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Preface

Gold, the noblest of metals, has been utilized by man for more than 5000 years, first
in artistic objects and jewellery, then largely in coinage and more recently in the
industrial arts. The metal is today the principal medium for settling international
accounts. Despite the great commercial and artistic value of gold, little was actually
known about the geochemistry of the element until the middle of the present
century; since then considerable research in various geochemical aspects of the
metal has been carried out.

The author here presents a comprehensive compilation of the geochemistry of
gold, partly from his own research, which has extended over 25 years, and partly
from the literature. He describes the principal types of gold deposits and discusses
their origin. The data here presented, in addition to being a fundamental contribu-
tion to the geochemistry of gold, will be found useful to those interested in
geochemical prospecting for the element.

D.J. McLaren
Director General
Ottawa, 25 August 1976 Geological Survey of Canada
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THE GEOCHEMISTRY OF GOLD AND ITS DEPOSITS

Abstract

Gold is a member of Group IB of the periodic table, which
includes copper, silver and gold. In its chemical reactions gold
resembles silver in some respects, but its chemical character is
markedly more noble. The principal oxidation states of gold are
Au(T)(aurous) and Au(III)(auric). These states are unknown as
aquo-ions in solution, the element being present mainly in com-
plexes of the type [Au(CN),J, [AuCl,},, [Au(OH),]-, and [AuCL,]".
There is only one naturally occurring isotope of gold: **’Au.

In nature gold occurs predominantly in the native state or as
a major constituent of various alloys containing mainly silver,
copper or platinoid metals. Several gold and gold-silver tellurides
are known of which the most common are sylvanite, calaverite,
petzite, krennerite and nagyagite. The antimonide, aurostibite,
AuSb,, occurs as a hypogene mineral in some auriferous deposits,
and there is also a selenide, fischesserite, Ag;AuSe,, and a bismu-
thide, maldonite, Au,Bi, which is fairly well differentiated. The
principal ore minerals of gold are the native metal, aurostibite
and the various tellurides.

The abundance of gold in the upper lithosphere is about
0.005 ppm, and the Au/Ag ratio is about 0.1. The average gold
content of igneous-type rocks in parts per million is — ultrabasic
(0.004), gabbro-basalt (0.007), diorite-andesite (0.005) and grani-
te-rhyolite (0.003). The average gold content of sedimentary rocks
in parts per million is — sandstone and conglomerate (0.03),
normal shale (0.004) and limestone (0.003). Certain graphitic
shales, sulphide schists, phosphorites and some types of sand-
stones and conglomerates may contain up to 2.1 ppm Au or more.

The average gold content of soils is 0.005 ppm, and the
average for natural fresh waters is 0.00003 ppm. Sea and ocean
waters contain an average of 0.000012 ppm Au. Gold is a trace
constituent of many plants and animals. Some coals are slightly
enriched in gold with 0.05 to 0.1 ppm Au in the ash.

Gold is won both from deposits mined essentially for the
element and as a byproduct of the mining and treatment of
nickel, copper, zinc, lead and silver ores. The following types of
primary deposits, exploited mainly for gold, can be distinguished:

1. Auriferous porphyry dykes, sills and stocks; coarse-grained
granitic bodies, aplites and pegmatites.

2. Auriferous skarn-type deposits.

3. Gold-silver and silver-gold veins, stockworks, lodes, miner-
alized pipes and irregular silicified bodies in fractures, faults,
shear zones, sheeted zones and breccia zones essentially in volcan-
ic terranes.

4. Auriferous veins, lodes, sheeted zones and saddle reefs in
faults, fractures, bedding plane discontinuities and shears, drag
folds, crushed zones and openings on anticlines essentially in
sedimentary terranes; also replacement tabular and irregular bod-
ies developed near faults and fractures in chemically favourable
beds.

5. Gold-silver and silver-gold veins, lodes, stockworks, silici-
fied zones, etc. in a complex geological environment, comprising
sediments, volcanics and igneous or granitized rocks.

Résumé

L’or est un élément du groupe 1B du tableau périodique, qui
comprend le cuivre, ’argent et 'or. Du point de vue de sa réacti-
vité chimique, ’or rappelle 'argent 4 certains égards, mais son
caractére chimique est beaucoup plus ‘noble’. Les principaux
états d’oxydation de l'or sont Au (I) (aureux) et Au (III) (au-
rique). On ne trouve pas ces états d’oxydation sous forme
d’aquo-ions en solution, mais surtout sous forme de complexes
du type [Au(CN),], [AuCL], [Au(OH),} et [AuCl,]-. Il n’existe &
I’état naturel qu’un seul isotope de 'or: *’Au.

Dans la nature, l'or se présente généralement a I’état natif, ou
allié & d’autres métaux, surtout I'argent, le cuivre, ou les métaux
du groupe du platine. On connait plusieurs tellurures d’or et d’or
et argent, dont les plus communs sont la sylvanite, la calavérite, la
petzite, la krennerite et la nagyagite. L’antimoniure, ’aurostibite,
AuSb,, se présente sous forme de minéral hypogéne dans certains
gisements auriféres, et il existe aussi un séléniure, la fischesserite,
Ag;AuSe,, et un bismuthiure, la maldonite, Au,Bi, lequel est
assez bien différencié. Les principaux minéraux d’or sont I’or
natif, Paurostibite et les divers tellurures.

