APPENDIX
Supplementary Tables
Table A1. Summary of petrographic observations of chimney samples from the Tinakula deposit (see Anderson, 2018, for detailed petrographic reports)








Table A1. Continued
























Table A2. Average trace-element concentrations measured by EMPA for sulfide minerals from the Tinakula deposit (full data in Anderson, 2018)
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Table A3. Estimations of percent illite in mixed-layer illite/smectite clays using peak positions of glycol-saturated preparations, following Moore and Reynolds (1997). 

	Location
	 
	001/002
	002/003
	 
	 
	 

	Drill Hole
	Sample
	d(Å)
	d(Å)
	Δd(Å)
	% Illite
	R

	Site A (North)
	
	
	
	
	

	TKAD001
	MA13-088
	9.306
	5.310
	3.996
	62
	1

	
	MA13-089
	9.231
	5.264
	3.967
	61
	1

	
	MA13-090
	9.173
	5.158
	4.015
	63
	1

	
	P005
	9.306
	5.188
	4.118
	68
	1

	
	MA13-091
	9.512
	5.125
	4.387
	80
	1

	
	MA13-092
	9.391
	4.873
	4.518
	85
	1

	TKAD015
	MA13-050
	9.565
	4.912
	4.653
	91
	3

	
	MA13-051
	9.530
	5.092
	4.438
	82
	1

	
	MA13-052
	9.391
	5.085
	4.306
	76
	1

	
	MA13-053
	9.374
	5.092
	4.282
	75
	1

	TKAD027
	MA13-057
	9.494
	5.090
	4.404
	80
	1

	
	MA13-058
	9.399
	5.120
	4.279
	75
	1

	TKAD028
	MA13-099
	9.272
	5.270
	4.002
	63
	1

	Site B
	
	
	
	
	
	

	TKAD016
	MA13-035
	9.331
	5.188
	4.143
	69
	1

	TKAD025
	MA13-039
	9.408
	5.085
	4.323
	77
	1

	TKAD026
	MA13-068
	9.149
	5.194
	3.955
	60
	1

	 
	MA13-069
	9.281
	5.178
	4.103
	67
	1

	Site D
	
	
	
	
	
	

	TKAD017
	MA13-020
	9.628
	5.102
	4.526
	86
	1

	TKAD030
	MA13-006
	9.434
	5.125
	4.309
	76
	1

	TKAD018
	MA13-014
	9.391
	5.170
	4.221
	72
	1

	
	MA13-015
	9.231
	5.140
	4.091
	66
	1

	 
	MA13-016
	9.422
	5.112
	4.310
	76
	1

	TKAD031
	MA13-044
	9.323
	5.178
	4.145
	69
	1

	
	MA13-045
	9.289
	5.122
	4.167
	70
	1

	Site E (South)
	
	
	
	
	

	TKAD005
	P020
	8.904
	4.698
	4.206
	72
	1

	TKAD003
	P012
	9.374
	5.125
	4.249
	73
	1

	
	P013
	9.382
	5.115
	4.267
	74
	1

	 
	P014
	9.391
	5.117
	4.274
	75
	1

	Site F (West)
	
	
	
	
	

	TKAD007
	P022
	9.314
	5.135
	4.179
	70
	1

	 
	P023
	9.709
	5.060
	4.649
	91
	3

	R = Reichweite
	
	
	
	
	












Table A4. Fluid inclusion (FI) characteristics, homogenization temperatures (Th), entrapment temperatures (Te), and salinities (wt.% NaClequivalent) from drill hole TKAD001
Appendix to: Anderson et al., Economic Geology
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Table A5. Results of S-isotope measurements of sulfide and sulfate minerals at the Tinakula deposit 



Table A6. Water:rock (w/r) ratios calculated from mass changes in Mg and K in altered rocks for each mineral assemblage 




Supplementary Figures
[image: ]
Fig. A1. Aspect ratios of volcanic edifices in terrestrial environments (green: Pike, 1978) and at the submarine Tinakula deposit (blue; this study), with logarithmic scales: (a) cone width vs. cone height; (b) cone width vs. crater/cone width. Parameters are tabulated in Anderson (2018). The composite cones are 55–140 m high with basal diameters of 327–691 m and low aspect ratios compared to cinder cones (H/Wcone,avg = 0.18). These volcanoes have relatively small craters (52–86 m in diameter and 11–26 m deep) relative to the basal diameter of the cone (Wcrater/Wcone,avg = 0.16). The cinder cones vary in size, with heights of just 3 m up to 73 m, and basal diameters of 13–1158 m (H/Wcone,avg = 0.27). These are both uncratered (n = 16) and cratered (n = 20), with crater diameters of 5–35 m and crater depths of 1–13 m (Wcrater/Wcone,avg = 0.27). The submarine equivalent of volcanic “maars” have the lowest aspect ratios (H/Wcone,avg = 0.06), with heights of only 1–2 m and basal diameters of 17–32 m. They also have the largest crater widths relative to their basal diameters (Wcrater/Wcone,avg = 0.73), with crater diameters of 9–43 m. The defining feature of the “maars” is a crater floor that is at the same elevation, or even below, the surrounding seafloor depth, with crater depths of 2–4 m. This highlights the morphological similarity of volcanic cones at Tinakula with subaerial volcanoes, with smaller cone widths for all volcanic edifice types at Tinakula.
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Fig. A2. Graphical drillcore summary log of TKAD001 from Site A (location shown on Fig. 2).
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Fig. A3. Graphical drillcore summary log of TKAD015 from Site A (location shown on Fig. 2).





[image: C:\Users\Melissa\Documents\PhD Dissertation\Tinakula Core Logs\2013 New logs\jpg\TKAD027.jpg] 

Fig. A4. Graphical drillcore summary log of TKAD027 from Site A (location shown on Fig. 2).
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Fig. A5. Graphical drillcore summary log of TKAD028 from Site A (location shown on Fig. 2).
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Fig. A6. Graphical drillcore summary log of TKAD029 from Site A (location shown on Fig. 2).
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Fig. A7. Graphical drillcore summary log of TKAD016 from Site B (location shown on Fig. 2).
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Fig. A8. Graphical drillcore summary log of TKAD026 from Site B (location shown on Fig. 2).
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Fig. A9. Graphical drillcore summary log of TKAD013 from Site B (location shown on Fig. 2).
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Fig. A10. Graphical drillcore summary log of TKAD025 from Site B (location shown on Fig. 2).
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Fig. A11. Graphical drillcore summary log of TKAD012 from Site B (location shown on Fig. 2).
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Fig. A12. Graphical drillcore summary log of TKAD032 from Site C (location shown on Fig. 2).
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Fig. A13. Graphical drillcore summary log of TKAD033 from Site C (location shown on Fig. 2).
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Fig. A14. Graphical drillcore summary log of TKAD017 from Site D (location shown on Fig. 2).
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Fig. A15. Graphical drillcore summary log of TKAD030 from Site D (location shown on Fig. 2).
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Fig. A16. Graphical drillcore summary log of TKAD031 from Site D (location shown on Fig. 2).

[image: C:\Users\Melissa\Documents\PhD Dissertation\Tinakula Core Logs\2013 New logs\jpg\TKAD018.jpg] 

Fig. A17. Graphical drillcore summary log of TKAD018 from Site D (location shown on Fig. 2).
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Fig. A18. Graphical drillcore summary log of TKAD019 from Site D (location shown on Fig. 2).
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Fig. A19. General paragenesis of chimney types at the Tinakula deposit: (a) chalcopyrite-rich chimneys; (b) zoned chimneys; (c) sphalerite-rich chimneys; (d) barite-rich chimneys. Note that these generalized mineralization sequences are locally repeated within individual chimneys. Am-Si = amorphous silica; Ata = atacamite; Au = gold; Bn = bornite; Brt = barite; Dg = digenite; Ccp = chalcopyrite; Cv = covellite; Fe-MnOx = iron-manganese oxyhydroxide; Gn = galena; Jd = jordanite; Mrc = marcasite; Py = pyrite; Sp = sphalerite. 

[image: ]
Fig. A20. Map of the distribution of sulfide-sulfate chimney types in the Tinakula area overlain on RESON SeaBat 7125-ROV2 multibeam bathymetry. See text for chimney classification. Am-Si = amorphous silica; Brt = barite; Ccp = chalcopyrite; Mrc = marcasite; Py = pyrite; Sp = sphalerite.
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Fig. A21. Correlation matrix (Pearson) for high-temperature chimneys (chalcopyrite-rich and zoned chalcopyrite-rich chimney types) from the Tinakula deposit. Correlation coefficients indicating strong positive correlations are bold and shaded, and strong negative correlations are bold and outlined (minimum 99% confidence interval; n = 13). 
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Fig. A22. Correlation matrix (Pearson) for low-temperature chimneys (dendritic sphalerite-rich and barite-rich chimney types) from the Tinakula deposit. Correlation coefficients indicating strong positive correlations are bold and shaded, and strong negative correlations are bold and outlined (minimum 99% confidence interval; n = 23).
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Fig. A23. Examples of XRD spectra (background-corrected) of air-dried (red) and glycol-saturated (black) samples showing main alteration assemblages from Tinakula deposit: (a) nontronite + plagioclase, (b) nontronite + corrensite, (c) illite/smectite + pyrite, (d) illite/smectite + chamosite, and (e) chamosite + corrensite.
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Fig. A24. Main minerals identified by SWIR spectroscopy, with reference spectra (colored lines) and examples of samples from intensely altered footwall from Tinakula deposit (Hull Quotient normalized). Diagnostic absorption features are shown by black arrows.
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Fig. A25. Stacked SWIR spectra for samples from drill hole TKAD001 showing changes in mineralogy with depth (Hull Quotient normalized). Diagnostic absorption features are shown by colored arrows. Mnt = montmorillonite; Gp = gypsum; Pgl = paragonitic-illite; Ms = muscovite; Msl = muscovitic-illite; Chl = chlorite. 

[image: ]
Fig. A26. Mass changes in drill holes associated with changes in alteration mineral assemblages (%Δ). Cham = chamosite; Corr = corrensite; I/S = illite/smectite; Py = pyrite. 
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Fig. A27. Mass changes in drill holes associated with changes in alteration mineral assemblages (%Δ). Cham = chamosite; Corr = corrensite; I/S = illite/smectite; Non = nontronite; Py = pyrite. 
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Fig. A28. Ages measured by 226Ra dating of hydrothermal barite at the Tinakula deposit, overlain on a close-up of the geology map from Fig. 2. Grab samples are labelled; drill holes are in italics. Data are in Table 7.
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Sample Sp Ccp Py Mrc Gn Jd Au Brt Anh Gp Am-Si Bn Dg Cv Ata(?) FeOx Hem Goe(?) MnOx Volc. Clasts Clay Cal

GMA13-18b Brt + Mrc ± Py + ++ ++ +++ + Tr Tr Tr

GMA13-024 Brt + Mrc ± Py + +++ ++ + + +

GMA13-045 Brt + Mrc ± Py + + ++ + + +++ + Tr Tr

GMA13-009b Am-Si + Brt ± Fe-MnOx + + + Tr Tr +++ ++ + +

GMA13-018a Am-Si + Brt ± Fe-MnOx + ++ +++ + +++

GMA13-030a Am-Si + Brt ± Fe-MnOx + ++ ++ +++ + +

GMA13-060 Am-Si + Brt ± Fe-MnOx + + Tr +++ ++ + + + + +

GMA13-017a Am-Si + Brt + Mrc/Py ++ ++ +++ +++ ++ + +

GMA13-017b Am-Si + Brt + Mrc/Py + ++ ++ +++ +++ Tr

GMA13-030b Am-Si + Brt + Mrc/Py + ++ ++ +++ ++ +

Mineralized volcanic breccia

GMA13-008 Sp + Brt + Volc. Clasts ++ Tr + + ++ + + Tr + + +++ +

GMA13-009a Sp + Brt + Volc. Clasts ++ + Tr Tr Tr +++ + + + + +++

GMA13-053b Sp + Brt + Volc. Clasts ++ + + + + +++ ++ + ++ +

Mineralized volcanic breccia - disseminated

MA13-010 Sp + Brt + Volc. Clasts +++ + + +++ + +

MA13-012 Sp + Brt + Volc. Clasts ++ + + + +++ ++ +++

MA13-032 Sp + Brt + Volc. Clasts ++ + + +++ ++ + ++

MA13-066 Sp + Brt + Volc. Clasts ++ + Tr +++ ++ Tr +

MA13-013 Py + Brt + Volc. Clasts + + ++ ++ + ++ +++

MA13-031 Ccp + Brt + Volc. Clasts + ++ + +++ ++ +++

P0011 Ccp + Brt + Volc. Clasts +++ ++ +++ ++ Tr Tr Tr ++

Mixed chimney talus

MA13-030 Sp + Py + Brt + Gp +++ + ++ ++ + ++ ++

MA13-033 Ccp + Sp + Py + Brt/Anh ++ +++ ++ ++ +

P0010 Ccp + Sp + Py + Brt/Anh ++ ++ +++ ++ ++ +

+++ = abundant (>25%); ++ = major (10-25%); + = minor (1-9%); Tr = Trace (<1%)

Sp = sphalerite; Ccp = chalcopyrite; Py = pyrite; Mrc = marcasite; Gn = galena; Jd = jordanite; Au = gold; Brt = barite; Anh = anhydrite; Gp = gypsum

Am-Si = amorphous silica (opal-A); Bn = bornite; Dg = digenite; Cv = covellite; Ata = atacamite; FeOx = iron oxyhydroxie; Hem = hematite; Goe = goethite; 

MnOx = manganese oxyhydroxide; Volc. = volcanic; Cal = calcite

Barite-rich chimneys

Silicified barite-rich chimneys

Chimney Type


Microsoft_Excel_Worksheet1.xlsx
Tinakula Grab Samples



		Date Collected		Sample		Parent ID		Location		X		Y		Z		ROV Dive		Venting		Intact chimney?		Sample Type		Sample Name

		11/25/13		GMA13-001		096		Big Starfish		782144.8		8650638.1		-653.2		ROV10		N		NA		Volcanic		Feldspar phyric dacite

		11/25/13		GMA13-002		754		East Central - Mound D		784711.7		8649565.6		-1109.3939		ROV121		N		N		Sulfide talus		Sphalerite + barite chimney talus

		11/25/13		GMA13-003		632		East Central - Mound D		784724.0		8649595.3		-1109.0408		ROV111		N		Y		Sulfide		Sphalerite + barite chimney

		11/25/13		GMA13-004		633		East Central - Mound C		784718.2		8649637.3		-1099.0464		ROV111		Y		Y		Sulfide		Zoned marcasite + chalcopyrite + sphalerite chimney

		11/25/13		GMA13-005		636		East Central - Mound D		784709.6		8649654.2		-1097.721		ROV111		N		Y		Sulfide		Sphalerite + barite chimney

		11/25/13		GMA13-006		634		East Central - Mound D		784732.8		8649650.1		-1099.3033		ROV111		N		N		Sulfide talus		Sphalerite + galena + barite chimney talus

		11/25/13		GMA13-007		635		East Central - Mound D		784719.9		8649659.5		-1095.2905		ROV111		N		Y		Sulfide		Sphalerite + barite chimney

		11/25/13		GMA13-008		646		East Central - Mound C		784692.6		8649762.8		-1081.9095		ROV112		N		NA		Altered volcaniclastic		Mineralized monolithic clay-altered volcaniclastic breccia

		11/25/13		GMA13-009		647		East Central - Mound C		784665.8		8649759.3		-1089.1438		ROV112		N		NA		Altered volcaniclastic		Mineralized polylithic volcaniclastic breccia with barite chimney

		11/25/13		GMA13-010		649		East Central - Mound C		784711.1		8649704.6		-1074.4598		ROV112		Y		N		Sulfide talus		Zoned chalcopyrite + sphalerite chimney talus

		11/25/13		GMA13-011		657		East Central - distal Mound D		784665.2		8649570.8		-1133.376		ROV114		N		Y		MnOx 		MnOx Chimney

		11/25/13		GMA13-012		659		East Central - distal		784802.0		8649558.9		-1128.3		ROV114		N		Y		Sulfide		Sphalerite + barite chimney

		11/25/13		GMA13-013		651		East Central - distal		784884.0		8649703.3		-1134.7844		ROV112		N		NA		MnOx		MnOx Chimney

		11/25/13		GMA13-014		655		East Central - distal		784834.2		8649561.3		-1142.8955		ROV114		N		NA		Volcanic		Hyaloclastite

		11/25/13		GMA13-015		658		East Central - distal		784867.6		8649563.5		-1154.28		ROV114		N		NA		Volcanic		Lava Flow

		11/25/13		GMA13-016		652		East Central - distal		784555.1		8649732.4		-1099.26		ROV112		N		Y		MnOx		MnOx chimney

		11/25/13		GMA13-017		707		East North - Mound B		784593.9		8649858.1		-1088.8327		ROV118		N		N		Silicified caprock + sulfide		Silicified iron-oxide caprock with barite + pyrite chimney

		11/25/13		GMA13-018a		706		East North - Mound B		784594.1		8649858.0		-1088.81		ROV118		N		N		Silicified caprock		Silicified biogenic(?) caprock

				GMA13-018b		706		East North - Mound B		784594.1		8649858.0		-1088.81		ROV118		N		N		Sulfide talus		Pyrite/marcasite + barite chimney talus

		11/25/13		GMA13-019a		701		East North - Mound A		784567.2		8649966.6		-1100.6264		ROV118		N		N		Sulfide talus		Sphalerite + barite chimney talus overgrown by zoned chalcopyrite + sphalerite chimney

		11/25/13		GMA13-019b		701		East North - Mound A		784567.2		8649966.6		-1100.6264		ROV118		N		N		Sulfide talus		Zoned chalcopyrite + sphalerite chimney talus

		11/25/13		GMA13-020		703		East North - Mound A		784563.8		8649943.2		-1093.9473		ROV118		N		Y		Sulfide		Zoned chalcopyrite + marcasite chimney

		11/25/13		GMA13-021		704		East North - Mound A		784551.0		8649883.2		-1087.533		ROV118		N		Y		Sulfide		Zoned chalcopyrite + pyrite chimney





		Date Collected		Sample		Parent ID		Location		X		Y		Z		ROV Dive		Venting		Intact chimney?		Sample Type		Sample Name

		11/25/13		GMA13-022		705		East North - Mound A		784597.3		8649923.3		-1090.2988		ROV118		N		N		Sulfide talus		Sphalerite + barite chimney talus

		11/26/13		GMA13-023		594		Pleateau ~1 km NNE		784917.9		8650496.1		-1092.19		ROV108		N		NA		Volcanic		Lava flow

		11/26/13		GMA13-024		588		East North 		784724.3		8649655.5		-1094.0507		ROV108		Y		Y		Sulfide		Marcasite + barite chimney

		11/26/13		GMA13-025		590		East North - Mound B		784605.4		8649877.1		-1090.5476		ROV108		N		N		FeOx		FeOx chimney talus

		11/26/13		GMA13-026		595		East North		785157.4		8649925.2		-1147.319		ROV108		N		NA		FeOx		FeOx chimney talus

		11/26/13		GMA13-027		592		East North		784719.5		8649655.6		-1095.8328		ROV108		N		Y		Sulfide		Zoned chalcopyrite + sphalerite chimney

		11/26/13		GMA13-028		586		East North		784719.5		8649655.6		-1097.52		ROV108		N		Y		Sulfide		Zoned chalcopyrite + sphalerite chimney

		11/26/13		GMA13-029		598		East North		784745.1		8649583.1		-1109.7398		ROV109		Y		Y		Sulfide		Barite + sphalerite chimney

		11/26/13		GMA13-030		604		East Central - Mound C		784717.4		8649745.0		-1074.882		ROV109		N		N		Silicified caprock + sulfide		Silicified iron oxide caprock with barite + pyrite chimney

		11/26/13		GMA13-031		603		East Central - Mound C		784671.0		8649796.4		-1103.3315		ROV109		N		Y		Sulfide		Zoned chalcopyrite + sphalerite chimney

		11/26/13		GMA13-032		606		East Central - Mound C		784731.9		8649743.1		-1074.335		ROV109		N		Y		Sulfide		Zoned sphalerite + pyrite chimney

		11/26/13		GMA13-033		602		East Central - Mound C		784660.0		8649788.9		-1103.665		ROV109		N		N		Sulfide talus		Sphalerite + barite chimney talus

		11/26/13		GMA13-034		608		East Central		784759.0		8649632.2		-1108.2709		ROV109		Y		Y		Sulfide		Zoned pyrite/marcasite + chalcopyrite chimney

		11/26/13		GMA13-035		611		Distal		784337.5		8650007.6		-1052.75		ROV109		N		NA		Volcanic		Lava Flow

		11/26/13		GMA13-036		607		East Central - Mound C		784712.3		8649661.3		-1094.45		ROV109		N		NA		Volcanic		Lava Flow

		11/26/13		GMA13-037		687		Distal		784572.3		8649536.4		-1144.741		ROV116		N		Y		Silicified FeOx		Siliceous

		11/26/13		GMA13-038		695		Far north		784500.8		8650057.7		-1115.578		ROV118		N		Y		Sulfide		Chalcopyrite chimney

		11/26/13		GMA13-039		696		Far north		784516.6		8650090.5		-1126.66		ROV118		N		NA		Volcanic		Lava Flow

		11/26/13		GMA13-040		697		Far north		784531.5		8650094.1		-1123.3665		ROV118		N		Y		Sulfide		Barite + sphalerite chimney

		11/26/13		GMA13-041		700		Far north		784565.3		8649996.1		-1108.6958		ROV118		Weak		Y		Sulfide		Sph+Ba chimney

		11/26/13		GMA13-042		698		Far north		784555.2		8650074.9		-1122.1306		ROV118		N		Y		Sulfide		Sph chimney

		11/26/13		GMA13-043		711		South East		783664.4		8648919.8		-1195.95		ROV118		N		NA		Volcanic		Lava Flow

		11/26/13		GMA13-044		712		South East		784243.3		8649069.3		-1167.24		ROV119		N		NA		Volcanic		Lava Flow

		11/26/13		GMA13-045		708		East, north - Mound B		784650.5		8649864.0		-1089.694		ROV118		N		N		Sulfide talus		Sph+Ba chimney

		11/26/13		GMA13-046		710		East, north - Mound A		784546.0		8649903.4		-1089.596		ROV118		N		Y		Sulfide		Cpy+Py chimney

		11/26/13		GMA13-047		743		East Central - Mound D		784694.7		8649577.9		-1117.9191		ROV121		Patchy		N		FeOx		FeOx chimney

		11/26/13		GMA13-048		750		East Central - Mound D		784714.6		8649548.9		-1108.722		ROV121		N		N		Sulfide talus		Py+Marc chimney





		Date Collected		Sample		Parent ID		Location		X		Y		Z		ROV Dive		Venting		Intact chimney?		Sample Type		Sample Name

		11/26/13		GMA13-049		742		East Central - Mound D		784706.5		8649598.0		-1111.684		ROV121		N		N		Sulfide talus		Sph+Cpy chimney talus

		11/26/13		GMA13-050		741		East Central - Mound D		784712.1		8649614.7		-1100.6417		ROV121		N		N		Sulfide talus		Sph+Cpy+Py chimney talus

		11/26/13		GMA13-051		746		East Central - Mound D		784707.3		8649570.0		-1110.5646		ROV121		N		N		Sulfide talus		Sph+Ba chimney

		11/26/13		GMA13-052		727		East Central - Mound C		784650.6		8649747.2		-1092.0702		ROV120		N		Y		Sulfide		Sph+Py chimney

		11/26/13		GMA13-053		729		East Central - Mound C		784686.6		8649749.0		-1078.3188		ROV120		N		N		Sulfide talus		Sph+Ba chimney talus

		11/26/13		GMA13-054		723		East Central - distal Mound D		784671.9		8649531.5		-1136.5111		ROV120		N		Y		FeOx		FeOx chimney

		11/26/13		GMA13-055		722		East Central - distal Mound D		784675.8		8649494.2		-1143.306		ROV120		N		N		FeOx		FeOx chimney

		11/26/13		GMA13-056		725		East Central - distal Mound C		784607.8		8649727.5		-1107.1881		ROV120		N		Y		Silicified FeOx		Siliceous

		11/26/13		GMA13-057		732		East Central - Mound C		784698.6		8649739.9		-1068.93		ROV120		N		NA		Volcanic		Lava Flow

		11/26/13		GMA13-058		736		East Central - Mound D		784722.8		8649648.6		-1096.154		ROV120		N		N		Sulfide talus		Sph+Ba+Py chimney

		11/26/13		GMA13-059		734		East Central - Mound C		784715.6		8649686.0		-1085.4637		ROV120		N		Y		FeOx		FeOx chimney

		11/26/13		GMA13-060		733		East Central - Mound C		784713.0		8649643.7		-1101.7145		ROV120		N		Y		Sulfide		Sph+Ba chimney

		11/26/13		GMA13-061		738		East Central - Mound C		784678.2		8649752.8		-1081.5789		ROV120		N		N		Sulfide talus		Sph+Ba chimney talus

