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SUMMARY AND CONCLUSIONS 

Large and small scale map combinations, such as 
those presented, are useful in revealing and studying 
distribution patterns of mining districts in the western 
United States and elsewhere. Although this work has 
been limited to gold, silver, copper, lead, and zinc, the 
techniques used can be expanded to other metals even 
though conclusions to be drawn might be different. 
Much remains to be done at large scale to correct or 
strengthen some of the generalizations that have been 
made. 

In a broad way orogeny, intrusives, and the districts 
with the five metals become progressively younger east­
ward in the western United States. Exceptions to this 
generalization exist in any specific geologic province. 
As for example, significant structural adjustments are 
taking place today along the Pacific Coast. 

Apparently a combination of deeply penetrating zones 
of weakness, deepseated igneous activity, thermal activ­
ity, and major concentrations of metalliferous material 
at depth are needed to produce the belts or clusters of 

districts as we see them today. These combinations have 
occurred at specific time intervals during the evolution 
of the Cordilleran system. If persistent faults alone were 
the answer, the great structures along the Pacific Coast 
should provide magnificent plumbing systems, and lines 
of major districts should occur in and parallel to them. 
This is not the case, but possibly the magmas, thermal 
activity, and ore deposits are yet to come. 

We believe that most western mining districts con­
taining gold, silver, copper, lead, and zinc show no pre­
ferred localization in shield, shelf, basin, or geosynclinal 
environments, and that they are found in all kinds of 
host rocks. In specific examples we see such a remark­
able coincidence of structure, intrusive igneous centers, 
and timing of intrusive igneous activity with the forma­
tion of orebodies, that we derive little comfort from 
source bed or granitization concepts as guides in plan­
ning the search for new gold, silver, copper, lead, and 
zinc districts in the western United States. The same 
conclusion may not apply to certain other metals, how­
ever. 
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RELA TION OF SOME METAL MINING DISTRICTS IN THE 
WESTERN UNITED ST A TES 1 TO REGIONAL TECTONIC 

ENVIRONMENTS AND IGNEOUS ACTIVITY~ 

By S. E. JEROME' and D. R. COOK4 

ABSTRACT 

By comparing a metallization map wi th geologic and 
tectonic maps, emphasis is given to the close corre­
spondence of western United States mining districts 
containing gold, silver, copper, lead, and zinc, to igneous 
centers, and to the importance of zones of structural 
weakness, visible or implied, in localizing these centers 
and individual ore deposits within districts . A review of 
regional environments beginning with the Precambrian, 
shows no preferred localization of mining districts in 
sh ield, shelf, basin, or geosyncline. Intrusive rocks and 
related ore bodies are found in schists, gneisses, gran­
ites, foliated and non-foliated eugeosynclinal assem­
blages, non-foliated miogeosyncl inal assemblages, 
sediments of other than geosynclinal origin, and in acid 
and intermediate volcanics. The common denominator of 
most western mining districts appears to be a dynamie 
situation in which parts or all of tbe more or less 
classical sequence of folding, faulting, intrusion, fault­
ing or brecciation, and mineralization can be recognized. 
Extrusive activity and post mineralization faulting often 
are evident. The history of repeated faulting infers the 
maintenance of openings in deeply penetrating funda-

mental " plumbing" systems; It IS suggested by the writ­
ers that the intrusives and eventually the metals found 
their way into such systems from major concentrations 
deep within the crust or in the mantle. Areas involved 
only in shallow thrusting commonly are barren of intru­
sives and metals. T he fundamental controls frequently 
give rise to striking regional alignments and to clusters 
of intrusives, mining districts, and individual ore bodies. 
Some examples of structural control and alignments in 
Arizona, New Mexico, and Nevada are discussed 
briefly. 

The environmental maps tend to reaffirm the gen­
erally decreasing age from west to east, of intrusives and 
their associated metals . Major orogenic movements, 
except for Tertiary-Quaternary bloek fau lting and 
adjustments along the Pacific coast, show a similar 
eastward shift with time. 

The methods of this study can be appl ied to any other 
metallic mineral occurrence in any other part of the 
World, but depending on the commodity involved the 
conclusions might differ in some respects from those 
made above. 

INTRODUCTION 

All persons expending energy and private or govern­
ment funds in the exploration for ore deposits have 
speculated as to why important metal mining districts 
are localized where they are. As one studies the perti­
nent literature and discusses the problem with contem­
poraries, he finds a variety of answers to the question. 
Some will suit his fancy and some will not, depending 
on how his education has bccn tempered by experience. 
Knight ( 1957) suggests that source beds are alI-impor­
tant in mining district localization, and that structure 
and igneous activity arc unimportant ; there certainly are 
examples of ore deposits in the world for which this 
suggestion may be attractive, i .e. the Kupferschiefer, 
White Pine copper, and the Witwatersrand gold depos­
its. Some observers, Goodspeed (1952) and Sullivan 

'As used in this bulletin. " the Western U nited Stat es", 
excludes A laska and Hawaii. 

' Modified from a presentation before the Nationa l A.I.M.­
M.E. Meeting in New York on February 17. 1958. 

"Manager of Mineral Exploratio n, Kerr McGee Corporation, 
formerly Associate Director, Nevada Bureau o f Mines . 

'Ex ploration District Manager, Northwest District, Bear 
Creek Mining Company. 

( 1948), have linked ore formation with the process of 
granitization. Knopf (1948) and others [note McCart­
ney and Potter's (1962) review of the Russian litera­
ture 1 have summarized the tectonic or geosynclinal 
cycle, and suggest that ore deposits are end products of 
such cycles . This is a tempting suggestion, and possibly 
is a good meeting ground for Jllany of the diverse views, 
but those deposits that lie outside of geosynclinal belts 
compel reexamination of the concept of geosynclinal 
control both from geographic and genetic standpoints. 

Probably the majority of geologists who work on west­
ern ore deposits of the types being considered, empha­
size the close spatial and temporal relationship of these 
deposits to structural and igneous activity. The writers 
are not exceptions, but have been sti mulated to study 
the relationship of metalliferous districts to regional 
environments in order to reevaluate this belief and to 
determine, if possible, whether or not source bed and 
granitization concepts of origin and the possible influ­
ence of geosynclines on the location of districts, can 
be really useful in designing major exploraton programs 
in the western United States. 
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The nature of the ore fluid , its source, and the mech­
anism by which it is mobilized and transported, are 
very poorly understood. A better understanding of 
the formation and interrelationship of rock minerals, 
alteration minerals, and sulfides is essential to progress 
in the understanding of ore genesis . The rapidly increas­
ing results from mineral stability studies in silicate and 
sulfide systems and other experi mentation are cri tical 
to this understanding, but we believe they must be cor­
related with observed field relationships in mining dis­
tricts. 

The writers were led to investigate regional environ­
ments and genetic relationships by the need to select 
those areas where the potential rewards seem to merit 
the greatest expenditure of exploration time, talent, and 
money. It is obvious in making such selections that 
some of the principles used will vary between mjneral 
commodities. Because of the frequent coincidence in the 
occurrence of gold, silver, copper, lead and zinc, this 
study is confined to those districts in which one or more 
of these five metals occur prominently. Some of the 
district relationships would be different from those dis­
cussed, if metals such as iron, antimony, mercury, 
tungsten, and uranium had been included. 