L’abondance de I'or dans la partie supérieure de la li-
thosphére est d’environ 0.005 ppm et la proportion Au/Ag est
d’environ 0.1. La teneur moyenne en or des roches ignées, ex-
primée en parties par million, est de 0.004 pour les roches ul-
trabasiques, de 0.007 pour les gabbros et les basaltes, de 0.005
pour la diorite et I'andésite, et de 0.003 pour le granite et la
rhyolite. La teneur moyenne en or des roches sédimentaires, ex-
primée en parties par million, est de 0.03 pour les grés et les
conglomérats, de 0.004 pour les schistes argileux normaux et de
0.003 pour le calcaire. Certains schistes graphiteux, certaines
phosphorites, certains schistes cristallins sulfureux, et certains
types de grés et de conglomérats peuvent contenir jusqu’a 2.1 ppm
de Au ou davantage.

La teneur moyenne en or des sols est de 0.005 ppm et la
teneur moyenne des eaux douces naturelles est de 0.00003 ppm.
Les eaux marines et océaniques contiennent en moyenne 0.000012
ppm de Au. L’or se présente sous forme d’élément-trace chez de
nombreux végétaux et animaux. Certains charbons son 1égérement
enrichis en or et leurs cendres contiennent de 0.05 4 0.1 ppm de
Au.

On extrait l'or A la fois dans des gisements auriféres propre-
ment dits et dans des gisements ou il est un sous-produit de
P’extraction et du traitement des minerais de nickel, de cuivre, de
zinc, de plomb et d’argent. On peut distinguer les types suivants
de dépots primaires, que I’on exploite surtout pour l’or:

1. Les dykes, sills et stocks de porphyres granitiques au-
riféres, et les corps granitiques & grain grossier, les aplites et les
pegmatites.

2. Les gisements auriféres de type skarn.

3. Les veines, stockwerks, filons, colonnes minéralisées et
masses irréguliéres silicifiées, auriféres-argentiféres et argentiféres-
auriféres, situés dans les fractures, les failles, les zones de cisaille-
ment, les zones 2 feuillets minéralisés et les zones de bréches, que
I’on rencontre surtout dans les terrains volcaniques.

4. Les veines, filons, zones A feuillets minéralisés, et gites en
selle auriféres, situés dans les failles, fractures, discordances strati-
graphiques, et les zones de cisaillement, plis d’entrainement, zones
broyées et voites anticlinales que 1'on rencontre surtout dans les
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6. Disseminated and stockwork gold-silver deposits in igne-
ous, volcanic and sedimentary rocks.

(a) Disseminated and stockwork gold-silver deposits in igne-
ous bodies.

(b) Disseminated gold-silver; occurrences in volcanic flows
and associated volcaniclastic rocks.

(¢) Disseminated gold-silver deposits in volcaniclastic and
sedimentary beds: deposits in tuffaceous rocks and iron forma-
tions and deposits in chemically favourable sedimentary beds.

7. Gold deposits in quartz-pebble conglomerates and
quartzites.

Placers constitute the principal secondary type of gold deposit.

The quartz-pebble conglomerate deposits provide the bulk of
the world’s production of gold, some 56 per cent. The other
deposits, mainly the vein and disseminated types, eluvial and
alluvial placers and the various polymetallic veins, lodes, massive
bodies and stockworks (byproduct gold) now provide the remain-
ing 44 per cent of the production.

The epigenetic vein, lode, stockwork and disseminated types
of gold deposits appear to have originated mainly by metamorph-
ic secretion processes, the source rocks of the gold and its as-
sociated elements being mainly the enclosing volcanic and/or
sedimentary piles. Modern gold placers are of sedimentary origin,
the gold being winnowed into pay streaks as the result of both
chemical (accretion) and physical (gravity) processes operating
during weathering and subsequent sedimentation. The auriferous
quartz-pebble conglomerate deposits appear to have originated as
placers, the gold and many of its associated elements having
undergone radical chemical reworking during subsequent diagen-
etic and metamorphic events.

The oxidation processes in gold deposits are complex and
depend essentially on the Eh and pH. Colloidal and coprecipita-
tion phenomena also play a large part. Iron and manganese min-
erals and carbonates in the gangue and ore greatly influence the
reactions that lead to the secondary enrichment of the element.
Gold is not easily solubilized in nature, and its soluble forms are
readily reduced to the metal by a great variety of natural materi-
als. The result of this behaviour is that the only common gold
mineral found in the oxidized zones of auriferous deposits is the
native metal. In this form it ultimately collects in both eluvial and
alluvial placers, which have been exploited throughout the world
since time immemorial.

