater has increased by 0.8 pH units.

5.4.2 Dissolved Oxygen measurements

Dissolved oxygen measurements (Table 5.5) in Part A (Probe Suspended in Water Column)
show variable values at the top of the water column, with a slight decrease gradient at depth. Part B,
Table 5.5 (Measure of Water Sample Extracted from Cylinder) documents increased values in
comparison to those measured within the cylinder. This is the case for all water samples utilized in the

experiment at time 40 days.



Table 5.4. Temperature and pH measurements at A) day zero and B) day 40

A) TEMPERATURE AND pH AT ZERO DAYS

Sample pH measurement Temperature °C
Distilled 6.68 21.1
Lake Banook #1 6.78 21.1
Lake Banook #2 6.9 21.0
Seawater #1 7.89 183
Seawater #2 7.88 189
pH 7 buffer check 7.01/6.99 210
pH 4 buffer check 4.03 21.0

B) TEMPERATURE AND pH AT 40 DAYS

Sample pH measurement Temperature ( °C)
Distilled 6.68 19
Lake Water 7.73 19.2
Seawater 7.62 15.2
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Table 5.5. Dissolved oxygen measurements.

DISTILLED WATER- THIN SECTION A
Part A: Measured Probe Suspended in Water Column

Sample Depth Temperature Dissolved Comments
(ml) (C) Oxygen (mg/l)
Top 450 21.5 514-6 Fluctuating
Middle 250 215 4.6 Stable
Bottom 50 215 3.86 Stable
Part B: Measured Water Extracted from Cylinder
Sample Depth Temperature Dissolved Comments
(ml) (G Oxygen (mg/l)
Pipette off 150ml -150 21 7.14 Stable
-300 20.9 7.08 Stable
-450 20.9 7.06 Stable

FRESHWATER - THIN SECTION B
Part A: Measured Probe Suspended in Water Column

Sample Depth Temperature Dissolved Comments
(ml) (°C) Oxygen (mg/l)
Top 450 20.8 62-78 Unstirred, fluctuating
Middle 250 20.8 6.1 Stable
Bottom 50 20.8 5.77 Stable
Part B: Measured Water Extiracted from Cylinder
Sample Depth Temperature Dissolved Comments
(ml) (°C) Oxygen (mg/l)
Pipette off 150ml -150 19.7 8.47 new membrane, calibration
-300 20.7 8.4
-450 20.9 8.38

SEAWATER- THIN SECTION C
Part A: Measured Probe Suspended in Water Column

Sample Depth Temperature Dissolved Comments
(ml) () Oxygen (mg/l)
Top 450 21.4 492 -6.1 Fluctuating
Middle 250 214 4.29 Stable
Bottom 50 215 3.34 Stable
Part B: Measured Water Extracted from Cylinder
Sample Depth Temperature Dissolved Comments
(ml) (°C) Oxygen (mg/l)
Pipette off 150ml -150 20.9 6.32
-300 20.3 6.49 Poor pipette —extra air
-450 21 6.33
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Chapter 6: DISCUSSION AND CONCLUSION

6.1 Introduction

Digital images show that sulphide minerals in thin section submerged under distilled water,
freshwater, and seawater all exhibit some degree of change (with the exception of pyrite in
distilled). This suggests an overall potential for reactivity of sulphide minerals in a submerged
setting. The observed changes which represent reactivity are collectively discussed in terms of
image surface analysis and differences in water quality from start to finish. Reactivity is implied
directly from observations and supported by past studies and the background information provided
in Chapters 1 and 2. The question of whether there is direct evidence of oxidation will be
addressed in detail below.

6.2 Sulphide Mineralogy
The microprobe analysis confirmed that the BH-20-II core sample contained pyrrhotite,

marcasite, pyrite, chalcopyrite, arsenopyrite and rutile. All of the sulphide minerals and notably
pyrrhotite and marcasite are reported in Section 1.3.1 as problematic minerals for ARD in Nova
Scotia.