As a basis for this study, the senior writer began 12 
years ago to assemble tectonic, geologic, geophysical, 
and commodity distribution data for the western United 
States on clear plastic sheets at the scale of I : 2,500,000. 
The objective was to compile one category of basic 
information on each sheet and then to assemble various 
combinations of sheets for comparison. For example, 
one combination might include four sheets showing 
tectonic lines, Nevadan intrusives, Late Cretaceous­
Tertiary intrusives, and mining districts (see pI. 16). 
Colors are necessary to bring out differences when the 
sheets are combined and photographed or printed. 

The plates in this bulletin present some significant 
combinations of mining district distribution patterns 
with tectonic and intrusive environments from Precam­
brian to Tertiary in age. The result is of two-fold value, 
as it illustrates a useful method for studying the des­
cribed ore deposits, as well as others. The method, 
which may be employed at either large or small scale for 
any area, also calls attention to some informative 
regional relationships. The scale used may lead to some 
over-generalizations, but these do encourage subsequent 
inspection in more detail. 
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DISTRIBUTION PATTERNS OF GOLD, SILVER, COPPER, LEAD, AND ZINC 
MINING DISTRICTS IN THE WESTERN UNITED STATES 

Plate 2 shows the distribution and approximate dol­
lar value of production and reserves of the mining dis­
tricts of the western United States known to have 
produced any or all of the five metals: gold, silver, cop­
per, lead, and zinc. (Reference should be made to plate 
1, which contains the explanation for plates 2 through 
16.) The data have been compiled from published 
information and in some cases from non-confidential 

estimates of reserves made by the writers . Being explo­
ration-minded geologists, we feel certa in that we have 
underestimated the potentia] of some of the smaller 
districts. Of all reference material used, particular men­
tion should be made to the work of Hill (1912), show­
ing district distribution state by state. This work served 
as an excellent starting point. The mineral resource 
volumes of the U. S. Geological Survey, the Minera]s 
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4 RELATION OF WESTERN MINING DISTRICTS TO TECTONICS AND IGNEOUS ACTIVITY 

Yearbooks of the U. S. Bureau of Mines, publications 
of state geological organizations, and trade journals all 
have been fertile sources of information, but in spite of 
this coverage it has been difficult to assemble accurate 
total information for all districts, especially the smaller 
ones. This can be disturbing to persons assembling the 
data, but for the current study only generalized district 
totals actually are needed. 

The pattern of districts shown results from a combi­
nation of factors, four of which are indicated in the fol­
lowing paragraphs. 

First, it reflects a fundamental geologic tendency for 
districts to occur in clusters or alignments, although 
what appear to be random patterns at this, or larger, 
scale, also are evident. It should be emphasized that 
the concept of alignments of mineral belts is regarded 
with healthy skepticism by some, while others who 
accept the concept may hotly debate the reasons there­
for . Noble ( 1963) observed that the closer to true scale 
one gets, as for exa mple the view to be obtained from a 
modern passenger jet at a height of 33,000 feet, the 
less convincing is the occurrence of districts on long, 
continuous lines. While the writers have made some of 
the groupings below as a convenience for subsequent 
discussion, they do join those who are skeptical of 
alignments unsupported in detail by structural orienta­
tations such as faults , folds, and foliation, or th e distri­
bution of certain lithologies favorable to mineralization. 
We prefer to think of alignments as belts rather than 
lines, for one's thinking can become so tied to a line that 
he may fail to look on either side of it. 

Second, the pattern reflects the distribution and ob­
scuring effects of post-mineralization sedimentary and 
volcanic rocks and alluvium. Tf such post-mineralization 
cover could be stripped from large areas of the Western 
States, the overall pattern would change substantially. 
However, a great deal can be learned from the present 
pattern. 

Third, the pattern reflects the accident of discovery 
and more recently the level of exploration activity as 
influenced by economic, political, and social factors. 

Fourth, it represents a combination of the maturity 
of development of individual districts and the level of 
geologic knowledge for each district. 

Attention is directed below to random occurrences, 
clusters, alignments, and to major barren areas. The 
distribution patterns of some of the most important dis­
tricts are obscured to some extent by the inclusion of 
the apparently less important districts. To assist the 
reader in orienting himself, the district patterns have 
been combined with geographic information in plate 3. 

1. The gross pattern in Washington, Oregon, north­
eastern California, northwestern Nevada, and southern 
Idaho is due in large part to the disposition of the 
post-mineralization volcanics of the Columbia River and 
Modoc plateaus and the Snake River downwarp, and 
to a lesser extent to areas of Tertiary and Quaternary 
sediments and alluvium. 

2. A large cluster of major and minor districts, 
which might be termed " the Border cluster", occurs 
in northern Washington and southern British Columbia. 
Although the pattern appears random, many examples 
of local stratigraphic, structural , and igneous controls 
exist within the cluster. 

3. Several major districts and many minor ones, 
including Butte and Coeur d'Alene, li e along the north­
west trending "Lewis and Clark line" of Billingsley and 
Locke (1941) . A part of this lineament is coincident 
with the Osborn fault , a major structure with strike-slip 
movement. 

4 . Small- to moderate-sized districts occur some­
what randomly in east-central Oregon and in the north­
ern two-thirds of Idaho. The distribution pattern is 
strongly influenced by the Idaho batholith and the 
Col umbia River basalts. 

5. A northeasterly alignment of districts, (the trans­
verse porphyry belt) is evident through central Mon­
tana, and some of what appear to be randomly situated 
districts in Idaho are on the southwesterly projection 
of this belt . This corresponds to a porphyry belt, trans­
verse to the Lewis and Clark line. Butte is at the inter­
section of the two " lines". 

6. A number of minor districts are contained in a 
northerly alignment in western Washington a nd Oregon. 

7 . Scattered, unproductive districts in Wyoming 
occur in northwesterly trending mountain ranges of 
potentially favorable host rocks margi ned by basins of 
post-ore Tertiary sedimentary rocks and Quaternary 
alluvium. One northerly aligned group of di stricts is 
evident. 

8. Probably the most spectacular and convincing 
regional alignment of districts in the West is the Colo­
rado mineral belt, described by Lovering and Goddard 
(1950), that strikes northeastward through the Front 
Range and certain other ranges of Colorado . Although 
this trend is interrupted on the southwest by voleanic 
rocks, it may be coextensive, beneath the lavas, with 
districts of the San Juan Mountains. The presence of 
some volcanic centers on the Colorado Plateau along 
the southwestward projection of this trend is interesting. 
Gabelman (1953) has called attention to another less 
important zone in Colorado striking at right angles to 
the mineral belt. Some other districts in the state, the 
most important of which is Cripple Creek, lie outside 
of these two belts. 

