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Figure 2.1. Geographical distribution of gold occurrences in England, Wales and

Southern Scotland.
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Figure 2.2. Geographical distribution of gold occurrences in Northern Scotland (after

Gallagher et al., 1971).
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Figure 2.3. Geographical distribution of gold occurrences in Ireland (after Jackson,

1979,
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Figure 2.4. Geographical distribution of gold mines in the Dolgellau Gold-belt (after

Bottrell er al., (1988).
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Table 2.1. Continued.
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Figure 2.5. General geology surrounding Ogofau Mine, Dyfed, south Wales (after

Steed et al., 1976).
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Figure 2.6. General geology associated with the Helmsdale placer gold deposit with
approximate localities of recorded gold occurrences (compiled using Geological Survey

Map [Sutherland Sheet] and from occurrences cited in MacLaren, 1902).
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Table 2.2 Minor occurences of gold in Scotland (compiled from Lindsay, 1867).

1. Perthsire:

2. Forfarshire:

Breadlebane -

Tyndrum -

Nugget weighing 60g.

Gold assuciated wudi velit quartz.

Upper Strathearn - Placer gold occuring in streams draining into the

Glenalmond -

Clova district -

3. Aberdeenshire: River Dee -

4. Argyllshire

Braemar -

Invercauld -

Dunoon -

northern and southern ends of Loch Earn.

Placer gold occuring in the Glenquich and other

valleys in the Grampians.

?Placer gold.

Placer gold.

?Placer gold.

Placer gold.

Placer gold
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Figure 2.7.  General geology associated with the Gold Mines River placer gold
deposit with approximate localities of recorded gold occurrences (after Macardle and

Warren,1987).
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Figure 3.1. Stratigraphy of the Harlech Dome (after Allen and Jackson, 1985).
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Figure 3.2. General geology of the Harlech Dome (after Allen and Jackson, 1985).
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Figure 3.3. Outcrop of the Rhobell Fawr Volcanic Group, and the western margin of
the Aran Volacanic Group Stratigraphy of the Harlech Dome (after Allen and Jackson,
1985).
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Figure 3.4. Titanium versus zirconium scattergram for the intrusive rocks (after Allen

and Jackson, 1985).
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Figure 3.5. General geochemistry of the intrusive rocks of the Harlech Dome (after

Allen and Jackson, 1985).
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Figure 3.6. Main structural features of the Harlech Dome (after Allen and Jackson,

1985).
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Figure 3.7. Rose diagram showing the spatial relationship between the minor faults,
quartz veins and dykes in the Harlech Dome Stratigraphy of the Harlech Dome (after

Allen and Jackson, 1985).
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Figure 3.8. Geology surrounding the Coed-y-Brenin porphyry copper deposit (after
Allen and Jackson, 19853).
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Figure 3.9. Geology surrounding the Glasdir copper body (after Allen and
Easterbrook, 1978).
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Figure 4.1. Geology surrounding Clogau Mine (after Allen and Jackson, 1985).
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Figure 4.2. Sample location map,
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Figure 4.3. Schematic map of the geology of the ore shoot on No. 4 Level, Clogau Mine.
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Plate 4.1. Bismuth tellurides (Bt) and carbonate (Ca) infilling fractures in quartz (air, PPL,
sample number: JN 1).

Plate 4.2, Sericite laths (sc) included in galena (mid-grey). The brown-grey phase in
galena is pyrrhotine (po) (field of view 225um, oil immersion, PPL, sample number: K3).
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Plate 4.3. Thin veinlet of graphite (gr) in quartz (transluscent to black) with associated
arsenopyrite (as) which has locally altered to limonite (Im). Note the native gold (Au)

associated with the graphite veinlet(field of view 560m, oil immersion, PPL, sample
number: K2).

Plate 4.4. Small rutile grains (rt) in shale inclusion (field of view 1125um, air, PPL,
sample number: SB 128 B).
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Plate 4.5. Galena (gn) replacing cobaltite (cb) and pyrrhotine (po) (field of view 560um,
air, PPL, sample number: JN 12).

Plate 4.6. Crossed nicols view of plate 4.5. Note that in addition to galena, cobaltite and
pyrhotine; arsenopyrite (as), showing blue anisotropy colurs, and bismutinite (bs),
exhibiting grey-white anisotropy colours are also present (field of view 1125um, air,
crossed nicols, sample number: JN 12).




Plate 4.7. Euhedral cubes and rhombs of cobaltite (cb) locally cemented by chalcopyrite
(cp) (field of view 1125um, air, PPL, sample number: SB 128 COB).

Plate 4.8. Thin chalcopyrite (cp) vein in a micro-fracture in quartz. Note how the
chalcopyrite vein follows the contact between quartz and a shale ribbon (poorly polished
area) (field of view 1125um, air, PPL, sample number: SB 128 B).

R

&
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Plate 4.9. Intergrowth of pyrrhotine (po) and chalcopyrite (cp) exhibiting mutual grain
boundaries (field of view 1125um, air, PPL, sample number: SB 128 B).

Plate 4.10. Porous zoned pyrite (py) replacing pyrrhotine (po) (field of view 1125um, air,
PPL, sample number: JN 41).
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Plate 4.11. Triple point grain boundaries in tellurbismuth (field of view 560um, oil, X-
polars, sample number: JN 5 ).

Plate 4.12. Careous grain boundaries within tellurbismuth. Note the formation of galena
(gn) and altaite (at) along grain boundaries (field of view 560um, oil, X-polars, sample
number: JN 2).
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Plate 4.13. Small galena (gn) inclusions forming along cleavage in tellurbismuth (tb) (field
of view 560um, oil, PPL, sample number: JN 2).

Plate 4.14. Myrmekitic intergrowth of galena (gn) and tellurbismuth (tb). The green grey
phase intergrown with galena in the centre of the field of view is tetradymite (td) (field of
view 560pm, oil, PPL, sample number: JN 4).
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Plate 4.15. Galena (gn) rim on tetradymite (td). Note the triangular pits in galena (field of
view 560pm, oil, PPL, sample number: JN 4),
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Plate 4.16. Careous boundary between tellurbismuth (tb) and tetradymite (td) (field of
view 560m, oil, PPL, sample number: JN 4).
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Plate 4.17. Fingerprint (fg) intergrowth at the margin between tetradymite (td) and quartz
(black). The fingerprint intergrowth appears as mottled light blue grey area on the margin of
the tetradymite grain (field of view 560pm, oil, PPL, sample number: JN 1).

Plate 4.18. Discrete galena grains (gn) in tellurobismuth (tb). Note that the grains of
galena tend to occur at the contact between quartz (black) and tellurobismuth, and aligned
with the cleavage of tellurbismuth (field of view 560pm, oil, PPL, sample number: JN 5).

\ gn’ .
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Plate 4.19. Galena (gn) replacing tellurbismuth (tb) along cleavage (field of view 560um,
oil, PPL, sample number: JN 16).

Plate 4.20. Small isolated grain of altaite (at) in tellurbismuth. Note the two small gains of
gold (Au) in the centre of the field of view (field of view 225um, oil, PPL, sample number:
IN 4).
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Plate 4.21. Altaite (at) grain with small inclusion of native gold in tellurbismuth. also
present is a small grain of hessite (Hs) and galena (Gn). Note the similarity in reflectance and
colour between hessite and galena (field of view 225um, oil, PPL, sample number: JN 4).

Plate 4.22. Galena (gn) and altaite (At) replacing tellurbismuth along cleavage. Also note
the occurrence of hessite (hs) associated with galena (field of view 225um, oil, PPL, sample
number: JN 4).
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Plate 4.23a. Galena (Gn) and hessite (Hs) in tellurbismuth. Note the slightly lower
reflectivity and brown tint of hessite (field of view 225um, oil, PPL, sample number: JN 1).

Plate 4.23b. Crossed polars view of figure 4.23a with the hessite (hs) exhibiting blue-red
anisotropy colours (field of view 225um, oil, X-polars).
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Plate 4.24. Line of small hessite (hs) inclusions forming along a dissolution surface on
tellurbismuth (The boundary between the two tellurbismuth ains is shown by slight
reflectance differences). Also present are galena (gn) in contact with native gold (Au) and
altaite (at) in contact with hessite (hs) (field of view 225um, oil, PPL, sample number: JN
4).

Plate 4.25. Small isolated grain of native gold (Au) in tellurbismuth, occurring with galena
(gn) and an unidentified pale brown phase (arrow) (field of view 225um, oil, PPL).
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Plate 4.26. Galena (gn) replacing pyrrhotine (po) along grain boundaries. Also note the
asociation of carbonate (ca) with the sulphides (field of view 1125um, air, PPL, sample
number: JN 41).

e AR aRReaRes

Plate 4.27. Cluster of ragged tetradymite (Td) and wehrlite laths (Wr) in galena (The phase
exhibiting high polishing relief is cobaltite). Also the wehrlite laths are tarnished in places;
this is native bismuth (nb) (field of view 560um, oil, PPL, sample number: JN 12).
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Plate 4.28. Skeletal wehrlite (wh (a)) replacing galena along cleavage, also present are
clusters of anhedral grains of wehrlite (wh (b)), native bismuth (nb), bismuthinite (bs) and
pyrrhotine (po) (field of view 560um, oil, PPL, sample number: JN 3a).

Plate 4.29. Skeletal wehrlite (wh) replacing galena along cleavage. The inclusions
exhibiting high polishing relief are cobaltite (cb) (field of view 560um, oil, PPL, sample
number: JN 3a).
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Plate 4.30. Small hessite (hs) grain in galena associated with cleavage. The harder brown
phase is pyrrhotine (po) (field of view 225um, oil, PPL, sample number: JN 38).

Plate 4.31. Inclusions of native gold (Au) and ?hedleyite (hd) in galena field of view
225um, oil, PPL, sample number: K3).
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Plate 4.32. Native bismuth (nb) forming along cleavage in galena (steel-grey). Also
present are aggregates of bismuthinite (Bs) (field of view 560pum, oil, PPL, sample number:
JN 12).

R R R Rl

Plate 4.33. Bismuthinite (bs) (lighter grey patches in galena) and native bismuth forming
along cleavage, note that the native bismuth is mutually intergrown with the bismuthinite and
that there are no reaction rims of bismuthinite on native bismuth (field of view 560um, oil,
PPL, sample number: JN 12).




Plate 4.34. Veinlets of native gold (Au) in quartz (field of view 560um, oil, PPL, sample
number: K2).

Plate 4.35. Gold (Au) cementing and replacing pyrite (py), note the incipient development
of a myrmekitic texture at the lower right hand side of the pyrite grain.(field of view 560um,
oil, PPL, sample number: K2).

S
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Plate 4.36. Veinlet of native gold in galena. The brown coloured phase being replaced by
galena is pyrrhotine (po) (field of view 560um, oil, PPL, sample number: K3).

Plate 4.37. Stiboiluzonite (sb) inclusions in galena (field of view 225um, oil, PPL,

sample number: K2).
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Plate 4.38. Tetrahedrite in a vug in quartz. The small inclusions in the tetrahedrite are

arsenopyrite (as) (field of view 225um, oil, PPL, sample number: K2).

S e e
o

Plate 4.39. Pyrrhotine (Po) altering to pyrite (py) and marcasite (mc). The steel grey phase

replacing the pyrrhotine is galena (gn) (field of view 560um, oil, PPL, sample number: JN
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Plate 4.40. Covelline (cv) replacing galena (gn) in quartz (black) (field of view 560um,
oil, PPL, sample number: K2).
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S

Plate 4.41 Arsenopyrite (as) altering to limonite (Im). Note the isolated grain of native gold
(Au) (field of view 560um, oil, PPL, sample number: K2).
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Table 4.3 Analytical details of electron probe micro-analyses.

Analytical data for Tellurbismuth, Tetradymite, Galena, Hessite, Altaite and Gold.

Element Radiation  Std. Detection Counting Analysing Error for Error for Error for
limit (ppm) time (s) Crystal  galena (ppm) Tellurbismuth (ppm)Tetradvmite (1

Pb Mo PbS 200 60 PET 880 900 300
Bi Ma  AgBiSp 200 60 PET 500 4510 4580
S Ko Galena 200 60 PET 900 260 640
Te Lo Pure metal 100 60 PET 350 2700 2330
Sb Lo CdS 100 60 PET 350 430 450
Cd LB Pure metal 200 60 PET 310 660 680
Ag La  AgBiSy 100 60 PET 300 540 500
Ag Lo Pure metal 100 60 PET . . .
An Lo Pure metal 200 60 LIF 600 550 400

Analytical data for wehrlite, hedlyite, native bismuth and bismuthinite.

Element Radiation  Std. Detection Counting Analysing Error for Error for Error for
limit (ppm) time (s) Crvstal Wehrlite (ppm)  Hedlevite (ppm)Native bismuth (

Pb Ma PbS 200 60 PET 880 900 300
Bi Ma  AgBiSy; 200 60 PET 500 4510 4580
S Ka  Galena 200 60 PET 900 260 640
Te Lo Pure metal 100 60 PET 350 2700 2330
Sb La Cds 100 60 PET 350 430 450
Ccd Lp Pure metal 200 60 PET 310 660 680
Ag Lo AgBiSy 100 60 PET 300 540 500
Au La  Pure metal 200 60 LIF 600 550 400
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Table 4.3 Continued.

Analytical data for Tetrahedrite, Bournonite, Boulangerite and Stibioluzonite.

Element Radiation Std. Detection Counting Analysing Error for Error for Error for
limit (ppm) time (s) Crystal Tetrahedrite (ppm) Bournonite (ppm) Stibioluzonite (p

Cu Ko Pure metal 200 60 LIF 800 850 900
Ag Lo Pure metal 100 60 PET 250 250 250
Fe Ko FeS2 200 60 LIF 800 400 NA
Zn Ko ZnS 200 60 LIF 800 400 NA
Pb Mo PbS 200 60 PET 800 400 NA
Sn Lo Pure metal 200 60 PET 400 300 100
As Lo Pure metal 300 60 RAP 1000 1000 500
Sb Lo Pure metal 200 60 PET 800 800 800
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Figure 4.4, Line concentration profile across a cobaltite grain showing the variations
in major element chemistry.
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Figure 4.5. Line concentration profile across a cobaltite grain showing the variations
in minor element chemistry.
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Table 4.5. Summary statistics of the major and minor element chemistry of tellurbismuth.

Statistics lead Bismuth  Sulphur Tellurium Antimony Cadmium_Silver Total

Minimum 0 43.8 0 41.75 47 21 0 9452

Maximum 6.53 5447 12 4731 .89 S1 .79 99.55

Mean 31 49.73 .01 46.49 75 .36 .1 97.76

Median 0 50.01 0 46.58 .76 .36 0 97.83 Statistic’s
Std. deviation .88 1.28 .02 q2 .06 .07 .19 .82 for weight%
Std. error .09 13 0 .07 .01 01 .02 .08

Kurtosis 2592 5.46 16.65 19.24 227 -4 279 2.99

Skewness 4.59 -.18 3.59 -3.63 -.74 -02 1.98 -1.02

Minimum 0 33.87 0 55.01 .64 3 0 100

Maximum 5.09 4383 .6 6031 1.18 74 1.18 100

Mean 24 38.73 .04 59.3 1 52 .16 100

Median 0 38.79 0 59.38 1.01 52 0 100 Statistics
Std. deviation 69 1 .09 64 .08 Jl 28 . for mol%
Std. error .07 o) .01 .06 .01 .01 .03 .

Kurtosis 2545 11.37 17.02 19.86 227 -41 27 .

Skewness 4.55 -12 3.65 -3.41 =717 -02 2 .
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Figure 4.6a. Histogram of the distribution of lead in tellurbismuth.
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Figure 4.6b. Histogram of the distribution of bismuth in tellurbismuth.

Count

60

50+

40+

20+

10-

I_II_

42

44 46 48 50 52
Tellurbismuth - Bismuth weight%

65




Figure 4.6¢. Histogram of the distribution of sulphur in tellurbismuth.
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Figure 4.6d. Histogram of the distribuiion of tellurium in tellurbismuth.
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Figure 4.6e. Histogram of the distribution of antimony in tellurbismuth.
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Figure 4.6f. Histogram of the distribution of cadmium in tellurbismuth.
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Figure 4.6g. Histogram of the distribution of silver in tellurbismuth.
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Table 4.6. Correlation matrix for the major and minor elements in tellurbismuth.

Lead Bismuth Sulphur Tellurium Antimony Cadmium Silver

Lead ! . . . . . .
Bismuth ~ -.779 1 . . . . v
Sulphur 127 -.191 1 . . . .
Tellurium  -.225 -.074 -.095 1 . . .
Antimony .058 -.177 138 434 1 . .
Cadmium -.038 .05 021 087 -.197 1 .
Silver .86 -.746 071 -255 -.051 -.041 1

Table 4.7. Summary statistics of the major and minor element chemical data for Tetradymite.

Statistics Lead Bismuth Sulphur Tellurium Antimonv Cadmium Silver Total

Minimum .58 48.95 3.69 29.87 0 .03 0 .

Maximum 1093 56.17 5.56 35.16 .88 57 12 9555

Mean 7.56 51.97 5.18 32.18 5 32 .02 100.72

Median 7.94 51.93 521 32.1 75 31 0 98.03

Std. deviation  1.63 1.06 .24 77 .08 .09 .03 97.98 Statistics
Std. error 13 .09 .02 .06 .01 .01 0 .89 for weight%
Kurtosis 3.89 2.71 8.45 3.46 56.23 1.05 245 .07

Skewness -1.77 T 2 .87 -6.01 26 1.64 .45

Minimum 4 30.05 17.34 33.96 0 .03 0 100

Maximum 7.96 38.7 24.03 49.14 1.03 72 12 100

Mean 5.13 35.1 22.79 35.69 .87 4 02 100

Median 541 3497 23 35.45 87 .39 0 100 Statistics
Sid. deviation 1.1 .9 .88 1.2 .09 A2 03 . for mol%
Std. error .09 .07 .07 ol .01 .01 0 .

Kurtosis 4.06 7.86 9.53 15.28 50.74 1.26 2.45 .

Skewness -1.74 .18 -2.37 2.99 -5.41 28 1.64 .
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Figure 4.7. X-Y plot showing the variation of the molar ratios of Bi, Te, S, Sb and

Cd in tetradymite, showing a large variation in the concentrations of the major elements

Bi, Te and S.

(Bi+Pb)/(Te+Cd+Sb)

Figure 4.8. X-Y plots of the molar ratios (Bi+Pb)/(Te+Cd+Sb) and S/(Te+Cd+Sb)
versus Total wt%, showing that the molar ratio is not correlated with the total weight
percent of an analysis, indicating that the correlation illustrated in fig. 4.7 is real and
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Table 4.8. Correlation matrix for the major and minor elements in tetradymite.

Lead Bismuth Sulphur Tellurium Antimony Cadmium  Silver

Lead 1 . . . v . @
Bismuth -731 1 . . . . .
Sulphur .636 -.317 1 . . . -
Tellurium  -.821 .809 -.489 1 . . .
Antimony  -.136 .081 -.037 143 1 . .
Cadmium  -.095 -.113 -.085 -033 -.023 1 B
Silver -.155 163 -215 142 128 .001 1
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Figure 4.9a. Histogram showing the distribution of lead in tetradymite.
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Figure 4.9b. Histogram showing the distribution of bismuth in tetradymite.
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Figure 4.9¢. Histogram showing the distribution of sulphur in tetradymite.
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Figure 4.9d. Histogram showing the distribution of tellurium in tetradymite.
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Figure 4.9e. Histogram showing the distribution of antimony in tetradymite.
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Figure 4.9f. Histogram showing the distribution of cadmium in tetradymite.
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Figure 4.9g. Histogram showing the distribution of silver in tetradymite.
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Table 4.9. Summary statistics of the major and minor element data for galena from the

tellurbismuth-dominated telluride assemblage.

Statistics Lead Bismuth Sulphur Tellurium Antimony Cadmium Silver Total

Minimum 84.43 .53 1347 0 0 0 0 9943

Maximum 86.08 4,04 13.74 51 A1 24 .19 10246

Mean 85.44 .95 13.41 .16 .06 .05 0 100.13

Median 85.54 .85 134 0 .06 .05 0 100.39 Statistics
Std. deviation .43 55 .16 .2 .04 07 .05 A5 for weight%
Std. error .07 .09 .03 .03 .01 .01 .01 .09

Kurtosis 26 26.13 -.83 -1.54 -93 =53 245 1.79

Skewness -.95 5.12 .36 47 -.52 .63 1.94 231

Minimum 45.72 3 46.89 0 0 0 0 100

Maximum 4981 7.19 50.83 A8 11 .26 21 100

Mean 49.13 13 49 81 .15 .06 0 .03 100

Median 49.26 49 49 85 0 .06 .08 0 100 Statistics
Std. deviation 3 1.17 .63 .18 .04 .05 .06 . for mol%
Std. error A2 =2 1 .03 .01 .08 .01 .

Kurtosis 12 25.6 11.44 -1.53 -91 =5 2.45 .

Skewness -3.08 5.13 272 47 -49 .67 1.95 .
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Figure 4.10a. Line concentration profile across a tetradymite-galena-tellurbismuth

intergrowth, showing the variation in antimony concentration between tellurbismuth,
teradymite and galena.
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Figure 4.10b. Line concentration profile across a galena-tellurbismuth intergrowth,

showing the variation in antimony concentration between the tellurbismuth and galena.
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Figure 4.11. Histogram of the distribution of tellurium in galena from the

tellurbismuth-dominated assemblage.
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Figure 4.12. Histogram of the distribution of bismuth in galena from the

tellurbismuth-dominated assemblage.
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Table 4.10. Correlation matrix for major and minor element chemistry in galena

from the tellurbismuth-dominated telluride assemblage.

Lead Bismuth Sulphur Tellurium Antimony Cadmium  Silver

Lead 1 v ’ . » . .
Bismuth  -457 1 . . . . .
Sulphur -.169 -.038 1 . . . .
Tellurium  -.391 227 072 1 . . .
Antimony -.007 -.307 337 .081 1 . .
Cadmium -.108 .038 -272 | -.053 1 .
Silver -.118 304 -282 -.111 -.308 -317 1

Table 4.11. Summary statistics of the major and minor element chemical data for the

fingerprint intergrowths.

Statistics Lead Bismuth Sulphur Tellurium Antimony Cadmium Silver Total

Minimum 13.78 36.03 253 22.19 .24 .05 0 96.47

Maximum 3348 48.73 5.85 29.73 6 42 1 9932

Mean 25.79 40.69 4.3 26.89 .39 32 21 97.7

Median 26.05 40.73 4.42 26.56 37 31 0 97.67 Statistics
Std. deviation  5.58 3.62 .8 2.14 S .09 .03 .87 for weight%
Std. error 1.44 93 21 53 .03 .01 N1 .23

Kurtosis -41 -1.01 34 72.38 -39 1.05 246 -48

Skewness -.59 .69 -2 7.26 57 .26 1.67 .41

Minimum 9.74 2542 12.69 25.92 .29 .07 0 100

Maximum 23.8 35.64 25.87 36.72 i .6 I3 100

Mean 18.72 2432 20.12 31.03 48 3 .03 100

Median 18.81 29.15 20.64 31.36 45 3 0 100 Statistics
Std. deviation  3.97 2.88 3.24 2.95 A2 .14 .04 . for mol%
Std. error 1.02 74 .84 .76 .03 .04 .01 .

Kurtosis -.18 -.06 .24 -.64 -71 -.09 1.81 .

Skewness =73 .73 =33 -02 .31 29 1.54 .
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Figure 4.13. Box plots showing the statistical variation of antimony between

tellurbismuth, teradymite, galena and the fingerprint intergrowths.
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Figure 4.14. Box plots showing the statistical variation of cadmium between

tellurbismuth, tetradymite, galena and the fingerprint intergrowths.
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Figure 4.15. Box plots showing the statistical variation of silver between

tellurbismuth, tetradymite, galena and the fingerprint intergrowths.
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Table 4.12 Summary statistics of the major and minor element chemical data for galena from

the sulphide-dominated telluride assemblage.

Statistics Tead Bismuth Sulphur Tellurium Antimony Cadmium Silver Total

Minimum 81.72 .09 12.25 0 .03 0 0 98.18

Maximum 87.39 33 13.69 .54 7 3 1.28 102.08

Mean 85.37 1.14 12.92 .08 .09 .08 16 99.82

Median 85.71 .8 12.88 0 .08 07 0 99.77 Statistics
Std. deviation  1.16 78 .25 .16 .06 .05 32 5 for weight%
Std. error | 07 .02 01 .01 .01 .03 .07

Kurtosis .69 91 .94 .63 92.98 3.92 1.97 -.11

Skewness -.98 1.6 73 1.58 9.06 1.43 1.8 .34

Minimum 47.21 .05 47.66 0 .03 0 0 100

Maximum 51.37 1.89 50.87 51 iy 32 1.42 100

Mean 50.03 .66 48.9 .08 .08 .09 B 100

Median 50.46 47 48 88 0 .08 .08 0 100 Statistics
Std. deviation  1.04 42 46 15 .06 .06 .35 . for mol%
Std. error .09 .04 .04 .01 .01 .01 .03 .

Kurtosis 25 93 1.79 1.79 92.82 3.94 2.01 .

Skewness -1.28 1.58 .61 61 9.05 142 1.8 .
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Figure 4.16. Histograms comparing the distribution of tellurium in galena between

the two telluride assemblages.

Galena from the tellurbismuth-dominated
e assemblage 7
154 :
& X
=
3
10+ -
5. L
0 = I ]
“ . ] ] ] T T v ] NN | T T T Y T T T
0 05 1 .15 .2 25 3 B35 4 45 5 .55
Tellurium weight%
120 i L i s n i - i ‘u I
Galena from the sulphide-dominated
1004 telluride assemblage |
80
€
2 60
3 ] |
404 .
204 !
0 " ) p——— ] T T T II 1| .
0 05 1 .15 2 25 .3 35 4 45 5 55
Tellurium weight%

83



Figure 4.17. Histograms comparing the distribution of silver in galena between the

two telluride assemblages.
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Figure 4.18. Histograms comparing the distribution of bismuth in galena between

the two telluride assemblages.
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Figure 4.19. Histograms comparing the distribution of cadmium in galena between

the two telluride assemblages.
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Table 4.13. Correlation matrix for the major and minor elements in galena from the

sulphide-dominated telluride assemblage.