The pyrrhotite in the BH-20-II sample has a Fe/S ratio comparable to the hexagonal and
orthorhombic polymorph (Figure 5.1). The stability field for pyrrhotite as demonstrated in the Eh -
pH diagram (Figure 2.3), lies farthest away from oxidizing surface waters (refer to Table 5.5). The
sample waters in this study carry relatively high dissolved oxygen content and therefore resemble
surface waters. It is inferred that sulphide minerals present in the core sample of this study all

possess a high potential for reaction in their respective sample water.
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6.3 Surface Tarnish as an Indicator of Oxidation
Tarnish was detected in this study by analysis of digital images. The sulphide minerals under

each water cover exhibit differing degrees of brown-tarnish and blue-purple reflectance color. In
the case of seawater, a deep orange-brown color and obvious changes in mineral topography were
evident. In addition, the amount of blue-purple, and orange-brown tarnish increased at later stages
between day 15 and day 40 of the experiment. On a larger scale, the orange-brown precipitate
found in outcrops and streambeds is a common indicator associated with acid rock drainage. As
shown in Figure 2.2, the orange-brown precipitate is probably the reaction product of the
hydrolysis of ferric iron to ferric hydroxide. To arrive at this stage, oxidation reactions producing
ferrous and ferric iron generate acidity. Therefore, the observation of surface tarnish suggests
oxidation of sulphide minerals and ultimately the production of acid.

The interpretation of surface coatings to indicate oxidation reactions of sulphide minerals is
supported by the work of Steger (1982) who observed the oxidation of pyrrhotite within a
temperature — humidity chamber. This series of quantitative experiments using a
spectrophotometer found a correlation between the colors of the surface tarnish and migrating
reaction zones of differing thickness corresponding to the extent of oxidation. The cycle of
reflectance spectra in Steger’s study proceeds from black-brown tarnish = blue-purple > orange-
brown corresponding to variable degrees of water-insoluble reaction products, FeSOj,
Fe(OH)(SO4)-H,0, Fe(OH); and S. Steger also states that the formation of Fe oxides and Fe
sulphates is an essential factor in the observed reflectance spectra and that oxidation is necessary
for the formation of the reaction products.

The Steger (1982) study provides a useful background for the interpretation of oxidation

from surface tarnish. However, all reaction products in Steger’s study were identified within a
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humidity cell, whereas the experiments in this study maintain a high water to rock ratio. Therefore,
oxidation products of sulphide minerals immersed in water may be more troublesome to define
(refer to Section 6.6).

6.4 Distribution of Tarnish

The distribution of tarnish was not uniform over the surface of individual mineral grains.
Surface coatings appeared to initiate along the perimeter of sulphide minerals, particularly adjacent
to sulphide inclusions, and eventually covered the surface uniformly. Sulphide minerals in
distilled water and seawater developed a similar uniform surface coating after 40 days whereas
minerals in freshwater samples experienced reaction only at isolated locations within the pyrrhotite
(refer to Figure 5.3D).

It is reascnable to infer that boundaries between minerals are areas of high energy and
therefore exist as initial targets for reaction. In addition, minerals often exhibit differences in
topography as an artifact of polishing and this may have provided an added opportunity for access
to mineral surfaces. Yet this does not explain why the interface between subgrains identified in
pyrrhotite did not show enhanced reactivity. It is concluded that the difference in polishing sutface
topography would be less pronounced amoeng subgrains of the same mineral compared to
boundaries between different minerals.

Galvanic effects are another important factor for explaining the localized reaction at an
interface between sulphide minerals. Galvanic reactions may affect the amount of sulphide
oxidation and can be used to expiain which sulphide minerals react first. Different sulphides in
close proximity can act like a battery, with one sulphide béhaving like the cathode, and the other as
the anode (Kwong, 1995). This effect is compatible with observations of enhanced surface tarnish

in pyrrhotite adjacent to chajcopyrite both in distilled water (Figure 5.3.1B) and seawater (5.3.3B).
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In this case, preferential oxidative dissolution occurs at the anode (pyrrhotite), while protecting the
cathode (chalcopyrite) in agreement with studies by Kwong, (1995).