9. At first glance, Nevada and western Utah appear 
to show a random distribution of districts , and anyone 
with a straight edge can draw any trend that pleases 
him. One of the senior writer's former colleagues, 
perhaps a little impatient with the subject of trends, 
humorously produced a map for Nevada showing con­
centrations of districts on the circumferences of increas­
ingly large circles. Several other students of the problem, 
however, have directed attention to a number of north­
west and northeast-to-east alignments of districts in 
these two states. 
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28 RELATION OF WESTERN MINING DISTRICTS TO TECTONICS AND IGNEOUS ACTIVITY 

GLOBE-MIAMI DISTRICT, 
GILA COUNTY, 

ARIZONA 

Plate 19 represents the work of Peterson and others 
(1952, 1962) of the U. S. Geological Survey. 

The situation resembles the Silver City region in 
many ways . The structural elements include the north­
east fol iation direction in the Precambrian (which we 
believe to be the fundamental control), northeast 
mineralized faults , and later, generally barren, north­
west faults . A major belt of base-metal mineralization, 
including Laramide intrusive rocks and at least three 
porphyry copper deposits, is superimposed on this 
country from Superior to Globe. Unfortunately the geol­
ogy of the Superior area is not included in this plate, 
but it will be recalled that the Magma vein structure 
at Superior strikes east and is possibly part of the same 
broad belt. The ores of the region occur in a variety of 
rock types including schists, diabase, limestone, and 
intermediate intrusive rocks. 

BISBEE DISTRICT, COCHISE 
COUNTY, ARIZONA 

Plate 20 is a modified version of a map by Ransome 
(1904, pl. 1). 

Although not suggested by the pattern, foliation in the 
Precambrian rocks tends to be northeasterl y. The N. 
20 ° E. faults and the N. 60° W. faults have both pre­
and post-ore movement, but the pattern of mineraliza­
tion in veins and adjacent limestones suggests that the 
northeast faults were the most important ore loealizers. 
We think it is the intersection of the northeast-trending 
structural elements with the major northwest-trending 
Dividend fault zone, and continued adjustment along 
them, that determined the position of the Sacramento 
Hill stock and eventually the orebodies (the open pits 
are not shown). The granite porphyry dikes are con­
trolled by foliation and by steep northeast and north­
west faults. 

SILVER BELL DISTRICT, 
PIMA COUNTY, 

ARIZONA 

Plate 21 represents the work of Richard and Court­
right (1954) of American Smelting and Refining Co. 

The structural components effecting the localization 
of intrusives and ore are well displayed on plate 2l. 
Control of the intrusives by northwest-trending faults 
and bedding seems obvious. The reasons for the exact 
positions of the ore bodies are less obvious, but impor­
tance is given to the east-trending fault that intersects 
the major northwest-trending zone at the Oxide orebody, 
and to swarms of northeast-trending joints that intersect 
the northwest-trending zone at both the Oxide and El 

Tiro ore bodies. We interpret the northwest-trending 
zone as a deeply penetrating fundamenta l structure, kept 
open by repeated movement that spanned the times of 
intrusion, alteration, and the introduction of ore fluids. 

BAGDAD DISTRICT, YAVAPAI 
COUNTY, ARIZONA 

Plate 22 is generalized from Anderson, Scholz, and 
Strobell (1955). The Precambrian environment is par­
tially obscured by Tertiary gravels and volcanics, and 
by Quaternary alluvium. 

The structural elements are north-, northwest-, and 
northeast-trending faults tl1at cut a variety of lithologic 
types. Foliation direction averages about northeast, but 
is more northerly next to the major nortl1-trending 
faults. Two dike swarms are evident; the N. 60° E.­
trending diorite porphyry dikes are controlled by the 
foliation but tend to angle slightly across it. The swarm 
of quartz monzonite porphyry dikes strikes about N. 
20° W. The large intrusive body, in and near which the 
porphyry copper ore deposit is found, evidently was 
localized at the intersection of structural elements which 
wcrc capable of enough continuity of adjustment to 
admit the intrusivc, shatter it, allow the ore fluids to 
enter the broken "sponge," and then to displace slightly 
some of the veinlets. The north-trending fault zone and 
the northeast-trending foliation arc regarded as the fun­
damental controls. Northeast of the mineralized intru­
sive is a similar but unmineralized intrusive, largely 
hidden by gravels and basalt flows. 

ROBINSON (ELY) DISTRICT, 
WHITE PINE COUNTY, 

NEVADA 

A group of intermediate intrusives are aligned easterly 
in tl1e Robinson mining district, as shown on plate 23. 
The writers believe the control is by a deep basement 
fault, and in this belief support Bauer, Cooper, and 
Breitrick (1960). At least four separate porphyry cop­
per ore bodies are closely associated with the intrusive 
rocks and are independent of the kinds of sedimentary 
rocks they penetrate. 

Visible faulting is both irregularly parallel to and at 
an angle with the line of intrusives, but it locally con­
trols them. It may be tensional faulting reflecting adjust­
ment on deep east-west breaks. The relatively young 
diatremes and other manifestations of near-surface 
activity associated with the intrusives attest to the 
repeated structural and igneous events. Occasional sur­
face faults of east-west orientation are known both east 
and west of the district, but the situation generally is 
blurred by the complex structural pattern dominated by 
northwest-trending faults. The same trend as that in the 
Robinson district, when projected westward, includes 
the Mount Hamilton district. 
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Place names and mining districts. 
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6 RELATION 0 .. WESTERN MINING DISTRICTS TO TECTONICS AND IGNEOUS ACTIVITY 

I n Utah the N . 80 0 E.-trending Uinta axis with the 
important districts of Park City and Bingham, has been 
discussed by Billingsley and Locke (1941), and Beeson 
( 1927). The districts are contained within a much 
broader band of districts, including Tintic and East 
Tintic, aligned about N. 80 0 E. This band is separated 
from a parallel band on the south by a wide, mostly 
barren zone which we designate the "Mid-Utah gap." 
The southernmost productive band has another zone 
south of it with little known mineralization, extending 
across southern Nevada; we designate this the "South­
ern Nevada-Utah gap ." 

If one likes to think in really broad terms, the Uinta 
axis might be related to the Mendocino escarpment at 
essentially the same latitude off the coast of California. 
A less venturesome projection of the Uinta axis can be 
made eastward to include the cluster of intrusive rocks 
and minor districts on either side of the Colorado­
Wyoming border. 

Roberts (1966) outlines eight northwest-trending 
belts, two northeast-trending belts, and four cast-trend­
ing mineral belts in Nevada; only two of them are shown 
on plate 3. 

Locke, Billingsley, and Mayo (] 940) earlier called 
attention to the structures apparently controlling one of 
the belts , the Walker line , extending northwestward 
across southern Nevada into California. Horton ( 1966) 
statistically analyzed the distribution of districts in 
Nevada and concludes that two northwesterly aligned 
mineral belts may be valid: the broad Walker line, and 
a narrower belt in the north-central part of the State 
that coincides with Roberts' (1966) Battle Mountain­
Eureka belt. 

Here and elsewhere within the broad regional trends, 
many shorter, narrower, and diversely oriented trends 
can be outlined; these are useful in defining specific 
exploration objectives. 