Lead Bismuth Sulphur Tellurium Antimony ~ Cadmium  Silver

Lead 1 . . . . . .
Bismuth -.345 1 . . . . .
Sulphur -.595 -454 1 . . . .
Tellurium  .027 -.087 -.009 1 . . .
Antimony  .099 -.047 -.085 -.022 1 . .
Cadmium  -.011 105 -.064 -.03 076 1 .
Silver -395 512 151 -032 -.062 284 1
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Table 4.14a. Analyses of the minor tellurides, bismuthinite, and native bismuth

from No. 4 Level. The bottom line of each analysis is the atomic percent of each

element analysed (tr=trace, nd=not detected).

Bi

Te

Sh Cd Ag Total SAMPLE DETAILS.

0.50 | 79.84 | 18.7 nd .38 nd .08 99.50 bismuthinite.. sessuvassnsensn I VIATIBEAL
0.25 | 39.32 | 60.03] nd 32 nd .08 | 100.00 JN 12 (cobaln[e and ga]ena) .......... Sample no.

.16 79.76 | 18.21| .09 .59 .08 .1 99.59 BISTUEHATIITE! wvniisiinaissspsvssssmisis Mineral
0.38 39,74 |159.13( 0.07 | 0.50 ] 0.07 | 100.00 JN 12 (cobaltite and galena).......... Sample no
0.3 80.01 | 18.50| nd 0.45 | nd A 99.37 bismuthinite.......... csemseasanMineral
0.15 39,63 |59.73 nd 0.38 nd sld 100.00 JN 12 (coba]tlle a.nd galena) ,,,,,,,,,, Sample no.
0.67 | 79.91 | 18.36| .07 | 0.58 | nd 0.09 | 99.68 bismuthinite.......... veseeeener...Mineral
0.34 39.65 | 59.38] .06 0.49 1 nd 0.09 | 100.00 IN 12 (coballllc and ga]ena) __________ Sample no.
0.42 | 59.52 | 0.06 |39.48| 0.95 | nd nd | 100.43 )T b (e T Mineral
0.33 47.01 0.31 |51.06} 1.29 nd nd 100.00 BM Kingsbury Clogau mine (K3)....Sample no.
nd 57.47 nd 1.75] 0.47 | 0.34 nd 100.03 Twehrlite .. vereene...Mineral
nd 45.15 nd 53.721 0.63 | 0.50 nd 100.00 JN 12 (coba]me :md galcna‘} __________ Sa_mple no.
59.58| 0.55 0.03 [37.97| .88 nd 0.13 | 99.14 Y [ R Mineral
48.16| 0.44 0.16 | 49.83] 1.21 nd 0.20 | 100.00 BM Kingsbury Clogau mine (KS5)....Sample no.
60.33] 0.13 nd. |38.13| .79 nd 0.17 | 99.55 altaite.. . PR 1
48.641 0.1 nd |49.91] 1.08| nd 0.26 | 100.00 JN 4 (Te'llundes in quanz) .............. Sample no.
0.13 0.31 0.08 | 36.87| .53 0.41 161.73] 100.06 hessite.. sesssavsmEei sV GBI
0.07 0.17 0.29 | 33.07 - 0.42 [65.49] 100.00 JN 6 (Ga]cna in quarlz) ................. Samp!e no.
.08 0.11 nd |37.23| .12 | 0.09 [62.31] 99.94 ResEItR o pmib s ras s s Mineral
.04 0.06 nd 33.46| .11 0.09 [66.23] 100.00 JN 4 (Tellurides in quartz)..............Sample no.
0.14 | 97.72 | 0.06 nd .59 nd nd 98.51 native bEEMURGGanamans g Mineral
0.14 | 98.44 | 0.39 nd 1.02 | nd nd | 100.00 JN 12 (cobaltite and galena).......... Sample no.

.18 | 98.63 | 0.09 nd .89 nd nd 99.79 native Bismutho i imcmnaneinessm Mineral
0.18 97.73 | 0.58 nd 1.51 nd nd 100.00 JN 12 (cobaltite and galena).......... Sample no.
0.12 | 78.08 tr 19.33) 0.51 | nd nd 98.22 hedleyite .....coiieerrssrenncesannsnrasnnonrmnnne mineral
0.16 | 70.16 tr 128.45| 0.79 | nd nd 100 BM Kingsbury Clogau Mine (K3)....Sample no.
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Table 4.14b. Analyses of the sulphosalts in BM Kingsbury (K2). The bottom line

of each analysis is the atomic percent of each element analysed (na=not analysed,

nd=not detected).

Ag

41.76 | nd
36.76 | nd

41.38 |0.03
36.56 |0.02

41.37 | nd
36.53 | nd

41.53 | nd
36.57 | nd

41.56 |0.46
36.38 (0.24

18.33 | nd

13.80 | nd

13.73 | nd
18.09 | nd

13.92 | nd
18.33 | nd

41.71 10.49
36.67 |0.25

Fe

na
na

na
na

na
na
na
na
na
nd

0.02
0.03

na
na

na
na

na
na

na
na

na
na

na
na

na
na

na
na

na
na

na
na

na

na

na

na
na

Pb

na
na

na
na

na
na

na
na

na
na

42.02
16.92

41.73
16.9

42.16
17.03

41.89
16.91

na
na

na
na

55.19
25.26

55.50
25.24

54.98

25.09

na
nd

nd
nd

nd
nd

0.72
0.91

0.98
1.24

Sb

28.29
13.00

28.39
13.09

28.15
12.97

28.3
13.00

28.69
13.11

25.72
17.63

25.03
17.25

25.45
17.50

25.63
17.61

21.93
10.06

21.56
9.86

24.4
19.00

24.23
18.76

24.7
19.18

89

28.32
49 .40

28.31
49.56

28.37
49.64

28.50
49.73

28.63
49.66

18.11
47.12

18.18
47.59

18.15
47.38

18.07
47.15

25.49
44 .41

26.23
45.57

18.12
53.59

18.53
54 .46

18.05
53.22

Total

99.54
100.00

99.19
100.00

99.1
100.00

99.33
100.00

100.22
100.00

99.81
100.00

98.76
100.00

99.49
100.00

99.51
100.00

99,74
100.00

99.25
100.00

99.31
100.00

99.40
100.00

99.60
100.00

SAMPLE DETAILS.

SEBIOTZONIE oo s ssemmniinsninizaamsin
BM Kingsbury Clogau Mine (K?2)..

stibioluzonite .....ccovevuenuen ...
BM Kingsbury Clogau Mine (K2)..

stibioluzonite ......cocvveveennn, ...
BM Kingsbury Clogau Mine (K2)..

stibioluzonite .....covvveeenann L.
BM Kingsbury Clogau Mine (K2)..

stibioluzonite ....c.ocvivueennn, L.
BM Kingsbury Clogau Mine (K2)..

DONTHOMIEE o assusiesimsspinaning, somin
BM Kingsbury Clogau Mine (K2)..

[STe100 o1 1o} 1 S1 (-
BM Kingsbury Clogau Mine (K2)..

BOUMOMILE . .oveieneiirieeniannn oL
BM Kingsbury Clogau Mine (K2)..

DBOUMONILE o\ vieaninnranennns s,
BM Kingsbury Clogau Mine (K2)..
tetrahedrite.....covveiuiinenannnnn L,
BM Kingsbury Clogau Mine (K2)..

tetrahedrite. ...vuenvnennnnnnnnneo.,
BM Kingsbury Clogau Mine (K2)..

boulangerite ...ocevvieuiunennnsnni. ...
BM Kingsbury Clogau Mine (K2)..

boulangerite .............................
BM Kingsbury Clogau Mine (K2)..

BONIANEETITE i rncnsnivasswsnsiesiniasss
BM Kingsbury Clogau Mine (K2)..

..mineral
Sam. no.

..mineral
Sam. no.

..mineral
Sam. no.

...Mminera
Sam. no.

..mineral
Sam. no.

....mineral

Sam. no.

..mineral
Sam. no.

..mineral
Sam. no.

..mineral
Sam. no.

..mineral
Sam. no.

..mineral
Sam. no.



Figure 4.20. Histogram of the fineness of gold from No. 4 Level.
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Figure 4.21. Histogram of the fineness of placer gold from the Hirgwm river.
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Table 4.15. Fineness of gold in gold-bearing samples loaned from the British
Museum (Natural History) and the National Museum of Wales. (BM=British Museum
(Natural History), NMW=National Museum of Wales). All samples are from Clogau

Mine.

Ag Au Cu Total Fineness Sample details

7.04 90.75 nd 971.79 928 BM Kingsbury (K3)
7.14 90.97 nd 9191 927 BM Kingsbury (K3)
7.10 91.22 0.09 98.41 928 BM Kingsbury (K3)
5.94 93.13 nd 99.07 940 BM Kingsbury (K2)
5.31 95.64 nd 100.95 947 BM Kingsbury (K2)
8.43 91.73 0.07 100.23 916 BM KINGSBURY (K5)
8.76 91.54 nd 100.3 913 BM KINGSBURY (K5)
8.21 91.33 nd 99.54 918 BM KINGSBURY (K5)
5.03 94.06 nd 99.09 949 BM Kingsbury (K2)
15.54 83.8 nd 99.34 844 NMW 70.19G.M5
15.95 84.14 nd 100.09 841 NMW 70.19G.M5
1573 83.83 nd 99.56 842 NMW 70.19G.M5
16.08 83.51 nd 99.59 839 NMW 70.19G.M5

2.78 98.8 0.07 101.65 973 NMW 77.35G.M18
A 98.59 0.07 101.37 973 NMW 70.19G.M221
2.77 98.84 0.09 101.70 973 NMW 70.19G.M221
2.78 98.88 0.11 101.77 973 NMW 70.19G.M221

Table 4.16. Summary statistics of the fineness of native gold from: No. 4 Level

Clogau Mine, placer gold from the Hirgwm river, and the gold-bearing samples from
the British Museum (Natural History) and the National Museum of Wales. All samples

are from Clogau Mine.

Minimum Maximum Mean

Median

Std.deviation

Std. error  Kurtosis  Skewness Data set
823 969 929 939 34 3.5 2.87 -1.96 No.4 Level gold
837 987 927 950 34 4.7 0.56 -0.86 Placer gold
839 973 919 928 49 11.9 -0.89 -0.66
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Figures 4.22. Line concentration profile across a tellurbismuth-galena intergrowth
showing the variation in major "cation" (Pb and Bi),"anion" (Te and S) and minor
element (Sb and Cd) chemistries.
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Figure 4.23 Line concentration profile across a tellurbismuth-galena-tetradymite
intergrowth showing the variation in major "cation" (Pb and Bi),"anion" (S and Te)
and minor element (Sb and Cd) chemistries.
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Figure 4.24. Line concentration profiles illustrating the variation in major "cation"

(Pb, Bi),"anion" (Te, S) chemistries, across a fingerprint intergrowth associated with
tetradymite and tellurbismuth.
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TABLES AND FIGURES FOR
CHAPTER 3¢

CONDITIONS OF ORE FORMATION
AT CLOGAU MINE.
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Table 5.1. Comparison of Gibbs Free energy between data calculated in this thesis and that

by Barton and Skinner (1979).
Reaction Temp(°K) AGT AGT AG equation
(thisthesis) (Barton&Skinner,1970) (Rarton& Rkinner,1979)

4Ag+Te2=2Ag2Te 350 -45318 45347 -55592+29.27T(25-145°C)
reaction (5.1) 400 -43964 43884

460 -42718 42618 -50087+16.10T(145-527°C)

550 -41183 -41232
2Pb+S2=2PbS 350 -63110 -63116 -77449+40.81T(25-327°C)
reaction (5.2) 450 -59045 -59085

550 -55073 -55003

650 -51012 -50762 -78595+48.82T(327-900°C)
2Pb+Te2=2PbS 350 -57059 -57025 -70766+39.26T(25-327°C)
reaction (5.3) 450 -53151 -53099

550 -49337 49173

650 -45436 -45124 -72157+41.59T(327-700°C)
Au+Te2=AuTe2 350 29034 29020 42022+37.15T(25-447°C)
reaction (5.4) 450 -25212 -25305

550 -21486 -21590

650 -17846 -17875
4Ag+S2=2Ag2S 350 -36524 -37065 -44100+22.10T(25-176°C)
reaction (5.5) 450 -33995 -34524 -41980+16.53T(176-804°C)

500 -33028 -33715

550 -32177 -32889

600 -32512 -32062
4/3Bi+S2=2/3Bi2S3 350 -48672 -39451 -52121+36.20T(25-271°C)
reaction (5.6) 450 -44703 -35831

550 -40756 -32170 -55600+42.60T(271-900°C)

650 -36240 -27910
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Table 5.2. Table 5.2 shows the reactions investigated, the data source, the type of data (see
text for explanation), the temperature range for which thermochemical data were obtained and

the reaction number which refers to the mineral stability fields illustrated in figures 5.4 to 5.7.

System / reaction data data temp. reaction

type source range

K number

Bi-Te-S
4/3Bi + Tep = 2/3BipTe3 2 1 298-700 1
2BipTe2S + Tep =2BipTes + Sy 3b 1 298-700 2
BipS3 + Tep = 2/3BigTes+ S2 2/1 1/2 298-700 -
BipS3 + Tep = BipTepS Tez 3b 1 298-700 3
4/3Bi + Sp =2/3BipS3 1 4 298-700 4
Fe-S-Te
2Fe + S2 = FeS 1 2 298-700 8
FeTep + So = FeSp +Tep 2 1 298-700 9
2FeS + Sz = 2Fe$y 1 2 298-700 10
Fe + Te2 = FeTe2 2 1 298-700 -
Pb-Te-S
2Pb + S = 2PbS 2 | 298-700 -
2Pb + Tep = 2PbTe 2 1 298-700 -
2PbS + Tep = 2PbTe + Sy 2 1 298-700 11
Au-Te
Au + Tep = AuTep 2 1 298-700 12
Ag-Au-Te-S
4Ag + Teyp =2AgyTe 2 1 298-700 5
4Ag + Sy =2Ag)S 1 3 298-700 6
2Ag2S + Tep = 2AgoTe + Sp 2 1 298-700 7
4(AuxAgy) + yTez = 2yAgoTe + 4xAu 3c 1/3 298-700
4(AuxAgy) + yS2 =2yAgS + 4xAu 3c 1/3 298-700

References:

1. Mills (1974)

2. Barton and Skinner (1979)
3. Barton and Toulmin (1964)
4. Craig and Barton (1973)
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Figure 5.1b. Activity of tellurium-activity sulphur plot showing the method of calculation of

tellurium activity in equilibrium with hessite and electrum.
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Figure 5.2. Temperature activity grid for the following telluridation reactions: formation of
altaite (At), frohbergite (FeTep) (Fr), tellurbismuth (Tb), hessite (Hs), telluridation of

maldonite (AupBi) to form tellurbismuth (Md to Tb), and the condensation of tellurium.
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Figure 5.3. Temperature activity grid for the following sulphidation reactions: pyrite=pyrrhotine (Py-Po);

bismuth=bismuthinite (Bs); maldonite=bismuthinite+gold (Md); silver=acanthite/argentite (Ac); lead=galena (Gn);

iron=pyrrhotine (Po).
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Figure 5.4. Stability fields at 350°C and 1 atmosphere. The numbered lines refer to the
reactions listed in table 5.2. The thick hashed polygon shows the range of tellurium and sulphur
activity for both assemblages, the heavy black line shows the range of tellurium and sulphur
activity associated with the tellurbismuth-dominated telluride assemblage, and the stippled area
represents the probable range of tellurium and sulphur activity.
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Figure 5.5. Stability fields at 300°C and 1 atmosphere. The numbered lines refer to the
reactions listed in table 5.2. The thick hashed polygon shows the range of tellurium and sulphur
activity for both assemblages, the heavy black line shows the range of tellurium and sulphur
activity associated with the tellurbismuth-dominated telluride assemblage, and the stippled area

represents the probable range of tellurium and sulphur activity.
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Figure 5.6. Stability fields at 250°C and 1 atmosphere. The numbered lines refer to the
reactions listed in table 5.2. The thick hashed polygon shows the range of tellurium and sulphur
activity for both assemblages, the heavy black line shows the range of tellurium and sulphur
activity associated with the tellurbismuth-dominated telluride assemblage, and the stippled area
represents the probable range of tellurium and sulphur activity.
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Figure 5.7. Stability fields at 200°C and 1 atmosphere. The numbered lines refer to the
reactions listed in table 5.2. The thick hashed polygon shows the range of tellurium and sulphur

activity for both assemblages, the heavy black line shows the range of tellurium and sulphur

activity associated with the tellurbismuth-dominated telluride assemblage, and the stippled area

represents the probable range of tellurium and sulphur activity.
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Figure 5.8. Diagrammatic illustation of the stability ranges of the observed phases at Clogau
Mine. Where lines overlap then the phases can co-exist, e.g., gold, hessite, and altaite have
overlapping lines so they form a stable assemblage, but the lines for tetradymite and altaite do
not overlap so they cannot form a stable assemblage, the stable assemblage being galena and

tetradymite.
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Table 5.3. Comparison of stable and unstable assemblages as defined by the mineral stability

diagrams with observed assemblages. Assemblages that have been observed are shown in bold

typeface.

STABLE ASSEMBLAGES

Au-Hs
Au-Th
Hs-Tb
Hs-Td

Hs-Bi
At-Gn
Th-Td
Gn-Bs
Td-Bs
Au-Hs-At
Au-Hs-Gn
Hs-Alt-Gn
Tb-Gn-Td
Au-Hs-At-Tb
Hs-At-Gn-Tb

Au-At
Au-Gn-Hs-At
Hs-Gn
Hs-Bs

At-Tb
Tb-Gn
Gn-Td
Gn-Bi
Bs-Bi
Au-Hs-Tb
Hs-At-Tb
At-Tb-Gn
Gn-Td-Bi
Au-Hs-At-Gn
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UNSTABLE ASSEMBLAGES

Au-Td
Au-Bi
At-Bs
Tb-Bs
Td-Bi
Au-Hs-Bs
Hs-At-Td
Hs-At-Bi
At-Tb-Bs
Tb-Gn-Bs
Td-Bs-Bi

Au-Bs
At-Td
At-Bi
Tb-Bi
Au-Hs-Td
Au-Hs-Bi
Hs-At-Bs
At-Tb-Td
At-Tb-Bi
Tb-Gn-Bi



FIGURES AND PLATES FOR
CHAPTER 7:

THE GEOLOGY AND
MINERALISATION OF THE
SOUTHERN UPLANDS.
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Figure 7.1. Fault bounded tracts and greywacke formations of the Southern Uplands

(after Morris, 1987).

Aston University

Hustration removed for copyright restrictions
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Figure 7.2. Geology of the Leadhills-Wanlockhead mining district (after Mackay,
1959).

Aston University

lustration removed for copyright restrictions
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Figure 7.3. Distribution of arsenic-antimony mineralisation in the Southern Uplands

(after Gallagher er al., 1983).

Aston University

Hlustration removed for copyright restrictions
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Figure 7.4. Geolgy of the area around the Black Stockarton Moor Sub-Volcanic

Complex (after Brown et al.,1979b)

Aston University

Nlustration removed for copyright restrictions
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Figure 7.5. Geology of the area around the Cu-Fe-As-Mo mineralisation at

Caingarroch Bay (after Allen ez al.,1981a).

Aston University

lustration removed for copyright restrictions
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Figure 7.6.  Geology of the area around the Fe-Co-Ni mineralisation at Talnotry

(after Stanley et al., 1987).

Aston University

ustration removed for copyright restrictions
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Figure 7.7. Geology of the gold mineralisation at the Fore Burn Igneous Complex

(after Allen er al., 1982).

Aston University

lustration removed for copyright restrictions
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Figure 7.8. Geology of the gold mineralisation at the margin of the Loch Doon

granitoid Complex (after Leake ez al., 1981).

Aston University

Hlustration removed for copyright restrictions
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Figure 7.9. Relationship between structure intrusives and mineralisation.
(A=Cairngarroch Bay [porphyry copper style], B=Talnotry [As-Ni], C=Black Stockarton
Moor [porphyry copper style], D=Loch Doon [Au-As], E=Foreburn [Au-As-Sb],
F=Moorbrock Hill [Au-As], G=The Knipe (Hare Hill) [Sb & Au-As], H=Leadhills
[placer gold & Pb-Znt+Ag], I=Glendinning [ A<-Sbh], J=Newton Stewart [Pb-ZntAg])
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FIGURES, PLATES AND TABLES
FOR CHAPTER 8:

MORPHOLOGICAL,
PETROLOGICAL AND
COMPOSITIONAL OF THE
SOUTHERN UPLANDS PLACER
GOLD: METHODOLOGY
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Table 8.1.List of morphological characteristics of the Southern Uplands placer gold.

Morphological characteristic 1

Morphological characteristic 2
Morphological characteristic 3
Morphological characteristic 4

Morphological characteristic 5

Morphological characteristic 6
Morphological characteristic 7
Morphological characteristic 8

Morphological characteristic 9

Morphological characteristic 10

Morphological characteristic 11

Morphological characteristic 12

Morphological characteristic 13

Morphological characteristic 14

Morphological characteristic 15

Morphological characteristic 16

Morphological characteristic 17.

Morphological characteristic 18

Placer gold with with a glazed surface.

Placer gold which retains much of its crystalline
morphology.

Placer gold in which the original morphology has been
deformed.

Irregularly shaped placer gold grains

Placer gold grains which are abraded and subrounded,
and show evidence of folding and hammering of edges
and vertices.

Placer gold grains which exibit a general elongate shape.
Rounded and nugget shaped placer gold grains.
Flattened flake shaped placer gold grains.

Placer gold grains with a smooth and unabraded surface
at high manification.

The inclusion of primary minerals and the presence of
inclusion scars.

Piacer gold grains with an irregular surface at high
magnification.

Placer gold where mineral grains have been trapped in
crevasses and folds.

Placer gold with a flaky surface at high magnification.

Presence of a smooth, generally worn surface at high
magnification.

Presence of random scratches at high magnification.
Presence of a "dough"-like texture at high magnification.
Presence of a layered texture at high magnification.

Presence of a porous/spongy surface at high
magnification.
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Plate 8.1a.

A B The surface of the gold grain illustrated in plate 8.1a is smooth and unwom. The lack of
abrasion and plastic deformation on the surface give the grain its porcellenous, glazed
appearance. Also primary crystalline features are preserved; e.g., The angular ridges and
depressions (arrow A). These irregularities are probably impressions Jeft by the mineral
that was originally attached to the gold grain.

C D

Plate 8.1b.

Plate 8.1b shows d grain that is rounded, but the surface is smooth unwom and glazed.
However the the original ‘crystallinity’ of the gold grain has been slightly deformed on the edges of the grain (arrow A), and the
surface of the grain has a small impact mark (arrow B). The overall subrounded shape of the grain reflects original growth
restrictions and is notthe result of abrasion and deformation.

Plate 8.1c.
Plate 8.1c illustrates a grain where all the original features are preserved, and the surface is glazed and completely unscratched.
Plate 8.1d.

Plate 8.1d illustrates a gold grain that exhibits similar features to the grain in plate 8.1c, but the grain is slightly scratched (arrow
A) and has also preserved primary growth structures (arrow B).
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.Pla .1h _illustrate placer gold collected from the river Mawdd Readwin; . 42545, in 1888
roximat Okm from Gwynfyn 1d mine (Readwin, 18

Plate 8.1e.

E F Plate 8.1e illustrates a gold grain where the glazed surface has been removed by abrasion
and deformation, The subrounded shape of the grain is probably due to these attrition
processes and not a reflection of the original shape of the grain, as is the smooth and wom
surface.

G H Plate 8.1f.

Plate 8.1f shows a grain where the majority of the glazed surface has been removed, but it
can still be seen in cavities on the surface of the grain (arrow A).

Plate 8.1g.

Plate 8.1g shows a well rounded grain with a smooth wom surface. Again the smooth unworn (glazed) surface of the grain has
been removed.

Plate 8.1h.

Plate 8.1h illustrates a grain with numerous scraiches on the surface where extensive abrasion has given the grain a polished
surface.
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Plate 8.2a &

A B Plate 8.2a illustrates a gold grain with a highly irregular shape and some typomorphic
crystallographic features (arrow A). Note the surface is smooth, unwom and glazed.

Plate 8.2b

D Plate 8.2b shows an ameoboid shaped grain with no obvious typomorphic
crystallographic features. Again note that the surface is smooth, unwom and glazed.

C

Plate 8.2¢
Plate 8.2¢ illustrates a grain where the surface has a glazed appearance but where the surface has an irregular appearance.

Plate 8.2d

Plate 8.2d shows a grain that has a subrounded overall shape, illustrating that the overall shape of a grain is not necessarily
indicative of the amount of abrasion and deformation that the grain has undergone.
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C

Plate 8.3c.

Plate 8.3a.

Plate 8.3a illustrates a gold grain that has an angular shape and irregular surface that have
undergone little or no abrasion or deformation. This is evidenced by the lack of scratches
on the surface of the grain and the lack of plastic deformation at vertices, edges and
irregularities on the surface of the grain.

Plate 8.3b.

Plate 8.3b shows a gold grain with an overall tetrahedral shape, but a highly irregular
surface. In this grain the vertices are slightly deformed (arrow A).

Plate 8.3c illustrates a gold grain with a relatively smooth and unwomn surface, still retaining its glazed surface.

Plate 8.3d.

Plate 8.3d illustrates a gold grain with an angular habit where the surface is smooth and unwomn and retaining its glazed surface.
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Plate 8.4a

A B Plate 8.4a illustrates an unabraded placer gold grain that still retains its glazed and
unabraded surface. However the vertices of the grain are folded and bent (arrow A).

Plate 8.4b.

C D Plate 8.4b illustrates a placer gold grain that has been deformed along its edges (arrow A)
and also has abraded and deformed protuberances. Original features such as the glazed
and unwom surfaces are restricted to hollows and cavities on the grain surface.

Plate 8.4c.