Practically all the geochemical methods of prospecting are
applicable in the search for auriferous deposits. The most effective
methods appear to be those based on the sampling of stream and
lake sediments and soils, analyzing these materials directly or
analyzing heavy mineral separates obtained from them. The most
specific indicator (pathfinder) elements for gold are Ag, As, Sb
and Te.

terrains sédimentaires; et aussi, les gisements de substitution ta-
bulaires et irréguliers, qui se sont formés A proximité de failles et
fractures, dans des lits 4 caractéres chimiques favorables.

5. Les veines, filons, stockwerks, zones silicifiées, auriféres-
argentiféres et argentiféres-auriféres, situées dans un milieu géolo-
gique complexe, comprenant des sédiments, des roches vol-
caniques et des roches ignées ou granitisées.

6. Les disséminations et stockwerks auriféres et argentiféres,
dans les roches ignées, volcaniques et sédimentaires.

(a) Disséminations et stockwerks auriféres et argentiféres
dans les corps ignés.

(b) Disséminations auriféres et argentiféres dans les coulées
volcaniques et les roches associées volcaniclastiques.

(¢) Disséminations auriféres et argentiféres dans les lits vol-
caniclastiques et sédimentaires: les gites qui se sont formés dans
les roches tufacées et les formations ferriféres; et, les gites qui se
sont formés dans des lits sédimentaires de composition chimique
favorables.

7. Les gites auriféres que ’on rencontre dans les bankets et
les quartzites.

Les placers constituent le principal type de gisements secon-
daires d’or.

Les bankets (conglomérats contenant surtout des galets de
quartz vitreux) fournissent la plus grande partie de I'or mondial,
soit environ 56 pour cent. Les autres gisements, surtout les diss-
€minations, veines filoniennes, et placers éluviaux et alluviaux, et
les diverses veines filoniennes, filons, corps massifs et stockwerks
polymétalliques (ou I'or est un sous-produit) constituent actuelle-
ment les 44 pour cent restants de la production.

Les types de gisements auriféres épigénétiques, tels que les
veines, filons, stockwerks, et disséminations semblent s’étre
formés surtout par des processus d’imprégnation diffuse au cours
du métamorphisme, les roches méres de l'or et des éléments as-
sociés étant surtout les colonnes encaissantes volcaniques ou sédi-
mentaires, ou les deux a la fois. Les placers auriféres modernes
sont d’origine sédimentaire, ’or s’accumulant suivant des trainées,
les ‘pay streaks’, sous I'effet de processus chimiques (accrétion) et
physiques (gravité) qui agissent au cours de I’altération et de la
sédimentation ultérieure. Les bankets auriféres semblent avoir été
originellement des placers, on lor et une grande partie des
€éléments qui 'accompagnent ont subi par la suite un remanie-
ment chimique extréme, par diagénése et métamorphisme.

Les processus d’oxydation qui ont lieu dans les gites auriféres
sont complexes, et dépendent essentiellement du Eh et du pH.
Des phénoménes colloidaux et de coprécipitation jouent aussi un
role important. Les minéraux riches en fer et en manganése ainsi
que les carbonates que I'on trouve dans la gangue et le minerai
ont une influence profonde sur les réactions qui aboutissent a
Penrichissement secondaire en cet élément. Dans la nature, I’or est
difficilement entrainé en solution, et ses formes solubles sont
facilement réduites par un grand nombre de matériaux naturels
pour donner I'or métallique. Il en résulte que le seul minerai
aurifére que I'on rencontre habituellement dans les zones oxydées
des gisements auriféres est le métal natif. C’est sous cette forme
qu’il s’accumule finalement dans les placers éluviaux et alluviaux,
que l'on exploite dans le monde entier depuis des temps
immémoriaux.

Pratiquement, toutes les méthodes géochimiques de prospec-
tion conviennent a la recherche de gites auriféres. Les méthodes
les plus efficaces semblent étre celles fondées sur I’échantillonnage
de sédiments et sols fluviatiles et lacustres, et sur I'analyse de ces
matériaux eux-mémes, ou des minéraux lourds obtenus par sépa-
ration. Les éléments indicateurs qui accompagnent le plus
fréquemment l'or sont Ag, As, Sb et Te.



Contents

Contents

Chapter 1. Introduction
Historical notes on gold
Acknowledgments

Chapter II. Chemistry, mineralogy and geochemistry of gold

General chemistry
Isotopes
Abundance and geochemical character: gold in meteorites, tektites and lunar
materials
Mineralogy of gold
Gold minerals
Gold in other minerals
Gold in silicates
Gold in native elements
Gold in silver and base metal tellurides and selenides
Gold in sulphides, arsenides, antimonides, sulphosalts and similar minerals
Gold in halides, carbonates, sulphates, oxides and similar minerals
Geochemistry of gold in terrestrial materials
Gold in igneous-type rocks
Gold in sedimentary rocks
Gold in metamorphic rocks
Gold in soils and other products of weathering
Soils
Other products of weathering
Gold in natural waters and their precipitates
Biogeochemistry of gold
Gold in plants
Gold in animals
Gold in humus, peat bogs, muskegs and marshes
Gold in coal
Gold in organic shale, petroleum and other natural hydrocarbons
Gold in the atmosphere

