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INTRODUCTION

The main body of this report treats on the hypo-
thetical study of a hydrothermal ore body genetically related to
magmatic intrusion and concomitant tectcnic disturbances.

The summary and conclusions were fabricated after the study and
analysis of available published and personal literature.

Imphasis is directed to ttlee particular delineation of
of the pattern of the mineralized zone. The departure from the
normal space relationships of disseminated.copper ore bodies was
dependent upon the strong influence of structural features,The
accompanying maps should serve to further bring out this relation-
shipe.

Special acknowledgement is given to IMr. L., Wisser
and Mr., 3Z.N., Pennevaker for their personal reflections in guiding

the pattern and style of attack on the problem.
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GEOLOGIC REPORT
OXN

ELY, NEVAUA

Locatiaon. The Robinson Mining district, of which this report covers, lies in
a pass through the Egan Range, a north-south mountain block,and is bounded

by an area 8 miles long and 13 miles wide.

General Geology of the Listrict

The Paleozoic sediments that are displayed within the exposed belt
contain a variety of geologic types. Limestone is by far the most abundant
rock, sandstone is present in important amounts, and siliceous shales, com-

monly resembling argillite, appear in two formations.

~ Formation Description Thickness
Pennsylvania Arcturus Ls. Massive, shaly bbads. 400"
Rib Hill Ls (Rss) | SS, Sanoyls, Limey SS 3200
Ely Ls (Cr) Massive to thin-bedded, gray,
blue, cark blue. 3000°
ST — — Conformity T

| Mississippi Chainman shale Brittle argilite, local
. Carbonaceous shale, siliceous,
shattered well to permit min-

eralization £60-600"
‘Band Ls (C3) Dense Ls to medium coarse marble;
sparse chert, fairly thick
beaded 100-475"
Pilot shale Siliceous 250-850"
—_— — | = — Counformity TS Rk Al
Devonian \ Nevada Ls (Lm) Thin to medium bedded. No
chert. Massive beds. Black
to white. 4000!
Oraovician Eureka qtzite Fine grained dense gtzite; no
cement. 150!

Pogonip Ls. Thick and thin bedded, gray 1400
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Intrusives

"Ore Porphyry". Always entirely altered, and originalliy a latite porphyry.
Small to medium grained. Orthoclase phenocrysts are relatively small. The
ground mass was originally probably glassy. It now is silicified, senci-

tized, and contains the magnesium mica, phlogopite.

"Peanut Porphyry". The texture varies from dense, aphanitic to coarse
grained porphyritic material. It is a Monzonite or quartz Monzonite por-
phyry. Where not aphanitic, the rock econsists of phenocrysts of orthoclase
in a groundmass of plagioclase, hornblende, orthoclase, and quartz. Gener-
ally, the "peanut porphyry" is later thau the ."ore porphyry".
Post-ore Rhyolite Group. The textures are very variable. It contains obsid-
ian, dense white rhyolite, and intrusive breccias. The breccias tend to
work into the best fractures. The bulk of the fragments will be o-f the
intruded rock. Where the breccia has picied up enough fragments of ore por-
payry, it mskes some ore. The main body of the rhyolite is in the west end )
of the Liberty Pit. The form of +the breccia is often extremely irregular.
Explosive breccia action exists sometimes without rhyolite being introduced.
The extrusive rhyolite series has a tuff at its base, then a thirty-
foot layer of porphyritic pitchstone, then massive rhyolite, mostly with
abundant phenocrysts. OSome dense gray rhyolite whh few phenocrysts is

scattered in the ares.
General Structure

A general anticlinal structure runs east to west along the center line

of the map. This is highly overturmed and distroted in the west. The fold



is here recumbent to the north; in the east part, the fola is more symmet-

rical. In the west part the faults are flat, dipping to the south in an im-
bricated system at angles not greater than 65°, normally. The Kimberley

Footwall fanlt is the footwall of the system.
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North-south normal faulting prevails in the east part giving horsts and
grabens. The anticlinal structure is plainly seen in the horsts. In the
graben the structure seen on the erosion surface does not fit in well with
the anticlinal featume, inaicating either a considerable horizontal component
to the movement or the norto-south faults, or that the anticline was over-

turned prior te this north-south faulting.

Intrusion

The intrusion zone of ore porphyry bodies follows a prondunced lineal
trend from east to west for nearly 6 miles. In the western area, however,
the intrusives have worked into the zZone of coupression faults, end appear
low down on the flank of the anticline.