		11/26/13		GMA13-062		737		East Central - Mound D		784699.7		8649651.0		-1099.6825		ROV120		Y		N		Sulfide talus		Sph+Ba chimney talus

		11/26/13		GMA13-063		768		South East (far)		784049.8		8650965.1		-1116.89		ROV123		N		NA		Volcanic		Lava Flow

		11/26/13		GMA13-064		091		Big Starfish		781606.9		8650201.1		-630.17		ROV10		N		NA		Volcanic		Lava Flow

		11/26/13		GMA13-065		097		Big Starfish		781742.7		8650441.4		-498.97		ROV10		N		NA		Volcanic		Lava Flow







Sulfide sample list

		Sample		X		Y		Z		Chimney Type

		GMA13-002		784711.7		8649565.6		-1109.3939		Sp + Brt

		GMA13-003		784724.0		8649595.3		-1109.0408		Sp + Brt + Py

		GMA13-004		784718.2		8649637.3		-1099.0464		Ccp + Mrc + Sp

		GMA13-005		784709.6		8649654.2		-1097.721		Sp + Brt + Py

		GMA13-006		784732.8		8649650.1		-1099.3033		Sp + Brt + Gn

		GMA13-007		784719.9		8649659.5		-1095.2905		Sp + Brt + Py

		GMA13-008		784692.6		8649762.8		-1081.9095		Sp + Brt

		GMA13-009a		784665.8		8649759.3		-1089.1438		Sp + Brt

		GMA13-009b		784665.8		8649759.3		-1089.1438		Am-Si + Brt ± Fe-MnOx

		GMA13-010		784711.1		8649704.6		-1074.4598		Ccp + Sp

		GMA13-012		784802.0		8649558.9		-1128.3		Sp + Brt

		GMA13-017		784593.9		8649858.1		-1088.8327		Am-Si + Brt + Mrc/Py

		GMA13-018a		784594.1		8649858.0		-1088.81		Am-Si + Brt + MnOx

		GMA13-018b		784594.1		8649858.0		-1088.81		Brt + Mrc ± Py

		GMA13-019a		784567.2		8649966.6		-1100.6264		Sp + Brt

		GMA13-019b		784567.2		8649966.6		-1100.6264		Ccp + Sp

		GMA13-020		784563.8		8649943.2		-1093.9473		Ccp + Py ± Mrc

		GMA13-021		784551.0		8649883.2		-1087.533		Ccp + Py ± Mrc

		GMA13-022		784597.3		8649923.3		-1090.2988		Sp + Brt

		GMA13-024		784724.3		8649655.5		-1094.0507		Brt + Mrc ± Py

		GMA13-027		784719.5		8649655.6		-1095.8328		Ccp + Sp

		GMA13-028		784719.5		8649655.6		-1097.52		Ccp + Sp

		GMA13-029		784745.1		8649583.1		-1109.7398		Sp + Brt

		GMA13-030a		784717.4		8649745.0		-1074.882		Am-Si + Brt + Mrc/Py + FeOx

		GMA13-030b		784717.4		8649745.0		-1074.882		Am-Si + Brt ± Fe-MnOx

		GMA13-031		784671.0		8649796.4		-1103.3315		Ccp + Sp

		GMA13-032		784731.9		8649743.1		-1074.335		Sp + Mrc/Py

		GMA13-033		784660.0		8649788.9		-1103.665		Sp + Brt

		GMA13-034		784759.0		8649632.2		-1108.2709		Ccp + Py ± Mrc

		GMA13-038		784500.8		8650057.7		-1115.578		Ccp

		GMA13-040		784531.5		8650094.1		-1123.3665		Sp + Brt + Py

		GMA13-041		784565.3		8649996.1		-1108.6958		Sp + Brt + Py

		GMA13-042		784555.2		8650074.9		-1122.1306		Sp + Brt

		GMA13-045		784650.5		8649864.0		-1089.694		Brt + Mrc ± Py

		GMA13-046		784546.0		8649903.4		-1089.596		Ccp + Py ± Mrc

		GMA13-048		784714.6		8649548.9		-1108.722		Ccp

		GMA13-049		784706.5		8649598.0		-1111.684		Ccp + Sp

		GMA13-050		784712.1		8649614.7		-1100.6417		Ccp + Mrc + Sp

		GMA13-051		784707.3		8649570.0		-1110.5646		Sp + Brt

		GMA13-052		784650.6		8649747.2		-1092.0702		Sp + Mrc/Py

		GMA13-053		784686.6		8649749.0		-1078.3188		Sp + Brt

		GMA13-058		784722.8		8649648.6		-1096.154		Sp + Brt + Mrc

		GMA13-060		784713.0		8649643.7		-1101.7145		Am-Si + Brt ± Fe-MnOx

		GMA13-061		784678.2		8649752.8		-1081.5789		Sp + Brt + Mrc

		GMA13-062		784699.7		8649651.0		-1099.6825		Sp + Brt





Sulfide petrography summary

						Sp		Ccp		Py		Mrc		Gn		Jd		Au		Brt		Anh		Am-Si		Bn		Dg		Cv		Ata(?)		FeOx		Hem		Goe(?)		MnOx		Volc. Clasts		Clay		Cal		Undent. Min

		GMA13-002		Sp + Brt		+++				+										+++				+										Tr		+

		GMA13-003a		Sp + Brt + Py		+++		Tr		++		+		Tr						++										Tr

		GMA13-003b		Sp + Brt + Py		+++		+		++		+		+						+										Tr				Tr

		GMA13-004a		Ccp + Mrc + Sp		++		+++		+		+++				Tr				+				++						+

		GMA13-004b		Ccp + Mrc + Sp		++		+++		+		+++								+				++						Tr

		GMA13-005		Sp + Brt + Py		+++		+		++		+		+						+++

		GMA13-006		Sp + Brt + Gn		+++		+		+				+++		+				++														+

		GMA13-007		Sp + Brt + Py		+++		Tr		++				+		Tr				+++

		GMA13-008		Sp + Brt		++		Tr		+				+						++		+		+						Tr				+						+		+++		+

		GMA13-009a		Sp + Brt		++				+		Tr		Tr		Tr				+++		+												+		+				+		+++

		GMA13-009b		Am-Si + Brt ± Fe-MnOx		+				+		+		Tr		Tr				+++				++										+						+

		GMA13-010		Ccp + Sp		++		+++				+								+				+		+		Tr		Tr				+						+

		GMA13-012		Sp + Brt		+++				+										+++

		GMA13-017a		Am-Si + Brt + Mrc/Py						++		++								+++				+++										++		+				+

		GMA13-017b		Am-Si + Brt + Mrc/Py		+				++		++								+++				+++										Tr

		GMA13-018a		Am-Si + Brt ± Fe-MnOx						+										++				+++										+						+++

		GMA13-18b		Brt + Mrc ± Py		+				++		++								+++				+				Tr		Tr				Tr

		GMA13-019a		Sp + Brt		+++		++		+		+		Tr						+++				+						Tr

		GMA13-019b		Ccp + Sp		++		+++												+				++										Tr

		GMA13-020		Ccp + Py ± Mrc		+		+++		++		+								+				++						+

		GMA13-021		Ccp + Py ± Mrc		+		+++		++		+								+				++						+		+		+				+

		GMA13-022		Sp + Brt		+++		+		Tr				Tr		Tr				+++

		GMA13-024		Brt + Mrc ± Py		+						+++								++														+				+								+

		GMA13-027		Ccp + Sp		++		+++		+		+		Tr		+				+				+				Tr		+

		GMA13-028		Ccp + Sp		+		+++		+										+										+				+

		GMA13-029		Sp + Brt		+++		Tr		+				+		Tr				+++		+

		GMA13-030a		Am-Si + Brt ± Fe-MnOx						+		++												++										+++		+				+

		GMA13-030b		Am-Si + Brt + Mrc/Py		+				++		++								+++				++										+

		GMA13-031		Ccp + Sp		++		+++		+		+								+				+				Tr		+				+						+

		GMA13-032		Sp + Mrc/Py		+++		+		+++		+		+		Tr				+				++						Tr				Tr				Tr

		GMA13-033		Sp + Brt		+++				+				Tr						++														+						+

		GMA13-034		Ccp + Py ± Mrc		+		+++		++		+++								+				+		Tr		Tr		+				+				+

		GMA13-038		Ccp		+		+++		+										+										Tr		+		+

		GMA13-040		Sp + Brt + Py		+++		+		++				+						+++				+						Tr				+		Tr				+

		GMA13-041		Sp + Brt		+++		+		++		+		+						+++				+				Tr		+				+		+		Tr

		GMA13-042		Sp + Brt + Py		+++		+		+				+						+++				+						+				+		+				+

		GMA13-045		Brt + Mrc ± Py		+				+		++		+		+				+++				+										Tr				Tr

		GMA13-046		Ccp + Py ± Mrc		+		+++		++										+										+				+

		GMA13-048		Ccp		+		+++		+								Tr		Tr				+						Tr				Tr

		GMA13-049		Ccp + Sp		++		+++				+												++

		GMA13-050		Ccp + Mrc + Sp		+++		+++		+		+++				Tr				+										+

		GMA13-051		Sp + Brt		+++		+		Tr				+		+				+++				++				Tr		+				+		+								++

		GMA13-052		Sp + Mrc/Py		+++		+		+		++		+						+				+										+

		GMA13-053a		Sp + Brt		++		+		+		++		+						+++				+										Tr				Tr

		GMA13-053b		Sp + Brt		++		+		+		+		+						+++				++										+								++		+

		GMA13-058		Sp + Brt + Mrc		+++		+		+		+++		+		Tr				+++																		+

		GMA13-060		Am-Si + Brt ± Fe-MnOx		+		+				Tr								+++				++										+		+		+		+				+				+

		GMA13-061		Sp + Brt + Mrc		++		+		+		++		+		Tr				+++				+				+		+				Tr				Tr

		GMA13-062		Sp + Brt		+++		+		+		+		Tr						++				+										Tr





Petrography by chimney type



		Sample		Chimney Type				Sp		Ccp		Py		Mrc		Gn		Jd		Au		Brt		Anh		Gp		Am-Si		Bn		Dg		Cv		Ata(?)		FeOx		Hem		Goe(?)		MnOx		Volc. Clasts		Clay		Cal

				Chalcopyrite-rich

		GMA13-038				Ccp		+		+++		+										+												Tr		+		+

		GMA13-048				Ccp		+		+++		+								Tr		Tr						+						Tr				Tr

				Zoned chalcopyrite-rich

		GMA13-020				Ccp + Py ± Mrc		+		+++		++		+								+						++						+

		GMA13-021				Ccp + Py ± Mrc		+		+++		++		+								+						++						+		+		+				+

		GMA13-034				Ccp + Py ± Mrc		+		+++		++		+++								+						+		Tr		Tr		+				+				+

		GMA13-046				Ccp + Py ± Mrc		+		+++		++										+												+				+

		GMA13-004a				Ccp + Mrc + Sp		++		+++		+		+++				Tr				+						++						+

		GMA13-004b				Ccp + Mrc + Sp		++		+++		+		+++								+						++						Tr

		GMA13-050				Ccp + Mrc + Sp		+++		+++		+		+++				Tr				+												+

		MA13-028				Ccp + Mrc + Sp		++		+++				+++								+		++						+						Tr

		MA13-041				Ccp + Mrc + Sp		++		+++				++				+				++														+		Tr										Tr

		GMA13-010				Ccp + Sp		++		+++				+								+						+		+		Tr		Tr				+						+

		GMA13-019b				Ccp + Sp		++		+++												+						++										Tr

		GMA13-027				Ccp + Sp		++		+++		+		+		Tr		+				+						+				Tr		+

		GMA13-028				Ccp + Sp		+		+++		+										+												+				+

		GMA13-031				Ccp + Sp		++		+++		+		+								+						+				Tr		+				+						+

		GMA13-049				Ccp + Sp		++		+++				+														++

		MA13-046				Ccp + Sp		++		+++		+						+				++								Tr						Tr		+										+

		P0042				Ccp + Sp		++		+++		+										++								Tr				Tr				+										Tr

				Dendritic sphalerite-rich

		GMA13-002				Sp + Brt		+++				+										+++						+										Tr		+

		GMA13-012				Sp + Brt		+++				+										+++

		GMA13-019a				Sp + Brt		+++		++		+		+		Tr						+++						+						Tr

		GMA13-022				Sp + Brt		+++		+		Tr				Tr		Tr				+++

		GMA13-029				Sp + Brt		+++		Tr		+				+		Tr				+++		+

		GMA13-033				Sp + Brt		+++				+				Tr						++																+						+

		GMA13-042				Sp + Brt		+++		+		+				+						+++						+						+				+		+				+

		GMA13-051				Sp + Brt		+++		+		Tr				+		+				+++						++				Tr		+				+		+								++

		GMA13-053a				Sp + Brt		++		+		+		++		+						+++						+										Tr				Tr

		GMA13-062				Sp + Brt		+++		+		+		+		Tr						++						+										Tr

		MA13-003				Sp + Brt		+++		+		Tr										++								Tr

		MA13-011				Sp + Brt		+++		+		+						+				+++						+										Tr

		MA13-029				Sp + Brt		+++		+		+				+						+++						Tr										Tr										+

		MA13-043				Sp + Brt		+++		+		+										+++						++

		MA13-048				Sp + Brt		+++		++		+						+				+++								+						Tr		+										+

		MA13-065				Sp + Brt		+++				+						+				+++																+

		P0043				Sp + Brt		+++				+						+				+++						++										+										+

		GMA13-003a				Sp + Brt + Py		+++		Tr		++		+		Tr						++												Tr

		GMA13-003b				Sp + Brt + Py		+++		+		++		+		+						+												Tr				Tr

		GMA13-005				Sp + Brt + Py		+++		+		++		+		+						+++

		GMA13-007				Sp + Brt + Py		+++		Tr		++				+		Tr				+++

		GMA13-040				Sp + Brt + Py		+++		+		++				+						+++						+						Tr				+		Tr				+

		GMA13-041				Sp + Brt + Py		+++		+		++		+		+						+++						+				Tr		+				+		+		Tr

		GMA13-006				Sp + Brt + Gn		+++		+		+				+++		+				++																+

		GMA13-058				Sp + Brt + Mrc		+++		+		+		+++		+		Tr				+++																				+

		GMA13-061				Sp + Brt + Mrc		++		+		+		++		+		Tr				+++						+				+		+				Tr				Tr

		GMA13-032				Sp + Mrc/Py		+++		+		+++		+		+		Tr				+						++						Tr				Tr				Tr

		GMA13-052				Sp + Mrc/Py		+++		+		+		++		+						+						+										+

		MA13-098				Sp + Mrc/Py		++		++		+++										++						++										Tr										+

		+++ = abundant (>25%); ++ = major (10-25%); + = minor (1-9%); Tr = Trace (<1%)

		Sp = sphalerite; Ccp = chalcopyrite; Py = pyrite; Mrc = marcasite; Gn = galena; Jd = jordanite; Au = gold; Brt = barite; Anh = anhydrite; Gp = gypsum

		Am-Si = amorphous silica (opal-A); Bn = bornite; Dg = digenite; Cv = covellite; Ata = atacamite; FeOx = iron oxyhydroxie; Hem = hematite; Goe = goethite; 

		MnOx = manganese oxyhydroxide; Volc. = volcanic; Cal = calcite





		Sample		Chimney Type				Sp		Ccp		Py		Mrc		Gn		Jd		Au		Brt		Anh		Gp		Am-Si		Bn		Dg		Cv		Ata(?)		FeOx		Hem		Goe(?)		MnOx		Volc. Clasts		Clay		Cal

				Barite-rich chimneys

		GMA13-18b				Brt + Mrc ± Py		+				++		++								+++						+				Tr		Tr				Tr

		GMA13-024				Brt + Mrc ± Py		+						+++								++																+				+								+

		GMA13-045				Brt + Mrc ± Py		+				+		++		+		+				+++						+										Tr				Tr

				Silicified barite-rich chimneys

		GMA13-009b				Am-Si + Brt ± Fe-MnOx		+				+		+		Tr		Tr				+++						++										+						+

		GMA13-018a				Am-Si + Brt ± Fe-MnOx						+										++						+++										+						+++

		GMA13-030a				Am-Si + Brt ± Fe-MnOx						+		++														++										+++		+				+

		GMA13-060				Am-Si + Brt ± Fe-MnOx		+		+				Tr								+++						++										+		+		+		+				+

		GMA13-017a				Am-Si + Brt + Mrc/Py						++		++								+++						+++										++		+				+

		GMA13-017b				Am-Si + Brt + Mrc/Py		+				++		++								+++						+++										Tr

		GMA13-030b				Am-Si + Brt + Mrc/Py		+				++		++								+++						++										+

				Mineralized volcanic breccia

		GMA13-008				Sp + Brt + Volc. Clasts		++		Tr		+				+						++		+				+						Tr				+						+		+++		+

		GMA13-009a				Sp + Brt + Volc. Clasts		++				+		Tr		Tr		Tr				+++		+														+		+				+		+++

		GMA13-053b				Sp + Brt + Volc. Clasts		++		+		+		+		+						+++						++										+								++		+

				Mineralized volcanic breccia - disseminated

		MA13-010				Sp + Brt + Volc. Clasts		+++		+		+										+++						+																		+

		MA13-012				Sp + Brt + Volc. Clasts		++		+		+						+				+++						++																		+++

		MA13-032				Sp + Brt + Volc. Clasts		++		+		+										+++						++										+								++

		MA13-066				Sp + Brt + Volc. Clasts		++		+		Tr										+++						++								Tr										+

		MA13-013				Py + Brt + Volc. Clasts		+		+		++										++						+																		++		+++

		MA13-031				Ccp + Brt + Volc. Clasts		+		++		+										+++						++																		+++

		P0011				Ccp + Brt + Volc. Clasts				+++		++										+++						++		Tr				Tr				Tr								++

				Mixed chimney talus

		MA13-030				Sp + Py + Brt + Gp		+++		+		++										++		+		++																						++

		MA13-033				Ccp + Sp + Py + Brt/Anh		++		+++		++												++		+

		P0010				Ccp + Sp + Py + Brt/Anh		++		++		+++										++				++				+

		+++ = abundant (>25%); ++ = major (10-25%); + = minor (1-9%); Tr = Trace (<1%)

		Sp = sphalerite; Ccp = chalcopyrite; Py = pyrite; Mrc = marcasite; Gn = galena; Jd = jordanite; Au = gold; Brt = barite; Anh = anhydrite; Gp = gypsum

		Am-Si = amorphous silica (opal-A); Bn = bornite; Dg = digenite; Cv = covellite; Ata = atacamite; FeOx = iron oxyhydroxie; Hem = hematite; Goe = goethite; 

		MnOx = manganese oxyhydroxide; Volc. = volcanic; Cal = calcite
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Fe S Cu In Zn Cd Ga Hg Pb As Sb Ag Au Mn

Mineral Chimney Type wt.% wt.% wt.% wt.% wt.% wt.% wt.% wt.% wt.% wt.% wt.% wt.% wt.% wt.%

Chalcopyrite

Ccp-rich 30.52 34.49 34.65 <0.01 0.07 <0.01 <0.01 0.01 NA NA NA NA 0.10 <0.01

Zoned 30.28 34.61 34.41 <0.01 0.35 0.01 0.01 0.01 0.13 0.06 0.02 0.01 0.08 0.01

Sp-rich 29.68 34.70 34.01 <0.01 1.22 0.01 0.01 0.01 0.13 0.05 0.06 0.02 0.06 <0.01

Brt-rich 29.15 34.51 33.41 <0.01 1.09 <0.01 <0.01 0.05 0.19 <0.01 <0.01 0.01 0.04 NA

Pyrite

Ccp-rich 46.97 52.63 0.80 <0.01 0.19 <0.01 <0.01 <0.01 NA NA NA NA 0.07 <0.01

Zoned 46.74 52.40 0.31 <0.01 0.25 0.01 <0.01 <0.01 0.42 0.07 0.01 0.01 0.06 0.06

Sp-rich 45.64 52.40 0.31 <0.01 1.04 0.01 <0.01 0.01 1.20 0.12 0.02 0.02 0.07 0.04

Marcasite

Zoned 47.29 52.85 0.47 <0.01 0.21 0.01 <0.01 <0.01 0.18 0.07 0.01 <0.01 0.05 <0.01

Sp-rich 46.74 52.60 0.30 <0.01 0.31 0.01 <0.01 0.01 0.61 0.26 0.02 0.04 0.04 0.02

Brt-rich 46.81 53.42 0.58 <0.01 0.18 <0.01 <0.01 <0.01 0.38 0.06 0.01 <0.01 0.05 NA

Sphalerite

Ccp-rich 1.54 33.23 0.07 0.01 64.35 0.33 0.17 NA NA NA NA NA 0.11 <0.01

Zoned 1.72 32.75 1 0.01 62.76 0.40 0.23 0.01 0.69 0.07 0.09 0.01 0.15 0.01

Sp-rich 1.30 32.79 0.78 0.01 63.24 0.33 0.21 0.03 1.03 0.09 0.21 0.10 0.19 0.01

Brt-rich 0.97 32.80 0.47 <0.01 62.93 0.03 0.16 0.04 1.56 0.13 0.24 0.12 0.14 0.01

Galena

Zoned 0.03 13.31 0.18 <0.01 0.06 0.05 0.01 0.04 86.56 0.15 0.08 NA NA NA

Sp-rich 0.06 13.66 0.14 <0.01 2.65 0.05 0.09 0.02 84.58 0.15 0.47 0.04 0.05 <0.01

Brt-rich 0.01 13.65 0.17 <0.01 1.99 0.05 0.01 0.04 83.59 0.65 0.50 0.19 0.05 NA

Pb-As-Sb Sulfosalt

Zoned 0.03 17.20 0.10 <0.01 2.31 0.05 <0.01 0.05 73.48 7.73 0.12 NA NA NA

Sp-rich 0.04 18.01 1.28 <0.01 1.76 0.05 <0.01 0.03 70.37 9.38 0.03 NA NA NA

Brt-rich 0.01 16.81 0.12 <0.01 1.12 0.04 <0.01 0.04 70.47 9.76 0.09 0.20 0.03 NA

Covellite

Ccp-rich 0.46 31.97 60.95 <0.01 4.87 0.05 0.01 NA NA NA NA NA <0.01 NA

0.40 32.89 64.53 0.01 0.54 <0.01 0.01 0.01 0.23 0.24 0.01 0.07 0.05 0.01

Sp-rich 0.10 29.76 63.92 <0.01 3.97 0.04 0.02 <0.01 0.96 <0.01 0.01 NA NA NA

Bornite

Zoned 15.68 32.91 49.75 <0.01 <0.01 0.01 0.01 <0.01 <0.01 0.05 0.02 0.13 0.06 0.01
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								Fe		S		Cu		In		Zn		Cd		Ga		Hg		Pb		As		Sb		Ag		Au		Mn

				Mineral		Chimney Type		wt.%		wt.%		wt.%		wt.%		wt.%		wt.%		wt.%		wt.%		wt.%		wt.%		wt.%		wt.%		wt.%		wt.%

				Chalcopyrite

						Ccp-rich		30.52		34.49		34.65		<0.01		0.07		<0.01		<0.01		0.01		NA		NA		NA		NA		0.10		<0.01

						Zoned		30.28		34.61		34.41		<0.01		0.35		0.01		0.01		0.01		0.13		0.06		0.02		0.01		0.08		0.01

						Sp-rich		29.68		34.70		34.01		<0.01		1.22		0.01		0.01		0.01		0.13		0.05		0.06		0.02		0.06		<0.01

						Brt-rich		29.15		34.51		33.41		<0.01		1.09		<0.01		<0.01		0.05		0.19		<0.01		<0.01		0.01		0.04		NA

				Pyrite

						Ccp-rich		46.97		52.63		0.80		<0.01		0.19		<0.01		<0.01		<0.01		NA		NA		NA		NA		0.07		<0.01

						Zoned		46.74		52.40		0.31		<0.01		0.25		0.01		<0.01		<0.01		0.42		0.07		0.01		0.01		0.06		0.06

						Sp-rich		45.64		52.40		0.31		<0.01		1.04		0.01		<0.01		0.01		1.20		0.12		0.02		0.02		0.07		0.04

				Marcasite

						Zoned		47.29		52.85		0.47		<0.01		0.21		0.01		<0.01		<0.01		0.18		0.07		0.01		<0.01		0.05		<0.01

						Sp-rich		46.74		52.60		0.30		<0.01		0.31		0.01		<0.01		0.01		0.61		0.26		0.02		0.04		0.04		0.02

						Brt-rich		46.81		53.42		0.58		<0.01		0.18		<0.01		<0.01		<0.01		0.38		0.06		0.01		<0.01		0.05		NA

				Sphalerite

						Ccp-rich		1.54		33.23		0.07		0.01		64.35		0.33		0.17		NA		NA		NA		NA		NA		0.11		<0.01