Chapter I11. Gold deposits

Introduction

Classification of gold deposits

Metallogenetic epochs and provinces of gold mineralization
Precambrian
Paleozoic
Mesozoic
Cenozoic
Remarks on the metallogenesis of gold

Associated elements in gold deposits

Mineral associates of gold

Au/Ag ratios of auriferous deposits

Hypogene wall-rock alteration processes associated with
epigenetic gold deposits
Types associated with epigenetic gold deposits
Regularities with respect to types of host rocks
Timing
Examples

14
16
16
22
22
23
23
25
32
37
37
43
49
51
51
56
57
79
79
84
85
86
87
88

89
89
90
90
102
107
109
114
118
165
197

207
208
211
213
214



Contents

Descriptions of typical gold deposits 248

Auriferous porphyry dykes, sills and stocks; auriferous coarse-grained

granitic bodies, aplites and pegmatites 248
Auriferous skarn-type gold deposits 249
Gold-silver and silver-gold veins, lodes and stockworks

essentially in volcanic terranes 251
Auriferous veins, lodes, sheeted zones and saddle reefs essentially

in sedimentary terranes 279

Gold-silver and silver-gold veins, lodes, stockworks and silicified zones in a
complex geological environment, comprising sediments, volcanics and

various igneous intrusive and granitized rocks 290
Disseminated and stockwork gold-silver deposits in igneous intrusive,
volcanic and sedimentary rocks 295
In various igneous intrusive bodies 295
In volcanic flows and associated volcaniclastic rocks 301
In volcaniclastic and sedimentary beds 301
In tuffaceous rocks and iron-formations 301
In chemically favourable sedimentary beds 307
Gold deposits in quartz-pebble conglomerates and quartzites 310
Witwatersrand Basin, South Africa 313
The Tarkwa Goldfield, Ghana 326
Jacobina auriferous-uraniferous conglomerates, Brazil 327
Blind River—Elliot Lake uraniferous conglomerates 330
Other Precambrian occurrences of uraniferous and auriferous
quartz-pebble conglomerates in Canada 333
Placer deposits 333
Eluvial placers 337
Alluvial placers 342
Beach placers 350
Descriptions of typical auriferous alluvial and beach placers and districts 350
Gulch and creek placers 351
Stream and river placers 352
Modern beach placers 371
Glacial and postglacial placers 374
Fossil gold placers 376
Problems concerning the origin of placer gold 381
Miscellaneous sources of gold 386
Origin of gold deposits 390
Epigenetic gold deposits 390
Abyssal theories of origin 391
Magmatic differentiation theories 391
Secretion theories 394
Capacity of country rocks to supply gold 398
Mechanisms of migration and concentration of gold in secretion theories 398
Detailed mechanisms of the formation of epigenetic gold deposits 406
General synthesis of the metamorphic secretion-dilation theory of the
formation of epigenetic auriferous deposits 424
Origin of the auriferous and uraniferous quartz-pebble conglomerates 428

Chapter IV. Oxidation and secondary enrichment of gold deposits

General principles 431
Examples of gold enrichment in deposits 435

Chapter V. Prospecting for gold deposits

Introduction 446
Selection of areas 446
Geochemical methods 452
General 452
Indicator elements 452

Lithogeochemical methods 453



Contents

Pedogeochemical methods 463
Hydrogeochemical methods 469
Biogeochemical methods 476
Atmogeochemical methods 479
Other methods 480
Analytical methods for estimating gold 487