The ore porphyry bodies rest upon an irregular sedimentary floor, so

that the definition of & stock aoes not fit. They have worked in along
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bedding planes, and arched the roofs, as h:ve laccoliths. In places the in-

trusive has ruptured and engulfed partions of the roof fault structuwes, so
that it appears ragged ama irregular.

Bodies of ore porphyry prefer shale-limestone contacts. Lones of pro-
nounced faulting gave still easier pathways for the intrusive.

In the Emma and Ruth mines, the peanut porphyry appears to be later than
the ore porphyry. Both porpiayries were intruded, cooled, and fractured pre-

mineralization.
Metamorphism

Hydrothermal metamorphism is confined to the main zones of intrusion,
and gredes in degrees outwaru fram the local areas of the channelways through
which the magma rose from its igneous reservoir.

The limestone was silicified by metasomatic replacement forming a
Jasperoid rock. Chalcedonmy in many places fills fractures in the earlier
quartz. The quartz grains also have small inclusions of fluorite, apatite, or
calcite. Sulfices in seams and bunches are disseminatea through the rock as
grains ad irregular aggregates.

Some of the limestome is altered to calcium silicate. Bodies of
pyrite or pyrite and magnetite occur adjacent to areas wherever the por-
phyry is pericitized, the shales essentially altered, or the limestone
"jasperized" or changed to garnet or tremolite.

The Pilot and Chainman shales were converted to pyritiferous hornstones.
The gold ores of the Chainman, Aultman, and Revenue mines came from a
blanket deposit between the Joana limestone and the Chainman shale. Pyrite
is a onstant constituent, and they contain, as well, wallastonite, epidote,
calcite, pyrite, magnetite, pyroxene, sericite, zoisite, and brown mica.

The porphyry was alterec by various changes in the hydrothermal
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solutians. The initial alteration was followed by guartz bering solutions
which depositea the silica in existing fractures. OSulfides later entered,
and deposition occurred imvolving metasomatic processes as well as fracture

filling.

Correlation of Literature

In the course of analysis of the written material on the area, a con-

‘siderable divergence of opinion has beeu expressea by various geologic

authors concerning ﬁhe major structures.

Consequently, correlation of the featuwes has been one of examining
the most recent surface and underground mapping, and superimposing on it the
earlier areal maps of different authors in an effort to show consistent sig-
nificant contrels in the genesis of the intrusion and mineralization.

It was hoped in this way that a reasonable explanaticn could be given
for the geologic facts by rejecting anomslous ana incousistent mepping,
while at the same time assemble relevant material that would aid in the recon-
struetion of a logical interpretation of the tectonic, and occurrence of
the igneous geology, im particular.

One of the main characteristic featumes of this regicn is the lineal
extent of the ore porphyry intrusion from east to west. lost recent papers
show the intrusions rudely paralleling an east-west anticline, while earlier
work indicates the magma &s cross—cutting a series of north-south folds. The
later papers indicakte continuous igneous intrusion along the east-west
flat feult planes, while earlier papers report in their vertical sections

intermittent feeder channels through which the molten material was fed near

the surface from the deep reservoir. However, most literature does show

the megma spread out into the adjacent country away from the fault plane
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forming sil1-1ike bodies, or "chonoliths".

I have compared in detail the fault structures by Pennebeker with the
gurface geologic map by Spencer. The Footwall fault coincides favorably with
the north outcrops of the monzonite porphyry in the Kimberley area. The Flat
fault forms a rough south boundary of the linear outcrop of the monzonite.

In the same area to the north, east of Kiiberley, the Footwall fault
elso coincides with the one sice of the fingers of the monzonite that
extended Deyond the main line of intrusion, giving confirmation of local
control of the emplacement of the cross—cutting intrusive.

In general, the axis of the anticline shown in Pennebaker's map
strikes in the same east-west direction as the monzonite. OSevere famnlting
has dissectea the anticline into several offset parts. But extrapolation
of the faulted elements to their pre-fault position tends to écid momentum
to the expression that the entry of the magma bodies was strongly influenced
by, this fold and the related axial faults.

The portim of the anticline in the western part of the area, accord-
ing to Pemnebzker's map, has suffered overturning and more severe faulting
than the eastern segment of the fold. The axis of +the overturned fold
follows the western extension of the monzonite outcrop. The major east~
west faults in the west axis of the fold are parallel to the line of intru-
sionse.

The north-south faults seem to huve less cirect influence to the control
of the magma.