6.5 Water Quality

Acid generated in the oxidation process is considered a reaction product and is also absorbed
into the surrounding aqueous medium. The aqueous environment acts as the buffering solution to
low amounts of acid released. The resulting overall affect on pH is minimal and therefore it is
reasonable to expect water quality results to show no significant change, as found in this study
(Table 5.4.B).

The in situ measurements of dissolved oxygen obtained by suspending the DO probe directly
within the cylinder (Table 5.4.A) are considered more reliable than those obtained by the extraction
method (Table 5.4.B). This is attributed to contamination by atmospheric oxygen during removal.
In addition, the water column for each sample in this study appeared to have a slightly decreasing
oxygen concentration with depth and values between water samples differ only slightly (within
Img/1). The variable “top” measurements obtained in all water samples using this method are
attributed to the constant exchange of atmospheric oxygen at the surface. The “bottom”
measurements are approximately 1-2 mg/1 less than “top” measurements, yet overall these values
are comparable to those found within typical surface waters in Nova Scotia lakes (Freédman,
1989). The ambient oxygen concentration will decrease with an increase in depth in a water
column, resulting in decreased oxidation at depth (Figure 2.4, Chapter 2). This implies a process
that consumes oxygen at the bottom of a natural water body. As mentioned above, the water
samples of this experiment are considered oxidizing and unstable for sulphide minerals. Therefore,
the rate of reaction observed in this experiment is likely accelerated compared to an anoxic

environment. However, the enhanced rate was needed in order to complete the study in a
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reasonable time frame. The enhanced rates do not negate the ability to compare relative reactivity
of the different sulphides in the different water types and may be likened to conditions encountered
in a well-oxygenated lake such as that of Buttle Lake, BC.

6.6 Relative Differences in Mineral Reactivity under each Water Cover

Natural waters contain a variety of dissolved components. Seawater iS an aqueous solution
of various salts, and distilled water is a relatively pure water form that still contains fractional
amounts of dissolved components, and lakewater contains varying levels of gases, and elementary
substances. The very low concentration of dissolved components in distilled water represents a
useful end member in this study. The seawater falls at the opposite extreme with typically 35 parts
per thousand dissolved solids and high concentrations of Na*, CI, and SO,*. The lakewater
occupies a state in between.

6.6.1 Distilled Water

The reactivity of sulphide minerals in distilled water is moderate compared with seawater
(high) and lakewater (low). Only pyrrhotite was reactive, while chalcopyrite and pyrite were
unreactive. This result agrees with the relative reactivity observed in other studies, and with the
galvanic effects. The initial pH of the distilled water was near neutral (6.7), and dissolved oxygen
measurements indicate oxidizing conditions. The greater reactivity of pyrrhotite versus pyrite in
slightly oxidizing waters agrees with the Eh / pH diagram (Figure 2.3). As stated above, distilled
water is relatively pure, and would therefore have no buffering capacity and small amounts of acid
production would be expected to decrease the pH. It was not the case for this experiment, therefore

the amount of oxidation must be small and this is reflected in the observations of tarnish.
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6.6.2 Lakewater

The reactivity of sulphide minerals in thin section B immersed in freshwater from Lake
Banook indicates a low relative rate of reaction over 40 days. Little change was observed following
the initial slight reaction of pyrrhotite as inclusions in the first 15 days (Figure 5.3D). In fact,
comparison revealed that samples in freshwater reacted less rapidly than those in distilled water
even though the pH and dissolved oxygen concentration of the lakewater are very similar to the
distilled water values.

There are several possible explanations for the observed reactivity at inclusions in pyrrhotite.
The first is that bacterial activity has been initiated in a microenvironment. If this is the case,
oxidation must have occurred to initiate the optimal conditions required for survival. Previous
studies on the sulphide minerals of the Meguma Supergroup found that galena oxidized much
faster than hexagonal pyrrhotite. Therefore, the bright tarnish on the pyrrhotite might result from
rapid dissolution of galena inclusions producing a local microenvironment with a lower pH. The
nature of the inclusion is speculative as these inclusions were not observed at a studied location
and so there are no images from time zero available for comparison.
6.6.3 Seawater

The results of this study indicate the rate of reaction of sulfide minerals under seawater is
increased compared to freshwater and distilled water. This reaction took place progressively over
40 days. As the pH level was not acidic prior to or after the experiment, reactions must have been
initiated in an alkaline setting.