10. The concentrations aligned northwesterly to 
northerly in California include the districts of the 
Mother Lode gold belt, and the copper-zinc deposits of 
the Foothill belt, west of and parallel to the Mother 
Lode. These concentrations may extend under the 
Modoc lava plateau and correlate with the scattered 
deposits in the Klamath Mountains in northwestern 
California. 

Southern and eastern California and southwestern 
Arizona show a random distribution of relatively unim­
portant districts. 

I t. The Colorado Plateau, though composed of pre­
ore sediments, except for the widespread young volcanic 
rocks, is largely devoid of the types of metal-bearing 
districts considered here. The reasons for the existence 
of apparently barren areas such as the Colorado Plateau 
are as important in designing exploration programs as 
are the reasons for the concentration of districts in clus­
ters or bel ts . 

Butler (1929) called attention to the concentration 

of districts around the borders of the Colorado Plateau 
and compared this with the concentrations around the 
volcanic plateaus in the Nortl1west. The reasons for the 
concentrations are quite different however. In the North­
wcst it is a mattcr of post-ore cover; in the case of the 
Colorado Plateau the control is due to concentrated 
structural and igneous activity along its border. 

12. The New Mexico mineral belt, aligned north­
easterly, contains most of that state's districts important 
in terms of the five metals here considered, and can be 
projected into southeastern Arizona and on into Mexico. 
Within the belt arc local , diversely oriented, alignments. 
The Capitan cluster lies to the east. 

13. One of the most remarkable metallogenic prov­
inces in the world in terms of volume of metal, dollar 
value, and number of individual major orebodies, is the 
cluster of districts in southeastern Arizona, southwestern 
New Mexico and Mexico, designated the Southwest 
porphyry copper province. Although porphyry copper 
orebodies dominate this 'province, major vein and 
replacement 'orebodies containing any or all of the five 
metals, and occasionally iron, also arc present. Porphyry 
copper ore bodies at Bagdad and Ithaca Peak, Arizona, 
lie outside of the main province. The northwest align­
ment of districts parallel to the southern edge of the 
Colorado Plateau is along the "Texas lineament" of 
Hill (1928) which is to be correlated with the south­
eastward projection of the Walker line ; the writers favor 
the usc of the "Walker line" as the inclusive term. 

Within the Southwest porphyry copper provincc are 
northeast, northwest, and east-west alignments of dis­
tricts and/ or orebodies. North of the Walker line, east 
and northeast local alignments predominate. South of it 
northwest alignments seem most abundant. The north­
east alignments may reflect shallow cover and the near­
ness of basement controls. The northwest alignments 
may represent the effects of later deformation. Mayo 
(1958) has discussed local alignments in some detail. 

14. The small cluster of deposits north of the 
Walker line in central Arizona is mostly in Precambrian 
host rocks whose grain shows a strong north to north­
east component. 

15. South of the Walker line the porphyry copper 
province in southeastern Arizona is separated from the 
unimportant, scattered districts in the west-central part 
of thc state by a wide , northeasterly aligned, largely 
barren band of potentially favorable host rocks and 
broad alluvial areas. This barren band, which we desig­
nate the "Gila River gap," is subparallel to, and is to be 
compared with , similar bands in Nevada and Utah. The 
gap may be on the extension of the Mid-Continent 
ridge. 

For a somewhat different presentation of district 
patterns, especially in Nevada, Utah, and California, the 
reader should examine Burnham's (1959) maps out­
lining metallogenic provinces in the southwestern United 
States. 
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GENERALIZED GEOLOGIC MAP OF THE 

SILVER CITY REGION 
Grant County, N. M. 

PLATE 18 

II Approx . area of Disseminated Copper Mineralization 

E:3 Late Tertiary and Quaternary valley fill 

!IIIIllIIJ Miocene volcanics a Gravels 

1,,'-,'1 Early and late Tertiary Rhyolite plugs 

~ Wlmsattville fm: early Tertiary stocks - prevolcanics 
gravel, sanef, and breccia 

I±:TIJ Late Cretaceous - Earlv Tertiarv stocks . , 
quartz monzonIte - granodIOrite 

c::::J Pre-Tertiary sedimentary and igneous rocks 

Modified offer New Mexico Geol. Soc. (1953). 



26 RELA TION OF WESTERN MINING DISTR ICTS TO TECTONI CS AND IGNEOUS ACTIVITY 

SOME GENERAL RELATIONS BETWEEN MINERALIZATION 
AND IGNEOUS ACTIVITY 

Many of the Western mining di stricts show a well 
developed zonal pattern of metals and hyd rothermal 
a lteration products. T he outward zonation from a 
molybde num-copper core, to zinc-lead, and finally sil­
ver-manganese is observed in some important districts 
including Bingham , Butte, Santa Rita, Morenci , Bisbee, 
Cananea, and Ithaca Peak, as well as a number of 
small er districts . T he central molybdenum-copper zone 
is freq uently represented by di sseminated and tock­
work mineralization whereas the other metal s occur as 
irregul ar replacement orebodies in reactive carbonate 
rocks, o r as tabular deposits in permeable areas of 
breccia and fa ulting. The central zone is coincident with 
the most intense igneous activity, as expressed by steepl y 
inclined stocks, porphyry plugs, dike swarms, and explo­
sive features such as breccia pipes and pebble dikes. T he 
pervasive hyd rothermal a lteration effects are crudely 

zoned with respect to intrusives and mineralization. 
Secondary potash-bearing silicate minerals are fre­
quently coincident with cente rs of intrusi ve activity 
and sulfide minerali zati on. Argillic minerals and quartz­
sericite-pyrite are periphera l to thi s cente r whil e a pro­
pylitic facies is the outermost effect of hydro thermal 
alteration. Individual orebodics and vein structures are 
often surrounded by pota h and sulfide alteration enve­
lopes that have formed by the reaction of the o re fluid 
with the country rock. Pervas ive sulfide mineraliza tion 
favors the central zone but is ubiquitous throughout all 
th e alteration fac ies . Ideal patterns are strongly modi­
fied by structura l featu res and lithologic discontinu ities . 
Reactive rock types, such as carbonates and di abase, 
have a strong influence in the d istribution of min erali za­
tion. 

SOME EXAMPLES OF THE COINCIDENCE OF STRUCTURE, 
INTRUSIVES, AND MINING DISTRICTS 

After examining the regional distribution of districts 
significant with respect to one or more of the five 
meta ls, it is illuminating to inspect several situations in 
more detai l. The examples reviewed are the porphyry 
copper type of di strict from the Basin and Range prov­
ince. For locations see plate 17. These normally have 
significant vein and rep lacement orebodies associated 
with the main copper orebody. Gold, silver, copper, 
lead, and zinc are present in variable but important com­
binations. 

SILVER CITY REGION, 
GRANT COUNTY, 

NEW MEXICO 

Plate 18, a modification of Paige's (1907) map of 
the Silver City region, was taken from a guidebook of 
southwestern New Mexico prepared by the New Mexico 
Geological Society ( 1953). The Laramide intrusives 
and the two large areas of copper mineralization at 
Santa Rita and Tyrone arc emphasized. The area is part 
of the New M exico mineral belt. 