Thenorth-south grabems scparated by & horst and bounded by normel faults,
in the Ruth area on Pennebaker's map probably formed during the regional
Tertiary warping when similar down-thrown blocks were created in the Basin

Range.
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The following summari:ation amd conclusions emphasize the more recent
and more 4geus 474 wWork done by Pennebaker, and papers by him have largely

influenced the foundation of the genetics of this area, as outlined below.



Genetic sSummary

Relation of Folding to Faulting

The major fault structumes near the western 1limit of the anticline
are clearly northeast aund northwest structures. Here the sediments are most
severely distortea and overturnea. The major :fault pattern is accowpanied
by a 1large number of smaller subsidiary fractures striking in directions
closely parallel to these master structures.

The movement in the northwest direction is in most places clearly later
than the northeast faults, as the latter commorly terminate abruptly against
the piane of the former.

In my opinion, the faulting may be an expression of two stages of un-
rest. After the depositiom of the Paleozoic sediments, the arez was sub jected
to impulses of couwpression from the south.

Representation of the stressed area may De done by the strained ellip-
soid with axis of greatest and least strain. Two fault surfaces should de-
velop, both striking east-west, but ome dipping to the north, the other to
the south.

Due to the general brittleness of the beds, they should dip greater than
45 degrees.

During the formation of the anticline, shearing stresses are initiated
either by the slipping of the upper beds over lower bed, or by the actual
thinning of formations on the limbs of the east-west fola. Usually only
one famlt will be pl_'oduced, as relief is generally easier in one tension
directian tan the other. This fault will dip toward the easiest relief and

gtrike at right angles to it.
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A rotational effect may well have been introduced during the overturning

of the anticline. As a consequence, the shear planes along which faulting

occurred were a coapromise between those temding to form by direct compression

and those tending to form by retational stress. One very compromise is a
thrust failt dipping toward the active stress to the south. Since similar
east-west low-angle thrust faults dip to tie north, the relief in tension

in both directions was probably asbout the same.
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If the rotatien is carried to a raher high degree, and the folding
approaches a recumbent type, these fault surfaces may have a very low aip

**‘ angle. The Flat fault in the west part of the area dips at approximately
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3 The consequential formation of the overturned fola in the west part of

the anticline, to the north, was the result of increased intensit, of tie
force impulses which exceeded the elastic limif of the rocks involved. Con-
& comitant minor warping of the entire area was of strong development.
After the creatian of tue faults along the limbs of the anticline,
another force became active in the region. These newly impinging east-
west forces coupled with the pre—existiug north-south forces to exact shear

0
planes at angles of 450 to the forces.
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It is clear, according to Pennebzker's areal geology map, that tne

north¥30uth foxes were dominant during the early part of this secondary
stage of faulting. The earlier northeast-shear planes are cut off by the
later northwest shear zones. ooue of tie:mortheast faults turn after tra-
versing a certein distance ama strike in the direction of the later faults.
In some areas, a series of parallel faults arrayea somewnhat in echelon
and paralle to the major local structure, is an expression of failure in
that particular aree due to imherent weakness of the beds, or to a local

concentration of forces.
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Instead of being applied at once imn full strength, the esst-west forces
probally began with surges that built up to a maximum value. I ao not believe
that the earlier tectonic azgencies broke off completely before the operation
of the east-west forces, but were overlapping devices. However, in some
-places, the northwest shear planes have been offset by the northeast faults,
but the occurrences are few and less gignificant than the previous relation-
ship.

It seems the mechanics of the shear movement began firstvto cause
separstion in the northeast plane. With passing time, the shear forces re-

solved themselves into stresses that suoiftea in direction so as to create the



major northwest shear surfaces.

A further analysis of the faulted structures in the west part of the
region, shows the beds to have many local folds and warped planes with diver-
gent axes. The extreme western part of the area 1is dominated by formations
dipping to the west.

In the region just east of Kimberley, the beds show a concistent local
doming with the Nevada (Uevonian) limestone along the crest. The correla-
tion of the exposures amd dips in this area with those of the area directly
north indicates a rude anticline instead of a dome, with the fold axis
being nearl; north-south.

The upturned peds along the flanks of this rough fold are greatly
displaces ana have been rendered a complex relationship along the break lines.
This fold does not clearly appear to continue into similar repetitive struc-
tures to the east. In the eastern part of the ar :a, the warping and minor
undulstions of +the beds are as numerous as in thewest section. Within as
short a distance of five hunurea feet, the beus may change strike direction
by 90 degrees. This indicates the complexity of the area, and the submis-
siveness of the stratigraphy to warp under pressure.