Chapter V1. Production and uses of gold

Production and consumption 489
Uses 491
Selected bibliography 493
Index 581
Tables
1. Energetic properties of copper, silver and gold 9
2. Thermodynamic data on gold 10
3. Solubility of some gold compounds 14
4. Gold and silver contents of meteorites, tektites and the moon 15
5. Abundance of gold, silver and platinum in domains of the earth’s crust 16
6. Gold minerals 17
7. Gold and silver contents of common silicate minerals 22
8. Gold and silver contents of native elements 24
9. Gold and silver contents of silver and base metal tellurides and selenides 25
10. Gold and silver contents of some common sulphides, arsenides, antimonides,
bismuthides and sulphosalts 26
11. Gold and silver contents of pyrite, pyrrhotite and arsenopyrite from some
Canadian mineral deposits and rocks 29
12. Gold and silver contents of some halides, carbonates, sulphates, phosphates,
arsenates, antimonates, nitrates, tungstates and oxides 33
13.  Gold content of igneous-type rocks 38
14. Gold content of some Recent unconsolidated sedimentary rocks 44
15. Gold content of unconsolidated and consolidated (lithified) sedimentary
rocks 44
16.. Gold and silver content of Canadian Precambrian and Paleozoic
iron-formations 46
17. Gold content of Krivoi Rog iron ores, U.S.S.R. 47
18. Gold content of metamorphic rocks 50
19. Gold content of Canadian soils well removed from gold-bearing rocks and
deposits 52
20. Gold content of soils in the vicinity of auriferous deposits 53
21. Gold content of natural waters 58
22. Gold content of natural precipitates (dry matter) 62
23. Gold content of plants 79
24. Gold content of animals 84
25. Gold content of coal 86
26. Gold content of crude oil and asphalt 88
27. Gold content of bituminous materials and solid hydrocarbons 88
28. Characteristics of the principal auriferous metallogenic epochs of the world 91
29. Precambrian time-stratigraphic classification in relation to orogenies of the
Canadian Shield 99
30. Characteristics of gold deposits related to the principal orogenies of the
Canadian Shield 100
31. Elements associated with gold in skarn-type, gold-quartz and disseminated
deposits 118
32. Elements associated with gold in quartz-pebble conglomerate deposits 119
33. Elements associated with gold in eluvial and alluvial placers 119
34. Alkali element content of some gold deposits and their alteration zones 120
35. Trace and minor element content of some auriferous quartz-pebble
conglomerate deposits 121
36. Alkali element content of some oxidized gold deposits 122
37. Gold, silver, copper, etc. content of skarn, Whitehorse Copper Belt, Yukon 123
38. Mercury content of some gold ores 127
39. Selenium, tellurium and gold contents of primary ores and gossans of some
Canadian gold-bearing deposits 151
40. Fluorine and chlorine contents of various gold ores 157
41. Cobalt, nickel and precious metal contents of some auriferous ores

and gossans 162



42.
43.

45.
46.
47.
48.
49.
50.
51
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.

79.
80.

81.
82.

Contents

Different pyrite structures in the Basal Reef in the Orange Free State
Goldfield, South Africa

Au/Ag ratios of a variety of mineral deposits

Analyses of rocks along traverse, Whitehorse Copper (skarn) Belt,
Whitehorse, Yukon

Phases of alteration in the shear zones of the Giant-Campbell, Con,
Negus-Rycon and Crestaurum systems, Yellowknife, Northwest Territories
Chemical changes produced by alteration of greenstone, Negus-Rycon
System, Yellowknife, Northwest Territories

Chemical changes produced by alteration of greenstone, Campbell System,
Yellowknife, Northwest Territories

Chemical changes produced by alteration of greenstone, composite samples of
all shear-zone systems, Yellowknife, Northwest Territories

Chemical changes produced by alteration of syenite porphyry, Kirkland Lake
area, Ontario

Chemical changes produced by alteration of gabbro, Cordova Mine, Cordova,
Ontario

Chemical changes produced by alteration of diorite, Bralorne Mine, Bridge
River district, British Columbia

Chemical changes produced by alteration of quartz-feldspar porphyry,
Negus-Rycon System, Yellowknife, Northwest Territories

Chemical changes produced by alteration of quartz porphyry, Howey Mine,
Red Lake, Ontario

Chemical changes produced by alteration of granite, Red Lake Gold Shore
Mine, Red Lake, Ontario

Chemical changes produced by alteration of granite, Box Mine, Goldfields,
Saskatchewan

Chemical changes produced by alteration of quartz porphyry, Porcupine gold
area, Ontario

Chemical changes produced by alteration of greywacke, Burwash prospect,
Yellowknife, Northwest Territories

Chemical changes produced by alteration of greywacke, Ptarmigan Mine,
Yellowknife, Northwest Territories

Chemical changes adjacent to gold-quartz orebodies, Caribou Mine, Caribou
gold district, Nova Scotia

Gold and silver content of fresh (unmineralized) granitic rocks

Generalized geological column, Witwatersrand Basin, South Africa
Generalized stratigraphical column for the Witwatersrand System in the
Central Rand

Generalized geological column, Tarkwa Goldfield, Ghana

Generalized geological column, Jacobina Series, Serra de Jacobina, Brazil
Generalized geological column, Blind River-Elliot Lake district, Ontario
Characteristics of the kinds of alluvial gold placers

Genetic classification of gold placers

Classification of alluvial placers according to their geological location and
tectonic history (uplift or depression)

Analyses of limonite-cemented conglomerate and sand and limonitic clay
from Riviére Gilbert, Beauce County, Quebec

Analyses of Carboniferous auriferous conglomerates, Gays River area, Nova
Scotia

Gold content of a cubic mile and cubic kilometre of various types of igneous
and sedimentary rocks

Gain or loss of volatiles and metals during granitization of a cubic mile and
cubic kilometre of greenstone belts, sedimentary belts and ultrabasic rocks
Gain or loss of some constituents during extensive carbonatization of a cubic
mile and cubic kilometre of Archean greenstone belts and ultrabasic rocks
Characteristics of the gold deposits of the northeastern U.S.S.R.