						Zoned		1.72		32.75		1		0.01		62.76		0.40		0.23		0.01		0.69		0.07		0.09		0.01		0.15		0.01

						Sp-rich		1.30		32.79		0.78		0.01		63.24		0.33		0.21		0.03		1.03		0.09		0.21		0.10		0.19		0.01

						Brt-rich		0.97		32.80		0.47		<0.01		62.93		0.03		0.16		0.04		1.56		0.13		0.24		0.12		0.14		0.01

				Galena

						Zoned		0.03		13.31		0.18		<0.01		0.06		0.05		0.01		0.04		86.56		0.15		0.08		NA		NA		NA

						Sp-rich		0.06		13.66		0.14		<0.01		2.65		0.05		0.09		0.02		84.58		0.15		0.47		0.04		0.05		<0.01

						Brt-rich		0.01		13.65		0.17		<0.01		1.99		0.05		0.01		0.04		83.59		0.65		0.50		0.19		0.05		NA

				Pb-As-Sb Sulfosalt

						Zoned		0.03		17.20		0.10		<0.01		2.31		0.05		<0.01		0.05		73.48		7.73		0.12		NA		NA		NA

						Sp-rich		0.04		18.01		1.28		<0.01		1.76		0.05		<0.01		0.03		70.37		9.38		0.03		NA		NA		NA

						Brt-rich		0.01		16.81		0.12		<0.01		1.12		0.04		<0.01		0.04		70.47		9.76		0.09		0.20		0.03		NA

				Covellite

						Ccp-rich		0.46		31.97		60.95		<0.01		4.87		0.05		0.01		NA		NA		NA		NA		NA		<0.01		NA

								0.40		32.89		64.53		0.01		0.54		<0.01		0.01		0.01		0.23		0.24		0.01		0.07		0.05		0.01

						Sp-rich		0.10		29.76		63.92		<0.01		3.97		0.04		0.02		<0.01		0.96		<0.01		0.01		NA		NA		NA

				Bornite

						Zoned		15.68		32.91		49.75		<0.01		<0.01		0.01		0.01		<0.01		<0.01		0.05		0.02		0.13		0.06		0.01








image4.emf
FI Group

Host 

Mineral

No. of 

FI

Size 

[μm] V [%] Phases Generation

Paragenetic 

Sequence

T

h

 [°C]T

e

 [°C]

Salinity [wt.% 

NaCl eq.] Notes

P003_A_g01 anh 2 4–7 1–10 L + V primary I N/A N/A N/A

P003_B_g01 anh 4 4–6 1–5 L + V secondary I N/A N/A N/A

P003_B_g02 anh 2 3–4 1 L + V secondary I N/A N/A N/A lie on crack within crystal

P003_B_g03 anh 17 4–10 1–10 L + V primary I N/A N/A N/A lie on crack within crystal

P003_C_g01 anh 2 1–16 1–10 L + V secondary II N/A N/A N/A

P004_D_g01a anh 2 9–20 5–15 L + V primary I 269 273 3.6

P004_D_g01b anh 2 3–4 4–8 L + V primary I 232 238 3.6 parallel to crystal margins

P004_E_g03 anh 6 4–22 10 L + V primary I, II 230 236 0.0 secondary chain next to it

P004_K_g01a anh 1 16 10 L + V primary II, III 254 259 3.8 lies separate

P004_K_g01b anh 3 6–9 10 L + V primary II, III 200 206 3.8

P004_L_g01 anh 10 7–10 2–8 L + V secondary I 262 267 3.9 many generations in different layers

P004_L_g02 anh 4 8–10 7 L + V secondary I 251 256 4.1

P004_L_g03 anh 1 8 7 L + V secondary I 237 243 3.4

P004_N_g02 brt 2 4–38 2–10 L + V secondary II 211 217 2.8 some inclusions necking down

P004_N_g03 brt 3 4–10 2–4 L + V secondary II 207 213 3.0 some inclusions necking down

P004_N_g04 brt 1 8 5 L + V secondary II 250 256 3.1 some inclusions necking down

P004_N_g05 brt 2 10–12 1–10 L + V secondary II 213 219 3.1 some inclusions necking down

P004_N_g07a brt 7 2–10 5–10 L + V secondary II 196 202 3.1 some inclusions necking down

P004_N_g07b brt 3 2–4 8–10 L + V secondary II 261 266 3.1 some inclusions necking down

P004_P_g01 anh 5 8–16 2–10 L + V primary I 225 231 3.6 smaller inclusions surrounding

P004_R_g01a brt 2 10–40 5 L + V secondary II 252 257 3.4 along row above crack

P004_R_g01b brt 2 10–17 5 L + V secondary II 203 209 3.4 along row above crack

P004_U_g01a anh 2 28–38 5–10 L + V secondary I 288 291 2.6

P004_U_g01b anh 12 3–7 5–10 L + V secondary I 225 231 2.6

P004_U_g02 anh 1 20 5 L + V secondary I 221 227 2.3

P004_V_g01 anh 4 3–5 4–8 L + V secondary I 225 224 2.8

P004_V_g02 anh 2 2–5 4 L + V primary I 231 331 2.8

P004_W_g01 anh 7 5–15 4–8 L + V secondary I 258 264 2.6

MA13-089_A_g01 anh 2 15-42 2–5 L + V secondary II N/A N/A N/A part of large group, most are empty

MA13-089_B_g01 anh 1 20 1 L + V secondary I N/A N/A N/A part of large group, most are empty

MA13-089_C_g01 anh 1 18 10 L + V primary I N/A N/A N/A

MA13-090_G_g01 sp 1 20 10 L + V secondary I 242 248 3.4

MA13-090_H_g01 sp 1 25 5 L + V primary I, II 240 246 3.4

MA13-090_H_g02 sp 1 25 7 L + V primary I, II 295 298 3.1

MA13-090_H_g07 sp 19 8–20 8–20 L + V secondary I, II 269 274 4.5 along row

MA13-090_H_g10 sp 3 10–22 4–10 L + V secondary I, II 270 275 3.3 implosion (?) of one inclusion

MA13-090_I_g01 sp 7 6–10 5–10 L + V secondary I 265 270 2.6 FI chain

MA13-090_J_g01 sp 5 2–11 10–20 L + V secondary I 288 291 3.3 FI chain/cluster

P005_F_g01 sp 8 4–13 2–20 L + V secondary I 258 263 3.9 FI chain

P005_G_g01a sp 7 5–50 5–10 L + V secondary I 249 254 3.6 mostly empty

P005_G_g01b sp 4 6–16 5–10 L + V secondary I 232 238 3.6 some necking down

P005_G_g01c sp 6 6–15 5–10 L + V secondary I 232 238 2.6

P005_G_g01d sp 3 6–12 5–10 L + V secondary I 249 257 3.9

P005_L_g01a sp 5 4–15 3–7 L + V + S secondary I 230 238 3.8 two inclusions show 3 and 5% solids

P005_L_g01b sp 2 5 2–3 L + V secondary I 220 225 3.8

P005_L_g01c sp 2 5–7 7–10 L + L + V secondary I 249 254 4.5 one inclusion with 3% second L phase

P005_L_g01d sp 5 5 2–7 L + V secondary I 230 235 3.9

P005_L_g02 sp 29 2–7 3–10 L + V secondary I 225 230 3.4

P005_M_g01 sp 12 2–6 5–15 L + V secondary I 221 227 4.1

P005_P_g02 sp 9 5–20 7–10 L + V secondary I 272 277 4.7

P005_P_g03 sp 11 1–9 5–7 L + V primary I 251 257 3.6

Inclusions grouped according to crystal (capital letter), petrographic group (g0x) and sub-group (lower-case letter), taking freezing and heating

measurements into account. anh = anhydrite; brt = barite; sp = sphalerite; L = liquid; V = vapor; S = solid; N/A = not analyzed
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		FI Group		Host Mineral		No. of FI		Size [μm]		V [%]		Phases		Generation		Paragenetic Sequence		Th [°C]		Te [°C]		Salinity [wt.% NaCl eq.]		Notes

		P003_A_g01		anh		2		4–7		1–10		L + V		primary		I		N/A		N/A		N/A

		P003_B_g01		anh		4		4–6		1–5		L + V		secondary		I		N/A		N/A		N/A

		P003_B_g02		anh		2		3–4		1		L + V		secondary		I		N/A		N/A		N/A		lie on crack within crystal

		P003_B_g03		anh		17		4–10		1–10		L + V		primary		I		N/A		N/A		N/A		lie on crack within crystal

		P003_C_g01		anh		2		1–16		1–10		L + V		secondary		II		N/A		N/A		N/A

		P004_D_g01a		anh		2		9–20		5–15		L + V		primary		I		269		273		3.6

		P004_D_g01b		anh		2		3–4		4–8		L + V		primary		I		232		238		3.6		parallel to crystal margins

		P004_E_g03		anh		6		4–22		10		L + V		primary		I, II		230		236		0.0		secondary chain next to it

		P004_K_g01a		anh		1		16		10		L + V		primary		II, III		254		259		3.8		lies separate

		P004_K_g01b		anh		3		6–9		10		L + V		primary		II, III		200		206		3.8

		P004_L_g01		anh		10		7–10		2–8		L + V		secondary		I		262		267		3.9		many generations in different layers

		P004_L_g02		anh		4		8–10		7		L + V		secondary		I		251		256		4.1

		P004_L_g03		anh		1		8		7		L + V		secondary		I		237		243		3.4

		P004_N_g02		brt		2		4–38		2–10		L + V		secondary		II		211		217		2.8		some inclusions necking down

		P004_N_g03		brt		3		4–10		2–4		L + V		secondary		II		207		213		3.0		some inclusions necking down

		P004_N_g04		brt		1		8		5		L + V		secondary		II		250		256		3.1		some inclusions necking down		251.8

		P004_N_g05		brt		2		10–12		1–10		L + V		secondary		II		213		219		3.1		some inclusions necking down		3.4

		P004_N_g07a		brt		7		2–10		5–10		L + V		secondary		II		196		202		3.1		some inclusions necking down		3.4

		P004_N_g07b		brt		3		2–4		8–10		L + V		secondary		II		261		266		3.1		some inclusions necking down

		P004_P_g01		anh		5		8–16		2–10		L + V		primary		I		225		231		3.6		smaller inclusions surrounding

		P004_R_g01a		brt		2		10–40		5		L + V		secondary		II		252		257		3.4		along row above crack

		P004_R_g01b		brt		2		10–17		5		L + V		secondary		II		203		209		3.4		along row above crack

		P004_U_g01a		anh		2		28–38		5–10		L + V		secondary		I		288		291		2.6

		P004_U_g01b		anh		12		3–7		5–10		L + V		secondary		I		225		231		2.6

		P004_U_g02		anh		1		20		5		L + V		secondary		I		221		227		2.3

		P004_V_g01		anh		4		3–5		4–8		L + V		secondary		I		225		224		2.8

		P004_V_g02		anh		2		2–5		4		L + V		primary		I		231		331		2.8

		P004_W_g01		anh		7		5–15		4–8		L + V		secondary		I		258		264		2.6

		MA13-089_A_g01		anh		2		15-42		2–5		L + V		secondary		II		N/A		N/A		N/A		part of large group, most are empty

		MA13-089_B_g01		anh		1		20		1		L + V		secondary		I		N/A		N/A		N/A		part of large group, most are empty

		MA13-089_C_g01		anh		1		18		10		L + V		primary		I		N/A		N/A		N/A

		MA13-090_G_g01		sp		1		20		10		L + V		secondary		I		242		248		3.4				274

		MA13-090_H_g01		sp		1		25		5		L + V		primary		I, II		240		246		3.4				3.3

		MA13-090_H_g02		sp		1		25		7		L + V		primary		I, II		295		298		3.1

		MA13-090_H_g07		sp		19		8–20		8–20		L + V		secondary		I, II		269		274		4.5		along row

		MA13-090_H_g10		sp		3		10–22		4–10		L + V		secondary		I, II		270		275		3.3		implosion (?) of one inclusion

		MA13-090_I_g01		sp		7		6–10		5–10		L + V		secondary		I		265		270		2.6		FI chain

		MA13-090_J_g01		sp		5		2–11		10–20		L + V		secondary		I		288		291		3.3		FI chain/cluster

		P005_F_g01		sp		8		4–13		2–20		L + V		secondary		I		258		263		3.9		FI chain

		P005_G_g01a		sp		7		5–50		5–10		L + V		secondary		I		249		254		3.6		mostly empty

		P005_G_g01b		sp		4		6–16		5–10		L + V		secondary		I		232		238		3.6		some necking down

		P005_G_g01c		sp		6		6–15		5–10		L + V		secondary		I		232		238		2.6

		P005_G_g01d		sp		3		6–12		5–10		L + V		secondary		I		249		257		3.9

		P005_L_g01a		sp		5		4–15		3–7		L + V + S		secondary		I		230		238		3.8		two inclusions show 3 and 5% solids		238

		P005_L_g01b		sp		2		5		2–3		L + V		secondary		I		220		225		3.8				3.8

		P005_L_g01c		sp		2		5–7		7–10		L + L + V		secondary		I		249		254		4.5		one inclusion with 3% second L phase

		P005_L_g01d		sp		5		5		2–7		L + V		secondary		I		230		235		3.9

		P005_L_g02		sp		29		2–7		3–10		L + V		secondary		I		225		230		3.4

		P005_M_g01		sp		12		2–6		5–15		L + V		secondary		I		221		227		4.1

		P005_P_g02		sp		9		5–20		7–10		L + V		secondary		I		272		277		4.7

		P005_P_g03		sp		11		1–9		5–7		L + V		primary		I		251		257		3.6

		Inclusions grouped according to crystal (capital letter), petrographic group (g0x) and sub-group (lower-case letter), taking freezing and heating

		measurements into account. anh = anhydrite; brt = barite; sp = sphalerite; L = liquid; V = vapor; S = solid; N/A = not analyzed





Microthermometry



		Fluid Inclusion Group		Host mineral				Th [°C]		Te [°C]		Salinity [wt.% NaCl eq.]

		P0004_D_g01a		ahydrite		primary		269		273		3.6

		P0004_D_g01b		ahydrite		primary		232		238		3.6

		P0004_E_g03		ahydrite		primary		230		236		0.00

		P0004_K_g01a		ahydrite		primary		254		259		3.8

		P0004_K_g01b		ahydrite		primary		200		206		3.8

		P0004_V_g02		anhydrite		primary		231		231		2.8		7

		P0004_P_g01		anhydrite		primary		225		231		3.6

		P0004_L_g01		ahydrite		secondary		262		267		3.9

		P0004_L_g02		ahydrite		secondary		251		256		4.1

		P0004_L_g03		ahydrite		secondary		237		243		3.4

		P0004_U_g01a		anhydrite		secondary		288		291		2.6

		P0004_U_g01b		anhydrite		secondary		225		231		2.6		249.5

		P0004_U_g02		anhydrite		secondary		221		227		2.3

		P0004_V_g01		anhydrite		secondary		225		234		2.8

		P0004_W_g01		anhydrite		secondary		258		264		2.6		8

		P0004_N_g02		barite		secondary		211		217		2.8

		P0004_N_g03		barite		secondary		207		213		3.0

		P0004_N_g04		barite		secondary		250		256		3.1		218

		P0004_N_g05		barite		secondary		213		219		3.1		3.1

		P0004_N_g07a		barite		secondary		196		202		3.1

		P0004_N_g07b		barite		secondary		261		266		3.1

		P0004_R_g01a		barite		secondary		252		257		3.4		8		BIN		P004 Brt		P004 Anh P		P004 Anh S		MA13-090 Sp P		MA13-090 Sp S		P005 Sp P		P005 Sp S

		P0004_R_g01b		barite		secondary		203		209		3.4		8		200		0		0		0		0		0		0		0

		MA13-090_G_g01		sphalerite		secondary		242		248		3.4				210		2		1		0		0		0		0		0

		MA13-090_H_g01		sphalerite		primary		240		246		3.4				220		3		0		0		0		0		0		0

		MA13-090_H_g02		sphalerite		primary		295		298		3.1				230		0		0		1		0		0		0		3

		MA13-090_H_g07		sphalerite		secondary		269		274		4.5				240		0		4		2		0		0		0		4

		MA13-090_H_g10		sphalerite		secondary		270		275		3.3				250		0		1		1		1		1		0		0

		MA13-090_I_g01		sphalerite		secondary		265		270		2.6		7		260		2		0		1		0		0		1		3

		MA13-090_J_g01		sphalerite		secondary		288		291		3.3		7		270		1		0		2		0		1		0		1

		P0005_F_g01		sphalerite		secondary		258		263		3.9				280		0		1		0		0		2		0		1

		P0005_G_g01a		sphalerite		secondary		249		254		3.6				290		0		0		0		0		0		0		0

		P0005_G_g01b		sphalerite		secondary		232		238		3.6				300		0		0		1		1		1		0		0

		P0005_G_g01c		sphalerite		secondary		232		238		2.6				310		0		0		0		0		0		0		0

		P0005_G_g01d		sphalerite		secondary		249		257		3.9

		P0005_L_g01a		sphalerite		secondary		230		238		3.8

		P0005_L_g01b		sphalerite		secondary		220		225		3.8

		P0005_L_g01c		sphalerite		secondary		249		254		4.5

		P0005_L_g01d		sphalerite		secondary		230		235		3.9

		P0005_L_g02		sphalerite		secondary		225		230		3.4

		P0005_M_g01		sphalerite		secondary		221		227		4.1

		P0005_P_g02		sphalerite		secondary		272		277		4.7		13

		P0005_P_g03		sphalerite		primary		251		257		3.6		13



										298

										202						BIN		P004 Brt		P004 Anh P		P004 Anh S		MA13-090 Sp P		MA-090 Sp S		P005 Sp P		P005 Sp S

																0.5		0		1		0		0		0		0		0

																1		0		0		0		0		0		0		0

																1.5		0		0		0		0		0		0		0

																2		0		0		0		0		0		0		0

																2.5		0		0		1		0		0		0		0

																3		2		1		4		0		1		0		1

																3.5		6		0		1		2		3		0		1

																4		0		5		1		0		0		1		7

																4.5		0		0		1		0		1		0		2

																5		0		0		0		0		0		0		1



P004 Brt	200	210	220	230	240	250	260	270	280	290	300	310	0	2	3	0	0	0	2	1	0	0	0	0	P004 Anh P	200	210	220	230	240	250	260	270	280	290	300	310	0	1	0	0	4	1	0	0	1	0	0	0	P004 Anh S	0	0	0	1	2	1	1	2	0	0	1	0	

n









P005 Sp P	0	0	0	0	0	0	1	0	0	0	0	0	P005 Sp S	200	210	220	230	240	250	260	270	280	290	300	310	0	0	0	3	4	0	3	1	1	0	0	0	MA13-090 Sp P	200	210	220	230	240	250	260	270	280	290	300	310	0	0	0	0	0	1	0	0	0	0	1	0	MA13-090 Sp S	0	0	0	0	0	1	0	1	2	0	1	0	Te [°C]





n









P004 Brt	0.5	1	1.5	2	2.5	3	3.5	4	4.5	5	0	0	0	0	0	2	6	0	0	0	P004 Anh P	0.5	1	1.5	2	2.5	3	3.5	4	4.5	5	1	0	0	0	0	1	0	5	0	0	P004 Anh S	0	0	0	0	1	4	1	1	1	0	

n







MA13-090 Sp P	0.5	1	1.5	2	2.5	3	3.5	4	4.5	5	0	0	0	0	0	0	2	0	0	0	MA-090 Sp S	0	0	0	0	0	1	3	0	1	0	P005 Sp P	0	0	0	0	0	0	0	1	0	0	P005 Sp S	0.5	1	1.5	2	2.5	3	3.5	4	4.5	5	0	0	0	0	0	1	1	7	2	1	Salinity [wt.% NaClequiv]





n







P004 Brt	217	213	256	219	202	266	257	209	2.8	3	3.1	3.1	3.1	3.1	3.4	3.4	P004 Anh, P	273	238	236	259	206	231	231	3.6	3.6	0	3.8	3.8	2.8	3.6	P004 Anh, S	267	256	243	291	231	227	234	264	3.9	4.0999999999999996	3.4	2.6	2.6	2.2999999999999998	2.8	2.6	MA13-090 Sp, P	246	298	3.4	3.1	MA13-090 Sp, S	248	274	275	270	291	3.4	4.5	3.3	2.6	3.3	P005 Sp, P	257	3.6	P005 Sp, S	263	254	238	238	257	238	225	254	235	230	227	277	3.9	3.6	3.6	2.6	3.9	3.8	3.8	4.5	3.9	3.4	4.0999999999999996	4.7	
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GMA13-004 Zoned Ccp 0.3 0.12

GMA13-019A Sp-rich Ccp 0.7 0.17

GMA13-021 Zoned Ccp 0.6 0.13

GMA13-034 Zoned Ccp 1.9 0.07

GMA13-038 Ccp-rich Ccp -0.8 0.13

GMA13-048 Sp-rich Ccp 1.6 0.23

GMA13-010 Zoned Ccp 0.46

GMA13-046 Zoned Ccp 1.22

GMA13-049 Zoned Ccp 1.98

GMA13-021 Zoned Py 0.9 0.02

GMA13-024 Brt-rich Py -0.4 0.05

GMA13-029 Sp-rich Py 3.1 0.13

GMA13-038 Ccp-rich Py -0.4 0.06

GMA13-050 Zoned Py 2.0 0.12

GMA13-045 Brt-rich Py 1.07

GMA13-046 Zoned Py 1.74

GMA13-048 Sp-rich Py 1.79

P005 Alt. FW; 19.14 mbsf Py 0.90

GMA13-010 Zoned Sp (dark) 1.2 0.36

GMA13-012 Sp-rich Sp (dark) 2.4 0.27

GMA13-024 Brt-rich Sp (dark) 0.3 0.00

GMA13-032 Sp-rich Sp (light) 1.1 0.07

GMA13-038 Ccp-rich Sp (dark) 1.1 0.17

GMA13-040 Sp-rich Sp (dark) 2.4 0.24

GMA13-042 Sp-rich Sp (dark) 2.5 0.11

GMA13-042 Sp-rich Sp (light) 3.4 0.14

GMA13-049 Zoned Sp (dark) 3.4 0.05

GMA13-050 Zoned Sp (dark) 1.4 0.07

GMA13-052 Sp-rich Sp (dark) 3.1 0.34

GMA13-061 Sp-rich Sp (dark) 1.6 0.11

GMA13-061 Sp-rich Sp (dark) 2.0 0.34

GMA13-062 Sp-rich Sp (dark) 2.6 0.22

GMA13-062 Sp-rich Sp (dark) 1.9 0.06

GMA13-019A Sp-rich Sp (dark) 1.15

GMA13-032 Sp-rich Sp (dark) 1.31

GMA13-045 Brt-rich Sp (dark) 1.15

P005 Alt. FW; 19.14 mbsf Sp (dark) 0.55

MA13-090 Alt. FW; 18.40 mbsf Anh 20.6 0.18

P003 Alt. FW; 14.81 mbsf Anh 22.17

P004 Alt. FW; 15.65 mbsf Anh 21.96

MA13-087 Alt. FW; 16.05 mbsf Anh 21.88

MA13-088 Alt. FW; 17.40 mbsf Anh 21.27

MA13-089 Alt. FW; 17.90 mbsf Anh 21.46

P005 Alt. FW; 19.14 mbsf Anh 21.07

MA13-091 Alt. FW; 20.77 mbsf Anh 20.80

P003 Alt. FW; 14.81 mbsf Gp 21.79

P004 Alt. FW; 15.65 mbsf Gp 21.3 0.50

GMA13-002 Sp-rich Brt 21.7 0.25

GMA13-012 Sp-rich Brt 21.0 0.01

GMA13-019A Sp-rich Brt 20.9 0.19

GMA13-024 Brt-rich Brt 19.5 0.08

GMA13-029 Sp-rich Brt 19.3 0.04

GMA13-031 Zoned Brt 22.5 0.06

GMA13-058 Sp-rich Brt 20.1 0.05

GMA13-034 Zoned Brt 21.04

GMA13-045 Brt-rich Brt 21.67

GMA13-061 Sp-rich Brt 21.15

d

34

S values measured relative to Canyon Diablo Troilite (V-CDT)

Alt. FW = altered footwall; Anh = anhydrite; Gp = gypsum; Brt = barite; 

Ccp = chalcopyrite; Py = pyrite; Sp = sphalerite

No Pretreatment

DeltaPlus


Microsoft_Excel_Worksheet4.xlsx
original

								No pretreatment						Chemical pretreatment						Chemical pretreatment + F

								DeltaPlus						DeltaPlus						MAT 253

								d34S (‰)		± 1 σ				d34S (‰)		± 1 σ				d34S (‰)		D33S (‰)		D36S (‰)

