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Figures A1-A2

		Figure A1: Precision of Geochemical Analyses Based on %Difference of Sample CS10-18 and CS10-18(duplicate)

		Figure A2: Accuracy of Geochemical Analyses Based on %Difference of Analysis to (a) STD SO-18 and (b) STD Oreas45Ca



		(a)																						(b)





Tabel A1 Drill Core Logs

		TABLE A1: Core Logs for Select Holes from the Cliff Zone of the Catface Porphyry Deposit



		Drill Hole CF-08-46												Casing								Drill Hole CF-08-48												Casing								Drill Hole CF-08-51												Casing								Drill Hole CF-08-53												Casing

														Missing																				Catface Intrusion																				Missing																				Karmutsen

		Easting:		283199.837		Zone:		Zone 10						Catface Intrusion								Easting:		283116.84		Zone:		Zone 10						Cliff Porphyry								Easting:		28355.84		Zone:		Zone 10						Catface Intrusion								Easting:		283954		Zone:		Zone 10

		Northing:		5460470.835		UTM:		NAD83						Cliff Porphyry								Northing:		5460518.83		UTM:		NAD83						Halo Porphyry								Northing:		5460455.85		UTM:		NAD83						Cliff Porphyry								Northing:		5459647		UTM:		NAD83

		Elevation:		751		Depth (m):		355.7						Halo Porphyry								Elevation:		748		Depth (m):		398.37						Andesite-Dacite Porphyry								Elevation:		754		Depth (m):		504.44						Halo Porphyry								Elevation:		697		Depth (m):		373.99

		Azimuth:		245		Core size:		NQ						Island Plutonic Suite								Azimuth:		245		Core size:		NQ						Island Plutonic Suite								Azimuth:		245		Core size:		NQ						Island Plutonic Suite								Azimuth:		177		Core size:		NQ

		Dip:		-55		Logger:		Colin Smith						Karmutsen								Dip:		-55		Logger:		Colin Smith						Karmutsen								Dip:		-60		Logger:		Colin Smith						Karmutsen								Dip:		-60		Logger:		Colin Smith



														Chem		Geochron																		Chem		Geochron																		Chem		Geochron																		Chem		Geochron

		Depth (m)		From (m)		To (m)		Unit		Sample		Type		At (m)		From (m)		To (m)				Depth (m)		From (m)		To (m)		Unit		Sample		Type		At (m)		From (m)		To (m)				Depth (m)		From (m)		To (m)		Unit		Sample		Type		At (m)		From (m)		To (m)				Depth (m)		From (m)		To (m)		Unit		Sample		Type		At (m)		From (m)		To (m)

		0		0.0		3.5																0		0.0		3.5																0		0.0		7.6																0		0		13.2

		1																				1																				1																				1

		2																				2																				2																				2

		3		3.5		48.0																3		3.5		14.7																3																				3

		4																				4																				4																				4

		5																				5																				5																				5

		6								CS10-11		Chem		6.4								6																				6																				6

		7																				7																				7		7.6		71.4																7

		8																				8																				8																				8

		9																				9																				9																				9

		10																				10																				10																				10

		11																				11																				11																				11

		12																				12																				12																				12

		13																				13																				13																				13

		14																				14		14.7		17.4																14																				14

		15																				15								CS10-49		Geochron				15.0		16.3				15																				15

		16																				16																				16																				16

		17																				17		17.4		55.5																17																				17

		18																				18																				18																				18

		19																				19																				19																				19

		20																				20																				20																				20

		21																				21																				21																				21

		22																				22																				22																				22

		23																				23																				23																				23

		24																				24																				24																				24

		25																				25																				25																				25

		26								CS10-12		Chem		26.5								26																				26																				26

		27																				27								CS10-50		Chem		27.4								27																				27

		28																				28								CS10-51		Chem		28.9								28																				28

		29																				29																				29																				29

		30																				30																				30																				30

		31																				31																				31																				31

		32																				32																				32																				32

		33																				33																				33																				33

		34																				34																				34																				34

		35																				35																				35																				35

		36																				36																				36																				36

		37																				37																				37																				37

		38																				38																				38																				38

		39																				39																				39																				39

		40																				40																				40								CS10-85		Chem		40.2								40

		41																				41																				41																				41

		42																				42																				42																				42

		43								CS10-13		Chem		43.0								43																				43																				43

		44																				44																				44																				44

		45								CS10-14		Chem		45.6								45																				45																				45

		46																				46																				46																				46

		47																				47								CS10-52		Chem		47.4								47																				47

		48		48.0		51.0																48																				48																				48

		49								CS10-15		Chem		48.0								49																				49																				49

		50								CS10-16		Geochron				48.0		49.5				50																				50																				50

		51		51.0		56.1																51																				51																				51

		52																				52																				52																				52

		53																				53																				53																				53

		54																				54																				54																				54

		55																				55		55.5		65.5				CS10-53		Chem		55.5								55																				55

		56		56.1		58.0																56																				56																				56

		57								CS10-17		Chem		57.0								57																				57																				57

		58																				58								CS10-54		Geochron				58.3		59.6				58																				58

		59																				59																				59																				59

		60																				60																				60																				60

		61		61.5		64.0				CS10-18a		Geochron				62.5		63.6				61																				61																				61

		62																				62																				62																				62

		63								CS10-18b		Chem		64.0								63																				63																				63

		64		64.0		91.0																64																				64																				64

		65																				65		65.5		74.0																65																				65

		66																				66																				66																				66

		67																				67																				67																				67

		68																				68																				68								CS10-86		Chem		68.6								68

		69																				69																				69																				69

		70																				70																				70																				70

		71																				71																				71		71.4		75.0				CS10-87		Chem		71.5								71

		72																				72																				72								CS10-88		Geochron				72.0		73.30				72

		73																				73																				73																				73

		74																				74		74.0		97.3																74																				74

		75								CS10-19		Chem		75.7								75																				75		75.0		130.7																75

		76																				76																				76																				76

		77																				77																				77																				77

		78																				78																				78																				78

		79																				79																				79																				79

		80																				80																				80																				80

		81																				81																				81																				81

		82																				82																				82																				82

		83																				83																				83								CS10-89		Chem		83.7								83

		84																				84																				84																				84

		85																				85																				85																				85

		86																				86																				86																				86

		87																				87																				87																				87

		88																				88								CS10-55		Geochron				88.7		90.0				88																				88

		89																				89																				89																				89

		90																				90																				90																				90

		91		91.0		99.0																91																				91																				91

		92																				92																				92																				92

		93																				93																				93																				93

		94																				94																				94																				94

		95																				95																				95																				95

		96																				96																				96																				96

		97																				97		97.3		102.5																97																				97

		98																				98																				98																				98

		99		99.0		103.5				CS10-20		Geochron				99.0		100.2				99																				99																				99

		100																				100																				100																				100

		101																				101																				101																				101

		102																				102		102.5		108.0																102																				102

		103		103.5		128.1																103																				103																				103

		104																				104																				104																				104

		105																				105																				105																				105

		106								CS10-21		Chem		106.0								106																				106																				106

		107																				107																				107																				107

		108																				108		108.0		119.1																108																				108

		109																				109																				109																				109

		110																				110																				110																				110

		111																				111																				111																				111

		112																				112																				112																				112

		113																				113																				113																				113

		114																				114																				114																				114

		115																				115																				115																				115

		116																				116																				116																				116

		117																				117																				117																				117

		118																				118																				118																				118

		119																				119		119.1		144.6																119																				119

		120																				120																				120																				120

		121								CS10-22		Geochron				121.0		122.2				121																				121																				121

		122																				122																				122																				122

		123																				123																				123								CS10-90		Chem		123.3								123

		124																				124								CS10-56		Chem		124.9								124								CS10-91		Chem		124.1								124

		125																				125								CS10-57		Chem		125.7								125																				125

		126																				126																				126																				126

		127																				127																				127																				127

		128		128.1		139.4																128																				128																				128

		129																				129																				129																				129

		130																				130																				130		130.7		136.0																130

		131																				131																				131																				131

		132																				132																				132																				132

		133																				133																				133								CS10-92		Chem		133.0								133

		134								CS10-23		Chem		134.0								134																				134								CS10-93		Chem				133.0		134.3				134

		135																				135																				135																				135

		136																				136																				136		136.0		154.2																136

		137																				137																				137																				137

		138																				138								CS10-58		Chem		138.0								138																				138

		139		139.4		151.1																139																				139																				139

		140																				140																				140																				140

		141																				141																				141																				141

		142																				142																				142																				142

		143								CS10-24		Geochron				143.3		144.7				143																				143																				143

		144																				144		144.6		155.2																144																				144

		145																				145																				145																				145

		146																				146																				146								CS10-94		Chem		146.6								146

		147																				147																				147																				147

		148																				148																				148																				148

		149																				149																				149																				149

		150																				150																				150																				150

		151		151.1		159.8				CS10-25		Geochron				151.1		152.5				151																				151																				151

		152																				152																				152																				152

		153																				153																				153																				153

		154																				154								CS10-59		Chem		154.2								154		154.2		158.0																154

		155																				155		155.2		171.3																155																				155

		156																				156																				156																				156

		157																				157																				157																				157

		158																				158								CS10-170		Geochron				158.8		160.1				158		158.0		182.3																158

		159		159.8		188.4																159																				159																				159

		160																				160																				160								CS10-95		Chem		160.0								160

		161																				161																				161																				161

		162																				162																				162								CS10-96		Chem		162.1								162

		163																				163																				163																				163

		164								CS10-26		Chem		164.2								164																				164																				164

		165																				165																				165								CS10-97		Chem		165.7								165

		166																				166																				166								CS10-98		Chem		165.8								166

		167																				167																				167																				167

		168																				168																				168																				168

		169								CS-10-27a		Chem		169.4								169																				169																				169

		170								CS-10-27b		Chem		170.0								170																				170																				170

		171																				171		171.3		185.0																171																				171

		172																				172																				172																				172

		173																				173								CS10-61		Geochron				173.0		174.3				173																				173

		174																				174																				174																				174

		175		175.2		188.4																175																				175																				175

		176																				176																				176																				176

		177																				177																				177																				177

		178																				178																				178																				178

		179																				179																				179																				179

		180																				180																				180																				180

		181																				181																				181																				181

		182																				182																				182		182.3		191.5																182

		183																				183																				183																				183

		184								CS10-28		Geochron		184.0		185.0						184																				184																				184

		185																				185		185.1		188.0																185								CS10-99		Geochron				185.8		187.0				185

		186																				186								CS10-62		Chem		186.2								186																				186

		187																				187								CS10-63		Chem		186.3								187																				187

		188		188.4		199.2																188		188.0		195.2				CS10-64		Chem		186.4								188																				188

		189																				189																				189																				189

		190																				190																				190																				190

		191																				191																				191		191.5		195.5																191

		192																				192																				192																				192

		193								CS10-29		Chem		193.0								193								CS10-65		Chem		193.5								193																				193

		194								CS10-30		Chem		193.3								194																				194																				194

		195																				195		195.2		200.0																195		195.5		205.3																195

		196																				196																				196																				196

		197																				197																				197																				197

		198																				198								CS10-66		Chem		198.0								198																				198

		199		199.2		209.5																199		200.0		203.6																199																				199

		200																				200																				200								CS10-100		Chem		200.0								200

		201																				201																				201								CS10-101		Chen		201.0								201

		202																				202																				202								CS10-102		Geochron				201.0		202.2				202

		203																				203		203.6		205.2																203																				203

		204																				204																				204																				204

		205																				205		205.2		214.8																205		205.3		207.5																205

		206																				206																				206																				206

		207																				207																				207		207.5		209.0				CS10-103		Chem		207.5								207

		208																				208																				208																				208

		209		209.5		212.5																209																				209		209.0		211.8																209

		210																				210																				210																				210

		211																				211																				211		211.8		213.7																211

		212		212.5		221.6																212																				212																				212

		213																				213																				213		213.7		232.2																213

		214								CS10-31		Geochron				214.0		215				214		214.8		229.8																214																				214

		215																				215																				215																				215

		216																				216								CS10-67		Chem		216.5								216																				216

		217																				217																				217																				217

		218																				218																				218								CS10-104		Chem		218.9								218

		219																				219																				219																				219

		220																				220																				220								CS10-105		Chem		220.0								220

		221		221.6		231.8																221																				221																				221

		222																				222																				222																				222

		223																				223																				223																				223

		224																				224																				224																				224

		225																				225																				225																				225

		226																				226																				226																				226

		227																				227																				227																				227

		8								CS10-32		Chem		228.0								228																				228																				228

		229																				229		229.8		234.6																229																				229

		230																				230																				230																				230

		231		231.8		269.0																231																				231																				231

		232								CS10-33		Chem		232.0								232																				232		232.2		234.0																232

		233																				233																				233																				233

		234																				234		234.6		265.4																234		234.0		262.5																234

		235																				235																				235																				235

		236																				236																				236																				236

		237								CS10-34		Chem		237.0								237																				237																				237

		238																				238																				238																				238

		239																				239																				239																				239

		240																				240																				240																				240

		241																				241																				241																				241

		242																				242																				242																				242

		243																				243																				243																				243

		244																				244																				244																				244

		245																				245								CS10-68		Chem		245.5								245																				245

		246								CS10-35		Geochron				246.0		247.3				246																				246																				246

		247																				247																				247																				247

		248																				248																				248																				248

		249																				249																				249																				249

		250																				250								CS10-69		Chem		250.4								250																				250

		251																				251																				251																				251

		252								CS10-36		Chem		252.1								252																				252																				252

		253																				253																				253																				253

		254																				254																				254																				254

		255																				255																				255																				255

		256																				256																				256																				256

		257																				257																				257																				257

		258																				258																				258																				258

		259																				259																				259																				259

		260																				260																				260																				260

		261																				261																				261																				261

		262																				262																				262		262.5		264.0																262

		263																				263																				263																				263

		264																				264																				264		264.0		267.0																264

		265																				265		265.4		267.8																265																				265

		266																				266																				266																				266

		267																				267		267.8		342.2																267		267.0		275.6																267

		268																				268																				268																				268

		269		269.0		278.7																269																				269																				269

		270								CS10-37		Geochron				270.0		271.3				270																				270																				270

		271								CS10-38		Chem		271.4								271																				271																				271

		272																				272																				272																				272

		273																				273																				273																				273

		274																				274																				274		275.6		279.0																274

		275																				275																				275								CS10-106		Geochron		275.8		277.0						275

		276																				276																				276																				276

		277																				277								CS10-70		Chem		277.0								277																				277

		278		278.7		326.3																278																				278																				278

		279																				279																				279		279.0		287.4																279

		280								CS10-39		Chem		280.0								280																				280																				280

		281																				281																				281																				281

		282																				282																				282																				282

		283																				283								CS10-71		Chem		283.5								283																				283

		284																				284																				284																				284

		285																				285																				285																				285

		286																				286																				286																				286

		287																				287																				287		287.4		290.0																287

		288																				288								CS10-72		Chem		288.8								288																				288

		289																				289																				289																				289

		290																				290																				290		290.0		301.3																290

		291																				291																				291																				291

		292																				292																				292																				292

		293																				293																				293																				293

		294																				294																				294																				294

		295																				295																				295																				295

		296																				296																				296																				296

		297																				297																				297																				297

		298																				298																				298																				298

		299																				299																				299																				299

		300																				300																				300																				300

		301																				301																				301		301.3		306.3																301

		302																				302																				302								CS10-107		Chem		302.0								302

		303																				303																				303																				303

		304																				304								CS10-73		Chem		304.7								304																				304

		305																				305																				305																				305

		306																				306																				306		306.3		310.5																306

		307																				307																				307																				307

		308																				308								CS10-74		Chem		321.0								308																				308

		309																				309																				309																				309

		310																				310																				310		310.5		323.5																310

		311																				311																				311																				311

		312																				312																				312								CS10-108		Chem		312.4								312

		313								CS10-40		Chem		313.1								313																				313																				313

		314																				314																				314																				314

		315																				315																				315																				315

		316								CS10-41		Chem		316.5								316																				316								CS10-109		Geochron				316.8		318.2				316

		317								CS10-42		Chem		317.5								317																				317																				317

		318																				318																				318																				318

		319																				319																				319																				319

		320																				320																				320																				320

		321								CS10-43		Chem		321.1								321								CS10-75		Chem		327.6								321																				321

		322																				322																				322								CS10-110		Chem		322.2								322

		323																				323																				323		323.5		331.0																323

		324																				324																				324																				324

		325																				325																				325																				325

		326		326.3		355.7																326																				326																				326

		327																				327																				327																				327

		328								CS10-44		Chem		328.6								328																				328																				328

		329																				329																				329																				329

		330																				330																				330								CS10-111		Chem		330.0								330

		331																				331																				331		331.0		338.1																331

		332																				332																				332																				332

		333								CS10-45		Chem		335.4								333																				333																				333

		334																				334																				334																				334

		335																				335																				335								CS10-112		Chem		335.6								335

		336																				336																				336																				336

		337																				337																				337																				337

		338																				338																				338		338.1		344.5																338

		339								CS10-45		Chem		339.0								339																				339																				339

		340																				340																				340																				340

		341																				341																				341																				341

		342																				342		342.2		346.2																342																				342

		343																				343																				343								CS10-113		Chem		344.0								343

		344																				344																				344		344.5		359.0				CS10-114		Chem		344.2								344

		345																				345								CS10-76		Geochron				345.3		346.6				345																				345

		346																				346		346.2		348.8																346																				346

		347																				347								CS10-77		Chem		347.0								347																				347

		348																				348		348.8		354.6																348																				348

		349																				349								CS10-78		Geochron				349.7		351.0				349																				349

		350																				350																				350																				350

		351																				351																				351																				351

		352								CS10-47		Chem		352.7								352																				352																				352

		353								CS10-48		Chem		353.7								353																				353								CS10-115		Chem		353.1								353

		354																				354		354.6		398.4																354																				354

		355																				355																				355																				355

		356		EOH @ 355.7																		356																				356																				356

																						357																				357																				357

																						358																				358																				358

																						359																				359		359.0		361.0																359

																						360																				360								CS10-116		Chem		360.3								360

																						361																				361		361.0		363.5																361

																						362																				362																				362

																						363																				363		363.5		366.7																363

																						364								CS10-79		Chem		364.7								364								CS10-117		Chem		364.5								364

																						365																				365		366.7		504.4				CS10-118		Chem		365.3								365

																						366																				366								CS10-119		Chem		366.7								366

																						367																				367								CS10-120		Geochron				366.7		367.5				367

																						368																				368																				368

																						369																				369																				369

																						370																				370																				370

																						371																				371																				371

																						372																				372								CS10-121		Geochron				372.0		373.40				372

																						373								CS10-80		Chem		373.0								373																				373

																						374																				374																				374		EOH @ 373.99

																						375																				375

																						376																				376

																						377																				377

																						378																				378

																						379																				379

																						380																				380

																						381								CS10-81		Chem		381.0								381

																						382																				382

																						383																				383

																						384																				384

																						385																				385

																						386																				386

																						387																				387

																						388																				388

																						389																				389

																						390								CS10-82		Chem		390.2								390

																						391								CS10-83		Chem		390.8								391

																						392								CS10-84		Chem		391.8								392

																						393																				393

																						394																				394

																						395																				395

																						396																				396

																						397																				397

																						398																				398

																						399		EOH @ 398.4																		399

																																										400

																																										401

																																										402

																																										403

																																										404

																																										405

																																										406

																																										407

																																										408

																																										409

																																										410

																																										411

																																										412

																																										413

																																										414

																																										415

																																										416

																																										417

																																										418

																																										419

																																										420

																																										421								CS10-122		Chem		421.0

																																										422

																																										423

																																										424

																																										425

																																										426

																																										427

																																										428

																																										429

																																										430								CS10-123		Chem		430.6

																																										431

																																										432

																																										433

																																										434

																																										435

																																										436

																																										437

																																										438

																																										439

																																										440

																																										441

																																										442

																																										443

																																										444

																																										445

																																										446

																																										447

																																										448

																																										449

																																										450

																																										451

																																										452

																																										453

																																										454

																																										455								CS10-124		Chem		455.7

																																										456								CS10-125		Chem		455.8

																																										457

																																										458

																																										459

																																										460

																																										461

																																										462

																																										463

																																										464

																																										465

																																										466

																																										467

																																										468

																																										469

																																										470

																																										471

																																										472

																																										473

																																										474

																																										475

																																										476

																																										477

																																										478

																																										479

																																										480

																																										481

																																										482

																																										483

																																										484

																																										485

																																										486

																																										487

																																										488

																																										489								CS10-126		Chem		489.2

																																										490

																																										491

																																										492

																																										493

																																										494

																																										495

																																										496

																																										497

																																										498

																																										499

																																										500

																																										501

																																										502								CS10-127		Chem		502.0

																																										503

																																										504

																																										505		EOH @ 504.44





Tables A2-A3 Petrography

		TABLE A2: Petrographic Summary of Catface Porphyry Deposit Rocks



		Sample		Rock Name		Rock Type		Primary Phases (moderateal %)										Accessory				Alteration										Texture

		CS10-01		Catface Intrusive		Quartz Diorite		plag (65); qtz (15); bt (15); ksp (5)										cte, sp, ap, zcn, il, mt				chl of some primary bt, weak ser of plag, rare ep										subequigrannular; plag largest phase; qtz finer-grained with 120 degree grain boundaries

		CS10-02		Catface Intrusive		Quartz Diorite		plag (60); qtz (20); bt (15); ksp (5)										ap, sp, zcn, il, mt, py?				weak ser of some plag, chl of some prmary bt										subequigrannular; some bt have bent lattices; plag up to 4mm; qtz finer-grained

		CS10-03		Catface Intrusive		Granodiorite		plag (50); bt (20); qtz (15); ksp (5)										ap, zcn, sp, il, mt, rut?				chl of some primary bt										subequigrannular; qtz finer-grained, plag largest phase ranges 1-4mm

		CS10-04		Halo Porphyry		Quartz Diorite		phenos: amph, plag, ksp, bt?; groundmass: qtz-fsp										spn, il, py, mt?, zcn?				md-strong ser of plag, chl in voids, bt altered to chl										porphyritic; weak pheno alignment; sub-euhedal amph (1-2mm)

		CS10-05		Island Plutonic		Quartz Monzodiorite		plag (45); qtz (30); bt (15); hbl (5); ksp (5)										mt, py, ap, zcn, pxn, il? 				secondary bt, some primary bt alt to chl, moderate-strong ser of plag										subequigrannular; coarse-grained (crystals up to 4mm); many qtz with sub-grain boundaries

		CS10-06		Catface Intrusive		Granodiorite		plag (55); qtz (20); ksp (15); bt (10)										cte, sp, ap, zcn, il, mt				chl of some primary bt, weak ser of plag, rare ep										subequigrannular; qtz much finer-grained with many 120 degree grain boundaries

		CS10-07		Island Plutonic		Quartz Diorite		plag (60); qtz (20); ksp (10); bt (10)										mt, py, ap, zcn				moderate-strong ser of plag, secondary bt, some primary bt alt to chl										subequigrannular; coarse-grained (crystals up to 5mm); many qtz with sub-grain boundaries; weak zoning in plag

		CS10-08		Karmutsen		Basalt		phenos: plag, amph										py, cpy, act?				strong ser of plag; chl of amph										porphyritic; plag phenos 1-4mm; bt-chl wrap around earlier plag phenos; groundmass of fine plag, qtz, bt-chl, amph?

		CS10-09		Island Plutonic		Quartz Diorite		plag (60); qtz (25); bt (5); ksp (5)										ap, py, zcn, mt, il?				primary bt replaced by secondary, bt to chl, plag to ser										subequigrannular; coarse-grained (crystals up to 4mm); plag poikilitic with bt?; many qtz with sub-grain boundaries

		CS10-10		Karmutsen		Basalt		phenos: plag, bt										py, sp?, cpy?				strong alt of plag to ser, bt pervasively alt to chl										porphyritic; plag phenos 1-4mm; bt-chl wrap around earlier plag phenos; late sericitic veinlet; groundmass of fine plag, qtz, bt-chl, amph?

		DC10-02		Island Plutonic		Quartz Diorite		plag (60); qtz (25); ksp (10); bt (5)										cpx, ap, zcn				strong ser of plag, primary bt alt to secondary chl										subequigrannular; coarse-grained (crystals up to 5mm)

		DC10-03		Westcoast Complex		Diorite		amph (65); plag (25); qtz (5); ksp (5)										ap, zrc, mt, il?, spn?				strong ser of plag, strong chl of hbl, secondary ep										subequigrannular; med-grained; larger amph, plag up to 2-3mm, late ep/czo veinlets rimmed by act?

		DC10-04		Hecate Bay		Quartz Diorite		plag (60); bt (20); qtz (15); ksp (5)										il, ap, zcn, sp, mt				secondary bt, primary bt partially alt to chl										subequigrannular; med-grained; plag up to 3mm; moderate-strong plag show oscillatory zoning; weak ser in some plag; very fresh 

		DC10-05		Westcoast Complex		Diorite		amph (60); plag (30); qtz (5); ksp (5)										il, mt, py, zcn, ap				weak-moderate ser of plag										equigrannular; med-grained; late ep/czo; qtz interstitial and finer-grained





		TABLE A3: Petrographic Summary of Catface Porphyry Deposit Vein Types



		Sample		Host Rock Name		Host Rock Type		Vein Descirpton						Alteration

		CS10-56		Island Plutonic 		Quartz Monzodiorite		5 mm qtz-alb-cpy-act vein						strong secondary chl and ep, strong sericitization of plag, recrystallized qtz

		CS10-72		Karmutsen		Basalt		5 mm alb-mo-cpy-act vein						pervasively sericitized plag, secondary cte, secondary bt and act

		CS10-73		Karmutsen		Basalt		2 mm py-cpy-amph-alb vein						strong secondary amph (act?), strong sericitization of plag, secondary qtz

		CS10-116		Karmutsen		Basalt		1.5 cm plag-qtz-cpy-cte dykelet?						graphitic sericitized plag, late ep/clinozoisite vein, bt strong altered to chl

		CS10-117		Karmutsen		Basalt		5 mm qtz-plag-amph dykelet?						selvage of euhedral amph (secondary?), ser of play, chl of bt/amph

		CS10-152		Karmutsen		Basalt		7 mm plag-qtz-amph dykelet?						secondary amph (act?), recrystallized qtz, moderate ser of plag

		CS10-158		Island Plutonic 		Quartz Monzonite		1-2 mm cpy-py-qtz veins						thin selvage of qtz, secondary ep/chl, late crosscutting qtz stringer

		CS10-161		Karmutsen		Basalt		2 mm cpy-bor-qtz vein						selvage of secondary bt, minor cte, secondary amph



		Mineral Abbreviations

		act		actinolite

		alb		albite

		amph		amphibole

		ap		apatite

		bor		bornite

		bt		biotite

		chl		chlorite

		cpy 		chalcopyrite

		cte		cte

		czo		clinozoisite

		ep		epidote

		fsp		feldspar

		il		ilmenite

		ksp		k-feldspar

		mo		molybdenite

		mt		magnetite

		plag		plagioclase

		pxn		pyroxene

		py		pyrite

		qtz		quartz

		ser		sericite

		sp		sphene

		zcn		zircon





















Tables A4-A5 Geochronology

		TABLE A4: U-Th-Pb Geochronology Data Table for Catface Porphyry Copper Deposit Rocks

		Analyses at University of British Columbia (Vancouver)



				Wt.		U		Th		Pb		206Pb*		mol %		Pb*		Pbc		206Pb		208Pb		207Pb				207Pb						206Pb				corr.		207Pb				207Pb				206Pb

		Sample		mg		ppm		U		ppm		x10-13 mol		206Pb*		Pbc		(pg)		204Pb		206Pb		206Pb		% err		235U		% err				238U		% err		coef.		206Pb		± 		235U		± 		238U		± 

		(a)		(b)		(c)		(d)		(c)		(e)		(e)		(e)		(e)		(f)		(g)		(g)		(h)		(g)		(h)				(g)		(h)				(i)		(h)		(i)		(h)		(i)		(h)



		Sample CS10-35

		A		0.012		53		0.32		0.5		0.1691		88.75%		2		1.76		164		0.105		0.047799		6.219		0.041779		6.609				0.006339		0.568		0.708		89.31		147.25		41.56		2.69		40.74		0.23

		B		0.004		141		0.572		1.2		0.1491		91.95%		4		1.07		230		0.183		0.046482		6.701		0.040576		7.108				0.006331		0.636		0.666		22.68		160.68		40.39		2.81		40.68		0.26

		C		0.004		135		0.427		1.1		0.1425		93.90%		5		0.76		303		0.14		0.04766		2.721		0.041718		2.918				0.006348		0.531		0.449		82.45		64.52		41.5		1.19		40.79		0.22

		D		0.005		139		0.367		1		0.1847		95.54%		6		0.71		415		0.12		0.047792		2.226		0.04202		2.365				0.006377		0.244		0.605		88.96		52.7		41.79		0.97		40.98		0.1

		E		0.005		101		0.36		0.8		0.1332		93.99%		5		0.7		308		0.118		0.047989		2.653		0.04213		2.834				0.006367		0.232		0.797		98.72		62.71		41.9		1.16		40.92		0.09

		G		0.011		95		0.374		1.1		0.2761		81.56%		1		5.13		101		0.124		0.048224		6.222		0.042088		6.616				0.00633		0.464		0.858		110.25		146.76		41.86		2.71		40.68		0.19

		H		0.011		120		0.344		1.1		0.3484		87.26%		2		4.18		145		0.113		0.047703		5		0.041801		5.312				0.006355		0.364		0.868		84.56		118.49		41.58		2.16		40.84		0.15



		Sample CS10-54

		A		0.015		60		0.396		0.4		0.2389		96.07%		7		0.81		471		0.125		0.046155		3.275		0.040678		3.478				0.006392		0.462		0.493		5.72		78.78		40.49		1.38		41.07		0.19

		B		0.03		51		0.378		0.4		0.4096		96.79%		9		1.12		576		0.121		0.04673		1.829		0.041234		1.947				0.0064		0.285		0.475		35.45		43.75		41.03		0.78		41.12		0.12

		F		0.03		29		0.361		0.2		0.2296		92.07%		3		1.63		233		0.118		0.047635		3.829		0.042063		4.057				0.006404		0.285		0.813		81.17		90.8		41.84		1.66		41.15		0.12

		G		0.01		56		0.465		0.5		0.151		89.98%		3		1.39		185		0.155		0.048736		6.378		0.043224		6.772				0.006433		0.549		0.737		135.14		149.74		42.97		2.85		41.33		0.23



		Sample CS10-61

		C		0.016		104		0.524		0.7		0.4399		98.90%		28		0.4		1685		0.171		0.0475		1.21		0.041686		1.272				0.006365		0.216		0.363		74.42		28.74		41.47		0.52		40.9		0.09

		D		0.02		66		0.417		0.5		0.3524		98.05%		15		0.58		947		0.135		0.047408		0.975		0.041796		1.07				0.006394		0.203		0.542		69.84		23.17		41.58		0.44		41.09		0.08