Plate 8.4c shows a placer gold grain that has undergone deformation and abrasion which has resulted in the destruction of most of
the glazed surface. The original glazed surface is restricted to a hollow (arrow A) on the surface of the grain.

Plate 8.4d.

Plate 8.4d illustrates a placer gold grain where only minor facets of the original features of the grain have been preserved. E.g.. a
straight edge (arrow A), small hollows where the glazed surface remain (arrow B). The processes of attrition have caused the
larger protuberances to become rounded and deformed (arrow C).
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Plates 8.5a to 8.5d show place 20

of irregularly shaped gold grains,

Plates 8.5a and 8.5b

A B Plates 8.5a and 8.5b illustrate two irregularly shaped placer gold grains that have had
their original glazed surface removed by abrasion. However some crystalline forms have
been preserved; e.g., cubic features (arrow A) and tetrahedral forms (arrow B).

Plate 8.5c.

Plate 8.5c illustrates a placer gold grain where all the original features have been
destroyed; i.e., the smooth unwom glazed surface and original crystalline

features are no longer present. However the the shape and surface of the grain are
irregular.

Plate 8.5d

Plate 8.5d illustrates a placer gold grain with an irregular outline, where the surface of the grain has been wom smooth.
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I Lled grams

Plites 8.6a and 8.6h.

A B Plates b 6a and 8 6b illustrate two placer gold gramns that are subrounded Plastic
deformanion of the 1wo grams has caused folding (arrow A) and within the folds ¢ lay
mnerals hive been trapped (arrow B) Abrasion of the griums has totally removed the
glazed surface and any original surface wregulanues

C D Plate 8.6c.

Plate 8.6¢ illustrates a subrounded gramn with a heavily scratched surface (arrow A),
where abrasive lorces have staried 1o give the surface of the grain a polished appearance,
and one of the vertices a layered appearance (amow C). The small "ven” (arrow B)
is in lact a told in which clay minerals have bekn trapped.

Plate 8.64.
Plate b Od llustrates a placer gold gram with a subrounded to rounded shape. The gram has been ' rolled” along its longiudingl

ants o give the gram an overall elongate shape where thin edges have been folded (arrow A) and larger prowberances hammered
tatrow B) to remove major irregulanities in the shape of the grain.
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Plates 8.7a. and 8.7b

A B Plate 8.7a and 8.7b illustrate a placer gold grains with a generally elongate shape and
slightly irregular surface. The surface is in places unabraded (arrow A).
Plate 8.7c.

C D Plate 8.7c illustrates an generally elongate shaped placer gold grain. The surface of which

is generally smooth and worn and has random scratches (arrow A).

Plate 8.7d.

Plate 8.7d illustrates a placer gold grain with a generally elongate shape where the surface is smooth and womn and is beginning to
develop a polish.
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Plate 8.8a.

A B Plate 8.8a illustrates a placer gold grain that has a rounded nugget shape. The surface of
the grain retains none of its original features, it is scratched (arrow A) and has developed
a polish through prolonged abrasion.

Plate 8.8b.

C D

Plate 8.8b illustrates a placer gold grain that is well rounded and has numerous scratches
on the surface. Note that the surface is not polished and has a slightly porous nature.

Plate 8.8c.

Plate 8.8c illustrates a rounded nugget shaped grain where the surface is generally smooth and wom, especially on protuberances
(arrow A), but the polished and scratched surface exhibited by the grain illustrated in plate 8.8a has not been developed.

Plate 8.8d.

Plate 8.8d illustrates a well rounded placer gold grain with a small included quartz grain (arrow A). The surface of the grain is
generally smooth a womn, but contains numerous small pits (arrow B).
N
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C

4

Plate 8.9c

Plate 8.9a.

Plate 8.9a illustrates a placer gold grain that hammered and folded and the surface
polished smooth by abrasion.

Plate 8.9b.

Plate 8.9b illustrates a placer gold grain that does not show any evidence of folding and
there are no obvious scratches on the surface.

Plate 8.9¢ illustrates a placer gold grain that is flake shaped and where protuberances have been folded and flattened (arrow A).

Plate 8.9d.

Plate 8.9d shows a placer gold grain where the edges of the grain have been rolled up (arrow A). The surface of the grain is
generally smooth with an overall undulatory appearance. The crests of the undulations have been worn smooth (arrow B).
however in the troughs there are a number of small pits (arrow C).

129



A B Plate 8.10a shows a placer gold grain where the original surface features of the grain have
been perfectly preserved: the surface shows no sign of attrition and is completely scratch
free, and all the fine surface details still present (e.g., the small ridge indicated by arrow
A, and the atomic number contrast between compositionally different parts of the grain
[dark veins indicated by arrow B]). Also note the formation of authigenic clay minerals

C D {arrow C).

Plate 8.10b.

Plate 8.10b illustrates a placer gold grain where the smooth unworn surface is not
perfectly preserved: it is scratched (arrow A), and protuberances on the surface show
signs of deformation and abrasion (arrow B),

Plate 8.10c.

Plate 8.10c illustrates a grain where original smooth unwom crystal faces have been preserved (arrow A). Also note that in places
the surface is coated by clay minerals (arrow B).

Plate 8.10d.
Plate 8.10d shows a placer gold grain where unwom irregularities (arrow A) are preserved. These irregularities have no obvious

crystallographic element to them. Also note the trapping of clay minerals within cavities in the irregularities (arrow B).
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inclusions,

Plate 8.11a.

A B

Plate 8.12a shows a placer gold grain where two grains of quartz are present on the
surface of the grain.

Plate 8.11b.

C D Plate 8.11b illustrates a placer gold grain with an included twinned quartz grain (arrow
A).

Plate 8.11c.
Plate 8.11c illustrates a placer gold grain where an included grain that had a cubic or prismatic habit has been removed leaving an
inclusion scar.

Plate 8.11d.

Plate 8.11d illustrates a placer gold grainthat is intergrown with "vein" quartz (arrow A). Note that the smooth unwom surface is
still present in cavities (arrow B) that have been protected from abrasion.
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Plate 8.12a.

A B Plate 8.12a shows a placer gold grain with an irregular surface at high magnification. The
surface still retains its glazed appearance and has undergone virtually no abrasion.

Plate 8.12b.

C D Plate 8.12b illustrates a placer gold grain where surficial irregularities have been

rounded and deformed (arrow A). One particular area (arrow A) has been hammered to
form a crater on the surface. Also note that clay minerals have been trapped in pockets on
the surface of the grain.

Plate 8.12¢.

Plate 8.12c shows a grain where irregular protuberances on the surface of the grain have protected crystal faces from abrasion
and deformation.

Plate 8.12d.

Plate 8.12d illustrates a placer gold grain where the surface irregularities have been well rounded and scratched (arrow A). Also
note the embedded TiO7 grain (arrow B).
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Plate 8.13a.

A B Plate 8.13a illustrate a placer gold grain with an irregular surface where clay minerals
have been trapped in pockets and cavities on the surface of the grain (arrow A),

Plate 8.13b.

C D Plate 8.13b illustrates a placer gold grain where the majority of the surface within the
field of view is coated with clay minerals.

Plate 8.13¢

Plate 8.13c shows a placer gold grain with a smooth and womn surface (arrow A) which is not coated with clay minerals. However
clay minerals are trapped within a depression on the surface of the grain (arrow B),

Plate 8.13d.

Plate 8.13d shows a placer gold grain with a surface that has been polished and scratched and clay minerals have been trapped in a
crevasse that looks like a vein cutting the grain (arrow A).
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Plate 8.14a.

A B Plate 8.14a illustrates a placer gold grain that exhibits a flaky texture. The flaky
appearance of the grain is caused by numerous thin (1um) ridges on the surface the grain
(arrow A).

Plate 8.14b.

C D

Plate 8.14b illustrates a placer gold grain where the flaky texture is slightly coarser than
the grain illustrated in plate 8.14a. In this grain the ridges which give the grain its flaky
appearance are more widely spaced.

Plate 8.14c.

Plate 8.14c shows a grain with a very coarse flaky texture, where protuberances have been flattened to the ridges and irregular
pattern.

Plate 8.14d.

Plate 8.14d shows a placer gold grain with incipient flaky texture, where rounded protuberances have not been completely
flattened to form ridges.
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Plate 8.15a and plate 8.15b.

The above two plates illustrate placer gold grains where the surface is generally smooth
and womn, but random scratches on the surface are rare or absent

Plate 8.15¢ and plate 8.15d.

The above two plates show placer gold grains where the surface is smooth and polished,
and random scratches have been developed on the surface.
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Plate 8.16a.

A B Plate 8.16a illustrates a placer gold grain the surface of which has a similar appearance to
that of kneaded bread. This texture is probably the result of plastic deformation of surface
irregularities that have not been removed by abrasion (note the absence of abrasive
scratches on the surface)

C D Plate 8.16b.

Plate 8.16b shows a placer gold grain the surface of which is generally irregular.
However plastic deformation at the vertices of the irregularities is incipient development
of the dough texture (arrow A).

Plate 8.16c.

Plate 8.16¢ illustrates a placer gold grain where the surface is generally smooth and has been deformed and wom. However
abrasive scratches are absent from the surface and the small irregularities (arrow A) give the grain a dough like appearance. Also
note that in the depressions on the grain the surface has a porous appearance.

Plate 8.16d.

Plate 8.16d shows a placer gold grain with similar surface feature to the grain illustrated in plate 8.16¢, but the surface of this
grain shows no obvious porosity.
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Plate 8.17a.

A B Plate 8.17a illustrates a placer gold grain where the surface appears porous and
filamentous, and the surface shows no obvious signs of abrasion and deformation.
Plate 8.17b .

C D Plate 8.17b shows a placer gold with a coarser porous texture than the grain illustrated in
plate 8.17a.

Plate 8.17c.

Plate 8.17c shows a placer gold grain where the surface is smooth and wom@lill full of small (1pum) pits that give the surface a
porous appearance (arrow A).

Plate 8.17d.

Plate 8.17d shows a placer gold grain where the surface is smooth and womn, with numerous small (<5pm) surface irregularities
(arrow A). These irregularities probably represent relict porous texture (as illustrated in plates 8.17a and 8.17b) that has

undergone deformation and abrasion.



Table 8.2. Relationship between macro- and micro-morphologocal characteristics,
showing the most commonly associated macro- and micro-morphological characteristics.
The numbers in the table refer to the different morphological characteristics (see text and
table 8.1 for details), and the asterisks represent thc common occurrence of a macro-

morphological characteristic with a micro-morphological characteristic.

9 10 11 12 13 14 15 16 17 18

1| * *

2| = *

3| = * *

4 # 4 * * * *

5 * * * * * *

6 * * * *

7 * * * * * *
8 * * * 9% *
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FIGURES, PLATES AND TABILES
FOR CHAPTER 9:

MORPHOLOGICAL,
PETROLOGICAL AND
MINERALOGICAL DATA FOR THE
SOUTHERN UPLANDS PLACER
GOLD.
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Figure 9.1. Map showing the geology and the distribution of placer gold in the Loch

Doon-Glenkens area.

Aston University

ustration removed for copyright restrictions
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Figure 9.2. Map showing the geology and the distribution of placer gold in the Abington-

Biggar-Moffat area.

Aston University

llustration removed for copyright restrictions
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Figure 9.3. Histogram showing the distribution of macro-morphological characteristics of

the Loch Doon-Glenkens placer gold.
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Figure 9.4. Histogram showing the distribution of micro-morphological characteristics of

the Loch Doon-Glenkens placer gold.
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Figure 9.5. Geographical distribution of macro-morphological characteristics for the Loch
Doon-Glenkens placer gold. Proximal grains are those which exhibit characteristics 1-4
inclusive, distal represents characteristics 5-8 inclusive and porous refers to grains having

characteristic 18.
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Figure 9.6. Geographical distribution of micro-morphological characteristics for the Loch
Doon-Glenkens placer gold. MICRO A grains are those which exhibit characteristics 9 to 13

inclusive, MICRO B represents characteristics 14-18 inclusive and porous refers to grains

having characteristic 18.
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Figure 9.7. Geographical distribution of placer gold preserving original morphological

features (characteristics 1-3 inclusive).
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Figure 9.8. Histogram showing the surface fineness distribution (from semi-quantitative

energy dispersive analysis) of placer gold from the Loch Doon-Glenkens area.
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Figure 9.9. Geographical distribution of the surface fineness of placer gold from the Loch
Doon-Glenkens area. Showing that the low surface fineness gold clustering around the Loch

Doon and Cairsphairn granitoids.
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Plate 9.2. Photomicrograph of a thin incomplete gold enrichment rim on a placer gold
grain (A). Also note the very thin white veinlet (B) cutting across the grain; this is a silver-

rich heterogeneity. (PPL, field of view 225um).
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Plate 9.3. Backscattered electron irnage and X-ray (Biye) map of a native bismuth

inclusion in a placer gold grain (sample no. C303).
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Table 1. Summary statistics of the fineness of the Loch Doon-Glenkens placer gold.

Minimum 511 Std. deviation 100
Maximum 992 Std. Error 18

Mean 886 Kurtosis 4.3
Median 906 Skewness -1.9

Figure 9.10. Histogram showing the core fineness distribution (from EPMA analysis) of

placer gold from the Loch Doon-Glenkens area.

Frequency

¥ X o oA 1
500 550 600 650 700 750 800 850 900 950 1000

Fineness

151



Figure 9.11. Geographical distribution of the core fineness of placer gold from the Loch
Doon-Glenkens area. (Note that gold grains with a fineness <800 cluster around the Fleet

and Cairsphairn granitoids).
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Figure 9.12a. Line concentration profile showing the variation in silver content in placer

gold from pan concentrate CI8.
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Figure 9.12b. Line concentration profile showing the variation in silver content in placer

gold from pan concentrate C22.
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Figure 9.12¢. Line concentration profile showing the variation in silver content in placer

gold from pan concentrate C22.
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Figure 9.12d. Line concentration profile showing the variation in silver content in placer

gold from pan concentrate C35.
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Figure 9.12e. Line concentration profile showing the variation in silver content in placer

gold from pan concentrate C37.
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Figure 9.13. Annealing history limits for the heterogeneous placer gold from the Loch

Doon-Glenkens area.
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Figure 9.14. histogram of the distribution of macro-morphological characteristics of the

Abington-Biggar-Moffat placer gold showing two maxima at characteristics 4 and 7.
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Figure 9.15. histogram of the distribution of micro-morphological characteristics of the

Abington-Biggar-Moffat placer gold.
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Figure 9.16. Geographical distribution of macro-morphological characteristics for the
Abington-Biggar-Moffat placer gold. Proximal grains are those which exhibit characteristics
1-4 inclusive, distal represents characteristics 5-8 inclusive and porous refers to grains

having characteristic 18.
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Figure 9.17. Geographical distribution of micro-morphological characteristics for the
Abington-Biggar-Moffat placer gold. MICRO A grains are those which exhibit
characteristics 9 to 13 inclusive, MICRO B represents characteristics 14-17 inclusive and

porous refers to grains having characteristic 18.
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Figure 9.18. Histogram of the distribution of the surface fineness of the Abington-Biggar-

Moffat placer gold.
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Table 9.2 Summary statistics of the core fineness of the Abington-Biggar-Moffat placer

gold.

Minimum
Maximum
Mean

Median

854
1000
952
954
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Std. deviation 41
Std. Error 6
Kurtosis -4
Skewness -.6



Figure 9.19. Histogram of the distribution of the core fineness of the Abington-Biggar-

Moffat placer gold.
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Figure 9.20. Geographical distribution of the core fineness of the placer gold from the

Abington-Biggar-Moffat area.
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Figure 9.21. Histogram showing the fequency distribution of the macro-morphological

characteristics of placer gold from the Loch Doon-Glenkens and the Abington-Biggar-Moffat

areas.
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Figure 9.22. Histogram of the morphological characteristics of placer gold with fineness
<950.
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Figure 9.23. Histogram of the morphological characteristics of placer gold with fineness
>950.
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APPENDIX la.

CALCULATION OF
THERMOCHEMICAL DATA.
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Derivats { Gibbs F : f h
ities, standacd enthall : et Eritran

The Gibbs Free energy of a substance can be calculated at any temperature if the

following are available:

(D) Heat capacity data at the required temperature.

(2)  Entropy data at 298°.

(3)  Enthalpy data at 298° K.

4) Enthalpy and entropy of transformation data, if any phase changes occur

at temperatures below those that are under consideration.

The general equation for the Gibbs Free energy of a substance is as follows:

Gr = H298+298_[T Cp dT - TS298 - 293]1" Cp/T dT (5)
subtracting H,qe and dividing by T

(G Hagg)/T = 1/T { 554]" Cp dT - y05" Cp/T dT } -85 (6)

The left hand side of equation (6) is known as the G-function or free energy function, and

provides a useful means of tabulating thermochemical data.

Equation (6) is only valid between 298° K and T° K if no phase transitions occur

within that temperature range. If a phase transition occurs in that temperature range, then

the enthalpy (AH"2%) and the entropy (AS"2%) of that transition must be taken into

account. Thus, if the Gibbs Free energy of a substance is required at T,° K and a phase

transition occurs at T1° K then the G-function is as follows:
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(Gry Hye)/ Ty = /T { 293IT ' CpdT- mF ' cp/T dT} =

lfT{TIJ‘WdeT-TJmefI‘dT} -

( Sp98 #Strans) + AHpand/To (72)

substituting (Gpq- Hyeg)/T; in equation (72) the G-function at

temperature T,° K is:

(G Ep T = G- Hya T T { i/ Cpitr -
Tt} = (8,04 570 -

AHans/ T, (7b)

By using equations (6) and (7b) , if the appropriate data are available, it is possible to
calculate the free energy function of a number of substances over a wide temperature

range. The Gibbs Free energy of a substance is related to the free energy functon in the

following manner:

Gr= Hygg + T[Gp-Hyge/T] ()

Therefore, once the free energy function of a substance has been calculated, it is a simple
matter to calculate its Gibbs Free energy if the enthalpy of that substance at 298 K is
known, and for a particular reaction the Gibbs Free energy of that reaction is simply the

sum of the Gibbs Free energies of the components involved in that reaction:

AGr= ZGT(products)-ZGT(reactants) 9)

The best means of illustrating the above method is by using worked examples.
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Worked example No, 1 (with no phase changes),

reaction:

Fe(s) + S,(g) = FeSy(s) reaction (D
Data for Fe(s)

AHpe =0

Cp =3.04 + 7.58X103T + 0.60X10°T-2

Sy98 =6.52 cal K''mol!

Calculation of the Free energy function for Fe(s).

Integrating the Cp functions for Fe(s) gives:

f CpdT = 3.04T + 3.79X1073T2 - 0.60X10°T! + k,

,[Cp/T dT = 3.04LnT + 7.58X16-3T - 0.30X10°T2 +k,

Incorporating the above two intergrals into equation (6)

(Gr-Hu)T =  UT[3.04T +3.79X10°12 - 0.60X105T | -
[3.04LaT + 7.58X10°T - 0.30X10°T2 | - Sy

for T= 400K

(Gr-Haye/T = {1/400[[3.04(400) + 3.79X1073(400) - 0.60X10>(400)"!]
- [3.04(298) + 3.97X1073(298)2 - 0.60x105(298)-1]]} -
{[[3.04Ln(400) + 7.58X1072(400) - 0.30X10°(400)72] -
[3.04Ln(298) + 7.58X10-3(298) - 0.30X105(298)]]}

= (6.52)
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-6.71 cal K'lmol-!

Therefore: (Gp - Hygg)/T

And: Gy

-2684 cal K'lmo]-1

Similarly, using the following data for FeS,(s) and S,(x)

Data for S,(g):
AHpgg  =30.75 Kcal mol!

So98 = 54.50 cal K-'mol-!
Cp = 8.72 + 0.16X103T - 0.90X10°

The above data, on calculation, give the following value of Grsy) at 400K

G = 8834 cal K'1mol-!
data for FeS,(s):
AH298 =-41.0 Kcal mol!
Cp = 17.88 + 1.32X103T - 3.05X10°T-2

The above data, on calculation, give the following value of GT(pesz} at 400 K:

Thus using equation (9)

A G g5o(reactiony = [(-46304)] - [(8834) + (-2684)]
= -52454 cal K''mol',
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rk m i h h

reaction:

4Ag(s) +S,(8) =2Ag,S(s) reaction (2)

In the above reaction, a solid state transition takes place at 452 K, this phase transition

must be taken into account when calculating thermochemical data above 452 K.

Thus to calculate the Gibbs Free energy of reaction at 500 K the method for

obtaining the free energy function for Ag(s) and S,(g) is exactly the same as given in the

first worked example; However, to compute the free energy function for Ag,S(s),

equation (7b) must be used.
Data for Ag(s):
AHygs =0
Sy9s  =10.20 cal K''mol!
Cp =5.09 + 2.04X103T + 0.36X10°T-2

Using the above data, and the data in the first worked example coupled with the

prescribed method in that example, the Gibbs Free energies of Ag(s) and S,(g) are as

follows:

GTAgs) = - 5405 cal K'lmol-1
3045 cal K'lmol-!

G TS2(g)

Data forAng; s):

AHpgg = - 7.55 Kcal mol!

AHwans = 0.95 Kcal mol’!

S5 = 343 cal K''mol!

AStrans = 2.11 cal K''mol!

Cp = 10.13 + 26.40X10-3T (298-452 K)
Cp' = 2164 (452-850 K)
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Using equation (7b)

(Gspg - Hage)/ T = [(Gd,sz % Hzgg)/T] + [1/500 452j500 Cp' dT -

ISOO

452 Cp'/T dT] - ASTas L AHWans/500  (10)

Using equation (6) the (G4sp - Hygg)/T term on the right hand side of equation (10)

evaluates at -36.36 cal K-'mol'l. Therefore: (Gsgg-Hygg)/T is given by the following

equation:

(Gsgo - Hagg)/T = -36.36+[ 1/500 45,5 Cp' dT- 45,/ Cp//T dT]
- AS™™ + AHUans/50Q (11)

Using the above data, Equation (11) computes in the following manner:

(Gsoo- HyggT = -36.36 + [1/T[21.64T] - [21.64LT]] - (2.11) +
(950)/(500)

=-36.57+{ [1/(500)[21.64(500)- 21.64(452)]]
_[21.64Ln(500)-21.64Ln(452)] }

=.36.67 cal K1mol-1l
And:

Gsm(Agzs) = -25885 cal K'lmol-1
Using equation (9) the Gibbs energy of reaction is:

AGy = 2(-25885) -[4(-5405) + (3405)]
= -33195 cal K'lmol-!
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APPENDIX 1b.