				Sample		Mineral		V-CDT		(‰)				V-CDT		(‰)				V-CDT

				GMA13-040		Brt		9.6		0.241

				GMA13-038		Ccp		-0.8		0.125

				GMA13-038		Sp (dark)		1.1		0.169

				GMA13-040		Sp (dark)		2.4		0.239

				GMA13-042		Sp (dark)		2.5		0.105

				GMA13-040		Sp (light)		7.0		0.364				1.9		0.188

				GMA13-042		Sp (light)		3.4		0.135

				GMA13-038		Py		-0.4		0.060

				P003		Anh		21.2		0.385										22.166		0.022		0.113

				P003		Gp														21.793		0.022		0.180

				P004		Anh														21.963		0.024		0.042

				P004		Gp		21.3		0.502

				MA13-087		Anh														21.881		0.028		0.284

				MA13-087		Anh														21.682		0.029		0.027

				MA13-088		Anh														21.266		0.019		0.067

				MA13-089		Anh		20.5		0.020										21.457		0.023		0.131

				MA13-090		Anh		20.6		0.176

				P005		Anh														21.065		0.019		0.164

				P005		Sp (dark)														0.549		-0.021		0.815

				P005		Py														0.899		-0.009		0.735

				MA13-091		Anh														20.795		0.011		0.240

				GMA13-019A		Brt		20.9		0.194

				GMA13-019A		Ccp		0.7		0.171

				GMA13-021		Ccp		0.6		0.125

				GMA13-046		Ccp		1.3		0.121				1.8		0.073				1.221		-0.028		0.715

				dup				1.8		0.073

				dup				1.0		0.013

				GMA13-019A		Sp (dark)		1.2		0.104										1.146		-0.029		0.644

				GMA13-022		Sp (dark)		8.4		0.143

				GMA12-022		Sp (light)		11.0		0.320				1.5		0.146

				GMA13-021		Py		0.9		0.015

				GMA13-046		Py		1.6		0.076										1.744		-0.017		0.946

				GMA13-045		Brt		20.5		0.192										21.665		0.019		0.309

				GMA13-045		Sp (dark)		1.1		0.075										1.150		-0.019		0.750

				GMA13-045		Py		1.3		0.076										1.070		-0.005		0.606

				GMA13-031		Brt		22.5		0.063

				GMA13-061		Brt														21.148		0.008		0.701

				GMA13-010		Ccp		0.3		0.090										0.462		-0.007		0.695

				GMA13-010		Sp (dark)		1.2		0.360

				GMA13-032		Sp (dark)		0.9		0.034										1.305		0.001		0.815

				GMA13-052		Sp (dark)		3.1		0.336

				GMA13-061		Sp (dark)		1.6		0.113

				GMA13-061		Sp (dark)		2.0		0.343

				GMA13-032		Sp (light)		1.1		0.069

				GMA13-002		Brt		21.7		0.252

				GMA13-012		Brt		21.0		0.013

				GMA13-024		Brt		19.5		0.080

				GMA13-029		Brt		19.3		0.040

				GMA13-034		Brt		15.9		0.118										21.042		0.015		0.550

				GMA13-049		Brt		2.1		0.005

				GMA13-058		Brt		20.1		0.048

				GMA13-062		Brt		5.5		0.143				20.8		0.046

				GMA13-004		Ccp		0.3		0.121

				GMA13-034		Ccp		1.9		0.065

				GMA13-048		Ccp		1.6		0.230

				GMA13-049		Ccp		2.4		0.090										1.978		-0.018		0.730

				GMA13-012		Sp (dark)		2.4		0.265

				GMA13-024		Sp (dark)		0.3		0.004

				GMA13-049		Sp (dark)		3.4		0.049

				GMA13-050		Sp (dark)		1.4		0.072

				GMA13-062		Sp (dark)		2.6		0.223

				GMA13-012		Sp (dark)		11.0		0.206				2.5		0.068

				GMA13-062		Sp (dark)		1.9		0.064

				GMA13-024		Py		-0.4		0.052

				dup		Py		-0.1		0.179

				GMA13-029		Py		3.1		0.126

				GMA13-048		Py		1.9		0.133										1.794		-0.03		0.809

				GMA13-050		Py		2.0		0.115
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		2.1		1
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data table



												No Pretreatment						Chemical Pretreatment 										No pretreatment						Chemical Pretreatment 

												DeltaPlus						MAT 253										DeltaPlus						MAT 253

						Sample		Sample Type		Mineral		d34S (‰)		± 1 σ (‰)				d34S (‰)				Sample		Sample Type		Mineral		d34S (‰)		± 1 σ (‰)				d34S (‰)

						GMA13-004		Zoned		Ccp		0.3		0.12

						GMA13-019A		Sp-rich		Ccp		0.7		0.17

						GMA13-021		Zoned		Ccp		0.6		0.13

						GMA13-034		Zoned		Ccp		1.9		0.07

						GMA13-038		Ccp-rich		Ccp		-0.8		0.13

						GMA13-048		Sp-rich		Ccp		1.6		0.23

						GMA13-010		Zoned		Ccp								0.46

						GMA13-046		Zoned		Ccp								1.22

						GMA13-049		Zoned		Ccp								1.98

						GMA13-021		Zoned		Py		0.9		0.02

						GMA13-024		Brt-rich		Py		-0.4		0.05

						GMA13-029		Sp-rich		Py		3.1		0.13

						GMA13-038		Ccp-rich		Py		-0.4		0.06

						GMA13-050		Zoned		Py		2.0		0.12

						GMA13-045		Brt-rich		Py								1.07

						GMA13-046		Zoned		Py								1.74

						GMA13-048		Sp-rich		Py								1.79

						P005		Alt. FW; 19.14 mbsf		Py								0.90

						GMA13-010		Zoned		Sp (dark)		1.2		0.36

						GMA13-012		Sp-rich		Sp (dark)		2.4		0.27

						GMA13-024		Brt-rich		Sp (dark)		0.3		0.00

						GMA13-032		Sp-rich		Sp (light)		1.1		0.07

						GMA13-038		Ccp-rich		Sp (dark)		1.1		0.17

						GMA13-040		Sp-rich		Sp (dark)		2.4		0.24

						GMA13-042		Sp-rich		Sp (dark)		2.5		0.11

						GMA13-042		Sp-rich		Sp (light)		3.4		0.14

						GMA13-049		Zoned		Sp (dark)		3.4		0.05

						GMA13-050		Zoned		Sp (dark)		1.4		0.07

						GMA13-052		Sp-rich		Sp (dark)		3.1		0.34

						GMA13-061		Sp-rich		Sp (dark)		1.6		0.11

						GMA13-061		Sp-rich		Sp (dark)		2.0		0.34										35

						GMA13-062		Sp-rich		Sp (dark)		2.6		0.22										22

						GMA13-062		Sp-rich		Sp (dark)		1.9		0.06

						GMA13-019A		Sp-rich		Sp (dark)								1.15

						GMA13-032		Sp-rich		Sp (dark)								1.31

						GMA13-045		Brt-rich		Sp (dark)								1.15

						P005		Alt. FW; 19.14 mbsf		Sp (dark)								0.55

						MA13-090		Alt. FW; 18.40 mbsf		Anh		20.6		0.18

						P003		Alt. FW; 14.81 mbsf		Anh								22.17

						P004		Alt. FW; 15.65 mbsf		Anh								21.96

						MA13-087		Alt. FW; 16.05 mbsf		Anh								21.88

						MA13-088		Alt. FW; 17.40 mbsf		Anh								21.27

						MA13-089		Alt. FW; 17.90 mbsf		Anh								21.46

						P005		Alt. FW; 19.14 mbsf		Anh								21.07

						MA13-091		Alt. FW; 20.77 mbsf		Anh								20.80

						P003		Alt. FW; 14.81 mbsf		Gp								21.79

						P004		Alt. FW; 15.65 mbsf		Gp		21.3		0.50

						GMA13-002		Sp-rich		Brt		21.7		0.25

						GMA13-012		Sp-rich		Brt		21.0		0.01

						GMA13-019A		Sp-rich		Brt		20.9		0.19

						GMA13-024		Brt-rich		Brt		19.5		0.08

						GMA13-029		Sp-rich		Brt		19.3		0.04

						GMA13-031		Zoned		Brt		22.5		0.06

						GMA13-058		Sp-rich		Brt		20.1		0.05								21		-22

						GMA13-034		Zoned		Brt								21.04

						GMA13-045		Brt-rich		Brt								21.67				21		-10

						GMA13-061		Sp-rich		Brt								21.15

						d34S values measured relative to Canyon Diablo Troilite (V-CDT)

						Alt. FW = altered footwall; Anh = anhydrite; Gp = gypsum; Brt = barite; 

						Ccp = chalcopyrite; Py = pyrite; Sp = sphalerite







																						-0.008		-10

																						-0.008		-22



Anhydrite	22.166	21.963000000000001	21.881	21.265999999999998	21.457000000000001	20.6	21.065000000000001	20.795000000000002	21.792999999999999	Gypsum	21.792999999999999	21.3	SS	21	-10	34S [‰]

Depth [mbsf]

Anhydrite	Gypsum	ss	-8.0000000000000002E-3	-8.0000000000000002E-3	-10	-22	33S [‰]

Depth [mbsf]



data table (2)

				Sample		Sample Type		Mineral		d34S (‰)		± 1 σ (‰)				d34S (‰)		D33S (‰)

				P003		Altered footwall		Anh		21.2		0.385				22.166		0.022

				P004		Altered footwall		Anh								21.963		0.024

				P005		Altered footwall		Anh								21.065		0.019

				MA13-087		Altered footwall		Anh								21.881		0.028

				MA13-088		Altered footwall		Anh								21.266		0.019

				MA13-089		Altered footwall		Anh		20.5		0.020				21.457		0.023

				MA13-090		Altered footwall		Anh		20.6		0.176

				MA13-091		Altered footwall		Anh								20.795		0.011

				P003		Altered footwall		Gp								21.793		0.022

				P004		Altered footwall		Gp		21.3		0.502

				Sample		Sample Type		Mineral		d34S (‰)		± 1 σ (‰)				d34S (‰)		D33S (‰)

				GMA13-002		Sp-rich		Brt		21.7		0.252

				GMA13-012		Sp-rich		Brt		21.0		0.013

				GMA13-019A		Sp-rich		Brt		20.9		0.194

				GMA13-024		Brt-rich		Brt		19.5		0.080

				GMA13-029		Sp-rich		Brt		19.3		0.040

				GMA13-031		Zoned Ccp-rich		Brt		22.5		0.063

				GMA13-034		Zoned Ccp-rich		Brt		15.9		0.118				21.042		0.015

				GMA13-040		Sp-rich		Brt		9.6		0.241

				GMA13-045		Brt-rich		Brt		20.5		0.192				21.665		0.019

				GMA13-049		Zoned Ccp-rich		Brt		2.1		0.005

				GMA13-058		Sp-rich		Brt		20.1		0.048

				GMA13-061		Sp-rich		Brt								21.148		0.008

				GMA13-062		Sp-rich		Brt		5.5		0.143

								sp		17.4

								ccp		15.2

								Brt		20.0

				Sample		Sample Type		Mineral		d34S (‰)		± 1 σ (‰)				d34S (‰)		D33S (‰)

				GMA13-004		Zoned Ccp-rich		Ccp		0.3		0.121

				GMA13-010		Zoned Ccp-rich		Ccp		0.3		0.090				0.462		-0.007

				GMA13-019A		Sp-rich		Ccp		0.7		0.171

				GMA13-021		Zoned Ccp-rich		Ccp		0.6		0.125

				GMA13-034		Zoned Ccp-rich		Ccp		1.9		0.065

				GMA13-038		Ccp-rich		Ccp		-0.8		0.125												1.1

				GMA13-046		Zoned Ccp-rich		Ccp		1.3		0.121				1.221		-0.028

				GMA13-048		Sp-rich		Ccp		1.6		0.230

				GMA13-049		Zoned Ccp-rich		Ccp		2.4		0.090				1.978		-0.018						0.885

								Ccp		-0.8

								Zoned Ccp		1.1

								Sp		1.2

				Sample		Sample Type		Mineral		d34S (‰)		± 1 σ (‰)				d34S (‰)		D33S (‰)

				GMA13-021		Zoned Ccp-rich		Py		0.9		0.015

				GMA13-024		Brt-rich		Py		-0.4		0.052

				GMA13-029		Sp-rich		Py		3.1		0.126

				GMA13-038		Ccp-rich		Py		-0.4		0.060

				GMA13-045		Brt-rich		Py		1.3		0.076				1.070		-0.005

				GMA13-046		Zoned Ccp-rich		Py		1.6		0.076				1.744		-0.017				2.5

				GMA13-048		Sp-rich		Py		1.9		0.133				1.794		-0.03				1.2

				GMA13-050		Zoned Ccp-rich		Py		2.0		0.115

				P005		Altered footwall		Py								0.899		-0.009

				Sample		Sample Type		Mineral		d34S (‰)		± 1 σ (‰)				d34S (‰)		D33S (‰)

				GMA13-010		Zoned Ccp-rich		Sp (dark)		1.2		0.360

				GMA13-012		Sp-rich		Sp (dark)		2.4		0.265

				GMA13-012		Sp-rich		Sp (dark)		11.0		0.206

				GMA13-019A		Sp-rich		Sp (dark)		1.2		0.104				1.146		-0.029

				GMA13-022		Sp-rich		Sp (dark)		8.4		0.143

				GMA12-022		Sp-rich		Sp (light)		11.0		0.320

				GMA13-024		Brt-rich		Sp (dark)		0.3		0.004

				GMA13-032		Sp-rich		Sp (dark)		0.9		0.034				1.305		0.001

				GMA13-032		Sp-rich		Sp (light)		1.1		0.069

				GMA13-038		Ccp-rich		Sp (dark)		1.1		0.169

				GMA13-040		Sp-rich		Sp (dark)		2.4		0.239

				GMA13-040		Sp-rich		Sp (light)		7.0		0.364

				GMA13-042		Sp-rich		Sp (dark)		2.5		0.105

				GMA13-042		Sp-rich		Sp (light)		3.4		0.135

				GMA13-045		Brt-rich		Sp (dark)		1.1		0.075				1.150		-0.019

				GMA13-049		Zoned Ccp-rich		Sp (dark)		3.4		0.049

				GMA13-050		Zoned Ccp-rich		Sp (dark)		1.4		0.072												3.9

				GMA13-052		Sp-rich		Sp (dark)		3.1		0.336												3.1

				GMA13-061		Sp-rich		Sp (dark)		1.6		0.113

				GMA13-061		Sp-rich		Sp (dark)		2.0		0.343

				GMA13-062		Sp-rich		Sp (dark)		2.6		0.223

				GMA13-062		Sp-rich		Sp (dark)		1.9		0.064

				P005		Altered footwall		Sp (dark)								0.549		-0.021











data table (3)



												No Pretreatment						Chemical Pretreatment 

												DeltaPlus						MAT 253

						Sample		Sample Type		Mineral		d34S (‰)		± 1 σ (‰)				d34S (‰)		D33S (‰)

				1		GMA13-045		Brt-rich		Brt		20.5		0.192				21.665		0.019

				1		GMA13-024		Brt-rich		Brt		19.5		0.080

				2		GMA13-002		Sp-rich		Brt		21.7		0.252

				2		GMA13-012		Sp-rich		Brt		21.0		0.013

				2		GMA13-019A		Sp-rich		Brt		20.9		0.194

				2		GMA13-029		Sp-rich		Brt		19.3		0.040

				2		GMA13-040		Sp-rich		Brt

				2		GMA13-058		Sp-rich		Brt		20.1		0.048

				2		GMA13-061		Sp-rich		Brt		21.148								0.008

				2		GMA13-062		Sp-rich		Brt

				3		GMA13-031		Zoned Ccp-rich		Brt		22.5		0.063

				3		GMA13-034		Zoned Ccp-rich		Brt								21.042		0.015

				3		GMA13-049		Zoned Ccp-rich		Brt



				2		GMA13-019A		Sp-rich		Ccp		0.7		0.171

				2		GMA13-048		Sp-rich		Ccp		1.6		0.230

				3		GMA13-004		Zoned Ccp-rich		Ccp		0.3		0.121

				3		GMA13-010		Zoned Ccp-rich		Ccp		0.3		0.090				0.462		-0.007

				3		GMA13-021		Zoned Ccp-rich		Ccp		0.6		0.125

				3		GMA13-034		Zoned Ccp-rich		Ccp		1.9		0.065

				3		GMA13-046		Zoned Ccp-rich		Ccp		1.3		0.121				1.221		-0.028

				3		GMA13-049		Zoned Ccp-rich		Ccp		2.4		0.090				1.978		-0.018

				4		GMA13-038		Ccp-rich		Ccp		-0.8		0.125



				1		GMA13-024		Brt-rich		Py		-0.4		0.052

				1		GMA13-045		Brt-rich		Py		1.3		0.076				1.070		-0.005

				2		GMA13-029		Sp-rich		Py		3.1		0.126

				2		GMA13-048		Sp-rich		Py		1.9		0.133				1.794		-0.03

				3		GMA13-021		Zoned Ccp-rich		Py		0.9		0.015

				3		GMA13-046		Zoned Ccp-rich		Py		1.6		0.076				1.744		-0.017

				3		GMA13-050		Zoned Ccp-rich		Py		2.0		0.115

				4		GMA13-038		Ccp-rich		Py		-0.4		0.060

				5		P005		Alt. FW; 19.14 mbsf		Py		0.899						0.899		-0.009







												No pretreatment						Chemical Pretreatment 

												DeltaPlus						MAT 253

						Sample		Sample Type		Mineral		d34S (‰)		± 1 σ (‰)				d34S (‰)		D33S (‰)

				1		GMA13-045		Brt-rich		Sp (dark)		1.1		0.075				1.150		-0.019

				1		GMA13-024		Brt-rich		Sp (dark)		0.3		0.004

				2		GMA13-012		Sp-rich		Sp (dark)		2.4		0.265

				2		GMA13-012		Sp-rich		Sp (dark)

				2		GMA13-019A		Sp-rich		Sp (dark)		1.2		0.104				1.146		-0.029

				2		GMA13-022		Sp-rich		Sp (dark)

				2		GMA13-032		Sp-rich		Sp (dark)		0.9		0.034				1.305		0.001

				2		GMA13-040		Sp-rich		Sp (dark)		2.4		0.239

				2		GMA13-042		Sp-rich		Sp (dark)		2.5		0.105

				2		GMA13-052		Sp-rich		Sp (dark)		3.1		0.336

				2		GMA13-061		Sp-rich		Sp (dark)		1.6		0.113

				2		GMA13-061		Sp-rich		Sp (dark)		2.0		0.343

				2		GMA13-062		Sp-rich		Sp (dark)		2.6		0.223

				2		GMA13-062		Sp-rich		Sp (dark)		1.9		0.064

				3		GMA13-049		Zoned Ccp-rich		Sp (dark)		3.4		0.049

				3		GMA13-050		Zoned Ccp-rich		Sp (dark)		1.4		0.072

				3		GMA13-010		Zoned Ccp-rich		Sp (dark)		1.2		0.360

				4		GMA13-038		Ccp-rich		Sp (dark)		1.1		0.169

				5		P005		Alt. FW; 19.14 mbsf		Sp (dark)		0.549						0.549		-0.021



				2		GMA13-032		Sp-rich		Sp (light)		1.1		0.069

				2		GMA13-040		Sp-rich		Sp (light)

				2		GMA13-042		Sp-rich		Sp (light)		3.4		0.135

				2		GMA12-022		Sp-rich		Sp (light)





						Sample		Sample Type		Mineral		d34S (‰)		± 1 σ (‰)				d34S (‰)

				5		P003		Altered footwall		Anh								22.166

				5		P004		Altered footwall		Anh								21.963

				5		P005		Altered footwall		Anh								21.065

				5		MA13-087		Altered footwall		Anh								21.881

				5		MA13-088		Altered footwall		Anh								21.266

				5		MA13-089		Altered footwall		Anh								21.457

				5		MA13-090		Altered footwall		Anh		20.6		0.176

				5		MA13-091		Altered footwall		Anh								20.795



				5		P003		Altered footwall		Gp								21.793

				5		P004		Altered footwall		Gp		21.3		0.502

																																																										0.5		0

																																																										0.5		6

																																																										21		0

																																																										21		6



Chalcopyrite	0.7	1.6	0.3	0.3	0.6	1.9	1.3	2.4	-0.8	2	2	3	3	3	3	3	3	4	Barite	20.5	19.5	21.7	21	20.9	19.3	20.100000000000001	21.148	22.5	1	1	2	2	2	2	2	2	2	2	3	3	3	Sphalerite (dark)	1.1000000000000001	0.3	2.4	1.2	0.9	2.4	2.5	3.1	1.6	2	2.6	1.9	3.4	1.4	1.2	1.1000000000000001	0.54900000000000004	1	1	2	2	2	2	2	2	2	2	2	2	2	2	3	3	3	4	5	Sphalerite (light)	1.1000000000000001	3.4	2	2	2	2	Pyrite	-0.4	1.3	3.1	1.9	0.9	1.6	2	-0.4	0.89900000000000002	1	1	2	2	3	3	3	4	5	Barite	20.5	19.5	21.7	21	20.9	19.3	20.100000000000001	21.148	22.5	1	1	2	2	2	2	2	2	2	2	3	3	3	SS	21	21	0	6	MS	0.5	0.5	0	6	Anh	22.166	21.963000000000001	21.065000000000001	21.881	21.265999999999998	21.457000000000001	20.6	20.795000000000002	5	5	5	5	5	5	5	5	Gp	21.792999999999999	21.3	5	5	

Sphalerite (dark)	1.1000000000000001	0.3	2.4	1.2	0.9	2.4	2.5	3.1	1.6	2	2.6	1.9	3.4	1.4	1.2	1.1000000000000001	0.54900000000000004	1	1	2	2	2	2	2	2	2	2	2	2	2	2	3	3	3	4	5	Sphalerite (light)	1.1000000000000001	3.4	2	2	2	2	MS	0.5	0.5	0	6	SS	21	21	0	6	Chalcopyrite	0.7	1.6	0.3	0.3	0.6	1.9	1.3	2.4	-0.8	2	2	3	3	3	3	3	3	4	MA	0.5	0.5	0	6	SS	21	21	0	6	Pyrite	-0.4	1.3	3.1	1.9	0.9	1.6	2	-0.4	0.89900000000000002	1	1	2	2	3	3	3	4	5	MS	0.5	0.5	0	6	SS	21	21	0	6	


image6.emf
Assemblage Depth ΔMg ΔK 

Sample LocationDrill Hole[mbsf][mmol/kg]

w/r

1[mmol/kg]

w/r

2

Mnt/Non

MA13-086-C Site A TKAD00114.00 0.20 3.80 0.00 0.42

MA13-072-C Site C TKAD0322.05 -0.07 -1.24 0.00 -0.21

MA13-025-C Site C TKAD0333.00 0.00 0.04 0.00 0.41

MA13-026-C Site C TKAD0334.76 -0.08 -1.54 -0.01 -1.11

Non + Corr

MA13-073-C Site C TKAD0323.90 0.10 1.81 -0.01 -0.69

MA13-074-C Site C TKAD0325.31 0.25 4.74 -0.01 -0.89

MA13-075-C Site C TKAD0326.42 0.33 6.22 -0.01 -1.05

I/S + Py

MA13-087-C Site A TKAD00116.05 -0.05 -1.00 0.04 3.65

MA13-034-C Site B TKAD0162.02 -0.07 -1.25 0.05 5.08

MA13-020-CM Site D TKAD0176.90 -0.07 -1.39 0.08 8.29

MA13-044-C Site D TKAD0315.64 -0.07 -1.38 0.06 5.79

MA13-045-C Site D TKAD0316.60 -0.07 -1.30 0.06 6.42

MA13-005-M  Site D TKAD0305.06 -0.08 -1.50 0.04 4.30

MA13-006-C Site D TKAD0306.45 -0.08 -1.50 0.05 5.45

MA13-014-C  Site D TKAD0183.00 -0.08 -1.56 0.05 4.58

MA13-015-C Site D TKAD0185.00 -0.08 -1.45 0.06 6.21

I/S + Cham

MA13-088-C Site A TKAD00117.40 0.00 0.04 0.04 3.59

MA13-090-C Site A TKAD00118.40 0.00 -0.04 0.04 3.74

MA13-091-CM Site A TKAD00120.80 0.01 0.11 0.06 5.60

MA13-050-C  Site A TKAD0153.49 -0.06 -1.20 0.11 11.34

MA13-056-CM Site A TKAD0272.50 -0.06 -1.12 0.08 8.37

MA13-057-C  Site A TKAD0274.60 0.10 1.80 0.04 3.60

MA13-058-C Site A TKAD0276.50 0.09 1.66 0.03 2.95

MA13-035-C Site B TKAD0165.65 0.00 0.08 0.02 1.89

MA13-039-C Site B TKAD0255.50 0.15 2.76 0.01 0.56

MA13-067-C Site B TKAD0262.90 -0.06 -1.21 0.05 5.20

MA13-068-C Site B TKAD0263.60 0.02 0.46 0.03 3.15

MA13-069-C Site B TKAD0265.64 0.07 1.31 0.02 1.59

MA13-016-C Site D TKAD0186.60 -0.07 -1.31 0.05 5.48

Cham + Corr

MA13-051-CM Site A TKAD0154.34 0.06 1.14 0.02 2.10

MA13-052-C Site A TKAD0156.42 0.16 3.03 0.03 2.77

MA13-053-C Site A TKAD0157.23 0.20 3.69 0.02 2.38

MA13-036-C Site B TKAD0167.00 0.06 1.04 0.03 2.69

MA13-040-C Site B TKAD0256.91 0.27 5.04 -0.01 -0.90

MA13-062-C Site B TKAD0122.81 0.05 0.91 0.00 0.24

MA13-063-CM Site B TKAD0124.25 0.04 0.71 -0.01 -0.63

MA13-064-C Site B TKAD0126.49 0.26 4.78 0.00 -0.01

MA13-027-CM Site C TKAD0337.30

-0.02 -0.31 -0.01 -0.70

ΔMg,  ΔK= mass change in whole-rock Mg and K concentrations (see Anderson, 2018)