		E		0.019		77		0.513		0.5		0.3868		98.14%		16		0.6		995		0.166		0.047228		0.79		0.041329		0.878				0.006347		0.143		0.672		60.77		18.8		41.12		0.35		40.78		0.06

		F		0.014		115		0.382		1		0.4228		90.44%		3		3.68		193		0.123		0.047037		3.89		0.04096		4.137				0.006316		0.378		0.681		51.13		92.76		40.76		1.65		40.59		0.15

		G		0.01		151		0.398		1.2		0.4058		93.42%		4		2.35		281		0.131		0.048119		2.681		0.042793		2.854				0.00645		0.309		0.597		105.11		63.28		42.55		1.19		41.45		0.13

		H		0.01		68		0.427		0.7		0.1784		84.63%		2		2.66		120		0.137		0.046904		6.795		0.041068		7.21				0.00635		0.477		0.878		44.33		162.25		40.87		2.89		40.81		0.19

		J		0.004		86		0.676		1		0.0923		84.13%		2		1.43		117		0.219		0.047249		8.26		0.042072		8.759				0.006458		0.729		0.706		61.85		196.62		41.85		3.59		41.5		0.3



		Sample CS10-109

		A		0.004		235		0.291		8.1		1.1345		94.13%		5		5.82		315		0.093		0.050073		1.818		0.200282		1.972				0.029009		0.403		0.468		198.37		42.23		185.37		3.34		184.35		0.73

		B		0.005		172		0.338		5.9		1.0408		94.84%		5		4.65		359		0.107		0.049283		1.772		0.196965		1.938				0.028986		0.528		0.437		161.31		41.44		182.56		3.24		184.2		0.96

		C		0.005		448		0.408		14.2		2.7145		97.70%		13		5.25		805		0.129		0.049531		1.015		0.198343		1.173				0.029043		0.449		0.519		173.04		23.69		183.72		1.97		184.55		0.82

		D		0.004		321		0.304		10.6		1.3636		95.83%		7		4.88		443		0.096		0.049613		1.433		0.198856		1.582				0.02907		0.462		0.452		176.89		33.41		184.16		2.66		184.72		0.84

		E		0.003		295		0.268		9.6		1.0637		95.86%		7		3.78		447		0.086		0.050281		2.276		0.199787		2.49				0.028818		0.69		0.435		207.99		52.76		184.95		4.21		183.15		1.25



		Sample DC10-02

		A		0.002		1512		0.366		45.7		3.6847		99.13%		33		2.66		2135		0.117		0.049865		0.474		0.200992		0.599				0.029234		0.307		0.621		188.69		11.04		185.97		1.02		185.75		0.56

		B		0.002		828		0.281		24.9		2.0245		98.74%		22		2.16		1466		0.089		0.049843		0.757		0.201469		0.803				0.029316		0.129		0.422		187.7		17.62		186.37		1.37		186.26		0.24

		C		0.002		783		0.338		24.5		1.9206		98.05%		15		3.13		951		0.108		0.050183		0.683		0.20354		0.763				0.029417		0.175		0.547		203.48		15.85		188.12		1.31		186.9		0.32

		D		0.002		721		0.313		22.9		1.7617		97.32%		10		3.99		691		0.1		0.050065		1.005		0.202347		1.094				0.029313		0.187		0.54		198.03		23.35		187.11		1.87		186.25		0.34

		E		0.002		798		0.297		24.1		1.9328		98.48%		19		2.46		1213		0.096		0.050254		0.577		0.201301		0.646				0.029052		0.148		0.56		206.77		13.37		186.23		1.1		184.61		0.27



		Sample DC10-04

		B		0.02		42		0.545		0.5		0.2252		80.68%		1		4.43		96		0.179		0.04785		7.763		0.042021		8.243				0.006369		0.506		0.952		91.85		183.74		41.79		3.38		40.93		0.21

		C		0.018		69		0.363		0.6		0.3316		88.62%		2		3.5		163		0.119		0.047757		4.715		0.041991		5.012				0.006377		0.389		0.78		87.25		111.67		41.77		2.05		40.98		0.16

		D		0.013		43		0.511		0.6		0.1485		77.44%		1		3.56		82		0.169		0.0483		10.687		0.042392		11.347				0.006366		0.734		0.907		114		251.89		42.16		4.69		40.9		0.3

		G		0.004		57		0.426		0.6		0.0599		84.07%		2		0.93		116		0.134		0.045916		10.12		0.040229		10.712				0.006354		0.687		0.871		-6.79		244		40.05		4.21		40.83		0.28

		(a) A, B etc. are labels for fractions composed of single zircon grains or fragments; all fractions annealed and chemically abraded after Mattinson (2005) and Scoates and Friedman (2008).																								(g) Corrected for fractionation, spike, and common Pb; up to 4.0 pg of common Pb was assumed to be procedural blank: 206Pb/204Pb = 18.50 ± 1.0%; 207Pb/204Pb = 15.50 ± 1.0%;

		(b) Nominal fraction weights estimated from photomicrographic grain dimensions, adjusted for partial dissolution during chemical abrasion.																								     208Pb/204Pb = 38.40 ± 1.0% (all uncertainties 1-sigma).  Excess over blank was assigned to initial common Pb with Stacey and Kramers (1975) model Pb composition at 186 Ma.

		(c) Nominal U and total Pb concentrations subject to uncertainty in photomicrographic estimation of weight and partial dissolution during chemical abrasion.																								(h) Errors are 2-sigma, propagated using the algorithms of Schmitz and Schoene (2007) and Crowley et al. (2007).

		(d) Model Th/U ratio calculated from radiogenic 208Pb/206Pb ratio and 207Pb/235U age.																								(i) Calculations are based on the decay constants of Jaffey et al. (1971). 206Pb/238U and 207Pb/206Pb ages corrected for initial disequilibrium in 230Th/238U using Th/U [magma] = 3.

		(e) Pb* and Pbc represent radiogenic and common Pb, respectively; mol % 206Pb* with respect to radiogenic, blank and initial common Pb.																								(j) Corrected for fractionation, spike, and blank Pb only.

		(f) Measured ratio corrected for spike and fractionation only. Mass discrimination of 0.23%/amu based on analysis of NBS-982; all Daly analyses.





		TABLE A5: Re-Os in Molybdenum Geochronology Data Table for Catface Porphyry Copper Deposit Rocks

		Analyses at University of Alberta (Edmonton)



		Re ppm		 ± 2s		187Re ppb		± 2s		187Os ppb		± 2s		 Total Os pg		Model Age (Ma)		± 2s with l (Ma)



		Sample CS10-108

		76.49		0.20		480769		124		32.81		0.03		1		40.9		0.2



		Sample CS10-119

		28.9		0.07		18165		47		12.83		0.02		0.7		40.9		0.02









Table A6 Geochemistry

		TABLE A6: Whole Rock Geochemical Analysis of Catce and Echo Lk. Sample Suites with Major Element (wt% oxide) by XRF and Trace elements (ppm) by ICP-MS

		Analyses via ACME Analytical Laboratory (Vancouver)



		UTM: NAD 83; Zone 10



		OXIDES

		Sample		CS10-18		CS-10-18DUP		CS10-22		CS10-26		CS10-31		CS10-35		CS10-37		CS10-60		CS10-62		CS10-78		CS10-97		CS10-102		CS10-121		DC10-02		DC10-04		ECHO LAKE



		Rock Name		Halo Porphyry		Halo Porphyry		Island Plutonic 		Karmutsen		Cliff Porphyry		Catface Intrusive		Halo Porphyry		ADP Dyke		ADP Dyke		Cliff Porphyry		Karmutsen		Island Plutonic		Catface Intrusive		Island Plutonic		Hecate Bay		Qtz-Plag Porphyry

		Drill Hole No. or UTM		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-48		CF-08-48		CF-08-48		CF-08-51		CF-08-51		CF-08-51		284375 mE, 5460800 mN		285155 mE, 5458638 mN		405346 mE 5441554 mN



		Analyte (wt%)

		SiO2		63.9		64.0		69.9		52.2		70.8		68.5		66.4		64.6		65.0		64.9		48.6		73.8		69.5		74.2		67.7		65.0

		TiO2		0.55		0.57		0.27		1.15		0.46		0.4		0.48		0.57		0.56		0.58		1.52		0.26		0.42		0.18		0.40		0.39

		Al2O3		15.68		15.75		14.86		13.44		14.28		14.84		15.86		15.35		15		16.2		13.35		13.45		14.8		13.62		15.77		17.19

		Fe2O3		5.53		5.44		2.90		12.56		2.44		3.96		2.25		5.47		4.91		3.24		15.11		2.39		3.77		1.53		3.81		3.55

		MnO		0.05		0.05		0.04		0.23		0.04		0.03		0.04		0.05		0.03		0.04		0.23		0.03		0.04		0.02		0.04		0.06

		MgO		2.23		2.26		0.73		6.45		0.97		1.28		1.66		2.32		2.06		2.25		6.61		0.62		1.35		0.53		1.65		1.98

		CaO		2.82		2.83		2.49		8.92		3.84		3.6		4.28		3.77		3.69		4.71		10.57		2.09		3.56		2.34		4.16		4.35

		Na2O		3.82		3.86		4.64		3.53		4.78		3.6		5.24		2.98		2.84		4.92		2.38		4.58		3.85		4.62		4.25		5.00

		K2O		3.38		3.45		2.62		0.65		0.85		1.97		1.79		2.28		3.14		1.84		0.80		1.77		1.75		1.82		1.44		0.95

		P2O5		0.12		0.12		0.09		0.19		0.11		0.11		0.13		0.12		0.11		0.14		0.12		0.07		0.11		0.05		0.08		0.11

		Ba		0.04		0.05		0.12		0.01		0.07		0.05		0.08		0.03		0.05		0.05		0.02		0.09		0.05		0.06		0.05		0.06

		TOT/C		0.02		0.02		<0.02		<0.02		0.02		0.02		0.02		0.02		0.02		0.02		<0.02		<0.02		0.02		<0.02		<0.02		0.03

		TOT/S		0.02		0.03		0.07		0.03		0.05		0.22		0.05		0.4		0.57		 -		0.15		0.17		0.09		0.09		<0.02		<0.02



		TOTAL		100.08		100.39		99.94		99.97		99.36		99.2		100.4		99.59		99.04		100.27		100.28		100.03		100.13		100.01		100.19		100.85

		LOI		1.91		1.99		1.27		0.69		0.7		0.8		2.18		2.03		1.68		1.4		1.01		0.91		0.92		1.06		0.81		2.21



		TRACES

		Sample		CS10-18		CS-10-18DUP		CS10-22		CS10-26		CS10-31		CS10-35		CS10-37		CS10-60		CS10-62		CS10-78		CS10-97		CS10-102		CS10-121		DC10-02		DC10-04		ECHO LAKE



		Rock Name		Halo Porphyry		Halo Porphyry		Island Plutonic 		Karmutsen		Cliff Porphyry		Catface Intrusive		Halo Porphyry		ADP Dyke		ADP Dyke		Cliff Porphyry		Karmutsen		Island Plutonic		Catface Intrusive		Island Plutonic		Hecate Bay		Quartz Diorite

		Drill Hole No. or UTM		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-48		CF-08-48		CF-08-48		CF-08-51		CF-08-51		CF-08-51		284375 mE, 5460800 mN		285155 mE, 5458638 mN		405346 mE 5441554 mN



		Analyte (ppm)

		Be		1		1		2		1		2		1		1		1		1		1		1		<1		1		<1		1		<1

		V		88		91		27		321		42		49		55		85		78		73		352		17		47		<8		58		49

		Co		11.6		11.3		5.5		31.8		6.8		8.6		8.7		12.9		14.9		10.4		35.3		6.5		8.5		6.5		9.5		8.2

		Ni		23		23.9		1.6		13.7		2.6		10.1		9.1		20.3		22		8.5		26.3		2.5		8.5		1.2		8.6		7.2

		Cu		1216		1128		3264		368		1773		2148		426		3933		5468		272		1381		1481		778		46		19		5

		Zn		50		48		21		17		8		37		29		45		41		14		29		36		22		13		23		37

		Ga		18		19		12		15		17		17		16		18		17		17		18		11		17		11		17		17

		As		0.5		0.5		3.6		<0.5		0.5		0.9		0.8		0.9		0.5		0.5		0.6		1.2		0.5		0.8		<0.5		15.0

		Se		0.5		0.5		1.0		<0.5		1.2		1.1		0.5		0.5		0.6		0.5		0.8		0.7		0.5		0.6		<0.5		<0.5

		Rb		140		144		50		21		23		89		34		101		105		61		34		51		62		39		44		15

		Sr		279		292		199		187		283		273		334		340		319		489		176		180		270		153		323		606

		Ba		403		428		1131		110		654		494		819		325		529		440		189		866		514		609		483		579

		Y		11		11		14		33		16		12		12		11		9		11		23		12		14		15		12		6

		Zr		115		127		131		81		204		173		110		112		114		118		78		107		161		100		97		71

		Nb		8		7		5		2		11		10		7		7		7		10		7		5		10		7		7		4

		Mo		2.3		1.1		2.3		8.4		16.6		3.5		2.3		0.6		4.3		0.7		98.7		4.8		10.4		1.8		0.8		0.7

		Ag		0.7		0.9		2.1		0.3		2.3		1		0.5		1.5		2		0.1		0.8		0.8		0.3		<0.1		<0.1		<0.1

		Cd		0.2		0.2		0.1		<0.1		0.1		0.3		0.2		0.2		0.2		0.1		<0.1		0.3		0.1		<0.1		<0.1		<0.1

		Sn		5		5		3		3		2		5		2		7		6		9		12		4		2		<1		3		<1

		Sb		0.1		0.1		<0.1		<0.1		0.1		0.2		0.1		0.1		0.1		0.1		<0.1		<0.1		0.1		<0.1		<0.1		<0.1

		Cs		2.4		2.3		1.6		1.2		0.9		2.8		2.7		4.6		3.2		2.1		1.4		1.0		2.4		0.9		1.7		1.1

		La		19.6		16.2		8.7		6.1		28.4		25.5		15.6		14.3		14		15		6.3		11.9		23.6		22.4		12.5		8.9

		Ce		36.2		30.2		16.7		15.1		49.3		46		30.1		28.9		27.5		29.5		15.7		23.4		43.7		44.3		25.6		18.4

		Nd		15		13.8		9.0		11.0		17.6		16.4		13.7		12.4		12.4		13.4		12.3		10.4		16		17.0		11.8		9.2

		Pr		4.2		3.5		2.2		2.4		5.2		4.9		3.5		3.4		3.2		3.5		2.4		2.7		4.6		5.0		3.1		2.2

		Sm		2.5		2.8		1.9		3.2		3.0		2.7		2.4		2.5		2.2		2.5		3.2		2.0		2.8		2.9		2.5		1.8

		Eu		0.82		0.85		0.69		1.09		0.92		0.88		0.77		0.79		0.63		0.97		1.27		0.54		0.85		0.43		0.62		0.67

		Gd		2.3		2.2		2.0		4.3		2.8		2.3		2.4		2.4		2.0		2.4		4.0		1.9		2.5		2.4		2.2		1.4

		Tb		0.38		0.36		0.36		0.85		0.48		0.39		0.39		0.38		0.32		0.39		0.69		0.33		0.43		0.40		0.37		0.20

		Dy		2.0		2.0		2.1		5.7		2.9		2.0		2.1		2.1		1.5		2.1		4.0		2.0		2.3		2.5		2.1		1.1

		Ho		<0.1		<0.1		<0.1		1		1		<0.1		<0.1		<0.1		<0.1		<0.1		1		<0.1		<0.1		1		<0.1		<0.1

		Er		1		1		1		4		2		1		1		1		1		1		2		1		1		2		1		1

		Tm		<0.1		<0.1		<0.1		1		<0.1		<0.1		<0.1		<0.1		<0.1		<0.1		<0.1		<0.1		<0.1		<0.1		<0.1		<0.1

		Yb		1		1		2		4		2		1		1		1		1		1		2		2		1		2		1		1

		Lu		<0.1		<0.1		<0.1		<0.1		<0.1		<0.1		<0.1		<0.1		<0.1		<0.1		<0.1		<0.1		<0.1		<0.1		<0.1		<0.1

		Hf		3.4		3.2		3.7		2.6		5.4		4.9		3.2		3.2		3.1		3.5		2.2		2.4		4.3		3.1		2.9		1.9

		Ta		0.7		0.5		0.4		0.2		1.1		0.9		0.7		0.6		0.5		1.1		0.5		0.4		0.9		0.6		0.8		0.2

		W		3.4		2.5		2.5		16.9		11.9		32.5		4.9		16.3		18.6		2.8		2.8		1.5		4.1		0.6		<0.5		<0.5

		Au (ppb)		6.3		3.9		21.7		34.8		26.7		82.3		1.6		5.2		3.2		0.9		4.1		21.2		3.3		252.4		0.5		1.0

		Hg		0.01		0.01		0.06		<0.01		0.02		0.08		0.01		0.01		0.01		0.01		<0.01		<0.01		0.01		<0.01		<0.01		0.05

		Tl		<0.1		<0.1		<0.1		<0.1		<0.1		<0.1		<0.1		<0.1		<0.1		<0.1		<0.1		<0.1		<0.1		<0.1		<0.1		<0.1

		Pb		1		1		2		1		1		1		8		1		4		1		1		1		1		3		1		3

		Bi		2		1		8		1		4		3		1		1		1		0		3		4		1		<0.1		<0.1		<0.1

		Th		4		3		4		1		6		5		4		3		3		4		1		4		6		14		4		1

		U		1		1		2		1		2		2		1		1		1		1		1		2		2		4		1		0























































Table A7 Mineral Chemistry

		TABLE A7: Mineral Chemical Analyses (Electron Microprobe) of Catface and Echo Lake Sample Suites

		Analyses via Cameca SX-50 Electron Microprobe at the University of British Columbia (Vancouver)

		UTM: NAD 83; Zone 10



		Amphibole Analyses



		Sample		cs1003-hb1		cs1003-hb2		cs1003-hb3		cs1003-hb4		cs1003-hb5		cs1003-hb6		cs1003-hb7		cs1003-hb8		cs1003-hb9		cs1003-hb10		cs1003-hb11		cs1003-hb12		CS1004-1		CS1004-2		CS1004-3		CS1004-4		CS1004-5		CS1004-6		CS1004-7		CS1004-8		CS1004-9		CS1004-10		CS1004-c2-1		CS1004-c2-2		CS1004-c2-3		CS1004-c2-4		CS1004-c2-5		CS1004-c2-6		CS1004-c2-7		CS1004-c2-8		CS1004-c2-9		CS1004-c2-10		CS1006-c4-2		CS1006-c4-3		CS1006-c4-4		CS1006-c4-5		CS1006-1		CS1006-2		CS1006-3		CS1006-4		CS1006-5		CS1006-6		CS1006-7		CS1006-c4-1		CS1006-c4-6		CS1006-c4-7		CS1006-c4-8		CS1006-c5-1		CS1006-c5-2		CS1006-c5-3		CS1006-c5-4		cs1031-hb4		cs1031-hb5		cs1031-hb7		cs1031-hb8		cs1031-hb9		cs1031-hb10		cs1031-hb11		dc1004-hb1		dc1004-hb2		dc1004-hb3		dc1004-hb4		dc1004-hb5		dc1004-hb6		dc1004-hb7		dc1004-hb8		dc1004-hb9		dc1004-hb10		dc1004-hb11		dc1004-hb12		ECHO1_hbl1-1		ECHO1_hbl1-2		ECHO1_hbl1-3		ECHO1_hbl2-1		ECHO1_hbl2-2		ECHO1_hbl3-1		ECHO1_hbl3-2		ECHO1_hbl3-3		ECHO1_hbl4-1		ECHO1_hbl4-2		ECHO1_hbl4-3		ECHO2_hbl1-1		ECHO2_hbl1-2		ECHO2_hbl1-3		ECHO2_hbl1-4		ECHO2_hbl2-1		ECHO2_hbl2-2		ECHO2_hbl2-3		ECHO2_hbl3-1		ECHO2_hbl3-2		ECHO2_hbl4-1		ECHO2_hbl4-2		ECHO2_hbl4-3		ECHO2_hbl5-1		ECHO2_hbl5-2

		Rock Name		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Halo Porphyry		Halo Porphyry		Halo Porphyry		Halo Porphyry		Halo Porphyry		Halo Porphyry		Halo Porphyry		Halo Porphyry		Halo Porphyry		Halo Porphyry		Halo Porphyry		Halo Porphyry		Halo Porphyry		Halo Porphyry		Halo Porphyry		Halo Porphyry		Halo Porphyry		Halo Porphyry		Halo Porphyry		Halo Porphyry		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Cliff Porphyry		Cliff Porphyry		Cliff Porphyry		Cliff Porphyry		Cliff Porphyry		Cliff Porphyry		Cliff Porphyry		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Quartz Diorite		Quartz Diorite		Quartz Diorite		Quartz Diorite		Quartz Diorite		Quartz Diorite		Quartz Diorite		Quartz Diorite		Quartz Diorite		Quartz Diorite		Quartz Diorite		Quartz Diorite		Quartz Diorite		Quartz Diorite		Quartz Diorite		Quartz Diorite		Quartz Diorite		Quartz Diorite		Quartz Diorite		Quartz Diorite		Quartz Diorite		Quartz Diorite		Quartz Diorite		Quartz Diorite		Quartz Diorite

		Drill Hole or UTM		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-48		CF-08-48		CF-08-48		CF-08-48		CF-08-48		CF-08-48		CF-08-48		CF-08-48		CF-08-48		CF-08-48		CF-08-48		CF-08-48		CF-08-48		CF-08-48		CF-08-48		CF-08-48		CF-08-48		CF-08-48		CF-08-48		CF-08-48		CF-08-51		CF-08-51		CF-08-51		CF-08-51		CF-08-51		CF-08-51		CF-08-51		CF-08-51		CF-08-51		CF-08-51		CF-08-51		CF-08-51		CF-08-51		CF-08-51		CF-08-51		CF-08-51		CF-08-51		CF-08-51		CF-08-51		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		405346 mE 5441554 mN		405346 mE 5441554 mN		405346 mE 5441554 mN		405346 mE 5441554 mN		405346 mE 5441554 mN		405346 mE 5441554 mN		405346 mE 5441554 mN		405346 mE 5441554 mN		405346 mE 5441554 mN		405346 mE 5441554 mN		405346 mE 5441554 mN		405346 mE 5441554 mN		405346 mE 5441554 mN		405346 mE 5441554 mN		405346 mE 5441554 mN		405346 mE 5441554 mN		405346 mE 5441554 mN		405346 mE 5441554 mN		405346 mE 5441554 mN		405346 mE 5441554 mN		405346 mE 5441554 mN		405346 mE 5441554 mN		405346 mE 5441554 mN		405346 mE 5441554 mN		405346 mE 5441554 mN



		Anylate (wt%)

		SiO2		48.13		45.52		45.85		46.33		46.47		44.33		46.50		46.05		46.21		46.55		45.80		47.52		44.88		43.54		42.66		44.89		44.72		44.99		44.56		44.86		44.31		45.00		44.34		41.50		43.78		43.32		43.96		45.02		44.10		43.99		45.12		43.39		46.94		49.69		49.66		50.21		48.35		46.20		49.88		49.48		49.55		50.89		49.70		50.22		46.51		49.22		49.27		50.14		50.41		50.90		49.27		51.45		48.43		47.28		50.93		49.20		48.31		47.57		48.39		49.44		45.28		47.49		47.85		47.86		47.73		50.47		48.05		48.59		48.59		48.62		45.05		44.77		46.33		44.38		42.93		41.57		47.44		44.16		43.23		44.69		43.75		45.17		45.83		45.53		45.30		44.85		44.69		41.75		26.17		25.66		42.84		45.61		45.58		25.52		25.42

		TiO2		0.65		1.73		1.39		1.43		1.46		1.38		1.18		1.10		1.21		1.16		0.97		0.89		1.98		1.93		2.10		1.83		1.74		1.80		1.71		1.76		1.74		1.67		1.81		1.99		1.90		2.06		1.83		1.74		1.89		2.06		1.72		2.07		1.55		0.68		0.40		0.22		0.97		1.15		0.83		0.38		0.64		0.53		0.40		0.25		1.46		0.28		0.85		0.13		0.06		0.43		0.17		0.03		0.45		0.80		0.07		0.37		0.95		0.99		0.69		0.56		1.21		0.80		0.78		0.95		1.04		0.14		0.76		0.83		0.85		0.85		1.20		1.37		1.23		1.36		1.09		1.63		0.91		1.54		0.96		0.88		0.96		1.09		1.19		1.36		1.13		1.36		1.32		1.76		0.13		0.06		1.38		1.40		1.43		0.00		0.04

		Al2O3		4.25		6.20		5.61		5.85		5.86		5.59		5.35		5.41		5.44		5.24		5.06		4.61		9.41		10.78		11.47		10.30		10.00		10.15		10.57		10.05		10.54		10.22		10.31		10.81		8.90		10.26		10.50		9.38		10.32		10.56		9.36		10.84		6.69		3.01		4.08		3.13		4.04		6.33		3.34		4.16		3.61		2.39		3.65		3.28		6.69		3.13		3.86		3.18		3.12		2.56		3.42		3.29		4.15		4.48		3.16		4.50		4.33		4.88		4.24		3.58		6.16		5.20		5.04		5.58		5.62		3.15		4.75		4.91		5.07		5.33		10.39		10.90		9.57		11.33		12.10		12.55		5.90		11.27		10.62		9.58		10.41		10.71		10.35		10.16		10.28		11.15		11.01		12.53		18.04		18.11		11.51		9.69		10.55		17.75		17.49

		FeO		17.89		18.16		16.68		18.90		18.09		18.47		18.77		19.20		19.37		18.17		19.32		19.44		13.34		12.13		13.23		10.93		11.15		10.23		10.90		10.37		11.11		10.85		10.86		12.84		12.31		12.60		10.99		10.71		11.07		11.66		10.65		11.89		16.60		19.30		18.56		20.10		19.52		20.14		19.60		19.00		20.48		19.75		19.29		20.41		18.19		19.58		19.42		20.81		20.46		18.99		20.45		16.11		18.47		20.14		17.09		18.81		20.38		20.61		17.91		16.63		16.72		17.87		18.02		17.55		17.86		17.46		17.99		18.09		17.74		16.62		8.66		9.11		8.62		11.16		15.61		14.78		13.91		11.21		14.74		15.20		14.72		8.42		8.37		7.95		8.08		8.85		8.18		12.84		28.54		31.76		15.80		10.81		9.28		33.55		32.62

		Cr2O3		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		0.00		0.04		<0.01		0.16		0.07		0.05		<0.01		0.07		0.10		0.03		0.12		0.03		0.22		0.00		0.13		<0.01		0.02		0.07		0.01		0.02		0.03		<0.01		0.04		0.05		<0.01		0.01		<0.01		<0.01		<0.01		<0.01		<0.01		0.05		0.03		0.03		0.04		<0.01		0.01		<0.01		0.04		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		0.07		0.01		0.14		0.01		0.01		0.00		0.01		0.04		0.04		0.03		0.04		0.04		0.01		0.24		0.15		0.01		0.22		0.03		0.02		0.03		0.05		0.08		0.05		0.02		0.02

		MnO		0.59		0.44		0.39		0.47		0.48		0.54		0.60		0.52		0.69		0.54		0.64		0.67		0.24		0.15		0.16		0.12		0.15		0.11		0.13		0.12		0.11		0.13		0.09		0.12		0.22		0.17		0.10		0.18		0.09		0.15		0.18		0.15		0.21		0.75		0.35		0.41		0.66		0.63		0.67		0.36		0.48		0.63		0.48		0.38		0.29		0.36		0.73		0.63		0.55		0.73		0.67		0.33		0.29		0.29		0.32		0.27		0.31		0.43		0.52		0.49		0.40		0.50		0.64		0.53		0.51		0.65		0.54		0.53		0.42		0.42		0.09		0.10		0.14		0.14		0.22		0.16		0.53		0.16		0.23		0.32		0.27		0.15		0.11		0.09		0.12		0.09		0.14		0.21		0.50		0.32		0.27		0.11		0.07		0.39		0.44

		MgO		12.66		11.52		12.58		11.16		11.67		11.44		11.42		11.24		10.95		11.68		11.34		11.70		14.23		14.69		13.57		15.64		15.36		16.11		15.73		15.98		15.50		16.08		15.70		14.10		15.12		14.66		15.37		15.96		15.23		14.89		15.91		14.70		12.86		12.67		12.35		11.37		12.01		10.78		12.16		11.47		11.22		12.89		11.91		11.49		11.66		11.59		12.21		11.11		11.35		12.96		11.20		12.49		11.13		11.04		12.30		11.07		10.87		10.36		12.85		12.85		12.29		12.67		12.62		12.42		11.90		13.32		12.67		12.52		12.41		12.59		16.97		17.07		17.56		14.57		11.24		12.06		15.27		14.93		12.75		13.40		13.12		17.30		17.23		17.43		17.53		16.68		17.32		13.53		13.25		11.07		11.84		15.97		17.16		10.16		10.30

		CaO		10.26		10.72		10.69		10.68		10.65		10.92		10.98		10.60		10.64		10.54		10.58		10.41		11.05		11.48		11.51		11.45		11.56		11.59		11.41		11.49		11.50		11.32		11.51		11.40		11.20		11.19		11.45		11.12		11.46		11.41		11.53		11.42		10.88		10.17		11.42		11.56		10.31		10.21		10.07		11.56		11.42		10.17		10.87		11.69		10.98		11.74		10.27		11.00		10.99		10.37		10.99		12.50		11.80		10.45		12.09		11.69		10.33		10.50		10.31		10.87		10.93		10.25		10.21		10.43		10.48		10.56		10.16		10.27		10.33		10.80		10.87		11.08		10.73		11.22		10.77		10.63		10.10		10.89		10.46		9.97		10.50		10.67		10.96		10.98		10.90		11.12		10.73		11.05		0.13		0.11		10.43		10.81		10.67		0.09		0.16

		Na2O		0.77		1.21		1.15		1.25		0.97		1.02		0.75		1.06		0.90		1.09		0.79		0.85		2.02		2.02		2.08		1.98		1.92		1.95		2.09		1.99		2.02		1.97		1.94		1.92		1.75		1.99		2.05		1.84		2.00		2.03		1.77		1.95		1.63		0.68		0.81		0.56		0.80		1.22		0.71		0.57		0.64		0.41		0.67		0.56		1.50		0.55		0.89		0.54		0.69		0.48		0.68		0.26		0.50		0.88		0.29		0.49		0.82		0.95		0.91		0.64		1.19		1.06		0.91		1.21		1.20		0.59		0.89		1.03		0.99		0.81		1.98		1.94		1.77		1.98		2.15		2.02		1.39		1.92		1.66		1.85		1.91		1.99		1.81		1.96		1.95		2.00		1.98		1.97		0.03		0.01		1.73		1.57		1.82		0.04		0.06