THERMOCHEMICAL DATA.
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Reaction

4/3Bi + Teg = 2/3BiyTes (D)

Temp GTBi GTTep GTBipTe3 X GT reactants X, GT products AGreaction Log dTe)

298 -4040.9 19892.7 -37395.2 14506.2 -24930.2 -39436.4 -28.92
300 -4063.0 19768.9 -37520.2 14346.2 -25613.5 -35355.7 -23.5

310 -4205.1 19148.2 -38151.1 13542.9 -25434.1 -38977.0 -27.48
320 -4344.1 18524.7 -38791.7 12734.0 -25861.1 -38595.2 -26.36
330 -4485.0 17898.5 -39441.6 11919.9 -26294 4 -38214.3 -25.31
340 -4627.9 17269.5 -40100.7 11100.6 -26733.8 -37834.4 -24.32
350 -4772.6 16638.1 -40768.7 10276.2 -27179.1 -37455.3 -23.39
360 -4919.1 16004.1 -41445.4 9446.9 -27630.2 -37077.2 -22.51
370 -5067.4 15367.6 -42130.5 8612.8 -28087.0 -36699.8 -21.68
380 -5217.5 14728.8 -42824.0 7773.9 -28549.4 -36323.2 -20.89
390 -5369.3 14087.7 -43525.6 6930.4 -29017.1 -35947.5 -20.14
400 -5522.8 134443 -44235.1 6082 4 -29490.1 -35572.5 -19.44
410 -5677.9 12798.6 -44952.4 5229.9 -29968.3 -35198.2 -18.76

420 -5834.7 12150.8 -45677.3 4373.1 -30451.6 -34824.7 -18.12
430 -5993.1 11500.9 -46409.7 3512.1 -30939.8 -34451.9 -17.51
440 -6153.1 10848.9 47149 4 2646.8 -31433.0 -34079.8 -16.93
450 -6314.7 10194.9 -47896.3 17774 -31930.9 -33708.3 -16.37
460 -6477.7 9538.9 -48650.3 904.0 -32433.5 -33337.6 -15.84
470 -6642.3 8880.9 -49411.2 26.6 -32940.8 -32967.4 -15.33
480 -6808.4 8221.0 -50178.8 -854.6 -33452.6 -32597.9 -14.84
490 -6976.0 7559.2 -50953.2 -1739.8 -33968.8 -32229.1 -14.37

500 -7145.0 6895.6 -51734.2 -2628.7 -34489.5 -31860.8 -13.93
510 -7315.5 6230.2 -52521.7 -3521.3 -35014.5 -31493.1 -13.50
520 -7487.4 5563.0 -53315.5 -4417.7 -35543.7 -31126.0 -13.08
530 -7660.6 4894.0 -54115.6 -5317.6 -36077.1 -30759.5 -12.68
540 -7835.3 4223.4 -54921.9 -6221.1 -36614.7 -30393.5 -12.30
550 -8039.3 3551.0 -55734.4 -7165.4 -37156.3 -29990.9 -11.92
560 -8266.1 2877.0 -56552.8 -8141.7 -37701.9 -29560.1 -11.54
570 -8494.1 22014 -57377.1 -9121.3 -382514 -29130.2 -11.17
580 -8273.2 1524.1 -58207.3 -9504.1 -38804.9 -29300.8 -11.04
590 -8953.4 845.3 -59043.3 -11089.6 -39362.2 -28272.6 -10.47
600 -9184.8 164.9 -59885.0 -12078.4 -39923.3 -27845.0 -10.14

610 -9417.2 -517.0 -60732.3 -13070.1 -40488.2 -27418.1 -9.82
620 -9650.7 -1200.5 -61585.1 -14064.8 -41056.8 -26992.0 -9.51
630 -9885.2 -1885.4 -62443.4 -15062.4 -41629.0 -26566.6 -9.22

640 -10120.8 -2571.8 -63307.2 -16062.8 -42204.8 -26142.0 -8.93
650 -10357.3 -3259.7 -64176.3 -17066.0 427842 -25718.2 -8.65
660 -10594.9 -3948.9 -65050.7 -18071.9 -43367.1 -25295.2 -8.38
670 -10833.5 -4639.6 -65930.3 -19080.6 -43953.6 -24872.9 -8.11

680 -11073.0 -5331.7 -66815.1 -20092.0 -44543.4 -24451.4 -1.86
690 -11313.5 -6025.1 -67705.0 -21106.0 -45136.7 -24030.7 -7.61
700 -11554.5 -6720.0 -68599.9 -22122.2 -45733.3 -23611.2 -1.37
710 -11797.3 -7416.1 -69499.9 -23141.9 -46333.3 -23191.4 -7.14
720 -12040.5 -8113.6 -70404.9 -24163.6 -46936.6 -22773.0 -6.91
730 -12284.7 -8812.4 -71314.7 -25187.9 -47543.1 -22355.2 -6.69
740 -12529.8 -0512.4 -72229.4 -26214.7 481529 -21938.3 -6.48
750 -12775.7  -10213.8  -73148.9 -27243.8 -48765.9 -21522.1 -6.27

760 -13022.5  -10916.4  -74073.1 -28275.5 -49382.1 -21106.7 -6.07
770 -13270.2  -11620.2  -75002.1 -29309.4 -50001.4 -20692.0 -5.87
780 -13518.7  -12325.3  -75935.8 -30345.8 -50623.9 -20278.1 -5.68
790 -13768.1 -13031.6  -76874.0 -31384.5 -512494 -19864.9 -5.50
800 -14018.2  -13739.1 -77816.9 -32425.5 -51877.9 -19452.5 -5.31
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Reaction

4/3Bi + §9=2/3Bi)S3 2)

Temp  GTBI GT Sy  GTBipS3 X GTreactants ¥ GT products AG reaction log dS9

298 -4040.9 14509.0 -47572.2 91212 -31715.0 -40836.1 -28.9
300 -4068.0 14400.0 -47668.2 8975.9 -31779.0 -40754.9 -28.7
310 -4205.1 13853.1 -48154.0 8246.4 -32102.8 -40349.2 -274
320 -4344.1 13303.8 -48649.3 7511.7 -32433.0 -39944.7 -26.3
330 -4485.0 12752.0 -49153.8 6772.0 -32769.4 -39541.3 -25.2
340 -4627.9 12197.8 -49667.3 6027.3 -33111.7 -39139.0 -24.2
350 -4772.6 11641.3 -50189.4 5277.8 -33459.8 -38737.6 -23.2
360 -4919.1 11082.4 -50720.1 4523.6 -33813.6 -38337.1 -22.3
370 -5067.4 10521.3 -51259.0 3764.7 -34172.8 -37937.6 -21.4
380 -5217.5 9958.0 -51806.0 3001.3 -34537.5 -37538.8 -20.6

390 -5369.3 9392.6 -52360.8 2233.5 -34907.4 -37140.8 -19.8
400 -5522.8 8825.0 -52923.3 1461.3 -35282.4 -36743.7 -19.1
410 -5677.9 8255.4 -53493.3 684.8 -35662.4 -36347.2 -18.4
420 -5834.7 7683.8 -54070.7 -95.8 -36047.3 -35951.5 -17.7
430 -5993.1 7110.2 -54655.2 -880.6 -36437.0 -35556.4 -17.1
440 -6153.1 6534.7 -55246.8 -1669.4 -36831.4 -35161.9 -16.5
450 -6314.7 5957.3 -55845.2 -2462.2 -37230.3 -34768.1 -15.9
460 -6477.7 5378.1 -56450.4 -3258.9 -37633.8 -34374.8 -15.3
470 -6642.3 4797.0 -57062.2 -4059.5 -38041.6 -33982.2 -14.8
480 -6808.4 4214.1 -57680.4 -4863.8 -38453.8 -33590.0 -14.3
490 -6976.0 3629.5 -58305.1 -5671.8 -38870.2 -33198.4 -13.8
500 -7145.0 3043.2 -58935.9 -6483.5 -39290.8 -32807.3 -13.3
510 -71315.5 2455.1 -59572.9 -7298.8 -39715.5 -32416.7 -12.9
520 -7487.4 1165.5 -60216.0 -8817.7 -40144.2 -31326.5 -12.2
530 -7660.6 1274.2 -60865.0 -8940.0 -40576.8 -31636.8 -12.1
540 -7835.3 681.2 -61519.8 -9765.8 410134 -31247.5 -11.7
550 -8039.3 86.8 -62180.3 -10632.3 -41453.7 -30821.4 -11.2
560 -8266.1 -509.3 -62846.4 -11530.8 -41897.8 -30367.0 -10.8
570 -8494.1 -1106.8 -63518.1 -12432.3 -42345.6 -29913.3 -10.5
580 -8273.2 -1705.9 -64195.3 -12736.8 -427917.1 -30060.3 -10.3
590 -8953.4 -2306.4 -64877.8 -14244.3 43252.1 -29007.8 -9.8
600 -9184.8 -2908.4 -65565.7 -15154.7 -43710.7 -28555.9 94
610 -9417.2 -3511.8 -66258.7 -16068.0 -44172.7 -28104.7 -9.1
620 -9650.7 -4116.6 -66957.0 -16984.1 -44638.2 -27654.1 -8.8
630 -9885.2 4722.8 -67660.2 -17903.0 -45107.1 -27204.0 -84
640 -10120.8 -5330.3 -68368.5 -18824.7 -45579.2 -26754.6 8.1
650 -10357.3 -5939.2 -69081.8 -19749.0 -46054.7 -26305.7 -7.8
660 -10594.9 -6549.5 -69799.9 -20676.0 -46533.5 -25857.5 -7.6
670 -10833.5 -7161.0 -70522.8 -21605.6 -47015.4 -25409.8 -1.3
680 -11073.0 -7773.8 -71250.4 -22537.8 -47500.5 -24962.7 -7.0
690 -11313.5 -8387.9 -71982.8 -23472.5 -47988.8 -24516.2 -6.8
700 -11554.5 -9003.2 -72719.8 -24409.3 -48480.1 -24070.8 -6.5
710 -11797.3 -9619.8 -73461.3 -25349.5 48974 4 -23624.9 -6.3
720 -12040.5  -10237.6  -74207.3 -26291.7 -49471.8 -23180.2 -6.0
730 -12284.7  -10856.6  -74958.0 -27236.2 -49972.2 -22736.0 -5.8
740 -12529.8  -11476.8  -75712.8 -28183.2 -50475.4 -22292.3 -5.6
750 -12775.7  -12098.1  -76472.1 -29132.5 -50981.6 -21849.2 -5.4
760 -13022.5  -12720.7  -77235.7 -30084.0 -51490.7 -21406.7 -5.2
770 -13270.2  -133443  -78003.5 -31037.9 -52002.6 -20964.7 -5.0

780 -13518.7  -13969.1 -18775.6 -31994.1 -52517.3 -20523.2 4.8
790 -13768.1 -14595.0  -79551.8 -32952.4 -53034.8 -20082.4 4.6
800 -14018.2  -15222.0  -80332.2 -33913.0 -53555.1 -19642.1 4.4
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Reaction

Temp

298
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
490
500
510
520
530
540
350
560
570
580
590
600
610
620
630
640
650
660
670
680
690
700
710
720
730
740
750
760
770
780
790
800

GTAg

-3038.6
-3059.0
-5162.4
-3267.8
-3375.1
-3484.2
-3595.2
-3707.8
-3822.2
-3938.2
-4055.8
4175.0
-4295.8
-4418.0
-4541.7
-4666.8
-4793.3
-4921.2
-5050.5
-5181.1
-5312.9
-5446.1
-5580.4
-5706.2
-5852.9
-5990.9
-6130.1
-6270.4
-6411.9
-6554.5
-6698.2
-6843.0
-6988.8
-7135.7
-7283.6
-7432.6
-7582.6
-7733.5
-7885.5
-8038.4
-8192.4
-8347.2
-8503.0
-8659.7
-8817.4
-8975.9
-9135.4
-9295.8
-9457.0
-9619.1
-9782.1
-9945.9

GT S,

14510.0
14401.0
13854.1
13304.8
12753.0
12198.8
11642.3
11083.4
10522.3
9959.0
9393.6
8826.0
8256.4
7684.8
7111.2
6535.7
5958.3
5379.1
4798.0
4215.1
3630.5
3044.2
2456.1
1166.5
12752
682.2
87.8
-508.3
-1105.8
-1704.9
-2305.4
-2907.4
-3510.8
4115.6
-4721.8
-5329.3
-5938.2
-6548.5
-7160.0
-1772.8
-8386.9
-9002.2
-9618.8
-10236.6
-10855.6
-11475.8
-12097.1
-12719.7
-13343.3
-13968.1
-14594.0
-15221.0

4Ag + Sp=2Ag>S

GT AgyS X GT reactantsy, GT productsAG reaction

-17770.4
-17839.1
-18186.3
-18539.5
-18898.3
-19262.8
-19632.7
-20008.0
-20388.5
-20774.0
-21164.5
-21559.9
-21960.0
-22365.0
-22774.3
-23188.2
-23606.5
-24050.9
-24501.0
-24956.9
-25418.4
-25885.6
-26358.4
-26836.9
-27321.1
-27810.9
-28306.3
-28807.4
-29314.1
-29826.4
-30344.3
-30867.8
-31397.0
-31931.7
-32482.1
-33034.4
-33590.2
-34149.3
-34711.7
-35286.3
-35846.0
-36417.9
-36992.9
-37570.9
-38151.9
-38735.9
-39322.8
-39912.6
-40505.2
-41100.7
-41698.9
42299 .4

23516
2160.8
12565
2294
-751.5
-1742.2
-2742.5
-3752.0
-4770.5
-5797.9
-6833.8
-7878.1
-8930.7
-9991.1
-11059.5
-12135.5
-13219.0
-14309.9
-15407.9
-16513.1
-17625.2
-18744.1
-19869.7
-21662.2
-22140.5
-23285.4
-24436.6
-25594.0
-26757.5
-27926.9
-29102.2
-30283.2
-31470.0
-32662.4
-33860.3
-35063.7
-36272.5
-37486.6
-38706.0
-39930.6
41160.3
-42395.1
-43634.8
-44879.5
46129.1
-47383.6
-48642.8
-49906.7
-51175.2
-52448.5
-53726.3
-55008.6

175

-35541.8
-35679.2
-36373.7
-37079.9
-37797.7
-38526.6
-39266.5
-40017.0
-40777.9
-41549.0
-42330.0
-43120.8
-43921.1
-44730.9
-45549.5
-46377.3
472139
-48102.8
-49003.0
-49914.7
-50837.7
-51772.1
-52717.8
-53674.8
-54643.1
-55622.7
-56613.6
-57615.7
-58629.1
-59653.7
-60689.6
-61736.6
-62794.9
-63864.4
-64965.1
-66069.9
-67181.4
-68299.6
-69424.3
-70573.5
-71693.0
-72836.8
-73986.8
-75142.8
-76304.9
-77472.9
-78646.7
-79826.2
-81011.5
-82202.3
-83398.7
-84599.8

-37892.4
-37839.0
-37572.8
-37308.4
-37045.2
-36783.4
-36523.0
-36264.0
-36006.4
-35750.1
-35495.2
-35241.6
-34989.4
-34738.8
-34489.0
-34240.8
-33993.9
-33791.9
-33594.1
-33400.6
-33211.6
-33027.1
-32847.2
-32011.6
-32501.7
-32336.3
-32176.0
-32020.7
-31870.7
-31725.9
-31586.4
-31452.4
-31324.0
-31201.0
-31103.8
-31005.2
-30907.9
-30812.0
-30717.3
-30641.9
-30531.7
-30440.8
-30351.0
-30262.3
-30174.8
-30088.3
-30002.9
-29918.5
-29835.2
-29752.8
-29671.5
-29590.3

3)

log Sy

-26.8
-26.6
-25.5
-24.5
-235
-22.6
-21.8
-21.0
-20.3
-19.6
-18.9
-18.3
-17.6
-17.1
-16.5
-16.0
-15.5
-15.1
-14.6
-14.2
-13.8
-13.4
-13.1
-12.4
-12.4
-12.1
-11.8
-11.5
-11.2
-11.0
-10.7
-10.5
-10.2
-10.0
9.8
96
-94
92
9.0
-8.8
-8.7
-8.5
-8.3
-8.2
-8.0
-19
-1.7
-16
-7.5
-1.3
=12
-7.1



Reaction

Temp AG reaction

298
300
310
320
330
340
350
360
370
380
390
400
410
418
418
420
430
440
450
460
470
480
490
500
510
520
530
540
550
560
570
580
590
600
610
620
630
640
650
660
670
680
690
700
710
720
730
740
750
760
770
780
790
800

-46869.54
-46811.00
-46518.30
-46225.60
-45932.90
-45640.20
-45347.50
-45054.80
-44762.10
-44469.40
-44176.70
-43884.00
-43591.30
-43357.14
-43357.20
-43325.00
-43164.00
-43003.00
-42842.00
-42681.00
-42520.00
-42359.00
-42198.00
-42037.00
-41876.00
-41715.00
-41554.00
-41393.00
-41232.00
-41071.00
-40910.00
-40749.00
-40588.00
-40427.00
-40266.00
-40105.00
-39944.00
-39783.00
-39622.00
-39461.00
-39300.00
-39139.00
-38978.00
-38817.00
-38656.00
-38495.00
-38334.00
-38173.00
-38012.00
-37851.00
-37690.00
-37529.00
-37368.00
-37207.00

LnaTe2

-34.37
-34.10
-32.79
-31.57
-30.42
-29.33
-28.31
-27.35
-26.44
-25.57
-24.75
-23.98
-23.23
-22.67
-22.67
-22.54
-21.94
-21.36
-20.81
-20.28
-19.77
-19.28
-18.82
-18.37
-17.94
-17.53
-17.13
-16.75
-16.38
-16.03
-15.68
-15.35
-15.03
-14.72
-14.43
-14.14
-13.86
-13.58
-13.32
-13.07
-12.82
-12.58
-12.34
-12.12
-11.90
-11.68
-11.48
-11.27
-11.08
-10.88
-10.70
-10.51
-10.34
-10.16

4Ag + Ten=2Ag,Te

176

4)



Reaction

Temp

298
300
310
320
330
340
350

370
380
390

410
420
430
440
450
460
470
480
490
500
510
520
530
540
550

570
580
590

610
620
630

650

670
680
690
700
710
720
730
740
750

770
780
790
800

GT Pb

-4616.0

-13557.7
-13791.0
-14025.2
-14260.4
-14496.6

GT Sy

14509.0
14400.0
13853.1
13303.8
12752.0
12197.8
11641.3
11082.4
10521.3
9958.0
9392.6
8825.0
8255.4
7683.8
7110.2
6534.7
59573
5378.1
4797.0
4214.1
3629.5
3043.2
2455.1
1165.5
1274.2
681.2
86.8
-509.3
-1106.8
-1705.9
-2306.4
-2908.4
-3511.8
-4116.6
-4722.8
-5330.3
-5939.2
-6549.5
-7161.0
-7773.8
-8387.9
-9003.2
-9619.8
-10237.6
-10856.6
-11476.8
-12098.1
-12720.7
-13344.3
-13969.1
-14595.0
-15222.0

GT PbS 3 GT reactantsy, GT productsAG reaction

-29996.4
-30040.1
-30260.8
-30485.4
-30713.7
-30945.5
-31180.9
-31419.7
-31661.9
-31907.2
-32155.8
-32407.3
-32662.0
-32919.5
-33180.0
-33443.2
-33709.3
-33978.0
-34249.4
-34523.3
-34799.8
-35078.9
-35360.3
-35644.2
-35930.5
-36215.0
-36509.9
-36803.0
-37098.3
-37395.9
-37695.5
-37997.3
-38301.1
-38607.0
-38915.0
-39224.9
-39536.8
-39850.6
-40166.3
-40483.9
-40803.4
41124.8
-41447.9
-41772.8
-42099.5
-42428.0
-42758.2
-43090.1
43432.6
-43758.9
-44095.8
-44434.3

2Pb + Sp=2PbS

5271.0
5105.9
4246.6
3381.0
2509.3
1631.7
748.3
-140.7
-1035.2
-1935.1
-2840.2
-3750.4
-4665.5
-5585.6
-6510.4
-7439.9
-8374.0
-9312.5
-10255.5
-11202.7
-12154.1
-13109.7
-14069.3
-15732.9
-16000.4
-16971.8
-17946.9
-18925.8
-19908.2
-20894.3
-21883.9
-22877.0
-23887.2
-24925.1
-25967.0
-27012.6
-28061.9
-29115.0
-30171.6
-31231.8
-32295.6
-33362.8
-34433.4
-35507.3
-36584.7
-37665.3
-38749.1
-39836.1
-40926.2
-42019.5
-43115.9
-44215.2

177

-59992.8
-60080.2
-60521.6
-60970.8
-61427.3
-61891.1
-62361.9
-62839.5
-63323.7
-63814.4
-64311.5
-64814.7
-65323.9
-65839.1
-66360.0
-66886.5
-67418.5
-67956.0
-68498.7
-69046.7
-69599.7
-70157.7
-70720.7
-71288.4
-71860.9
-72438.1
-73019.8
-73606.0
-74196.7
-74791.7
-75391.0
-75994.6
-76602.3
-77214.1
-77829.9
-78449.8
-79073.5
-79701.2
-80332.6
-80967.9
-81606.8
-82249.5
-82895.8
-83545.6
-84199.0
-84855.9
-85516.3
-86180.1
-86865.3
-87517.8
-88191.6
-88868.7

&)

-65269.8
-65186.0
-64768.2
-64351.8
-63936.7
-63522.8
-63110.2
-62698.8
-62288.5
-61879.4
-61471.3
-61064.3
-60658.4
-60253.5
-59849.5
-59446.6
-59044.5
-58643.5
-58243.3
-57844.0
-57445.6
-57048.1
-56651.4
-55555.5
-55860.5
-55466.3
-55072.9
-54680.3
-54288.5
-53897.4
-53507.1
-53117.6
-52715.1
-52288.9
-51862.9
-51437.2
-51011.6
-50586.2
-50161.0
-49736.1
-49311.3
-48886.7
-48462.4
-48038.3
47614.4
-47190.7
-46767.2
-46344.0
-45939.0
-45498.2
-45075.7
-44653.4

log Sy

479
-47.5
-45.7
-44.0
-42.3
-40.8
-39.4
-38.1
-36.8
-35.6
-34.5
-33.4
-32.3
-31.4
-30.4
-29.5
-28.7
-27.9
-27.1
-26.3
-25.6
-249
-24.3
-23.4
-23.0
-22.4
-21.9
-21.3
-20.8
-20.3
-19.8
-19.4
-18.9
-18.4
-18.0
-17.6
-17.1
-16.8
-16.4
-16.0
-15.6
-15.3
-14.9
-14.6
-14.2
-13.9
-13.6
-13.3
-13.0
-12.8
-12.5
-12.2



Reaction

2Pb + Tep=2PbTe 6)

Temp GTPb GTTepy  GTPbTe X GTreactantsy GT productsAG reaction Log dTep

298 -4616.0 19892.7 -24237.4 10660.7 -48474.8 -59135.5 -43.4
300 -4647.0 19768.9 -24290.1 10474.9 -48580.2 -59055.0 -43.0
310 -4303.3 15148.2 -24555.2 55417 -40111.8 <38€834 41.4

320 -4961.4 18524.7 -24825.6 8601.9 -49651.2 -58253.1 -39.8
330 -5121.3 17898.5 -25099.1 7655.8 -50198.2 -57854.0 -38.3
340 -5283.0 17269.5 -25376.3 6703.5 -50752.6 -57456.1 -36.9

350 -5446.5 16638.1 -25657.1 5745.1 -51314.1 -57059.3 -35.6
360 -5611.6 16004.1 -25941.3 4781.0 -51882.7 -56663.7 -34.4
370 -5778.2 15367.6 -26229.0 3811.2 -52458.0 -56269.2 -33.2
380 -5946.5 14728.8 -26520.0 28358 -53040.0 -55875.8 -32.1
390 -6116.4 14087.7 -26814.2 1855.0 -53628.5 -55483.4 -31.1

400 -6287.7 134443 -27111.6 868.9 -54223.3 -55002.2 -30.1
410 -6460.5 12798.6 -27412.1 -122.3 -54824.2 -54701.9 -29.2
420 -6634.7 12150.8 -27715.6 -1118.6 -55431.2 -54312.7 -28.3

430 -6810.3 11500.9 -28022.1 -2119.8 -56044.2 -53924.4 -27.4
440 -6987.3 10848.9 -28331.4 -3125.8 -56662.9 -53537.1 -26.6
450 -7165.7 10194.9 -28643.6 -4136.4 -57287.2 -53150.8 -25.8
460 -7345.3 9538.9 -28958.6 -5151.7 -57917.1 -52765.4 -25.1
470 -7526.2 8880.9 -29276.2 -6171.6 -58552.5 -52380.9 -24.4
480 -7708.4 8221.0 -29596.6 -7195.8 -59193.2 -51997.4 -23.7
490 -7891.8 75592 -29919.6 -8224 .4 -59839.1 -51614.7 -23.0
500 -8076.4 6895.6 -30245.1 -9257.2 -60490.2 -51233.0 -22.4
510 -8262.2 6230.2 -30573.2 -10294.3 -61146.3 -50852.1 -21.8
520 -8449.2 5563.0 -30903.7 -11335.4 -61807.4 -50472.0 -21.2
530 -8637.3 4894.0 -31236.7 -12380.5 -62473.4 -50092.9 -20.7
540 -8826.5 42234 -31572.1 -13429.6 -63144.2 -49714.5 -20.1
550 -9016.8 3551.0 -31909.8 -14482.6 -63819.5 -49337.0 -i9.6

560 -9208.2 2877.0 -32249.9 -15539.5 -64499.8 -48960.3 -19.1
570 -9400.7 2201.4 -32592.2 -16600.0 -65184.4 -48584 .4 -18.6
580 -9594.2 1524.1 -32936.8 -17664.3 -65873.6 -48209.3 -18.2
590 -9788.8 845.3 -33283.6 -18732.2 -66567.2 -47835.0 -17.7
600 -9984.3 164.9 -33632.6 -19803.8 -67265.2 -47461.4 -17.3
610 -10187.7 -517.0 -33983.7 -20892.4 -67967.5 -47075.1 -16.9
620 -10404.3 -1200.5 -34337.0 -22009.0 -68674.0 -46664.9 -16.4
630 -10622.1 -1885.4 -34692.3 -23129.6 -69384.7 -46255.1 -16.1
640 -10841.1 -2571.8 -35049.7 -24254.1 -70099.5 -45845.4 -15.7
650 -11061.4 -3259.7 -35409.2 -25382.3 -70818.3 -45436.0 -15.3
660 -11282.8 -3948.9 -35770.6 -26514.4 -71541.2 -45026.8 -14.9
670 -11505.3 -4639.6 -36134.0 -27650.2 -72268.0 -44617.8 -14.6
680 -11729.0 -5331.7 -36499.4 -28789.7 -72998.8 -44209.0 -14.2
690 -11953.8 -6025.1 -36866.7 -29932.8 -737334 -43800.6 -13.9
700 -12179.8 -6720.0 -37235.9 -31079.5 -74471.8 -43392.3 -13.6
710 -12406.8 -7416.1 -37607.0 -32229.7 -75213.9 -42084.2 -13.2
720 -12634.9 -8113.6 -37979.9 -33383.3 -75959.8 -42576.5 -12.9
730 -12864.0 -8812.4 -38354.7 -34540.4 -76709.3 -42168.9 -12.6
740 -13094.2 -9512.4 -38731.3 -35700.9 -77462.5 -41761.6 -12.3
750 -13325.5  -10213.8  -39109.6 -36864.7 -78219.3 -41354.6 -12.1
760 -13557.7  -10916.4  -39489.8 -38031.8 -78979.6 -40947.8 -11.8
7170 -13791.0  -11620.2  -39871.7 -39202.2 -19743.4 -40541.2 -11.5
780 -14025.2  -123253  -40255.3 -40375.7 -80510.7 -40134.9 -11.2
790 -142604  -13031.6  -40640.7 -41552.5 -81281.4 -39728.9 -11.0
800 -14496.6  -13739.1 -41027.8 -42732.3 -82055.5 -39323.2 -10.7

178



Reaction

Au + Tep=AuTe9 @)

Temp GT Au GTTe, GT AuTep X GTreactantsy GT productsAG reaction Log dTep

298 -3373.4 19892.7 -14543.3 16519.4 -14543.3 -31062.6 -22.8
300 -3396.0 19768.9 -14611.1 16372.9 -14611.1 -30984.0 -22.6