1 - w/r calculated from initial fluid concentration of 53.3 mmol/kg Mg

2 - w/r calcualted from initial fluid concentration of 9.97 mol/kg K
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		Assemblage								Depth		ΔMg				ΔK 

				Sample		Location		Drill Hole		[mbsf]		[mmol/kg]		w/r1		[mmol/kg]		w/r2

		Mnt/Non

				MA13-086-C		Site A		TKAD001		14.00		0.20		3.80		0.00		0.42

				MA13-072-C		Site C		TKAD032		2.05		-0.07		-1.24		-0.00		-0.21

				MA13-025-C		Site C		TKAD033		3.00		0.00		0.04		0.00		0.41

				MA13-026-C		Site C		TKAD033		4.76		-0.08		-1.54		-0.01		-1.11

		Non + Corr

				MA13-073-C		Site C		TKAD032		3.90		0.10		1.81		-0.01		-0.69

				MA13-074-C		Site C		TKAD032		5.31		0.25		4.74		-0.01		-0.89

				MA13-075-C		Site C		TKAD032		6.42		0.33		6.22		-0.01		-1.05

		I/S + Py

				MA13-087-C		Site A		TKAD001		16.05		-0.05		-1.00		0.04		3.65

				MA13-034-C		Site B		TKAD016		2.02		-0.07		-1.25		0.05		5.08

				MA13-020-CM 		Site D		TKAD017		6.90		-0.07		-1.39		0.08		8.29

				MA13-044-C		Site D		TKAD031		5.64		-0.07		-1.38		0.06		5.79

				MA13-045-C		Site D		TKAD031		6.60		-0.07		-1.30		0.06		6.42

				MA13-005-M 		Site D		TKAD030		5.06		-0.08		-1.50		0.04		4.30

				MA13-006-C		Site D		TKAD030		6.45		-0.08		-1.50		0.05		5.45

				MA13-014-C 		Site D		TKAD018		3.00		-0.08		-1.56		0.05		4.58

				MA13-015-C		Site D		TKAD018		5.00		-0.08		-1.45		0.06		6.21

		I/S + Cham

				MA13-088-C		Site A		TKAD001		17.40		0.00		0.04		0.04		3.59

				MA13-090-C		Site A		TKAD001		18.40		-0.00		-0.04		0.04		3.74

				MA13-091-CM 		Site A		TKAD001		20.80		0.01		0.11		0.06		5.60

				MA13-050-C 		Site A		TKAD015		3.49		-0.06		-1.20		0.11		11.34

				MA13-056-CM 		Site A		TKAD027		2.50		-0.06		-1.12		0.08		8.37

				MA13-057-C 		Site A		TKAD027		4.60		0.10		1.80		0.04		3.60

				MA13-058-C		Site A		TKAD027		6.50		0.09		1.66		0.03		2.95

				MA13-035-C		Site B		TKAD016		5.65		0.00		0.08		0.02		1.89

				MA13-039-C		Site B		TKAD025		5.50		0.15		2.76		0.01		0.56

				MA13-067-C		Site B		TKAD026		2.90		-0.06		-1.21		0.05		5.20

				MA13-068-C		Site B		TKAD026		3.60		0.02		0.46		0.03		3.15

				MA13-069-C		Site B		TKAD026		5.64		0.07		1.31		0.02		1.59

				MA13-016-C		Site D		TKAD018		6.60		-0.07		-1.31		0.05		5.48

		Cham + Corr

				MA13-051-CM 		Site A		TKAD015		4.34		0.06		1.14		0.02		2.10

				MA13-052-C		Site A		TKAD015		6.42		0.16		3.03		0.03		2.77

				MA13-053-C		Site A		TKAD015		7.23		0.20		3.69		0.02		2.38

				MA13-036-C		Site B		TKAD016		7.00		0.06		1.04		0.03		2.69

				MA13-040-C		Site B		TKAD025		6.91		0.27		5.04		-0.01		-0.90

				MA13-062-C		Site B		TKAD012		2.81		0.05		0.91		0.00		0.24

				MA13-063-CM 		Site B		TKAD012		4.25		0.04		0.71		-0.01		-0.63

				MA13-064-C		Site B		TKAD012		6.49		0.26		4.78		-0.00		-0.01

				MA13-027-CM 		Site C		TKAD033		7.30		-0.02		-0.31		-0.01		-0.70

		ΔMg,  ΔK= mass change in whole-rock Mg and K concentrations (see Anderson, 2018)

		1 - w/r calculated from initial fluid concentration of 53.3 mmol/kg Mg

		2 - w/r calcualted from initial fluid concentration of 9.97 mol/kg K
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Date: 10-Nov-2013
Geologist: M.O. Anderson

Hole ID: TKADOO1
EOH Depth: 22.32 m

Deposit: Tinakula
Area: North “Site A”

Depth Alteration
to and
Base Secondary WR
(m) | Sample | Lithology Phases | Mineralization Description Sample
Volc. Sand |Weak FeOx, Tr. Py 0-2.8 m: Black volcanic gravel and coarse-grained mud, normally
MA13-076| & Gravel patchy graded. Possible fine-grained Py disseminated? Layer of fine- 2000

&| 080 (uncon.) grained silt with moderate FeOx at 1.55-2.00 m.
w
7
1.40
& 155
3l 2.00 [MA13-077 Mod. FeOx
[
2.80 | Pooo1 | Vol Sand
aeosea@or 2.95 (oxidized) |Strong FeOx| 2.80-2.95 m: Intensely oxidized mud-sand (paleoseafloor).
MS Mod. FeOx 2.95-4.30 m: Oxidized chimney, complexly banded with moderate
Chimney(?) patchy FeOx, minor MnOx, opaline Si, abundant worm casts.
(oxidized) “Hydrothermal opal oxide.”

OX CHIMNE
TALUS

445
MA13-078| Volc. Sand | Mod. green | <1% Py | 4.45-5.20 m: Volc. gravel with clay-alt. mafic frags with 15% small
MA13-079| & Gravel | clay, minor elongate vesicles. Minor FeOx, <1% diss. Py. Unconsolidated.
5.20 Vi (Iu"gon')l FeOx 5.20-5.60 m: Polymict clast-supported pebble BX, 85% vesicular
560 |MA13-080|VOIC: PeOble|  chi-py 1% Py mafic clasts, 10% clay-alt. clasts, 5% unidentifiable. 70% clasts
BX (poly.) Mod.-strong overall, subrounded-angular, 1-20 mm.
MA13-081| Volc. Sand FeOx 5.60-6.40 m: Volc. sand-gravel with strong FeOx, increasing DH,
6.40 & Gravel on outside of grains. Contains large frags. of clast-supported
(oxidized) <1% Py poly. volc. BX (MA13-080). Brt-rich frags. No visible grading.
Volc. Sand | Mod. green 5.60-10.20 m: Volc. sand-gravel, unconsolidated. No visible
7.30 MA13-082| & Gravel clay grading. Larger clasts are Brt-rich, few fragments of clay-altered
A : (uncon.) Minor FeOx (friable) vesicular mafic extrusive. From 6.40-7.30 m: Moderate
g brown clay pervasive green clay alteration.
=
o
o MA13-083
w
7
3
w
>
o
o
5 10.20 10.20-10.83 m: Lithified polymict volc. pebble BX, clast-supported
a P0002 |Volc. Pebble|Weak Chi(?) with 80% subangular-angular clasts, 1-20 mm, variably vesicular.,
-

10.83 BX (poly.) | in matrix
Volc. Sand | Mod-strong <1% Py
MA13-084| g Gravel [brown-yellow
(uncon.) | clay, mod.

patchy FeOx|

Well sorted, no bedding. Brt cement?

10.83-13.13 m: Unconsolidated highly altered volcanic sand-
gravel, with strong patchy brown-yellow clay alteration, mod.
FeOx, pervasive through clasts and matrix. Similar to 6.40-10.20
m interval. Bedding not preserved. Clasts up to 5 cm long.

1313 MA13-085 /516 sand

& Gravel Strong
(oxidized) | FeOx, clay

13.13-13.83 m: Intensely oxidized volc. sand-gravel =
paleoseafloor? Unconsolidated. Minor patches of sulphate.

13.97-14.70 m: Lithified polymict volcaniclastic pebble breccia,
sulfate cement/infill, mod.-strong FeOx in clasts, weak-mod.
FeOx in matrix. Matrix-supported. Subangular-angular clasts,
40% clasts, 1-4 mm long.

MA13-086| _ Volc- Mod. FeOx
l;—’ebble B)j Strong clay
14,70 ox., poly.
20002 Volc. Strong clay 1% Py

oot | e toey) s 14.70-16.34 m: Polymict volcaniclastic pebble breccia as above,

clay (matrix) no FeOx. Strong sulfate infill. 2 cm wide sulphate vein perp.
Sulphate TCA @ 15.7 m. Transition to footwall argillic alteration. Clasts
16.34 |[MA13-087 infill/veins are subrounded-angular, 1-30 mm, few are banded (origin?).

<ALT. STRINGE

o
Continued Next Page OOO Pebble-sized clasts

_' Sand/gravel clasts

\ Worm casts
//Sulfa(e veins
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Date: 10-Nov-2013

Geologist: M.O. Anderson

Hole ID: TKADOO1 - Cont'd
EOH Depth: 22.32 m

Deposit: Tinakula
Area: North “Site A”

Grain Size (mm) Depth Alteration
Mud [ Sand | gipicbBX | to and
8l oo 8 |Base Secondary
S22 88, | (m) Sample | Lithology Phases | Mineralization Description Sample
Continued
From Prev. Page
16.71
17 Volcanic | Strong clay 16.71-19.48 m: Polymictic volcaniclastic pebble breccia, lithified,
Pebble BX | (pervasive) Tr. Py clast-supported, subrounded-subangular clasts, 1-50 mm long,
A MA13-088|  (poly.) Mod. g 75% clasts overall. Larger clasts have altered rims. Patchy
MA13-089 clay & FeOx| alternating green clay and FeOx (mod—minor_) altering matrix.
18 patchy, Few sulfate veins up to 5 mm wide, perpendicular to high angle
4 alternating, to core axis. Larger vein at 15.70 m has Sp along margins.
‘—;t' MA13-090 matrix Omgy 2% Py Crudely bedded. Patchy sulfate in matrix.
19 = Sulfate 5% Py+Sp
S|19.48| Pooos infill/veins <1% Ccp
1 [
220.05
= MA13-091| Volcanic | Strong clay 5% Py 20.05-22.32 m: Polylithic volcaniclastic pebble breccia, lithified,
5 Pebble BX | (pervasive) matrix-supported. Clasts are smaller than above (1-5 mm), ~40%,
< (poly.) Minor grn subrounded-subangular. Py is disseminated, concentrated
clay & FeOx, along bedding at high angles to core axis. 1 cm-wide Anh vein
MA13-092 matrix only, at high angle to core axis at 20.77 m.
dec. DH 2% Py
Sulfate
22:32, infill/'veins

Notes/Interpretation:

Very deep drillhole in far north area. Three main lithologies include unconsolidated volcaniclastic sand to gravel (cover sequence),
Fe-oxidized chimney (described as hydrothermal silica-oxide layer by Neptune geos), and polymict, clast- to matrix-supported o
moderatedly sorted volcaniclastic pebble breccia with crude bedding. FeOx chimney contains very low Au, Ag, Zn, Pb, and Cu.
Alteration consists of Fe-oxide (red to brown), green clays, and white clays (argillic alteration).

Strongly clay-altered footwall contains variable sulfate infill/cement, with late veins of Anh (+/- Sp along margins), at high angles
to core axis. Veins generally occur at boundaries between different alteration. Fe-oxide and green clay alteration in footwall is

lim

Sulfide mineralization is associated with late sulfate infill and veins, with Py disseminated through footwall.
Several oxidized layers may be paleoseafloor horizons.

ited to the matrix.

=
og) Pebble clasts

\ Worm casts
//Sulfate veins

Sand/gravel clasts
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Date: 15-Nov-2013
Geologist: M.O. Anderson

Hole ID: TKADO15
EOH Depth: 7.35 m

Deposit: Tinakula

Area: North “Site A”

G ize (mm)

9/pcib BX
P

8
Ng&

ALT. STRINGER

Depth Alteration
to and
Base Secondary WR
| | (m) | Sample Lithology Phases | Mineralization Description Sample
e Minor FeOx [3% Ccp, 2% Py,| 0-0.24 m: C.g. mafic volc. sand with abundant Ccp-rich chimney
0.24 [MA13-046| Volc. Sand patchy 2% Sp frags, up to 5 cm long. Colloform banding, 10% vugs. Minor Sp, Bk
" Volcanic <1% Ccp <1% Ata, Bn, minor patchy FeOx. Some Ccp sand. Few sand-
Sand <1% Sp sized clasts of FeOx and clay.
MA13-047 <1% Py 0.24-0.82 m: C.g. mafic volc. sand with few clasts of clay + FeOx 2393
Occasional Ccp + Py grains. Few relatively unaltered frags of
0.82 = vesicular mafic extrusive with quenched margins, ~40% vesicles,
MS 32@ %cp ~1 cm long. Occasional Ccp + Sp chimney frags.
L 20/2 p? 0.82-1.40 m: Brt-cemented Sp + Ccp-rich chimney fragments in | 2394
1.40 |MA13-048 massive sulphide sand. Minor Bn + Ata. 15% vugs, colloform
banding + open space filling of vent conduit. Fragments are
subangular to rounded.
=1
-
< | 2.01
& MS 4% Ccp 2.01-3.40 m: Coarse-grained Ccp + Py massive sulfide sand
= Talus 2% Sp with coarse pebble clasts. Unconsolidated. Abundant chimney 2395
H 2% Py fragments of massive Ccp + Bn, minor Sp, Brt cement. Brt-rich
T 1% Bn frags appear to have better survival. Some fragments are
MA13-049 rounded (transported). Sp decreases downhole. 2396
2397
3.40
MA13-050| Volcanic Intense 5%Py 3.40-4.58 m: Intensely clay-altered volcanic pebble-mud breccia.
Pebble BX | clay alt. 2% Ccp Monomict, matrix-supported, muddy matrix. 20% pebble-sized P
<1% Sp clasts, subrounded-subangular, altered to clay. Tr. disseminated 398
Py. Unconsolidated. Original volcanic textures almost completely
obliterated. Poorly sorted.
Tr. Py
2400
458 MA13-051
1, {476
3 Volcanic Intense Tr. Py 4.76-5.71 m: Similar to above, slightly larger clasts (less textural
g Pebble BX | clay alt daen T, , slightly larg (
5 2401
o
'S
E
w571
ui
5
T le15
Volcanic Strong Tr. Py 6.15-7.35 m: Intensely clay-altered volcanic pebble breccia,
MA13-052| pebble BX | clay alt. lithified by late sulfate (Anh) infill cement. Few Anh veins, 2402
Sulfate 2-5 mm wide, at high angles to core axis. Clay-altered clasts are
infilliveins sand-pebble sized (1 - 10 mm long), with increasing clast size
(late) downhole. Clasts are subrounded to angular. Original vesicles?
Tr. disseminated Py. Friable. Few euhedral gypsum crystals.
Decreasing clay alteration downhole. 2403
MA13-053
7.35

Notes/Interpretation:
Twinned hole of TKAD027.
Contains volcanic sand cover sequence with “fresh” chimney talus, overlying second sequence of volcanic sand.
Massive sulfde chimney talus has rounded fragments, indicating transport.
Multiple episodes of mass wasting of nearby chimneys (reworking?)
Footwall is locally reworked. Contains late sulfate infill/veins, unmineralized.

. Massive sulphide
chimney fragment

o
OOO Pebble clasts

. : Sand clasts

// Sulfate veins
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Date: 15-Nov-2013 Hole ID: TKADO27 Deposit: Tinakula

Geologist: M.O. Anderson EOH Depth: 6.75 m Area: North “Site A”
Depth Alteration
to and
Base Secondary WR
(m) | Sample | Lithology Phases | Mineralization Description Sample
i 0-0.25 m: C.G. mafic volc. sand (uncon.) with few sand-sized
0.25 | MA13-054| Vole. Sand | Minor FeOx frags of clay and FeOx. Dec. grainsize d)ownhole. Few clasts of
vesicular mafic extrusive with variable FeOx.
1.26
MS Talus 4% Py 0-2.50 m: Coarse-grained Ccp + Py massive sulphide sand with
(Py+Sp 4% Sp coarse pebble clasts. Unconsolidated. Occasional small massive
S MA13.055| *+Ccp) 2% Ccp sulfde chimney fragments (Sp-rich) and fragments of barite,
:t' Tr.Bn subangular-subrounded. 3% Brt in matrix.
=
>
w
z
E
I | 250
MA13-056| S Talus Mod-strong | 2% Py, 2% Sp | 2.5-2.8 m: Intensely clay-altered chimney talus (transition). 70%
2.80 (transition) clay 1% Ccp alteration to clay minerals. Mud- to sand-sized grains.
Volcanic |Intense clay 2.80-3.76 m: Intensely clay-altered volcanic pebble breccia
Pebble BX (footwall) with very fine grained Py and minor Sp, Brt. Altered
stringer zone. Monomict, matrix-supported.
4% Py
3.76
4.01
Volcanic  |Intense clay 4.016.75 m: Intensely clay-altered footwall volcanic pebble
] Pebble BX breccia, similar to above, with coarser euhedral Py, no Sp, no
; 2% Py Brt. Minor Anh infill in matrix, partially lithified. Matrix-supported
= with a muddy matrix, 20% pebble-sized subrounded to sub- 2522
o MA13-057 angular clasts, altered to clay. Original volcanic textures almost
8 completely obliterated.
a
w
4
w
5
x Increasing Anh cement downhole, few Anh veins, 2-5 mm wide,
at high angles to core axis. Clay-altered clasts are sand-pebble
29 P sized, 1 - 10 mm long, subrounded. Original vesicles in clasts
o Py are preserved(?), 2% disseminated Py increasing downhole.
Rock is friable.
Sulfate
infill/cement
MA13-058
6.75

Notes/Interpretation:

Twinned hole of TKAD015.

Rounding of chimney fragments suggests some transport.

Gradual transition to altered footwall.

Stringer zone indicated by presence of minor disseminated Sp and depletion of Ca.
Footwall is fairly homogenous in terms of facies changes.

Anh infill and high angle veins are late, unmineralized.

A Volcanic fragments

. Massive sulfide
chimney fragment

OOO Pebble clasts
o

N ~.: Sand clasts

//Sulfate veins
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Date: 16-Nov-2013
Geologist: M.O. Anderson

Hole ID: TKADO23
EOH Depth: 5.77 m

Deposit: Tinakula

Area: North “Site A”

Grain Size (mm) Depth Alteration
g/plc/b BX to and
~ <& |Base Secondary WR
2 mlgm (m) | Sample Lithology Phases | Mineralization Description Sample
[ Volcanic | Weak FeOx 0.0.52 m: Mafic medium-grained volcaniclastic sand, no grading
g9 MA13-097|  sand observed. Unconsolidated. 2510
On
- 0.52
1.1
i MS 4% Sp(low Fe) | 1.11-1.84 m: Massive sulpfide chimney with banded high-Fe Sp
w Chimney 4% Py, 3% Ccp | + Py + Ccp. 10% vugs. Minor barite. 2511
g (Py +Sp)
T MA13-098 4% Py, 2% Ccp| 1.56-1.84 m: Massive pyrite, high temperature fluid pathway. 2512
T | 184 2% Sp(high Fe)
3.31
Volcanic | Intense clay 2% Py 3.31-5.77 m: Strongly clay-altered volcanic pebble breccia with
Pebble BX Brt-infill 1% Sp sulfate cement. Breccia is matrix-supported with subrounded
(high Fe) to subangular clay-altered clasts, 30% clasts, 1-3 mm long.
1% Py Trace disseminated Py. Patchy anhydrite infill. Monomict, 2513
P moderately sorted.
-
<
E MA13-099 2% Py
Qo Brt + Anh <1% Sp
Q| 463 infill (high Fe) 2514
E 476
e |4.89 Brt infill
ui
5
<
5.29
Brt infill 2% Py
1% Sp 2515
5.77

Notes/Interpretation:

No stringer zone preserved due to core loss.
Massive sulfide interval is Py-rich at base - high temperature fluid pathway.

o
09 Pebble clasts

7+ ¢ Sand clasts
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Date: 16-Nov-2013 Hole ID: TKAD029 Deposit: Tinakula

Geologist: M.O. Anderson EOH Depth: 8.79 m Area: North “Site A”
G ize (mm) Depth Alteration
g/plcib BX to and
< 8 |Base Secondary WR
= = m|$|~ (m) | Sample | Lithology Phases | Mineralization Description Sample
Volc. Sand |Strong FeOx| 0-0.53 m: Black (mafic) volcaniclastic sand, grading to gravel
(oxidized) with increasing FeOx intensity.
0.53
Volc. Sand Strong 0.53-1.28 m: As above with abundant MnOx in matrix. Coarse-
& Gravel MnOx grained. Weakly graded. Unconsolidated.
MA13-093
1.28
Volc. Sand |Strong FeOx| 1.28-1.79 m: As above (volc. sand/gravel). Clasts of vesicular
& Gravel mafic extrusives, mm-cm scale.
1.79
2.01
Volc. Sand | Mod-strong 2.01-3.13 m: As above (volc. sand/gravel), with patches of
& Gravel FeOx, alternating FeOx/brown clay with green clay alteration. Clasts
Minor patchy are softened. Coarse-grained.
MA13-094 green clay
3.13
Volc. Sand | Green clay, 3.13-4.63 m: Volcanic sand/gravel with strong green clay
w Mod FeOx alteration in matrix + pervasive through clasts. Original volcanic
Lz, textures obscured in clasts.
o MA13-095
[<]
w
7}
[:4
ui
>
o
4.63
4.76
Vole. Sand | Mod patchy 4.76-5.06 m: Volcanic sand/gravel, minor FeOx staining.
5.06 & Gravel | Fe+MnOx
5.92
Volc. Sand | Mod patchy 5.92-7.07 m: As above, increase in proportion of gravel fragments|
& Gravel |oxide & clay (vesicular extrusives).
6.42 MA13-096
1 6.84
||
4 7.51
Volc. Sand | Minor green 7.51-7.84 m: Volcanic sand/gravel with minor green alteration in
& Gravel |clay in clasts| clasts and FeOx stains in matrix.
7.84 FeOx in
8- matrix
EOH 8.79
9

Notes/Interpretation:

Sequence of unconsolidated volcaniclastic sand/pebbles with no sulphides or footwall alteration.
Represents distal volcanics or thick cover sequence.

Multiple episodes of deposition, similar to TKAD019.