		K2O		0.32		0.69		0.42		0.62		0.61		0.58		0.54		0.49		0.50		0.46		0.46		0.38		0.23		0.17		0.26		0.23		0.21		0.20		0.22		0.23		0.21		0.18		0.19		0.20		0.17		0.20		0.22		0.19		0.22		0.20		0.19		0.20		0.23		0.23		0.30		0.23		0.35		0.36		0.29		0.33		0.26		0.21		0.26		0.23		0.22		0.22		0.33		0.16		0.17		0.21		0.22		0.17		0.27		0.43		0.17		0.26		0.40		0.46		0.31		0.30		0.35		0.30		0.28		0.33		0.35		0.21		0.28		0.28		0.24		0.32		0.15		0.14		0.12		0.17		0.22		0.18		0.21		0.15		0.19		0.15		0.18		0.13		0.13		0.13		0.16		0.18		0.15		0.20		0.00		0.01		0.20		0.14		0.14		0.04		0.01

		Cl		0.17		0.23		0.15		0.23		0.23		0.26		0.20		0.21		0.22		0.20		0.16		0.23		0.07		0.04		0.05		0.05		0.05		0.07		0.04		0.04		0.04		0.03		0.05		0.05		0.06		0.07		0.03		0.03		0.03		0.04		0.03		0.04		0.05		0.10		0.04		0.05		0.13		0.12		0.14		0.06		0.07		0.08		0.10		0.07		0.07		0.03		0.13		0.03		0.02		0.06		0.09		0.05		0.04		0.15		0.05		0.06		0.15		0.22		0.07		0.06		0.14		0.09		0.09		0.11		0.13		0.05		0.06		0.09		0.07		0.09		0.03		0.02		0.04		0.05		0.05		0.06		0.08		0.05		0.06		0.05		0.07		0.04		0.03		0.05		0.04		0.02		0.03		0.04		0.02		0.02		0.08		0.05		0.01		0.05		0.04

		F		0.13		0.24		0.04		0.03		0.08		0.10		0.01		0.17		0.01		0.06		0.04		0.08		0.08		0.20		0.15		0.14		0.08		0.16		0.23		0.19		0.26		0.00		0.14		0.11		0.10		0.08		0.15		0.24		0.07		0.10		0.21		0.00		0.21		0.04		0.09		0.16		0.10		0.25		0.08		0.11		0.08		0.09		0.12		0.03		0.17		0.12		0.18		0.04		0.16		0.03		0.17		0.20		0.00		0.23		0.10		0.03		0.12		0.18		0.24		0.14		0.19		0.05		0.05		0.19		0.06		0.28		0.15		0.23		0.18		0.00		0.00		0.32		0.16		0.15		0.23		0.00		0.12		0.21		0.15		0.13		0.09		0.07		0.11		0.16		0.04		0.15		0.11		0.04		0.14		0.07		0.09		0.24		0.00		0.00		0.03



		TOTAL		95.82		96.66		94.95		96.95		96.57		94.63		96.30		96.05		96.14		95.70		95.16		96.76		97.52		97.18		97.24		97.71		97.00		97.41		97.58		97.14		97.43		97.48		97.05		95.07		95.74		96.59		96.79		96.43		96.49		97.17		96.67		96.67		97.88		97.33		98.09		98.05		97.23		97.38		97.77		97.48		98.45		98.04		97.45		98.67		97.76		96.86		98.18		97.79		97.99		97.72		97.36		96.89		95.52		96.17		96.56		96.76		96.98		97.16		96.45		95.57		94.87		96.28		96.49		97.17		96.86		96.89		96.31		97.37		96.88		96.44		95.46		96.83		96.41		96.53		96.62		95.63		95.87		96.55		95.10		96.26		96.03		95.78		96.14		96.03		95.68		96.46		95.88		95.96		86.98		87.25		96.21		96.46		96.76		87.60		86.62





		Plagioclase Analyses



		Sample		cs1002-plag1		cs1002-plag2		cs1002-pl2		cs1002-pl3		cs1002-pl4		cs1003-pl2		cs1003-pl12		cs1003-pl10		cs1003-pl4		cs1003-pl8		cs1003-pl11		cs1003-pl6		cs1003-pl1		CS1004-2		CS1004-5		CS1004-7		CS1004-8		CS1004-c3-1		CS1004-c3-6		CS1004-c3-10		CS1004-c3-11		CS1004-c4-2		CS1004-c4-6		CS1004-c4-7		CS1004-1		CS1004-3		CS1004-4		CS1004-6		CS1004-9		CS1004-10		CS1004-c3-2		CS1004-c3-3		CS1004-c3-4		CS1004-c3-5		CS1004-c3-7		CS1004-c3-8		CS1004-c3-9		CS1004-c3-12		CS1004-c4-3		CS1004-c4-4		CS1004-c4-5		CS1006-c2-15		CS1006-c3-1		CS1006-c3-4		CS1006-c3-6		CS1006-c3-8		CS1006-c3-12		CS1006-c6-1		CS1006-c6-2		CS1006-c6-4		CS1006-c7-1		CS1006-c7-2		CS1006-c7-4		CS1006-c2-1		CS1006-c2-2		CS1006-c2-4		CS1006-c2-6		CS1006-c2-8		CS1006-c2-10		CS1006-c2-13		CS1006-c7-8		CS1006-c7-12		CS1006-c2-3		CS1006-c2-5		CS1006-c2-7		CS1006-c2-9		CS1006-c2-11		CS1006-c2-12		CS1006-c2-14		CS1006-c2-16		CS1006-c3-2		CS1006-c3-3		CS1006-c3-5		CS1006-c3-7		CS1006-c3-9		CS1006-c3-10		CS1006-c3-11		CS1006-c3-13		CS1006-c6-3		CS1006-c6-5		CS1006-c6-6		CS1006-c6-7		CS1006-c7-3		CS1006-c7-5		CS1006-c7-6		CS1006-c7-7		CS1006-c7-9		CS1006-c7-10		CS1006-c7-11		cs1031-pl6		cs1031-pl9		cs1031-pl14		cs1031-pl8		cs1031-pl5		cs1031-pl13		cs1031-pl1		cs1031-pl12		cs1031-pl3		DC1004-c2-2		DC1004-c2-3		DC1004-c2-5		DC1004-c2-7		DC1004-c2-8		DC1004-c2-10		DC1004-c2-11		DC1004-c2-4		DC1004-c2-6		DC1004-c2-9		DC1004-c2-12		dc1004-pl1		dc1004-pl2		dc1004-pl3		dc1004-pl4		dc1004-pl5		dc1004-pl6		dc1004-pl7		dc1004-pl8		dc1004-pl9		dc1004-pl10

		Rock Name		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Halo Porphyry		Halo Porphyry		Halo Porphyry		Halo Porphyry		Halo Porphyry		Halo Porphyry		Halo Porphyry		Halo Porphyry		Halo Porphyry		Halo Porphyry		Halo Porphyry		Halo Porphyry		Halo Porphyry		Halo Porphyry		Halo Porphyry		Halo Porphyry		Halo Porphyry		Halo Porphyry		Halo Porphyry		Halo Porphyry		Halo Porphyry		Halo Porphyry		Halo Porphyry		Halo Porphyry		Halo Porphyry		Halo Porphyry		Halo Porphyry		Halo Porphyry		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Cliff Porphyry		Cliff Porphyry		Cliff Porphyry		Cliff Porphyry		Cliff Porphyry		Cliff Porphyry		Cliff Porphyry		Cliff Porphyry		Cliff Porphyry		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay

		Drill Hole or UTM		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-48		CF-08-48		CF-08-48		CF-08-48		CF-08-48		CF-08-48		CF-08-48		CF-08-48		CF-08-48		CF-08-48		CF-08-48		CF-08-48		CF-08-48		CF-08-48		CF-08-48		CF-08-48		CF-08-48		CF-08-48		CF-08-48		CF-08-48		CF-08-48		CF-08-48		CF-08-48		CF-08-48		CF-08-48		CF-08-48		CF-08-48		CF-08-48		CF-08-51		CF-08-51		CF-08-51		CF-08-51		CF-08-51		CF-08-51		CF-08-51		CF-08-51		CF-08-51		CF-08-51		CF-08-51		CF-08-51		CF-08-51		CF-08-51		CF-08-51		CF-08-51		CF-08-51		CF-08-51		CF-08-51		CF-08-51		CF-08-51		CF-08-51		CF-08-51		CF-08-51		CF-08-51		CF-08-51		CF-08-51		CF-08-51		CF-08-51		CF-08-51		CF-08-51		CF-08-51		CF-08-51		CF-08-51		CF-08-51		CF-08-51		CF-08-51		CF-08-51		CF-08-51		CF-08-51		CF-08-51		CF-08-51		CF-08-51		CF-08-51		CF-08-51		CF-08-51		CF-08-51		CF-08-51		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN



		Anylate (wt%)

		SiO2		66.46		67.22		57.21		67.85		57.78		59.22		61.72		64.59		57.56		64.21		64.52		57.81		65.46		52.13		52.62		52.61		52.27		52.83		50.24		50.54		50.77		58.33		56.95		53.18		52.46		51.67		52.41		51.65		63.34		55.85		50.94		52.21		50.59		49.78		50.77		50.66		51.15		50.97		55.49		57.05		57.26		58.16		57.53		56.12		56.08		58.07		58.09		57.34		58.06		57.71		57.80		56.45		54.84		57.18		57.31		58.87		56.98		53.54		57.66		55.95		54.48		57.08		58.18		57.62		59.59		57.93		59.42		56.71		57.81		58.48		58.25		57.31		58.37		59.87		57.79		58.04		58.63		58.18		57.82		58.15		57.87		58.10		57.10		57.57		57.49		56.74		56.66		55.51		54.50		65.35		65.01		64.95		64.79		67.07		65.62		65.89		63.95		64.49		55.59		54.34		53.66		55.02		53.95		54.66		57.22		56.11		56.58		56.48		56.18		62.49		67.62		61.12		63.19		67.29		65.63		66.27		63.53		66.53		67.04

		Al2O3		21.85		21.67		26.99		21.20		26.80		25.41		24.01		22.83		26.74		22.52		23.08		26.97		23.13		30.16		29.37		29.53		30.31		29.00		30.54		30.54		30.35		25.83		26.17		29.16		30.48		30.10		29.89		30.01		23.29		27.77		30.39		29.59		30.20		30.66		30.18		29.95		30.12		30.21		27.12		26.41		26.25		26.22		27.12		27.54		28.10		26.30		26.72		27.43		26.63		27.42		27.11		27.25		28.87		27.35		26.99		25.48		27.48		28.40		26.68		27.82		28.40		26.78		26.29		26.05		25.88		26.31		25.56		26.91		26.60		26.58		26.23		26.89		26.18		25.63		26.57		26.67		26.10		26.52		27.85		26.21		26.43		26.72		27.00		27.31		27.05		26.68		28.20		28.20		28.42		22.64		22.39		22.50		22.45		21.82		21.79		22.15		23.41		21.31		28.37		28.80		29.31		28.40		28.55		28.78		26.91		27.89		27.42		27.21		27.74		23.66		21.24		24.50		23.36		21.31		22.15		22.11		23.59		22.16		21.55

		Fe2O3		0.06		0.08		0.49		0.25		0.38		0.48		0.47		0.45		0.53		0.29		0.66		0.50		0.47		0.38		0.33		0.43		0.52		0.43		0.45		0.49		0.53		0.19		0.12		0.13		0.38		0.25		0.41		0.44		0.21		0.51		0.49		0.39		0.58		0.49		0.47		0.52		0.54		0.49		0.21		0.21		0.17		0.19		0.26		0.17		0.21		0.21		0.19		0.21		0.17		0.20		0.22		0.19		0.20		0.23		0.11		0.12		0.14		0.18		0.21		0.08		0.25		0.29		0.13		0.16		0.09		0.12		0.22		0.12		0.23		0.18		0.15		0.15		0.13		0.24		0.12		0.15		0.13		0.19		0.27		0.19		0.12		0.16		0.17		0.15		0.10		0.17		0.22		0.20		0.30		0.13		0.14		0.26		0.16		0.16		0.45		0.17		0.30		0.23		0.40		0.26		0.23		0.34		0.41		0.26		0.29		0.24		0.19		0.34		0.32		0.25		0.41		0.33		0.31		0.54		0.37		0.53		0.47		0.32		0.42

		MnO		0.00		0.01		0.01		0.00		0.00		0.00		0.00		0.01		0.00		0.01		0.02		0.00		<0.01		<0.01		<0.01		0.02		0.01		0.00		0.04		0.01		0.00		<0.01		<0.01		0.05		0.02		<0.01		<0.01		<0.01		0.05		<0.01		0.02		<0.01		<0.01		0.04		<0.01		0.03		0.05		<0.01		<0.01		<0.01		<0.01		0.02		<0.01		0.02		0.08		<0.01		<0.01		0.02		0.02		<0.01		<0.01		0.02		0.02		<0.01		<0.01		<0.01		0.03		0.04		<0.01		<0.01		0.02		<0.01		0.02		0.04		0.01		<0.01		<0.01		0.02		0.01		<0.01		0.01		0.01		<0.01		<0.01		<0.01		0.01		0.02		<0.01		<0.01		<0.01		<0.01		0.02		<0.01		0.03		0.04		<0.01		0.01		0.02		<0.01		0.02		<0.01		<0.01		<0.01		0.02		0.02		0.00		0.02		0.01		<0.01		<0.01		0.03		<0.01		0.02		0.04		0.01		<0.01		0.02		0.02		<0.01		0.04		<0.01		<0.01		0.01		0.03		0.01		<0.01		<0.01		0.02		<0.01

		MgO		0.00		0.00		0.00		0.00		0.01		0.01		0.00		0.00		0.01		0.00		0.02		0.01		0.00		0.05		0.01		0.04		<0.01		0.03		0.04		0.03		0.03		0.02		0.03		0.01		0.05		0.05		0.02		0.05		0.02		0.06		0.03		0.05		0.02		0.05		0.03		0.03		0.01		0.04		<0.01		0.02		0.02		<0.01		0.00		0.02		0.00		0.01		<0.01		0.02		0.01		0.01		<0.01		0.00		<0.01		0.00		<0.01		0.01		<0.01		0.00		0.01		0.25		0.01		0.03		0.01		0.00		<0.01		0.00		0.02		0.02		<0.01		<0.01		0.02		0.00		<0.01		0.02		0.02		0.01		<0.01		<0.01		0.01		0.02		0.01		0.01		<0.01		<0.01		0.01		0.00		0.02		0.02		0.01		0.01		0.01		<0.01		<0.01		0.00		0.02		0.00		0.01		0.00		0.01		0.00		0.01		0.03		0.04		<0.01		<0.01		<0.01		0.04		0.01		0.01		<0.01		<0.01		<0.01		<0.01		<0.01		0.01		<0.01		<0.01		<0.01		<0.01

		CaO		2.50		2.43		9.18		1.98		8.98		7.29		5.30		3.99		8.56		3.63		4.39		8.70		4.25		12.94		12.07		12.37		13.39		11.95		13.80		13.62		13.51		7.75		8.30		11.91		13.09		13.42		13.17		13.19		4.49		10.36		13.34		12.37		13.36		14.34		13.56		13.08		12.96		13.28		9.47		8.12		8.26		8.31		9.26		9.37		10.00		8.44		8.50		9.52		8.42		9.31		8.83		9.30		11.01		9.41		9.21		7.37		9.84		11.24		8.47		9.17		11.08		9.07		8.14		8.24		7.55		8.36		7.60		9.17		8.45		8.06		8.27		9.00		8.11		7.16		8.48		8.43		7.89		8.29		9.23		8.11		8.43		8.53		8.99		9.47		9.02		8.61		10.28		10.62		11.01		3.62		3.50		3.70		3.94		2.74		3.08		3.35		5.45		3.51		10.73		11.55		11.86		10.92		11.31		11.35		9.60		10.26		9.67		9.68		10.02		5.32		2.38		6.28		4.86		2.17		3.38		3.11		5.13		3.24		2.57

		Na2O		9.59		9.61		6.44		10.23		6.67		7.51		8.32		9.43		6.45		9.45		8.68		6.35		8.54		4.30		4.72		4.76		4.16		4.80		3.90		3.84		4.01		7.14		6.69		4.98		4.12		4.12		4.17		3.99		8.69		5.72		4.09		4.45		4.03		3.65		4.08		4.15		4.33		4.11		6.01		6.87		6.71		6.92		6.20		6.00		5.77		6.65		6.83		6.21		6.92		6.17		6.39		6.26		4.93		6.10		6.38		7.03		6.15		5.35		6.91		6.20		5.16		6.41		6.65		6.98		7.25		6.67		7.25		6.45		6.69		6.67		6.85		6.62		7.13		7.22		6.71		6.74		7.02		6.78		6.20		6.57		6.24		6.61		6.56		6.20		6.29		6.45		5.87		5.24		5.44		9.21		9.66		9.12		8.94		9.26		8.92		8.94		8.41		8.55		5.56		5.10		4.98		5.42		5.14		4.92		5.98		5.95		6.14		6.25		5.68		8.36		9.47		7.53		8.50		9.76		9.50		9.61		8.61		9.50		9.91

		K2O		0.07		0.10		0.20		0.14		0.22		0.14		0.16		0.16		0.18		0.19		0.21		0.26		0.27		0.09		0.06		0.11		0.06		0.10		0.07		0.05		0.09		0.36		0.34		0.15		0.07		0.04		0.10		0.07		0.32		0.13		0.05		0.09		0.08		0.08		0.05		0.07		0.07		0.07		0.27		0.31		0.29		0.22		0.22		0.21		0.17		0.26		0.24		0.17		0.25		0.19		0.25		0.25		0.14		0.19		0.19		0.36		0.22		0.21		0.24		0.19		0.17		0.20		0.22		0.33		0.23		0.32		0.24		0.22		0.16		0.28		0.27		0.21		0.23		0.30		0.20		0.25		0.24		0.22		0.19		0.83		0.24		0.26		0.20		0.18		0.23		0.23		0.17		0.18		0.12		0.14		0.16		0.17		0.19		0.23		0.30		0.34		0.16		0.17		0.15		0.09		0.12		0.12		0.11		0.11		0.20		0.14		0.16		0.17		0.16		0.13		0.21		0.27		0.20		0.16		0.20		0.15		0.20		0.11		0.14



		TOTAL		100.53		101.13		100.52		101.65		100.84		100.05		99.98		101.47		100.02		100.31		101.59		100.60		102.10		100.05		99.18		99.87		100.71		99.16		99.09		99.12		99.29		99.60		98.60		99.56		100.66		99.64		100.16		99.40		100.41		100.40		99.33		99.14		98.86		99.09		99.15		98.50		99.22		99.16		98.56		98.99		98.97		100.04		100.59		99.46		100.42		99.94		100.58		100.92		100.49		101.01		100.60		99.72		100.02		100.47		100.18		99.24		100.83		98.97		100.17		99.67		99.58		99.85		99.64		99.44		100.61		99.71		100.31		99.62		99.94		100.24		100.05		100.21		100.16		100.45		99.90		100.30		100.04		100.18		101.57		100.07		99.34		100.42		100.01		100.91		100.23		98.87		101.43		99.99		99.80		101.11		100.88		100.69		100.47		101.30		100.20		100.85		101.73		98.28		100.81		100.14		100.20		100.26		99.53		100.11		100.21		100.59		100.22		100.14		100.12		100.25		101.34		100.03		100.44		101.27		101.25		101.78		101.53		101.89		101.63



		K-Feldspar Analyses



		Sample		cs1003-ksp7		cs1003-ksp3		cs1003-ksp5		cs1031-ksp4		cs1031-ksp7		cs1031-ksp3		cs1031-ksp11		cs1031-ksp12		cs1031-ksp2		cs1031-ksp10

		Rock Name		Catfae Intrusive		Catfae Intrusive		Catfae Intrusive		Cliff Porphyry		Cliff Porphyry		Cliff Porphyry		Cliff Porphyry		Cliff Porphyry		Cliff Porphyry		Cliff Porphyry

		Drill Hole or UTM		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46



		Anylate (wt%)

		SiO2		61.19		63.73		65.57		63.62		64.76		63.85		65.79		64.83		64.42		64.35

		Al2O3		21.45		20.05		18.73		18.48		18.41		18.54		18.33		18.21		18.42		18.15

		Fe2O3		0.50		0.38		0.24		0.08		0.08		0.10		0.18		0.17		0.20		0.03

		MnO		0.03		<0.01		<0.01		0.03		0.02		0.02		0.02		0.00		<0.01		<0.01

		MgO		0.01		0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01

		CaO		5.45		1.25		0.22		0.02		0.01		0.04		<0.01		<0.01		0.02		<0.01

		Na2O		4.06		3.15		0.32		0.74		0.64		0.73		0.64		0.66		0.80		0.62

		K2O		7.93		11.80		16.68		15.55		15.56		15.61		15.81		15.90		15.92		16.07



		TOTAL		100.61		100.37		101.76		98.53		99.48		98.88		100.78		99.76		99.79		99.21



		Biotite Analyses



		Sample		CS1001-c2-1		CS1001-c2-2		CS1001-c2-6		CS1001-c2-7		CS1001-c2-8		CS1001-c2-10		CS1001-c2-13		CS1001-c3-1		CS1001-c3-2		CS1001-c3-4		CS1001-c3-6		CS1001-c3-8		CS1001-c3-10		CS1001-c3-12		CS1001-c3-14		CS1001-c3-17		CS1001-c3-20		CS1001-c4-1		CS1001-c4-4		CS1001-c4-5		CS1001-c4-6		CS1001-c5-1		CS1001-c5-4		CS1001-c5-6		CS1001-c5-9		CS1001-c5-12		CS1001-c5-14		CS1001-c5-15		CS1001-c2-3		CS1001-c2-4		CS1001-c2-5		CS1001-c2-9		CS1001-c2-11		CS1001-c2-12		CS1001-c2-14		CS1001-c3-3		CS1001-c3-5		CS1001-c3-7		CS1001-c3-9		CS1001-c3-11		CS1001-c3-13		CS1001-c3-16		CS1001-c3-18		CS1001-c3-19		CS1001-c4-2		CS1001-c4-3		CS1001-c4-7		CS1001-c4-8		CS1001-c4-9		CS1001-c4-10		CS1001-c4-11		CS1001-c5-2		CS1001-c5-3		CS1001-c5-5		CS1001-c5-7		CS1001-c5-8		CS1001-c5-10		CS1001-c5-11		CS1001-c5-13		CS1001-c5-16		cs1031-bt1		cs1031-bt2		DC1004-c4-1		DC1004-c4-2		DC1004-c4-4		DC1004-c4-7		DC1004-c4-9		DC1004-c4-12		DC1004-c4-14		DC1004-c5-1		DC1004-c5-2		DC1004-c5-6		DC1004-c5-8		DC1004-c5-11		DC1004-c5-13		DC1004-c6-1		DC1004-c6-4		DC1004-c6-6		DC1004-c6-7		DC1004-c6-8		DC1004-c4-3		DC1004-c4-5		DC1004-c4-6		DC1004-c4-8		DC1004-c4-10		DC1004-c4-13		DC1004-c5-3		DC1004-c5-4		DC1004-c5-5		DC1004-c5-7		DC1004-c5-9		DC1004-c5-10		DC1004-c5-12		DC1004-c5-14		DC1004-c6-2		DC1004-c6-3		DC1004-c6-5		DC1004-c6-9

		Rock Name		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Cliff Porphyry		Cliff Porphyry		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay

		Drill Hole or UTM		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN



		Anylate (wt%)

		SiO2		36.90		36.18		36.76		36.62		37.39		36.71		37.50		36.30		36.14		37.65		35.98		36.89		36.67		36.39		35.57		35.47		32.69		36.52		36.40		36.28		36.83		35.90		36.43		36.29		37.09		36.93		36.79		36.67		36.50		36.23		36.88		36.19		37.04		37.30		36.43		36.26		36.26		36.32		37.21		35.99		35.91		36.65		36.92		35.52		34.25		36.18		37.17		36.36		36.57		36.38		36.98		35.29		36.02		36.15		36.01		36.76		36.26		36.76		36.26		36.57		33.16		32.12		36.48		36.63		36.29		36.18		35.16		36.17		34.65		36.85		36.61		36.58		36.62		36.03		35.63		35.98		36.28		35.38		35.70		36.10		36.41		36.75		36.67		36.04		35.99		35.66		36.98		36.33		36.89		36.80		37.17		36.68		36.33		36.74		35.79		36.36		36.12		35.97

		TiO2		3.69		3.87		3.83		4.69		4.27		4.46		4.33		4.27		3.35		3.61		4.02		4.26		3.76		3.60		3.82		2.79		2.02		3.57		3.60		3.85		3.25		4.41		4.09		4.14		4.32		4.06		4.12		3.12		3.43		4.21		3.67		3.78		4.27		4.22		2.94		3.43		3.83		2.88		1.92		4.17		3.28		3.59		0.85		3.90		1.31		4.03		3.23		4.33		3.92		3.99		2.96		4.00		3.63		3.30		3.69		3.06		2.80		4.25		3.53		3.47		3.62		5.00		3.49		3.58		3.28		3.23		3.21		3.52		2.80		3.64		3.73		3.59		3.74		3.59		2.97		4.14		3.76		3.76		3.97		3.94		3.48		2.92		3.30		2.52		3.65		2.81		3.84		3.44		3.73		3.13		3.68		3.26		3.49		2.95		3.34		3.95		3.66		3.43

		Al2O3		13.23		13.23		13.49		12.87		12.82		12.90		12.96		13.60		14.47		13.47		13.92		12.84		14.15		14.19		14.38		14.68		15.52		14.11		14.64		14.75		14.37		13.73		14.19		14.45		13.56		13.87		13.25		14.47		14.27		13.34		13.64		13.96		13.35		13.19		14.41		14.53		13.90		14.50		14.01		13.86		14.82		14.26		14.64		13.53		15.14		14.07		14.73		14.09		14.20		14.03		14.98		14.03		14.44		14.47		14.51		14.24		14.59		13.63		14.28		14.08		13.95		13.95		13.30		13.19		13.51		13.68		13.09		13.35		13.87		12.93		13.31		13.07		13.57		13.43		13.75		12.86		13.08		13.13		13.17		13.03		13.61		13.71		13.53		13.70		13.25		13.24		13.17		13.12		13.25		13.62		13.47		13.52		13.38		13.60		13.18		13.14		13.36		13.36

		FeO		23.70		22.92		23.04		23.31		23.23		23.14		23.00		22.80		23.37		22.06		22.88		22.52		22.63		22.18		22.76		23.41		25.28		22.85		22.48		22.90		23.03		22.38		22.57		23.07		22.45		22.02		22.51		22.18		24.06		23.53		23.02		23.09		22.07		23.04		23.67		23.64		23.66		22.45		22.32		22.69		23.32		22.32		22.44		23.40		24.28		22.66		22.15		23.80		23.49		23.00		22.21		22.36		22.26		21.67		22.55		21.86		22.07		22.38		23.00		22.23		25.99		24.35		23.55		23.15		23.31		22.51		23.46		23.25		23.67		22.88		22.42		23.41		23.27		23.44		23.69		22.74		22.55		22.77		22.71		22.42		23.15		23.34		23.28		22.81		23.23		22.84		22.78		23.58		23.86		23.34		23.31		22.95		23.96		22.81		22.89		23.08		22.56		22.51

		Cr2O3		0.04		0.05		0.01		<0.01		0.02		<0.01		0.06		0.05		<0.01		0.09		<0.01		0.06		<0.01		0.21		<0.01		0.02		<0.01		0.04		0.04		<0.01		<0.01		<0.01		0.08		<0.01		0.02		0.05		<0.01		<0.01		0.01		0.07		0.07		0.07		<0.01		<0.01		0.03		<0.01		0.04		0.02		0.12		<0.01		0.02		0.06		<0.01		<0.01		<0.01		0.08		0.05		<0.01		0.02		<0.01		0.04		0.01		0.02		<0.01		<0.01		0.04		<0.01		0.06		0.02		0.17		<0.01		<0.01		0.11		0.04		<0.01		<0.01		0.04		<0.01		<0.01		<0.01		0.04		<0.01		<0.01		<0.01		<0.01		<0.01		0.02		<0.01		0.10		<0.01		0.04		0.04		0.06		0.04		0.02		0.02		<0.01		<0.01		<0.01		0.02		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		0.09		0.03

		MnO		0.14		0.19		0.20		0.16		0.19		0.21		0.23		0.12		0.15		0.23		0.17		0.09		0.15		0.11		0.22		0.13		0.27		0.14		0.11		0.20		0.14		0.15		0.14		0.08		0.24		0.13		0.14		0.17		0.17		0.23		0.19		0.22		0.25		0.21		0.05		0.21		0.15		0.09		0.22		0.05		0.20		0.20		0.21		0.15		0.19		0.10		0.16		0.17		0.23		0.17		0.25		0.20		0.17		0.20		0.14		0.21		0.21		0.10		0.16		0.13		0.11		0.13		0.14		0.16		0.17		0.11		0.13		0.11		0.17		0.06		0.13		0.17		0.16		0.18		0.21		0.17		0.15		0.12		0.10		0.10		0.05		0.13		0.11		0.21		0.18		0.09		0.15		0.09		0.12		0.14		0.09		0.09		0.06		0.14		0.16		0.15		0.12		0.12

		MgO		9.89		9.73		9.76		9.90		10.15		9.80		10.02		9.57		9.86		10.30		9.43		9.87		9.63		9.75		9.32		10.48		11.26		9.77		9.65		9.52		10.08		9.28		9.29		9.06		9.53		9.62		9.82		9.87		9.45		9.23		9.66		9.63		9.83		9.95		9.78		9.85		9.51		9.88		11.08		9.17		9.75		9.75		11.81		9.80		12.05		9.37		9.76		9.13		9.45		9.38		9.90		9.11		9.66		9.76		9.65		9.92		9.95		9.70		9.62		9.67		8.37		8.27		10.05		9.85		9.99		9.95		10.02		9.92		10.86		10.55		10.09		10.37		10.32		10.08		10.56		9.91		10.63		10.47		10.49		10.50		9.91		10.72		10.01		10.52		9.65		10.00		10.19		10.40		10.30		10.47		10.12		10.58		10.22		10.66		10.32		10.47		10.51		10.37

		Na2O		0.19		0.14		0.13		0.14		0.13		0.12		0.10		0.09		0.11		0.10		0.08		0.09		0.19		0.14		0.19		0.08		0.06		0.10		0.11		0.10		0.17		0.17		0.16		0.13		0.15		0.17		0.10		0.12		0.11		0.18		0.12		0.14		0.13		0.18		0.09		0.11		0.13		0.08		0.14		0.13		0.13		0.19		0.15		0.13		0.07		0.09		0.12		0.09		0.07		0.11		0.12		0.16		0.12		0.15		0.13		0.24		0.14		0.14		0.15		0.09		0.09		0.07		0.12		0.10		0.12		0.06		0.10		0.06		0.07		0.14		0.11		0.11		0.09		0.12		0.09		0.04		0.07		0.09		0.06		0.10		0.08		0.11		0.11		0.09		0.15		0.10		0.09		0.07		0.11		0.04		0.08		0.09		0.08		0.08		0.06		0.12		0.06		0.09