One of the most consistently dipping parts of the region is north of
Lene City, where the beds dip to the east ana southeast. Here, a slight
down domed warp with an open end to the southeast is the chief variation
in the attitude of the beus.

Along the western boundary of Pemnebaker's geological map the beds dip
generally to the west away from the broad north-south fold, anavt‘ne rough
concentric gxposure of the beds bears out the existence of the broad arching

in the western aresa.



Magmatic Intrusion

Sustainea movement along the east—west structures was responsiole

largely for the locallization of the monzounite porphyry. The lineal trend

follows quite closely the axis of the anticline ana the east-west faults,
giving close correlstion. The propagated igneous activity was guiaea near
the surface along this plane that projectea in depth the restless magma res-
ervoir. The relation of the intrusion in plan, to the seaiments is that of
a long tramsverse aike, cross—cutting the paleozoic rocks it encounters.

A study of the occurrence -of outly ing monzonite bodies indicates some
definite control existed near the eniargement areas. In nearly every instance,
a major fault is in comtact with or is intimate]y associated with the outcrop
of the intrusion awz;‘ty from the central zone. That the hot magma utilizea
these structures there is little doubt. As the material approachea the sur-
face, the weight of the overlying beds became less, and at specific hori-
zons the magma spread out int.o the layers.

In the overthrusting of a block of folded sediments, the footwall sedi-
ments along the torn face of the thrust will tena to be separated and dis-
turbea along the planes of seaimentation b, the friction of the overriding

block. )
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According to the diagram, the invading magma, especially near the sur-
face where the overlying sedimentary load is lighter and where greater rela-
tive movement and disturbance of the beds would take place, broke away from
its restricted channel and enlarged itself laterally into the serrated and
separated sediments to form these sill-like bodies. I also believe "stop-
ing" out action of the shale and limestone beds by metasomatic replacement
will help explain the occurrence of the interbeduea magma.

The Tertiary volcanism poure@ out rhyolite and rhyolite tuff on the ore
areas amd tje sedo,emts/ This later igneous activity may be related to the
wide spread volcanism in the western Unitea States during Tertiery tiume.
The rhyolite moved up along pre—existing fault surfaces that experienced
contemporanecus movement, flowing out on the surface, ana butting up against

the older igneous masses elsewhere.

The cold country rock causea a rapia loss of heat by the early plutonic
mass, causing freezing relatively soon after emplacement. This quick solida-
ification prevented the growth of large phemocrysts in the "ore porphyry".

The second monzonite mass, or "peanut porphyry" penetrated along the
pre-heated fault planes which theearlier magma ascended along. Since the
earliest intrusive is a porphyry of rather small sizea crystals, and the
latter intrusion is an igneous body of larger phenocrysts, a change in the
physical environment during the two phasges of intrusion is indicated.

Complete evidence of the more slowly cooling "pesnut porphyry" is that
of the relatively large amd abuncant feldspar crystals. In the mechanics of
crystal growth, the size of +the grain is a direct function of the power of

crystallizati on of the particular mineral, anu the ability of the constituents



to diffuse to esteblished crystal centers. A material of high viscosity

decrease diffusion rates, but a magma, even though relatively viscous, if
kept in a liquid staete for a consiaerable length of time, and if the power
of crystallization is not too great, will develop crystals of cowparatively
large size, such as exist in the "peamut porphyry".

I believe automatic brecciation of the peanut porphyry by its loss of
heat and differential contraction was largely avoiaed by maintenance of
a stable low temperature gradient. Such a mechanism was impotent to proviae
for permeable openings. The country was heated to a uniform relatively high
temperature by the "ore porphyry", preventing rapid loss of heat by the
later "peanut porphyry".

The greatest volume of ore itself is confined to the monzonite in an
ares limitea by the boundary of the fault zone. This, I feel, is conelusive
evidence that the brecciation of the plutonic material was the result of pre-
mineraliz ation recurrent movements or "lagging" effects along the east-west
fault zone. The fresh brittle monzonite lying in the wzke of these residual
jolts fractured extensively in the zone of the fault. The "peanut por-
phyry", largely, has farther away from the center of intrusion than the earlier
monzonite. But, that "peanut porphyry" occupying space within the zone of
renewed tectonic activity was sufficiently crushed and broken with the ore
porphyry, thereby ameliorating the cendition for entry and deposition of

ore minerals.
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The ore solutions must be genetically related to the monzonite por-
phyry bodies xf . space and time relationships are criteria. Therore occurs
disseminated in the igneous along the fault zone and out into certain adjac-
ent sedimentary horizons.