A Volcanic fragments

Sand/gravel clasts
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Date: 14-Nov-2013
Geologist: M.O. Anderson

Hole ID: TKADO16
EOH Depth: 7.51 m

Deposit: Tinakula

Area: North “Site B”

Grain Size (mm) Depth Alteration
g/plcib BX to and
~ <& |Base Secondary WR
©©" | (m) | Sample | Lithology Phases | Mineralization Description Sample
5 d$ 0.20 Volc. Sand -[Strong FeOx 1% Py 0-0.2 m: Mafic volc. sand-gravel, normally graded, MnOx crust at | 2404
> 3-', Gravel |minor MnOx top, few vesicular volcanic fragments.
o
© » 0.64 3% Py 0.64-0.8 m: Sp-rich chimney talus. Some worm casts. Volc.
=1 : o inclusions at base. Abundant sulfate. Clasts of Mrc at base.
= MS Talus 2% Mrc
P-4 0.80 |MA13-032 (lthified) 1% Cep Brt fills vugs, 2% Brt. Minor Ccp clasts. Poorly sorted. Frags are
& up to 3 mm, angular. 2405
grad. 109 |MA13-033| WS Talus 3% Py P PN 9 - i e
.09 (uncon.) <1% Co 0.8-1.09 m: MS chimney frags in intensely altered volcaniclastics.|
Abundant Anh infill/matrix. Sp concentrated at top end of clast.
E T o f
I = 2% Brt. Semi-consolidated. Weakly bedded, including Py-rich
[5) grain flow @0.91-0.95 m. Very poorly sorted. Coarse sand-sized.
2.01-2.14 m: Intensely clay-altered monomict volcanic pebble
01-2
. Strong cla breccia, lithified. Poorly sorted, grey clasts in a light grey matrix.
201 Volcanic Anh?nﬁ"/y 3:/" Py Patches of euh. Ccp. Disseminated Py throughout, associated
214 |MA13-034| Pebble BX | © 2% Sp with strongly developed Anh infill. Weakly vesicular or aphyric 2406
(lithified) (spotty) (high Fe) | volcanic clasts, variably altered from white to medium grey.
40% clasts, matrix-supported. Euh. transparent Gp crystals up
to 7 mm long.
-
2
H
=
o
Q476
2 Volcanic | Strong clay 2% Py 4.76-7.36 m: As above, unconsolidated. Patchy Anh. Poorly
© Pebble BX | Weak Si 1% Ccp sorted, matrix-supported, 40-50% clasts, subrounded to
o (uncon.) | Variable Anh subangular, 1-30 mm. Clasts are variably altered (white + grey), | 2407
=
‘-t‘ polylithic(?). Few broken Anh(?) veinlets. intensely clay-altered
core with weak silicification.
MA13-035
2409
<1% Cep 2410
MA13-036 @6.9-7.0m
Patchy Anh
7.36
7.51

Notes/Interpretation:

Chimney talus contains polylithic variably altered volcanic and massive sulphide fragments.

Fragments are angular and small (<3 mm). Indicative of transport from nearby source.
Low relief area. No stringer zone (due to low core recovery?).

A Volcanic fragments

] Massive sulfide
chimney fragment

=7 Gypsum cry:

stals

5‘0 Pebble clasts
o

Sand clasts
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Date: 15-Nov-2013
Geologist: M.O. Anderson

Hole ID: TKADO26
EOH Depth: 6.31 m

Deposit: Tinakula

Area: North “Site B”

Depth Alteration
g/plcib BX to and
<8 |Base Secondary WR
© & | (m) | Sample Lithology Phases | Mineralization Description Sample
Q 812[1) MS Chimney| Weak FeOx 4% Sp 0-0.75 m: Massive Sp-Brt chimney. Brt is interstitial and forms
i : T (low Fe) undulose bands. Sp is banded, dendritic. Few worm casts.
§ M2 Chimney 3% P 10% vugs. Brt fills void space, minor bladed Brt. 2526
E MA13-065 L '
9 lors
5 118 4% P 1.18-1.41 m: Fragments of massive sulfide in lithified very fine-
g g : MS Talus Weak FeOx 10/" Gy grained sulfides, too fine to identify. Gn forms in void.
s _,I MA13-066 (\ilhifieg) Minor Si 10/" Sn Cemented by sulfide. Brt-Sp-rich chimney talus, bioturbated 2528
I f_‘ 1.41 Tr. Ata T DC P sediments with worm casts and shell fragments, volcaniclastics(?
o [ 40P 5-10% vugs. Disseminated Py, Tr Ccp. Sp lines fractures.
Saccharoidal texture - silicification. In contact with light grey
volcanic extrusive(?) with 5% small vesicles, may be clast. Minor
patchy FeOx, trace green alteration mineral along fractures.
Angular fragments.
227
Volcanic  |Intense clay 3% Ccp 2.27-4.16 m: Footwall volcaniclastic pebble breccia (dark grey),
5 Pebble BX | decreasing 1% Bn monomictic, matrix-supported, moderately rounded, intensely 2529
® (uncon.) | downhole clay-altered with alteration decreasing downhole. Ccp+Bn
= veinlet at top (stringer) of interval. Ccp disseminated throughout,
E MA13-067 20 P decrgasing downhole. Ungraded. Angulay to subangular clasts
7] 0.5y proximal to locally reworked. Anh in matrix.
[
:t' @2.9 m: 35% clay-altered clasts, subrounded, 1-5 mm. 2530
= 1% Ccp @3.6 m: 20% clasts, subrounded, finer-grained, 1-3 mm long.
g 1% Py
2 2531
8| 416 |MA13-068 <1% Py
'S
21430
[ Volcanic 4.3-5.26 m: Same as above interval (2.27-4.16 m).
w Pebble BX
-
3 (uncon.) 1% Cep o
1% Py
grad. 5.26
Volcanic '";\e’;f.e f‘?l'ﬁy <1%Py | 5.26-5.9 m: Lithified clay-altered footwall volcanic pebble breccia
MA13-069 F‘e_bb_le BX i with late Anh infill cement. Clasts are sand-pebble sized,
(lithified) Ce?em 1-10 mm, subrounded to angular, original vesicles in clasts are 2533
Tr. FeOx preserved.
5.96
6.31

Notes/Interpretation:

Chimney growth on top of chimney talus mound.

Strongly altered stringer zone.

Bottom interval of footwall is cemented by sulphate.
Volcanic pebble breccia clasts are angular - proximal facies.

\ Worm casts

A Volcanic fragments

Massive sulfide
chimney fragment

(530 Pebble clasts
o

S g Stringer veins
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Date: 14-Nov-2013
Geologist: M.O. Anderson

Hole ID: TKADO13
EOH Depth: 5.91 m

Deposit: Tinakula

Area: North “Site B”

Grain Size (mm)  |Depth Alteration
Mud | Sand | glplchBX | to and
9l o § Base 3 Secondary | - o WR
S[o = ~®, 8N, | (m) | Sample Lithology Phases | Mineralization Description Sample
0.48
> ) 10% Ccp | 0.48-0.80 m: Mass. sulph. chimney, Sp+Ccp-rich. 10-15% vugs.
E MA13-028 N:g CT_?TSY Tr.FpaO!chy 5% Sp (low Fe) | Ccp+Bn line vugs. Patchy colloform Sp, clasts up to 7 cm, within | 2382
s 0.80 Py+Sp e 2% Py black volc. sand. Vent conduits, banding. Anh, minor bladed Brt.
= IMS Chimney| <1% Bn 0.80-1.03 m: Massive Sp (low-Fe) chimney with talus. Gravelly 2383
o 1.03 (Sph) Tr. Ata and sandy fragments. Brt vug infill. Sulfide mud matrix.
2.01
MA13-029| MS Talus 4% Sp (low Fe)| 2.01-2.50 m: Massive Sp (low-Fe) + Ccp chimney, patchy Bn,
(Sph+Cpy) 3% Ccp Tr Brtinfill (heavy). 5% vugs, smaller dark rind - weathering? Ven
- 250 2°§1 Py conduit infill with Sp, Py. Very angular, no transportation. 2384
ks =1 MS Talus BT +Ar|1h -T-: /O"ng 2.50-2.73 m: Granular massive Py + Brt + Anh + opal chimney
;:‘ 2.73 opa - Orp? talus with abundant chimney fragments. Brt-rich clasts, angular.
]
| 308
§ MS Talus 3.08-3.91 m: Massive Sp (low-Fe) chimney talus with patches of
- (lithified) gypsum crystals to 10 cm between 3.11-3.20 m, unconsolidated. | 5355
Matrix is clay-altered. Lithified talus?
- 1% Ccj
LATEACE 132, Pyp @3.91 m: Irregular undulose lower contact to soft white clay
301 (uncon.) | Mod. clay containing clasts of low-Fe massive Sp in clay. 2386
subrounded
Cpy clasts
o
g 4.76-4.91 m: Lithified volcanic pebble breccia, mod. white clay
= 476 alt., matrix-supported, monomict(?). Stringer Ccp + Py, diss.,
9707 E$ MA13.031| _Volcanic | Mod. clay |3% Py, 2% Cep | diffuse stringer veins, semi-massive sulfide. Pervasive Anh-opal. [3g7
) = 4.91 Pebble BX |Perv. Anh+Si <1% Sp Abundant Brt in matrix/cement. Intensely clay-altered clasts in
i Anh + Si +/- Gp(?) matrix. Moderately silicified clasts are
ft 1-3 mm, angular, 2% vugs.
6| EOH 5.91

Notes/Interpretation:

Multiple chimney-growing episodes.
Origin of very coarse-grained gypsum crystals is secondary.

~— Gypsum crystals

] Massive sulfide
chimney fragment

OQO Pebble clasts
o

g g Stringer veins
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Date: 14-Nov-2013 Hole ID: TKADO025 Deposit: Tinakula

Geologist: M.O. Anderson EOH Depth: 7.31 m Area: North “Site B”
Grain Size (mm) Depth Alteration
Sand | olbBX | to and
w8 |Base . Secondary | o WR
12 2% | (m) | Sample | Lithology Phases | Mineralization Description Sample
o MS Talus |Strong FeOx 2% Py 0-0.67 m: FeOx mud with pieces of MnOx crust and few frags
3= (oxidized) MnOx of massive sulfide chimney fragments, subrounded, some Sp-
=7 rich, some Ccp+Bn-rich, up to 8 cm long. 2536
I Patches of sulfate mud (contacts destroyed by drilling and
Cl 0.67 |MA13-037 extraction). . e .
2.51
Volcanic | Strong clay, 4% Py 2.51-3.09 m: Fine-grained sulfate mud with patches of green
Mud BX | patchy grn (diss., fine) | opal Aand fine euhedral white patch of gypsum crystal clusters,
opal A, Tr. Ccp up to 3 cm wide. Fine-grained disseminated Py, Tr. Ccp + Bn.
3.09 sulfate Tr.Bn Detrital or in-situ Ccp?
Volcanic | Strong clay, 3% Py 3.09-3.98 m: Fine-grained sulfate mud with abundant (~50%)
Mud-Sand sulfate 2% Sp gypsum crystals up to 3 cm long, often forming clusters. Much
MA13-038 BX infill/cement lighter than previous interval and less sulfides. Gradual lower
contact with increasing lithic fragments.
3.98
Volcanic | Strong clay, 3% Py 3.98-5.91 m: Polymictic volcanic pebble breccia with subangular
Pebble sulfate 2% Ccp to subrounded clasts, 1-20 mm, Clasts of intensely altered
-l BX infill/lcement 2% Sp volcanics, relatively unaltered volcanics, massive Py+Cpy,
:" (polymictic) “detrital grains.” Green Si in matrix of lithic sulfate mud. Poorly
E sorted, weakly bedded(?), matrix-supported. Few small fragments|
o of Sphrich chimney talus.
o
e
a
w
©
u
.-!‘ MA13-039
5.94
Volcanic | Strong clay, 3% Py 5.94-6.47 m: Sulfate mud with gypsum crystals, similar to 3.09-
Mud-Sand | = sulfate 2% Sp 3.98 minterval. Gradual lower contact with increasing lithic
o BX infill/cement content. Very high Ca content, no grade.
AT
Volcanic | Strong clay, 3% Py 6.47-7.31 m: Volcanic pebble breccia, polymictic, similar to 3.98-
Pebble sulfate 3% Ccp 5.94 m interval. Fewer mafic clasts, no sulfide clasts. Clasts
BX infill/cement 2% Sp are less abundant. Broken sulfate vein material.
MA13-040| (polymictic)
7.31
Notes/Interpretation: A Volcanic fragments
Twinned hole of TKAD013
Reworked polymictic footwall breccia with chimney talus and late sulfate infilllcement/veins. Massive sulfide
Strongly oxidized mud at top of hole. . chimney fragment

Relatively high Ca content throughout. S i
Interpreted to be explosive hydrothermal reworking. B fcr):;;‘l:ri chimney

o

(_70 Pebble clasts
o

«~— Gypsum crystals

// Sulfate veins
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Date: 15-Nov-2013
Geologist: M.O. Anderson

Hole ID: TKADO12
EOH Depth: 7.51 m

Deposit: Tinakula
Area: North “Site B”

Grain Size (mm) Depth Alteration
Sand | oplcbBX | to and
o ¢ & |Base Secondary
1=y mlélm (m) | Sample | Lithology Phases | Mineralization Description
grad. o 0.10 [MA13-059| Volc. Sand [Strong FeOx 0-0.T m: MnOx crust with oxidized chimney fragments, subang.
i (oxidized) 0.1-0.62 m: Mafic volc. sand with clasts of Brt (chimney), patchy
2 - Patch: d
© MA13-060 Volcanic Faegxy 2% Py FeOx mud. Some Opal A. Mud at base contains v.c.g. ~5 cm euh,
gl 0.62 | MA13-061 Sand Gyp crystals. Minor chimney clasts and volcanic frags, uncons.
o 7
o Voleanic | trong clay 3% Sp 0.62-1.66 m: Intensely clay-altered polymict volcanic pebble
Pabble Bx Mi (high Fe) breccia. Green opal A and clay matrix. Fine disseminated
(uncon.) 8 hlnor 1% Py sulfides. 25% clay-altered subrounded clasts, matrix-supported.
patc ‘ygrfen Clasts are 1-10 mm long, vesicles in clasts preserved.
opa Itnte % Unconsolidated. Moderately sorted. Variably altered. Clasts
Sme;;ye G (black, grey, white) = polymict? Reworked?
1.66
2.01
pvz‘cﬁng:x Strong clay ?:/" Py 2.01-4.36 m: Intensely clay-altered volcanic pebble breccia as
ebble Weak FeOx % Sp above, less Sp, more Py. Decreasing Brt downhole. Slight
(uncon.) (low Fe) increase in clast size and abundance. Variably altered clasts -
polymict or reworked? Subrounded to subangular, few angular,
Variable up to 1 cm. 30% clasts.
MA13-062 Gp
3 Clay alt.
; slightly dec.
= downhole
o
o
'S
E MA13-063 @4.25 m: Clasts are slightly smaller, 1-5 mm, 10-15% clasts
E 4.36 overall. Unconsolidated.
5
<
4.76
Volcanic | Strong clay 4.76-7.42 m: Intensely clay-altered volcanic pebble breccia, as
Pebble BX | dec. with above. Clay alteration slightly decreasing with depth.
depth Development of Gp crystals at 5.60 m depth, ~2% overall.
30-35% clasts overall.
Anh infill
e 3% Py
<1% Sp
crystals (low Fe)
MA13-064
7.42
7.51

Notes/Interpretation:

Footwall has consistent alteration with mineralized drillholes.

Cover sequence has few fragments of Brt-rich chimneys, subangular, transported from nearby.

Locally reworked mass flow facies in footwall.

OCO Pebble clasts
o

fragment

Sand clasts

A Volcanic fragments

Massive sulfide
chimney fragment

Oxidized chimney
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Date: 15-Nov-2013 Hole ID: TKAD032 Deposit: Tinakula

Geologist: M.O. Anderson EOH Depth: 6.92 m Area: North “Site C”
Grain Size (mm)  |Depth Alteration
g/plcib BX to and
<8 |Base . Secondary | e - WR
®® @~ | (m) | Sample | Lithology Phases | Mineralization Description Sample
Volc. Sand | Minor FeOx 0-0.31 m: Black volc. sand, very c.g. Thin MnOx crust. Weakly
0.31 |MA13-070 (uncon.) strong magnetic. Very few clasts of jasperoid and clear Gp xtals. Tr. 2567
& Volc. Sand Anh (40%) green altered clasts (chl?). Possible FeOx chimney fragment.
g (ou%con.) minor Mg;)lx 0.30-1.85 m: Black volc. sand, medium-grained, increase in
u inos grain size downhole. Minor clasts of FeOx and clay. Reverse e
o N grading towards bottom, possibly 2 depositional events. Tr. Anh.
g MA13-071 Minor FeOx | <1% Py-Mrc | 5% grains of oxide/sulfate. No volcanic fragments observed.
x Few fragments of Py-Mrc (<1%). Poorly sorted, subrounded to
g rounded = reworking.
o
0
1.85
1.96
MA13-072| Volcanic Mod-strong 3% Sp 1.96-2.20 m: Footwall volc. pebble breccia with veins of sulfate,
2.20 Pebble BX clay (high Fe) Py-Mrc, opaline Si (4%), barite (3%). Green chalcedony(?) in
E weak FeOx 3% Py, 1% Ccp | matrix with fine Py + Sp disseminated throughout matrix and
] clasts. Clasts are weakly clay-altered, 2-20 mm long, 15-20%,
z subrounded-subangular, vesicular. Matrix-supported, monomict.
=
7
a 3.01
E Volcanic | Strong clay | 3.02-3.77m: | 3.01-5.02 m: Monomict mildly vesicular volcaniclastic pebble
= Pebble BX | in matrix 4% Py breccia (agglomerate) in dark grey clay + Anh matrix. Abundant
- 2% Ccp v.f.g. subhedral Py + Ccp in matrix. Clasts are variably altered 2572
< 1% Sp with white-grey clay. Clast size varies from sub-mm to 20 mm.
l Strong clay alteration of matrix, weaker alteration of clasts.
i Matrix-supported, 10% subrounded-subangular clasts. Clasts
=) MA13-073 have altered rims and are variably fractured (fractures infilled
; by late sulfides). Disseminated low-grade Zn mineralization 2573
(= at 3.65 m, very fine.
o
o
'S
a
u
[4
ui
ared E 5.02
’ Volcanic | Strong clay 4% Py 5.02-6.92 m: As above, with v.f.g. sulfides (Py + Ccp? + Gn?)
Pebble BX | Anh infill in matrix. Abundant Py mineralization in intensely clay altered
MA13-074 and veins matrix, variable. 3% Anh infill and veins. Facies vary from clast-
supported (angular, 1-20 mm, vesicular, 60% clasts, muddy 2575
matrix, 5% disseminated Py) to matrix-supprted (subangular, 1-
20 mm, 30-40% clasts). Patchy sulfate, locally up to 25%.
G MA13-075 Gp @ 6.40-6.60 m: ~50% gypsum, botryoidal. Clasts have darker rims
P 6.40-6.60 m and lighter cores, vary in size from 2-30 mm. Zones of Anh from
like diffuse veins or relict fluid pathways.
6.92

Notes/Interpretation:

Sequence of volcaniclastic breccia (subrounded-subangular, poorly sorted),
overall matrix-supported (proximal facies of small volcano), altered to clay and
infilled with sulfate (Anh).

Covered by at least 2 sequences of distal volcanic sand (reworked).

Located at intersection of 2 big structures, providing conduit for magma = volcano.

. Oxidized chimney
fragment

o
OOQ Pebble clasts

Sand clasts

// Sulfate veins
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Date: 14-Nov-2013
Geologist: M.O. Anderson

Hole ID: TKADO33
EOH Depth: 7.51 m

Deposit: Tinakula
Area: North “Site C”

Grain Size (mm) Depth Alteration
to and
Base Secondary WR
(m) | Sample | Lithology Phases | Mineralization Description Sample
Volc. Sand | Weak FeOx 0-0.75 m: Black volcanic gravel grading to sand, patchy FeOx
MA13-021 (uncon.) from 0.78 m. Few intervals of silt-sized material, ~5 cm wide.
2578
0.75 e - —
Volc. Sand | Mod. FeOx 1% Py 0.75-1.10 m: Lithified volcanic pebble breccia with clasts of Opal
MA13-022| (oxidized) patchy Si A, jasper, barite, finer-grained crust of underlying interval.
1.10 + clay Abundant worm clasts in lithified fragments.
1.49-1.75 m: Silicified volcanic pebble breccia, weakly clay-
1.49 altered, polymict(?), clast-supported, moderately sorted,
- n . o moderately rounded volcanic clasts, with minor jasper(?) and
175 MA13-023 P\ézlglaechX w’\ggg.clsaly :‘11; PSy green opal A clasts. Clasts are 1-10 mm, mafic (vesicular),
- pieeh 0.5p) silicified and clay-altered (protolith?), weakly bedded. Anh-Si in
(polymict) matrix. Brt = 3%. 5-10% pore space, 4% disseminated Py,
<1% native sulphur(?).
2.49-2.90 m: Volcanic pebble BX with intensely clay-altered
matrix and weakly clay-altered clasts. Polymict, clast-supported,
2.49 - Strong clay poorly sorted, volcanic autobreccia facies(?). Arcuate margins
MA13-024| Volcanic | in matrix, 4% Py and strongly jointed clasts. Clay-altered equivalent of above,
Pebble BX | weak in increase in jasper(?) clasts, fewer mafic clasts. Disseminated Py,
2.90 (polymict) clasts locally concentrated in matrix with FeOx.
Volcanic | Strong clay, 5% Py 2.90-3.40 m: Volc. pebble BX, intensely clay-alt. matrix, weakly
MA13-025 Pebble BX | green alt. clay-alt. clagts: Matrix is soft, dark green (O_pal A?). Alt. version of'
(polymict) above. Matrix infill = Anh + opal +/- palagonite rims. Some clasts
3.40 have aligned vesicles. Trace Py.
Volcanic | Strong clay, Tr. Py 3.40-7.51 m: Volc. pebble breccia, similar to above, green matrix
Pebble BX | green alt., has patchy FeOx staining, dark brown to orange, minor-mod.
& (monomict) | patchy Monomictic? Increasing angularity of clasts. Bimodal distribution
| Mod-minor of clasts; small 1-3 mm and larger cm-scale clasts. Trace Py at
‘;( FeOx top of interval.
=
o
o
e
aQ
o MA13-026 Moty
&
- Patchy
<
green alt.
+ FeOx,
intense clay
MA13-027
7.51

Notes/Interpretation:
Sequence of volcaniclastic breccia, similar to TKAD032.

Clast-supported, polymict (variably altered clasts) to monomict autobreccia facies.

Variable alteration, patchy green alternating with FeOx, mod-intense

clay.

Possibly 2 episodes of cover sequence with oxidation at paleoseafloor surface?