The writers believe that data on plate 18 strongly 
suggest the influence of structure on the localization of 
intrusives and ore deposits. We sec a broad northeasterl y 
trending band of Late Cretacious-Earl y Terti a ry stocks 
cross ing the south western part of New Mexico and 
extending into Arizona. Although the absolute control 
is not so obvious as might be preferred , we postulate 

th at a northeast grain in the Precambrian is responsible . 
Adjustment took place along thi s direction and broke 
the younger rocks, as is evidenced by the swarm of 
northeast-trending fau lts and dikes in th e Central dis­
tri ct and elscwhere. Movement occurred on those faults 
over a long period of time at the right times to loca lize 
important stockwork, ve in , and replacement deposits. 
The result is an important basc-metal province of about 
the same orientation as the bel t of intrusives. T he ores 
occur under such a varicty of conditions that we see 
nothing resembling source bcd control unless someone 
wants to appea l to the Precambrian for source beds as 
we do for fundamenta l channeling structures . Since shelf 
condi tion s preva il , ap peal cannot be made to the geosyn­
clinal cycle to cxplain the concentrations. 

The northwest-trending fau lts show sevcral ages of 
movement, but seemi ngly had less influence on the dis­
position of intrusives and ore deposits than did their 
northeast-trending counterparts. They may represent 
revived movcment on northwest-trending basement 
fau lts, but their last adj ustment was of the classical 
basin-and-range block fault variety that determined the 
positi ons and el onga ti ons on the present ranges. It is 
possible that intcrsccti ons of older northwes t-trending 
structures and the northeast-trending structures have 
determined the positions of districts or orebodies within 
di stri cts here a nd elsewhere, as discussed in detai l by 
Mayo ( 195 8). 

OREGON 

CALIFORNIA 

PLATE 4 
Precambrian exposures. 
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8 R E LATION OF WESTERN MINI G DISTRICTS TO TECTONICS AND IGNEOUS ACTIVITY 

COMPARISON OF PRECAMBRIAN EXPOSURES AND MINING DISTRICTS 

Pl ate 4 , showing exposures of Precambrian rocks in 
the western United States, was taken primarily from the 
Geologic Map of the Uni ted States by the U. S. Geologi­
ca l Survey (Stose, 1932) , but was modified somewhat 
to acco rd with the 196 1 editi on of th e Tectonic Map, 
(sec pI. 1 for explanation). 

In the present sta te of knowledge it is im possible to 
show the total di stributi on of Precambria n rocks and the 
va ri ed environmental conditons they reflect, but the 
pattern of exposures confirms that such rocks are base­
ment for the eas tern ha lf of the Cordill eran system. 
Rock exposures of unquestioned Precambrian age are 
total ly lacking for la rge a reas of the western half. Th is 
may imply the existence of a n oceanic crust there rather 
tha n a continental one. 

From these ex posures a great deal can be learned or 
the lithology a nd structure of the first rocks to influence 
both sedime nta ti on and the di spos ition of later intrusives 
and are deposits. Without these exposures , specu lation 
on conditions at depth could be considerably more 
undi sciplined than they sometimes arc. R eccntl y Ca lla­
han ( 1964) a nd Flawn ( 1965) have emphasized the 
importance of the basement in influencing subsequent 
events. 

A remarkable coincidence of mining di stricts with 
areas of Precambrian rock outcrops is seen in the eas t­
ern half of pl a te 5. The Colorado mine ra l belt crosses 
a vari ety of Precambri an rock types, including intrusive 

and metamorphosed sedim entary and vo lca ni c rocks. 
Ore depos its do not correspond to any particular Pre­
ca mbrian lithology, but a rc closely relatcd to Late Cre­
taceous-T ertiary intrusive rocks controlled by Prccam­
brian foliatio n and faults. Simil ar generali za tions apply 
in Idaho, Montana, and in the Southwest, pa rticul arl y 
in A ri zona . In Washington , Oregon, Ca lifornia , and 
Nevada it is o nl y possible to speculate about Preca m­
bri an controls , but fortified by ev idence as cIe.ar-cut as 
th at in the Co lorado Front Range, it is not unreasonable 
to be lieve tha t they exist. 

Where the Precaillbrian is sha ll ow, the possible e!Tect 
of its structure in controlling the ingress of intrusives 
and ores see ms obvious, and may be demonstrated by 
geoph ys ics a nd drill ing. Where it is deep ly buricd, how­
ever, fo lds a nd fau lts in the yo unger cove ring rocks 
may prov ide so ma ny di ve rti ng channelways for the exit 
of intrusives a nd ore fiuids that the pattern of fund a­
mental Precambrian control is substanti all y modified or 
completely obscured- it may be too deep to be proven 
convincingly by the drill or by gcophysics. Apparently 
thi is the situ ation in Nevada. However, the fact that 
the Battle Mountain-Eureka mineral belt of the State 
cuts no rthwesterly across the north - to no rth eas t-trend­
ing su rface gra in , and is not bound to a ny particular 
lithology, sugge ts th at some deep structural control 
does exist. 
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PLATE 16 
Tectonic lines, Nevadan intrusives, 
Late Cretaceous-Tertiary intru· 
sives, and mining distric ts. 
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PLATE 6 
. enviromnental Composite l'aleo~~lc 

conditions. 
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22 RELATION OF WESTERN MINING DISTRICTS TO TECTONICS AND IGNEOUS ACTIVITY 

So many porphyry copper deposits are dated as less 
than 70 million years of age that it might be questioned 
if any are older. A summary of potassium-argon dates 
for intrusives related to porphyry copper mineralization 
is shown on plate 14 (Rose and Cook, 1965). The 
mineralized intrusives of the Southwest porphyry cop-

per province show a remarkably narrow spread in ages 
between 56 and 69 million years . Porphyry copper type 
intrusives in the eastern area of the Cordillera show a 
younger age group at 40 to 47 million years (Bingham, 
Cerrillos) and an older western group at 110 to 123 
million years (Ely, Yerington). 

COMPARISON OF TECTONIC LINES, NEVADAN INTRUSIVES, LATE 
CRETACEOUS-TERTIARY INTRUSIVES, AND MINING DISTRICTS 

The information on plate 15 is largely from the Tec­
tonic Map of the United States (Cohee, 1961). It is 
a composite of lines of folding, foliation , thrust faulting, 
and block faulting from Precambrian through Recent 
times. Inclusion of fold axes, particularly on the Colo­
rado Plateau and the northwest volcanic plateaus, com­
plicates and clutters the picture; these relatively gentle 
folds have little bcaring on the distribution of the known 
five-metal districts, as is convincingly shown on plate 
16. Also, some of the more important ore-controlling 
fault structures are obscured by prominent bands of late 
block faults, especially in the Basin and Range province 
and along the west coast. Though these faults may 
represent old lines of weakness , they rarely exert con­
trol over major mineral deposits. Obviously the next 
step, and what would have been a desirable first step, 
is to separate all structures by age and relate them suc­
cessively to well-dated intrusives and to ore deposits. So 
far the information required to perform this task satis­
factorily is lacking except for local areas. 