310 -3510.6 19148.2 -14954.1 15637.6 -14954.1 -305%5.7 -21.6
320 -3627.2 18524.7 -15303.0 14897.5 -15303.0 -30200.5 -20.6
330 -3745.6 17898.5 -15657.6 14152.8 -15657.6 -29810.4 -19.7
340 -3865.9 17269.5 -16017.9 13403.6 -16017.9 -29421.5 -18.9
350 -3988.0 16638.1 -16383.6 12650.1 -16383.6 -29033.7 -18.1
360 4111.8 16004.1 -16754.7 11892.3 -16754.7 -28647.0 -17.4
370 -4237.3 15367.6 -17131.0 11130.4 -17131.0 -28261.3 -16.7
380 -4364.5 14728.8 -17512.3 10364.4 -17512.3 -27876.7 -16.0
390 -4493.2 14087.7 -17898.7 9594.5 -17898.7 -27493.1 -15.4
400 -4623.6 134443 -18289.9 8820.7 -18289.9 -27110.5 -14.8
410 -4755.5 12798.6 -18685.8 8043.2 -18685.8 -26729.0 -14.2
420 -4888.9 12150.8 -19086.4 7262.0 -19086.4 -26348.4 -13.7
430 -5023.7 11500.9 -19491.6 6477.2 -19491.6 -25968.8 -13.2
440 -5160.0 10848.9 -19901.2 5688.9 -19901.2 -25590.1 -12.7
450 -5297.8 10194.9 -20315.3 4897.1 -20315.3 -25212.4 -12.2
460 -5436.9 9538.9 -20733.7 4102.0 -20733.7 -24835.7 -11.8
470 -5571.3 8880.9 -21156.3 3303.6 -21156.3 -24459.8 -11.4
480 -5719.1 8221.0 -21583.1 2501.9 -21583.1 -24084.9 -11.0
490 -5862.2 7559.2 -22013.9 1697.0 -22013.9 -23711.0 -10.6
500 -6006.5 6895.6 -22448.8 889.1 -22448.8 -23337.9 -10.2
510 -6152.2 6230.2 -228817.7 78.0 -22887.7 -22965.7 9.8
520 -6299.0 5563.0 -23330.5 -736.0 -23330.5 -22594.4 9.5
530 -6447.1 4894.0 -237717.1 -1553.1 -23777.1 -22224.0 9.2
540 -6596.4 4223.4 -24227.5 -2373.0 -24227.5 -21854.5 -8.8
550 -6746.8 3551.0 -24681.6 -3195.8 -24681.6 -21485.9 -8.5
560 -6898.4 28770 -25139.5 -4021.3 -25139.5 -21118.1 -8.2
570 -7051.1 2201.4 -25600.9 -4849.7 -25600.9 -20751.2 -8.0
580 -7204.9 1524.1 -26066.0 -5680.8 -26066.0 -20385.2 -1.7
590 -7359.9 845.3 -26534.5 -6514.6 -26534.5 -20020.0 -14
600 -7515.9 164.9 -27006.6 -7351.0 -27006.6 -19655.6 -1.2
610 -7673.0 -517.0 -27482.1 -8190.0 -27482.1 -19292.1 -6.9
620 -7831.1 -1200.5 -27961.0 -9031.6 -27961.0 -18929.4 -6.7
630 -7990.3 -1885.4 -28443.3 -9875.7 -28443.3 -18567.6 -6.4
640 -8150.5 -2571.8 -28928.3 -10722.3 -28928.3 -18206.0 -6.2
650 -8311.7 -3259.7 -29417.8 -11571.3 -29417.8 -17846.4 -6.0
660 -8473.9 -3948.9 -29909.9 -12422.8 -29909.9 -17487.1 -5.8
670 -8637.1 -4639.6 -30405.2 -13276.7 -30405.2 -17128.5 -5.6
680 -8801.2 -5331.7 -30903.7 -14132.9 -30903.7 -16770.8 -54
690 -8966.3 -6025.1 -31405.4 -14991.5 -31405.4 -16413.9 -5.2
700 -9132.4 -6720.0 -31910.1 -15852.3 -31910.1 -16057.8 -5.0
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Reaction

20/9Fe + Tep=20/9FeTe( 9 (8)

Temp GTFe GT Tey GT FeTe0.9 £ GT reactantsy GT productsAG reaction Log dTep

298 -1943.0 19892.7 -11253.7 15575.0 -25005.8 -40580.8 -298
300 -1956.0 19768.9 -11292.1 15422.2 -25091.0 -40513.2 -29.5
3106 -£U22.6 19148.2 -lidbo.2 14653.5 -25522 .4 -4G175.9 -28.3
320 2091.2 18524.7 -11684.2 138717.7 -25962.4 -39840.1 -21.2
330 -2161.6 17898.5 -11886.0 13095.0 -26410.8 -39505.7 -26.2
340 -2233.8 17269.5 -12091.5 12305.5 -26867.3 -39172.7 -25.2
350 -2307.9 16638.1 -12300.5 11509.4 -27331.7 -38841.1 -24.2
360 -2383.8 16004.1 -12513.0 10706.6 -27803.9 -38510.6 234
370 -2461.3 15367.6 -12728.9 9898.0 -28283.7 -38181.7 -22.6
380 -2540.6 14728.8 -12948.2 9083.1 -28770.8 -37853.9 -21.8
390 -2621.6 14087.7 -13170.7 8261.9 -29265.2 -37527.2 -21.0
400 -2704.1 13444 3 -13396.4 7435.2 -29766.7 -37201.9 -20.3

410 -2788.3 12798.6 -13625.1 6602.5 -30275.1 -36877.5 -19.7
420 -2874.1 12150.8 -13857.0 5764.1 -30790.2 -36554.3 -19.0
430 -2961.4 11500.9 -14091.8 4920.0 -31312.0 -36232.0 -18.4
440 -3050.3 10848.9 -14329.5 4070.6 -31840.2 -35910.8 -17.8
450 -3140.7 10194.9 -14570.1 3215.6 -32374.8 -35590.5 -17.3
460 -3232.6 9538.9 -14813.5 23554 -32915.7 -35271.1 -16.8
470 -3325.9 8880.9 -15059.7 14899 -33462.7 -34952.6 -16.2
480 -3420.8 8221.0 -15308.6 619.3 -34015.6 -34634.9 -15.8
490 -3517.1 7559.2 -15560.1 -256.5 -34574.4 -34318.0 -15.3
500 -3614.8 6895.6 -15814.2 -1137.2 -35139.1 -34001.9 -14.9
510 -3713.9 6230.2 -16070.8 -2022.9 -35709.3 -33686.4 -14.4
520 -3814.4 5563.0 -16330.0 -2913.5 -36285.2 -33371.7 -14.0
530 -3916.3 4894.0 -16591.6 -3808.9 -36866.5 -33057.6 -13.6
540 -4019.6 4223.4 -16855.6 -4709.1 -37453.2 -32744.1 -13.2
550 -4124.2 3551.0 -17122.1 -5614.0 -38045.2 -32431.3 -12.9
560 -4230.2 2877.0 -17390.8 -6523.5 -38642.4 -32118.9 -12.5
570 -4337.6 22014 -17661.9 -7437.6 -39244.7 -31807.1 -12.2
580 -4446.2 1524.1 -17935.2 -8356.4 -39852.1 -31495.8 -11.9
590 -4556.2 845.3 -18210.8 -9279.5 -40464 4 -31184.9 -11.6
600 -4667.4 164.9 -18488.6 -10207.2 -41081.6 -30874.4 -11.2
610 -4780.0 -517.0 -18768.5 -11139.2 -41703.6 -30564.3 -10.9
620 -4893.8 -1200.5 -19050.5 -12075.6 -42330.3 -30254.7 -10.7
630 -5008.9 -1885.4 -19334.7 -13016.4 -42961.7 -29945.3 -10.4
640 -5125.3 -2571.8 -19620.9 -13961.4 -43597.7 -29636.3 -10.1
650 -5242.9 -3259.7 -19909.2 -14910.6 -44238.2 -29327.6 -9.9
660 -5361.8 -3948.9 -20199.5 -15864.1 -44883.2 -29019.1 -9.6
670 -5481.9 -4639.6 -20491.7 -16821.7 -45532.6 -28710.9 -9.4
680 -5603.3 -5331.7 -20785.9 -17783.5 -46186.3 -28402.8 9.1
690 -5725.9 -6025.1 -21082.1 -18749.3 -46844 .4 -28095.0 -8.9
700 -5849.7 -6720.0 -21380.1 -19719.2 -47506.6 -27787.4 -8.7
710 -5974.7 -7416.1 -21680.0 -20693.2 -48173.0 -27479.8 -8.5
720 -6100.9 -8113.6 -21981.8 -21671.1 -48843.6 -27172.5 -8.2
730 -6228.3 -8812.4 -22285.4 -22653.0 -49518.2 -26865.2 -8.0
740 -6356.9 -9512.4 -22590.4 -23638.8 -50195.9 -26557.0 -1.8
750 -6486.6 -10213.8  -22898.0 -24628.6 -50879.4 -26250.8 -1.7
760 -6617.6 -10916.4  -23207.0 -25622.2 -51565.9 -25943.7 -1.5
770 -6749.7 -11620.2  -23517.7 -26619.7 -52256.3 -25636.7 -13
780 -6883.0 -12325.3 -23830.1 -27620.9 -52950.5 -25329.6 -1.1
790 -1017.5 -13031.6  -24144.2 -28626.0 -53648.5 -25022.5 -6.9
800 -7153.1 -13739.1  -24460.0 -29634.9 -54350.2 -24715.3 -6.8
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Reaction

20/9Fe + Tep=20/9FeTe( 9 9)

Temp GT FeTeg9 GTTe, GTFeTe2 X GT reactantsZ GT productsAG reaction Log dTe)

298 -11253.7 19892.7 -24434.1 -566.5 -44421.2 -43854.7 -32.2
300 -11292.1 19768.9 -24482.1 -760.1 -44508.5 -43748.4 -31.9
3i0 -11486.2 19145.2 -24743.0 -1733.8 -44651.2 -43217.4 -30.5
320 -11684.2 18524.7 -24974 2 -2717.3 -45404.3 -42687.0 -29.1

330 -11886.0 17898.5 -25229.7 -3710.3 -45867.5 -42157.2 -27.9
340 -12091.5 17269.5 -25489.9 -4712.8 -46340.7 -41627.9 -26.8
350 -12300.5 16638.1 -25755.5 -5724.2 -46823.5 -41099.3 -25.7
360 -12513.0 16004.1 -26026.3 -6744.6 47315.8 -40571.2 -24.6
370 -12728.9 15367.6 -26302.1 -1773.5 -47817.3 -40043.8 -23.6
380 -12948.2 14728.8 -26583.0 -8810.9 -48327.8 -39516.9 -22.7
390 -13170.7 14087.7 -26868.6 -9856.6 -48847.2 -38990.6 -21.9
400 -13396.4 13444.3 -27159.1 -10910.3 -49375.2 -38464.9 -21.0
410 -13625.1 12798.6 -27454.2 -11971.9 -49911.7 -37939.8 -20.2
420 -13857.0 12150.8 -27753.8 -13041.2 -50456.4 -37415.3 -19.5
430 -14091.8 11500.9 -28057.9 -14118.0 -51009.3 -36891.3 -18.8
440 -14329.5 10848.9 -28366.5 -15202.2 -51570.2 -36368.0 -18.1
450 -14570.1 10194.9 -28679.3 -16293.6 -52138.9 -35845.2 -17.4

460 -14813.5 9538.9 -28996.3 -17392.2 -52715.3 -35323.1 -16.8
470 -15059.7 8880.9 -29317.5 -18497.7 -53299.2 -34801.5 -16.2
480 -15308.6 8221.0 -29642.7 -19610.0 -53890.5 -34280.5 -15.6
490 -15560.1 7559.2 -29972.0 -20729.0 -54489.1 -33760.1 -15.1
500 -15814.2 6895.6 -30305.2 -21854.5 -55094.8 -33240.3 -14.5
510 -16070.8 6230.2 -30642.2 -22986.5 -55707.6 -32721.0 -14.0
520 -16330.0 5563.0 -30983.1 -24124.9 -56327.2 -32202.3 -13.5
530 -16591.6 4894.0 -31327.7 -25269.5 -56953.7 -31684.2 -13.1
540 -16855.6 42234 -31676.0 -26420.2 -57586.9 -31166.8 -12.6
550 -17122.1 3551.0 -32027.9 -27576.9 -58226.7 -30649.8 -12.2
560 -17390.8 2871.0 -32383.4 -28739.5 -58873.0 -30133.5 -11.8
570 -17661.9 2201.4 -32742.4 -29908.0 -59525.7 -29617.7 -11.4
580 -17935.2 1524.1 -33104.9 -31082.2 -60184.7 -29102.5 -11.0
590 -18210.8 845.3 -33470.8 -32261.9 -60849.9 -28587.9 -10.6
600 -18488.6 164.9 -33840.1 -33447.3 -61521.2 -28073.9 -10.2
610 -18768.5 -517.0 -34212.7 -34638.1 -62198.6 -27560.5 9.9
620 -19050.5 -1200.5 -34588.5 -35834.4 -62881.9 -27047.6 -9.5
630 -19334.7 -1885.4 -34967.7 -37035.9 -63571.2 -26535.3 9.2
640 -19620.9 -2571.8 -35349.9 -38242.7 -64266.2 -26023.6 -8.9
650 -19909.2 -3259.7 -35735.4 -39454.6 -64967.0 -25512.5 -8.6
660 -20199.5 -3948.9 -36124.0 -40671.6 -65673.4 -25001.9 -8.3
670 -20491.7 -4639.6 -36515.7 -41893.6 -66385.5 -24491.9 -8.0
680 -20785.9 -5331.7 -36910.3 -43120.5 -67103.0 -23982.5 -1.7
690 -21082.1 -6025.1 -37308.0 -44352.3 -67826.0 -23473.7 -14
700 -21380.1 -6720.0 -37708.7 -45589.0 -68554.4 -22965.4 -7.2
710 -21680.0 -7416.1 -38112.3 -46830.4 -69288.1 -22457.7 -6.9
720 -21981.8 -8113.6 -38518.8 -48076.5 -70027.1 -21950.6 -6.7
730 -22285.4 -8812.4 -38928.1 -49327.2 -70771.3 -21444.1 -6.4
740 -22590.4 -9512.4 -39340.3 -50581.8 -71520.7 -20938.9 -6.2
750 -22898.0  -10213.8  -39755.3 -51842.4 -72275.1 -20432.8 -6.0
760 -23207.0  -10916.4  -40173.1 -53106.7 -73034.6 -19928.0 -5.7
770 -23517.7  -11620.2  -40593.6 -543754 -73799.1 -19423.7 -5.5
780 -23830.1 -12325.3  -41016.8 -55648.5 -14568.5 -18920.0 -5.3
790 -24144.2  -13031.6 414427 -56925.9 -75342.8 -18416.9 -5.1
800 -24460.0  -13739.1 -41871.2 -58207.5 -76121.9 -17914.4 4.9
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Reaction

2PbS + Tey = 2PbTe +Sy (10)

TempAG reaction (5)AGreaction (6)AG reaction (10)log dSy Log dTe2

(Log dATe=0)(log AS,=0)
JaR -65269.8 -59135.5 -61343 -4 408 4 498
300 -65186.0 -59055.0 -6131.0 -4.466 4466
310 -64768.2 -58653.4 -6114.8 4311 4311
320 -64351.8 -58253.1 -6098.7 -4.165 4,165
330 -63936.7 -57854.0 -6082.7 -4.028 4,028
340 -63522.8 -57456.1 -6066.7 -3.899 3.899
350 -63110.2 -57059.3 -6050.9 -3.778 3.778
360 -62698.8 -56663.7 -6035.1 -3.663 3.663
370 -62288.5 -56269.2 -6019.3 -3.555 3.555
380 -61879.4 -55875.8 -6003.6 -3.453 3453
390 -61471.3 -55483.4 -5987.9 -3.355 3.355
400 -61064.3 -55092.2 -5972.1 -3.263 3.263
410 -60658.4 -54701.9 -5956.5 -3.175 3.175
420 -60253.5 -54312.7 -5940.8 -3.091 3.091
430 -59849.5 -53924.4 -5925.1 -3.011 3.011
440 -59446.6 -53537.1 -5909.5 -2.935 2.935
450 -59044.5 -53150.8 -5893.7 -2.862 2.862
460 -58643.5 -52765.4 -5878.1 -2.792 2.792
470 -58243.3 -52380.9 -5862.4 -2.726 2.726
480 -57844.0 -51997.4 -5846.6 -2.662 2.662
490 -57445.6 -51614.7 -5830.9 -2.600 2.600
500 -57048.1 -51233.0 -5815.1 -2.542 2.542
510 -56651.4 -50852.1 -5799.3 -2.485 2.485
520 -55555.5 -50472.0 -5083.5 -2.136 2.136
530 -55860.5 -50092.9 -5767.6 2378 2.378
540 -55466.3 -49714.5 -5751.8 -2.328 2328
550 -55072.9 -49337.0 -5735.9 -2.279 2279
560 -54680.3 -48960.3 -5720.0 -2.232 2232
570 -54288.5 48584 .4 -5704.1 -2.187 2.187
580 -53897.4 -48209.3 -5688.1 -2.143 2.143
590 -53507.1 -47835.0 -5672.1 -2.101 2.101
600 -53117.6 -47461.4 -5656.2 -2.060 2.060
610 -52715.1 -47075.1 -5640.0 -2.021 2.021
620 -52288.9 -46664.9 -5624.0 -1.982 1.982
630 -51862.9 -46255.1 -5607.8 -1.945 1.945
640 -51437.2 -45845.4 -5591.8 -1.909 1.909
650 -51011.6 -45436.0 -5575.6 -1.875 1.875
660 -50586.2 -45026.8 -5559.4 -1.841 1.841
670 -50161.0 -44617.8 -5543.2 -1.808 1.808
680 -49736.1 -44209.0 -5527.1 -1.776 1.776
690 -49311.3 -43800.6 -5510.7 -1.745 1.745
700 -48886.7 -43392.3 -5494 4 -1.715 1.715
710 -48462.4 42984.2 -5478.2 -1.686 1.686
720 -48038.3 -42576.5 -5461.8 -1.658 1.658
730 47614.4 -42168.9 -5445.5 -1.630 1.630
740 -47190.7 41761.6 -5429.1 -1.603 1.603
750 -46767.2 -41354.6 -5412.6 -1.577 1577
760 -46344.0 -40947.8 -5396.2 -1.552 1.552
770 -45939.0 -40541.2 -5397.8 -1.532 1.532
780 -45498.2 -40134.9 -5363.3 -1.503 1.503
790 -45075.7 -39728.9 -5346.8 -1479 1.479
800 -44653.4 -39323.2 -5330.2 -1.456 1.456
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Reaction

2Ag2S + Tep = 2AgyTe +S9 (11)
TempAG reaction (3)AGreaction (4)AG reaction (11)log dS5 Log dTep
(Log ATep=0)(log dS,=0)
209 378924 -46869.54 807714 6.58 -6.58
300 -37839.0 46811.00 8972.00 6.54 -6.54
310  -37573.0 -46518.30  8945.30 6.31 -6.31
320  -37308.4 4622560 8917.20 6.09 -6.09
330  -37045.2 4593290  8887.70 5.89 -5.89
340  -36783.4 4564020  8856.80 5.69 -5.69
350  -36523.0 -45347.50  8824.50 5.51 -5.51
360  -36264.0 -45054.80  8790.80 5.34 -5.34
370 -36006.4 -44762.10  8755.70 5.17 -5.17
380  -35750.1 -44469.40  8719.30 5.01 -5.01
390  -35495.2 -44176.70  8681.50 4.86 4.86
400  -35241.6 -43884.00 8642.40 4,72 4,72
410  -34989.4  -43591.30  8601.90 4,58 4.58
420  -34738.8 -43325.00 8586.20 4.47 4.47
430  -34489.0 -43164.00 8675.00 4.41 4.41
440  -34240.8 -43003.00 8762.20 435 4.35
450  -33993.9 -42842.00 8848.10 430 -4.30
460  -33791.9 -42681.00 8889.10 422 4.22
470  -33594.1 42520.00 8925.90 4.15 4.15
480  -33400.6 -42359.00 8958.40 4,08 -4.08
490  -33211.6 -42198.00  8986.40 4.01 4,01
500  -33027.1 -42037.00  9009.90 3.94 -3.94
510  -32847.2 -41876.00 9028.80 3.87 -3.87
520  -32011.6 -41715.00 9703.40 4,08 -4.08
530  -32501.7 -41554.00  9052.30 3.73 -3.73
540  -32336.3 -41393.00 9056.70 3.67 -3.67
550  -32176.0 -41232.00 9056.00 3.60 -3.60
560  -32020.7 -41071.00  9050.30 3.53 -3.53
570  -31870.7 -40910.00  9039.30 3.47 -3.47
580  -31725.9 -40749.00  9023.10 3.40 -3.40
500  -315864 -40588.00  9001.60 3.33 -3.33
600  -31452.4 40427.00 8974.60 3.27 -3.27
610  -31324.0 -40266.00 8942.00 3.20 -3.20
620  -31201.0 -40105.00  8904.00 3.14 -3.14
630  -31103.8 -39944.00  8840.20 3.07 -3.07
640  -310052 -39783.00 8777.80 3.00 -3.00
650  -30907.9 -39622.00 8714.10 2.93 -2.93
660  -30812.0 -39461.00  8649.00 2.86 -2.86
670  -30717.3  -39300.00 8582.70 2.80 -2.80
680  -30641.9 -39139.00 8497.10 2.73 2.73
690  -30531.7 -38978.00  8446.30 2.68 -2.68
700  -30440.8 -38817.00  8376.20 2.61 2,61
710  -30351.0 -38656.00  8305.00 2.56 -2.56
720 -30262.3 -38495.00  8232.70 2.50 -2.50
730  -30174.8 -38334.00 8159.20 2.44 2.44
740  -30088.3 -38173.00 8084.70 2.39 2.39
750  -30002.9 -38012.00 8009.10 2.33 -2.33
760  -29918.5 -37851.00  7932.50 2.28 228
770 298352 -37690.00  7854.80 2.23 2.23
780  -29752.8 -37529.00 7776.20 2.18 -2.18
790 296715 -37368.00  7696.50 2.13 -2.13
800  -29590.3 -37207.00 7616.70 2.08 -2.08
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Reaction

2/3Bi2S3 + Te2 = 2/3Bi2Te3 +S2 (12)

TempAG reaction (2)AGreaction (2)AG reaction (12)log Sy Log dTep

(Log dTep=0)(log dS7=0)
298  40836.1  -39436.4  -i399.7 -1.026 1.026
300 407549  -39359.7  -139>.2 -1.016 1.016
310 403492  -38977.0  -13722 -0.967 0.967
320 -39944.7  -38595.2  -1349.5 -0.922 0.922
330  -39541.3  -38214.3  -1327.0 -0.879 0.879
340  -39139.0  -37834.4 -1304.6 -0.839 0.839
350  -38737.6  -37455.3 -1282.3 -0.801 0.801
360  -38337.1  -37077.2  -1259.9 -0.765 0.765
370 -37937.6  -36699.8  -1237.8 -0.731 0.731
380  -37538.8 -36323.2  -1215.6 -0.699 0.699
390  -37140.8  -35947.5 -1193.3 -0.669 0.669
400  -36743.7 355725  -1171.2 -0.640 0.640
410  -36347.2 -35198.2  -1149.0 -0.612 0.612
420  -35951.5  -34824.7  -1126.8 -0.586 0.586
430  -35556.4  -344519  -1104.5 -0.561 0.561
440  -351619  -34079.8 -1082.1 -0.537 0.537
450  -34768.1  -33708.3 -1059.8 -0.515 0.515
460  -343748  -33337.6  -1037.2 -0.493 0.493
470  -33982.2  -329674  -1014.8 -0.472 0472
480  -33590.0 -32597.9 -992.1 -0.452 0452
490  -331984  -32229.1 -969.3 -0.432 0432
500  -32807.3  -31860.8 -946.5 -0.414 0414
510  -32416.7  -31493.1 9236 -0.396 0.396
520  -31326.5 -31126.0 -200.5 -0.084 0.084
530  -31636.8  -30759.5 -877.3 -0.362 0.362
540  -31247.5  -30393.5 -854.0 -0.346 0.346
550  -30821.4  -29990.9 -830.5 -0.330 0.330
560  -30367.0  -29560.1 -806.9 -0.315 0.315
570  -299133  -29130.2 -783.1 -0.300 0.300
580  -30060.3  -29300.8 -759.5 -0.286 0.286
590  -29007.8  -28272.6 -735.2 -0.272 0272
600  -28555.9  -27845.0 -710.9 -0.259 0.259
610  -28104.7 -27418.1 -686.6 -0.246 0.246
620  -27654.1  -26992.0 -662.1 -0.233 0.233
630  -27204.0  -26566.6 -637.4 -0.221 0.221
640  -267546  -26142.0 -612.6 -0.209 0.209
650  -26305.7 -25718.2 -587.5 -0.198 0.198
660  -25857.5  -25295.2 -562.3 -0.186 0.186
670  -25409.8  -24872.9 -536.9 -0.175 0.175
680  -24962.7  -24451.4 -511.3 -0.164 0.164
690  -24516.2  -24030.7 -485.5 -0.154 0.154
700  -24070.8  -23611.2 -459.6 -0.143 0.143
710 236249 231914 433.5 -0.133 0.133
720 231802  -22773.0 407.2 -0.124 0.124
730  -22736.0  -22355.2 -380.8 -0.114 0.114
740 222923 219383 -354.0 -0.105 0.105
750  -21849.2  -21522.1 -327.1 -0.095 0.095
760  -21406.7 -21106.7 -300.0 -0.086 0.086
770 -20964.7  -20692.0 -272.7 -0.077 0.077
780  -205232  -20278.1 -245.1 -0.069 0.069
790  -200824  -19864.9 2175 -0.060 0.060
800  -19642.1  -19452.5 -189.6 -0.052 0.052
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Reaction

BigS3 + Teg = BipTepS +Sp (13)
Temp AGT AGT AGT AGT YT GT YGT AGT log dSyLog ATe)
BipS3 Tep BinTesS Sy reactants  products  reaction dTep=0 dS,=0