Several possibilities for the increased reactivity of seawater are proposed. The first concerns

the high concentration of dissolved salts (including sodium chloride and sulfate) contained in
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seawater. This situation is analogos to the common situation known to create rust on metal
surfaces that contain iron. Corrosion occurs by an electrochemical oxidation mechanism that
requires a water solution through which ions can move. This process is intensified in seawater, due
to the dissolved salts in seawater which supply the ions necessary for the conduction of current.
With an adequate amount of dissolved oxygen, provides a recipe for a highly corrosive situation
for iron sulfide minerals present in the thin section.

A second possibility is that the reaction rate of Fe?* © Fe is accelerated in the set of
reactions described in Section 2.1. This can be supported by reference to Singer and Stumm
(1970), who found that solutions containing CI" (chloride) and SO4* (sulfate), as in the case of
seawater, accelerate the reaction of ferrous iron to ferric iron at near neutral pH values.
Considering that this is the rate limiting step involved in the further oxidative dissolution of
sulphide minerals (pyrite), a faster rate would increase the supply of Fe’* and thus feed the
propagation cycle, therefore increasing the rate of reaction of sulphide minerals in seawater.

The existence of sulphate in seawater could lead to an earlier appearance of tarnish.
According to Le Chatelier’s Principle, if a chemical system is disturbed at equilibrium by adding a
species (reactant or product), the reaction will proceed to consume part of the added species.
Conversely, if the species is removed, the system shifts to store part of that species. Therefore, the
higher concentration of sulfate found in seawater may shift the equilibrium towards the precipitate
and promote the formation of sulfate coatings on the mineral surfaces, thereby exhibiting an
apparent increased rate of reaction. However, the amount of tarnish on the pyrite (Figure 5.3.3C),
as evidence from surface topography, suggests an oxidative dissolution of significant depth

(possibly several microns). If the same degree of reaction was taking place in all water types,
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significant depressions relative to surrounding silicate minerals would be observed, and this was
not the case.

6.7 Conclusions and Implications for Subaqueous Disposal

Within the framework of this experimental evaluation, two primary conclusions are apparent.
The first is that the reaction rate of pyrrhotite, marcasite, pyrite, and chalcopyrite found in the
Meguma Supergroup is higher in seawater compared to freshwater. Secondly, policies and
regulations specific to sulphide waste disposal in Nova Scotia focus on terrestrial methods.
Furthermore, the legislation for marine or freshwater disposal is prohibited unless granted special
permission and regulations (if any) for coastal zones remain ambiguous.

It would not be wise to advocate the subaqueous disposal of sulphidic waste rock into
freshwater systems based on a lower reactivity, for several reasons. Each freshwater system is
unique and contains a abundant biological and hydrological features. Based on these features, the
method of subageous disposal is site-specific. In addition, sulphide waste material contained in
any natural system is subject to the changes of that natural system. Storage in natural systems
could therefore be perceived as a storage site for future generation of ARD. The majority of
freshwater systems in southern Nova Scotia lie directly on the Meguma Supergroup. Considering
the importance of pH in controlling the rate of reaction for sulphide minerals, an initial lower
buffering capacity would not be adequate to neutralize even small amounts of acid produced from
oxidizing waste rock and may in fact promote oxidization. Therefore, the implementation of
subaqueous disposal in southern Nova Scotia must incorporate additional field studies, empirical

data and well defined and enforceable regulatory procedures.
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6.8 Recommendations and Future Studies

Future studies would benefit from the use of an ore microscope with a rotating stage to map
thin sections prior to experimentation. The automated x / y stage was a useful tool in order to keep
samples in the same orientation and to relocate specific regions quickly. In contrast, it was
difficult to distinguish specific characteristics of the sulphide minerals in this study because thé
stage could not be rotated. Another advantage would be to use the computer control option for the
stage to image the entire thin section. This would allow for quick data acquisition and an increased
number of study sites on the thin section. As a result, it would be possible to capture a larger
representative sample of results, thereby increasing precision.