Note the foliated rocks in California, in the western 
part of the geosyncline, and the belt of thrusts and steep 
faults along its eastern edge in Montana, Idaho, Wyo­
ming, Utah, Nevada, and Arizona. The Colorado Pla­
teau part of the shelf area suffered gentle deformation, 
but more violent deformation occurred in the eastern 
Laramide orogenic belt, as represented by steep faults , 
thrusting and folding, in Montana, Wyoming, Colorado, 
and New Mexico. The Lewis and Clark line is well 
defined; the Walker line of the Southwest is somewhat 
less obvious. Unfortunately the Precambrian grain is 
quite obscure on this plate except in the Colorado Front 
Range; while the trend is quite complex there, it is pre­
dominantly northeast. 

Plate 16 shows the relationship of structure, intru­
sives, and districts. A presentation somewhat resembling 
this plate was made earlier by Wisser ( 1959). 

In the main geosyncline the basic control is not 
obvious, but superficially the mining districts are related 
to faults , folds, foliated rocks and intrusives. As pre­
viously observed, Nevada has a scattered pattern diffi­
cult to resolve . In thc southern part of the State some 
of the structures control the belt of districts along the 
Walker line, but only a few structural elements of the 
central mineral belt show up in a dominantly north­
trending structural grain. The gold and base-metal belts 
of the Sierra Nevada are reasonably linear and parallel 
to Nevadan foliation and fault directions. 

Four obvious mineral belts with considerable struc­
tural control include the Lewis and Clark line, the 
transverse porphyry belt of Idaho and Montana, the 
Colorado mineral belt (note, however, that the north­
west faults so prominent on the plate have exerted little 
to no control-except of individual orebodies), and the 
New Mexico mineral belt. The Southwest area shows a 
combination of northeast-trending Precambrian grain 
and younger north-, northeast-, and northwest-trending 
steep faults and thrusts. The coincidence of two or three 
of thesc clements often provided the channeIways for 
intrusives and ore. 

Some of the mineral belts and barren zones cross 
visible structures as often as they parallel them, suggest­
ing a control that is more than skin deep. Also, some of 
the older structures havc been obscured by younger 
ones. Age dates suggest that older intrusive and ore­
controlling structures may at times be reactivated, and 
may repeatedly localize intrusives and ore deposits . The 
Colorado mineral belt probably is the best example of 
such resurgent intrusion and mineralization. 

RELATION OF WESTERN MINING DISTRICTS TO TECTONICS AND IGNEOUS ACTIVITY 11 

COMPARISON OF COMPOSITE PALEOZOIC ENVIRONMENTAL CONDITIONS 
AND MINING DISTRICTS 

Plate 6, depicting Paleozoic environmental condi­
tions, is compiled from six of Eardley's plates (1951). 
Though it obviously is difficult to show on one map 
average conditions during a period of nearly 400 mil­
lion years, we are in terested only in broad environ­
mental relationships that persisted over long periods of 
time, not in the minute details of their evolution . This 
plate will be described in more detail than will subse­
quent ones. Refer to plate L for the explanation of 
symbols and colors. 

Beginning on the west side of plate 6, the broad red 
bands mark the average position of an orogenic belt, 
presumed to be a volcanic archipelago. West of it is the 
Pacific Ocean basin. The narrow red bands on either 
side of the broad ones mark tentative maximum eastern 
and westcrn limits of the orogenic belt during the Paleo­
zoic. The narrow red bands over Nevada show the posi­
tion of the Missippian Manhattan geanticline, or Antler 
orogenic belt as many now prefer to caB it. The blue 
bands outline the position of the Cordilleran geosyn­
cline; that part west of the Antler orogenic belt is the 
eugeosynclinal portion which received abundant vol­
canic additions from the archipelago and the sea floor. 
It was partially epeirogenic after the Silurian. East of 
the Antler orogenic belt lies the miogeosynclinal por­
tion, which was relatively uncontaminated with volcanic 
material except at its northern end, when during Per­
mian time, volcanic rocks spilled into it from the west. 
Within the main geosyncline the areas in solid blue 
mark particularly thick accumulations of sediments. 
Maximum thicknesses are shown as well as the periods 
in which the maxima were achieved. It is evident that 
the axes of these thick accumulations shifted fro m time 
to time . In keeping with the concept that geosynclines or 
portions thereof are sites of subsequent orogeny, the 
Antler belt developed in and expanded from the center 
of the main geosyncline. 

At the eastern edge of the geosyncline is the begin­
ning of the shelf environment. The line marking this 
transition is repeated on subsequent environmental 
plates. The thicker accumulations of sediment on the 
shelf are shaded dark blue, as in Texas. To the north 
the east-west sag in the shelf during Mississippian, 
shown in dashed blue, is the Madison-Brazer basin. 

In the southeast part of the plate the orange band 
outlines a large, irregular epeirogenic area. It was alter­
nately above and below sea several times, with some 
localities having a tendency to sag more and accumu­
late thicker marine sediments. The solid orange indi­
cates the positions of the ancestral Rockies, emergent 
during Late Pennsylvanian time. Conditions in Arizona 
and New Mexico oscillated between emergence and sub­
mergence, but at no time did the thickness of sediments 
reach geosynclinal proportions. Mazatzal Land in Ari­
zona, is oversimplified; rather than being a completely 
positive mass, it has been shown by Huddle and Dob-

rovolny (1945) to have been a series of islands and 
shallow basins. 

The 1,000-foot isopachous lines in dashed blue show 
that the direction of dccpening of the shelf was south 
from Arizona. 

The effect thesc varicd sedimcntary and tectonic 
environments exerted on the disposition of post-Paleo­
zoic mining districts now can be examined. 

Plate 7 shows a wide distribution of districts under a 
variety of conditions in the main geosyncline. However, 
the district patterns, as previously outlined, seem to 
bear no specific relationship to axes of thick sedimenta­
tion, to the volcanic archipelago, to orogenic belts, to 
the area of Permian marine vulcanism in the North­
west, nor do they seem to reflect any relative favor­
ability of one type of geosyncline over the other. The 
barren zones and the mineral belts, with the possible 
exception of the Mother Lode and the Foothill belts 
of California, cross the major axes of all of the above 
elements. 

The eastern edge of the geosyncline at the shelf must 
be unique tectonically, and may have been significant 
in influencing the positions of major mining districts . 
Although impressive alignments along this "shoreline" 
are lacking, Billingsley and Locke (1941) make cases 
for localization of Butte, Bingham-Park City-Tintic, and 
Goodsprings at the intersection of structural elements, 
one of which in each case is near and parallel to this 
"shoreline." Burnham's (1959) central metallogenic 
belt, though considerably broader, closely parallels it. 

The transverse mineral belt of Montana and Idaho 
crosses both shelf and geosynclinal environments. 