Temperature of formation of gold-silver deposits of northeastern U.S.S.R
Generalized horizontal endogenic zonation of elements and minerals outward
from a thermal centre

Gold and silver contents of gold-quartz veins and lodes and their oxidized
zones, Keno Hill-Dublin Gulch area, Yukon

Gold and silver contents of gold-quartz veins and lodes and their oxidized
zones, Yellowknife, Northwest Territories

Precious metal contents of gossans, Sudbury area, Ontario

Gold and silver contents of gossans, secondary sulphide zones and primary
ores, Bathurst-Newcastle district, New Brunswick

Value ratio of gold to silver through the ages

World gold production

187
202

218
219
221
221
222
228
229
230
235
236
237
238
239
240
242
244
248
315
315
326
328
330
344
345
345
363
377
398
401
403
413
413
419
437

437
442

442
490
490



Contents

Frontispiece

Native gold, Paymaster Mine, South Porcupine, Ontario (natural size)

Nat.iw; gold nuggets, Goldrun Creek placer, Cassiar district, British Columbia (natural
size

The gold cups of Vaphio: from the tholos tomb near Vaphio, Laconia, Greece. First
Late Minoan, late 16th—early 15th century B.C., National Archaeological Museum,

At

hens.

The modern (upper left) and alchemical (lower right) symbols for gold, the most noble

of

metals

The Argonauts examining the Golden Fleece at Colchis.

Plates

L.

2
3.
4
5

6
7
8.
9
10.
11.
12.

13.
14.

15.
16.

Figu
1.

w

So wNouva

Early quartz-filled fracture, Yellowknife Greenstone Belt, Yellowknife,
Northwest Territories

. Typical composite gold-quartz lenses composed essentially of massive quartz,

Campbell shear zone system, Negus Mine, Yellowknife, Northwest Territories
Ribbon quartz, Campbell shear zone system, Negus Mine, Yellowknife,
Northwest Territories

. Grey quartz exhibiting comb structure, Negus-Rycon shear zone system,

Yellowknife, Northwest Territories

. Early black quartz cut by younger generation of white quartz, Negus-Rycon

shear zone system, Yellowknife, Northwest Territories

. Late generation of black quartz flanked by grey quartz, Negus-Rycon shear

zone system, Yellowknife, Northwest Territories

. Mottled varieties of quartz, Negus-Rycon shear zone system, Yellowknife,

Northwest Territories
Late quartz veins and lenses cutting silicified and mineralized schist zone,
Con shear zone system, Yellowknife, Northwest Territories

. Late quartz-carbonate veins arranged in en echelon bulbous masses,

Campbell shear zone system, Negus Mine, Yellowknife, Northwest Territories
Ptygmatic quartz veins in quartz-mica schist, Prosperous Lake, Northwest
Territories

Early grey quartz cut by later white quartz, Ptarmigan Mine, Yellowknife,
Northwest Territories

Rhythmically banded chalcedony, Madjarovo veins, Eastern Rhodope
Mountains, Bulgaria

Rhythmically banded quartz, chalcedony, carbonates and sulphides (galena,
sphalerite, chalcopyrite, pyrite), Tui Mine, Te Aroha, New Zealand

Native gold associated with late generations of stibnite and sulphosalts
(tetrahedrite, bournonite, jamesonite), Negus-Rycon shear zone system,
Yellowknife, Northwest Territories

Auriferous pyritic quartz-pebble conglomerate, Main Reef Leader,
Robinson’s Deep, Witwatersrand, South Africa

Auriferous, hematitic quartz-pebble conglomerate, Tarkwa goldfield, Ghana

res

Pourbaix (Eh—pH) diagrams for gold

Cycle of gold interconversions in nature

World distribution of primary gold deposits and occurrences of Precambrian
age

Canadian Shield showing the various structural provinces

World distribution of primary gold deposits and occurrences of Paleozoic age
World distribution of primary gold deposits and occurrences of Mesozoic age
World distribution of primary gold deposits and occurrences of Cenozoic age
Generalized profiles of the Au/Ag ratio in the Balei goldfield, eastern
Transbaikal, U.S.S.R.

Surface geology at the Arctic Chief Mine, Whitehorse Copper Belt, Yukon
Profiles of elements along traverse across skarn, Arctic Chief Mine,
Whitehorse Copper Belt, Yukon

. Chemical changes produced by alteration of greenstone, Negus-Rycon

System, Yellowknife, Northwest Territories

Chemical changes produced by alteration of greenstone, Campbell System,
Yellowknife, Northwest Territories

Chemical changes produced by alteration of greenstone, composite samples
from all shear zones, Yellowknife, Northwest Territories

Chemical changes produced by alteration of quartz-feldspar porphyry,
Negus-Rycon System, Yellowknife, Northwest Territories

. Chemical changes produced by alteration of greywacke, Burwash prospect,

Yellowknife, Northwest Territories

. Chemical changes produced by alteration of greywacke, Ptarmigan Mine,

Yellowknife, Northwest Territories

. Yellowknife Greenstone Belt showing principal auriferous shear zone systems
. Generalized plan and section of the Con Mine, Yellowknife, Northwest