		CaO		0.02		0.07		0.02		0.00		0.01		0.06		0.02		<0.01		0.05		<0.01		<0.01		<0.01		0.12		0.12		0.12		0.05		0.11		0.02		<0.01		0.02		0.00		0.08		0.03		0.02		0.06		0.04		0.02		0.01		0.02		0.03		0.04		0.01		0.05		0.01		0.03		0.05		0.00		0.02		0.03		0.09		0.06		0.12		0.12		0.05		0.05		<0.01		0.05		0.00		0.02		<0.01		0.03		0.12		0.06		0.17		0.06		0.12		0.06		<0.01		0.05		0.13		0.11		1.98		0.02		0.01		0.05		0.01		0.34		0.05		0.13		0.02		<0.01		0.02		0.02		0.03		0.12		0.15		0.02		0.47		0.45		0.00		0.01		0.08		0.06		0.07		0.07		0.07		0.09		0.03		0.01		0.03		0.03		0.02		0.04		0.05		0.06		0.01		0.06		0.06

		K2O		9.07		9.22		9.20		9.11		9.39		9.10		9.25		9.55		9.09		9.70		9.34		9.41		9.29		9.36		8.99		8.23		5.48		9.56		9.17		9.30		8.79		8.99		8.94		9.13		9.31		9.32		9.37		9.45		9.08		9.10		9.12		9.09		9.36		9.27		9.23		8.76		9.19		9.35		9.14		9.00		8.79		9.05		8.15		9.41		6.42		9.63		9.23		9.38		9.43		9.68		9.56		8.90		9.35		8.86		8.91		9.32		9.46		9.22		9.04		9.02		7.09		6.07		8.81		8.92		9.05		9.17		7.68		9.17		7.17		8.93		9.27		9.11		9.31		9.48		8.05		9.23		9.52		8.52		8.56		9.26		8.99		8.63		8.97		8.83		8.78		9.07		9.30		9.24		9.26		9.13		9.56		9.23		9.20		9.52		9.27		9.33		9.29		8.75



		TOTAL		96.87		95.61		96.44		96.80		97.60		96.49		97.44		96.35		96.59		97.21		95.82		96.02		96.59		96.04		95.37		95.33		92.69		96.68		96.21		96.91		96.66		95.10		95.93		96.35		96.73		96.21		96.12		96.07		97.11		96.16		96.41		96.18		96.35		97.37		96.65		96.83		96.66		95.60		96.19		95.16		96.28		96.18		95.28		95.88		93.76		96.22		96.65		97.34		97.40		96.75		97.03		94.18		95.74		94.75		95.67		95.76		95.54		96.26		96.11		95.56		92.49		91.94		96.07		95.62		95.78		94.90		93.23		95.60		93.39		96.01		95.71		96.43		97.10		96.37		95.07		95.22		96.07		94.69		95.31		95.46		95.73		96.44		96.11		94.85		94.96		93.89		96.58		96.30		97.55		96.71		97.51		96.41		96.75		96.53		95.08		96.61		95.82		94.69



		Ilmenite Analyses



		Sample		cs1002-ilm1		cs1002-ilm5		cs1002-ilm6		cs1002-ilm7		cs1002-ilm2		cs1002-ilm3		cs1002-ilm4		cs1003-ilm5		cs1003-ilm11		cs1003-ilm10		cs1003-ilm3		cs1003-ilm2		cs1003-ilm9		cs1031-ilm1		cs1031-ilm2		cs1031-ilm3		cs1031-ilm4		cs1031-ilm5		cs1031-ilm6		cs1031-ilm8		cs1031-ilm9		cs1031-ilm10		cs1031-ilm11		cs1031-ilm12		cs1031-ilm13		cs1031-ilm14		cs1031-ilm15		cs1031-ilm16		cs1031-ilm17		cs1031-ilm18		CS1001-6		CS1001-7		CS1001-11		CS1001-c2-1		CS1001-c3-1		CS1001-c3-4		CS1001-c3-5		CS1001-c3-8		CS1001-c3-11		CS1001-c3-12		CS1001-c3-16		CS1001-c3-18		CS1001-c4-1		CS1001-c4-2		CS1001-c4-4		CS1001-c5-1		CS1001-c5-2		CS1001-c5-5		CS1001-c5-8		CS1001-c5-9		CS1001-c5-10		CS1001-1		CS1001-3		CS1001-4		CS1001-5		CS1001-8		CS1001-9		CS1001-10		CS1001-12		CS1001-13		CS1001-c2-2		CS1001-c2-3		CS1001-c2-4		CS1001-c2-5		CS1001-c3-2		CS1001-c3-3		CS1001-c3-6		CS1001-c3-7		CS1001-c3-9		CS1001-c3-10		CS1001-c3-13		CS1001-c3-14		CS1001-c3-15		CS1001-c4-3		CS1001-c4-5		CS1001-c4-6		CS1001-c4-7		CS1001-c4-8		CS1001-c5-3		CS1001-c5-4		CS1001-c5-6		CS1001-c5-7		DC1004-2		DC1004-4		DC1004-c3-1		DC1004-c3-5		DC1004-c3-6		DC1004-c4-1		DC1004-c8-1		DC1004-c8-6		DC1004-c8-7		DC1004-3		DC1004-c3-2		DC1004-c3-3		DC1004-c3-4		DC1004-c3-7		DC1004-c3-8		DC1004-c4-2		DC1004-c4-3		DC1004-c4-4		DC1004-c4-5		DC1004-c8-2		DC1004-c8-3		DC1004-c8-4		dc1004-ilm2		dc1004-ilm3		dc1004-ilm8		dc1004-ilm9		dc1004-ilm10		ECHO1_il1-1		ECHO1_il2-1		ECHO1_il2-2		ECHO1_il3-1		ECHO1_il3-2		ECHO1_il4-1		ECHO1_il5-1		ECHO1_il6-1		ECHO1_il7-1		ECHO1_il7-2		ECHO1_il7-3		ECHO2_il1-1

		Rock Name		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Cliff Porphyry		Cliff Porphyry		Cliff Porphyry		Cliff Porphyry		Cliff Porphyry		Cliff Porphyry		Cliff Porphyry		Cliff Porphyry		Cliff Porphyry		Cliff Porphyry		Cliff Porphyry		Cliff Porphyry		Cliff Porphyry		Cliff Porphyry		Cliff Porphyry		Cliff Porphyry		Cliff Porphyry		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Qtz-Plag Porphyry		Qtz-Plag Porphyry		Qtz-Plag Porphyry		Qtz-Plag Porphyry		Qtz-Plag Porphyry		Qtz-Plag Porphyry		Qtz-Plag Porphyry		Qtz-Plag Porphyry		Qtz-Plag Porphyry		Qtz-Plag Porphyry		Qtz-Plag Porphyry		Qtz-Plag Porphyry

		Drill Hole or UTM		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		405346 mE 5441554 mN		405346 mE 5441554 mN		405346 mE 5441554 mN		405346 mE 5441554 mN		405346 mE 5441554 mN		405346 mE 5441554 mN		405346 mE 5441554 mN		405346 mE 5441554 mN		405346 mE 5441554 mN		405346 mE 5441554 mN		405346 mE 5441554 mN		405346 mE 5441554 mN



		Anylate (wt%)

		SiO2		0.01		0.02		0.00		0.00		0.00		0.02		0.02		0.06		0.00		0.07		0.03		0.01		0.04		0.06		0.05		0.03		0.07		0.02		0.02		0.01		0.04		0.00		0.00		0.06		0.07		0.01		0.06		0.10		0.06		0.06		0.00		0.01		0.05		0.00		0.00		0.01		0.03		0.01		0.03		0.01		0.01		0.10		0.02		0.02		0.01		0.02		0.00		0.03		0.00		0.01		0.01		0.04		0.02		0.04		0.05		0.00		0.03		0.00		0.00		0.03		0.04		0.01		0.00		0.03		0.05		0.00		0.02		0.03		0.01		0.03		0.03		0.01		0.01		0.04		0.00		0.00		0.06		0.07		0.00		0.07		0.00		0.00		0.02		0.02		0.01		0.01		0.04		0.02		0.91		0.08		0.09		0.03		0.00		0.00		0.04		0.04		0.00		0.01		0.02		0.04		0.02		0.04		0.05		0.04		0.04		0.05		0.02		0.00		0.03		0.02		0.05		0.04		0.10		0.04		1.35		3.02		3.78		0.06		0.03		2.11		7.87

		TiO2		50.78		50.85		50.92		51.26		51.99		49.25		51.62		51.82		51.55		51.46		51.09		50.76		50.54		51.03		51.76		51.72		51.58		51.97		51.52		50.79		51.14		50.78		52.70		52.75		52.98		53.05		52.26		53.00		52.93		52.72		48.21		49.15		50.19		48.78		48.45		48.07		47.39		47.84		51.30		48.03		51.68		51.67		48.97		49.00		50.00		47.07		47.62		47.40		47.83		51.01		51.18		48.30		48.21		48.10		48.72		49.62		49.63		50.10		50.09		48.50		51.15		51.08		48.33		49.35		51.26		47.70		49.81		48.12		48.47		50.05		47.57		51.59		51.36		49.51		50.20		50.93		50.68		49.95		49.04		51.62		48.78		48.46		47.45		47.95		49.28		49.37		50.04		48.63		48.60		49.25		49.25		48.19		49.37		49.68		49.64		49.64		49.58		49.24		49.08		49.11		49.56		49.77		50.19		50.01		48.46		48.56		49.40		49.68		49.69		43.32		39.75		63.65		42.45		42.97		50.90		47.80		43.50		42.78		43.10		43.36		50.75

		Al2O3		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		0.64

		FeO		46.02		45.17		45.67		45.70		45.20		47.58		45.17		44.07		44.08		44.29		44.66		45.14		45.79		45.37		45.52		45.23		44.74		44.19		45.38		46.06		45.26		45.26		42.74		41.83		42.38		44.04		43.15		43.45		43.53		43.42		47.85		47.19		46.35		48.09		48.09		48.07		48.56		49.06		44.88		48.12		44.13		43.78		49.11		49.10		48.41		48.79		48.90		48.52		48.72		43.62		44.09		49.69		49.29		49.94		48.81		46.40		46.59		46.96		45.97		47.59		46.01		45.78		48.05		46.97		45.66		48.86		46.53		48.45		47.73		46.64		48.44		44.78		44.22		48.68		47.99		47.59		47.23		48.39		47.56		44.45		48.04		47.93		49.66		50.01		47.88		47.55		47.36		48.54		46.67		46.71		47.05		50.00		47.84		47.65		47.06		47.44		47.23		47.91		48.17		48.26		47.82		47.09		47.16		46.81		47.43		47.45		48.10		48.22		48.47		49.34		52.30		31.71		49.89		50.95		30.72		37.04		42.24		51.26		50.74		47.38		28.31

		Cr2O3		<0.01		<0.01		0.02		<0.01		<0.01		0.09		<0.01		0.03		<0.01		<0.01		<0.01		0.05		0.01		<0.01		<0.01		<0.01		<0.01		<0.01		0.01		0.02		0.01		0.00		0.00		0.00		0.01		0.00		0.04		0.00		0.00		0.00		0.09		0.01		0.02		0.02		0.17		0.09		0.02		0.15		0.01		0.03		0.00		0.01		0.01		0.00		0.00		0.05		0.02		0.05		0.09		0.09		0.03		0.00		0.00		0.02		0.06		0.05		0.08		0.06		0.05		0.10		<0.01		0.07		0.01		0.06		<0.01		0.16		<0.01		0.12		0.08		0.05		0.08		<0.01		0.05		0.01		<0.01		0.03		0.01		0.01		0.04		0.05		0.06		0.01		<0.01		0.01		<0.01		<0.01		<0.01		<0.01		0.05		<0.01		<0.01		<0.01		0.02		<0.01		0.03		<0.01		<0.01		0.02		<0.01		<0.01		<0.01		<0.01		0.03		<0.01		0.01		<0.01		0.01		<0.01		<0.01		0.03		<0.01		<0.01		0.01		<0.01		<0.01		0.01		0.03		<0.01		0.01		<0.01		0.01

		MnO		2.02		2.19		2.10		2.21		2.13		1.76		2.21		3.74		3.60		3.52		3.78		3.40		1.66		1.78		1.75		1.76		1.82		2.20		1.89		1.59		1.41		1.26		1.93		1.86		1.86		1.45		1.61		1.46		1.46		1.51		2.48		2.48		2.46		2.45		2.28		2.23		2.28		2.28		3.05		2.31		3.23		3.17		0.72		0.87		0.89		2.15		2.30		2.29		2.16		3.08		3.04		0.47		0.58		0.53		0.61		2.60		2.46		2.43		2.56		2.40		2.78		2.68		2.56		2.53		2.83		2.21		2.53		2.34		2.38		2.56		2.38		3.00		3.14		0.82		0.95		0.88		0.88		0.87		2.49		3.01		2.15		2.25		1.05		1.10		1.81		1.77		1.81		1.47		2.05		2.03		1.96		1.07		1.64		1.77		1.78		1.77		1.68		1.48		1.49		1.47		1.56		2.03		1.98		1.99		1.60		1.64		1.43		1.46		1.46		3.57		1.20		0.63		2.52		2.72		13.28		3.51		3.40		2.64		2.58		2.37		3.71

		MgO		0.12		0.15		0.15		0.15		0.11		0.14		0.14		0.07		0.03		0.10		0.06		0.12		0.05		0.07		0.09		0.11		0.09		0.07		0.07		0.24		0.12		0.12		0.04		0.07		0.08		0.08		0.04		0.09		0.08		0.06		0.07		0.12		0.09		0.08		0.09		0.10		0.13		0.12		0.10		0.08		0.11		0.10		0.07		0.08		0.09		0.11		0.10		0.13		0.10		0.06		0.09		0.09		0.04		0.07		0.05		0.10		0.10		0.08		0.06		0.11		0.07		0.09		0.10		0.08		0.09		0.15		0.10		0.12		0.09		0.09		0.10		0.13		0.09		0.08		0.11		0.09		0.08		0.07		0.08		0.08		0.12		0.12		0.09		0.06		0.07		0.05		0.06		0.24		0.46		0.11		0.14		0.07		0.07		0.10		0.08		0.07		0.07		0.23		0.24		0.20		0.17		0.09		0.09		0.06		0.07		0.06		0.12		0.12		0.14		0.11		0.22		0.09		0.09		0.09		0.01		0.06		0.10		0.08		0.11		0.10		0.03

		CaO		0.07		0.10		0.03		0.03		0.06		0.16		0.24		0.06		0.39		0.10		0.23		0.10		0.18		0.13		0.08		0.13		0.11		0.16		0.21		0.11		0.12		0.04		0.10		0.17		0.14		0.13		0.09		0.02		0.04		0.05		0.05		0.08		0.11		0.02		0.03		0.07		0.03		<0.01		0.17		0.06		0.25		0.06		0.11		0.08		0.12		0.03		0.04		0.04		0.05		0.22		0.12		0.06		0.09		0.08		0.07		0.08		0.10		0.16		0.09		0.08		0.01		0.06		0.03		0.01		0.04		0.03		0.13		0.07		0.04		0.06		0.05		0.28		0.38		0.08		0.07		0.14		0.16		0.14		0.11		0.18		0.17		0.12		0.01		0.02		0.03		0.01		0.02		0.01		0.21		0.09		0.20		0.02		0.17		0.02		0.07		0.01		0.01		0.03		<0.01		0.01		<0.01		0.26		0.09		0.04		0.05		0.03		0.09		0.06		0.03		0.29		0.05		0.11		1.33		0.39		1.88		3.43		3.63		0.20		0.57		1.73		6.78

		NiO		<0.01		0.07		0.02		0.04		0.02		0.04		<0.01		0.07		0.03		0.04		0.04		0.00		0.03		0.01		<0.01		<0.01		<0.01		0.04		0.02		<0.01		0.02		0.01		0.00		0.01		0.00		0.00		0.06		0.01		0.01		0.00		0.04		0.00		0.07		0.02		0.02		<0.01		<0.01		<0.01		0.02		0.03		0.02		0.00		0.00		0.06		0.00		0.03		0.05		0.00		0.00		0.00		0.05		0.01		0.03		0.00		0.05		0.02		0.04		0.04		0.00		0.02		0.02		<0.01		0.08		0.04		0.04		0.03		<0.01		0.01		0.04		0.11		<0.01		0.07		<0.01		<0.01		<0.01		<0.01		<0.01		<0.01		0.02		<0.01		<0.01		0.04		<0.01		<0.01		0.04		<0.01		<0.01		0.02		0.01		<0.01		<0.01		0.01		0.02		<0.01		<0.01		0.06		<0.01		<0.01		0.02		<0.01		<0.01		<0.01		0.02		<0.01		<0.01		0.02		0.00		<0.01		0.02		<0.01		<0.01		0.04		<0.01		0.11		<0.01		0.03		0.02		0.01		<0.01		0.04		<0.01



		TOTAL		99.02		98.57		98.91		99.39		99.52		99.04		99.40		99.92		99.67		99.57		99.89		99.59		98.29		98.45		99.24		98.97		98.41		98.66		99.12		98.82		98.12		97.48		97.50		96.76		97.53		98.76		97.32		98.13		98.10		97.82		98.79		99.04		99.35		99.45		99.12		98.63		98.43		99.46		99.56		98.67		99.43		98.88		99.00		99.21		99.52		98.26		99.05		98.45		98.95		98.08		98.60		98.66		98.26		98.80		98.41		98.88		99.03		99.84		98.81		98.85		100.07		99.77		99.15		99.07		99.97		99.15		99.12		99.26		98.84		99.58		98.65		99.86		99.26		99.21		99.32		99.66		99.11		99.50		99.34		99.45		99.32		98.93		98.29		99.18		99.10		98.76		99.34		98.93		98.96		98.27		98.69		99.40		99.12		99.23		98.70		99.03		98.57		98.92		99.01		99.10		99.13		99.27		99.60		98.96		97.67		97.82		99.16		99.54		99.84		96.69		93.56		96.27		96.38		97.27		98.14		94.91		96.68		97.03		97.14		97.08		98.10



		Magnetite Analyses



		Sample		cs1003-mt4		cs1003-mt1		cs1003-mt7		cs1003-mt8		cs1003-mt6		dc1004-mt4		dc1004-mt7		dc1004-mt5		dc1004-mt6		ECHO2_mt1-1

		Rock Name		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Qtz-Plag Porphyry

		Drill Hole or UTM		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		405346 mE 5441554 mN



		Anylate (wt%)

		SiO2		0.12		0.04		0.10		0.04		0.05		0.06		0.03		0.02		0.00		12.14

		TiO2		0.44		0.80		0.55		0.54		0.52		2.90		1.24		0.49		0.44		2.40

		Al2O3		0.06		0.15		0.16		0.16		0.18		0.03		0.09		0.07		0.08		1.09

		FeO		89.17		90.83		91.06		91.38		91.62		89.01		89.42		91.44		91.58		76.73

		Cr2O3		1.27		0.60		0.19		0.09		0.13		0.27		0.19		0.24		0.23		<0.01

		MnO		0.10		0.09		0.04		0.03		0.01		0.04		0.06		0.01		0.01		0.13

		MgO		0.07		0.10		0.06		0.05		0.11		0.07		0.08		0.10		0.10		0.11

		CaO		0.05		0.12		0.03		0.04		0.05		0.07		0.05		0.15		0.19		0.13

		NiO		0.01		0.06		0.06		<0.01		0.07		0.00		0.07		0.08		0.06		<0.01



		TOTAL		91.29		92.79		92.24		92.35		92.74		92.45		91.24		92.59		92.69		92.73



		Apatite Analyses



		Sample		cs1003c-2a-2		cs1003c-3c-1		cs1003c-3c-2		cs1003c-3c-3		cs1003c-3b-1c		cs1003c-3b-1r		cs1003c-4x-1c1		cs1003c-4x-1m1		cs1003c-4x-1r1		cs1003c-4y-1c1		cs1003c-4y-1m1		cs1003c-4y-1r1		cs1003c-4z-1c1		cs1003c-4z-1m1		cs1003c-4z-1r1		cs1003c-4w-1c1		cs1003c-4w-1m1		cs1003c-4w-1r1		cs1003c-4t-1c1		cs1003c-4t-1m1		cs1003c-4t-1r1		cs1003c-4s-m1		cs1003c-4s-m2		cs1003c-4s-r1		cs1003c-4m-c1		cs1003c-4m-m1		cs1003c-4m-r1		cs1060-c1a-c1		cs1060-c1a-m1		cs1060-c1b-c1		cs1060-c1b-m1		cs1060-c1b-r1		cs1060-c1c-c1		cs1060-c1c-m1		cs1060-c1c-r1		cs1060-c2a-c1		cs1060-c2a-m1		cs1060-c2a-r1		cs1060-c2b-c1		cs1060-c2b-m1		cs1060-c2b-m2		cs1060-c2b-r1		cs1060-c2c-c1		cs1060-c2c-m1		cs1060-c2c-m2		cs1060-c2c-r1		cs1060-c3a-c1		cs1060-c3a-m1		cs1060-c3a-r1		cs1060-c4a-c1		cs1060-c4a-m1		cs1060-c4a-r1		cs1060-c4c-c1		cs1060-c4c-r1		CS1002-c1a-c1		CS1002-c1a-r1		CS1002-c1b-c1		CS1002-c1b-m1		CS1002-c1b-m2		CS1002-c1b-r1		CS1002-c1c-c1		CS1002-c1c-m1		CS1002-c1c-m2		CS1002-c1c-r1		CS1002-c1d-c1		CS1002-c1d-m1		CS1002-c1d-r1		CS1002-c2a-c1		CS1002-c2a-m1		CS1002-c2a-r1		CS1002-c2b-c1		CS1002-c2b-m1		CS1002-c2b-r1		CS1002-c2c-c1		CS1002-c2c-m1		CS1002-c2c-m2		CS1002-c2c-r1		CS1002-c3a-c1		CS1002-c3a-m1		CS1002-c3a-r1		CS1002-c5a-c1		CS1002-c5a-m1		CS1002-c5a-r1		DC1004-c1a-c1		DC1004-c1a-m1		DC1004-c1a-r1		DC1004-c1b-c1		DC1004-c1b-m1		DC1004-c1b-r1		DC1004-c1c-c1		DC1004-c1c-r1		DC1004-c1d-m1		DC1004-c1d-r1		DC1004-c2a-c1		DC1004-c2a-m1		DC1004-c2a-m2		DC1004-c2a-c2		DC1004-c3a-c1		DC1004-c3a-m1		DC1004-c3a-r1		DC1004-c3b-c1		DC1004-c3b-m1		DC1004-c3b-r1		DC1004-c3c-c1		DC1004-c3c-r1		DC1004-c4a-c1		DC1004-c4a-m1		DC1004-c4a-r1		DC1004-c5a-c1		DC1004-c5a-r1		DC1004-cx-m1		DC1004-cx-r1		DC1004-cxb-c1		DC1004-cxb-r1		DC1004-cxc-c1		DC1004-cxc-m1		DC1004-cxc-r1		DC1004-cxd-c1		DC1004-cxd-m1		DC1004-cxd-r1		ECHO2_ap1-1		ECHO2_ap2-1		ECHO2_ap3-1		ECHO2_ap3-2		ECHO2_ap3-3		ECHO2_ap4-1		ECHO2_ap5-1		ECHO2_ap6-1		ECHO2_ap7-1		ECHO2_ap8-1		ECHO2_ap9-1		ECHO2_ap9-2		ECHO2_ap9-3		ECHO1_ap1-1		ECHO1_ap1-2		ECHO1_ap2-1		ECHO1_ap3-1		ECHO1_ap3-2		ECHO1_ap4-1		ECHO1_ap4-2		ECHO1_ap4-3		ECHO1_ap5-1		ECHO1_ap6-1		ECHO1_ap7-1		ECHO1_ap7-2

		Rock Name		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		ADP Dyke		ADP Dyke		ADP Dyke		ADP Dyke		ADP Dyke		ADP Dyke		ADP Dyke		ADP Dyke		ADP Dyke		ADP Dyke		ADP Dyke		ADP Dyke		ADP Dyke		ADP Dyke		ADP Dyke		ADP Dyke		ADP Dyke		ADP Dyke		ADP Dyke		ADP Dyke		ADP Dyke		ADP Dyke		ADP Dyke		ADP Dyke		ADP Dyke		ADP Dyke		ADP Dyke		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Qtz-Plag Porphyry		Qtz-Plag Porphyry		Qtz-Plag Porphyry		Qtz-Plag Porphyry		Qtz-Plag Porphyry		Qtz-Plag Porphyry		Qtz-Plag Porphyry		Qtz-Plag Porphyry		Qtz-Plag Porphyry		Qtz-Plag Porphyry		Qtz-Plag Porphyry		Qtz-Plag Porphyry		Qtz-Plag Porphyry		Qtz-Plag Porphyry		Qtz-Plag Porphyry		Qtz-Plag Porphyry		Qtz-Plag Porphyry		Qtz-Plag Porphyry		Qtz-Plag Porphyry		Qtz-Plag Porphyry		Qtz-Plag Porphyry		Qtz-Plag Porphyry		Qtz-Plag Porphyry		Qtz-Plag Porphyry		Qtz-Plag Porphyry

		Drill Hole or UTM		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-48		CF-08-48		CF-08-48		CF-08-48		CF-08-48		CF-08-48		CF-08-48		CF-08-48		CF-08-48		CF-08-48		CF-08-48		CF-08-48		CF-08-48		CF-08-48		CF-08-48		CF-08-48		CF-08-48		CF-08-48		CF-08-48		CF-08-48		CF-08-48		CF-08-48		CF-08-48		CF-08-48		CF-08-48		CF-08-48		CF-08-48		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		405346 mE 5441554 mN		405346 mE 5441554 mN		405346 mE 5441554 mN		405346 mE 5441554 mN		405346 mE 5441554 mN		405346 mE 5441554 mN		405346 mE 5441554 mN		405346 mE 5441554 mN		405346 mE 5441554 mN		405346 mE 5441554 mN		405346 mE 5441554 mN		405346 mE 5441554 mN		405346 mE 5441554 mN		405346 mE 5441554 mN		405346 mE 5441554 mN		405346 mE 5441554 mN		405346 mE 5441554 mN		405346 mE 5441554 mN		405346 mE 5441554 mN		405346 mE 5441554 mN		405346 mE 5441554 mN		405346 mE 5441554 mN		405346 mE 5441554 mN		405346 mE 5441554 mN		405346 mE 5441554 mN



		Anylate (wt%)

		SiO2		0.16		0.15		0.08		0.17		0.09		0.08		0.09		0.07		0.09		0.08		0.09		0.07		0.06		0.06		0.12		0.07		0.10		0.14		0.11		0.11		0.18		0.07		0.10		0.08		0.05		0.09		0.08		0.23		0.14		0.03		0.06		0.05		0.09		0.15		0.15		0.08		0.13		0.33		0.10		0.09		0.06		0.13		0.04		0.08		0.08		0.05		0.06		0.10		0.12		0.05		0.07		0.06		0.03		0.09		0.10		0.08		0.03		0.06		0.09		0.11		0.03		0.10		0.11		0.10		0.07		0.88		0.15		0.07		0.20		0.02		0.10		0.11		0.10		0.07		0.07		0.07		0.04		0.04		0.13		0.08		0.06		0.09		0.09		0.07		0.07		0.09		0.07		0.08		0.09		0.07		0.10		0.06		0.12		0.05		0.06		0.06		0.07		0.07		0.06		0.07		0.07		0.06		0.06		0.08		0.17		0.11		0.06		0.03		0.07		0.07		0.05		0.05		0.07		0.08		0.04		0.03		0.06		0.05		0.08		0.08		0.05		0.04		0.03		0.02		0.05		0.03		0.03		0.03		0.02		0.04		0.04		0.03		0.05		0.01		0.05		0.08		0.02		0.04		0.01		0.03		0.04		0.07		0.00		0.03		0.02

		FeO		0.40		0.15		0.36		0.44		0.27		0.32		0.07		0.04		0.06		0.30		0.35		0.35		0.33		0.37		0.30		0.16		0.16		0.26		0.24		0.15		0.09		0.10		0.12		0.21		0.21		0.23		0.31		0.47		0.53		0.50		0.43		0.59		0.31		0.33		0.33		0.62		0.43		0.45		0.34		0.30		0.41		0.40		0.05		0.15		0.37		0.37		0.30		0.39		0.48		0.08		0.18		0.14		0.15		0.08		0.04		0.02		0.13		0.18		0.19		0.16		0.08		0.13		0.17		0.16		0.17		0.23		0.11		0.13		0.17		0.25		0.31		0.24		0.12		0.29		0.29		0.25		0.23		0.36		0.28		0.30		0.03		0.06		0.02		0.39		0.25		0.31		0.22		0.24		0.37		0.13		0.15		0.09		0.05		0.13		0.15		0.20		0.25		0.21		0.21		0.18		0.15		0.18		0.21		0.23		0.34		0.17		0.18		0.19		0.31		0.37		0.14		0.17		0.05		0.02		0.17		0.15		0.14		0.09		0.23		0.31		0.34		0.53		0.50		0.36		0.39		0.37		0.26		0.34		0.38		0.39		0.33		0.25		0.29		0.29		0.29		0.32		0.44		0.32		0.31		0.26		0.35		0.37		0.33		0.17		0.23

		F		4.48		4.28		3.74		4.08		3.92		3.50		3.34		3.86		3.97		3.14		3.30		3.40		2.86		3.34		3.22		3.77		4.10		3.50		3.65		3.99		4.19		3.95		3.97		4.01		3.58		5.03		4.35		2.29		2.90		4.51		4.14		4.56		3.08		3.23		3.03		3.14		3.52		4.02		2.07		2.48		1.84		1.84		3.80		3.58		2.60		2.71		2.90		2.61		2.20		4.66		3.62		3.82		3.39		4.19		4.17		4.76		4.53		4.25		3.74		4.72		4.82		4.36		3.35		3.73		5.28		3.89		3.96		3.11		4.09		4.72		5.46		5.17		5.70		3.96		3.44		4.88		4.39		4.93		5.21		3.99		4.66		4.04		5.38		4.21		4.65		4.16		3.90		4.14		4.08		4.65		5.02		3.38		3.70		4.03		4.06		4.22		4.67		4.15		4.78		5.24		5.35		4.39		5.41		3.90		4.57		3.99		4.19		4.60		4.98		5.01		3.76		4.42		3.86		3.96		3.84		4.28		4.17		3.70		4.91		4.87		2.79		2.48		2.29		2.80		2.69		2.46		2.85		2.03		2.39		2.23		2.66		2.41		2.27		3.55		3.37		2.60		2.96		3.06		2.81		3.26		2.80		2.46		2.50		2.55		2.67