Districts are widely scattered on the shelf; probably 
in tons of metal and dollar value the greatest concentra­
tions are there. As in the geosyncline, the important 
alignments and clusters do not favor a particular envi­
ronment. The Colorado mineral belt indiscriminately 
crosses emergent areas and shallow basins nearly at 
right angles to their axes; the same applies to the New 
Mexico mineral belt. If source beds in the Paleozoic 
havc had any influence, it would seem that the distribu­
tion of districts might reflect lines along which condi­
tions of sedimentation changed; this does not appear to 
be the case . 

In the Southwest porphyry copper province the major 
districts are located both in areas of emergence and in 
areas of shallow marine deposition. The northeast­
trending district and orebody alignments cross the basin 
and highland axes while the northwest-trending align­
ments parallel these axes. 

Anyone can conclude from plate 7 that the sedimen­
tary and tectonic environments of the Paleozoic exerted 
little obvious influence on positions of the minjng dis­
tricts. Conditions in the geosyncline appear to have been 
no more favorable for the evolution of major deposits 
than did conditions on the shelf. 



PLATE 7 
Composite Pa leozoic environmen­
tal conditions and mining districts. 
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PLATE 13 
Composite Cretaceous environmen· 
tal conditions, Late Cretaceous· 
Tertiary intrusives, and mining 
districts. 
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Composite Triassic·Juriassic cn· 
vironmental conditions. 
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14 RE LA TION OF WESTERN MINING DISTRICTS TO TECTONICS AND IGNEOUS ACTIVITY 

COMPARISON OF COMPOSITE TRIASSIC-JURASSIC ENVIRONMENTAL 
CONDITIONS, NEVADAN INTRUSIVES AND MINING DISTRICTS 

Plate 8 showing Tri assic and Jurassic sedimentary 
and tectonic environments was composited from three 
of Eardley's pl ates (1951). The pale red bands enclose 
the si te of the T ri assic orogenic belt. East of it thick 
eugeosynclinal sedimentary rocks accumulated. The axis 
of thickest sedimentation shifted westward in Early and 
Middle Jurass ic tim e whcn 20,000 to 30,000 feet of 
sediments were added. The California trough, in which 
over 20,000 feet of sediments accu mulated , developed 
directl y over th e Triassic orogenic belt in Late Jurassic 
time. A deep mi ogeosyncline, in which sedimentary 
rocks in excess of 15,000 fect thickness were deposited, 
developed early in Baja Cali fo rnia and la ter was the site 
of orogeny. T he two a reas margined by red are the 
Early Jurassic western o rogcnic belt a nd the Late Jur­
ass ic eastern orogeni c belt, gene rall y referred to as 
Nevadan in age. 

On and adjacent to the shelf are emergent areas . 
Between these onl y sha llow sedimentation occurred, 
except for three basi ns shaded in blue, where non­
volcanic sed iments up to 5 ,000 feet thick were deposited. 
The shelf was iso lated from the geosyncline during 
Early a nd Middle Jurass ic timc by a ridge which , along 
with the Nevadan o rogeni c belt, ma rked th e beginning 
of the Cord illeran gea nti cline. The west side of th e 
gean ticline represents a sub tantial wc twa rd shift of 
what had been the edge of the main Pa leozoic geosyn­
cline. 

An area of shallow marine sedimentation in thc 
Southwes t becamc e mcrgent and was partially involved 
in o rogeny. A t the sa me timc shelf sed imcntation con­
tinued in the region of the Colorado Plateau , but it did 
not produce any thick sec tions. T he Mcxican geosyn­
cline began to develop in Late Jurassic time. 

T he Nevadan o rogeny cxtended from Late Jurass ic 
time into Earl y, and perhaps Middle C rctaceous time. 
Its main characteristics a re summari zed below: 

1. The deformati on principally in volved eugeo­
synclinical rocks. 

2. The rocks were isoclinally folded a nd meta­
morphosed, so much so th at they closely resembled 
a nd often have been mistaken for Precambrian rocks . 

3. Little thrusting has been attributed to the 
Nevadan orogeny, perhaps because of ignorance of 
fu ll detail s concerning it. 

4. Great batholitJl s were intruded. Thcse are In 
sharp contrast in size to la ter Laramidc stocks. Some 
geologists prcfer to rega rd many of thcse as graniti zed 
sediments, but at the level at whi ch they now a re 
ex posed many of th em appea r to be intrusivc, with 
some gra niti zati on effccts in the bordering and 
included rocks. 
For the purpose of thi s report we vi ew the events of 

the Nevadan as no yo unger than 100 million yea rs. 
On pl ate 9 til e Nevada n intrusives are shown in com­

bination with mining districts. The intrusives are taken 
from th e Tectonjc Map of the United States, 196 1 edi-

tion (Cohee, 1961) . These a re added to the composite 
Triassic-Jurassic environment in plate 10. Unfortunately 
the age of the Nevadan intrusive rocks overlaps the 
environmental sheet of the Cretaceous, which partially 
explains why the Idaho batholith li es outs ide of the Late 
Jurassic eastern orogcnic belt. It might have been more 
appropriate to have bent thi s belt sharply eastward in 
plate 8 to in clude th is batholith a nd its eastern outliers. 

The batholiths of Was hington, Oregon, Idaho, and 
California occupy the main Cordilleran geosyncline, and 
with the exception of the Idaho bathol ith , are principally 
in its eugeosynclinal portion. T he absolute distribution 
of the intrusives related to the Nevadan orogeny, like 
th at of the Precambrian rocks , cannot be shown due 
to cover and the lack of comprehensive dating informa­
tion. However, since thi s paper was first prepared in 
1958, a substantial numb~r of age dates have become 
available. This h as made it possible to refine, compli­
cate, and extend distribution patterns, as wi ll b e evident 
in comparing the 1944 and the 1961 editi ons of the 
Tectoni c Map (King, 1944; Cohee, 1961) . It h as been 
demonstrated that intrusive rocks of Ncvadan age occur 
in small bodies in thc eastcrn part of the main geosyn­
cl ine; this previously had been suspected but not proven. 
The debatcd situation on the eastern side of the Idaho 
batholith is somewhat cla rified, a nd more of the intllJ­
sive masses or igin all y class ified as of Laramide age now 
a re grouped with the Nevadan. Some persons will be 
quite reluctant, howevcr, to accept the age of Butte 
minerali za tion as evadan. 

As is strikingly shown by p la te 9, many districts in 
Briti sh Columb ia, Washington, Oregon, Californ ia, 
Idaho, Montana, and Nevada coi ncide with posit ions of 
Nevadan intrusives, but most of tile major base-metal 
deposits lie well to the east of these intrusive masses. It 
is concluded from this th at geosynclines are not exclu­
sive birthpl aces for major ore deposits and th at the rela­
ti on of some of the districts to s ites of Nevadan intrusives 
may be more apparent than rea l. Some ore deposits in 
the main geosyncline have becn found near smaller 
intrusi ves which defini tely cut the larger Nevadan intru­
sives . T he Bethlehem copper deposits in the Hi gh land 
Valley area of B riti sh Columbi a are examples. 