Digital imaging produced clear images that were easy to assess. However, the consistency of
color and intensity values of the software over the duration of the experiment must be improved. It
would be useful to have an effective calibration surface material for the camera system. Such
calibration material must remain stable over long time periods. In addition, the CCD camera was
approximately ten years old and an updated version might have produced better images.

Small dark lines were observed as an additional surficial feature. These linear features are
considered to result from delamination of the thin section from the microscope slide. The surface
“etch” marks noted in each thin section correspond to the recorded appearance of cracks and after
the first six days. Regions less affected by delamination also displayed fewer linear features. For
future experimentation, a thin section cement with greater water resistance should be used.

Future studies regarding subaqueous disposal would benefit from the investigation of other
specific components. For instance, this study did not examine water chemistry in detail; therefore,
it would provide greater insight to measure the water chemistry prior to and throughout the

experiment. This would enable the identification and control of dissolved components that control
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reactivity. Primarily, this could allow for correlation of changes with the concentration of dissolved
oxygen. A low pH for the initial solution state could simulate a lower water-rock ratio. It may also
prove advantageous to evaluate the influence of surface area of the sulphide-bearing material and
the effects of pre-oxidized waste rock in a submerged setting. In addition, this study considered
primarily abiotic, relative reaction rates under water, and therefore, it is imperative to assess the
role of bacteria present in freshwater or marine environments. Finally, considering the site-specific
nature of subaqueous disposal, experiments in natural settings would be beneficial prior to

subaqueous disposal of sulphide-bearing waste rock.
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APPENDIX A: Microprobe Data



Mineral | Spot#| Cu Fe As S Ni Zn Ti Total Comment
pyrrhotite 1| 0.00%|50.04%| 0.14%|49.11%| 0.71%| 0.00%| 0.00%|100.1%
pyrrhotite 2| 0.00%|47.11%| 0.14%(52.68%| 0.08%| 0.00%| 0.00%|99.67%
inclusion 3| 0.00%| 7.09%| 0.00%|50.35%| 0.00%|42.56%| 0.00%|96.41%
inclusion 4| 0.00%| 3.77%| 0.00%|49.88%| 0.00%|45.99%| 0.00%|65.31% | out of focus
pyrrhotite 5| 0.00%|47.22%| 0.00%|52.69%| 0.09%| 0.00%| 0.00%]|100.5% perimeter
pyrrhotite 6| 0.00%|47.27%| 0.18%|52.47%| 0.09%| 0.00%| 0.00%|101.2%
| chalcopyrite 7(24.22%|26.40%| 0.00%|49.39%| 0.00%| 0.00%| 0.00%|99.41%
| pyrite 8| 0.00%|34.44%| 0.00%|65.51%| 0.05%| 0.00%| 0.00%]|100.0%
pyrite 9| 0.00%|34.80%| 0.00%|65.13%| 0.07%| 0.00%| 0.00%]|97.92%
pyrite 10| 0.00%|33.80%| 0.00%|66.01%| 0.18%| 0.00%| 0.00%|101.1%
pyrite 11| 0.00%|34.11%| 0.13%(65.77%| 0.00%| 0.00%| 0.00%|101.9%
marcasite 12| 0.00%| 33.88%| 0.14%|65.98%| 0.00%| 0.00%| 0.00%|102.2% | irregular grain
marcasite 13| 0.00%| 33.85%| 0.00%|66.15%| 0.00%| 0.00%| 0.00%]|102.1% error
[rregular
marcasite 14| 0.00%| 34.27%| 0.00% | 65.73%| 0.00%| 0.00%| 0.00%|102.3% '
grain
pyrrhotite 15| 0.00%|47.49%| 0.00%| 52.45%| 0.07%| 0.00%| 0.00%| 100.4%
pyrrhotite 16| 0.00%|47.50%| 0.00%|52.42%| 0.08%| 0.00%| 0.00%|101.0%
pyrrhotite 17| 0.00%| 47.63%| 0.00% [ 52.65%| 0.09%| 0.00%| 0.00%|101.3%
rutile 18| 0.00%| 1.15%| 0.00%| 0.00%| 0.00%| 0.00%| 92.0%(50.49%| not calibrated