		P2O5		41.21		42.19		42.15		40.21		41.96		42.27		39.89		40.16		40.56		41.75		41.83		41.96		42.88		41.29		40.65		41.73		42.04		41.33		41.47		41.25		40.70		41.19		40.64		42.33		41.14		43.08		40.96		42.18		41.59		41.12		43.44		39.96		40.39		41.10		43.01		40.72		42.10		40.57		42.31		41.16		41.08		40.71		42.18		40.52		42.80		42.46		41.39		41.00		42.84		41.97		41.48		41.10		42.13		41.85		42.89		42.11		41.34		40.58		40.05		42.09		40.72		41.15		42.64		40.00		40.89		36.83		41.29		41.99		40.19		41.54		41.12		40.73		42.70		40.85		41.53		41.31		42.22		42.26		41.56		41.73		41.13		41.79		40.70		41.28		41.63		40.78		40.67		42.51		42.75		41.61		41.63		42.23		41.15		40.32		39.99		41.11		40.41		41.57		40.60		41.69		42.88		41.52		42.89		41.78		39.62		40.56		40.50		41.79		40.58		42.94		41.07		41.81		42.86		41.99		41.63		42.03		40.01		40.71		41.74		42.00		42.04		40.84		41.25		41.48		40.79		40.18		41.11		41.22		41.84		41.57		42.38		41.09		41.09		40.04		42.52		41.32		41.09		40.41		41.28		42.12		41.32		40.54		40.79		42.08		42.18

		SO3		0.04		<0.1		<0.1		<0.1		<0.1		<0.1		<0.1		0.03		<0.1		0.01		0.03		0.02		0.03		<0.1		<0.1		0.03		0.01		<0.1		<0.01		<0.1		0.03		<0.1		0.04		<0.1		0.02		<0.1		<0.1		0.01		0.03		0.07		0.03		0.08		0.12		0.12		0.06		0.04		0.02		<0.1		<0.1		0.02		0.02		<0.1		0.02		0.04		0.03		0.03		0.03		<0.1		<0.1		0.04		0.08		<0.1		0.04		<0.1		<0.1		<0.1		<0.1		0.04		0.03		0.05		0.04		0.01		<0.1		0.03		<0.1		0.01		<0.1		<0.1		<0.1		0.03		0.05		0.03		0.02		0.01		0.00		0.02		0.07		<0.1		0.03		0.02		0.02		<0.1		<0.1		0.01		0.03		0.00		0.02		<0.1		0.01		<0.1		0.01		0.04		0.05		<0.1		0.05		0.02		0.05		0.02		0.05		<0.1		0.03		<0.1		<0.1		<0.1		0.02		<0.1		0.04		<0.1		0.04		0.01		0.09		<0.1		0.03		0.03		<0.1		<0.1		0.01		0.00		0.02		0.04		0.00		0.02		0.03		<0.1		0.01		0.02		0.05		<0.1		<0.1		0.02		0.01		0.06		0.05		0.00		0.06		0.01		0.01		<0.1		0.01		<0.1		<0.1		0.02		0.02		<0.1		0.03

		Cl		0.39		0.56		0.54		0.51		0.94		0.86		0.76		0.66		0.43		0.85		0.88		0.88		1.02		1.00		0.92		0.77		0.70		0.62		0.86		0.67		0.70		0.92		1.02		0.71		0.77		0.92		0.70		0.93		0.96		0.12		0.08		0.27		1.27		1.34		1.43		1.21		1.13		1.04		1.45		1.36		1.47		1.50		0.46		1.11		1.28		1.30		0.94		1.00		1.19		0.75		0.86		0.64		0.32		0.04		0.36		0.38		0.57		0.60		0.67		0.51		0.25		0.46		0.51		0.44		0.69		0.57		0.48		0.27		0.29		0.12		0.67		0.59		0.53		0.72		0.72		0.60		0.25		0.36		0.47		0.52		0.47		0.51		0.56		0.52		0.50		0.54		0.56		0.58		0.48		0.22		0.19		0.25		0.22		0.44		0.44		0.36		0.28		0.52		0.46		0.37		0.19		0.19		0.17		0.43		0.29		0.47		0.37		0.20		0.18		0.18		0.52		0.31		0.37		0.30		0.65		0.61		0.48		0.44		0.42		0.44		0.83		1.03		1.14		0.96		0.96		0.69		1.04		0.77		0.68		0.98		0.78		0.90		1.27		0.58		0.57		0.55		0.52		0.33		0.55		0.53		1.32		1.26		0.75		0.61		0.54

		CaO		54.66		54.60		54.39		54.65		54.68		54.66		54.44		54.53		52.47		54.32		54.30		54.35		54.65		54.53		54.31		54.19		54.56		54.63		54.36		53.13		54.29		54.39		53.93		54.67		54.93		54.03		54.80		54.32		54.46		55.96		55.64		55.69		53.94		53.98		53.75		53.95		53.89		53.29		53.99		54.10		54.14		53.63		55.38		55.00		55.18		55.03		54.32		54.52		53.69		55.49		55.03		55.19		55.66		55.43		55.06		55.09		55.32		55.02		55.41		54.75		52.49		54.42		54.21		54.50		53.61		48.53		54.97		55.40		54.26		55.20		54.45		54.30		54.59		54.30		54.07		54.92		54.91		54.63		54.26		54.48		55.10		54.49		54.58		53.99		54.57		54.29		54.04		54.05		54.25		54.75		54.73		55.54		54.77		54.12		54.72		54.45		54.48		54.30		54.42		54.79		54.59		54.92		54.77		54.25		53.88		54.18		55.05		55.43		54.37		55.36		54.84		55.33		54.19		55.06		54.18		54.58		55.21		55.25		54.82		54.78		54.36		54.05		54.33		54.05		54.62		54.36		54.68		53.95		54.50		54.31		54.26		54.55		54.51		55.02		54.48		54.85		54.24		54.62		54.21		54.97		54.31		53.88		54.41		54.99		54.55



		TOTAL		101.34		101.92		101.26		100.06		101.85		101.68		98.60		99.35		97.57		100.45		100.78		101.02		101.83		100.59		99.52		100.72		101.68		100.47		100.68		99.30		100.16		100.63		99.81		102.02		100.70		103.39		101.20		100.44		100.61		102.31		103.81		101.20		99.20		100.25		101.77		99.77		101.23		99.69		100.26		99.50		99.02		98.20		101.92		100.48		102.34		101.96		99.94		99.62		100.52		103.05		101.33		100.96		101.72		101.67		102.63		102.44		101.93		100.74		100.18		102.39		98.43		100.61		100.98		98.96		100.71		90.95		100.96		100.97		99.19		101.88		102.16		101.16		103.76		100.21		100.12		102.05		102.12		102.59		101.93		101.11		101.46		100.97		101.33		100.46		101.70		100.17		99.48		101.61		102.04		101.42		101.84		101.60		100.06		99.10		99.46		100.42		100.20		100.84		100.58		102.34		103.26		101.26		103.52		100.67		98.90		99.47		100.39		102.25		100.52		103.93		100.46		102.08		101.43		101.43		100.51		101.68		100.09		100.25		102.23		102.52		100.42		98.99		99.58		99.65		99.50		98.11		100.02		98.34		99.82		99.54		100.45		99.30		99.53		99.49		101.32		99.72		99.28		98.79		99.19		101.18		100.15		98.59		98.81		100.42		100.22







A8 Thermobarometry

		TABLE A8: Summary of Thermobarometric Data for Catface Porphyry Deposit and Echo Lake Intrusion, Pressures (Anderson, 1995); Temperatures (Blundy and Holland, 1990; Holland and Blundy, 1994)

		Analyses via Cameca SX-50 Electron Microprobe at the University of British Columbia (Vancouver)



		UTM: NAD 83; Zone 10



		Amphibole data

		Sample		cs1003-hb1		cs1003-hb8		cs1003-hb10		cs1003-hb11		cs1031-hb5		cs1031-hb6		cs1031-hb8		dc1004-hb6		dc1004-hb7		dc1004-hb9		ECHO1_hb1		ECHO1_hb2		ECHO2_hb3		ECHO2_hb4

		Rock Name		Catface Intrusive		Catface Intrusive		Catface Intrusive		Catface Intrusive		Cliff Porphyry		Cliff Porphyry		Cliff Porphyry		Hecate Bay		Hecate Bay		Hecate Bay		Qtz-Plag Porphyry		Qtz-Plag Porphyry		Qtz-Plag Porphyry		Qtz-Plag Porphyry

		Drill Hole or UTM		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		405346 mE 5441554 mN		405346 mE 5441554 mN		405346 mE 5441554 mN		405346 mE 5441554 mN



		Anylate (wt%)

		SiO2		48.13		46.05		46.55		45.80		48.43		52.19		50.93		47.86		47.73		48.05		45.05		43.23		45.17		45.83

		TiO2		0.65		1.10		1.16		0.97		0.45		0.17		0.07		0.95		1.04		0.76		1.20		0.96		1.09		1.19

		Al2O3		4.25		5.41		5.24		5.06		4.15		0.77		3.16		5.58		5.62		4.75		10.39		10.62		10.71		10.35

		FeO*		17.89		19.20		18.17		19.32		18.47		17.71		17.09		17.55		17.86		17.99		8.66		14.74		8.42		8.37

		MgO		12.66		11.24		11.68		11.34		11.13		12.76		12.30		12.42		11.90		12.67		16.97		12.75		17.30		17.23

		MnO		0.59		0.52		0.54		0.64		0.29		0.23		0.32		0.53		0.51		0.54		0.09		0.23		0.15		0.11

		CaO		10.26		10.60		10.54		10.58		11.80		11.90		12.09		10.43		10.48		10.16		10.87		10.46		10.67		10.96

		Na2O		0.77		1.06		1.09		0.79		0.50		0.06		0.29		1.21		1.20		0.89		1.98		1.66		1.99		1.81

		K2O		0.32		0.49		0.46		0.46		0.27		0.04		0.17		0.33		0.35		0.28		0.15		0.19		0.13		0.13

		F		0.13		0.17		0.06		0.04		0.00		0.00		0.10		0.19		0.06		0.15		0.00		0.15		0.07		0.11

		Cl		0.17		0.21		0.20		0.16		0.04		0.03		0.05		0.11		0.13		0.06		0.03		0.06		0.04		0.03

		Sum		95.82		96.05		95.70		95.16		95.52		95.87		96.56		97.17		96.10		96.31		95.39		96.10		95.75		96.10



		Plagioclase data

		XAb		0.64		0.70		0.68		0.63		0.74		0.69		0.67		0.71		0.73		0.72		0.66		0.73		0.74		0.73

		X An		0.35		0.30		0.32		0.35		0.24		0.30		0.32		0.28		0.26		0.27		0.31		0.25		0.25		0.27



		Calculations

		Fe2O3,calc		3.24		2.99		2.85		2.95		3.85		0.36		2.20		4.44		4.47		3.82		4.04		7.91		3.76		3.81

		FeO,calc		14.98		16.51		15.61		16.67		15.00		17.39		15.11		13.55		13.83		14.55		5.02		7.62		5.03		4.95

		H2O,calc		1.86		1.81		1.87		1.87		1.95		1.98		1.95		1.88		1.93		1.89		2.03		1.88		2.01		2.00

		SUM		97.92		98.05		97.79		97.27		97.85		97.88		98.68		99.39		99.19		98.51		97.82		97.66		98.10		98.45

		Fe3/Fe*		0.16		0.14		0.14		0.14		0.19		0.02		0.12		0.23		0.23		0.19		0.42		0.48		0.40		0.41



		Formula per Holland and Blundy, 1994

		Sum cations		15.24		15.38		15.34		15.33		15.13		15.03		15.07		15.26		15.23		15.23		15.50		15.32		15.51		15.44

		Fe#		0.44		0.49		0.47		0.49		0.48		0.44		0.44		0.44		0.46		0.44		0.22		0.39		0.21		0.21

		Mg/Fe2+		1.51		1.21		1.33		1.21		1.32		1.31		1.45		1.63		1.53		1.55		6.02		2.98		6.12		6.21

		Mg/Fe		1.26		1.04		1.14		1.05		1.07		1.28		1.28		1.26		1.19		1.26		3.49		1.54		3.66		3.67

		XMg		0.57		0.51		0.53		0.52		0.50		0.57		0.55		0.55		0.53		0.57		0.74		0.57		0.75		0.74

		XOH		0.95		0.93		0.96		0.97		1.00		1.00		0.97		0.94		0.97		0.96		1.00		0.96		0.98		0.97



		Results based on iteration using Anderson and Smith pressure at various thermometers

		T ©		677		654		699		error		622		-33		583		718		709		680		716		735		678		678

		P(Kb)		0.58		1.74		1.30		error		0.59		-32.99		-0.59		1.26		1.40		0.96		4.91		4.96		5.66		5.33



























Table A9 Oxybarometry

		TABLE A9: Summary of Biotite-Ilmenite Oxybarometry Results for Catface Porphyry Deposit Rocks (after Ague and Brimhall, 1988; Candela, 1989)

		Analyses via Cameca SX-50 Electron Microprobe at the University of British Columbia (Vancouver)



		Equation:		log fO2 = 2 log ailmhem + 4/3log afeldksp - 4/3log abiotann – log K + 4/3log aw 								UTM: NAD 83; Zone 10

		where: 		ailmhem = h Xilmhem and  log h = (1332/T(K)) – 1.124

				afeldksp = 0.9 at 300 MPa

				aw = 1



		Ilmenite Data

		Sample		CS1001-6		CS1001-7		CS1001-11		CS1001-c2-1		CS1001-c3-1		CS1001-c3-4		CS1001-c3-5		CS1001-c3-8		CS1001-c3-11		CS1001-c3-12		CS1001-c3-16		CS1001-c3-18		CS1001-c4-1		CS1001-c4-2		CS1001-c4-4		CS1001-c5-1		CS1001-c5-2		CS1001-c5-5		CS1001-c5-8		CS1001-c5-9		CS1001-c5-10		CS1001-1		CS1001-3		CS1001-4		CS1001-5		CS1001-8		CS1001-9		CS1001-10		CS1001-12		CS1001-13		CS1001-c2-2		CS1001-c2-3		CS1001-c2-4		CS1001-c2-5		CS1001-c3-2		CS1001-c3-3		CS1001-c3-6		CS1001-c3-7		CS1001-c3-9		CS1001-c3-10		CS1001-c3-13		CS1001-c3-14		CS1001-c3-15		CS1001-c4-3		CS1001-c4-5		CS1001-c4-6		CS1001-c4-7		CS1001-c4-8		CS1001-c5-3		CS1001-c5-4		CS1001-c5-6		CS1001-c5-7		CS1031-ilm1		CS1031-ilm2		DC1004-2		DC1004-4		DC1004-c3-1		DC1004-c3-5		DC1004-c3-6		DC1004-c4-1		DC1004-c8-1		DC1004-c8-6		DC1004-c8-7		DC1004-3		DC1004-c3-2		DC1004-c3-3		DC1004-c3-4		DC1004-c3-7		DC1004-c3-8		DC1004-c4-2		DC1004-c4-3		DC1004-c4-4		DC1004-c4-5		DC1004-c8-2		DC1004-c8-3		DC1004-c8-4		DC1004-ilm2		DC1004-ilm3		DC1004-ilm8		DC1004-ilm9		DC1004-ilm10

		Rock Name		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Cliff Porphyry		Cliff Porphyry		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay

		Drill Hole or UTM		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN

		Xilm		0.919		0.935		0.956		0.923		0.922		0.918		0.904		0.904		0.977		0.917		0.987		0.992		0.936		0.934		0.951		0.900		0.904		0.905		0.910		0.989		0.985		0.925		0.928		0.921		0.928		0.948		0.948		0.950		0.948		0.925		0.967		0.969		0.917		0.940		0.971		0.898		0.949		0.913		0.924		0.951		0.907		0.981		0.984		0.944		0.956		0.969		0.971		0.951		0.931		0.986		0.927		0.923		0.984		0.990		0.910		0.912		0.939		0.944		0.952		0.926		0.933		0.947		0.944		0.915		0.942		0.945		0.951		0.948		0.950		0.939		0.934		0.934		0.943		0.949		0.953		0.956		0.937		0.938		0.941		0.943		0.940

		Xhem		0.081		0.065		0.044		0.077		0.078		0.082		0.096		0.096		0.023		0.083		0.013		0.008		0.064		0.066		0.049		0.100		0.096		0.095		0.090		0.011		0.015		0.075		0.072		0.079		0.072		0.052		0.052		0.050		0.052		0.075		0.033		0.031		0.083		0.060		0.029		0.102		0.051		0.087		0.076		0.049		0.093		0.019		0.016		0.056		0.044		0.031		0.029		0.049		0.069		0.014		0.073		0.077		0.016		0.010		0.090		0.088		0.061		0.056		0.048		0.074		0.067		0.053		0.056		0.085		0.058		0.055		0.049		0.052		0.050		0.061		0.066		0.066		0.057		0.051		0.047		0.044		0.063		0.062		0.059		0.057		0.060

		T (K)		ailmhem		ailmhem		ailmhem		ailmhem		ailmhem		ailmhem		ailmhem		ailmhem		ailmhem		ailmhem		ailmhem		ailmhem		ailmhem		ailmhem		ailmhem		ailmhem		ailmhem		ailmhem		ailmhem		ailmhem		ailmhem		ailmhem		ailmhem		ailmhem		ailmhem		ailmhem		ailmhem		ailmhem		ailmhem		ailmhem		ailmhem		ailmhem		ailmhem		ailmhem		ailmhem		ailmhem		ailmhem		ailmhem		ailmhem		ailmhem		ailmhem		ailmhem		ailmhem		ailmhem		ailmhem		ailmhem		ailmhem		ailmhem		ailmhem		ailmhem		ailmhem		ailmhem		ailmhem		ailmhem		ailmhem		ailmhem		ailmhem		ailmhem		ailmhem		ailmhem		ailmhem		ailmhem		ailmhem		ailmhem		ailmhem		ailmhem		ailmhem		ailmhem		ailmhem		ailmhem		ailmhem		ailmhem		ailmhem		ailmhem		ailmhem		ailmhem		ailmhem		ailmhem		ailmhem		ailmhem		ailmhem

		873.15		0.204		0.164		0.111		0.194		0.197		0.207		0.242		0.242		0.058		0.209		0.033		0.020		0.161		0.166		0.124		0.252		0.242		0.239		0.227		0.028		0.038		0.189		0.181		0.199		0.181		0.131		0.131		0.126		0.131		0.189		0.083		0.078		0.209		0.151		0.073		0.257		0.129		0.219		0.192		0.124		0.234		0.048		0.040		0.141		0.111		0.078		0.073		0.124		0.174		0.035		0.184		0.194		0.040		0.025		0.227		0.222		0.154		0.141		0.121		0.187		0.169		0.134		0.141		0.214		0.146		0.139		0.124		0.131		0.126		0.154		0.166		0.166		0.144		0.129		0.118		0.111		0.159		0.156		0.149		0.144		0.151

		923.15		0.169		0.135		0.092		0.160		0.163		0.171		0.200		0.200		0.048		0.173		0.027		0.017		0.133		0.138		0.102		0.208		0.200		0.198		0.188		0.023		0.031		0.156		0.150		0.165		0.150		0.108		0.108		0.104		0.108		0.156		0.069		0.065		0.173		0.125		0.060		0.213		0.106		0.181		0.158		0.102		0.194		0.040		0.033		0.117		0.092		0.065		0.060		0.102		0.144		0.029		0.152		0.160		0.033		0.021		0.188		0.183		0.127		0.117		0.100		0.154		0.140		0.110		0.117		0.177		0.121		0.115		0.102		0.108		0.104		0.127		0.138		0.138		0.119		0.106		0.098		0.092		0.131		0.129		0.123		0.119		0.125

		973.15		0.142		0.114		0.077		0.135		0.137		0.144		0.169		0.169		0.040		0.146		0.023		0.014		0.112		0.116		0.086		0.176		0.169		0.167		0.158		0.019		0.026		0.132		0.126		0.139		0.126		0.091		0.091		0.088		0.091		0.132		0.058		0.054		0.146		0.105		0.051		0.179		0.090		0.153		0.134		0.086		0.163		0.033		0.028		0.098		0.077		0.054		0.051		0.086		0.121		0.025		0.128		0.135		0.028		0.018		0.158		0.155		0.107		0.098		0.084		0.130		0.118		0.093		0.098		0.149		0.102		0.097		0.086		0.091		0.088		0.107		0.116		0.116		0.100		0.090		0.083		0.077		0.111		0.109		0.104		0.100		0.105

		1023.15		0.122		0.098		0.066		0.116		0.117		0.124		0.145		0.145		0.035		0.125		0.020		0.012		0.096		0.099		0.074		0.151		0.145		0.143		0.136		0.017		0.023		0.113		0.108		0.119		0.108		0.078		0.078		0.075		0.078		0.113		0.050		0.047		0.125		0.090		0.044		0.154		0.077		0.131		0.114		0.074		0.140		0.029		0.024		0.084		0.066		0.047		0.044		0.074		0.104		0.021		0.110		0.116		0.024		0.015		0.136		0.133		0.092		0.084		0.072		0.111		0.101		0.080		0.084		0.128		0.087		0.083		0.074		0.078		0.075		0.092		0.099		0.099		0.086		0.077		0.071		0.066		0.095		0.093		0.089		0.086		0.090

		1073.15		0.106		0.085		0.058		0.101		0.102		0.107		0.126		0.126		0.030		0.109		0.017		0.010		0.084		0.086		0.064		0.131		0.126		0.124		0.118		0.014		0.020		0.098		0.094		0.103		0.094		0.068		0.068		0.065		0.068		0.098		0.043		0.041		0.109		0.079		0.038		0.134		0.067		0.114		0.100		0.064		0.122		0.025		0.021		0.073		0.058		0.041		0.038		0.064		0.090		0.018		0.096		0.101		0.021		0.013		0.118		0.115		0.080		0.073		0.063		0.097		0.088		0.069		0.073		0.111		0.076		0.072		0.064		0.068		0.065		0.080		0.086		0.086		0.075		0.067		0.062		0.058		0.083		0.081		0.077		0.075		0.079

		1123.15		0.093		0.075		0.051		0.089		0.090		0.095		0.111		0.111		0.027		0.096		0.015		0.009		0.074		0.076		0.057		0.115		0.111		0.110		0.104		0.013		0.017		0.086		0.083		0.091		0.083		0.060		0.060		0.058		0.060		0.086		0.038		0.036		0.096		0.069		0.033		0.118		0.059		0.100		0.088		0.057		0.107		0.022		0.018		0.065		0.051		0.036		0.033		0.057		0.080		0.016		0.084		0.089		0.018		0.012		0.104		0.101		0.070		0.065		0.055		0.085		0.077		0.061		0.065		0.098		0.067		0.063		0.057		0.060		0.058		0.070		0.076		0.076		0.066		0.059		0.054		0.051		0.073		0.072		0.068		0.066		0.069

		1173.15		0.083		0.067		0.045		0.079		0.080		0.084		0.099		0.099		0.024		0.085		0.013		0.008		0.066		0.068		0.050		0.103		0.099		0.098		0.092		0.011		0.015		0.077		0.074		0.081		0.074		0.053		0.053		0.051		0.053		0.077		0.034		0.032		0.085		0.062		0.030		0.105		0.052		0.089		0.078		0.050		0.095		0.020		0.016		0.057		0.045		0.032		0.030		0.050		0.071		0.014		0.075		0.079		0.016		0.010		0.092		0.090		0.063		0.057		0.049		0.076		0.069		0.054		0.057		0.087		0.060		0.056		0.050		0.053		0.051		0.063		0.068		0.068		0.059		0.052		0.048		0.045		0.065		0.064		0.061		0.059		0.062

		1223.15		0.075		0.060		0.041		0.071		0.072		0.076		0.089		0.089		0.021		0.077		0.012		0.007		0.059		0.061		0.045		0.092		0.089		0.088		0.083		0.010		0.014		0.069		0.066		0.073		0.066		0.048		0.048		0.046		0.048		0.069		0.030		0.029		0.077		0.055		0.027		0.094		0.047		0.080		0.070		0.045		0.086		0.018		0.015		0.052		0.041		0.029		0.027		0.045		0.064		0.013		0.067		0.071		0.015		0.009		0.083		0.081		0.056		0.052		0.044		0.068		0.062		0.049		0.052		0.078		0.054		0.051		0.045		0.048		0.046		0.056		0.061		0.061		0.053		0.047		0.043		0.041		0.058		0.057		0.054		0.053		0.055

		1273.15		0.068		0.054		0.037		0.064		0.065		0.069		0.080		0.080		0.019		0.069		0.011		0.007		0.054		0.055		0.041		0.084		0.080		0.079		0.075		0.009		0.013		0.063		0.060		0.066		0.060		0.043		0.043		0.042		0.043		0.063		0.028		0.026		0.069		0.050		0.024		0.085		0.043		0.073		0.064		0.041		0.078		0.016		0.013		0.047		0.037		0.026		0.024		0.041		0.058		0.012		0.061		0.064		0.013		0.008		0.075		0.074		0.051		0.047		0.040		0.062		0.056		0.044		0.047		0.071		0.048		0.046		0.041		0.043		0.042		0.051		0.055		0.055		0.048		0.043		0.039		0.037		0.053		0.052		0.049		0.048		0.050



		Biotite Data

		Sample		CS1001-c2-1		CS1001-c2-2		CS1001-c2-6		CS1001-c2-7		CS1001-c2-8		CS1001-c2-10		CS1001-c2-13		CS1001-c3-1		CS1001-c3-2		CS1001-c3-4		CS1001-c3-6		CS1001-c3-8		CS1001-c3-10		CS1001-c3-12		CS1001-c3-14		CS1001-c3-17		CS1001-c3-20		CS1001-c3-22		CS1001-c4-1		CS1001-c4-4		CS1001-c4-5		CS1001-c4-6		CS1001-c5-1		CS1001-c5-4		CS1001-c5-6		CS1001-c5-9		CS1001-c5-12		CS1001-c5-14		CS1001-c5-15		CS1001-c2-3		CS1001-c2-4		CS1001-c2-5		CS1001-c2-9		CS1001-c2-11		CS1001-c2-12		CS1001-c2-14		CS1001-c3-3		CS1001-c3-5		CS1001-c3-7		CS1001-c3-9		CS1001-c3-11		CS1001-c3-13		CS1001-c3-15		CS1001-c3-16		CS1001-c3-18		CS1001-c3-19		CS1001-c3-21		CS1001-c3-23		CS1001-c4-2		CS1001-c4-3		CS1001-c4-7		CS1001-c4-8		CS1031-bt1		CS1031-bt2		DC1004-c4-1		DC1004-c4-2		DC1004-c4-4		DC1004-c4-7		DC1004-c4-9		DC1004-c4-12		DC1004-c4-14		DC1004-c5-1		DC1004-c5-2		DC1004-c5-6		DC1004-c5-8		DC1004-c5-11		DC1004-c5-13		DC1004-c6-1		DC1004-c6-4		DC1004-c6-6		DC1004-c6-7		DC1004-c6-8		DC1004-c4-3		DC1004-c4-5		DC1004-c4-6		DC1004-c4-8		DC1004-c4-10		DC1004-c4-11		DC1004-c4-13		DC1004-c5-3		DC1004-c5-4

		Rock Name		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Catface Intrusive 		Cliff Porphyry		Cliff Porphyry		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay		Hecate Bay

		Drill Hole or UTM		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		CF-08-46		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN		285115 mE 5458638 mN

		Fe/(Fe+Mg)		0.573		0.569		0.570		0.569		0.562		0.570		0.563		0.572		0.571		0.546		0.576		0.561		0.569		0.561		0.578		0.556		0.557		0.568		0.566		0.574		0.562		0.575		0.577		0.588		0.569		0.562		0.563		0.558		0.588		0.588		0.572		0.574		0.557		0.565		0.576		0.574		0.583		0.560		0.531		0.581		0.573		0.562		0.516		0.572		0.531		0.576		0.560		0.594		0.582		0.579		0.557		0.579		0.635		0.623		0.568		0.569		0.567		0.559		0.568		0.568		0.550		0.549		0.555		0.559		0.559		0.566		0.557		0.563		0.543		0.550		0.548		0.545		0.567		0.550		0.566		0.549		0.575		0.562		0.556		0.560		0.565

		T (K)		fO2 @ T		fO2 @ T		fO2 @ T		fO2 @ T		fO2 @ T		fO2 @ T		fO2 @ T		fO2 @ T		fO2 @ T		fO2 @ T		fO2 @ T		fO2 @ T		fO2 @ T		fO2 @ T		fO2 @ T		fO2 @ T		fO2 @ T		fO2 @ T		fO2 @ T		fO2 @ T		fO2 @ T		fO2 @ T		fO2 @ T		fO2 @ T		fO2 @ T		fO2 @ T		fO2 @ T		fO2 @ T		fO2 @ T		fO2 @ T		fO2 @ T		fO2 @ T		fO2 @ T		fO2 @ T		fO2 @ T		fO2 @ T		fO2 @ T		fO2 @ T		fO2 @ T		fO2 @ T		fO2 @ T		fO2 @ T		fO2 @ T		fO2 @ T		fO2 @ T		fO2 @ T		fO2 @ T		fO2 @ T		fO2 @ T		fO2 @ T		fO2 @ T		fO2 @ T		fO2 @ T		fO2 @ T		fO2 @ T		fO2 @ T		fO2 @ T		fO2 @ T		fO2 @ T		fO2 @ T		fO2 @ T		fO2 @ T		fO2 @ T		fO2 @ T		fO2 @ T		fO2 @ T		fO2 @ T		fO2 @ T		fO2 @ T		fO2 @ T		fO2 @ T		fO2 @ T		fO2 @ T		fO2 @ T		fO2 @ T		fO2 @ T		fO2 @ T		fO2 @ T		fO2 @ T		fO2 @ T		fO2 @ T

		873.15		-19.4		-19.6		-19.9		-19.5		-19.4		-19.4		-19.3		-19.3		-20.5		-19.4		-21.0		-21.4		-19.6		-19.6		-19.9		-19.2		-19.2		-19.3		-19.3		-21.1		-20.9		-19.5		-19.5		-19.4		-19.5		-19.8		-19.8		-19.8		-19.8		-19.5		-20.2		-20.2		-19.4		-19.7		-20.3		-19.2		-19.8		-19.3		-19.4		-19.9		-19.3		-20.7		-20.8		-19.7		-19.9		-20.2		-20.3		-19.9		-19.6		-20.9		-19.5		-19.5		-20.9		-21.3		-19.3		-19.3		-19.7		-19.7		-19.9		-19.5		-19.6		-19.8		-19.7		-19.4		-19.7		-19.7		-19.8		-19.8		-19.8		-19.6		-19.6		-19.6		-19.7		-19.8		-19.9		-19.9		-19.6		-19.6		-19.7		-19.7		-19.7

		923.15		-18.3		-18.5		-18.8		-18.3		-18.3		-18.3		-18.1		-18.1		-19.4		-18.2		-19.9		-20.3		-18.5		-18.4		-18.7		-18.1		-18.1		-18.1		-18.2		-20.0		-19.7		-18.3		-18.4		-18.3		-18.4		-18.7		-18.7		-18.7		-18.7		-18.4		-19.1		-19.1		-18.2		-18.5		-19.2		-18.1		-18.7		-18.2		-18.3		-18.7		-18.2		-19.5		-19.6		-18.6		-18.8		-19.1		-19.2		-18.7		-18.4		-19.8		-18.4		-18.3		-19.7		-20.1		-18.2		-18.2		-18.5		-18.6		-18.7		-18.4		-18.4		-18.6		-18.6		-18.2		-18.6		-18.6		-18.7		-18.7		-18.7		-18.5		-18.4		-18.4		-18.6		-18.7		-18.7		-18.8		-18.5		-18.5		-18.5		-18.6		-18.5