It is evident that the ore solutions came from below via permezble
pasgageways that magy have coincided with the present east-west fault struc-—
tures. If the fault planes guided both igneous intrusian and the later
minéraliaing solutions, it is logical that the fault served a common mag-
matie reservoir which genetically relates the intrusien to the mineraliza-
tion.

A significant observation is that of the affection, preferentially, of
the limestone by early siliceous solutioms. The local movement brecciated
the brittle limestone adeguately to permit permeation of the area near
the aureole of intense alteration and the center of emanations by the silica
bearing vapors. The incompetent shale more essily flowed under stress, pre-
venting the creation of minute fractures amenable teo tne'entry of theée
solutions.

Continuea later movement fractumed very promouncedly tnis chert area,

providing for the entrapment of the later hypogone sulfide solutions.

The early hydrothermal solutions altered the feldspars and ferromag-
nesium minerals to seriate and chlorite wherever they contacted the fresh
igneous rock. |

The silica whicn was introduced early in mineralization was merely
deposited in the limestone horizons instead of forming contact silicates.
This type eof replacement occurs in a low temperature environment, and helps

to show some of the conditions that existed at this time.
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\ Penetrating mineralizing solutions entered the fractured chert zone and

v the brecciated monzonite to form primary ore bodies, winile adjacent unsilici-
fied sandstone beds are unmineralized.
The diagram below shows how ore boaies localizea in the zone of chert
and limestone horizons is capped by fault structures.
SECT/ON OF OREBOLY AS LLEMCEMENT W BOECCIATED CHELT zoNE
&

The basic sulfides of iron amu copper, as well as some lead and silver
are the ore minerals. The chief ores are pyrite, chalcopyrite. They have
been completely oxidized above the water table to malachite, other carbon-
ates, copper oxide, and native copper. The chief new mineral formed is
delafossite. The CuFeOk must contain 4 to 6 percent copper for direct smelt-
ing. Thus the primary mineralization transformea the igneous masses into
low—grade ores.

Mhere the porphyry ore is oxiaizea, the ore is uneconomic. But low-grace
ore 1is economic as a result of three factors:

1.  Large volume mining.
2. Oimple methods.

3. oSusceptibility to low-cost mining methods.
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The low grade ore also can be concentrated. The Liberty Pit ore body
is near the surface. Here the ore was oxidized giving uneconomic material.
But at greater depths, the migrsting copper is present as secondary chalco-
cite in the replacement af other primary sulfides.

Some lead and silver ore boaies occur as replacement bodies in lime-
stone. The local control is by fracturing. These ores lis farther from the
intrusive contact at lower temperature regions than where the copper miner-
als were deposited. The lead and silver sulfides were oxidized to PbClZ

and AgCl (ceragyrite), with little or no cownward migration.
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ORE OCCURRENCES

and

SAMPLING AVIRAGHS

The great payable ore bodies of the district are
part of the porphyry mass, mineralized by pyrite and copper glance.
The lower limits of oxidation is about loo to 150 feet, very irreg-
ular,and has no limit to the ground water level.

The pay ore lies unde: tlke zone of oxidation, and
is about 400 feet thick. The copper values are not evenly distributed,
and the richer ground appears controlled by local conditions,permitt-
ing the free descent of surfage waters, The workable ore bodies are
tertiary, not secondar;, and result from the leaching of the former
secondary ores of the oxidized zone,

Sample averaging yields 10 7 pyrite and 3,20

7

chalcocite. lany parts of the ore body carry 8 to 10 % copper.
At Copper Flat, theporphyry ore differs from that of tre Ruth mine in
an important particular, that is,in the zone of oxidation the copper
has not been leached out, but remains in the form of carbonates.

The ore bodies are ¢f enormous extent. That of the
Eureka lMine is 700 by 800 feet. T,at of the Ruth mine has a width of
50 to =60 feet, and has a known vertical thickness of 250 feet, The
rock is leached for 50 to 150 feet down, carrying not over one half
% copper. Below this, minute seams of pyrite and copper glance occur
in decomposed porphyry. At thel» Ruth l"ine, the ore bodies hecore
léw grade at a depth of 400 feet, the approximate limit of secondary

’
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enrichment. The ore has an average value ofi,< & copper at the
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