APPENDIX B: Digital Image Catalogue



List of digital images

FILES CREATED

January 7™, 8™, 1999
Set-up
-microscope-
- blue filter out
- light source 5.5 volts
- files saved under C:\dvp\work\xpt\start.bmp
- filename: slide letter, location, magnification, np- no polarizer, p, polarizer, Xp- Cross
polars

Thin Section Description

Elongate, pyrrhotite lenses aligned parrallel to cleavage planes. Thin sections
labelled # BH- 20-II, A- E. A-D have been observed, mapped, described, and digitally
photographed. Sample location is HIA
Table

The following table records all filenames and attributes of the frames produced at
0 days. An attempt was made to be consistant with colour ( ¢ ), tint (t ), saturation ( 8 ),
and brightness ( b ). Three main locations were choosen on each thin section, a pyrite

grain, a pyrrhotite with chalcopyrite, and pyrrhotite.



Table of Digital Photographs

Filename c t S b Comments / Description

al-20np 70 (200 |63 150 | pyrite, arsenopyrite (7)

al-10np 70 {200 |63 134

al-5np 70 1200 |62 118 | unfocussed, not a useful picture

a2-20np 70 1208 |63 158 | section of a pyrrhotite grain, with smaller inclusions

a2-10p 70 [208 |63 150

a2-5p 70 208 |63 134

a3-20p 70 200 |63 158 | Pyrrhotite grain with chalcopyrite (reference point- grid
A-J across the pyrrhotite)

a3-10p

a3-10xp 80 (128 |63 134 | A-in, sequence of frames saved to average together,
show subgrains

a3-10np 80 128 | 63 102 | *** good

A3-5np 64 |128 |63 102

A3-5p 64 | 128 |63 142 | Too dark

B1-20np 88 128 | 63 62 Pyrrhotite grain rimmed with chalcopyrite, and light
grey material (?)

B1-20xp 79 128 | 63 146 | Trying for subgrains but its too dark

B1-10np 80 | 128 |63 102 | Fine fractures but the 20X is better

B1-10xp 117 | 128 | 63 134 | Subgrains, A-in

B1-10p 55 [128 |63 |92 | A-in, too dark, badly focussed

B1-5np 64 |128 |63 102

B1-5xp 117 | 128 | 63 134 | Subgrains visible




B1-5p 64 | 152 |63 |78

B2-20np 62 | 160 |95 94 | Pyrite, pyrrhotite

B2-20p 62 |[160 |95 94 | Too dark, tint is green A-in
B2-10p 94 |[160 |103 |90

B2-5np 62 160 |95 94

B3-20np 80 | 128 |63 102 | Standard values for video source-pyrite
B3-20p 80 | 128 |63 102

B3-20xp 72 | 128 |63 142

C1-20np 62 |[160 |95 |94 | ***good, pyrite

C1-10np 62 160 |95 |94

C1-5np 62 |160 |95 |94

C2-20np 80 128 |63 102 | Pyrrhotite with inclusions (illmenite?)
C2-10np 80 [128 |63 102

C2-5np 80 | 128 |63 102

C2-5xp 80 |[128 |63 102 | subgrains visible

C3-20np 80 [ 128 |63 102 | Pyrrhotite with chalcopyrite
C3-20xp 80 [128 |63 102 | Subgrains visible