Oo<> Pebble clasts
(=4

S .: Sand clasts





image21.jpeg
Date: 13-Nov-2013 Hole ID: TKADO17 Deposit: Tinakula
Geologist: M.O. Anderson EOH Depth: 7.36 m Area: Central “Site D”

Grain Size (mm) Depth Alteration

Mud [ Sand | gplcbBX | to and
& ~ <& |Base . Secondary | e WR
S = o mlmlgm (m) | Sample | Lithology Phases | Mineralization Description Sample
MA13-100|  Volcanic | Minor FeOx 0-1.39 m: Black mafic volcaniclastic sand, monomict. Coarse-
Sand + clay clasts grained for first 40 cm with 2-8 cm long fragments of vesicular
mafic extrusive, more abundant at top of interval. Volc. frags 2413

are subrounded - subangular. No grading below 0.40 m. 5-10%
clasts of FeOx + clay over first 20 cm. Unconsolidated.

|
o
z
i
=
[<]
w
7]
ﬁ 2414
3
sharp 1.39 G -
1.39-1.70 m: Same as above, with finer-grained FeOx (possibly
contdct I Vok_:a_Sagd Mog-S(t)rong hydrothermal deposition?). Sulfide clast at 1.6 m, rounded 2415
1.70 (oxidized) OX (transported). Unconsolidated.
rounded frag. 1.86
MS Talus 4% Py 1.86-2.58 m: Massive sulfide mud-sand with chimney frags
angular (Sph + Cpy) 3% Sp (talus). Abundant disseminated Sp + Ccp + Gn(?). Rare bladed
MA13-017 (low Fe) Brt. Clastic material decreases and sulfate content increases 2416
2% Ccp downhole. Chimney fragments are subangular (not transported
far). Unconsolidated.
2.58
MS Talus | Mod FeOx 1% Py 2.58-3.34 m: Oxidized fine-grained sulfide mud, unconsolidated.
paleo- MA13-018 (oxidized) | Rare clay- <1% Sp Bright reddish-orange. Few volcanic clasts, altered to clay. Few
seafloor altered (high Fe) Brt-rich chimney fragments, subangular. Short-lived time as 2417
=1 clasts Tr Cep paleoseafloor horizon? Looks similar to massive sulfide mud,
:t‘ 334 just oxidized. Variable oxidation intensity.
= |3
> MS Talus 4% Py 3.34-3.83 m: Massive sulfide mud-sand talus, unconsolidated,
= (Sph) 3% Sp poorly sorted. Similar to 1.86-2.58 m interval. Few volc. frags. 2418
H (low Fe)
T | 3.93
MS Talus 4% Py 3.83-5.15 m: Massive sulfide talus, similar to above. Sulfide
(Sph + Cpy) 2% Sp chimney fragments increase in size and abundance with depth.
MA13-101 (high Fe) Minor Bn in some clasts. Few volcanic fragments, subrounded to | 2419
g 2% Ccp subangular. Gradational contact with altered footwall.
2421
rag 5.15 |MA13-019
g Volcanic Intense 3% Py-Mrc | 5.15-7.36 m: Strongly clay-altered monomict volcanic pebble
=z Pebble BX clay 2% Ccp breccia, unconsolidated. Original volcanic textures obscured.
x white in color. Py+Mrc disseminated throughout (2-3%) + Ccp 2422
G = Inp. veins towards base, associated with very white clay alteration,
el sulfides gypsum crystals. 6 cm subrounded Ccp-rich chimney fragment
- E at 6.5 m, fine-grained, 75% Py 15% Ccp, 10% Brt, weakly
< o banded. Altered volcanic clasts are completely clay altered
o (white), subrounded, sub-cm size. Matrix supported? Variable
4 alteration, increases downhole. Increasing Ca content from 5.9 m| 2423
o to EOH.
4
i
=
-
<
MA13-020 2424
7.36 Inc. Ccp
4 EOH
Notes/Interpretation: A Volcanic fragments
Chimney talus contains rounded chimney fragments, fine sulfides. .
May contain in-situ hydrothermal precipitation(?) as well as chimney talus. . Massive sulfide

Overlies intensely altered reworked volcanic pile with obscured volcanic textures. chimney fragment
Highly altered stringer zone from 5.15 - 5.90 m indicated by whole-rock chemistry. - o
Oxidized intervals may be paleoseafloor horizons - second interval likely short lived. ] Oxidized chimney

Overlain by predictable cover sequence. fragment

o
09 Pebble clasts

!+ ¢ Sand clasts

g S Stringer veins
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Date: 19-Nov-2013 Hole ID: TKADO30 Deposit: Tinakula

Geologist: M.O. Anderson EOH Depth: 7.26 m Area: Central “Site D"
Grain Size (mm) Depth
to
Base WR
| (m) | Sample | Lithology | Alteration | Mineralization Description Sample
Volcanic | Minor FeOx 0-2.0 m: Black mafic monomict volcaniclastic sand with few
Sand + clay clasts clasts of soft white clay and hematite. Few intervals of silt. 2545
(uncon.) Weakly magnetic. Grain size decreases downhole. Few FeOx +
clay clasts to 0.4 m. Fine grained to silt-sized interval from 0.4-
o MA13-001 0.7 m (coarse-grained at 0.7 m, decreasing downhole to 1.5 m.
w Coarse-grained with volcanic fragments at 1.76 m. three eruptive
3 sequences.
o 2546
7
&
Yi1s0
o
9 |178
2.00 Volc. Sand Tr Cep + Sp
R 2547
25 MA13-002 vﬁf& ?ggi Mof.cmm 2-2.25m: Ox. volc. sed. Sharp upper contact. Ox. chimney frags?
231
> MA13-003 MS 31/0 Sp (low Fe) | 2 31-3.05m: Massive sulfide chimney with banded honey Sp,
o Chimne 1% Ccp (vugs) | medium- to fine-grained, 5% Brt, 5% vugs up to 1 cm. Minor
=z y o : 2548
= (Sph) <1% Bn open-space fill. Heavy. Low Fe-Sp.
I TrPy
© 3.05 Tr Orp(?)
3.28
MS 3% Sp 3.28-5.32m: Massive sulfide mud, mostly Sp, minor Ccp (inc.
Talus 2% Ccp downhole), disseminated. Clasts of massive sulphide chimney, 2549
(Sph) mostly at top. Patchy FeOx concentrated along beds. Chimney
n clasts are angular, no evidence for transport.
= MA13-004 Minor patchy|
5 FeOx + clay
2 4-5m 2550
w
z
H
=
2551
MA13-005
: E 5.32
[C] Footwall | Strong clay 3% Py 5.32-7.26m: Strongly clay-altered volcaniclastic pebble breccia,
E Volcanic (white) 2% Ccp mostly sandy to pebble-sized clasts up to 1 cm. Infilled by 2552
== Pebble BX Tr Sp sulfate (Anh?) with minor sulfate veins. Sulfides
Lo ~ Sulfate disseminated, concentrated along grain boundaries. Clasts are
5 E 6.00 infill/veins bleached, bedded, monomictic, 1-2% small vesicles, aligned.
< g (anh?) Minor sulfate, varies downhole. Moderate sorting. Matrix-
g supported, locally clast-supported. 2554
] MA13-006 Tr FeOx 1-3% Py Altered stringer zone from 5.32-6..0 m? Inc. in Cu+Ca. Two grain
w sizes of sulfides: pervasive fine-grained pyrite/marcasite +
5 coarse-grained crystalline Py+Mrc (0.5 mm) along grain
< boundaries. 2555
l 7.26

Notes/Interpretation:

Sp-rich chimney talus on volcanic pile, not transported far.

Growth of massive sulphide chimney above talus, becomes oxidized at seafloor.
Stringer zone in strongly altered footwall indicated by higher Cu concentration, low Ca.
~3 episodes of volcanic sand with volcanic fragments deposited at top (pyroclastic).

Volcanic fragments

Massive sulfide
chimney fragment

H B>

Oxidized chimney
fragment

o,

0

Pebble clasts

© 0

55 : Sand clasts
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Date: 14-Nov-2013 Hole ID: TKADO31 Deposit: Tinakula

Geologist: M.O. Anderson EOH Depth: 7.33 m Area: Central “Site D”
in Size (mm) Depth Alteration
to and
£ |Base Secondary WR
| (m) | Sample Lithology Phases | Mineralization Description Sample
T MS Patchy clay 4% Ccp 0-1.71 m: Massive sulfide (Ccp + Sp) chimney boulder.
@ Chimney | top 30 cm 3% Sp 0-0.96 m is the core of the chimney, outer sp-rich zone between
w P0042 | (Ccp + Sp) 2% Py 1.02-1.71 m. Anh lining pore spaces and conduits, bladed barite
3 Boulder Tr. Ata vug fill, 5% vugs. Minor atacamite. Minor clay alteration over 2557
g first 30 cm. Beautiful open-space fill with Ccp -> Sp -> Brt. Lots
@ | 0.96 |MA13-041 of banding. Not many biological indicators.
>
o 1.02
§ 4% Sp
= 3% Ccp
5 2% Py 2558
I 1.71
2.06-2.30 m: Black Sp-rich massive sulfide sediment, silty to
Seafioor 2] 2.06 = sandy sized with few coarse fragments. Patchy FeOx near top
= MA13-042 MS Talus | Mod Patchy 30/0 Sp (weathered sulfides). Disseminated Sp + Ccp throughout. 2559
< 2.30 (Sp) FeOx 2% Cep Unconsolidated. Minor massive sulphide chimney fragments.
> 2.55 — 5 2.55-3.12 m: Massive sulfide chimney with low and high Fe
i MS Si infill 4% Sp Sp chimney fragments with visible former zones of weathering.
§ Chimney | Minor clay (|3W Fe) Si flooding of pore spaces. Sp is complexly banded, dendritic.
s P0043 (Sp) +FeOx 2% Ccp Brt cement (heavy). 10% vugs, infilled by Brt, lined by Sp. 2560
3] g;g Opaline Si wisps.
3.30 MS Talus 3.20-3.30 m: Sulfide sand/mud, Sp-rich.
3.45 (Sp)
P0044 | MS Talus | Mod FeOx 3% Sp 3.45-5.04 m: Massive sulfide chimney breccia cemented by Brt
S (Sp) alt. of 2% Ccp + Sp. FeOx affects clasts. 5-10% vugs. Bands of low and high
=] Lithified clasts @ 2% Py Fe Sp, upper ~18 cm is bright red oxidized sillica (jasper).
.‘5 Breccia |3.45-3.70 m Increasing abundance of 1-2 cm clasts of Anh + vein infill towards 2561
> bottom. Bladed Brt and botryoidal Sp vein fill. Not simple
g chimney textures, appears to be lithified chimney talus,
S (434 hydrothermally cemented. Brt content increases downhole.
x Not transported far.
4.58
MS Talus 4% Sp
(Sp) 3% Cep 2563
5.04 |MA13043 itified BX 2% Py
5.64
T T Volcanic Intense 2% Py 5.64-7.33 m: Intensely clay-altered matrix-supported volcani-
x - MA13-044 | Pebble BX clay Tr. Cep calstic pebble breccia. 30% subrounded clasts, 1-10 mm long,
w 2‘ decreasing in abundance and size downhole. Matrix is 2564
% = light grey, muddy. Unconsolidated. Abundant disseminated euh.
© 5 Py, decreasing downhole. Tr. disseminated Ccp. Minor sulfate
'u_7 8 cementing clasts. Monolithic. No obvious grading.
S8
4 ¥
E = MA13-045 2565
5h
<<
l, l 7.33
Notes/Interpretation: ] Massive sulfide

Massive sulfide chimney (Ccp+Sp) boulder sits on moderately oxidized seafloor chimney fragment
chimneys (very different, Sp-rich), lithified chimney talus (hydrothermal cement).
Grades into matrix-supported strongly clay-altered footwall. OQO Pebble clasts
Small, rounded clasts in footwall = distal volcaniclastics? o

Footwall alteration is likely altered stringer zone (low Ca content).

Origin of FeOx from 3.45-3.70 m: paleoseafloor? Short lived, prior to pulse of
hydrothermal fluids causing another chimney building episode, lithified talus.





image24.jpeg
Date: 135-Nov-2013
Geologist: M.O. Anderson

Hole ID: TKADO18
EOH Depth: 6.71 m

Deposit: Tinakula

Area: Central “Site D”

Grain Size (mm) Depth Alteration
g/plcib BX to and
w8 |Base Secondary WR
= %" | (m) | Sample | Lithology Phases | Mineralization Description Sample
E g ¢ 0.20 MS_ 'I_'alus FeOx, Si Tr. Sp 0-0.2 m: Oxidized chimney talus, unconsolidated. SiO crust, 2426
Z3 (oxidized) biological fragments(?) in top 5 cm, polylithic. Few fragments
= 5 of oxidized chimney.
=
0.57 - - 5 0.57-1.19 m: Massive sulfide chimney with banded Sph, 10%
& MA13-010 MS Chimney| Patchy Si, 4% Sp vugs lined with Brt, Ccp (2%), Sp. Matrix is Brt-rich. Minor
=z (Sph)  |weak patchy (|DDW Fe) entrained clasts of altered (bleached) volcaniclastics, 5%.
= FeOx 30/0 By, Hydrothermally cemented chimney talus? Weathered rind of 2427
S 119 |MA13-011 2% Cep Brt-Si alteration at lower contact.
Ba E Volcanic | Mod-strong 2% Sp 1.19-1.83 m: Volcaniclastic sand-pebble breccia with moderate to
rind [Sand-Pebble| clay, (low Fe) strong clay alteration (mainly altering clasts), sulfide
=z . BX_ mod Si, 2% Py mineralization along veins, vugs (few), and disseminated. Clasts | 499
I3 MA13-012|(mineralized)  minor 1% Ccp are angular, monomict, matrix-supported, 1-5 mm long. Lithified
» 1.83 AT patchy FeOx by silica alteration (cement).
grad’ g Volcanic 3% Py 1.83-6.71 m: Strongly clay-altered, monomict(?) volcanic pebble
Pebble BX | Strong clay 2% Ccp breccia (footwall), unconsolidated. Original volcanic textures
E <1% Sp obscured. Abundant disseminated Py + Ccp +/- Sp to 3.85 m,
o (dec. DH) decreasing downhole. Below 3.85 m there is minor anhydrite 2430
z (cement). Breccia is clast-supported, moderately sorted. Difficult
'E to tell facies changes.
»
a MA13-014
I W
E
- 2431
l - 2% Py
< 1% Ccp
E Tr. Sp
o
2
E 2432
4
ui
'_'t, 2% Py
< <1% Ccj
MA13-015 Bt
2433
2434
6.71 |MA13-016

Notes/Interpretation:

Massive sulphide chimney talus is oxidized at the seafloor, overlies Sp-rich massive sulfide chimney.

Preserved stringer zone, variable alteration increasing downhole.
Grades into intensely clay-altered footwall volcanic pebble breccia.

Intervals that are sulfide-rich (Py + Ccp) suggests that the stringer zone persists to ~3.85 m.

fragment

A Volcanic fragments

Massive sulfide
chimney fragment

Oxidized chimney

o
09 Pebble clasts

S g Stringer veins

\ Worm casts
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Date: 135-Nov-2013
Geologist: M.O. Anderson

Hole ID: TKADO19
EOH Depth: 6.88 m

Deposit: Tinakula

Area: Central “Site D”

Grain Size (mm) Depth Alteration
Sand | olbBX | to and
< 8 |Base Secondary WR
® m|3| A (m) | Sample | Lithology Phases | Mineralization Description Sample
Volcanic | Weak FeOx 0-0.41 m: Dark grey medium-grained volcaniclastic sand, patchy
Sand patchy FeOx at top - weathered sulphides? 2436
0.41 (uncon.)
Volcanic | Mod. FeOx 0.41-1.25 m: Brown-black volcaniclastic sand with fresh volcanic
Sand patchy, (vesiuclar, aphanitic, aphyric, black) and red-brown oxidized mud.
(uncon.) clay-alt Volcanic clasts are variably clay altered, angular to subangular. 2437
volc. frags. Traces of blood red and yellow minerals on volcanic clasts
(arsenic mineral?). Disaggregated volcanic autobreccia -
1.25 hyaloclastite(?).
paleo-seafloor
1.91
Volcanic | Mod. FeOx 1.91-2.45 m: Coarse-grained orange-brown volcaniclastic sand.
MA13-007 Sand patchy, Contains fresh to slightly oxidized volcanic fragments (similar 2439
(uncon.) minor clay to above). Hyaloclastite rubble and quenched formerly glassy
2.45 dec. DH margins to lava fragments (strongly jointed).
g 2.45-4.35 m: Sharp contact between FeOx mud and relatively
o Inc. MnOx unoxidized sediment. Increasing MnOx downhole. Volcanic
=) DH fragments are subrounded-subangular. Vesicles are elongate.
g Grain sizes cover a wide range from sandy to 1 cm clasts. 2440
@ Minor FeOx
i
8 Clasts are hard between 2.45-3.65 m, soft at 3.65 m, increasing
hardness to 4.35 m.
Minor FeOx
2441
4.35
4.65
MA13-008| Volcanic |Weak FeOx 4.65-5.60 m: Similar to 2.45-4.35 m, with sand washed out.
Gravel on outside Unconsolidated fragments of vesicular mafic extrusive, black,
(uncon.) of clasts 5-15% vesicles, 1-5 mm long, elongate. Eruptive event
entrained older lava flow? 2442
5.60
Volcanic Tr. FeOx 5.60-6.14 m: Black volcaniclastic sand with fragments of
Sand unaltered vesicular volcanic mafic extrusive. Vesicles are round, | 2443
6.14 |MA13-009 (uncon.) ~10%. Less sandy component than 0-4.35 m.
6.88
Notes/Interpretation: A Volcanic fragments

No sulfides or altered footwall volcanic pebble-breccia encountered.

Represents thick cover sequence in “saddle” feature, drilling did not penetrate cover sequence.

Distal volcanics with multiple episodes of deposition.

Angular volcanic fragments with elongate vesicles, quenched margins indicate pyroclastic eruption.

Sharp contacts with oxidized horizons (control?) demonstrate no mixing.

Overall general increase in size of volcanic fragments towards bottom, variable overall.

No fine interbedded fine-grained and coarse-grained sequences.

No peperitic textures.

Sand clasts
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Minerals

(A) Ccp-Rich Chimneys
Py
Cep
Au
Low-Fe Sp
Cv
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Tabular Brt
FeO,
Ata
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Dendritic, colloform Mrc
Secondary porous Py
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Cep
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(D) Brt-Rich Chimneys
Dendritic Brt
Mod to high-Fe Sp
Spherulitic to colloform Mrc
Secondary porous Py
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Low-Fe Sp
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Am-Si
Local framboidal Py
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Sample Sp Ccp Py Mrc Gn Jd Au Brt Anh Gp Am-Si Bn Dg Cv Ata(?) FeOx Hem Goe(?) MnOx Volc. Clasts Clay Cal

GMA13-038 Ccp + +++ + + Tr + +

GMA13-048 Ccp + +++ + Tr Tr + Tr Tr

GMA13-020 Ccp + Py ± Mrc + +++ ++ + + ++ +

GMA13-021 Ccp + Py ± Mrc + +++ ++ + + ++ + + + +

GMA13-034 Ccp + Py ± Mrc + +++ ++ +++ + + Tr Tr + + +

GMA13-046 Ccp + Py ± Mrc + +++ ++ + + +

GMA13-004a Ccp + Mrc + Sp ++ +++ + +++ Tr + ++ +

GMA13-004b Ccp + Mrc + Sp ++ +++ + +++ + ++ Tr

GMA13-050 Ccp + Mrc + Sp +++ +++ + +++ Tr + +

MA13-028 Ccp + Mrc + Sp ++ +++ +++ + ++ + Tr

MA13-041 Ccp + Mrc + Sp ++ +++ ++ + ++ + Tr Tr

MA13-048 Sp + Brt +++ ++ + + +++ + Tr + +

GMA13-010 Ccp + Sp ++ +++ + + + + Tr Tr + +

GMA13-019b Ccp + Sp ++ +++ + ++ Tr

GMA13-027 Ccp + Sp ++ +++ + + Tr + + + Tr +

GMA13-028 Ccp + Sp + +++ + + + +

GMA13-031 Ccp + Sp ++ +++ + + + + Tr + + +

GMA13-049 Ccp + Sp ++ +++ + ++

MA13-046 Ccp + Sp ++ +++ + + ++ Tr Tr + +

P0042 Ccp + Sp ++ +++ + ++ Tr Tr + Tr

GMA13-002 Sp + Brt +++ + +++ + Tr +

GMA13-012 Sp + Brt +++ + +++

GMA13-019a Sp + Brt +++ ++ + + Tr +++ + Tr

GMA13-022 Sp + Brt +++ + Tr Tr Tr +++

GMA13-029 Sp + Brt +++ Tr + + Tr +++ +

GMA13-033 Sp + Brt +++ + Tr ++ + +

GMA13-042 Sp + Brt +++ + + + +++ + + + + +

GMA13-051 Sp + Brt +++ + Tr + + +++ ++ Tr + + + ++

GMA13-053a Sp + Brt ++ + + ++ + +++ + Tr Tr

GMA13-062 Sp + Brt +++ + + + Tr ++ + Tr

MA13-003 Sp + Brt +++ + Tr ++ Tr

MA13-011 Sp + Brt +++ + + + +++ + Tr

MA13-029 Sp + Brt +++ + + + +++ Tr Tr +

MA13-043 Sp + Brt +++ + + +++ ++

MA13-065 Sp + Brt +++ + + +++ +

P0043 Sp + Brt +++ + + +++ ++ + +

GMA13-003a Sp + Brt + Py +++ Tr ++ + Tr ++ Tr

GMA13-003b Sp + Brt + Py +++ + ++ + + + Tr Tr

GMA13-005 Sp + Brt + Py +++ + ++ + + +++

GMA13-007 Sp + Brt + Py +++ Tr ++ + Tr +++

GMA13-040 Sp + Brt + Py +++ + ++ + +++ + Tr + Tr +

GMA13-041 Sp + Brt + Py +++ + ++ + + +++ + Tr + + + Tr

GMA13-058 Sp + Brt + Mrc +++ + + +++ + Tr +++ +

GMA13-061 Sp + Brt + Mrc ++ + + ++ + Tr +++ + + + Tr Tr

GMA13-006 Sp + Brt + Gn +++ + + +++ + ++ +

GMA13-032 Sp + Mrc/Py +++ + +++ + + Tr + ++ Tr Tr Tr

GMA13-052 Sp + Mrc/Py +++ + + ++ + + + +

MA13-098 Sp + Mrc/Py ++ ++ +++ ++ ++ Tr +

+++ = abundant (>25%); ++ = major (10-25%); + = minor (1-9%); Tr = Trace (<1%)

Sp = sphalerite; Ccp = chalcopyrite; Py = pyrite; Mrc = marcasite; Gn = galena; Jd = jordanite; Au = gold; Brt = barite; Anh = anhydrite; Gp = gypsum

Am-Si = amorphous silica (opal-A); Bn = bornite; Dg = digenite; Cv = covellite; Ata = atacamite; FeOx = iron oxyhydroxie; Hem = hematite; Goe = goethite; 

MnOx = manganese oxyhydroxide; Volc. = volcanic; Cal = calcite

Chimney Type

Chalcopyrite-rich chimneys

Zoned chimneys

Sphalerite-rich chimneys
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Tinakula Grab Samples



		Date Collected		Sample		Parent ID		Location		X		Y		Z		ROV Dive		Venting		Intact chimney?		Sample Type		Sample Name

		11/25/13		GMA13-001		096		Big Starfish		782144.8		8650638.1		-653.2		ROV10		N		NA		Volcanic		Feldspar phyric dacite

		11/25/13		GMA13-002		754		East Central - Mound D		784711.7		8649565.6		-1109.3939		ROV121		N		N		Sulfide talus		Sphalerite + barite chimney talus

		11/25/13		GMA13-003		632		East Central - Mound D		784724.0		8649595.3		-1109.0408		ROV111		N		Y		Sulfide		Sphalerite + barite chimney

		11/25/13		GMA13-004		633		East Central - Mound C		784718.2		8649637.3		-1099.0464		ROV111		Y		Y		Sulfide		Zoned marcasite + chalcopyrite + sphalerite chimney

		11/25/13		GMA13-005		636		East Central - Mound D		784709.6		8649654.2		-1097.721		ROV111		N		Y		Sulfide		Sphalerite + barite chimney

		11/25/13		GMA13-006		634		East Central - Mound D		784732.8		8649650.1		-1099.3033		ROV111		N		N		Sulfide talus		Sphalerite + galena + barite chimney talus

		11/25/13		GMA13-007		635		East Central - Mound D		784719.9		8649659.5		-1095.2905		ROV111		N		Y		Sulfide		Sphalerite + barite chimney

		11/25/13		GMA13-008		646		East Central - Mound C		784692.6		8649762.8		-1081.9095		ROV112		N		NA		Altered volcaniclastic		Mineralized monolithic clay-altered volcaniclastic breccia

		11/25/13		GMA13-009		647		East Central - Mound C		784665.8		8649759.3		-1089.1438		ROV112		N		NA		Altered volcaniclastic		Mineralized polylithic volcaniclastic breccia with barite chimney

		11/25/13		GMA13-010		649		East Central - Mound C		784711.1		8649704.6		-1074.4598		ROV112		Y		N		Sulfide talus		Zoned chalcopyrite + sphalerite chimney talus

		11/25/13		GMA13-011		657		East Central - distal Mound D		784665.2		8649570.8		-1133.376		ROV114		N		Y		MnOx 		MnOx Chimney

		11/25/13		GMA13-012		659		East Central - distal		784802.0		8649558.9		-1128.3		ROV114		N		Y		Sulfide		Sphalerite + barite chimney

		11/25/13		GMA13-013		651		East Central - distal		784884.0		8649703.3		-1134.7844		ROV112		N		NA		MnOx		MnOx Chimney

		11/25/13		GMA13-014		655		East Central - distal		784834.2		8649561.3		-1142.8955		ROV114		N		NA		Volcanic		Hyaloclastite

		11/25/13		GMA13-015		658		East Central - distal		784867.6		8649563.5		-1154.28		ROV114		N		NA		Volcanic		Lava Flow

		11/25/13		GMA13-016		652		East Central - distal		784555.1		8649732.4		-1099.26		ROV112		N		Y		MnOx		MnOx chimney

		11/25/13		GMA13-017		707		East North - Mound B		784593.9		8649858.1		-1088.8327		ROV118		N		N		Silicified caprock + sulfide		Silicified iron-oxide caprock with barite + pyrite chimney

		11/25/13		GMA13-018a		706		East North - Mound B		784594.1		8649858.0		-1088.81		ROV118		N		N		Silicified caprock		Silicified biogenic(?) caprock

				GMA13-018b		706		East North - Mound B		784594.1		8649858.0		-1088.81		ROV118		N		N		Sulfide talus		Pyrite/marcasite + barite chimney talus

		11/25/13		GMA13-019a		701		East North - Mound A		784567.2		8649966.6		-1100.6264		ROV118		N		N		Sulfide talus		Sphalerite + barite chimney talus overgrown by zoned chalcopyrite + sphalerite chimney

		11/25/13		GMA13-019b		701		East North - Mound A		784567.2		8649966.6		-1100.6264		ROV118		N		N		Sulfide talus		Zoned chalcopyrite + sphalerite chimney talus

		11/25/13		GMA13-020		703		East North - Mound A		784563.8		8649943.2		-1093.9473		ROV118		N		Y		Sulfide		Zoned chalcopyrite + marcasite chimney

		11/25/13		GMA13-021		704		East North - Mound A		784551.0		8649883.2		-1087.533		ROV118		N		Y		Sulfide		Zoned chalcopyrite + pyrite chimney





		Date Collected		Sample		Parent ID		Location		X		Y		Z		ROV Dive		Venting		Intact chimney?		Sample Type		Sample Name

		11/25/13		GMA13-022		705		East North - Mound A		784597.3		8649923.3		-1090.2988		ROV118		N		N		Sulfide talus		Sphalerite + barite chimney talus

		11/26/13		GMA13-023		594		Pleateau ~1 km NNE		784917.9		8650496.1		-1092.19		ROV108		N		NA		Volcanic		Lava flow

		11/26/13		GMA13-024		588		East North 		784724.3		8649655.5		-1094.0507		ROV108		Y		Y		Sulfide		Marcasite + barite chimney