		973.15		-17.3		-17.4		-17.8		-17.3		-17.3		-17.2		-17.1		-17.1		-18.3		-17.2		-18.9		-19.3		-17.5		-17.4		-17.7		-17.1		-17.1		-17.1		-17.2		-19.0		-18.7		-17.3		-17.4		-17.3		-17.4		-17.6		-17.6		-17.7		-17.7		-17.3		-18.0		-18.1		-17.2		-17.5		-18.2		-17.1		-17.7		-17.2		-17.3		-17.7		-17.1		-18.5		-18.6		-17.6		-17.7		-18.1		-18.1		-17.7		-17.4		-18.8		-17.3		-17.3		-18.7		-19.1		-17.2		-17.2		-17.5		-17.6		-17.7		-17.3		-17.4		-17.6		-17.6		-17.2		-17.5		-17.6		-17.7		-17.6		-17.6		-17.5		-17.4		-17.4		-17.6		-17.6		-17.7		-17.8		-17.5		-17.5		-17.5		-17.5		-17.5

		1023.15		-16.3		-16.5		-16.9		-16.4		-16.4		-16.3		-16.2		-16.2		-17.4		-16.3		-17.9		-18.3		-16.5		-16.5		-16.8		-16.1		-16.2		-16.2		-16.2		-18.1		-17.8		-16.4		-16.4		-16.4		-16.4		-16.7		-16.7		-16.7		-16.7		-16.4		-17.1		-17.2		-16.3		-16.6		-17.2		-16.1		-16.7		-16.3		-16.3		-16.8		-16.2		-17.6		-17.7		-16.7		-16.8		-17.2		-17.2		-16.8		-16.5		-17.9		-16.4		-16.4		-17.8		-18.2		-16.2		-16.3		-16.6		-16.6		-16.8		-16.4		-16.5		-16.7		-16.6		-16.3		-16.6		-16.7		-16.8		-16.7		-16.7		-16.6		-16.5		-16.5		-16.6		-16.7		-16.8		-16.8		-16.6		-16.6		-16.6		-16.6		-16.6

		1073.15		-15.5		-15.7		-16.0		-15.5		-15.5		-15.5		-15.3		-15.4		-16.6		-15.5		-17.1		-17.5		-15.7		-15.7		-15.9		-15.3		-15.3		-15.4		-15.4		-17.2		-17.0		-15.6		-15.6		-15.5		-15.6		-15.9		-15.9		-15.9		-15.9		-15.6		-16.3		-16.3		-15.5		-15.8		-16.4		-15.3		-15.9		-15.4		-15.5		-15.9		-15.4		-16.8		-16.9		-15.8		-16.0		-16.3		-16.4		-16.0		-15.7		-17.0		-15.6		-15.6		-17.0		-17.4		-15.4		-15.4		-15.7		-15.8		-16.0		-15.6		-15.6		-15.8		-15.8		-15.4		-15.8		-15.8		-15.9		-15.9		-15.9		-15.7		-15.7		-15.7		-15.8		-15.9		-16.0		-16.0		-15.7		-15.7		-15.8		-15.8		-15.8

		1123.15		-14.7		-14.9		-15.3		-14.8		-14.8		-14.7		-14.6		-14.6		-15.8		-14.7		-16.3		-16.7		-14.9		-14.9		-15.2		-14.5		-14.6		-14.6		-14.6		-16.5		-16.2		-14.8		-14.9		-14.8		-14.8		-15.1		-15.1		-15.1		-15.1		-14.8		-15.5		-15.6		-14.7		-15.0		-15.6		-14.5		-15.2		-14.7		-14.8		-15.2		-14.6		-16.0		-16.1		-15.1		-15.2		-15.6		-15.6		-15.2		-14.9		-16.3		-14.8		-14.8		-16.2		-16.6		-14.6		-14.7		-15.0		-15.1		-15.2		-14.8		-14.9		-15.1		-15.0		-14.7		-15.0		-15.1		-15.2		-15.1		-15.1		-15.0		-14.9		-14.9		-15.0		-15.1		-15.2		-15.2		-15.0		-15.0		-15.0		-15.0		-15.0

		1173.15		-14.1		-14.2		-14.6		-14.1		-14.1		-14.0		-13.9		-13.9		-15.1		-14.0		-15.6		-16.0		-14.2		-14.2		-14.5		-13.8		-13.9		-13.9		-14.0		-15.8		-15.5		-14.1		-14.2		-14.1		-14.1		-14.4		-14.4		-14.5		-14.4		-14.1		-14.8		-14.9		-14.0		-14.3		-14.9		-13.9		-14.5		-14.0		-14.1		-14.5		-13.9		-15.3		-15.4		-14.4		-14.5		-14.9		-14.9		-14.5		-14.2		-15.6		-14.1		-14.1		-15.5		-15.9		-14.0		-14.0		-14.3		-14.4		-14.5		-14.1		-14.2		-14.4		-14.4		-14.0		-14.3		-14.4		-14.5		-14.4		-14.4		-14.3		-14.2		-14.2		-14.3		-14.4		-14.5		-14.6		-14.3		-14.3		-14.3		-14.3		-14.3

		1223.15		-13.4		-13.6		-13.9		-13.5		-13.4		-13.4		-13.3		-13.3		-14.5		-13.4		-15.0		-15.4		-13.6		-13.6		-13.9		-13.2		-13.2		-13.3		-13.3		-15.1		-14.9		-13.5		-13.5		-13.4		-13.5		-13.8		-13.8		-13.8		-13.8		-13.5		-14.2		-14.2		-13.4		-13.7		-14.3		-13.2		-13.8		-13.3		-13.4		-13.9		-13.3		-14.7		-14.8		-13.7		-13.9		-14.2		-14.3		-13.9		-13.6		-14.9		-13.5		-13.5		-14.9		-15.3		-13.3		-13.3		-13.7		-13.7		-13.9		-13.5		-13.6		-13.8		-13.7		-13.4		-13.7		-13.7		-13.8		-13.8		-13.8		-13.6		-13.6		-13.6		-13.7		-13.8		-13.9		-13.9		-13.6		-13.6		-13.7		-13.7		-13.7

		1273.15		-12.8		-13.0		-13.4		-12.9		-12.8		-12.8		-12.7		-12.7		-13.9		-12.8		-14.4		-14.8		-13.0		-13.0		-13.3		-12.6		-12.7		-12.7		-12.7		-14.6		-14.3		-12.9		-12.9		-12.9		-12.9		-13.2		-13.2		-13.2		-13.2		-12.9		-13.6		-13.7		-12.8		-13.1		-13.7		-12.6		-13.2		-12.7		-12.8		-13.3		-12.7		-14.1		-14.2		-13.1		-13.3		-13.7		-13.7		-13.3		-13.0		-14.4		-12.9		-12.9		-14.3		-14.7		-12.7		-12.7		-13.1		-13.1		-13.3		-12.9		-13.0		-13.2		-13.1		-12.8		-13.1		-13.2		-13.2		-13.2		-13.2		-13.0		-13.0		-13.0		-13.1		-13.2		-13.3		-13.3		-13.0		-13.0		-13.1		-13.1		-13.1



		Constants

		T (K)		Log (K)		h		log(h)



		873.15		18.3		2.52		0.40

		923.15		17.0		2.08		0.32

		973.15		15.8		1.76		0.24

		1023.15		14.8		1.51		0.18

		1073.15		13.8		1.31		0.12

		1123.15		12.9		1.15		0.06

		1173.15		12.2		1.03		0.01

		1223.15		11.4		0.92		-0.04

		1273.15		10.7		0.84		-0.08
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The geology, petrology and geochemistry of Catface porphyry Cu (Mo-Au) deposit,
located on the west coast of Vancouver Island are examined in detail. Detailed core logging and
sampling was carried out to characterize the geometry and identity of different intrusive phases
and alteration styles prevalent during the emplacement and formation of the deposit, as well as
their geochemical affinity. Early- and late-stage potassic alteration is identified, as well as main-
stage sodic-calcic and calcic-sodic alteration. Four distinct Paleogene intrusive phases vary from
quartz diorite to granodiorite in composition. The rocks are broadly calc-alkaline, weakly
peraluminous to moderately metaluminous, and have typical arc geochemical affinity.

The timing of emplacement and mineralization is constrained by U-Pb and Re-Os
geochronology at 40.4-41.4 Ma and 40.9 £0.2 Ma, respectively. All four Paleogene Catface
intrusive phases were emplaced close in time with a direct temporal correlation to mineralization.
The chalcopyrite- and pyrite-bearing miarolitic cavities in the Halo Porphyry intrusive, combined
with U-Pb and Re-Os dates suggest this intrusive phase is the most likely source of mineralizing
fluids. The intrusions were emplaced at depths of less four kilometers in the crust, as evidenced
by the presence of miarolitic cavities and confirmed through amphibole-plagioclase
thermobarometry, which record conditions of 615-700 °C and <200 MPa.

The lack of primary anhydrite and hematite, and the presence of pyrrhotite in the ore
system indicate a reduced magmatic-hydrothermal event. The SO3 contents in apatites are <450
ppm, indicative of a degassed and/or sulphate-free (reduced) magma. The assemblage K-
feldspar-quartz-biotite-ilmenite yields oxygen fugacities (fO,) which are 0.5 to 3.0 log units
below the quartz-fayalite-magnetite (QFM) buffer at an assumed pressure of 300 MPa; orders of
magnitude more reduced than typical porphyry deposits.

Parental magmas to the Catface deposit were either derived from intrinsically-reduced
mantle, or more typical oxidized arc magma that was subsequently reduced during ascent and
emplacement. Further isotopic work is required to determine which process contributed to the
reduction of these magmas in an arc setting. Nevertheless, recognition of reduced porphyry-
related magmatism on west-central Vancouver Island is of similar age to that of North Fork
(~36.8-38.9 Ma) deposit in Washington suggesting a consanguinity of reduced magmatism with
the Paleogene Cascade arc.
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Chapter 1
INTRODUCTION

1.1 Introduction

Porphyry Cu (Mo-Au) deposits are the most globally significant source of copper,
accounting for 50-60% of world production and 40% of Canadian production (Sinclair, 2007).
These deposits also account for nearly all global Mo production, and represent significant
sources of Au, Ag and Sn. Porphyry Cu (Mo-Au) deposits are high-tonnage, low-grade (0.2 to
>1% Cu) ore systems containing from tens of millions to billions of tonnes of ore. Globally,
these deposits are concentrated in discrete, linear, metallogenic provinces associated with arcs.
Most porphyry deposits throughout Canada and the world are associated with Mesozoic and
Cenozoic orogenic belts, although major deposits are also found in Paleozoic and Precambrian
terranes (Sinclair, 2007). Within these metallogenic provinces, porphyry copper deposits
develop in close proximity to epizonal intrusions, which are the source of fluids, metals, and
heat required to drive ore-forming hydrothermal circulation and mineralization.

The eastern margin of the Pacific Basin experienced extensive arc-related magmatism
and associated porphyry-style mineralization during the Paleogene (Madsen, 2004; Madsen et
al., 2006), and it has long been suspected that a genetic link exists between Paleogene porphyry
deposits in the Central Cascades of Washington and those in southwestern British Columbia
and Vancouver Island (McDougall, 1976; Hollister, 1978) (Figure 1). To test this
consanguinity, the Catface porphyry Cu (Mo-Au) deposit (“Catface”) on west-central
Vancouver Island is studied in detail and compared with the North Fork porphyry Cu-Au

deposit in the Cascades of Washington (Figure 2). North Fork is part of a suite of porphyry
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copper deposits that are Late Eocene (38.9-36.8 Ma) in age (Smithson, 2004). Muller and
Carson (1969) report a K-Ar in biotite age for Catface deposit rocks of 48 £12 Ma. More
modern geochronology applied to the Catface deposit could assess its relationship to other
Paleogene magmatic suites on Vancouver Island and in the Cascades.

Porphyry deposits are defined as either classically oxidized porphyry copper deposits or
reduced porphyry copper deposits on the basis of pluton mineralogy and the mineralogical
features of the ores and associated alteration assemblages. The classic oxidized porphyry
copper deposit model involves ore fluids that are relatively oxidized, with oxygen fugacities
(fO,) ranging between the hematite-magnetite (HM) and nickel-nickel oxide (NNO) oxygen
buffers at the temperatures associated with mineralization (Burnham and Ohmoto, 1980;
Rowins, 2000a, 2000b). Oxidized porphyries host significant amounts of primary magnetite,
hematite, and sulphate minerals (i.e. anhydrite), and there is a strong association of porphyry
deposits with oxidized I-type granitoids (Burnham and Ohmoto, 1980). In contrast, numerous
porphyry Cu (Mo-Au) systems show evidence of having formed from relatively reduced ore
fluids with fO,’s less than or equal to the quartz-fayalite-magnetite (QFM) oxygen buffer.
These reduced porphyry copper deposit systems lack primary hematite and sulphate minerals,
typically host abundant hypogene pyrrhotite, and show an association with reduced I-type,
ilmenite-bearing granitoids (Rowins, 2000a, 2000b; Smithson, 2004; Smithson and Rowins,
2004). The North Fork Cu-Au deposit exemplifies a reduced porphyry copper deposit with
magma fO,’s ranging from one log unit above to one log unit below the quartz-fayalite-
magnetite oxygen buffer (QFM =1) (Smithson, 2004). These redox conditions explain the
presence of primary pyrrhotite and the absence of hypogene sulphate and primary hematite at

the deposit.





1.2 Thesis Objectives

The similar timing of magmatism between North Fork and the Mt. Washington suite
intrusions on Vancouver Island provides support to the proposal that the “reduced” Cascade
porphyry Cu-Au belt extends to the northwest from Washington into southwestern British
Columbia and Vancouver Island. The objective of this thesis is to investigate whether
magmatism and associated porphyry-style mineralization in Paleogene rocks on Vancouver
Island is the northern extension of the Cascade magmatic arc in Washington. This potential
genetic linkage is investigated in a geological, geochronological, geochemical and petrological
investigation of the Catface deposit, located 12 km NNW of Tofino, on the west coast of
Vancouver Island (Figure 2 and Figure 3). These new data are combined with ancillary data
from mineral exploration on the Catface deposit to determine: (1) the age of intrusions and
mineralization, (2) the style of mineralization, (3) the redox state (oxidized vs. reduced) and
depth of emplacement of the magmas and hydrothermal system, and (4) the geochemical or age
relationships to other Paleogene magmatism in the Pacific Northwest.
1.3 Methods and Approach

The fieldwork was conducted over six weeks in the summer of 2010, and one week in
the summer of 2011. Most of the field work was focused on the Catface deposit. The field area
is an active exploration site, owned and operated by Catface Copper Mining Ltd., a subsidiary
of Imperial Metals Corp. Access to the site was achieved via water taxi from a camp near the
Ahousaht First Nations Reserve on Flores Island. Movement about the exploration site was

facilitated by active and reactivated logging roads.
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At Catface, a total of 1633 meters of core was logged and sampled in detail from four
holes drilled in 2008. The cores were logged meter-by-meter, characterizing lithology,
alteration, structure, mineralization, fracture intensity, and percentage quartz veins (or
“stockwork™). Over 160 core samples were collected. Of the 160 samples, 14 were selected for
whole rock and trace element analysis, 20 were selected for petrographic work, and nine were
selected for geochronology. Of the 20 samples selected for petrographic work, seven were
chosen for electron microprobe (EMP) analysis for mineral chemistry. The Echo Lake
intrusion, with an age of 38 Ma (Madsen, 2004; Madsen et al., 2006), located 30 km east of
Catface was also sampled in outcrop for comparisons to Catface and North Fork (Figure 2 and

Figure 3).





Chapter 2
GEOLOGY

2.1 Introduction

In this chapter, the regional geology of Vancouver Island is reviewed, as a background
for the details of the Catface deposit geology based on drill core descriptions. The drill core was
examined in detail for the characterization of rock types, intrusive contacts, mineralization
styles, and alteration assemblages. Assay data for Cu and Mo in each drill hole compiled by
Imperial Metals (1057 samples) were incorporated to examine any trends in with the detailed
geology. Hydrothermal alteration at Catface is interpreted predominately on a qualitative basis,
using mineral assemblages, as geochemical analyses (described in Chapter 2.4 and 2.4.1) were
focused on characterizing representative, unaltered examples of each rock type.
2.2 Regional Geology

Rocks of Vancouver Island are a part of the Insular belt of the Canadian Cordillera
(Monger, 1997). Most of Vancouver Island is underlain by the Wrangellia Terrane, extending
from south-central Alaska, through southwestern Yukon, Haida Gwai, and to southern
Vancouver Island (Jones et al., 1977). On Vancouver Island, Devonian island arc volcanic and
plutonic rocks of the Sicker Group are the basement of Wrangellia (Figure 3 and Figure 4).
Overlying the Sicker Group are Permian carbonates and epiclastic rocks of the Buttle Lake
Formation, followed by the Triassic Vancouver Group, comprised of a thick (6km) section of
subaqueous and subaerial basaltic volcanics known as the Karmutsen Formation (Nixon et al.,
1993). Conformably overlying the Karmutsen is a thin (30-300m) succession of limestone

referred to as the Quatsino Formation. The uppermost sequence of the Vancouver Group is
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Figure 4: Simplified stratigraphic section of southern Vancouver Island (after Larocque, 2008).
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represented by the Parson Bay Formation, a thinly-bedded section of clastic sediments that
conformably overlies the Quatsino Formation (Nixon et al., 1995).

The uppermost Vancouver Group (i.e. Parson Bay Formation) is intruded and overlain
by island arc igneous rocks of the Jurassic Bonanza Group. This group is divided into three
units: the Westcoast Complex, Island Plutonic Suite, and Bonanza Volcanics. The Westcoast
Complex represents the deepest unit in the Bonanza Group. The Island Plutonic Suite is a
shallower lever plutonic suite (less than 10 km depth), with intrusions ranging in composition
from granite to diorite (Nixon and Orr, 2007; Canil and Larocque, 2010). These plutons intrude
the Vancouver Group and the Bonanza volcanic package, which is interpreted as the extrusive
equivalents of the Westcoast Complex and Island Plutonic Suite (Nixon and Orr, 2007).

On the eastern portion of Vancouver Island, Wrangellia is unconformably overlain by
Late Cretaceous sedimentary rocks of the Nanaimo Group (Massey and Friday, 1987). In the
Eocene the outboard Crescent terrane was thrust beneath the Pacific Rim and overlying
Wrangellia terranes, leading to the formation of the Cowichan Fold and Thrust Belt, which
involved the Nanaimo Group and its basement rocks (England and Calon, 1991; Johnston and
Acton, 2003). Two distinct pulses of Paleogene magmatism on Vancouver Island are identified
by Madsen et al (2006) as the earlier Clayoquot suite (51.2—48.8 Ma) and the later Mt.
Washington suite (41.0-35.3 Ma). Clastic sedimentary rocks of the Oligocene Carmanah Group
unconformably overlie portions of western and southern Vancouver Island.

2.3 Catface Deposit Geology

The Catface deposit is situated at a northwest trending contact between mafic volcanic

rocks of the Upper Triassic Karmutsen Formation and diorite and monzonite of the Jurassic

Westcoast Complex and Island Plutonic Suite (Figure 5). Drill cores (Appendix, Table A1)
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oriented orthogonal to the strike of the contact intersect all rock units described below and were
used to construct a cross section of the deposit (Figure 6). A summary of thin section
petrography is included in the Appendix (Table A2 and A3)

Four intrusive phases are recognized at Catface (McDougall, 1976; McDougall and
Enns, 1995): (1) porphyritic quartz diorite (Cliff and Halo Porphyries), (2) a phaneritic quartz
diorite (Catface Intrusion), (3) late plagioclase-hornblende porphyry dykes (ADP Dyke), and
(4) a phaneritic leucocratic quartz diorite (Hecate Bay quartz diorite) southeast of the deposit
(Figure 5 and Figure 6). The quartz diorite at the centre of the Catface deposit is similar to the
Ritchie Bay pluton described four km southeast with a U-Pb age for zircon of 41 +1 Ma
(Isachsen, 1987). Thus, Paleogene phases of the Catface deposit likely belong to the Mt.
Washington Intrusive Suite (Madsen, 2004, Madsen et al., 2006). No clear timing relationships
are obvious for the four younger magmatic phases at Catface, potentially suggesting
contemporaneous emplacement. Regional faults typically strike northwest and northeast
(McDougall, 1976).
Three zones of mineralization are recognized at the Catface deposit: the (main) Cliff Zone, the
Irishman Creek Zone, and the Hecate Bay Zone (Figure 5). The Cliff Zone hosts the bulk of the
porphyry mineralization at Catface, with an indicated reserve of 56.9 million tonnes averaging
0.40% Cu and an additional inferred resource of 262.4 million tonnes grading 0.38% Cu
(Simpson and Chapman, 2009). Copper and Mo mineralization at the Cliff Zone consists of
disseminated and fracture-controlled chalcopyrite, bornite, and molybdenite. The Cliff Zone
was explored by Falconbridge Ltd. from 1961-1979, including the development of an 857 meter
long adit into the core of the deposit. This adit allowed for extensive underground drilling, and

provided ore material for bulk sample metallurgical testing (MINFILE 092F 120).
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Figure 5: Simplified geology of the Catface porphyry deposit with locations of drill holes used

in this study, adit, cross section A-A’, and location of main Cliff Zone and Irishman Creek and
Hecate Bay showings. Structural data and locations of two outcrop U-Pb samples are also

displayed.
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The Irishman Creek Zone is situated 900 meters north of the Cliff Zone, and hosts

disseminated chalcopyrite, pyrite and minor pyrrhotite mineralization in mafic volcanic rocks
and in brecciated quartz monzonite. In addition, sulphide-rich lobes containing abundant
magnetite, chalcopyrite, pyrite and pyrrhotite are present (MINFILE 092F 251, 1999). The
Hecate Bay Zone is located 2.2 km southeast of the Cliff Zone, where mineralization is
associated with the Hecate Bay quartz diorite. Disseminated and fracture-filled mineralization
averaging 0.25% Cu is concentrated within the porphyritic core of the Hecate Bay stock;
however, elevated grades up to 1.0% Cu have been discovered in copper bearing shear zones
that extend several hundred meters outside the main zone (MINFILE 092F 231, 1990).
2.3.1 Karmutsen Basalt

Karmutsen basalt is the oldest rock at the Catface deposit. The basalt is phyric to
aphanitic, dark grey-green to black and variably porphyritic to glomerocrystic (10-30%
phenocrysts) (Figure 7 and Figure 8). Phenocrysts are 90-100% plagioclase; characterized by
subhedral 1-3 mm crystals, and rare subhedral 0.5-1 mm lath-to-wedge shaped amphibole
phenocrysts are present. The groundmass consists of quartz and feldspar, with lesser amphibole.
Trace opaque minerals include fine-grained primary magnetite, and secondary pyrite,
chalcopyrite, +molybdenite, =pyrrhotite, +bornite, and +rutile. Moderate to strong sericitization
and local silicification associated with late microscopic fractures is observed in plagioclase
crystals, and amphiboles display weak chloritization and secondary biotite replacement.
Pervasive biotite (hornfels), characterized as secondary by being fine grained and ‘shreddy’, is
localized near contacts with felsic intrusions and veins, giving the rock a distinctive brown
colour in hand sample (Figure 9). Chloritization overprints secondary biotite, commonly

associated with mineralization. Secondary azurite and malachite are observed replacing Cu





Figure 7: Sample from drill core of porphyritic Karmutsen basalt with phenoérysts of
plagioclase feldspar.
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silicification, secondary pyrite mineralization, and strongly sericitized plagioclase feldspars
(field of view is 4 millimeters).
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sulphide fracture surfaces, and pyrrhotite occurs as discrete grains up to 0.7 cm in diameter in
distal regions of the deposit (Figure 10).
2.3.2 Westcoast Complex Diorite

Diorite of the Jurassic Westcoast Complex is exposed along the west and south coast of
Catface Peninsula (Figure 5). The diorite intrudes the Karmutsen basalt, hosting partially
assimilated angular volcanic fragments (McDougall, 1976). The diorite is equigranular,
medium-grained (1-2.5 mm diameter crystals), medium to dark grey and melanocratic, with
hornblende comprising 50 to 60% of the modal mineralogy as 1-3 mm long subhedral laths
(Figure 11 and Figure 12). Unzoned, subhedral, 1-2.5 mm plagioclase feldspars make up 40%
of the rock. The remaining felsic minerals include 0-5% subhedral orthoclase feldspar with
moderate sericitization, and 5-10% anhedral, finer-grained (1 mm diameter) quartz, with well-
developed sutured grain boundaries and rare strained lattices. Rare biotite is observed, and
accessory primary apatite, zircon and titanite grains account for <1% of the rock. Opaque
minerals comprise roughly 1% of the rock, including primary magnetite and ilmenite, and
secondary pyrite, chalcopyrite, ¥molybdenite, and £bornite. Moderate to strong sericitization is
present in plagioclase, and most primary hornblendes and biotites are partially altered to
chlorite. Hydrothermal alteration is concentrated in zones of elevated fracturing intensity,
quartz stockwork, and mineralization. Secondary albite and actinolite are commonly associated
with mineralized quartz veins, and rare late chlorite-epidote (clinozoisite) veinlets are locally
abundant. Secondary biotite is observed overprinting primary crystals as shreddy, fine-grained

clusters.
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Figure 9: Sample from drill core of Karmutsen basalt displaying patchy (brown) biotite-rich
hornfels, commonly developed near contacts with crosscutting felsic intrusions.
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* pyrrhotite

Figure 10: Hand sample from drill core of pyrrhotite grains (~1 cm in diameter) in Karmutsen
basalt.
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Figure 11: Hand sample of Westcoast Complex diorite sampled from outcrop at the Catface
porphyry deposit.
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Figure 12: Thin section photograhs of Westcoast Compe diorite in (a) PPL and (b) XPL
showing moderate chloritization of hornblende and sericitization of plagioclase feldspars (field
of view is 4 millimeters).
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2.3.3 Island Plutonic Suite

Coarse-grained quartz monzonite of the Jurassic Island Plutonic Suite is well exposed
on the central west-sloping face of the mountain where it outcrops for ~3 km (McDougall,
1976). The rock is a creamy white-grey and contains numerous mafic volcanic xenoliths
(Figure 13). Plagioclase comprises 55-56% of the rock, and occurs as 2-4 mm long, subhedral
tablets. Some plagioclase crystals are poikilitic to fine-grained acicular amphibole (likely
actinolite). Subhedral to anhedral 1-3 mm diameter quartz crystals make up 15-25% of the rock,
and anhedral orthoclase feldspar and biotite comprise 5-15% (Figure 14). Strong sericitization
is present in feldspars, and primary biotites, characterized by coarse grain sizes, are commonly
overgrown by secondary (fine-grained and shreddy) biotites (Figure 15). Trace quantities of
primary zircon, apatite and titanite are present, and opaque minerals including primary ilmenite
and magnetite, and secondary pyrite, chalcopyrite, =pyrrhotite, +molybdenite, £bornite.

2.3.4 Cliff and Halo Porphyry

The Cliff and Halo Porphyry intrusions crosscut the Triassic and Jurassic rocks and
outcrop for ~700 meters along a cliff exposure (Figure 5). Emplacement of these porphyries
was strongly controlled by pre-existing structures and contacts associated with the Island
Plutonic Suite. The Cliff and Halo Porphyries are medium-grey porphyritic quartz diorites. The
Halo phase is distinguished by being more altered and containing limonitic halos (Figure 16)
around 1-4 mm chalcopyrite and pyrite-bearing clusters interpreted as miarolitic cavities
(Figure 17). McDougall (1976) identifies the Cliff Porphyry as lenticular, dyke-like bodies,
whereas the Halo Porphyry forms less elongate intrusions. Weakly aligned, subhedral
hornblendes ranging from 0.5-2 mm in size make up 35-65% of the phenocryst population. The

remaining phenocrysts comprise sub-to-anhedral, 0.5-3 mm long plagioclase and rare





Karmutsen-Island Plutonic contact

Figure 13: Hand sample from drill core with basaltic and dioritic xenoliths in Island Plutonic
Suite.
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Figure 14: Hand sample of granodiorite from the Island Plutonic Suite illustrating its distinctive
coarse-grained texture and creamy-white appearance.
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plagioclase

Figure 15: Thin section photographs of granodiorite from the Island Plutonic Suite in (a) PPL
and (b) XPL, showing a ~2 millimeter primary (chloritized) biotite crystal rimmed by finer-
grained secondary biotites (field of view is 4 millimeters).





Figure 16: Hand samples of (a) Cliff Porphyry and (b) Halo Porphyry. Note the similarity of
texture but the more bleached appearance and presence of limonitic alteration halos around
sulphide mineralization in the Halo Porphyry.
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Figure 17: Microphotographs of sulphide-bearing (a. chalcopyrite; b. pyrite) miarolitic cavities
in Halo Porphyry in reflected light (field of view is 4 millimeters).
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orthoclase (Figure 18). The groundmass is composed of plagioclase, quartz, and lesser
amphibole, with accessory zircon, apatite and titanite. Opaque minerals include primary
ilmenite, magnetite, and disseminated secondary pyrite, chalcopyrite, pyrrhotite, £molybdenite,
and +bornite.
2.3.5 Catface Intrusion

The Catface Intrusion is a fresh, medium-grained, light grey, equigranular to sub-
equigranular quartz diorite intruding as a bulbous body at least 140 meters in thickness (Figure
19 and Figure 20). The rock is composed of approximately 40-60% subhedral plagioclase
crystals 1-3 mm in size with oscillatory zoning. Subhedral 1-2 mm quartz crystals comprise 10-
20% of the rock, and orthoclase makes up roughly 2 to 5% of the Catface Intrusion. Biotite is
the most abundant mafic phase, with subhedral crystals ranging 0.5-2 mm in size of both
primary (larger discrete crystals) and secondary (fine-grained, shreddy overgrowths) origin.
Anhedral amphibole (hornblende) crystals 1-2 mm in size are observed. Primary accessory
apatite, zircon, titanite, ilmenite and magnetite are identified, as well as secondary pyrite,
chalcopyrite, +molybdenite, and +bornite.
2.3.6 ADP Dykes

The ADP Dykes represent volumetrically minor intrusions at Catface that trend
northerly to northwesterly for ~1500 meters within the Island Plutonic Suite monzonite (Figure
5). The dykes are chocolate brown-purple porphyritic quartz diorite to granodiorite with 20-
30% phenocrysts ranging 1-3 mm in size in a highly altered fine-grained matrix (Figure 21).
Phenocrysts are composed of 60-80% sub-to-anhedral plagioclase and 20-40% amphibole.
Most plagioclase phenocrysts are pervasively sericitized; however, ~30% of the feldspars are

fresh with well-developed oscillatory zoning. The chloritized groundmass is composed of 60%





Figure 18: Thin section photograhs of Cliff Pohy in (a PPL and (b) XPL with weakly
aligned hornblende phenocrysts and a late, crosscutting epidote veinlet (field of view is 4
millimeters).
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Figure 19: Hand sample of Catface quartz diorite phase, illustrating relatively fresh appearance
and trace amounts of disseminated sulphides (pyrite, chalcopyrite).
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Figure 20: Thin section photographs of Catface quartz diorite in (a) PPL and (b) XPL,
illustrating unaltered plagioclase and hornblende, and partially chloritized biotites (field of
view is 4 millimeters).
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Figure 21: Hand sample of ADP dyke with plagioclase and (lesser) amphibole phenocrysts.
This rock is distinguished from Karmutsen basalt by its chocolate-brown to purple groundmass
and amphibole phenocrysts.
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plagioclase, 20% quartz, 10% biotite, and 10% amphibole, with accessory zircon, apatite
ilmenite, magnetite and titanite, and secondary pyrite, chalcopyrite, =molybdenite, and £bornite
(Figure 22).
2.3.7 Hecate Bay Quartz Diorite

The Hecate Bay quartz diorite is a fresh, medium-grained (1-3 mm wide crystals),
equigranular to sub-equigranular rock that intrudes ~2 km southeast of the Cliff Zone (Figure 5
and Figure 23). Hecate Bay phase is composed of 50-60% hornblende, 25-35% plagioclase, 5-
10% quartz, and 2-5% potassium feldspar (microcline). Feldspars are fresh to weakly sericitized
with oscillatory zonation developed in some crystals, and quartz is typically interstitial and
finer-grained (Figure 24). Primary accessory zircon, apatite, titanite, ilmenite and magnetite
occur throughout the rock, with <1% secondary pyrite, chalcopyrite, and +pyrrhotite.
2.4 Mineralization

The primary mineralization style is disseminated and fracture-controlled chalcopyrite
with lesser molybdenite, pyrite and bornite (Figure 25). Quartz stockwork is weak to moderate
at Catface, and elevated intensity coincides with enhanced grade. Chalcopyrite is the most
abundant ore mineral at the Cliff Zone, followed in abundance by bornite, pyrite, molybdenite,
pyrrhotite, and chalcocite. McDougall (1976) identified native copper, covellite, idaite,
digenite, cuprite, valerite, and tenorite. The secondary copper oxide minerals malachite and
azurite are common, whereas chrysocolla is rare.