C3-20p 80 | 128 |63 102 | ***good

C3-10p 64 | 128 |63 110

C3-10xp 64 |128 |63 110

C3-10np 80 [128 |63 102

C3-5np 80 [128 |63 |102

C3-5xp 80 [128 |63 102

C3-5p 64 |[128 |63 110

D1-20np 62 | 160 |95 |94 | Pyrite




D1-10np 62 |160 |95 |9%4

D1-5np 62 |160 {95 |94

D2-20np 80 128 | 63 102 | Pyrrhotite and chalcopyrite

D2-20xp 64 | 128 |63 110

D2-10np ‘ 80 |[128 |63 |102

D2-10xp 64 |[128 |63 [110

D2-5np 80 |[128 |63 102

D2-5xp 64 | 128 |63 | 110 | Not useful

D3-20np 80 | 128 |63 102 | Pyrrhotite

D3-20xp 46 128 | 63 134 | Saved as sequence of frames, subgrains visible
D3-10np 80 |[128 |63 | 102

D3-10xp 46 128 | 63 134 | Saved as sequence of frames, subgrains visible
D3-5np 80 | 128 |63 102

D3-5xp 46 128 | 63 134 | Saved as sequence of frames, subgrains visible
E1-20np 80 |[128 |63 | 134 | Pyrrhotite

E1-10np 80 | 128 |63 134

E1-10xp 46 | 128 |63 134

E1-5np 80 |128 |63 |[134

E2-20np 80 128 | 63 134 | Chalcopyrite, pyrrhotite

E2-20xp 46 | 128 |63 134

E2-10np 80 | 128 |63 134

E3-20np 62 | 160 |95 |94 | Pyrite

E3-10np 62 160 | 95 94

E3-5np 62 |160 |95 94 | Not good




Photographs- Time Zero
Monday, January 11, 1999
Set-up
Thin section orientation- 95 044/ left / reversed. Film- kodak gold, ASA 100, 36 exp.
Light source is 11 volts. Magnification on microscope- 1,0X. Blue filter in. Photos
taken at three locations on each thin section, under 0, and —1, exposure adjustment.

Under plane polarized light and x-polars (A-in) at 5X, 10X, 20X magnification.

Frame# | Thin Section | Exposure | Exposure Comments / Description
(photo) Location Time at Time at

0 sec -1 sec
1,2 A1-20p 1.12 .56 Pyrite
3,4 Al-10p 2.24 1.12
5,6 A2-10p .89 45 Pyrrhotite
7,8 A2-5p 71 1.41
9,10 A3-20p .63 31 Pyrrhotite, chalcopyrite
11,12 A3-10xp 4.49 2.24 Subgrains visible
13,14 A3-10np .18 11
14,> 15 B1-20np 18 .09 Pyrrhotite, chalcopyrite
16, 17 B1-10xp 5.04 2.52
18, 19 B2-20np 45 22 Pyrite
20, 21 B2-10p 45 22




22,23 B3-20np 25 13 Pyrrhotite
24, 25 B3-20xp 4.49 2.24

26, 27 C1-20np 16 8 Pyrite

28, 29 C1-10np 35 18

30, 31 C2-20np .28 .14 Pyrrhotite
32,33 C3-10xp 5.66 2.83 Subgrains
34, 35 C3-10np .25 13

Film #2

1,2 C3-10xp 4.00 2.00

3,4 D1-20np .14 .07 Pyrite
5,6 D1-10np 18 9

7,8 D2-20np 18 9 Pyrrhotite, chalcopyrite
9,10 D2-10np 22 A1

11,12 D2-10xp 5.04 2.52 Subgrains
13, 14 D3-20np 2 1 Pyrrhotite
15, 16 D3-10np 18 9

17, 18 D3-10xp 4.00 2.00 Subgrains
19, 20 E1-20np 18 9 Pyrrhotite
21,22 E1-10np 2 A

23,24 E1-10xp 3.77 1.59 Subgrains
25, 26 E2-20np .22 1 Pyrrhotite, chalcopyrite
27,28 E2-10np 22 11

29, 30 E2-20xp 4.00 2.00 Subgrains
31, 32 E3-20np 31 .16 Pyrite
33,34 E3-10np .56 28




35

10X magnification scale

36

20X magnification scale