		11/26/13		GMA13-025		590		East North - Mound B		784605.4		8649877.1		-1090.5476		ROV108		N		N		FeOx		FeOx chimney talus

		11/26/13		GMA13-026		595		East North		785157.4		8649925.2		-1147.319		ROV108		N		NA		FeOx		FeOx chimney talus

		11/26/13		GMA13-027		592		East North		784719.5		8649655.6		-1095.8328		ROV108		N		Y		Sulfide		Zoned chalcopyrite + sphalerite chimney

		11/26/13		GMA13-028		586		East North		784719.5		8649655.6		-1097.52		ROV108		N		Y		Sulfide		Zoned chalcopyrite + sphalerite chimney

		11/26/13		GMA13-029		598		East North		784745.1		8649583.1		-1109.7398		ROV109		Y		Y		Sulfide		Barite + sphalerite chimney

		11/26/13		GMA13-030		604		East Central - Mound C		784717.4		8649745.0		-1074.882		ROV109		N		N		Silicified caprock + sulfide		Silicified iron oxide caprock with barite + pyrite chimney

		11/26/13		GMA13-031		603		East Central - Mound C		784671.0		8649796.4		-1103.3315		ROV109		N		Y		Sulfide		Zoned chalcopyrite + sphalerite chimney

		11/26/13		GMA13-032		606		East Central - Mound C		784731.9		8649743.1		-1074.335		ROV109		N		Y		Sulfide		Zoned sphalerite + pyrite chimney

		11/26/13		GMA13-033		602		East Central - Mound C		784660.0		8649788.9		-1103.665		ROV109		N		N		Sulfide talus		Sphalerite + barite chimney talus

		11/26/13		GMA13-034		608		East Central		784759.0		8649632.2		-1108.2709		ROV109		Y		Y		Sulfide		Zoned pyrite/marcasite + chalcopyrite chimney

		11/26/13		GMA13-035		611		Distal		784337.5		8650007.6		-1052.75		ROV109		N		NA		Volcanic		Lava Flow

		11/26/13		GMA13-036		607		East Central - Mound C		784712.3		8649661.3		-1094.45		ROV109		N		NA		Volcanic		Lava Flow

		11/26/13		GMA13-037		687		Distal		784572.3		8649536.4		-1144.741		ROV116		N		Y		Silicified FeOx		Siliceous

		11/26/13		GMA13-038		695		Far north		784500.8		8650057.7		-1115.578		ROV118		N		Y		Sulfide		Chalcopyrite chimney

		11/26/13		GMA13-039		696		Far north		784516.6		8650090.5		-1126.66		ROV118		N		NA		Volcanic		Lava Flow

		11/26/13		GMA13-040		697		Far north		784531.5		8650094.1		-1123.3665		ROV118		N		Y		Sulfide		Barite + sphalerite chimney

		11/26/13		GMA13-041		700		Far north		784565.3		8649996.1		-1108.6958		ROV118		Weak		Y		Sulfide		Sph+Ba chimney

		11/26/13		GMA13-042		698		Far north		784555.2		8650074.9		-1122.1306		ROV118		N		Y		Sulfide		Sph chimney

		11/26/13		GMA13-043		711		South East		783664.4		8648919.8		-1195.95		ROV118		N		NA		Volcanic		Lava Flow

		11/26/13		GMA13-044		712		South East		784243.3		8649069.3		-1167.24		ROV119		N		NA		Volcanic		Lava Flow

		11/26/13		GMA13-045		708		East, north - Mound B		784650.5		8649864.0		-1089.694		ROV118		N		N		Sulfide talus		Sph+Ba chimney

		11/26/13		GMA13-046		710		East, north - Mound A		784546.0		8649903.4		-1089.596		ROV118		N		Y		Sulfide		Cpy+Py chimney

		11/26/13		GMA13-047		743		East Central - Mound D		784694.7		8649577.9		-1117.9191		ROV121		Patchy		N		FeOx		FeOx chimney

		11/26/13		GMA13-048		750		East Central - Mound D		784714.6		8649548.9		-1108.722		ROV121		N		N		Sulfide talus		Py+Marc chimney





		Date Collected		Sample		Parent ID		Location		X		Y		Z		ROV Dive		Venting		Intact chimney?		Sample Type		Sample Name

		11/26/13		GMA13-049		742		East Central - Mound D		784706.5		8649598.0		-1111.684		ROV121		N		N		Sulfide talus		Sph+Cpy chimney talus

		11/26/13		GMA13-050		741		East Central - Mound D		784712.1		8649614.7		-1100.6417		ROV121		N		N		Sulfide talus		Sph+Cpy+Py chimney talus

		11/26/13		GMA13-051		746		East Central - Mound D		784707.3		8649570.0		-1110.5646		ROV121		N		N		Sulfide talus		Sph+Ba chimney

		11/26/13		GMA13-052		727		East Central - Mound C		784650.6		8649747.2		-1092.0702		ROV120		N		Y		Sulfide		Sph+Py chimney

		11/26/13		GMA13-053		729		East Central - Mound C		784686.6		8649749.0		-1078.3188		ROV120		N		N		Sulfide talus		Sph+Ba chimney talus

		11/26/13		GMA13-054		723		East Central - distal Mound D		784671.9		8649531.5		-1136.5111		ROV120		N		Y		FeOx		FeOx chimney

		11/26/13		GMA13-055		722		East Central - distal Mound D		784675.8		8649494.2		-1143.306		ROV120		N		N		FeOx		FeOx chimney

		11/26/13		GMA13-056		725		East Central - distal Mound C		784607.8		8649727.5		-1107.1881		ROV120		N		Y		Silicified FeOx		Siliceous

		11/26/13		GMA13-057		732		East Central - Mound C		784698.6		8649739.9		-1068.93		ROV120		N		NA		Volcanic		Lava Flow

		11/26/13		GMA13-058		736		East Central - Mound D		784722.8		8649648.6		-1096.154		ROV120		N		N		Sulfide talus		Sph+Ba+Py chimney

		11/26/13		GMA13-059		734		East Central - Mound C		784715.6		8649686.0		-1085.4637		ROV120		N		Y		FeOx		FeOx chimney

		11/26/13		GMA13-060		733		East Central - Mound C		784713.0		8649643.7		-1101.7145		ROV120		N		Y		Sulfide		Sph+Ba chimney

		11/26/13		GMA13-061		738		East Central - Mound C		784678.2		8649752.8		-1081.5789		ROV120		N		N		Sulfide talus		Sph+Ba chimney talus

		11/26/13		GMA13-062		737		East Central - Mound D		784699.7		8649651.0		-1099.6825		ROV120		Y		N		Sulfide talus		Sph+Ba chimney talus

		11/26/13		GMA13-063		768		South East (far)		784049.8		8650965.1		-1116.89		ROV123		N		NA		Volcanic		Lava Flow

		11/26/13		GMA13-064		091		Big Starfish		781606.9		8650201.1		-630.17		ROV10		N		NA		Volcanic		Lava Flow

		11/26/13		GMA13-065		097		Big Starfish		781742.7		8650441.4		-498.97		ROV10		N		NA		Volcanic		Lava Flow







Sulfide sample list

		Sample		X		Y		Z		Chimney Type

		GMA13-002		784711.7		8649565.6		-1109.3939		Sp + Brt

		GMA13-003		784724.0		8649595.3		-1109.0408		Sp + Brt + Py

		GMA13-004		784718.2		8649637.3		-1099.0464		Ccp + Mrc + Sp

		GMA13-005		784709.6		8649654.2		-1097.721		Sp + Brt + Py

		GMA13-006		784732.8		8649650.1		-1099.3033		Sp + Brt + Gn

		GMA13-007		784719.9		8649659.5		-1095.2905		Sp + Brt + Py

		GMA13-008		784692.6		8649762.8		-1081.9095		Sp + Brt

		GMA13-009a		784665.8		8649759.3		-1089.1438		Sp + Brt

		GMA13-009b		784665.8		8649759.3		-1089.1438		Am-Si + Brt ± Fe-MnOx

		GMA13-010		784711.1		8649704.6		-1074.4598		Ccp + Sp

		GMA13-012		784802.0		8649558.9		-1128.3		Sp + Brt

		GMA13-017		784593.9		8649858.1		-1088.8327		Am-Si + Brt + Mrc/Py

		GMA13-018a		784594.1		8649858.0		-1088.81		Am-Si + Brt + MnOx

		GMA13-018b		784594.1		8649858.0		-1088.81		Brt + Mrc ± Py

		GMA13-019a		784567.2		8649966.6		-1100.6264		Sp + Brt

		GMA13-019b		784567.2		8649966.6		-1100.6264		Ccp + Sp

		GMA13-020		784563.8		8649943.2		-1093.9473		Ccp + Py ± Mrc

		GMA13-021		784551.0		8649883.2		-1087.533		Ccp + Py ± Mrc

		GMA13-022		784597.3		8649923.3		-1090.2988		Sp + Brt

		GMA13-024		784724.3		8649655.5		-1094.0507		Brt + Mrc ± Py

		GMA13-027		784719.5		8649655.6		-1095.8328		Ccp + Sp

		GMA13-028		784719.5		8649655.6		-1097.52		Ccp + Sp

		GMA13-029		784745.1		8649583.1		-1109.7398		Sp + Brt

		GMA13-030a		784717.4		8649745.0		-1074.882		Am-Si + Brt + Mrc/Py + FeOx

		GMA13-030b		784717.4		8649745.0		-1074.882		Am-Si + Brt ± Fe-MnOx

		GMA13-031		784671.0		8649796.4		-1103.3315		Ccp + Sp

		GMA13-032		784731.9		8649743.1		-1074.335		Sp + Mrc/Py

		GMA13-033		784660.0		8649788.9		-1103.665		Sp + Brt

		GMA13-034		784759.0		8649632.2		-1108.2709		Ccp + Py ± Mrc

		GMA13-038		784500.8		8650057.7		-1115.578		Ccp

		GMA13-040		784531.5		8650094.1		-1123.3665		Sp + Brt + Py

		GMA13-041		784565.3		8649996.1		-1108.6958		Sp + Brt + Py

		GMA13-042		784555.2		8650074.9		-1122.1306		Sp + Brt

		GMA13-045		784650.5		8649864.0		-1089.694		Brt + Mrc ± Py

		GMA13-046		784546.0		8649903.4		-1089.596		Ccp + Py ± Mrc

		GMA13-048		784714.6		8649548.9		-1108.722		Ccp

		GMA13-049		784706.5		8649598.0		-1111.684		Ccp + Sp

		GMA13-050		784712.1		8649614.7		-1100.6417		Ccp + Mrc + Sp

		GMA13-051		784707.3		8649570.0		-1110.5646		Sp + Brt

		GMA13-052		784650.6		8649747.2		-1092.0702		Sp + Mrc/Py

		GMA13-053		784686.6		8649749.0		-1078.3188		Sp + Brt

		GMA13-058		784722.8		8649648.6		-1096.154		Sp + Brt + Mrc

		GMA13-060		784713.0		8649643.7		-1101.7145		Am-Si + Brt ± Fe-MnOx

		GMA13-061		784678.2		8649752.8		-1081.5789		Sp + Brt + Mrc

		GMA13-062		784699.7		8649651.0		-1099.6825		Sp + Brt





Sulfide petrography summary

						Sp		Ccp		Py		Mrc		Gn		Jd		Au		Brt		Anh		Am-Si		Bn		Dg		Cv		Ata(?)		FeOx		Hem		Goe(?)		MnOx		Volc. Clasts		Clay		Cal		Undent. Min

		GMA13-002		Sp + Brt		+++				+										+++				+										Tr		+

		GMA13-003a		Sp + Brt + Py		+++		Tr		++		+		Tr						++										Tr

		GMA13-003b		Sp + Brt + Py		+++		+		++		+		+						+										Tr				Tr

		GMA13-004a		Ccp + Mrc + Sp		++		+++		+		+++				Tr				+				++						+

		GMA13-004b		Ccp + Mrc + Sp		++		+++		+		+++								+				++						Tr

		GMA13-005		Sp + Brt + Py		+++		+		++		+		+						+++

		GMA13-006		Sp + Brt + Gn		+++		+		+				+++		+				++														+

		GMA13-007		Sp + Brt + Py		+++		Tr		++				+		Tr				+++

		GMA13-008		Sp + Brt		++		Tr		+				+						++		+		+						Tr				+						+		+++		+

		GMA13-009a		Sp + Brt		++				+		Tr		Tr		Tr				+++		+												+		+				+		+++

		GMA13-009b		Am-Si + Brt ± Fe-MnOx		+				+		+		Tr		Tr				+++				++										+						+

		GMA13-010		Ccp + Sp		++		+++				+								+				+		+		Tr		Tr				+						+

		GMA13-012		Sp + Brt		+++				+										+++

		GMA13-017a		Am-Si + Brt + Mrc/Py						++		++								+++				+++										++		+				+

		GMA13-017b		Am-Si + Brt + Mrc/Py		+				++		++								+++				+++										Tr

		GMA13-018a		Am-Si + Brt ± Fe-MnOx						+										++				+++										+						+++

		GMA13-18b		Brt + Mrc ± Py		+				++		++								+++				+				Tr		Tr				Tr

		GMA13-019a		Sp + Brt		+++		++		+		+		Tr						+++				+						Tr

		GMA13-019b		Ccp + Sp		++		+++												+				++										Tr

		GMA13-020		Ccp + Py ± Mrc		+		+++		++		+								+				++						+

		GMA13-021		Ccp + Py ± Mrc		+		+++		++		+								+				++						+		+		+				+

		GMA13-022		Sp + Brt		+++		+		Tr				Tr		Tr				+++

		GMA13-024		Brt + Mrc ± Py		+						+++								++														+				+								+

		GMA13-027		Ccp + Sp		++		+++		+		+		Tr		+				+				+				Tr		+

		GMA13-028		Ccp + Sp		+		+++		+										+										+				+

		GMA13-029		Sp + Brt		+++		Tr		+				+		Tr				+++		+

		GMA13-030a		Am-Si + Brt ± Fe-MnOx						+		++												++										+++		+				+

		GMA13-030b		Am-Si + Brt + Mrc/Py		+				++		++								+++				++										+

		GMA13-031		Ccp + Sp		++		+++		+		+								+				+				Tr		+				+						+

		GMA13-032		Sp + Mrc/Py		+++		+		+++		+		+		Tr				+				++						Tr				Tr				Tr

		GMA13-033		Sp + Brt		+++				+				Tr						++														+						+

		GMA13-034		Ccp + Py ± Mrc		+		+++		++		+++								+				+		Tr		Tr		+				+				+

		GMA13-038		Ccp		+		+++		+										+										Tr		+		+

		GMA13-040		Sp + Brt + Py		+++		+		++				+						+++				+						Tr				+		Tr				+

		GMA13-041		Sp + Brt		+++		+		++		+		+						+++				+				Tr		+				+		+		Tr

		GMA13-042		Sp + Brt + Py		+++		+		+				+						+++				+						+				+		+				+

		GMA13-045		Brt + Mrc ± Py		+				+		++		+		+				+++				+										Tr				Tr

		GMA13-046		Ccp + Py ± Mrc		+		+++		++										+										+				+

		GMA13-048		Ccp		+		+++		+								Tr		Tr				+						Tr				Tr

		GMA13-049		Ccp + Sp		++		+++				+												++

		GMA13-050		Ccp + Mrc + Sp		+++		+++		+		+++				Tr				+										+

		GMA13-051		Sp + Brt		+++		+		Tr				+		+				+++				++				Tr		+				+		+								++

		GMA13-052		Sp + Mrc/Py		+++		+		+		++		+						+				+										+

		GMA13-053a		Sp + Brt		++		+		+		++		+						+++				+										Tr				Tr

		GMA13-053b		Sp + Brt		++		+		+		+		+						+++				++										+								++		+

		GMA13-058		Sp + Brt + Mrc		+++		+		+		+++		+		Tr				+++																		+

		GMA13-060		Am-Si + Brt ± Fe-MnOx		+		+				Tr								+++				++										+		+		+		+				+				+

		GMA13-061		Sp + Brt + Mrc		++		+		+		++		+		Tr				+++				+				+		+				Tr				Tr

		GMA13-062		Sp + Brt		+++		+		+		+		Tr						++				+										Tr





Petrography by chimney type



		Sample		Chimney Type				Sp		Ccp		Py		Mrc		Gn		Jd		Au		Brt		Anh		Gp		Am-Si		Bn		Dg		Cv		Ata(?)		FeOx		Hem		Goe(?)		MnOx		Volc. Clasts		Clay		Cal

				Chalcopyrite-rich chimneys

		GMA13-038				Ccp		+		+++		+										+												Tr		+		+

		GMA13-048				Ccp		+		+++		+								Tr		Tr						+						Tr				Tr

				Zoned chimneys

		GMA13-020				Ccp + Py ± Mrc		+		+++		++		+								+						++						+

		GMA13-021				Ccp + Py ± Mrc		+		+++		++		+								+						++						+		+		+				+

		GMA13-034				Ccp + Py ± Mrc		+		+++		++		+++								+						+		Tr		Tr		+				+				+

		GMA13-046				Ccp + Py ± Mrc		+		+++		++										+												+				+

		GMA13-004a				Ccp + Mrc + Sp		++		+++		+		+++				Tr				+						++						+

		GMA13-004b				Ccp + Mrc + Sp		++		+++		+		+++								+						++						Tr

		GMA13-050				Ccp + Mrc + Sp		+++		+++		+		+++				Tr				+												+

		MA13-028				Ccp + Mrc + Sp		++		+++				+++								+		++						+						Tr

		MA13-041				Ccp + Mrc + Sp		++		+++				++				+				++														+		Tr										Tr

		MA13-048				Sp + Brt		+++		++		+						+				+++								+						Tr		+										+

		GMA13-010				Ccp + Sp		++		+++				+								+						+		+		Tr		Tr				+						+

		GMA13-019b				Ccp + Sp		++		+++												+						++										Tr

		GMA13-027				Ccp + Sp		++		+++		+		+		Tr		+				+						+				Tr		+

		GMA13-028				Ccp + Sp		+		+++		+										+												+				+

		GMA13-031				Ccp + Sp		++		+++		+		+								+						+				Tr		+				+						+

		GMA13-049				Ccp + Sp		++		+++				+														++

		MA13-046				Ccp + Sp		++		+++		+						+				++								Tr						Tr		+										+

		P0042				Ccp + Sp		++		+++		+										++								Tr				Tr				+										Tr

				Sphalerite-rich chimneys

		GMA13-002				Sp + Brt		+++				+										+++						+										Tr		+

		GMA13-012				Sp + Brt		+++				+										+++

		GMA13-019a				Sp + Brt		+++		++		+		+		Tr						+++						+						Tr

		GMA13-022				Sp + Brt		+++		+		Tr				Tr		Tr				+++

		GMA13-029				Sp + Brt		+++		Tr		+				+		Tr				+++		+

		GMA13-033				Sp + Brt		+++				+				Tr						++																+						+

		GMA13-042				Sp + Brt		+++		+		+				+						+++						+						+				+		+				+

		GMA13-051				Sp + Brt		+++		+		Tr				+		+				+++						++				Tr		+				+		+								++

		GMA13-053a				Sp + Brt		++		+		+		++		+						+++						+										Tr				Tr

		GMA13-062				Sp + Brt		+++		+		+		+		Tr						++						+										Tr

		MA13-003				Sp + Brt		+++		+		Tr										++								Tr

		MA13-011				Sp + Brt		+++		+		+						+				+++						+										Tr

		MA13-029				Sp + Brt		+++		+		+				+						+++						Tr										Tr										+

		MA13-043				Sp + Brt		+++		+		+										+++						++

		MA13-065				Sp + Brt		+++				+						+				+++																+

		P0043				Sp + Brt		+++				+						+				+++						++										+										+

		GMA13-003a				Sp + Brt + Py		+++		Tr		++		+		Tr						++												Tr

		GMA13-003b				Sp + Brt + Py		+++		+		++		+		+						+												Tr				Tr

		GMA13-005				Sp + Brt + Py		+++		+		++		+		+						+++

		GMA13-007				Sp + Brt + Py		+++		Tr		++				+		Tr				+++

		GMA13-040				Sp + Brt + Py		+++		+		++				+						+++						+						Tr				+		Tr				+

		GMA13-041				Sp + Brt + Py		+++		+		++		+		+						+++						+				Tr		+				+		+		Tr

		GMA13-058				Sp + Brt + Mrc		+++		+		+		+++		+		Tr				+++																				+

		GMA13-061				Sp + Brt + Mrc		++		+		+		++		+		Tr				+++						+				+		+				Tr				Tr

		GMA13-006				Sp + Brt + Gn		+++		+		+				+++		+				++																+

		GMA13-032				Sp + Mrc/Py		+++		+		+++		+		+		Tr				+						++						Tr				Tr				Tr

		GMA13-052				Sp + Mrc/Py		+++		+		+		++		+						+						+										+

		MA13-098				Sp + Mrc/Py		++		++		+++										++						++										Tr										+

		+++ = abundant (>25%); ++ = major (10-25%); + = minor (1-9%); Tr = Trace (<1%)

		Sp = sphalerite; Ccp = chalcopyrite; Py = pyrite; Mrc = marcasite; Gn = galena; Jd = jordanite; Au = gold; Brt = barite; Anh = anhydrite; Gp = gypsum

		Am-Si = amorphous silica (opal-A); Bn = bornite; Dg = digenite; Cv = covellite; Ata = atacamite; FeOx = iron oxyhydroxie; Hem = hematite; Goe = goethite; 

		MnOx = manganese oxyhydroxide; Volc. = volcanic; Cal = calcite





		Sample		Chimney Type				Sp		Ccp		Py		Mrc		Gn		Jd		Au		Brt		Anh		Gp		Am-Si		Bn		Dg		Cv		Ata(?)		FeOx		Hem		Goe(?)		MnOx		Volc. Clasts		Clay		Cal

				Barite-rich

		GMA13-18b				Brt + Mrc ± Py		+				++		++								+++						+				Tr		Tr				Tr

		GMA13-024				Brt + Mrc ± Py		+						+++								++																+				+								+

		GMA13-045				Brt + Mrc ± Py		+				+		++		+		+				+++						+										Tr				Tr

				Silicified barite-rich

		GMA13-009b				Am-Si + Brt ± Fe-MnOx		+				+		+		Tr		Tr				+++						++										+						+

		GMA13-018a				Am-Si + Brt ± Fe-MnOx						+										++						+++										+						+++

		GMA13-030a				Am-Si + Brt ± Fe-MnOx						+		++														++										+++		+				+

		GMA13-060				Am-Si + Brt ± Fe-MnOx		+		+				Tr								+++						++										+		+		+		+				+

		GMA13-017a				Am-Si + Brt + Mrc/Py						++		++								+++						+++										++		+				+

		GMA13-017b				Am-Si + Brt + Mrc/Py		+				++		++								+++						+++										Tr

		GMA13-030b				Am-Si + Brt + Mrc/Py		+				++		++								+++						++										+

				Mineralized volcanic breccia

		GMA13-008				Sp + Brt + Volc. Clasts		++		Tr		+				+						++		+				+						Tr				+						+		+++		+

		GMA13-009a				Sp + Brt + Volc. Clasts		++				+		Tr		Tr		Tr				+++		+														+		+				+		+++

		GMA13-053b				Sp + Brt + Volc. Clasts		++		+		+		+		+						+++						++										+								++		+

		MA13-010				Sp + Brt + Volc. Clasts		+++		+		+										+++						+																		+

		MA13-012				Sp + Brt + Volc. Clasts		++		+		+						+				+++						++																		+++

		MA13-032				Sp + Brt + Volc. Clasts		++		+		+										+++						++										+								++

		MA13-066				Sp + Brt + Volc. Clasts		++		+		Tr										+++						++								Tr										+

		MA13-013				Py + Brt + Volc. Clasts		+		+		++										++						+																		++		+++

		MA13-031				Ccp + Brt + Volc. Clasts		+		++		+										+++						++																		+++

		P0011				Ccp + Brt + Volc. Clasts				+++		++										+++						++		Tr				Tr				Tr								++

				Mixed chimney talus

		MA13-030				Sp + Py + Brt + Gp		+++		+		++										++		+		++																						++

		MA13-033				Ccp + Sp + Py + Brt/Anh		++		+++		++												++		+

		P0010				Ccp + Sp + Py + Brt/Anh		++		++		+++										++				++				+

		+++ = abundant (>25%); ++ = major (10-25%); + = minor (1-9%); Tr = Trace (<1%)

		Sp = sphalerite; Ccp = chalcopyrite; Py = pyrite; Mrc = marcasite; Gn = galena; Jd = jordanite; Au = gold; Brt = barite; Anh = anhydrite; Gp = gypsum

		Am-Si = amorphous silica (opal-A); Bn = bornite; Dg = digenite; Cv = covellite; Ata = atacamite; FeOx = iron oxyhydroxie; Hem = hematite; Goe = goethite; 

		MnOx = manganese oxyhydroxide; Volc. = volcanic; Cal = calcite