298 -475722 19892.7 -40091.6 14509.0 -27679.5  -255¥2.6  2096.8 1.54 -1.54
300 -47668.2 19768.9 -40202.3 14400.0 -27899.3  -25802.4  2096.9 153 -1.53
310 -48154.0 191482 -40761.5 13853.1 -29005.8  -26908.3  2097.4 148 -1.48
320 -48649.3 185247 -41330.3 13303.8 -30124.6  -28026.5 2098.1 143  -143
330 -49153.8 17898.5 -41908.4 12752.0 -31255.3  -291564  2099.0 139 -1.39
340 -49667.3 17269.5 -42495.6 12197.8 -32397.7  -30297.8  2099.9 135 -1.35
350 -50189.4 16638.1 -43091.6 11641.3 -33551.4  -31450.3  2101.0 1.31 -1.31
360 -50720.1 16004.1 -43696.3 110824 -34716.0  -32613.9  2102.1 128 -1.28
370 -51259.0 15367.6 -44309.3 10521.3 -35891.3  -33788.0 2103.3 124 -1.24
380 -51806.0 14728.8 -44930.6 9958.0 -37077.1  -34972.6 21045 121 -1.21
390 -52360.8 14087.7 -45559.9 9392.6 -38273.1  -361674  2105.7 1.18 -1.18
400 -52923.3 134443 -46197.1 8825.0 -39479.0  -37372.1  2106.9 1.15 -1.15
410 -53493.3 12798.6 -46842.0 82554 -40694.7 -38586.6  2108.1 .12 -1.12
420 -54070.7 12150.8 -47494.3 7683.8 419198  -39810.5 2109.3 1.10 -1.10
430 -54655.2 115009 -48154.1 7110.2 431543 410438 21104 1.07  -1.07
440 -55246.8 10848.9 -48821.1 6534.7 44397.8 422863  2111.5 1.05 -1.05
450 -558452 101949 -49495.1 5957.3 45650.3  -43537.8 21125 1.03  -1.03
460 -564504 95389  -50176.1 5378.1 46911.5 -44798.1  2113.5 1.00 -1.00
470 -57062.2 8880.9 -50863.9 4797.0 48181.3  -46067.0 21143 0.98 -0.98
480 -576804 8221.0 -51558.5 4214.1 494594 473444  2115.1 096 -0.96
490 -58305.1 7559.2 -52259.6 3629.5 -50745.8  -48630.1  2115.8 0.94 -0.94
500 -589359 68956 -52967.2 3043.2 -52040.3 499240 2116.3 092 -0.92
510 -595729 62302 -53681.2 2455.1 -53342.8  -512260 2116.8 091 -0091
520 -60216.0 5563.0 -54401.4 1165.5 -54653.0  -532359  1417.1 0.60 -0.60
530 -60865.0 4894.0 -55127.8 1274.2 -55970.9  -53853.6 2117.3 0.87 -0.87
540 -61519.8 42234  -55860.2 681.2 -57296.4  -55179.0 21174 0.86 -0.86
550 -62180.3 3551.0 -56598.6 86.8 -58629.2  -565119 21174 0.84 -0.84
560 -62846.4 2877.0 -573429 -509.3 -59969.4  -578522  2117.2 0.83 -0.83
570 -63518.1 2201.4  -58093.1 -1106.8 -61316.8 -591999 2116.9 0.81 -0.81
580 -641953 1524.1 -58848.9 -1705.9 62671.2 -60554.8 21164 0.80 -0.80
590 -64877.8 845.3 -59610.4 -2306.4 64032.5 -61916.8 2115.8 0.78 -0.78
600 -65565.7 164.9 -60377.4 -2908.4 £5400.8 -632858  2115.0 0.77 -0.77
610 -66258.7 -517.0 -61150.0 -3511.8 -66775.8  -64661.7 2114.0 0.76 -0.76
620 -66957.0 -1200.5 -61927.9 -4116.6 -68157.4  -66044,5 21129 0.74 -0.74
630 -67660.2 -1885.4 -62711.2 4722.8 -69545.6  -67434.0 2111.7 0.73 -0.73
640 -68368.5 -2571.8 -63499.8 -5330.3 -70940.3  -68830.1  2110.2 0.72  -0.72
650 -69081.8 -3259.7 -64293.6 -5939.2 -72341.4  -70232.8 2108.6 0.71  -0.71
660 -69799.9 -3948.9 -65092.5 -6549.5 -73748.8  -71642.0  2106.8 0.70 -0.70
670 -70522.8 -4639.6 -65896.5 -7161.0 -75162.4  -73057.5 21049 0.69 -0.69
680 -712504 -5331.7 -66705.6 -71773.8 -76582.1  -744794  2102.7 0.68 -0.68
690 -71982.8 -6025.1 -67519.6 -8387.9 -78007.9  -75907.5 2100.4 0.67 -0.67
700 -72719.8 -6720.0 -68338.6 -9003.2 -79439.7  -773418 20979 0.65 -0.65
710 -73461.3 -7416.1 -69162.4 -9619.8 -80877.4  -787822  2095.2 0.64 -0.64
720 -74207.3 -8113.6 -69991.0 -10237.6  -82320.9 -80228.6 20923 0.64 -0.64
730 -74958.0 -8812.4  -70824.4 -10856.6  -83770.3  -81681.0  2089.3 0.63 -0.63
740 -75712.8 -95124  -71662.5 -11476.8  -85225.2  -83139.3  2086.0 0.62 -0.62
750 -76472.1 -10213.8 -72505.2 -12098.1  -86685.9  -84603.4  2082.5 0.61 -0.61
760 -77235.7 -109164 -73352.6 -12720.7  -88152.1 -86073.2  2078.8 0.60 -0.60
770 -78003.5 -11620.2 -74204.5 -133443  -89623.8 -875488  2075.0 0.59 -0.59
780 -78775.6 -123253 -75060.9 -13969.1 911009 -89030.0 2070.9 0.58 -0.58
790 -79551.8 -13031.6 -75921.8 -14595.0  -92583.5 -90516.8  2066.6 0.57 -0.57
800 -80332.2 -13739.1 -76787.2 -15222.0  -94071.4  -92009.2 20622 0.56 -0.56
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Reaction

BiyTeyS + Tep= BipTez + Sy (14)
Temp AGT AGT AGT AGT Y GT ¥ GT AGT log dSyLog ATep
Tep  BigTepS So BipTe3  reactants  products reaction dTep=0 dSp=0

298 19892.7 -40091.6 14509.0 -37395.2 60290.5 -60281.4 9.1 0.01 -0.01
300 19768.9 -40202.3 14400.0 -37520.2  -60635.7 -60640.4 4.8 0.00 0.00
310 19148.2 -40761.5 13853.1 -38151.1  -62374.8  -62449.1 -14.3 -0.05 0.05
320 18524.7 413303 13303.8 -38791.7 641359 -64279.5 -143.77 -0.10 0.10
330 17898.5 419084 12752.0 -39441.6  -65918.3 -66131.2 -2129 -0.14 0.14
340 17269.5 424956 12197.8 -40100.7 -67721.6 -68003.6 -282.0 -0.18 0.18
350 16638.1 -43091.6 11641.3 -40768.7  -69545.1  -69896.1 -350.9 -0.22 0.22
360 16004.1 -43696.3 11082.4 414454  -71388.4  -718083 4199 025 0.25
370 15367.6 -44309.3 10521.3 -42130.5  -73251.0 -73739.8 4888 -029 0.29
380 14728.8 -44930.6 9958.0 -42824.0 -751324  -756900 -557.6 -0.32 0.32
390 14087.7 -455599 9392.6 -43525.6  -77032.2  -77658.7 -626.5 -0.35 0.35
400 13444.3 -46197.1 8825.0 -44235.1  -78949.9 -796452  -6953  -0.38 0.38
410 12798.6 -46842.0  8255.4 449524  -80885.3 -816494 -764.1 -041 041
420 12150.8 -474943  7683.8 456773  -82837.9 -836709 -833.0 043 043
430 115009 -48154.1 7110.2 -46409.7  -84807.2 -85709.2 -902.0 046 046
440 10848.9 -48821.1  6534.7 -471494  -86793.2 -877642 -971.0 048 048
450 10194.9 -49495.1  5957.3 -47896.3  -887954  -898353 -1040.0 -0.51 0.51
460 9538.9 -50176.1 5378.1 -48650.3 908134 -91922.5 -1109.1 -0.53 0.53
470 8880.9 -50863.9 47970 -49411.2  -92847.0 -940253 -11783 -0.55 0.55
480 8221.0 -51558.5 4214.1 -50178.8  -94896.0 -96143.6 -1247.6 -0.57 0.57
490 7559.2 -52259.6  3629.5 -50953.2  -96960.0 -98277.0 -1317.0 -0.59 0.59
500 6895.6 -52967.2 3043.2 -517342  -99038.8 -100425.2 -1386.5 -0.61 0.61

510 6230.2 -53681.2 2455.1 -52521.7  -101132.1 -102588.2 -1456.1 -0.62 0.62
520 5563.0 -544014 1165.5 -53315.5 -103239.8 -105465.6 -2225.8 -0.94 0.94
530 4894.0 -55127.8 12742 -54115.6  -105361.5 -106957.1 -1595.6 -0.66 0.66
540 42234 -55860.2 681.2 -54921.9 -107497.1 -109162.7 -1665.6 -0.67 0.67
550 3551.0 -56598.6 86.8 -55734.4  -109646.2 -111382.0 -1735.7 -0.69 0.69
560 2877.0 -573429  -509.3 -56552.8 -1118089 -113614.9 -1806.0 -0.70 0.70

570 2201.4 -58093.1 -1106.8 -57377.1  -113984.8 -115861.1 -18763 -0.72 0.72
580 1524.1 -588489 -1705.9 -58207.3 -116173.7 -118120.6 -19469 -0.73 0.73
590 8453 -596104 -2306.4 -59043.3  -118375.5 -120393.0 -2017.5 -0.75 0.75
600 1649 -603774 -2908.4 -59885.0 -120590.0 -122678.4 -20884 -0.76 0.76
610 -517.0 -61150.0 -3511.8 -60732.3  -122816.9 -124976.3 -21594 -0.77 0.77
620 -1200.5 -619279 -4116.6 -61585.1  -125056.3 -127286.8 -2230.5 -0.79 0.79
630 -1885.4 -62711.2 -4722.8 -62443.4  -127307.8 -129609.7 -2301.9 -0.80 0.80
640 -2571.8 -63499.8 -5330.3 -63307.2 -1295714 -131944.7 -23733 -0.81 0.81
650 -3259.7 -64293.6 -5939.2 -64176.3  -131846.8 -134291.8 -24450 -0.82 0.82
660 -3948.9 -65092.5 -6549.5 -65050.7 -1341340 -136650.8 -2516.8 -0.83 0.83
670 -4639.6 -65896.5 -7161.0 -65930.3 -136432.7 -139021.6 -2588.9 -0.84 0.84
680 -5331.7 -66705.6 -7773.8 -66815.1  -138742.9 -141404.0 -2661.1 -0.86 0.86
690 -6025.1 -67519.6 -8387.9 -67705.0 -141064.4 -143797.9 -2733.4 -0.87 0.87
700 -6720.0 -68338.6 -9003.2 -68599.9  -143397.1 -146203.1 -2806.0 -0.88 0.88
710 -7416.1 -691624 -9619.8 -69499.9  -145740.9 -148619.6 -2878.8 -0.89 0.89
720 -8113.6 -69991.0 -10237.6 -70404.9  -148095.6 -151047.3 -2951.7 -0.90 0.90
730 -8812.4 -708244 -10856.6 -71314.7  -150461.2 -153486.0 -3024.8 -0.91 091
740 -9512.4 -71662.5 -11476.8 -72229.4  -1528374 -155935.5 -30982 -091 091
750 -10213.8 -72505.2 -12098.1 -73148.9  -1552242 -158395.9 -3171.7 -092 0.92
760 -10916.4 -73352.6 -12720.7 -74073.1  -157621.5 -160866.9 -32454 -093 0.93
770 -11620.2 -74204.5 -13344.3 -75002.1  -160029.2 -163348.5 -3319.3 -0.94 0.94
780 -12325.3 -75060.9 -13969.1 -75935.8 -162447.2 -165840.6 -3393.5 -095 0.95
790 -13031.6 -75921.8 -14595.0 -76874.0 -164875.3 -168343.1 -3467.8 -096 0.96
800 -13739.1 -76787.2 -15222.0 -77816.9 -167313.5 -170855.8 -35423 -0.97 097
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APPENDIX 2.

SAMPLE PREPARATION OF THE
SOUTHERN UPLANDS PLACER
GOLD FOR SEM AND EPMA
ANALYSES.
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\2.1. P joii o the. Southiert Unlsnds bl 1 for SEM analysi

The placer gold was mounted (using double sided clear sticky tape) on on a
specially marked 30mm diameter aluminium SEM stubs so that individual grains could be
recognised from a reference diagram. The grains were manipulated from sample bottle to SEM
stub using a low powered binocular microscope and a "needle" spatula. Once all of the grains
had been mounted, and their position on the stub recorded, the grains were then sputtcrantcd,
under vacuum, with a thin film (approx. 200A) of carbon to aid coduction between the SEM
stub and the gold grains. During SEM examination the following observations and analyses
were undertaken:

(1) at least two electron micrographs were taken, so that there was a permanent record of the

morphological characteristics of each grain.

(ii) A semi-quantitative analysis for gold and silver on a suitable area of the grain (usually on an

area 40X40um), using a counting time of 100s.

.
(iii) An energy dispersive spectrum was aquired to see if any other elements other than gold or

silver were present.

A2.1, Preparation of the Southern Uplands placer gold for EPMA analysis.

After all of the SEM obsevations and analyses had been completed on an individual
SEM stub the gold grains were very carefully removed from the SEM stub using a low powered
binocular microscope and a "needle" spatular onto a specially pepared 2x1 inch glass slide. The
slide was first gridded using indelible ink, clear double sided sticky tape was then placed over
the grid, th= 20id grain< were then mounted onto the grid using a "needle" spatular and a low
powered binocular microscope, and the grid position of each grain recorded. The surface of the
slide was then covered with a layer (1-2mm thick) of epoxy resin. When the epoxy resin had set

the gold grains were then él:llijtcd by very careful grinding with 600 mesh carborundum grit on
188



a glass plate. The final polish was achieved using 6 1 and 1/4pm diamond paste on a paper lap,
after further grinding using 800 and 1200 mesh carbor{mdum grit.

Prior to EPMA the section was sputter coated, under vacuum, with a thin (250A)

layer of carbon.
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APPENDIX 3.

METHOD EMPLOYED FOR THE
CALCULATION OF THE
ANNEALING HISTORY LIMITS FOR
HETEROGENEOUS PLACER GOLD.
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The method for caluculation of the annealing history limits of heterogeneous placer
gold has been described by Czamanske et al. (1973). The method, as described here, is a direct
quote from their original paper.

Diffusion coefficients in two-component, alloy systems that exhibit
concentration-dependant diffusion are readily calculated using the Boltzmann-
Matando method. [this method assumes an initial step discontinuity]...The

& requirment that Boltzmann-Matano solution be applied to systems wherethere is
' no volume change on mixing is fulfilled for electrum. The equation relevant to
the Boltzmann-Matano solution is

NS | "'"‘ -~ .
D(e)=-1/2t @x/di)e’ X de (1) f
where
D() = diffusion coefficient in cm2/sec at concentration ¢'
c = concentration in any consistent units
t™ = time in secs
X = distance in cm
J = integral sign

This equation is usually solved using graphical methods by determining the
matano interface which provides a reference point for calculation of the integral
term. This is the plane that makes equal the two graphic areas bounded by itself
and the diffusion profile...... By algebraic rearrangement of equation (1), one
may obtain

t = (factor)/D(c"), where 'factor' =[ '0'[ c'X dc]/[2(dc/dx)c'] (2)

In their study Czmanske et al. (1973) use a worked example to show how annealing
history limits can be eastablished from the above equation. Here a worked example (using a
heterogeneous gold grain from pan concentrate C35) is also presented using the same method of
calculation. The line concentration profile illustrated in figure A3.1 may be considered to
represent the diffusion profile that could result in time if there were intially a steplike change in
composition at approximately the line labelled "Matano interface". The point c' (eq.2) at which
the diffusion coefficient is to be evaluated was taken at C' the intersection of the profile with the
Matano interface. With this designation, the integral term (eq. 2) is equivalent to the stippled
area in figure A3.1 and has units of microns x weight percent. Similarly the differential term
(dc/dx) in equation (2) can be approximated as the slope of the profile at the Matano interface;
* the slope has the units of weight percent / micron.Specifically for the diffusion profile illustrated
(fig A2.1) the area (integral term) involved is 22.34 microns x weight percent and the slope

(derivative) is 6.78 weight percent per micron.

191



Figure A3.1 Diffusion profile across a heterogeneous placer gold grain illustrating the method

of calculation of annealing history limits

40+~ Calculanon of ime - temperature tor sample no. C35

36-50%

Gradient at C * 6.78% perum
Shaded area = 22.34% perum

354
MATANO INTERFACE_‘)‘:
Time » (factor)
S84 D (C)
Where “factor” » —S?; dc
“2fac)
o
254 Imegral term » area of shading
under the curve
<
# Differential term = gradient at C
z { imtersecuon of diffuson profile
with the matano interface )
204
Hence for this exampie
Factor = (22.34) (1078)
2 (6.78)
+1.65 x 1078
5 Time « 1.65 x 1078
D
D : interdiffusion coefficient
( calculated at ditferent
temperatures from published
104 data ( Czmanske et al 1973 ))
' 6.75%Ag
o 5 10 15 20 25 30 a5 a0 as

DISTANCE uM
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Hence

"Factor'= (22.34) (10-8) /2 (6.78) =1.65 x 10-8
and:
t = 1.65 x 10-8/D~

where 10-8 is a conversion factor for square microns to square centimetres, t is the
time in seconds and D~ is the interdifusion coefficient. Because values of the interdiffusion
coefficient are tempcraturél:dcpcndgnt;g range of values were selected over the temperature range
350-100°C and used to calculate thcrgnncaling history limits for the Southern Uplands placer

gold (cf fig. 9.13).
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APPENDIX 4a.

SAMPLE DETAILS FOR CLOGAU
MINE AND THE DOLGELLAU
GOLD-BELT.
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SAMPLE NUMBER SAMPLE DETAILS

BMNH Kingsbury Native gold in quartz with shale ribbons

Clogau Mine (K2)

BMNH Kingsbury Gold in Clogau shale

Clogau Mine (K2b)

BMNH Kingsbury Native gold in quartz with inclusions of

Clogau Mine (K2c) black shale

BMNH Kingsbury Native gold in quartz with inclusions of

Clogau Mine (K2d) black shale

BMNH Kingsbury Native gold in galena

Clogau Mine (K3)

BMNH Kingsbury Bismuth tellurides in quartz

Clogau Mine (K5)

BMNH Kingsbury Bismuth tellurides in quartz

Clogau Mine (K5b)

BMNH Kingsbury Bismuth tellurides in quartz with minor

Clogau Mine (K5c) amounts of native gold.

Clogau Mine Level 4 Galena in quartz with shale wallrock material

CMC1 Mill concentrate with abundant native gold

CMC2 Mill concentrate containing abundant gold
from clogau mine

D. Au 4/78 Pyrite in Clogau Shale

JN 1 Bismuth tellurides in quartz

N2 Bismuth tellurides in quartz.

JN 3a Bismuth tellurides in quartz

IN 3b Galena with cobaltite, plus minor native

bismuth and bismuthtellurides in quartz
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SAMPLE
LOCALITY

Locality in the mine
workings unkown

Locality in the mine
workings not known

Locality in the mine
workings not known

Locality in the mine
workings not known

Location in the mine
workings not known

Locality in the mine
workings is
unknown.

Locality in the mine
workings not known

Locality in the mine
workings not known

Locality 2

Locality 1

Locality 1

unknown

Locality 1

Localitv 1

Locality 1

Locality 1



SAMPLE NUMBER = SAMPLE DETAILS

JN 4

JN 5

JN 6

JN 12

JN 13

JN 14

JIN 15

JN 16

IN 17

JN 19

JN 29

JN 30

JN 31a

JN 31b

JN 31c

JN 32

Bismuth tellurides in quartz

Bismuth tellurides in quartz
Galena in quartz with shale wallrock material

Galena with cobaltite, plus minor native
bismuth and bismuth tellurides in quartz

Bismuth telluride concentrate

Galena,pyrite, pyrrhotine and chalcopyrite in
quartz with shale wallrock material

Pyrrhotine, chalcopyrite and galena in quartz
with shale inclusions

Bismuth tellurides in quartz with
chalcopyrite and galena

Quartz veins in shale with pyrrhotine

Bismuth telluride concentrate obtained by
dissolving the quatz in HF

Bismuth telluride concentrate obtained by
dissolving the quartz in HF
Galena in quartz with shale wallrock material

Galena in quartz with shale wallrock material

Pyrrhotine, chalcopyrite and Galena in
quartz with shale wallrock material

Pyrrhotine, chalcopyrite and Gealena in
quartz with shale walirock msterial

Galena in quartz with shale wallrock material
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Locality 1

Locality 1

Locality 2

Locality 1

Locality 1

Locality 2

Locality 2

Locality 1

Locality 2

Locality 1
Locality 1

Locality 2

Locality 2

Locality 2

Locality 2

Locality 2



SAMPLE NUMBER SAMPLE DETAILS

IN 34 Galena in quartz with shale wallrock material

JN 35 Galena in quartz with shale wallrock material

JN 36
Placer gold from the Hirgwm river

JN 37 Chalcopyrite and pyrrhotine with minor
Bismuth tellurides in quartz

JN 39 Vein of cobaltite in quartz

JN 40 Shale inclusions in quartz

IJN 41 Pyrrhotine, chalcopyrite and Galena in
quartz with shale wallrock material

SB 4.6 Chalcopyrite and pyrrhotine in 'barren’
quartz

SB 128 C/2 Chalcopyrite in 'barren’ quartz

SB 128B Pyrrhotine and chalcopyrite associated with a
shale inclusion in vein quartz

SB 128C Pyrrhotine and chalcopyrite associated with a
shale inclusion in vein quartz

SB 128D Galena in quartz

SB 128F Pyrrhotine and chalcopyrite associated with a
shale inclusion in vein quartz

SB BiTe Bismuth telluride concentrate

SB COB 128 Cobaltite in quartz

SBJIH 1 Galena and chalcopyrite in mineralised

quartz from the John Hughes lode, Clogau
Mine
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Locality 2

Locality 2

Locality 1

Locality 1

Locality 2

Locality 2

Locality 1

Locality 1

Locality 1

Locality 1

Locality 1

Locality 1

Locality 1

Locality 1



SAMPLE NUMBER = SAMPLE DETAILS

SB JH2 Galena and chalcopyrite in mineralised
quartz from the John Hugh's Lode, Clogau
Mine
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APPENDIX 4b.

MINERAL CHEMISTRY DATA
FOR CHAPTER 4.
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TABLE A4.1 Cobaltite analyses from sample JN 12.The top line of each analysis is the
proportions of the elements in weight percent, and the bottom line the proportions of the
elements in mol percent. The column titled "distance pm" give the distance between each
quantitative analysis of the line concentration profile and the column titled "analysis" indicates
whether an analysis is part of a line concentration profile ("Line profile") or a random spot

analysis ("Random").

Fe Cu As Nj Co S Ag Sh TotalDistance (umMMineralAnalysis

99.58
100 1 Cobaltite  Line profile

4461 9.66 19.64 1991
3277 9.06 1832 34.17 .03

th
(o))
G
g8

r
Ir
6.21 r 4492 981 19.03 2012 nd nd 100.1
6.08 r 328 9.14 17.65 3433 nd nd 100.01 71 Cobaltite  Line profile
d
d

99.51
100.01 142 Cobaltite  Line profile

6.34 .06 4498 8.12 1985 20.12 .04
6.24 .05 33.02 7.61 1851 3451 .07

775 nod 4491 10.77 1527 20.15 .03 & 989

7.67 nod 33.12 10.14 143 3472 .05 o 10001 213 Cobaltite  Line profile
33.01 nd 45 .04 126 21 .03 .04 100.38

3161 nd 3212 .04 114 3502 .05 & 100 284 Arsenopyrite Line profile
3295 nd 4599 .16 71994 nod 05 99.79

3205 nod 3335 .15 65 3378 md o 100 355 Arsenopyrite Line profile
33.01 nd 4641 .14 .64  19.81 r .06 100.08

3208 nd 33.62 .13 S9 3353 o .03 100 426 Arsenopyrite Line profile
3139 o 4698 .16 242 194 .04 10042

30.56 341 .15 223 329 .03 o 100 497 Arsenopyrite Line profile
266 nod 4755 35 672 189 nod .05 100.17

2616 nd 3486 .33 626 3238 nod tr 100.01 568 Arsenopyrite Line profile
29.16 @ 46.82 3 456 1894 nd .06 99.85

2868 tr 3432 28 424 3244 nd .03 100 639 Arsenopyrite Line profile
2923 @ 4759 .12 455 1868 nd .04 100.23

28714 w 34.88 .11 424 3199 od tr 100 710 Arsenopyrite Line profile
30.87 nd 4646 .07 3.52 19.66 .04 100.64

2991 nd 33.55 .06 323 3317 .07 100 781 Arsenopyrite Line profile

lig

r
3219 4557 v 185 1964 nd .04 9931
3151 tr 3325 & 171 3349 nod & 100 852  Arsenopyrite  Line profile

461 .12 4395 6.65 1625 202 .28 .07 92.13

486 .11 3453 6.67 1621 37.08 .52 .03 100.01 923 Cobaltite  Line profile
439 nd 448 292 2800 1898 m nd 99.15

438 nd 33.33 2.77 26,51 33 nd nd 9999 . Cobaltite  Random
5.02 nd 4471 336 2665 1926 nod .77 99.77

499 nd 331 3.17 2506 3332 nd .35 9999 . Cobaltite  Random
384 nd 4444 356 27.65 1929 nd .96 99.74

382 nd 3294 337 26.03 3341 nd .44 100.01 . Cobaltite  Random
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TABLE A4.1 CONTINUED

F C \ Ni C S \¢ Sh TotalDist (LmMi I lysi

T nd 4627 10.75 17.03 1856 nd nd 100.11
745 nd 3426 1016 16.02 32,11 nd nd 100 . Cobaltite ~ Random
518 nd 4485 4.71 2647 1947 nod nd 100.68
508 nd 3276 439 2455 3323 nod nd 100.01 . Cobaltite ~ Random
516 nd 4503 421 2548 19.15 nod nd 99.03
515 nd 335 4 2407 3328 nod nd 100 . Cobaltite ~ Random
598 nd 4479 474 2505 1973 nd nd 100.29
587 nd 3275 442 2326 3371 nd nd 100.01 . Cobaltite  Random
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Table A4.2 Line concentration profiles of the telluride intergrowths. The top line of each
analysis is the proportions of the elements in weight percent, and the bottom line the
proportions of the elements in mol percent. The column titled "distance pm" give the distance
between each quantitative analysis of the line concentration profile and the column titled
"Mineral" inducates the mineral being analysed (Tellurbismuth, Tetradymite, the fingerprint
intergrowth ("Fingerprint") or galena.