Chalcopyrite forms rare, discrete blebs in all lithologies, and locally replaces plagioclase
and occurs with quartz infilling amygdules in Karmutsen basalt country rock. Bornite formation
mimics that of chalcopyrite, but is spatially restricted to the center of the deposit. Rare

secondary chalcocite forms “sooty” fracture coatings, which McDougall (1976) interprets to be
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Figure 22: Thin section photographs of ADP dyke in (a) PPL and (b) XPL showing two
generations of plagioclase, one of which is pervasively sericitized and the other of which is
unaltered (field of view is 4 millimeters).
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Figure 23: Hand sample of Hecate Bay quartz diorite sampled from outcrop at the Catface
porphyry deposit.
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Figures 24: Thin section photographs of Hecate Bay quartz diorite in (a) PPL and (b) XPL
illustrating fresh hornblendes and weakly sericitized plagioclase feldspars (field of view is 4
millimeters).






Figure 25: Hand sample of Catface Intrusion quartz diorite illustr;iting
hosted Cu mineralization (chalcopyrite-pyritetbornite).

disseminated and vein-
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secondary replacements of chalcopyrite and bornite. Molybdenite mineralization is weak to
moderate and occurs as discrete, disseminated flecks, fracture fillings, and rare massive blebs
(up to 7 millimetres in diameter) in copper sulphide and quartz stockwork veins. Disseminated
and vein-hosted pyrite occurs throughout the deposit. Pyrrhotite is rare in the core of the deposit
and occurs as discrete grains up to 1 cm in size in the mafic volcanic rocks (Figure 10). Four
stages of mineralization and alteration are described below and summarized in Figure 26. These
stages overprint an earlier metamorphic hornfels most commonly observed in the mafic
volcanic rocks in the vicinity of younger (Paleogene) intrusions (Figure 9).

2.4.1 Vein and Alteration Paragenesis

Stage I: The central zone of mineral deposit is dominated by chalcopyrite-bornite-
molybdenite veins associated with quartz stockwork (Figure 27). This generation of veins is the
most volumetrically abundant, with the abundance of veins correlating with elevated Cu and
Mo grades. Copper mineralization is dominant, although Mo mineralization is also present.
Alteration minerals include quartz, albite, actinolite and rare scapolite. These hydrothermal
minerals occur within veins and as selvages along vein margins (Figure 28).

Stage 2: This mineralization is focused in the core of the deposit and decreases in
abundance towards the periphery of the ore-body. Chalcopyrite-molybdenite £pyrite +bornite
veins commonly crosscut the Stage 1 veins (Figure 29 and Figure 30). Alteration mineralogy
consists of quartz, actinolite, albite, and lesser chlorite and scapolite.

Stage 3: The third stage of mineralization has less molybdenite, an absence of bornite
and the appearance of pyrrhotite. Pyrite-chalcopyrite +pyrrhotite 2molybdenite veins with
different alteration minerals occur at the margin of the ore system. Selvages of biotite, chlorite

and lesser epidote are common along vein margins, and are best developed where the vein is
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Figure 26: Summary of paragenetic sequence of alteration and mineralization at the Catface
porphyry deposit. Widths of solid lines reflect modal abundance of particular mineral: thick
solid line ~2-5% and thin solid line ~1-2%. Dashed line indicates a mineral occurrence that is
sometimes present. Act — actinolite, Ab — albite, Bor — bornite, Bt — biotite, Cal — calcite, Chl —
chlorite, Cpy - chalcopyrite, Ep - epidote, Kfs — K-Feldspar, Mo - molybdenite, Po — pyrrhotite,
Qtz - quartz (mineral abbreviations from Kretz, 1985).
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molybdenite

E chalcopyrite . e
Figure 27: Hand sample examples of stages of mineralization and alteration: (a) Karmutsen
basalt with molybdenite blebs up to 6 mm in diameter in an albite-molybdenite-chalcopyrite-
actinolite vein, (b) Catface quartz diorite crosscut by a quartz-chalcopyrite-molybdenite-albite
vein, (¢) Stage 2 quartz-chalcopyrite-actinolite vein crosscut by a Stage 1 vein with massive
molybdenite, (d) quartz-chalcopyrite-molybdenite-albite vein in Catface quartz diorite.
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Figure 28: Thin section photographs of ‘tage 1 mineralization and alteration in (a) PPL and (b)
XPL in granodiorite of Island Plutonic Suite (field of view is 4 millimeters).

.
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Figure 29: Examples of Stage 2 mineralization in (a) Karmutsen basalt and (b) Catface quartz
diorite, characterized by Cu and lesser Mo mineralization (chalcopyrite, molybdenite, £bornite)
and an alteration assemblage of actinolite, albite and minor chlorite.
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Figure 30: Thin section photographs of Stage 2 mineralization and alteration in (a) PPL and (b)
XPL, characterized by Cu mineralization (chalcopyrite) and an alteration assemblage of
actinolite and lesser albite and chlorite (field of view is 4 millimeters).
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hosted in mafic volcanic rocks (Figure 31 and Figure 32).

Stage 4: The final mineralization is volumetrically minor, crosscuts all other
mineralization, and consists of mm to sub-mm scale “stringer” veins of pyrite, chalcopyrite and
pyrrhotite with two or more of these phases commonly present (Figure 33 and Figure 34). The
stringer veins are present throughout the deposit, although pyrrhotite is restricted to the deposit
periphery. Biotite and chlorite are developed at the contact between some veins and wall rocks.
2.4.2 Assay Data Compilation

Copper and Mo grades were obtained throughout the length of each drill core. Fracture
intensity was logged based on the number of fractures per unit length of core (Figure 35).
Fractures associated with the ore system were distinguished from drilling-related fractures by
the presence of mineralization and alteration. Fracture intensity profiles are plotted in cross
sectional form with corresponding average Cu and Mo grades for each drill hole (Figure 36). A
moderate to strong correlation between fracture intensity and grade is evident for both Cu and
Mo, with elevated grades coinciding with isolated faults and/or fault zones. Average Cu and Mo
grades were determined for each level of fracture intensity (Figure 37), showing average Cu
grades increasing with the degree of fracturing, with a similar but less pronounced relationship
for Mo.

2.5 Conclusions

Four phases of magmatism intrude Mesozoic country rocks at the Catface porphyry
copper deposit: the Cliff and Halo Porphyries, Catface Intrusion, ADP Dyke, and Hecate Bat
Quartz Diorite. Relative and absolute timing(s) of these phases are defined by U-Pb

geochronology in Chapter 3. The ore grades, mineralization styles, alteration assemblages, and
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Figure 31: Examples of Stage 3 mineralization and alteration: (a) Westcoast Complex diorite
and a chalcopyrite-quartz-albite vein with a 1 cm thick selvage of secondary biotite. Fine-
grained pyrrhotite also occurs with chalcopyrite as discrete mm-scale grains. (b) a chalcopyrite-
quartz-pyrite vein in ADP dyke.
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Figure 32: Thin section photographs of Stage 3 mineralization and alteration in (a) PPL and (b)
XPL in sample of Karmutsen basalt, showing pervasive growth of secondary biotite along the

margins of a chalcopyrite +pyrrhotite vein (field of view is 4 mm).
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chalcopyrite chalcopyrite

Figure 33: Examples of stages of mineralization and alteration, with (a) Stage 5 chalcopyrite
stringers crosscutting a Stage 3 quartz-albite-chalcopyrite vein in sample of altered Karmutsen
basalt, (b) several parallel Stage 4 pyrite stringers hosted in Karmutsen basalt.
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Figure 34: This section photographs of Stage 4 mlnerahzatlon and alteration in (a) PPL and (b)
XPL, characterized by millimeter to sub-millimeter scale sulphide stringer veins (field of view
is 4 millimeters).
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0: 1 fracture per 15-20 cm.

Figure 35: Boxes of core showing representative scale for relative fracture intensity based on
number of fractures per unit length of drill core.
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Figure 36: Cross-section of Catface porphyry deposit Cliff Zone showing Cu and Mo grades
along drill cores and their association with a scale of fracture intensity.
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Figure 37: Average (a) Cu and (b) Mo grades versus relative fracture intensity for selected drill
holes in the Catface porphyry deposit Cliff Zone.





52

structural emplacement of Catface are typical of porphyry deposits; however, the presence of
hypogene pyrrhotite and absence of primary hematite and sulphate minerals suggest Catface
was formed from reduced magmas. Mineralization and alteration paragenesis is summarized by
four stages: progressing from main-stage quartz-albite-actinolite, quartz-actinolite-albite
associated with Cu and Mo mineralization, to late-stage biotite-chlorite associated with Cu
mineralization. A strong positive correlation between fracturing intensity and Cu grade is

established.
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Chapter 3
GEOCHRONOLOGY

3.1 Introduction

Geochronological studies of rock units and mineralization at the Catface deposit are
completed to define the timing of magmatism and mineralization. The results will allow
association of Catface magmas with one of the two suites of Paleogene magmatism on
Vancouver Island defined by Madsen (2004) and further comparison with magmatic activity on
nearby Vancouver Island and afar in the Cascade arc at North Fork. These geochronological
data also test the validity of previous K-Ar ages reported by Muller and Carson (1969) and
Muller (1974), and U-Pb, K-Ar, and Rb-Sr data reported by Isachsen (1987). Muller and Carson
report a K-Ar age for the Hecate Bay quartz diorite of 48 12 Ma, and Muller reports an age of
192 £9 Ma for Westcoast Complex elsewhere in the Alberni map area. The Richie Bay Pluton
four km southeast of the Catface deposit on Meares Island has a U-Pb age of 41 =1 Ma, and the
Westcoast Complex Indian Island intrusion has a U-Pb age of 180 +4 Ma (Isachsen, 1987).

Nine samples were selected for geochronology: seven for U-Pb in zircon, two Re-Os in
molybdenite (Figure 5 and Figure 6). One of the Re-Os samples comprised vein-hosted massive
molybdenite in Island Plutonic Suite, and the other comprised disseminated molybdenite in
Catface Intrusion (Figure 38).
3.2 U-Pb Geochronology

U-Pb ages for zircons were determined at the University of British Columbia using
methods described in Scoates and Friedman (2008). Concordia plots for U-Pb ages and errors
for all analyses are reported at 26 in (Figure 39). Five of the seven U-Pb samples were collected

from NQ-sized drill core (in 1.5 m sections) and the remaining two samples were gathered from





Figure 38: Hand samples showing two types of molybdenite mineralization dated using the Re-
Os method: (a) 1 cm wide quartz-molybdenite-chalcopyrite vein in Island Plutonic Suite quartz

diorite (CS10-108), (b) disseminated molybdenite in Catface Intrusion quartz diorite (CS10-
119)
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Figure 39: Concordia diagrams for U-Pb geochronology for samples from Catface deposit
rocks, with error ellipses plotted at 2.
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outcrop. All five different intrusive phases (Halo, Cliff, Catface, Hecate Bay, ADP Dykes) at

the deposit were sampled (Appendix, Table A4 and AS5). Five of the ages are within
uncertainty of one another and suggest an age for all intrusive bodies of 41 Ma (Figure 40;
Table 1). Sample CS10-61 was the only imprecise analysis, with a spread of data that ranged
one million years. All interpreted ages, except for that of CS10-61, are based on weighted
averages of *"°Pb/***U dates for multiple concordant and age-equivalent zircon analyses from
each sample.

Samples DC10-02 and CS10-109 returned unexpected ages of 186.20 £0.48 and 184.46
+0.41 Ma, respectively, and thus are unrelated to Paleogene intrusive activity of the Catface
deposit, and belong to the Jurassic Island Plutonic Suite (Isachsen, 1987). The U-Pb ages at
Catface of 40.4-41.4 Ma are identical to that of the Ritchie Bay Pluton, located four km SE of
Catface on Meares Island (Isachsen, 1987). The ~41 Ma ages falls within the age range of the
Mt. Washington Intrusive Suite defined by Madsen (2004) (Figure 41).

3.3 Re-Os Geochronology

Re-Os ages in molybdenite were determined by isotope dilution mass spectrometry at
the University of Alberta using methods described by Selby and Creaser (2001), and Stein et al.
(2007). Molybdenite (MoS,) is naturally enriched in Re (**’Re) and contains insignificant
nonradiogenic Os (***0s) (Shelby and Creaser, 2001; after Morgan et al., 1968; Markey et al.,
1998). As such, essentially all '*’Os in molybdenite is derived from the decay of '*’Re. Several
studies have proven the Re-Os in molybdenite system to be resistant to hydrothermal,
metamorphic, and/or tectonic resetting (i.e. Raith and Stein, 2000; Selby and Creaser, 2001;

Bingen and Stein, 2003).
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Table 1: Summary of U-Pb and Re-Os Geochronological Results from the Catface Porphyry

Deposit

Sample Rock Name Rock Type Age (Ma)
DC10-04 Hecate Bay Quartz Diorite Quartz Diorite 40.93 £0.11
CS10-61 Halo Porphyry Quartz Diorite 40.4-41.4
CS10-54 Cliff Porphyry Quartz Diorite 41.15+0.10
CS10-35 Catface Intrusion Quartz Diorite 41.26 £0.11
CS10-60 ADP Dyke Granodiorite 41.26 +0.11
CS10-109 Island Plutonic Suite Quartz Monzodiorite 184.46 +£0.41
DC10-02 Island Plutonic Suite Quartz Diorite 186.20 £0.48
CS10-108* Island Plutonic Suite Quartz Diorite 40.9 £0.2
CS10-119* Catface Intrusion Quartz Diorite 40.9 £0.2

*Re-Os in molybdenite date
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Figure 41: Comparison of ages for intrusive phases at the Catface porphyry deposit with the Mt.
Washington and Clayoquot-Flores Island Suites, Vancouver island (Madsen, 2004; Madsen et

al., 2006), and the North Fork porphyry deposit, Washington, USA (Smithson, 2004). Shaded
regions represent age range including uncertainties.
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Molybdenite in two samples from the Catface deposit was dated using the Re-Os

method (Figure 38). One is a sample from Catface Intrusion (CF10-119) that hosts molybdenite
as disseminated grains in a quartz-chalcopyrite-pyrite vein. The second sample (CS10-108) is
from Jurassic Island Plutonic Suite country rock that hosts discrete blebs of molybdenite in a
quartz-chalcopyrite-pyrite vein. The Re-Os ages for molybdenites in both samples were
identical at 40.9 £0.20 Ma (Figure 40; Table 1) and within error of U-Pb ages of all four
intrusive phases at the Catface deposit.
3.4 Conclusions

U-Pb geochronological results from the Catface deposit confirm all four phases of
intrusive activity are similar in age (~41 Ma) and belong to the Mt. Washington Intrusive Suite
(Madsen, 2004). The results also confirm the presence of Jurassic Island Plutonic Suite country
rock in the drill core. The Re-Os ages define a direct temporal correlation between magmatism
and mineralization at 41 Ma. The Catface Intrusion and ADP Dykes were emplaced slightly
before the onset of mineralization, indicating that the Halo Porphyry, Cliff Porphyry, or Hecate

Bay quartz diorite is associated with mineralization at the Catface deposit.
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Chapter 4
GEOCHEMISTRY AND MINERAL CHEMISTRY

4.1 Introduction

Whole rock geochemistry of Catface deposit rocks is assessed to characterize the
composition of the intrusions and enable geochemical comparisons with other suites of
Paleogene magmatism recognized in the Pacific Northwest. Trace element data is used to
interpret petrogenesis of the magmas, and identify their possible source regions and affinity.
Due to poor analytical quality, the data for precious and base metals (Au, Pb, Mo) was not used
(Appendix, Figure A1 and A2). Mineral chemical data was collected in selected intrusive
phases of Catface deposit rocks to (1) confirm the identity of mineral phases and (2) apply
thermobarometers and oxybarometers for estimation of the pressure, temperature and fO, of the
intrusions. Sulphate (SO3) contents in apatites were analyzed to provide an independent study
of magmatic oxidation state, as it has been shown that SO; in apatites increases with increasing
1O, (Streck and Dilles, 1998; Peng et al., 1997; Parat et al., 2002; Imai 2002 and 2004).

Emplacement pressures, temperatures, and fO,s for Paleogene Catface deposit rocks are
estimated through Al-in-hornblende barometry, amphibole-plagioclase thermometry, and
biotite-ilmenite oxybarometry, respectively. Thermobarometry of the Echo Lake intrusion
(associated with the Mt. Washington Intrusive Suite) is assessed to allow for comparison with
Catface deposit rocks. Oxybarometry of Paleogene Catface rocks serves to evaluate whether or
not the Catface ore system is a reduced or oxidized porphyry copper deposit. Quantification of
these intrinsic parameters enables a more thorough understanding of the geological conditions
present during magmatism and mineralization, ultimately testing the affinity of Catface to the

Cascade magmatic arc and associated porphyry deposits.
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4.2 Geochemistry

Major and trace element abundances of 14 samples from the Catface porphyry deposit
were determined at Acme Analytical Laboratories Ltd., Vancouver, British Columbia
(Appendix, Table A6). Only the least-altered, homogeneous samples were selected. Samples
were prepared by cutting away altered areas, crushing to pea-sized fragments in a jaw crusher,
and then powdered using an agate mill. Major elements and loss on ignition (LOI) were
obtained by XRF analysis of 12 g sample pulps. Trace element concentrations were determined
by ICPMS on lithium metaborate and tetraborate fusion of 0.2 g samples followed by nitric acid
digestion. A separate 0.5 g split sample was digested in aqua regia and analysed by ICP-MS to
determine precious and base metal concentrations. Analytical precision was tested by
submission of duplicate samples. Analytical accuracy was assessed by the comparison of values
determined for rock standards. Results for precision and accuracy are illustrated in the
Appendix (Figure Al and Figure A2). Only elements that are reported in Figures were deemed
to have precision or accuracy suitable for discussion.

4.2.1 Major Elements

All Paleogene intrusive phases at the Catface deposit are classified as quartz diorite or
granodiorite when plotted on total alkali versus silica (TAS) plots (Figure 42). All rocks with
the exception of the Cliff Porphyry are calc-alkaline (Low K) (Figure 43). The Catface rocks
are weakly peraluminous (Andesite-Dacite Porphyry, Cliff Porphyry and Catface Intrusion) to
moderately metaluminous (Halo Porphyry and Cliff Porphyry), with Aluminum Saturation

Indexes (ASI) ranging 0.702-1.08 (Figure 44).
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Figure 42: Total alkalis versus silica (TAS) plot for samples from Catface deposit compared
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2004). Fields for rock classifications are for volcanic rocks in (a) (after Le Bas et al., 1986),
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Figure 43: K,O versus Si0, diagram showing samples of Paleogene Catface North Fork, Echo
Lake and other Paleogene igneous rocks from Vancouver Island (Madsen) (fields after Gill,

1981).





65

1.4

& Catface o
1.3 - Mt. Washington

@ Clayoquot-Flores o
1.2 © North Fork

A Echo Lk.
1.1 ’

‘ . . (-]
» 1 JPeraluminous - *
< Metaluminous o e ©° . o
o) - .
® e}
0.9 . o . 9°o
N o = 4 L 2
o
0.8
0.7 ° ¢
0-6 T L] L) L] Ll
40.0 45.0 50.0 55.0 65.0 70.0 75.0
Si02 (wt%)

Figure 44: Si0O, versus Alumina Saturation Index (ASI=molar Al/(Ca — 1-:67P + Na + K))) for
Catface, North Fork, Echo Lake and other Paleogene igneous rocks from Vancouver Island
(Madsen) (Zen, 1986).
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4.2.2 Trace Elements

On chondrite-normalized extended trace element diagrams, (“spidergrams”), Catface
intrusions show patterns typical of arc magmas with negative Nb, Ti and P, anomalies and
variable enrichments in Ba and Th (Figure 45; Nakamura, 1974; Thompson, 1982, Rock, 1987).
There is considerable variation in K and Rb. On a Sr/Y versus Y (ppm) diagram, all but one
sample plots in the (normal) calc-alkaline field, while the Cliff Porphyry (sample CS10-78)
shows a weak association with the ‘adakite’ field (Figure 46, fields after Drummond and
Defant, 1990).

4.3 Mineral Chemistry

Mineral chemistry was obtained for eight Paleogene samples from the Catface deposit
and two samples from the Echo Lake intrusion for subsequent P-T-fO; calculations (Appendix,
Table A7). The major and minor element mineral compositions were determined at the
University of British Columbia, using a Cameca SX-50 Electron Microprobe. Operating
conditions were 15 kV accelerating voltage, a beam current of 20 nA for amphibole and
ilmenite, and a beam current of 10 nA for plagioclase feldspar, biotite, and apatite. All analyzed
phases were primary and unaltered as confirmed from petrography. Only apatite grains greater
than 70 microns in length were analyzed. Amphibole, plagioclase, and apatite were assessed for
compositional zoning with core-to-rim analyses.

4.3.1 Amphibole

The majority of amphiboles at Catface are magnesiohornblendes, although one sample
from the Halo Porphyry intrusion is tschermakite (Figure 47). Hornblendes in the Halo
Porphyry intrusion have the lowest Fe# (Fe/Fe+Mg), and are enriched in Al, Mg and Na,

relative to the other phases. Amphiboles vary in Al content from an average of 3.55-5.37 weight
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Figure 45: Chondrite-normalized spidergram plots for (a) Paleogene Catface deposit lithologies

and comparison to (b) other Paleogene igneous rocks from North Fork, Washington and

Vancouver Island (Madsen, 2004; Smithson, 2004).
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Figure 46: Sr/Y versus Y (ppm) diagram for Catface, North Fork, Echo Lake and other
Paleogene igneous rocks from Vancouver Island (Madsen, 2004; Smithson, 2004) (fields after

Drummond and Defant, 1990).
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percent Al,Os in the Catface Intrusion, Hecate Bay quartz diorite, and Cliff Porphyry, whereas

the Halo Porphyry hosts Al-rich amphiboles that range 8.90-11.47 weight percent Al,O3. No
significant intragrain compositional zonation in Mg# or Al is observed.
4.3.2 Plagioclase

Plagioclases from the Catface Intrusion have a wide range of anorthite content (X,y)
from Ang .13, averaging Ansg. The Cliff Porphyry and Hecate Bay quartz diorite have average
anorthite components of Ans;.3;, and the Halo Porphyry is the most albitic with an average of
Any;. The Halo Porphyry has the highest concentrations of Mg, Ca, Al, Mn and Fe and lowest
concentrations of Na, Si and K of all samples. Plagioclase was altered and not analyzed in the
ADP Dykes. Compositional zonation was subtle in most samples with increases (0.01-0.05) of
anorthite content from core to rim (Figure 48).
4.3.3 K-Feldspar

K-feldspars were only analyzed in the Catface Intrusion and Cliff Porphyry lithologies,
the orthoclase components (X,,) range is Orgs_34 and Orgg.93, respectively.
4.3.4 Biotite

The Hecate Bay quartz diorite and Catface Intrusion samples have biotites with average
Fe#’s of 0.56 and 0.57, respectively, whereas two analyses of Cliff Porphyry intrusion biotites
yielded a higher average Fe# of 0.63. Average abundances of TiO; in the Hecate Bay quartz
diorite, Catface Intrusion, and Cliff Porphyry are within 1 weight percent; however the largest
range is observed in Catface Intrusion of 0.85-4.96 weight percent TiO,. The Cliff Porphyry
sample was an average of ~4 weight percent less siliceous (Si0,) and ~2 weight percent less

potassic (K,0).
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4.3.5 Fe-Ti Oxides

Ilmenites are mostly hematite-ilmenite solid solutions. The hematite components (Xhem)
of ilmenite grains were calculated according to stoichiometry using QUILF (Anderson, 1993).
The Catface Intrusion ranges Xy ; - .01 With an average of Xy os and the Hecate Bay quartz
diorite ranges X 04-0.09, With an average of Xy o6.

Magnetite grains are Fe;O4 with less than 2% ulvospinel (Fe,TiO4) component.
4.3.6 Apatite

Analysis of apatite grains 70 to 200 um in diameter examined the core-rim
compositional zoning of SOs (e.g. Streck and Dilles, 1998; Peng et al., 1997; Parat et al., 2002).
No systematic zonation is observed, and SO; concentrations were below detection limit (<450
ppm) in all analyses for the Paleogene Catface intrusives (Figure 49). Two samples (Catface
Intrusion and ADP Dyke) yielded SOs-depleted cores and the other two samples (Catface
Intrusion and Hecate Bay quartz diorite) yielded SOs-enriched core; however these estimations
challenge analytical precision and should be considered with caution (detection limit ~450 ppm
or 0.045 weight percent SO3). In all four samples, an increase in Cl concentration is observed in
the core of grains. In a plot of SO; versus Cl (in weight percent), the Catface samples are at the
low end of a positive trend of data from the Imai sample suite (Figure 50; fields after Peng et
al., 1997).
4.4 Thermobarometry

Mineral chemical data are used to estimate temperatures and pressures during
emplacement of the Paleogene Catface intrusions. Pressures are calculated using the Al-in-
hornblende geobarometer (Hammarstrom and Zen, 1986; Hollister et al., 1987; Schmidt, 1992;

Anderson and Smith, 1995; Anderson, 1996; Anderson et al., 2008), and temperatures are
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Figure 49: SO; concentrations in apatite for samples from Catface and the Echo Lake intrusion.
Also shown are typical samples from porphyry copper deposits (Imai (2002)
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Figure 50: SO; verses Cl (weight percent) for apatites from Paleogene Catface rocks, compared

to similar data from Echo Lake and a compilation in Imai (2002) fro other porphyry deposits.

Vertical lines are minimum SOj3 thresholds for apatites in granitic liquids equilibrated at various
oxygen fugacities (given in log units relative to the Nickel-Nickel-Oxide (NNO)) (Peng et al.,
1997).
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evaluated by application of the amphibole-plagioclase geothermometer (Blundy and Holland,
1990; Holland and Blundy, 1994). These two techniques are used simultaneously in the
algorithm of Anderson et al (1996). Only lithologies that contain the required mineral
assemblages (quartz-K-feldspar-plagioclase-biotite-hornblende-titanite-Fe Ti oxide) were
selected for thermobarometry, as confirmed by thin section petrography.

4.4.1 Al-in-Hornblende Barometry

1Y) increases linearly as a

Total Al contents of hornblende in atoms per unit formula (A
function of pressure. This barometer has been calibrated experimentally (Johnson and
Rutherford, 1989; Thomas and Ernst, 1990; Schmidt, 1992) and empirically (Hammarstrom and
Zen, 1986; Hollister et al., 1987) for the assemblage quartz + alkali feldspar + plagioclase +
hornblende + biotite + Fe-Ti oxide + titanite + melt + fluid, at pressures of 2.5-13 kbar (250-
1300 MPa) and temperatures of 655-700 °C (Anderson and Smith, 1995). As such, the Al-in-
hornblende system offers a potential method for estimating crystallization pressures for granitic
intrusions.

Potential pitfalls of this barometer include its dependence on plagioclase composition,
temperature and oxygen fugacity (Poli and Schmidt, 1992; Rutherford and Johnson, 1992;
Hammarstrom and Zen, 1992). Applying the Al-in-hornblende to plagioclase with anorthite
contents higher then Anss can increase Al independent of pressure, resulting in an
overestimate of P. Consequently, Anderson recommends use of this barometer with plagioclase
compositions within the range of Anys.3s. Temperature can increase the Al content in
hornblendes, and higher temperature plutons will host hornblendes with increased Al

(Anderson, 1995), an effect of up to 2 kbar per 100 °C. In low-fO; plutons, pressures can be

overestimated by a factor of two or more (Anderson, 1995). Low-fO, granitoids have
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hornblende Fe/(Fe+Mg) that exceed the 0.40-0.65 range used most experimental calibrations.

Moreover, hornblendes in such reduced granitoids are enriched in Fe*" versus Fe’", leading to
anomalously Al-rich hornblendes and erroneously high pressures. It is therefore recommended
that this barometer be only applied to granitoids with fO,’s above QFM oxygen buffer and
Fe/(Fe + Mg) rations less than 0.65 (Anderson, 1995).
4.4.2 Amphibole-Plagioclase Thermometry

The exchange equilibrium of (Nao.;)*(AlSi.;)"! between amphibole and plagioclase is
calibrated to estimate temperature using variations in the abundance of tetrahedral aluminum
(A1) in hornblende (Spears 1980, 1981; Nabelek and Lindsley, 1985; Blundy and Holland,
1990; Holland and Blundy, 1993). Tetrahedral aluminum is shown to constitute the majority of

Al in synthetic and natural hornblendes, and linear correlation exists in plots of Al'"

Versus
temperature (Blundy and Holland, 1990). The coexistence of amphibole with plagioclase in
silica-saturated rocks is required for amphibole-plagioclase thermometry, and Holland and
Blundy (1993) recommend use of this system only with plagioclase less calcic than Ang,, and
with amphiboles with less than 7.8 Si atoms per unit formula. The calibration by Holland and
Blundy (1993) takes into account non-ideal mixing in both plagioclase and amphibole, allowing
for temperature estimates with an uncertainty of +40 °C in the range of 400-1000 °C and 1-15
kbar.
4.4.3 Results

Pressures and temperatures estimated for the Catface intrusive phases are summarized in
Figure 51 and Table 2. Only samples that meet the criteria detailed by Anderson (1995) are

plotted, whereas the full dataset for other samples is included in the Appendix (Table AS).