Territories

172
172
173
173
174
174
174
175
176
177
177
179
179

180

180
181

10
11

92
93
94
95
96

199
216

217
223
224
225
236
241

246
254

255



Contents

19. Generalized plans and section, San Antonio Mine, Bissett, Manitoba

20. Plan of F-10-3 orebody, 1000-foot level, Central Patricia Mine, Crow River
district, Ontario

21. Major structure and auriferous quartz veins, Pickle Crow Mine, Crow River
district, Ontario

22. Plan of 425-foot level, Hollinger Mine, Timmins, Ontario, showing complex
vein systems

23. Geological plan of part of the back of a stope, 9th level, Chesterville Mine,
Larder Lake, Ontario

24. The ‘Mother Lode System’, Central Sierra Nevada, California

25. Principal geological features (plan and sections), Kalgoorlie productive area,
Western Australia

26. Generalized plan and section of the Kolar goldfield, Mysore, India

27. Sacarimb (Nagyag) volcanic edifice, Apuseni Mountains, Romania

28. Generalized plan and section of geological features in the vicinity of the
Franz Tunnel level, Sacarimb (Nagyag), Romania

29. Generalized plan and section of the Thames goldfield, Coromandel Peninsula,
New Zealand

30. Generalized plan and section of the vein systems of the Kushikino Mine,
southern Kyushu, Japan

31. Generalized section showing the ore zone and alteration halos of the Honko
deposit of the Kasuga Mine, southern Kyushu, Japan

32(a—d). Generalized surface plan and section of the Goldfield area, Nevada

33. Generalized geological plan and sections of the Comstock Lode, Virginia
City, Nevada

34. Structural map of Silverton Cauldron showing relationships of veins, faults
and mines

35. Generalized cross-sections through the Cripple Creek Crater, Cripple Creek,
Colorado

36. Plan of level 10 of the Cresson Mine and of the lower levels of the Moose
Mine, showing relations of Cresson Blowout to the breccia and dykes of the
main crater and to veins and irregular orebodies

37. Vertical section through Ptarmigan shaft, Yellowknife, Northwest Territories

38. Plan of surface and part of underground workings, Camlaren Mine, Gordon
Lake, Northwest Territories, showing geology of the Hump vein

39. Generalized geological surface and underground plans of the Consolidated
Discovery Yellowknife Mine

40. Generalized geological plan and section of the Goldenville gold district,
Guysborough County, Nova Scotia

41. Vertical section through the southeastern part of the Caribou deposit,
Caribou gold district, Halifax County, Nova Scotia

42. Generalized geological east-west section on 100 north, Salsigne Gold Mine,
Montagne Noire, France

43. Geological section of the Muruntau gold deposit, Uzbek S.S.R. showing the
interrelationship of gently and steeply dipping vein zones

44. Stacked saddle reefs, Bendigo goldfield, Victoria, Australia

45. Typical cross-section, Alaska Juneau Gold Mine, Juneau, Alaska

46. Vertical cross-section through shaft, Northern Empire Mine, Beardmore,
Ontario

47. Generalized geological map showing the setting of the Kirkland Lake gold
deposits

48. Generalized geological setting of the gold and other veins of the Central City
district, Colorado

49. Sketch showing the distribution of auriferous quartz stringers in a portion of
the quartz porphyry dyke, Howey Mine, Red Lake, Ontario

50. Typical vertical section, Young-Davidson Mine, Matachewan, Ontario

51. (a) General geology of the Falcon Lake stock, southeastern Manitoba.
(b) Sunbeam-Kirkland auriferous pipe

52. Plan and vertical cross-section transverse to veins, Lamaque Mine, Val d’Or,
Quebec

53. Cross-section through the main shaft, Morning Star Mine, Woods Point,
Victoria, Australia

54. Generalized geological plan of the Molokova deposit, Berezovsk, Urals,
U.S.S.R. showing auriferous ladder veins in beresitized granite porphyry
dykes and the so-called gold-bearing ‘krassyk’ quartz veins in sedimentary,
volcanogenic and basic-ultrabasic intrusives

55. Characteristic plan and section, Madsen Mine, Red Lake, Ontario

56. Vertical cross-section of the Main Orebody, Homestake Mine, South Dakota

57. Geological plan 20 level (5826 ft below collar) and generalized longitudinal
section, Morro Velho Mine, Minas Geraes, Brazil

58. Idealized cross-section through the Cortez gold deposit from west to east
showing rock units, gold deposit, alteration zones and overlying gravels

59. Cross-section of Carlin orebody, Carlin, Nevada

60. (a) Generalized geological map of the distribution of the Witwatersrand
System beneath the younger covering rocks. (b) Generalized geological
column showing the various geological relationships in the Witwatersrand
Basin

256
257
257
258

258
259

260
262
264
264
266
269

270
272

274
276
277
278
281
282
283
284
285
286
288
289
290
292
293
294

296
297

298
299
300

300
303
304
305

308
309

314



61.
62.

63.
64.

65.
66.

67.
68.

69.
70.
71.
72.

73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88.
89.
90.
91.
92.
93.
94.
95.
96.
97.