SCAN 1 Line concentration profile across a Tellurbismut-Galena intergrowth (Sample No. JN 13

Eb Bi S Te Sb Cd Ags Total Distapnce (um) Mineral

.38 4948 @ 46.57 .8 41 .18 97.81

.29 38.47 .03 5929 1.06 .59 .27 100 6....cceven.... Tellurbismuth
nd 50.15 .04 47.06 g1 28 .04 98.27

nd 38.79 .18 59.63 .94 4 .06 100 12 5. cisniiia Tellurbismuth
nd 4986 nod 46.81 .67 48 d 97.82

nd 38.77 tr 59.62 9 b | nd 100 18 isssuinnines Tellurbismuth
nd 4946 nd 46.82 .78 .31 r 97.37

nd 38.62 od 5987 1.04 .45 tr 100 24 it Tellurbismuth
d 50.57 nod 46.65 73 .34 r 98.31

nd 39.24 nd 59.27 .97 3 r 100 A0 Tellurbismuth
85.63 8 13.29 nd tr .05 d 99.79

49.65 46 49.82 nd tr .05 d 100 36 et Galena

nd 50.7 tr 46.88 .79 3 r 98.69

nd 39.16 .04 59.3 1.04 .44 03 100 42 i Tellurbismuth
nd 49.66 U 46.85 8 32 d 97.64

nd 38.67 .03 59.76 1.07 .46 d 100 48 e Tellurbismuth
nd 4979 nd 47.26 B84 29 06 98.25

nd 3851 nod 5986 112 42 09 100 B4, covsisssind Tellurbismuth
d 50.34 .04 46.4 g9 32 nd 97.88

nd 39.17 .19 59.13 1.06 .46 nd 100 60.............Tellurbismuth
nd 49.04 .04 46,58 .81 .27 r 96.74

nd 3847 .19 59.84 1.09 .39 tr 100 (T Tellurbismuth
nd 5071 & 47.31 g7 38 0 .04 99.21

d 389 .06 59.44 1.01 .54 .05 100 T2 s susenvon Tellurbismuth
nd 49.89 .03 4676 .15 47 tr 97.9

nd 38.73 .13 59.45 1 .68 tr 100 7. S Tellurbismuth
nd 48.6 .03 4722 .8 .34 .04 97.02

nd 379 .16 6032 1.07 .5 .05 100 e Tellurbismuth
5854 1.01 13.23 .51 N6 12 05 73.52

40.02 69 5844 .56 .07 A5 .06 100 00 svasnevasains Tellurbismuth
84.43 1.04 1347 35 nd .09 .08 9946

48.69 59 502 33 d .09 .09 100 06 ..eernnnnn Tellurbismuth
nd 50.04 nd 46.66 .8 .24 r 97.76

nd 39 nd 59.56 1.07 .35 tr 100 102, s Tellurbismuth
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Table A4.2 Continued

Pb Bi S Te Sb Cd Ags Total Distance (um) Mineral
nd 50.6 nd 46.02 .78 .36 d 9777

nd 39.54 nd 58.89 1.05 .52 nd 100 108 s Tellurbismuth
nd 5071 nod 47 .89 25 md  98.85

nd 39011 nod 59.36 1.18 .35 nd 100 B Tellurbismuth
nd 5004 nod 47.03 .85 4 nd 98.32

nd 3871 nod 59.59 1.13 .57 nd 100 120.............Tellurbismuth
nd 50.16 nd 46.37 .81 .36 .04 9775

nd 39,11 nod 59.22 1.09 .52 .07 100 126...ccuvnennnn. Tellurbismuth
85.23 1.12 13.34 nd 1 .03 .14 9995

49.26 .64  49.82 nd o1 .03 .16 100 132 Tellurbismuth
85.71 .95 134 36 .06 nd md 10048

4928 54 49.78 34 .06 nd nd 100 138 i siviciinsd Tellurbismuth
nd 5028 nd 46.49 .84 .34 .03 9798

nd 39.11 nod 59.23 1.12 .49 .05 100 144......u...... Tellurbismuth
85.67 .85 13.19 nd .09 .03 ir 99.84

49,81 .49 49,55 nd .09 .03 tr 100 I80cinnas Tellurbismuth
85.85 97  13.23 nd .04 .14 md 100.25

49.71 .56 49.53 nd .04 .15 nd 100 156 cucviuss Tellurbismuth
nd 50.07 od 46.83 74 41 .07 98,12

nd 3883 nod 59.48 .99 .6 11 100 162.u.cuennnns Tellurbismuth
nd 50.15 nd 46.35 73 .36 06 97.64

nd 39.14 r 59.25 .98 .53 .08 100 168 s Tellurbismuth
.06 5021 nd 46.1 71 .23 r 97.32

.05 39.4 d 59.25 .96 33 tr 100 i 7 £ Tellurbismuth
nd 4971 nod 46.66 .66 251 .04 97.58

nd 38.75 od 59.57 .88 74 .06 100 180.ccivennenn. Tellurbismuth
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Table A4.3 Scan 2, line concentration profile across a tetradymite-fingerprint intergrowth
(Sample No. JN 13).

Eb Bi S Te Sh Cd _Ag Total Distapce (um) _Minperal

1142 5141 1.19  30.35 43 .23 d  95.02
423 948 6.37 40.9 .6 35 nd 100 Ol civinnianns Fingerprint
9.09 51.48 S5.13 3135 5 3 nd 98.11
34.95 6.22 2271 3485 .87 .38 d 100 I oorer Tetradymite
1378 48.73 4.57 29.73 g5 2l 1 97.67
34.16 9.74 20.89 34.14 67 .27 13 100 18 s Fingerprint
28.71 38.2 442  25.89 28 22 .03 97.79
2741  20.82 20.68 30.42 34 29 04 100 P R Fingerprint
29.77 3921 446 2529 33 .26 d 99.33
27.85 21.33 20.64 2943 41 .35 nd 100 30.............Fingerprint
3348 36.03 5.05 23.13 37 .27 r 98.33
2542  23.82 2322 26.73 45 .35 tr 100 30w Fingerprint
7.09 5224 518 3216 .81 .25 d 9773
3538 484 2286 3567 94 31 nd 100 A sviuviasin Tetradymite
7.73 52.11 5.08  32.15 g3 3 nd 98.11
35.32 529 2246 35.69 .85 .39 nd 100 Ch e Tetradymite
7.63 52.49 528  32.34 190 22 d 98.75
35.16 5.16 23.05 35.46 91 27 nd 100 54.............Tetradymite
7.12 5251 507 3217 a5 .28 d 97.9
35.66 488 2246 35.78 .87 .36 rd 100 60............. Tetradymite
7.21 52.07 4.98  32.19 .82 .23 nd 97.51
35.58 496 22.18 36.02 a7 3 nd 100 66.............Teradymite
7.52 5044 487 31.83 8 .24 tr 9572
35.08 527 2209 36.26 96 32 tr 100 72............. Tetradymite
7.45 52.52 5.05 3226 17 .36 d  98.42
35.53 509 2229 35.95 89 45 nd 100 7} S Tetradymite
7.06 52.06 499 3182 .74 2 d 9697
35.74 489 2233 3577 .88 .38 nd 100 . Tetradymite
7.23 51.04 4.9 32.01 18 .38 nd 9634
35.26 5.04 22.07 36.21 93 .49 nd 100 90 isusesisiies Tetradymite
6.9 52.16 4.99 32.16 .88 .34 .09 97.51
35.57 474 2219 3592 103 .43 .12 100 96.............Tetradymite
6.93 51.64 5.03 3219 .82 .29 nd 96.89
35.35 4,79 2244  36.09 96 .37 nd 100 102 c5ienmnnans Tetradymite
6.97 5228 4.63 32.29 130025 d 97.15
36.28 488 2096 36.69 87 .33 nd 100 (4] PR, Tetradymite
6.38 51.94 493 32.79 82 .39 tr  97.28
35.48 44 2196 36.69 .96 .5 tr 100 | 5 [C: SRURETRINON Tetradymite
6.39 526 5.21 32.76 78 41 d 98.15
35.36 434 2283 36.07 9 Sl nd 100 1726 Be— Tetradymite
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Table A4.3 Continued

Pb Bi S Te Sb_ Cd Ag Total Distapce (um) Mineral
6.39 527 5.7 3301 .76 34 nd 98.37
35.41 433 2264 3632 .87 43 ol 100 132 Tetradymite
6.93 51.55 5.07 32.6 J2 27 od 97.14
35.13 476 2253 3639 85 34 od 100 138 Tetradymite
6.93 5228 5.14 3224 .77 44 nod 978
35.39 473 227 3574 89 55 od 100 144............. Tetradymite
7.08 5174 5.16 3196 .77 .34 r 97.05
35.24 486 2289 3565 9 43 tr 100 150 v Tetradymite
7.75 5142 527 3205 .75 35 nod 9758
34.74 528 232 3547 87 44 nod 100 156.cmueenn.ns Tetradymite
7.24 51.17 5.14 3248 8 3 o 97.13
34.79 496 2277 3617 .93 .38 tr 100 1621t Tetradymite
7.14 5206 5.2 3227 .75 33 nod 9775
35.19 487 2292 3573 88 .41 nod 100 7 Tetradymite
7.76 02 525 3213 8 .34 r 96.49
34.18 533 2329 3582 .94 43 tr 100 174............. Tetradymite
7.96 5144 518 3163 .81 .34 nod 9735
34.98 546 2297 3523 .94 42 nod 100 180 i Tetradymite
7.64 50.72 4.93 31.8 8 .31 .03 96.23
35.06 532 2224 36 94 4 04 100 186 ciiviciviei Tetradymite
8.02 518 532 3208 .75 .34 nd 9836
34.79 543 2324 3525 .87 42 nod 100 192, Tetradymite
7.86 51.14 5.16 3174 8 .28 nd 9698
34.89 54 2295 3547 93 36 nod 100 198 i Tetradymite
7.87 51.95 524 3213 .78 .29 nd 9825
34.98 534 2298 3543 9 37 od 100 1 - R Tetradymite
7.93 52.18 5.2 32.1 B 2 d 9843
35.16 539 2284 3542 94 26 od 100 2100 Tetradymite
7.91 5193 512 3195 .72 .35 nod 97.99
352 541 2264 3547 .84 45 od 100 216 .Tetradymite
7.64 51.72 5.12 3189 .78 .31 .07 97.53
5.17 524 2267 3552 .91 4 09 100 22sisiciisis Tetradymite
7.87 51.16 525 3201 .82 .39 r 975
34,6 537 23.13 3545 .95 .49 tr 100 2] Tetradymite
7.82 5131 526 318 .75 .38 r 974
34.74 534 232 3533 87 48 tr 100 53 LS Tetradymite
7.68 51.8 5.12 32.1 76 31 .04 978
35.14 526 2263 3566 .88 .39 05 100 DAB sissrinisves Tetradymite
7.87 50.1S 522 3217 .78 36 nd 9655
34.16 541 2319 3588 91 45 nod 100 246............. Tetradymite
7.98 5124 5.2 31.86 .77 .31 r 9738
34.79 546 23.01 3543 9 .39 tr 100 sy S Tetradymite
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Table A4.3 Continued

i) Bi S Te Sb Cd Ag Total Distance (um) Mineral
7.6 51.17 5.19  32.06 16 3 nd 97.08

348 521 23 35.72 89 .38 nd 100 258............. Tetradymite
8.08 50.8 5.33 3213 74 .29 nd 97.38

343 55 2345 3553 86 .36 nd 100 264t Tetradymite
7.81 51.73 5.34 3239 74 .47 .03 98.51

34.56 526 2327 3544 .85 .58 .04 100 270.. Tetradymite
7.5 51.68 5.09 32.14 84 .36 d 97.62

35.11 514 2255 35.76 98 .46 nd 100 276. Tetradymite
8.11 51.12 5.18 3214 g 52 r 97.66

34.62 5.54 22.86 35.65 9 4 .03 100 282 cicinssinns Tetradymite
7.72 51.57 5.25 32.3 16 .34 d  97.94

34,74 525 23.07 3564 87 .43 nd 100 288, s voninanans Tetradymite
7.92 49.81 5.18 3213 g3 .49 05 96.31

34.01 545 23.06 3593 86 .62 06 100 298 s Tetradymite
7.96 50.72 5.19 3242 T .24 d 97.22

34.43 545 2295 36.05 .81 3 nd 100 110 ] ERRER Tetradymite
4,38 48.75 126  41.05 g2 31 05 9659

37.32 3.38 6.27 5147 95 53 07 100 306.. Tetradymite
nd 4913 nd 4662 .74 32 d 9681

38.58 nd nd 59.96 1 .46 nd 100 312 Tellurbismuth
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Table A4.4 Scan 3, line concentration profile across a tellurbismuth-galena intergrowth
(Sample No. JN 13).

Pb Bi S Te Sh Cd Ags Total Distance (um) Mineral

.38 49.48 r 46.57 .8 41 .18 97.81

.29 3847 .03 59.29 1.06 .59 2 100 Bissiizaemviis Tcllurbismuth
nd 50.15 .04 47.06 71 .28 .04 98.27

nd 38.79 .18 59.63 94 4 .06 100 ) . Tellurbismuth
nd 4986 nd 46.81 .67 48 d 97.82

nd 38.77 tr 59.62 .9 | nd 100 18 ueesmians Tellurbismuth
nd 49.46 nd 46.82 .78 31 tr 97.37

nd 38.62 nd 59.87 1.04 .45 tr 100 - CHRSPUISN Tellurbismuth
nd 50.57 nd 46.65 i1 .34 tr 98.31

nd 3924 nod 59.27 .97 e’ tr 100 30 eiiiianns Tellurbismuth
85.63 8 13.29 nd tr 05 d 99.79

49.65 46 49.82 nd tr 05 nd 100 (s PP r T e Galena

nd 50.7 r 46.88 .79 .3 r  98.69

nd 39.16 .04 59.3 1.04 .44 .03 100 AL v Tellurbismuth
nd 49.66 fr 46.85 .8 .32 d 97.64

nd 38.67 .03 59.76 1.07 .46 d 100 48.............Tellurbismuth
nd 49.79 nd 47.26 .84 .29 .06 98.25

nd 38.51 nd 59.86 1.12 .42 .09 100 7 Tellurbismuth
nd 50.34 .04 46.4 .19 .32 d 97.88

nd 39.17 .19 59.13 1.06 .46 nd 100 00 o Teliurbismuth
nd 4904 .04 46.58 .81 27 tr 96.74

nd 3847 .19 59.84 1.09 .39 tr 100 BA s Tellurbismuth
nd 50.71 tr 47.31 S 38 04 9921

nd 389 .06 5944 1.01 .54 .05 100 g jp N Tellurbismuth
nd 4989 .03 46,76 a5 47 tr 97.9

nd 38.73 .13 59.45 1 .68 tr 100 £ S Tellurbismuth
nd 486 .03 4722 .8 .34 .04  97.02

nd 37.9 .16 60.32 1.07 5 .05 100 e AN Tellurbismuth
85.54 1.01 13.23 51 .06 .12 05 73.52

40.02 .69 5844 .56 .07 15 .06 100 L] ) PO Galena

84.43 1.04 13.47 .35 nd .09 .08 99.46

48.69 .59 50.2 33 rd .09 .09 100 L Galena

nd 50.04 nd 46.66 .8 .24 tr 97.76

nd 39 nd 59.56 1.07 .35 tr 100 10200000000 Tellurbismuth
rd 50.6 nd 46.02 .78 .36 nd 97.77

nd 39.54 nod 58.89 1.05 .52 nd 100 108.............Tellurbismuth
nd 50.71 nd 47 .89 .25 nd 98.85

nd 39.11 nd 5036 1.18 .35 nd 100 114............. Tellurbismuth
nd 5004 nd 47.03 .85 4 nd 98.32

nd 38.71 d 59.59 1.13 .57 nd 100 120, et iin Tellurbismuth
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Table A4.3 Continued

Pb Bi . S - Sb__Cd Ag Total Distance (um) Mineral
nd 50.16 nd 46.37 .81 .36 .04 975

nd 39.11 nd 59.22 1.09 .52 .07 100 126 s Tellurbismuth
85.23 1.12 13.34 nd A .03 .14 99.95

49.26 64 4982 nd | .03 .16 100 3 1 Galena

85.71 .95 134 .36 .06 nd nd 100.48

49.28 54 49.78 34 .06 nd nd 100 VIR s Galena

nd 5028 nod 46.49 .84 .34 .03 9798

nd 3911 nod 59.23 1.12 .49 .05 100 144 ..cvimiivad Tellurbismuth
85.67 .85 13.19 nd .09 .03 r 99.84

49 .81 49 4955 nd .09 .03 tr 100 L E510 AT Galena

85.85 .97 1323 nd .04 .14 d  100.25

49.71 .56 49,53 nd .04 15 nd 100 156..cciiennnns Galena

nd 50.07 nd 46.83 .74 41 .07 98.12

nd 38.83 nd 59.48 .99 6 1 100 | {3 S — Tellurbismuth
nd 50.15 nod 46.35 e 36 06 9764

nd 390.14 tr 59.25 .98 53 .08 100 €71 ——— Tellurbismuth
.06 5021 nod 46.1 1l .23 r 9732

.05 39.4 d 59.25 .96 .33 tr 100 174..eeennnnn Tellurbismuth
nd 4971 nod 46.66 .66 51 .04 97.58

nd 38.75 od 59.57 .88 .74 .06 100 1B0ucasiinad Tellurbismuth
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Table A4.4 Scan 4, line concentration profile across a tellurbismuth-galena-teradymite

intergrowth (Sample No. JN 13).

Pb Bi S Te Sb Cd Ag Total Distance (um) Mineral
nd 51.81 nd 43.7 g .28 nd 96.49

nd 41.41 nd 5721 .96 42 nd 100 Tivevsisnvasinn Tellurbismuth
nd 5195 nod 46.44 .68 37 A1 99.55

nd 3994 nd 58.48 .9 53 .16 100 7 O, Tellurbismuth
nd 50.45 tr 46.92 1 .39 tr 98.51

nd 39 .06 59.41 .95 .56 tr 100 p.) (P Tellurbismuth
nd 50.99 I 46.53 7 .49 nd 98.79

nd 30.38 .04 58.86 1.02 o | nd 100 .5, CR Tellurbismuth
nd 5026 od 46.67 .69 41 nd 98.03

nd 3907 od 59.42 92 .6 nd 100 - — Tellurbismuth
nd 5039 od 46.82 .67 4 md  98.27

nd 39.07 od 59.46 .89 .58 nd 100 42 .............Tellurbismuth
7.82 5229 5.29 31.93 13 39 .03 98.64

5.28 35.03 23.09 35.03 .84 .69 .03 100 56............. Tetradymite
8.19 52.61 541 31397 T2 23 nd 98.93

5.51 35.11 23.54 3473 .83 28 nd 100 (3 EAR—. Tetradymite
7.54 31561 512 32.23 .74 41 nd 97.6

5.16 3498 22.66 35.82 .86 51 nd 100 70.............Tetradymite
8.15 51.26 5.26 31.75 A2 31 r 9747

5.57 3472 2324 3523 .84 .39 tr 100 G i PR Tetradymite
8.42 5239 5.34 31.93 q 29 nd 99.08

5.67 3498 2326 3493 .81 .36 nd 100 84...oueennn Tetradymite
8.29 5211 5.35 32.23 75 25 nd 98.97

5.58 34,77 2325 3522 .86 .32 nd 100 91.............Tetradymite
9.97 4969 5.08 30.16 12 .29 nd 95.92

6.98 34.5 23 34.29 .86 S d 100 98.............Tetradymite
8.34 5095 5.25 31.94 2 .57 d 97.76

5.68 3438 23.08 39.3 .84 72 nd 100 105............. Tetradymite

8.39 5293 532 3178 J3 28 05 9929

5.65 352 2316 34.75 .83 .34 .07 100 ) 3 e AR Tetradymite
8.86 5194 535 31.85 T8 41 d 99.06

5.96 3468 2328 34.83 .86 .39 nd 100 119,000 emmosisns Tetradymite
9.15 5234 548 3214 69 32 nd 100.13

6.08 345 2355 34.7 g9 .39 nd 100 126.0.00000. Tetradymite
8.58 5238 5.34 32.7 1 21 r 99.95

5,73 34.67 23.06 3545 81 .26 tr 100 133 cammns Tetradymite
8.54 51.93 5.29 323 1 i35 nd 99.12

5.75 34.67 2303 3531 81 43 nd 100 140 ssnssssans Tetradymite
8.58 51.77 5.29 3236 71 39 d 99.11

5.78 3455 23 35.37 81 49 nd 100 N e Tetradymite
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Table A4.4 Continued

Pb. Bi S Te SbCd Ag Total Distance (um) Mineral
8.57 5161 542 3173 65 .38 nd 9836

5.79 3455 2364 3479 .75 47 ol 100 35 coccomvinin Tetradymite
10.33  51.18 5.56 31.3 67 .34 tr  99.39

6.9 3391 24.03 3396 .76 .41 tr 100 161............. Tetradymite
8.57 51.06 541 3168 .76 .35 .04 97.87

5.8 3429 2369 3485 .87 44 06 100 168 s Tetradymite
8.22 5213 5.17 3154 .79 22 .05 98.12

5.61 3531 22.84 3498 92 28 .06 100 5 | TN Tetradymite
85.9 .68 13.68 nd | .05 nd 10041

49.01 .39 5046 nd d .05 nod 100 182.....ce... Galena

nd 50.01 nd 47.12 J 34 nd  98.18

nd 38.76 nd 5981 .94 49 nod 100 189 Tellurbismuth
85.57 .81 13.17 nd 05 24 nd  99.83

49.75 46 49.49 nd 05 26 nod 100 ;L Galena
85.84 1 1346 nd d .12 nd 100.13

49.41 41 50.06 nd d .13 nod 100 203.. .Galena
85.51 75 136 32 .09 tr nd 100.29

4891 43 50.26 3 .09 tr nd 100 24 e Galena
85.07 84 13.41 24 A1 .16 nd  99.83

49.05 48 4997 22 A1 17 nod 100 217.............Galena

nd 50.14 tr 462 .18 .21 r 9736

Ind 39.27 .08 5926 105 .31 .03 100 224.............Tellurbismuth
nd 50.58 nd 47 8 .34 rr  98.72

nd 39.04 nd 594 106 .49 tr 100 7.5 TR Tellurbismuth
nd 4948 nd 4724 73 42 nod 97.88

nd 3839 nd 60.03 .98 .61 nd 100 238.............Tellurbismuth
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Table A4.5 Random spot analyses of Tellurbismuth from a telluride concentrate (Sample No.

JN 13)

Pb Bi S Te Sb Cd Ag Total
nd 50.71 tr 47.31 77 38 .04 99.22
nd 38.9 .06 59.44 1.01 .54 .05 100
nd 50.26 nd 46.67 .69 41 nd 98.03
nd 39.07 nd 59.42 92 .6 nd 100.01
nd 49.71 nd 46.66 .66 | .04 97.58
nd 38.75 nd 59.57 .88 .14 .06 100
nd 50.15 nd 46.35 73 36 .06 97.65
nd 39.15 tr 59.25 .98 53 .08 100.01
nd 51.95 nd 46.44 .68 37 11 99.55
nd 39.94 nd 58.48 .9 D3 .16 100.01
nd 49.48 rd 4724 .73 42 nd 97.87
nd 38.39 nd 60.03 .98 .61 nd 100.01
1.05 48.61 r 46.17 .8 44 45 97.54
.83 37.84 09 58.87 1.07 .64 .67 100.01
nd 50.7 tr 46.88 a9 3 tr 98.7
nd 39.16 04 59.3 1.04 .44 .03 100.01
nd 50.6 nd 46.02 .78 .36 nd 91.76
nd 39.54 nd 58.89 1.05 52 nd 100
1.54 48.52 nd 45.84 81 37 45 97.53
1.21 37.87 tr 58.59 1.09 .54 .68 100
.69 48.55 nd 46.09 .74 32 .39 96.78
.54 38.13 nd 59.27 1 47 29 100
nd 49.79 nd 47.26 .84 .29 .06 98.24
nd 38.51 nd 59.86 1.12 42 .09 100
nd 50.04 nd 46.66 .8 .24 tr 97.75
nd 39 nd 59.56 1.07 .36 r 100.01
nd 49.04 .04 46.58 81 27 tr 96.75
nd 38.47 19 59.84 1.09 3% tr 100
.82 48.56 nd 45.97 iy ] A48 i3 96.88
.65 38.1 tr 59.07 1.01 .69 45 99.99
nd 49.72 nd 47.01 .69 29 tr 9773
nd 38.7 nd 59.93 92 41 .03 99.99
6.53 43.8 tr 45.9 .82 .36 A2 68.22
5.09 33.88 .08 58.15 1.09 .52 1.18 99.99
2.01 47.81 nd 46.53 I3 33 71 28.12
1.57 36.97 tr 58.93 97 47 1.07 100
nd 49.89 .03 46.76 e o] 47 tr 97.91
nd 38.73 13 59.45 1 .68 tr 100
91 48.95 nd 46.37 .67 37 .44 97.71
71 38.09 nd 59.1 .89 .54 .66 99.99
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Table A4.5 Continued

Pb Bi S Te Sb Cd Ag Total
nd 49.09 nd 46.2 71 23 12 96.35
nd 38.76 nd 59.76 .96 .33 .19 100
.69 48.53 nd 46.82 .65 21 17 97.07
5 37.99 tr 60.02 .87 3 .26 100.01
nd 50.07 nd 46.83 .74 41 .07 98.12
nd 38.83 nd 59.48 .99 .6 11 100.01
1.94 46.79 .08 44 45 71 34 53 94.84
1.56 37.45 43 58.26 .58 = .81 99.99
nd 50.99 tr 46.53 T7 49 nd 98.79
nd 39.38 .04 58.86 1.02 o nd 100
nd 50.16 nd 46.37 .81 .36 .04 97.74
nd 39.11 nd 59.22 1.09 .52 .07 100.01
nd 50.56 nd 46.74 .76 45 nd 98.51
nd 39,12 nd 59.23 1 .65 nd 100
nd 49.66 tr 46.85 .8 .32 nd 97.64
d 38.67 .03 59.76 1.07 46 nd 99.99
nd 49.26 nd 47 .84 36 nd 97.46
nd 38.38 nd 59.97 1.12 .52 nd 99,99
nd 50.45 tr 46.92 g1 .39 tr 98.49
nd 39 .06 59.41 95 .56 tr 99,99
.38 4948 tr 46.57 .8 41 18 97.83
.29 38.47 .03 59.29 1.06 .59 27 100
.8 48 nd 46.34 .67 3 .34 96.45
.64 37.77 nd 59.73 .9 44 .52 100
nd 48.23 nd 46.08 .73 37 nd 95.41
nd 38.38 nd 60.07 1 .55 nd 100
nd 49,72 nd 47.01 .69 29 tr 97.73
nd 38.7 nd 59.93 .92 41 .03 99.99
nd 48.11 .03 45.26 .69 43 rd 94.52
nd 38.67 15 59.59 .95 .64 nd 100
.74 48.95 nd 46.03 .64 .33 45 97.14
.59 38.34 tr 59.04 .86 48 .68 100.00
1.95 47.44 tr 45.78 .69 26 .56 96.69
1.54 37.3 .04 58.96 .93 37 .85 99.99
nd 50.04 nd 47.03 .85 4 nd 98.32
nd 38.71 nd 59.59 1.15 57 nd 100
e o) 49.04 nd 46.47 7T .39 43 97.85
.59 38.08 nd 59.1 1.02 .56 .65 100
nd 49.86 nd 46.81 .67 A48 nd 97.82
nd 38.77 tr 59.62 .9 il d 100
nd 50.71 nd 47 .89 25 nd 08.85
nd 39.11 nd 59.36 1.18 35 nd 100
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Table A4.6 Random spot analyses of galena from the sulphide-dominated assemblage.