Results vary within the Paleogene Catface lithologies, and the validity of some of these
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Figure 51: Pressures and temperatures estimated from Al-in-hornblende barometry and
amphibole-plagioclase thermometry for samples from Catface and Echo Lake. Uncertainties are

shown at 1 standard deviation. The “wet” granite solidus is after Naney (1983) and Piwinskii,
(1968).
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Table 2: Estimated Pressures and Temperatures for Catface and Echo Lake Samples from Al-

in-Hornblende and Amphibole-Plagioclase Thermobarometry
CS10-03 CS10-31 DC10-04 Echo Lake
(Catface Intrusion) | (CIiff Porphyry) (Hecate Bay (quartz
Sample quartz diorite) diorite)
n==6 n=2 n=23 n=4
AVG ST DEV AVG ST DEV AVG ST DEV AVG STDEV
T (°C) 677 22 615 9 702 20 702 29
P (Kb) 1.2 0.6 0.7 0.2 1.2 0.2 4 0
P (MPa) 120 58.5 70.6 16.4 121 22.6 400 35.1
Pressures (Anderson, 1995); Temperatures (Blundy and Holland, 1990; Holland and Blundy,

1994)
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estimates can be questioned. Plagioclase compositions range Anjss.p4, and molar Fe/(Fe + Mg)
ratios range 0.44-0.49, are consistent with recommendations of Anderson (1995). The
calculated pressures for Catface intrusives are 70-120 +60 MPa, and estimated temperatures
vary 615-700 °C, with an average uncertainty in temperature is +40 °C (Holland and Blundy,
1994; Anderson, 1995). Three samples plot below the water-saturated granite solidus. The Cliff
Porphyry plots furthest from the solidus, and is likely untenable. Echo Lake samples yield a
pressure range of 490-550 60 MPa and temperature range of 680-730 +40 °C.

4.5 Oxybarometry

Qualitative assessment of the oxidation state of Catface intrusive phases can be made on
the basis of Fe-Ti oxide mineralogy. The predominance of primary ilmenite over magnetite
indicates a reduced oxidation state (Ishihara, 1977, 1981; Ague and Brimhall, 1988; Rowins,
2000a).

The magnetite-ilmenite oxybarometer developed by Buddington and Lindsley (1964)
has proven problematic for plutonic rocks due to sub-solidus re-equilibration during slow
cooling of magnetite (Wones, 1989). Wones and Eugster (1965) established that the annite
(Xre) component in biotite is a function of fO, and temperature. Subsequent work developed the
use of primary ilmenite-biotite pairs to estimate fO, conditions in reduced granitoids,
demonstrating the resistance of ilmenite to change in composition upon cooling (Ague and
Brimhall, 1988; Candela, 1989; McCoy et al.1997; Smithson, 2004). The compositions of
coexisting primary biotites and ilmenites were applied to estimate T- fO, conditions of

Paleogene Catface deposit rocks, using the equation:

log fO, =2 log a"™hem + */3log @™y - */3l0g a*4un — log K + ¥/3l0g ay
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of Ague and Brimhall (1988), where a"™hem = 7 X' ™hem and log A = (1332/T(K)) — 1.124

(Nakada, 1983). Assumptions include: the activity of K-feldspar (afeldksp) 1s 0.9 at 300 MPa (this
is the pressure at which the equation was calibrated); the activity of water (ay) is 1; and an ideal
mixing model is used for calculating the activity of annite (Ague and Brimhall, 1988). Hematite
components (X' ™hm) of ilmenites were calculated based on stoichiometry using QUILF
(Anderson, 1993). The results are calculated at 300 MPa, and are plotted on a T- fO, diagram
whereby the intersection with biotite and ilmenite isopleths defines the calculated T- fO,
conditions of formation (Figure 38) (Candela, 1989).
4.5.1 Results

The K-feldspar-ilmenite-biotite assemblage coexists in the Catface Intrusion, Hecate
Bay quartz diorite, and Cliff Porphyry intrusion. The Catface Intrusion and Hecate Bay quartz
diorite have similar T-fO, results (QFM-2 at 900 °C), and the Cliff Porphyry is more reduced
(QFM-3.5 at 900 °C). If one assumes the magmas crystallized at the temperatures estimated
from amphibole-plagioclase thermometry (615-702 °C) the results range QFM-0.5 to QFM-1
(Figure 52, Table 3). The full list of oxybarometry calculations is included in the Appendix
(Table A9).
4.6 Conclusions

Paleogene Catface intrusive rocks are calc-alkaline quartz diorite intrusions with trace-
element patterns typical of arc magmas (T1 and Nb depletions). Catface deposit rocks display
strong geochemical affinity to those associated with Paleogene magmatism on Vancouver
Island (i.e. Mt. Washington Intrusive Suite) and in the Cascades (North Fork porphyry Cu-Au
deposit). The ASI data show no affinity to S-type granitoids, and no slab melting or adakite

signature is present in Sr/Y versus Y data for Catface rocks.
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Figure 52: Temperature-fO, estimates at 300 MPa based on the assemblage Biot-Kspar-Ilm-Qz
(Ague and Brimhall, 1988) for samples from three different intrusive phases of the Catface
deposit. Shaded field is the range of temperatures from amphibole-plagioclase thermometry.
Also shown for comparison are the fields for fO, estimates of magnetite-series granites
(Ishihara, 1977; McCoy et al., 1997; Burnham et al., 1980) and the North Fork deposit
(Smithson, 2004) Oxygen buffer abbreviations: MH (magnetite-hematite), NNO (nickel-nickel
oxide), QFM (quartz-fayalite-magnetite), IW (iron-wustite).
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Table 3: Calculated fO, at 300 MPa from Biotite-Ilmenite Assemblages in different intrusions

at Catface Deposit

CS1001 CS1031 DC1004
(Catface Intrusion) (Cliff Porphyry) (Hecate Bay quartz
Temp (C) n=>52 n=2 diorite)
n=27
AVG ST DEV AVG ST DEV AVG ST DEV
600 -19.8 0.56 -21.0 0.28 -19.6 0.16
650 -18.6 0.56 -19.9 0.28 -18.5 0.16
700 -17.6 0.56 -18.9 0.28 -17.5 0.16
750 -16.7 0.56 -18.0 0.28 -16.5 0.16
800 -15.9 0.56 -17.1 0.28 -15.7 0.16
850 -15.1 0.56 -16.4 0.28 -15.0 0.16
900 -14.4 0.56 -15.7 0.28 -14.3 0.16
950 -13.8 0.56 -15.0 0.28 -13.6 0.16
1000 -13.2 0.56 -14.4 0.28 -13.0 0.16

(biotite-ilmenite oxybarometry after Ague and Brimhall, 1988; Candela, 1989)
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Pressures and temperatures for Paleogene Catface rocks range 70-120 +60 MPa and
615-700 +£40 °C, respectively, indicating emplacement conditions typical of porphyry deposits.
Comparable temperatures are determined for the Echo Lake intrusion; however, pressures five
times higher than Catface were evaluated for Echo Lake, suggesting the intrusion was
potentially emplaced too deep to promote ore-forming hydrothermal circulation.

Oxygen fugacities from biotite-ilmenite oxybarometry for Paleogene Catface deposit
rocks range QFM-0.5 to QFM-1, well below what is typical for oxidized porphyry copper
deposits, and more reduced than the Cascadian North Fork deposit (Figure 48). These low fO,’s
are in agreement with below detection limit contents of SOs in apatite, as well as the
mineralogical presence of hypogene pyrrhotite and absence of primary hematite and sulphates.

These results suggest that Catface a reduced porphyry copper deposit.
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Chapter 5
DISCUSSION

5.1 Geology and Emplacement of the Catface Deposit

The four phases of Paleogene Catface magmatism are associated with the Mt.
Washington Intrusive Suite, not the Clayoquot Intrusive Suite as previously suggested by
Madsen (2004) and Madsen et al. (2006). Evidence includes the 40.4-41.4 Ma ages, the similar
lithogeochemistry, and the identical age to the Ritchie Bay intrusion 41 +1 Ma four km
southeast of the Catface deposit (Figure 3). The presence of Jurassic Island Plutonic Suite in
significant sections of the drill core was confirmed by geochronology, and a formerly unnamed
41.26 £0.11 Ma intrusion, dissimilar in texture and morphology to other intrusions at Catface, is
now termed the Catface Intrusion (Figure 6, Figure 19 and Figure 20).

The timing of ore deposition determined from Re-Os geochronology indicates a direct
genetic tie between Paleogene magmatism and the main mineralizing event. The 40.9 £0.2 Ma
age of Mo mineralization establishes that, of the Eocene Catface intrusions, only the Hecate
Bay quartz diorite, Cliff Porphyry, and Halo Porphyry units are potential mineralizing magmas
(Figure 5 and Figure 6). The Hecate Bay quartz diorite is an unlikely candidate, given its
distance from the main ore zones and weaker Cu grades, whereas the Cliff and Halo Porphyries
are emplaced in the core of the Catface deposit. While the latter two phases are interpreted to be
associated with the same pulse of magmatism, the presence of miarolitic cavities in the Halo
Porphyry (Figure 17) is significant and distinct, and considered to represent direct evidence for
volatile phase saturation in the magma (Richards, 1990; Frezzotti, 1992; Roedder, 1992;
Candela, 1997; Kamenetsky 2002, Harris et al., 2004). Research has established that the

compositions of minerals that grow in miarolitic cavities reflect the chemistry of the saturated
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volatile phase, and in the case of the Halo Porphyry, the magmatic fluid phase was saturated in

Cu and Fe sulphides (chalcopyrite and pyrite). For this reason, the Halo Porphyry intrusion is
interpreted to be the mineralizing intrusion associated with the Catface ore system.

Pressures estimated from Al-in-hornblende barometry indicate a shallow plutonic
setting of <4 km or <150 MPa (Figure 51). Epizonal emplacement of Catface is consistent with
the presence of miarolitic cavities in the Halo Porphyry. This texture is restricted to epizonal
granites intruded at less than 4 km depth and 100 MPa (Candela, 1997; Holm and Lux, 1998).
Use of the Al-in-hornblende pressures to calculate depth results in over-estimates pressures for
granitoids with fO, at or below QFM (Blundy and Holland, 1990; Poli and Schmidt, 1992;
Hammarstrom and Zen, 1992; Rutherford and Johnson, 1992; Anderson, 1995). Paleogene
Catface intrusives have fO2’s less than QFM for the range in amphibole-plagioclase
temperatures. The fO,’s and associated ferric to ferrous iron ratios in Catface rocks are lower
than what is recommended for this barometer; however, results are broadly consistent with the
presence of miarolitic cavities.

Temperatures estimated from amphibole-plagioclase thermometry are near the wet-
granite solidus, but the Cliff Porphyry plots below that of the other rocks (Figure 51) (Naney,
1983; Piwinskii, 1968). Possible explanations for this result include sub-solidus re-equilibration
of amphibole or plagioclase (Rutherford and Johnson, 1991).

The temporally related but barren Echo Lake (Mt. Washington Intrusive Suite)
granodiorite intrusion, situated 120 km to the east of the Catface deposit, was sampled from
outcrop for thermobarometric and geochemical analysis. The Echo Lake pluton intrudes the ~4
kilometer-thick Cretaceous Nanaimo Group sediments placing a geologic constraint on its

maximum depth (Figure 3 and Figure 4) (Muller et al., 1974). Total Al in Echo Lake
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hornblendes is on average two times that of Catface samples, producing an average pressure of
400 MPa indicating deeper emplacement (~12 km) (Figure 51). This depth of emplacement is
likely over-estimated when considering the geological constraints of intrusion into the ~4
kilometer-thick Nanaimo Group. Consequently, the Echo Lake pluton may represent a dis-
equilibrium plagioclase-hornblende assemblage. Despite the difference in calculated pressure
the Echo Lake intrusion and Paleogene Catface deposit plutons are similar in terms of age and
lithogeochemistry, further supporting consanguinity between Catface magmas and the Mt.
Washington Intrusive Suite (Madsen, 2004; Madsen et al., 2006).

5.1.1 Alteration

Alteration associated with the Catface deposit is characterized by early potassic
alteration, followed by sodic-calcic, calcic-sodic, and late potassic alteration (Figure 26). The
latter three stages are associated with hydrothermal activity, whereas the initial potassic event is
largely related to contact metamorphism. Further work is required to quantify P-T-x conditions
of Catface-related fluids.

Early-stage potassic alteration at Catface is in mafic volcanics proximal to Paleogene
intrusions (Figure 9). This biotite hornfels is commonly observed in porphyry copper deposits,
and 1s normally overprinted by later stages of alteration (Carter, 1974; Seedorf et al., 2005;
Sinclair, 2007). Potassium was introduced to the host rocks by intruding calc-alkaline magmas.
The interaction of these fluids with Fe- and Mg-rich silicates in the mafic host-rocks resulted in
recrystallization to fine-grained, shreddy, dark brown biotite and minor plagioclase and quartz.

Main-stage sodic-calcic and calcic-sodic alteration is associated with the bulk of Cu and
Mo mineralization at Catface (Figures 27-30). Previous research on porphyry systems has lead

to at least three models to explain the origin of sodic and calcic alteration in porphyry deposits
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(e.g. Dilles et al., 1995; Lang et al., 1995; Barton and Johnson, 1996; Pollard, 2001). Work by

Dilles et al. (1995) and Barton and Johnson (1996) suggest sodic-calcic alteration in a porphyry
environment is derived from a non-magmatic evaporitic source (i.e., basinal brines). This is an
unlikely possibility at the Catface deposit because there are no evaporitic rocks in the
geological rock package hosting the deposit (Figure 4 and Figure 5). Pollard (2001) proposed
that sodic-calcic alteration in some magmatic-hydrothermal iron oxide copper-gold (I0CGQG)
deposits resulted from the unmixing of H,O-CO,-NaCl + CaCl,-KCl fluids derived from
granitoid magmas. Although this option is consistent with the geological environment at
Catface, the fluids forming porphyry copper deposits are typically saline and aqueous, and only
rarely contain significant carbonic fluid species (i.e., CO, and CHy). Fluid inclusion work
would be required to test the fluid for carbonic species and determine if fluid unmixing had
occurred. Finally, Lang et al. (1995) suggested that sodic-calcic alteration, which is common in
many alkalic porphyry Cu-Au deposits and some calc-alkalic porphyries, is due to early
magmatic fluid saturation at high temperatures. In this model, a direct relationship exists
between the degree of pluton crystallization and the molar Na/K ratio of the magma and
coexisting aqueous magmatic fluid (see Figure 11 in Lang et al., 1995). Successive pulses of
magmatism with different Na/K ratios, crystallization paths, and fluid saturation temperatures,
can lead to the development of extensive sodic-calcic alteration (i.e. Galore Creek, Mount
Polley, Copper Mountain). This model accommodates the observed formation of late, fracture-
controlled potassic alteration associated with Cu and Mo mineralization at Catface and
elsewhere: as the magma cools and continues to crystallize, the magmatic Na/K ratio, and that
in its exsolved fluid, decreases and potassic alteration minerals are stabilized (Figures 31-34)

(Lang et al., 1995). In conclusion, the Lang et al. magmatic-hydrothermal model to explain
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sodic-calcic alteration is most viable for Catface given the emplacement of numerous pulses of
calc-alkaline magma and the transition from main-stage sodic-calcic to later potassic alteration.
5.2 Evidence for Reduced Magmas Forming the Catface Deposit

The Catface porphyry Cu-Mo deposit shows strong evidence of having formed from a
reduced magma. Primary ilmenite is more abundant than magnetite in all studied samples, and
ore mineralogy shows reduced characteristics. Typical oxidized porphyry copper deposits (i.e.
Bingham Canyon, Chuquicamata, Highland Valley, Kemess South) precipitate hypogene
sulphide minerals (such as chalcopyrite, pyrite and bornite) in equilibrium with primary
hematite and anhydrite (Streck and Dilles, 1998; Rowins, 2000a; McCoy et al., 1997; Seedorf et
al., 2005; Sinclair, 2007; Richards, 2009). Neither anhydrite nor hematite is identified at
Catface, and the presence of abundant hypogene pyrrhotite demonstrates reducing magmatic-
hydrothermal ore fluids.

In many oxidized porphyry copper deposits (i.e. Kemess South, Kemess North,
Highland Valley, Pine...etc.), near-surface primary anhydrite hydrates to form secondary
gypsum (Duuring et al., 2009). Volume expansions of up to 62.6% can occur during this
hydration, which extensively fractures the country rock (Zanbak and Arthur, 1984). The
gypsum is weathered away by meteoric waters, leaving behind an upper section of extensively
fractured country rock, and the depth marking the base of this fractured ground is referred to as
the “gypsum line” (Gustafson and Hunt, 1975; Olade, 1977; Duuring et al., 2009). No such
feature is observed at the Catface deposit.

Primary mineralogical constraints on the redox conditions of the Catface magmas are
confirmed by quantitative fO, estimates. Oxygen fugacities for the Catface Intrusion and Hecate

Bay quartz diorite range QFM-0.5 to QFM-1, and the Cliff Porphyry intrusion is somewhat
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more reducing, ranging QFM-2 to QFM-3 (Figure 52). These fO,s are 2 to 4 log fO, units lower

than those for typical arc magmas associated with oxidized porphyry copper deposits, which
typically range from the NNO to HM oxygen buffer (i.e. magnetite-series, Figure 52; Burnham
and Ohmoto, 1980; Burnham, 1981).

In calc-alkaline series granitoids similar in composition to those at Catface, apatite
crystallizes at 850-950 °C (Green and Watson, 1982) suggesting this phase captures the high
temperature portion of the liquid line of descent. Sulphur (SO3) contents in experimental
apatites increase with fO, from <0.04 weight percent SO; at the QFM buffer to > 1.0-2.6 weight
percent SO; at the MH (magnetite-hematite) buffer (Peng et al., 1997). Furthermore,
compositional zoning in primary apatite crystals can show an abrupt decrease in S from core to
rim at the onset of anhydrite saturation in oxidized arc magmas (Peng et al., 1997; Streck and
Dilles, 1998; Parat et al., 2002). Consequently, apatites from reduced magmas such as Catface
should yield low SO3 concentrations, and exhibit no compositional zonation given the absence
of primary anhydrite.

The SO; contents in apatites from the Catface deposit are compared with those in
apatites from suites of classic oxidized porphyry copper deposits studied by Imai (2002, 2004)
(Figure 49 and Figure 50). The results confirm the expectation of low SO; concentration in
apatites from Catface rocks (less than detection limit), with no SOz zonation. The lack of S
content and zoning in Catface apatites is consistent with a reduced magma (fO, <QFM; Figure
49). Apatites from classic oxidized porphyry copper deposits average ~0.25 weight percent
SOs;, markedly above Catface. The correlation between oxidation states estimated for Catface
magmas from the apatite SO3; concentrations (and the corresponding oxygen buffer shown in

Figure 50) correspond well to those calculated from biotite-ilmenite oxybarometry in Figure 52.
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This is independent confirmation of the validity of estimated magmatic oxidation states in this
study. Higher levels of SOs in oxidized porphyry copper deposit apatites compiled by Imai
(2002) are consistent with oxidized magmatic systems containing abundant SO,. The small
concentration of SO; in apatites from the Catface intrusives is consistent with reduced magmas
having low SO,/H;S ratios (Ohmoto and Rye, 1979).

The recognition of an additional reduced Paleogene porphyry copper deposit of
comparable age to the Cascadian North Fork deposit is favourable for regional mineral
prospectivity. The petrochemical and temporal similarities between Catface and North Fork, in
addition to the similar types of alteration (i.e., the predominance of the sodic-calcic alteration)
and hypogene ore minerals (pyrite-chalcopyrite-pyrrhotite) support a northerly extension of the
belt of reduced porphyry deposits from the Central Cascades of Washington (North Fork,
Middle Fork, Quartz Creek) to Catface on Vancouver Island (e.g., Hollister, 1978; Rowins,
2000a, 2000b; Smithson, 2004).

5.3 Generation of Reduced Porphyry Copper Deposit Magma in an Arc Setting

It is accepted that arc-related magmas are more oxidized than other magmatic systems
(Christie et al., 1986; Carmichael, 1991; Lange et al., 1993; Carmichael et al., 1996; Lange and
Carmichael, 1996; Core, 2004; Lee et al., 2005). Redox conditions for terrestrial subduction
zone magmas range from ~QFM-2.5 to +5.5 (NNO-3 to +5), whereas OIBs and MORBs range
from ~QFM-2.5 to QFM (NNO-3 to0-0.5). It is documented that mechanisms exist to oxidize
magma during its ascent (Meuller, 1971; Candela, 1986; Ballhaus, 1992; Ballard et al., 2002;
Lee et al., 2005). Fractional crystallization oxidizes magmas, as minerals species partition more
ferrous than ferric iron (Meuller 1971, Ballard et al., 2002, Lee et al., 2005). Ballhaus (1992)

describes how partial melts are more oxidized than crystalline mantle material, resulting in a
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fundamental change in fO, buffering mechanism in magmas from graphite-CO, (CCO
equilibrium) at the solidus to Fe’*-Fe*" equilibria after graphite has been eliminated by partial
melting. Assimilation of oxidizing country rock or magma can also lead to increasing magma
fO,. Degassing of reduced volatile species (i.e. H,, H,S and CH4) has been shown to increase
the magmatic oxidation state (Mathez, 1984; Ballhaus et al., 1992; Ballard et al., 2002; Lee et
al., 2005). Auto-oxidation reactions, whereby H,O reacts with reduced species (i.e. Fe*")
accompanied by preferential loss of H, from the system have been documented (Holloway,
2004; Lee et al., 2005).

Low fO, magmatic regimes are derived from a primary, reduced mantle source, or are
reduced during ascent and emplacement. Similar processes can account for magma reduction,
including assimilation, degassing, serpentinization, and depth of magma genesis (Frost, 1985;
Ballhaus, 1993; Thompson et al. 1999, Takagi, 2004; Frost and Beard, 2007). The identification
of reduced magmas at Catface with fO,’s of QFM -0.5 to -3 brings to light a conundrum
concerning when and how the fO, was reduced: during formation or differentiation of granitic
magmas in an arc setting.

Madsen (2004) and Madsen et al. (2006) suggest that Paleogene magmatism along
coastal regions of Vancouver Island is emplaced in the forearc, from the subduction of a mid-
ocean ridge and resultant formation of a slab window. The slab window setting could impart a
pulse of primitive, lower-fO, source mantle into the overriding mantle wedge. The resulting
magma would differentiate and interact with country rock, but would start at a lower fO, than
arc magmas. However, the mineralogy and geochemistry of plutonic rocks at Catface and Echo
Lake are indicative of intermediate to felsic calc-alkaline rocks formed in an arc setting, and

show no geochemical evidence of derivation from a primitive mantle source (Figure 45).
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The subduction of carbon and sulphide-rich sediments can lead to the production of
reduced arc magmas and ilmenite-series plutonism (Frost et al., 1999; Takagi, 2004). Upon
dehydration of the down-going plate, carbon from the sediments reacts with H,O to produce
CH,4 and CO; (Ballhaus, 1993; Takagi, 2004; Hayes and Waldbauer, 2006). Takagi explains that
S isotope compositions of magnetite-series granites are heavier than those of ilmenite-series
granites, and suggests that this distinction reflects different sources of S since there is only
minor isotopic fractionation of sulfur at magmatic temperatures (Ohmoto and Goldhaber,
1997). Magnetite-series granitoids derive S from seawater as oxidized sulfate, whereas
ilmenite-series granitoids derive S from reduced sulphide in metasedimentary rocks (Takagi,
2004). As such, it is conceivable that significant input of reducing sedimentary material to a
subduction zone could reduce arc magmas at source. Takagi (2004) attributes the generation of
low fO,, ilmenite-series magmas in Japan to periodic changes in rate and amount of sediment
subduction. Periodic increases in the flux of subducted carbon- and sulphide-rich sediments
promoted extensive reduction of primary magmas to for ilmenite-series granitoids (Takagi,
2004). Nevertheless, *’Sr/**Sr ratios for Catface were much lower than Takagi’s (<0.704 versus
0.705-0.709), indicating no sediment signature (Andrew et al., 1981; Andrew and Godwin,
1988; Isachsen, 1984).

Gastil et al. (1990) distinguished linear plutonic subprovinces of the Peninsular Ranges
of southern and Baja California into an eastern magnetite-bearing and a western magnetite-free
(ilmenite-bearing) granitic rocks. This geochemical zonation is interpreted to have resulted
from the variable depth of magma generation along a subducting plate. In Gastil’s model,
ilmenite-series granitoids formed at depths where the down-going slab was dehydrating, and

magnetite-series granitoids formed at either shallower or deeper levels (Gastil et al., 1990). The
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depth at which a subducting slab can no longer support hydrous minerals determined by
dehydration reactions (i.e. biotite + quartz = potassium feldspar + hypersthenes + water), in
which hydroxyl groups are removed from the metamorphosed rock, and half the oxygen from
the (OH) is retained to form new anhydrous minerals. Partial melts generated above where the
slab dehydrates will be rich in H,O, and will have high initial fH,O and low fO, (Gastil et al.,
1990). While Gastil’s model cannot be ruled out at Catface, there is no geological evidence of
linear ilmenite- and magnetite-series magmatic subprovinces.

Parental Catface magmas may have alternatively acquired a low fO, during their ascent
through the mantle wedge and lithosphere. Interaction of a melt with reducing mantle or crust
can lower its fO, (Ballhaus, 1993; Thompson et al. 1999, Takagi, 2004). Assimilation of
graphite-bearing asthenosphere or country rock can change the systems main buffering
mechanism from the Fe**-Fe*" to CCO (graphite-CO-CO,) equilibria (Ballhaus, 1993). The
magma will then follow fO,-presssure paths parallel to the graphite saturation surface as it rises,
becoming reduced relative to QFM (Meuller, 1971; Ballhaus, 1993). The Mesozoic Pacific Rim
Complex (Pacific Rim Terrane) lies structurally below Wrangellia and hosts carbonaceous
mudstones and graphitic metasediments (Brandon, 1985 and 1989; Monger and Journeay, 1994;
Groome et al., 2003). Paleogene Catface magmas may have ascended through and interacted
with this reducing country rock. Metasedimentary rocks of the Pacific Rim Terrane have
Sr*”/Sr* ratios of 0.706 to 0.708, higher than those of Catface intrusions (<0.704) (Andrew et
al., 1981; Andrew and Godwin, 1988; Isachsen, 1984). Strontium ratios for Catface intrusions
indicate a pristine and juvenile source, suggesting little in any interaction or assimilation of the
Pacific Rim Complex country rocks. St/Y ratios of Catface rocks show no adakite affinity,

suggesting slab melting played no role (Figure 46).
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Serpentinization and interaction with serpentine-bearing rocks can lower magmatic fO,
(Frost, 1985; Frost and Beard, 2007). Fluids that evolve from serpentinites are reduced and
alkaline with pH >10 (Barnes et al., 1978). The introduction of H,O via slab dehydration to a
mantle wedge composed of olivine and orthopyroxene can generate serpentine (Hyndman and
Peacock, 2003). If temperatures remain less than 700 °C, and sufficient water and time is
available, serpentinization of the entire forearc mantle wedge is possible (Hyndman and
Peacock, 2003). Given the reducing nature of the fluids yielded by serpentines, these rocks have
a high capacity to reduce magmas (Moody, 1976; Frost and Beard, 2007). Serpentine-rich shear
zones are identified within the Pacific Rim Complex, and serpentine replaces enstatite and
olivine in Westcoast Complex gabbro-peridotite (accounting for approximately 25-35% of
whole rock modal abundance) in Lemmens Inlet, adjacent to Ritchie Bay on Meares Island
(Isachsen, 1987; Brandon, 1989). Interaction of Catface magmas with either of these
serpentine-bearing units may have induced reduction.

The preferred model for genesis of reduced Catface magmas is an association with
inherently reduced primary magmas. The dominance of ilmenite over magnetite as a primary
oxide suggests a reduced primary source, and subduction of sedimentary material shed off the
Coast and Cascade Ranges during the Paleogene may have introduced reducing material into
the mantle wedge. Reiners et al. (2002) report rapid Late Miocene exhumation and uplift rates
of 0.5-1 km/my for the Washington Cascade Range; however more isotopic and geochemical

work is required to fully evaluate this model.
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Chapter 6
SUMMARY

6.1 Conclusions

The Catface porphyry Cu (Mo-Au) deposit is a reduced porphyry deposit on the basis of
pluton mineralogy, ore mineral assemblage, SO content in apatite, and fO, calculations.
Magmas at Catface were emplaced at crustal depths of less than 4 km, as indicated by textural
features (miarolitic cavities) and amphibole-plagioclase thermobarometry. Geochronology
confirms a Paleogene age of intrusions, and demonstrates a direct temporal correlation between
magmatism and mineralization. The Halo Porphyry intrusion is interpreted as the mineralizing
intrusion due to its age, spatial association with the high-grade core of the system, and
development of chalcopyrite- and pyrite-rich miarolitic cavities.

Magmas responsible for the generation of Catface were either derived from an
inherently reduced source, or were reduced during ascent and emplacement. Strontium isotopes
from Catface intrusives suggest a primitive source with no sedimentary assimilation, potentially
fitting Madsen’s slab-window model. However, geochemistry indicates a calc-alkaline, arc-
related composition to Catface magmas. As such, it is unclear as to which specific process (or
processes) contributed to the reduction of these magmas. The recognition of reduced,
Paleogene, porphyry-generating magmatism on central Vancouver Island suggests that Catface
and related intrusions are correlative with the more southerly Cascade arc porphyry systems.
6.2 Future Work

Analysis of more drill holes at the Catface deposit would allow for a more
comprehensive assessment of the deposit geology and characteristics. Diamond drilling at

Catface during the summer of 2010 focused on better-defining the Cliff Zone resource, and the
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resulting drill core could yield more data. A review of the relationship between the Hecate Bay

and Irishman Creek Zones and the main Catface ore system would enable a more thorough
understanding of the ore system. Fluid inclusion studies of the Catface ores would enhance our
understanding of the P-T-X conditions of the ore-forming event.

Calculation of intrinsic parameters (fO,, P, T) for additional Mt. Washington Intrusive
Suite plutons could determine if Catface is an exception within this suite, or part of a much
larger reduced magmatic province. Further assessment of Paleogene reduced porphyry systems
in the Cascade Range would broaden the scale of this evaluation, further testing the northerly
extension of the Cascade reduced porphyry copper deposit belt.

What was the mechanism by which Catface magmas were reduced? The application of
assimilation-fractional crystallization (AFC) equations developed by DePaolo (1981), and

additional analysis of Sr and O isotopes at Catface could resolve this question.
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