98.
99.

100.

Contents

Sketch map of deltas and points of entry of sediment into the Witwatersrand
Basin

Diagrammatic sketches of the ‘Basin Edge’ concept of the formation of the
Rand

Generalized geological section across the Tarkwa goldfield, Ghana
Generalized geological map of the southern part of the Serra de Jacobina,
Brazil

Diagrammatic geological plan and cross-section, Blind River—Elliot Lake
area, Ontario

Typical underground sections of uraniferous conglomerates, Blind
River—Elliot Lake area, Ontario

Principal eluvial and alluvial auriferous placer districts of the world

Sketch illustrating outcrop of a gold-quartz vein supplying material to form
eluvial and alluvial placers

Generalized geology of the Dublin Gulch area, Yukon showing gold and
scheelite gulch placers

Schematic cross-section of an auriferous karst, Kuranakh district, southern
Yakutia, U.S.S.R.

Sketch showing the location of an auriferous pay streak in the notch or gutter
of a V-shaped valley or gulch

Generalized map showing the position of the pay streak in the auriferous
gravels in relation to the present stream system, Maryborough, Victoria,
Australia

Cross-section of an allochthonous gold placer in the valley of the Kuranakh
River, southern Yakutia, U.S.S.R.

Diagram of a laboratory stream showing currents and distribution of
sedimentary materials of different specific gravity

Sketch showing reworking by subsequent stream of an older pay streak, River
Leigh, Victoria, Australia

Generalized geology of the Klondike (Dawson) district, Yukon showing the
relationship of the gold placers to the Klondike schist and other rock units
Generalized sections across the placer deposits of Bonanza Creek, Klondike
(Dawson) district, Yukon

Generalized geological map of the Barkerville (Cariboo) district showing
relationship of the auriferous placers to the bedrock gold veins

Placer gold deposits in western Canada

Auriferous placers of southeastern Quebec

Cross-section of auriferous placer in Riviére du Moulin, Beauceville district,
Quebec

Map showing the location of the principal placer districts of California

Map of Tertiary channels and dredge fields, Sierra Nevada, California
Schematic representation of the four principal epochs of Tertiary gravels in
the Sierra Nevada, California

Section, profile and plan of part of the Mayflower channel, Forest Hill divide,
Placer County, California

Diagrammatic section showing the nature of occurrence of the ‘deep leads’ of
Victoria, Australia

Map showing the general distribution of auriferous placers in U.S.S.R,,
Mongolia and northern China (Manchuria)

Map showing the distribution of the various types of auriferous placers in the
Nome district, Alaska

Geological section across the coastal plain area at Nome, Alaska showing the
various auriferous beaches

Generalized geological cross-section in the vicinity of the Homestake Mine,
Lead, South Dakota

Schematic diagrams to illustrate the formation of metamorphic facies and
auriferous shear zones

Schematic diagrams illustrating the sequence of events in the formation of
certain gold-silver epithermal deposits

Generalized paragenetic sequence of principal minerals and elements in
epigenetic gold deposits

Generalized horizontal endogenic zonation of elements outward from a
thermal centre

Idealized vertical endogenic zonation of elements and minerals in epigenetic
gold deposits

Diagrams illustrating development of first- and second-degree dilatant zones,
alteration zones and auriferous quartz lenses

Localization of gold and silver in the oxidized zone of the Maikain ‘S’ deposit,
northern Kazakhstan, U.S.S.R.

Positive and negative primary profiles in auriferous deposits

Typical radiation aeroprofiles over auriferous adularized zones in unaltered
Tertiary volcanics, Okhotsk-Chukotka Belt, U.S.S.R.

Idealized potential application of 8®0 studies to hydrothermally altered
contact zones near a mineralizing fluid source

317

318
326

329
331

332
338

339
340
343
347

348
349
349
350
354
355
358
360
362
363
365
366
367
367
368
369
372
373
378
402
405
416
418
421

425

459
482
484



Contents

1 wa ——

&8
&

s
N =
3 *
' = Vs =
=
== S
= :
i -~ Ze —
. ——
=
—— oo
=R
3
i)
N A
R
&
NN 3]

The modern (upper left) and alchemical
(lower right) symbols for gold, the most
noble of metals.

The Argonauts examining the Golden
Fleece at Colchis on the Fuxine (Black
Sea). (From Agricola, De Re Metallica.)
According to Greek mythology, the Gold-
en Fleece was taken from the ram on
which Phrixus and Helle escaped from be-
ing sacrificed. It was hung up in the grove
of Ares in Colchis and recovered from
King Aeetes by the Argonautic expedition
under Jason, with the help of the sorcer-
ess, Medea the king’s daughter. In actual
fact the Argonauts were early prospectors
who sought the source of the ancient plac-
ers on the Black Sea. At that time (1200
B.C.) the workers of auriferous placers re-
covered the gold by trapping the metallic
particles on sheep’s fleeces placed in crude
sluices. The fleeces were then hung up to
dry in nearby trees and were later shaken
to collect the gold.
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