Eb Bi S Te Sh Cd As Total Sample No,

nd 51.81 nd 43.7 ol .28 nd 96.49
nd 4141 nd 57.21 .96 42 nd 100
8259 33 1321 nd .07 d1 T 100.05 IN 12
86.15 .82 1248 nd .09 .06 nd 99.6 JN 12
83.75 1.61 1312 nd 1 .18 38 99.15 IN 12
859 .86 12.87 nd 1 17 nd 99.9 IN 12
85.74 .68 1287 nd 11 nd nd 99.4 IN 12
86.51 .71 1288 nd .08 .09 nd 100.27 JN 12
86.38 .87 1261 nod .08 .07 nd 100.01 IN 12
86.94 .7 1296 nd .08 13 nd 100.81 IN 12
85.62 .88 1278 nd J 1 nd 99.48 IN 12
8543 .75 1278 nd .07 .04 nd 99.07 IN 12
8325 3.22 12.83 nd .08 .1 .53 100.01 JN 14
8234 241 1326 .34 .07 05 64 99.11 JN 14
8595 .8 1291 nd 5| .08 nd 99.84 JN 14
8596 91 1277 nd .05 12 nd 99.81 JN 14
8496 .88 1289 nd .05 .1 nd 98.88 JN 14
8579 .79 13.17 nd .06 % nd 99.91 IN 14
85.78 .61 12.82 nd 1 nd nd 99.31 JN 14
85.71 .69 12.56 nd 1 .08 nd 99.14 JN 14
86.05 .8 1281 nd .07 .08 nd 99.81 JN 14
86.76 .85 1279 nod .09 .04 nd 100.53 JN 14
8588 .79 12.89 nod .07 .07 nd 99.7 JN 14
86.76 .73 1298 nd .08 o1 d 100.65 JN 14
85.11 .79 13.02 nd .07 .09 nd 99.08 JN 14
83.44 13.69 nd nd .09 .09 .87 98.18 JN 14
84.47 2.25 134 nd .06 .08 .51 100.77 JN 30
86.7 .65 13.09 .37 .03 nd nd 100.84 IN 30
86.91 .77 13 11 | 1 nd 100.99 JN 30
86.27 .75 1282 nod .06 .06 nd 99.96 JN 30
851 7 1244 .44 DB 1 nd 98.96 JN 30
8535 .85 12.87 nd 1 .04 nd 99.21 JN 30
854 .74 1276 nd .06 11 nd 99.07 JN 30
86.19 .76 128 nd 11 .07 nd 99.93 JN 30
86.86 .69 1299 nd .08 11 d 100.73 JN 30
86.23 .75 12.86 .47 .08 il nd 100.5 JN 30
856 .69 1267 nod .09 .13 nd 99.18 JN 30
86.17 .79 1261 nod 7 1 nd 100.37 JN 30
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Table A4.6 Continued.

Eb Bi S Te Sb Cd Ag Total Sample No,
83.08 2.85 13.08 nd .04 A5 .82 100.02 JN 30
86.02 .71 1288 nd 1 .06 nd 99.77 JN 30
8556 .73 1292 .32 .09 .04 nd 99.66 IJN 31
84.13 2.2 1325 nd .08 .07 .58 100.31 JN 31
858 .75 131 nod .04 nd d 99.69 JN 31
84.46 1.65 13.17 nd .09 .04 36 99.77 JN 31
8548 .82 1251 nd .08 .1 nd 98.99 JN 31
8585 9 129 nd .09 3 d 100.04 IN 31
86.58 .74 12,79 .45 09 .1 nd 100.75 JN 31
8486 2.24 13.17 4 .08 05 .63 101.43 JN 31
84.76 1.85 1342 nd .06 d 38 100.47 JN 31
86.08 .78 1293 .34 11 :1 nd 100.34 JN 31
84.69 .69 1272 nod .04 11 d 98.25 JN 32
83.14 2.68 1337 nd .07 A8 97 100.41 JN 32
8198 2.36 1294 nd 11 2 123 98.82 JN 32
8597 .13 128 nd 11 .06 nd 99.67 JN 32
85.75 .69 12.73 .33 .05 .08 nd 99.63 JN 32
83.96 2.56 1315 nd .04 06 .81 100.58 IN 32
8731 .83 1291 nod .07 .14 nd 101.26 JN 32
8488 .76 1298 4 .08 .05 nd 99.15 JN 32
86.93 .67 12.77 .54 .04 .05 nd 101 JN 32
8576 .72 1273 nod .05 nd nd 99.26 JN 32
85.78 .71 1292 nd .08 .07 nd 99.56 JN 32
85.84 .75 129 nd .05 .05 nd 99.59 JN 32
85.74 .78 13.05 .41 .07 .06 nd 100.11 JN 32
86.05 .84 1291 nd .1 .06 nd 99.96 JN 32
8573 .63 127 .34 11 .05 nd 99.56 JN 32
86.64 .73 1285 nd .07 .03 nd 100.32 JN 33
85.73 .85 1287 .41 A .16 nd 100.13 JN 33
83.96 2.62 1334 nd .07 06 .74 100.79 IN 33
86.09 12.93 nd nd .09 .08 d 99.19 JN 33
85.82 .87 128 nd q1 .07 nd 99.67 IN 32
84.69 2.68 13.54 nd .05 06 .66 101.68 JN 35
86.19 .7 1271 nod .06 .04 nd 99.7 JN 33
86.72 .82 1276 nod .09 .09 nd 100.48 JN 33
83.87 2.58 1339 nod .06 nd 58 100.48 JN 33
85.34 .89 12.88 nd .06 .09 d 99.26 JN33
8532 .78 1225 .34 .06 ol 98.85 IN 33



Table A4.6 Continued.

Pb Bi S Te Sb Cd Ag Total Sample No,
85.74 .68 1298 nd .06 .03 nd 99.49 JN33
85.94 .89 1284 nd .07 .04 nd 99.78 JN 33
826 275 13.01 nd 12 . 7k 99.48 JN 34
86.1 .8 1265 nd A2 .04 nd 99.71 JN 34
8543 .83 1322 nd .04 .14 nd 99.66 JN 34
84.67 .68 1288 nd 1 .07 nd 98.4 JN 34
8531 .74 128 nd .09 .05 nd 98.99 JN 34
84.77 .85 12.87 .37 .06 .08 d 99 JN 34
83.25 269 1337 nd .07 18 .97 100.53 JN 34
8567 2.3 135 nd .l 06 45 102.08 JN 34
84.73 .85 1296 nd .07 .03 nd 98.64 JN 34
85.06 .63 1273 43 .09 .04 nd 98.98 JN 34
86.07 .86 12.68 nd .07 .06 d 99.74 JN 34
81.72 2.66 13.16 .42 .09 21 1.28 99.54 JN 34
83.57 2.86 1346 nd .06 A4 77 100.86 JN 35
86.21 .8 1271 nod .08 r nd 99.82 IJN 35
86.56 .91 12.81 .45 | .05 rd 100.88 JN 35
86.22 .77 12774 o 09 .07 nd 99.89 JN 35
8§7.03 .9 129 nd .09 .09 nd 101.01 JN 35
85.19 .84 12.66 .38 .07 .05 nd 99.19 JN 35
245 77.86 692 nd .14 45  9.52 97.34 JN 35
86.48 .82 1282 nod .08 nd nd 100.2 JN 35
85.86 .82 1262 nd .04 .07 nd 99.41 JN 35
8544 .82 1288 nd 13 .04 nd 99.31 JN 35
4.09 nd .69 nd nd nd nd 4.78 IN 41
85.09 .72 12.88 nd .07 .06 nd 98.82 JN 41
857 .69 1287 nd .1 .07 nd 9943 JN 41
85 71 1273 nod 12 % nd 98.66 IN41
87.39 .77 12.79 nd .07 il nd 101.12 IN 41
84.06 2.58 13.14 nod .1 d .76 100.64 IN 41
83.57 2.51 1345 nd .09 .08 .69 100.39 IN 41
85.19 .82 1252 nd .08 .07 TH 98.68 JN 41
8594 .78 1286 nd .06 .07 nd 99.71 IN 41
85.1 .81 13.09 .34 .08 12 nd 99.54 IN 41
8648 .8 1277 nod .04 .08 nd 100.17 IN 41
85.3 .8 1294 .34 .09 .09 rd 99.56 N 41
85.02 .82 1291 nd .08 a1 nd 98.93 JN 41
8539 .79 12.53 .34 | nd 21!!% 99.15 IN 41



Table A4.6 Continued.

Pb___Bi S _Te __Sb Cd _Ag Total _ Sample No,
8581 .69 1292 .35 .08 06 nd 99.91 IN6
8595 .79 1269 nd .09 05 99.57 IN 6
8505 .82 1261 nd 08 .07 nd 98.63 IN 6
83.5 232 1312 od .08 A1 .62 99.75 IN 6
82.82 301 13.15 .37 .09 09 .86 100.39 JN 6
8559 .78 1291 nd 07 03 nd 99.38 IN6
8599 .09 1293 nd .08 17 nod 99.25 IN 6
8698 9 1281 nd .07 05 o 100.81 ING6
8627 .76 1294 nd 06 .05 nd 100.08 IN 6
8577 .83  13.07 nd 1 06 99.83 IN6
8635 .76 1273 nd 1 09  nod 100.03 IN6
87.1 .82 13 nod .07 12 nd 101.11 ING6
83.6 3.14 1367 nd 05 05 93 101.44 IN 6
849 8 1297 nod 07 08 o 98.82 K3
8625 .8 1274 nd 08 .09 99.96 K3
8402 227 1299 nd 11 03 57 99.99 K3
85.6 .8 1262 nd .07 r nd 99.11 K3
856 .79 1273 nod 13 d o 99.25 K3
8579 .12 1271 .44 .09 03 o 99.84 K3
84.66 .81 1289 nd 07 .08 nd 98.51 K3
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Table A4.7 Analyses of mill concetrate gold form No. 4 Level (Sample Nos. CMC1 and
CMC2).

Au Heg Ag Ir Cu Fineness Total
92.21 nd 5.16 11 nd 947 97.5

89.1 nd 8.66 11 nd 911 97.88
90.11 nd 8.45 14 nd 914 98.7

89.29 nd 8.19 .08 nd 916 97.57
93.09 nd 52 a2 nd 947 98.41

94.32 nd 4.89 tr nd 951 99.26
94.72 nd 4.76 .08 nd 952 99.56
81.64 nd 15.52 d rd 840 97.16
86.43 nd 11.28 .06 nd 885 97.77
91.39 nd 6.43 .09 nd 934 97.91

80.24 nd 15.29 nd nd 840 95.53
90.92 nd 6.94 .06 nd 929 97.93
91.81 nd 6.05 .06 nd 938 9792
90.16 nd 6.21 .07 nd 936 96.44
92.14 nd 6.05 A1 nd 938 98.31
89.93 nd 6.75 tr nd 930 96.7

81.2 nd 15.82 3 nd 837 97.32
87.37 nd 10.83 21 rd 890 98.41
81.65 nd 16.23 29 nd 834 98.17
82.95 nd 15.02 .26 nd 847 98.23
93.78 nd 5.37 3 d 946 99.52
93.28 nd 5.27 .38 nd 946 98.93
90.66 nd 741 .25 nd 924 98.32
91.02 nd 7.62 22 nd 923 98.86
92.35 nd 6.74 35 d 932 99.44
92.03 nd 6.87 .26 nd 931 99.18
92.65 nd 5.9 .33 nd 940 98.89

94.17 d 5.17 31 nd 948 99.67

80.35 nd 15.38 2 nd 839 95.93
93.88 nd 5.38 nd 946 99.49
93.01 nd 5.18 32 nd 947 98.51

92.15 nd 6.49 34 nd Y34 99.08
91.97 nd 7.24 .32 nd 927 99.57
91.43 nd 6.37 31 nd 935 98.14
94.69 nd 3.49 35 nd 964 98.53

92.08 nd 6.28 31 nd 936 98.67

91.59 nd 6.47 32 nd 934 98.38
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Table A4.7 Continued.

Au Hg Ag Ir Cu Fineness  Total
93.05 nd 6.61 37 nd 934 100.1
92.35 nd 6.73 .28 nd 932 99.36
93.16 nd 6.08 27 nd 939 99.51
92.15 nd 6.5 3 nd 934 98.95
92.18 nd 6.5 37 nd 934 99.05
93.8 nd 5.13 .36 nd 948 99.33
95.44 nd 4.84 .34 nd 952 100.62
94.11 nd 494 .28 nd 950 99.37
91.23 nd 8.23 3 nd 917 99.76
93.61 nd 5.69 27 nd 943 99.59
94.25 nd 532 23 nd 947 99.9
92.94 nd 5.98 29 nd 940 99.21
92.52 nd 597 .38 nd 939 98.87
93.3 nd 5.83 .34 d 941 99.51
93.2 nd 5.78 29 nd 942 99.27
89.75 nd 735 13 nd 924 97.33
93.24 nd 451 13 nd 954 97.97
91.38 nd 495 15 nd 949 96.49
92.98 nd 3.86 .14 nd 960 96.98
93.25 nd 4.72 J7 nd 952 98.19
90.05 nd 6.46 13 nd 933 96.68
92.59 nd 5 .09 nd 949 97.7
96.35 nd 3.16 17 nd 968 99.68
95.53 nd 3.06 22 nd 969 98.81
92.59 nd 592 13 nd 940 98.69
93.47 nd 48 2 nd 951 98.51
92.51 nd 5.07 31 nd 948 97.93
93.35 nd 4.6 13 nd 953 98.16
89.54 nd 7.14 13 nd 926 96.84
91.35 nd 6.19 .16 nd 937 97.7
92.24 nd 5.88 22 nd %40 98.34
81.44 nd 15.17 .08 nd &3 96.69
80.68 nd 15.3 .06 d 841 96.04
93.64 nd 422 .23 d 957 98.1
90.59 nd 5.95 .19 d 938 96.73
79.46 nd 15.04 .14 d 841 94.66
78.99 nd 17.04 15 d 823 96.18
90.14 nd 5.6 .19 nd 942 95.93
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Table A4.7 Continued.

Al He Ag 1r Cu Fineness Total
90.75 nd 6.2 .23 rd 936 97.18
91.81 nd 5.24 22 nd 946 97.31
90.41 nd 4.81 .19 d 950 9541
90.54 nd 5.96 2 nd 938 96.7

92.07 nd 5.74 18 43 941 98.48
96.11 nd 345 2 nd 965 99.82
93.47 nd 4.87 12 nd 950 98.49
86.16 nd 10.18 18 nd 894 96.52
93.78 nd 5.53 15 nd 944 99.53
93.49 nd 3.68 25 nd 962 97.42
91.94 nd 6.19 .04 nd 937 98.17
93.77 nd 4.87 12 nd 951 98.77
91.34 nd 6.28 .16 nd 936 97.78
92.19 nd 6.17 .14 nd 937 98.5

92.95 nd 5.92 23 nd 940 99.18
92.42 nd 592 .16 nd 940 98.5

91.65 nd 6.3 .14 nd 936 98.09
23.61 nd 5.01 .12 44 949 99.2

90.27 nd 7.35 .04 49 925 98.15
92.27 nd 5.57 A2 nd 943 97.96
93.72 nd 532 .23 nd 946 99.27
93.28 nd 4.86 11 nd 950 98.25
94.24 nd 4.96 23 nd 950 99.5

92.42 nd 557 23 nd 943 98.25
91.7 nd 6.28 .04 d 936 98.02
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Table A4.8 Analyses of placer gold from the Hirgwm river (Sample No. JN 36)

Al Hg Ag i wt% Fineness
94.13 nd 3.79 2 97.93 961
944 nd 39 .08 98.3 960
89.5 nd 8.55 nd 98.06 913
85.98 nd 12.21 nd 98.19 876
91.85 nd 7.06 nd 08.92 929
90.84 nd 7.06 .06 97.9 928
90.7 nd 7.21 nd 97.9 926
89.61 nd 8.86 nd 98.47 910
89.21 nd 9 nd 98.21 908
92.28 nd 577 .09 98.05 941
88.06 nd 10.37 .05 98.43 895
91.53 d 6 d 97.54 938
92.27 nd 5.71 .06 97.97 942
86.5 nd 11.71 nd 98.22 881
85.13 nd 10.54 nd 95.67 890
88.75 nd 9.16 .03 97.91 906
93.44 nd 5.45 tr 98.9 945
93.46 nd 5.31 .09 98.77 946
92.8 nd 6.53 nd 99.33 934
90.91 nd 5.16 nd 96.07 946
90.07 nd 8.84 rd 98.91 911
90.01 nd 8.71 nd 98.72 912
95.13 nd 3.89 tr 99.02 961
82.11 nd 15.51 tr 97.61 841
91.09 nd 5.43 .04 96.52 944
93.38 d 5.12 .06 98.5 948
95.01 nd 3.17 .04 98.18 968
7234  20.64 4.25 nd 76.59 944
89.77 nd 8.12 nd 97.89 917
76.92 4.6 2.96 d 79.88 963
88.24 nd 8.44 5 | 96.68 913
76.52  5.05 1.04 nd 71.56 987
92.31 nd 5.65 nd 97.96 942
39.1 14.06 2.07 nd 41.17 950
92.83 nd 532 .05 98.15 946
93.91 nd 5.08 .03 08.99 949
96.72 nd 2.4 .08 99.12 976
77.1 19.7 2.53 nd 79.63 968
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Table A4.8 Continued.

Au Hg Ag Ir wt% Fineness
88.03 nd 11.19 nd 99.22 887
85.32 nd 10.85 r 96.17 887
88.69 nd 9.33 .06 98.03 905
82.14 nd 15.28 nd 97.42 843
60.17 2.6 33.06 nd 93.23 645
89.3 nd 6.45 .05 95.74 933
89.1 nd 8.17 .03 97.27 916
95.15 nd 3.56 .04 98.71 964
95.86 nd 3.2 .06 99.06 968
6592 25.52 32 nd 69.12 954
81.18 nd 16.36 nd 97.54 832
89.93 nd 8.75 .04 98.68 911
91.03 nd 1.5 r 98.53 924
94.61 nd 4.56 .04 99.16 954
89.81 nd 8 tr 97.81 918
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APPENDIX §,

SOUTHERN UPLANDS PLACER
GOLD DATA.
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Table AS5.1 Analytical data for the Southern Uplands placer gold. The sample number refers
to the pan concentrate number in the two Mineral Reconnaissance reports for the Loch Doon-
Glenkens and Abington- Biggar-Moffat areas by Dawson et al. (1977) and Dawson et al.
(1979). The intials HET in the core fineness column refer to placer gold grains that are
heterogeneous.

Sample Morphological S.E.M Core Grid ref. (X) Grid ref. (Y)
Number Characteristics Fineness Fineness

11a 2 4 911 » 994 . 6069 7727
11b 4 12 14 « =« 994 . 6069 7727
11c 7 10 18 = 933 . 6069 7727
16 113 7 « » 949 . 5989 7936
18 4 18 = + = 996 HET 5909 7915
21a 4 5 11 « = 927 886 5823 7930
21b 6 3 A1 = 939 886 5823 7930
22 1314 4 - - 992 HET 5814 7870
27a 4 3 1116 - 995 992 5880 7760
27b 4 16 = » 984 913 5880 7760
25 1 29 = & 785 HET 5624 8063
37a 4 10 14 » = 922 864 5677 8080
37b 4 11 = = 947 690 5677 8080
48 4 1410 « - 992 882 5989 7774
51 311 = = = 972 922 5616 8415
73 4 14 18 « - 968 882 5327 8577
83 3 1810 = - 996 969 5254 8723
95 1 9 8 « =« 1000 %969 4850 8583
108 4 14 » o = 993 870 5284 9147
111 3911 » 998 988 5012 92018
132 3 1112 - 972 937 5465 10095
136 516 »« « 982 910 6088 9418
138 1 7 14 = 820 785 6235 9911
139 4 13 11 « =« 852 511 6268 9830
140 1 2 49 - 987 910 6125 9747
141a 4 5 121415 995 . 6108 9816
141b 7 1415 = - 980 937 6108 9816
143 7 13 = » » 967 . 6131 9719
146 2 411 « » 943 909 6061 9554
157 124 « o 759 903 5917 10069
158 6 1415 = - 998 . 5958 9993
159 7 9 18 » 989 976 6059 10002
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Table AS.1 Continued.

Sample Morphological S.E.M Core Grid ref. (X) Grid ref. (Y)
Number Characteristics Fineness Fineness

163 1 3 9 # » 975 800 6137 10105
176 2 11 = = = 1000 990 5010 10425
178 8§ 1518 = - 1000 988 5214 9688
199 3 6 1011 - 963 893 4735 9540
276 7 1518 « = 994 . 4022 8825
300 8§ 16 « » = 982 922 3986 8086
301 7 14 » o 968 . 4032 8092
317 6 14 « = - 996 976 4181 7620
324 2 3 9 = 885 726 4156 7733
340 6 14 18 = - 983 . 3820 7359
345 L 964 864 4820 7339
349 4 11 14 = = 979 894 3769 7491
365 e e e e e 777 799 4423 7565
415a 6 11 « = = 998 987 12041 2349
415b 18 » o = 988 954 12041 2349
415¢ 5 6 14 « - 985 . 12041 2349
415d 36 91415 1000 . 12041 2349
415e 6 3 13 - - ago 976 12041 2349
415f 713 = o 999 987 12041 2349
415g s e e e e 964 945 12041 2349
415h L 977 . 12041 2349
4151 7 1415 « = 982 967 12041 2349
415j 6 14 15 = = 998 . 12041 2349
415k e s = e . 996 . 12041 2349
421 4 5 9 11 « 977 854 11828 1821
430 4 11 « « = 996 . 10818 1124
433 4 11 = = o 991 . . .
435a 8 14 15 « = 987 . 10843 994
435b 8 1415 « 1000 1000 10843 994
444a 8§ 18 « o = 990 . 9513 2208
444b 8 18 » + 1000 985 9513 2208
444c 6 14 18 = = 999 S04 9513 2208
414d 511 = = » 998 962 9513 2208
444e 11 4 « = = 997 964 9513 2208
444f 4 13 » = = 998 . 9513 2208
444h 7 14 1518 » 997 . 9513 2208
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Table A5.1 Continued.

Sample Morphological S.E.M Core Grid ref. (X) Grid ref. (Y)
Number Characteristics Fineness Fineness

444p 4 11 = = = 1000 1000 9513 2208
444i 6 14 18 » = 1000 995 9513 2208
444j 8 14 1518 - 996 . 9513 2208
444k 7 14 « » » 1000 1000 9513 2208
426 8 14 18 - - 1000 854 10794 1238
453 4 14 = < - 993 990 10341 1552
455 7 14 = = » 974 . 10062 2174
463 1 9 = « =« 987 949 9946 1840
472 4 11 » o o 993 945 10082 2017
475 14 7 = » 996 892 9927 2066
476 4 11 = = - 979 . 9731 1890
489 7 1411 = - 996 990 9808 2588
495 3409 « » 993 990 10478 1734
505 8 14 « - - 1000 954 10910 1252
510a 6 13 = = o 1000 925 10533 1629
510b 7 14 « o 1000 937 10533 1629
515 8 1415 - - 946 928 10344 1813
535a 6 9 1415 = 1000 941 10548 2198
535b 6 14 « = - 998 887 10548 2198
537 6 13 « « = 974 906 10578 2270
539 311 ¢ « = 1000 999 . .
540 7 14 = =« 993 923 11135 900
544 4 11 o « = 994 921 10791 1864
545 4 11 » « » 997 . 10830 1846
546a 714 ¢ « 1000 1000 10795 1984
546b 4 11 = = » 997 969 10795 1984
S546¢ 4 11 « = = 986 . 10795 1984
546d 1614 « « -« 992 931 10795 1984
547 11 = o o 985 . 11028 2046
557 D 985 . 10084 2710
566 L 977 923 10207 3091
568 s s s e e 987 . 10387 2690
585a 7 14 18 » = 970 . 9930 2817
585b T 14 « o 986 954 9930 2817
585¢ 7 14 o o 976 891 9930 2817
588a 4 9 = o o 1000 940 9541 2811
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Table AS.1 Continued.

Sample Morphological S.E.M Core Grid ref. (X) Grid ref. (Y)
Number Characteristics Fineness Fineness

588b 7 14 18 = =« 1000 1000 9541 2811
588c 7 18 s « « 1000 1000 9541 2811
591 7 14 18 = 941 . 11090 2130
596 7 14 18 = = 987 908 11077 2980
600 6 18 « « = 1000 990 10551 2404
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