The transverse porphyry belt of Idaho and Montana 
is an cpeirogeni c and orogeni c a rea. Bingha m is on the 
shelf at the edge of an emergent area. The Colorado 
mineral belt a nd the New M ex ico mineral belt are in an 
c nvironment of shallow shelf sedimentation. T he di s­
tri cts in south e rn Ca li fo rni a, Arizona, and Ncw M exico 
a re in an emergent area which underwent extensive 
deformation, but most of the major di stricts in A ri zona 
a nd New M cxico li e northeast of the principal orogenic 
belt. Bi sbee, a nd Mex ico's Cana nea are within the belt. 
T hi s uggests that th e northwest alignment of districts 
south of the Walker line may bc inOuenced more by 
Nevada n tecto ni c patterns than by those assigncd Pre­
cambrian and Laramide ages. 
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18 RELATIO OF WESTERN MINING DISTR ICTS TO TECTONICS AND IGNEOUS ACT IVITY 

COMPARISON OF COMPOSITE CRETACEOUS ENVIRONMENTAL CONDITIONS, 
NEV ADAN INTRUSIVES, LATE CRETACEOUS-TERTIARY INTRUSIVES, 

AND MINING DISTRICTS 

Plate 11 is compiled from several pl ates and illustra­
tions in Eardley's book ( 1951) with some modifications 
incorporated from the Tectonic Map and the Geologic 
map of the United States (Cohee, 1961; Stose, 1932). 

The volcanic archipelago continued to be a site of 
orogeny throughout the Cretaceous. Wh at had been the 
broad Cordill eran geosyncl ine of Paleozoic time con­
tinued to give way to the growth of the Cordilleran 
geanticline. The geosyncline was a relatively narrow, but 
deep, regiona ll y persistent slot within the borders of the 
Wes t Coast States. In Ea rl y Cretaceous ti me 25,000 
feet of sediments accumul ated in north-central Califor­
nia and 30,000 fee t in Washington and British Colum­
bi a. Sed i menta ti on decreased toward the end of the 
Cretaceous, but two secti ons exceeding 10,000 feet in 
thickness were deposited in California. 

The eastern part of the earl y geosyncli ne ei ther was 
epeirogenic or was undergoing orogeny. T he most 
intense orogenic movements were concentrated in what 
had been the miogeosynclinc, and were especially intense 
a long the eastern edge of the old Paleozoic geosyncline. 

A broad, northwes terl y oriented orogenic belt 
involved southern Arizona. Shall ow marine deposit ion 
continued on most of the shelf, except for three basins 
in which sediments of alm ost geosynclinal proportions 
collected in Late Cretaceous time. In the northeastern 
part of the plate seven northwesterly-trending, and one 
easterly-trending, epeirogenic areas a re reminiscent of 
the pattern of the Paleozoic ancestral Rockies, although 
the latter were generally farther south. 

Gentle epeirogenic movements creased the site of the 
Colorado Plateau at various places , but major orogenic 
activity occurred east and northeast of it in New Mexico, 
Colorado, and Wyoming. 

In the Mexican geosyncline over 15,000 feet of 
mostly miogeosynclinal sediments accumul ated in Early 
Cretaceous time. The approximate limit of the eastern 
effects of the Laramide orogeny and intrusives is shown 
by the narrow, irregular, red band. 

In comparing plate II with plate 6, showing Paleo­
zoic condi tions, and plate 8, showing Triass ic-Jurassic 
conditions, the eastward progress of orogeny and the 
growth of the Cordilleran geanticline with lapse of time 
are striking features. Billings ley and Locke (1941) 
show this in sections depicting eastward movi ng struc­
ture waves. Osmond ( 1960) shows the changes by a 
series of plans and sections, but visualizes a welt grow­
ing in the center of the Paleozoic geosyncline and 
expanding eastward and westward with time. 

The characteristics of the Laramide orogeny contrast 
wi th those of the Nevadan as follows: 

]. Except for activity in the western volcanic 
a rchipelago, the Laramide 'orogeny principally 

involved miogeosyncline, basin , and shelf environ­
ments. 

2. Little isocl inal folding took place . Rather, low 
angle thrusts, steep faults, and asymmetrica l folds 
developed. 

3. Evidence for region al metamorphism is rare. 
Most metamorphi c changes were of the contact vari­
ety. 

4 . Most intrusive rocks were stocks of local extent 
empl aced 75 million to 40 million years ago . 
T he pattern of Late Cretaceous and Tertiary intrusive 

rocks in pl a te 12 was taken with slight modification, 
from the Tectonic and Geologic maps of the United 
States. The plate includes Laramide and younger intru­
sive rocks , since it was impractical without comprehen­
sive inform ati on on ages to separate them. The wide 
distribution of the younger intrusive rocks, including 
the feeders for volcanics, in the eastern two th irds of the 
plate is impressive (compare wi th pI. 9 and see pI. 13 ) , 
as is the paucity of Nevada n intrusives in the sa me area. 
Overlaps of the two major ages of intrusives occur in 
Washington, British Columbi a, Idaho, Nevada, southern 
California , and southern Arizona; as mo re age dates 
become avai lable, it may be fo und th at more rocks of 
both ages occur in the overlap zone. 

Pl ate 13 shows the coincidence of a large number of 
major districts with sites of Nevadan orogeny and intru­
sive activity: a similar coincidence occurs between sites 
of Laramide orogeny, intru ive activity, and mining dis­
tricts. Most of the very young volcanic centers lack 
important districts, possibly because they are not eroded 
deeply. As was observed for the Nevadan, the younger 
intrusives and ore deposits span a variety of environ­
ments and host rocks. Age dates now avail ab le for many 
intrusives confirm the eastward progress of intrusive 
activity with time, and broadly speaking the o re deposits 
become increasingly younger eastward. Si nce this is not 
completely true in detail, it might be preferable to avoid 
confusing the issue, to state that ore deposits in the 
western half of the western United States tend to be 
older than those in the eastern half of the western United 
States but that local exceptions do occur. Those to the 
west probably are mostly Nevadan in age; those to the 
east probably are mostly Laramide and younger. As 
regards relating the age of the alteration and minerali za­
tion to the age of intrusion , sericite formed by hydro­
thermal processes has been dated at a number of 
districts such as Safford, Ariz.; Butte, Mont.; and Ely, 
Nev. The results show a date that is within the experi ­
mental error of the date for the intrusive, or slightly 
younger. We believe these data strongly support the 
common origi n of both igneous and hydrothermal activ­
ity. These data also suggest to us a close genetic relation 
between metallogenic and petrologic provinces . PLATE 9 

Nevadan intrusives and mining 
districts. 
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PLATE 10 
Triassic - Jurassic environmental 
conditions, Nevadan intrusives, and 
mining districts. 
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PLATE II 

Composite Cretaceous environ. 
mental conditions. 

I 

I I 
I I 

I \ 
I 

I 
I 

-J , 
) 

) 
I 

(, , 
( 

MONTANA 

I 

~ORTH 
I OAK. 

\ , r---

__ ---r-

~ 
1 

\ 
I 

--,~ 
\ 
I 

\ 
I 

\ 


