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ABSTRACT

The geology of the North Silver Bell, Pima County, 
Arizona, includes a Laramide quartz monzonite porphyry 
stock and associated dikes intruding a Cretaceous subvol- 
canic dacite porphyry sill. Alteration consists of an 
early potassic-propylitic event overprinted by later phyl- 
lic and alunite assemblages. Fluid inclusion homogeniza
tion temperatures associated with the late potassic to 
phyllic transition show a retrograde shift from 370°C- 
430°C to 330oC-390°C. Secondary thermal peaks of 270°C- 
290°C and 190°C-230°C may represent the late alunite 
assemblage or thermal gradients associated with mid- 
Tertiary volcar.ism. Spatial relationships recognized dur
ing mapping show a central core of potassic zone fracturing 
surrounded by a zone of unfractured, pervasively propy- 
litized dacite porphyry. Peak intensity of phyllic-related 
fracturing lies outboard from this interface. Fracturing 
styles recognized between various alteration assemblages 
suggest early, intrusion-centered and derived potassically 
altered fractures surrounded by later, regionally influ
enced phyllic zone fractures.

x



INTRODUCTION

Statement of Problem
The last decade has seen a wealth of data generated 

regarding the evolution of porphyry copper deposits. The 
recognition of the importance of geochemical and structural 
relationships, and of the spatial relationships so carefully 
documented in the 1960's, has greatly expanded our basic 
understanding of the mechanisms controlling porphyry copper 
mineralization. Although much work has been done to docu
ment the progressive evolution of the potassic-propylitic 
continuum in porphyry systems, little data have been gath
ered to characterize the temporal, chemical, and structural 
evolution of the late retrograde phyllic overprint. The 
objectives of this thesis are to document the nature of the 
structural and chemical evolution of phyllic alteration and 
to evaluate the role of white micas at the North Silver Bell 
prospect.

Geography and Location
The North Silver Bell deposit is located on the 

northwest flank of the Silver Bell Mountains in north cen
tral Pima County, Arizona. The study area lies approxi
mately 75 km northwest of Tucson and can be reached via 
Interstate 10 and the Avra Valley road (fig. 1).
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Figure 1. Location map of the North Silver Bell study area



The North Silver Bell property is the northernmost 
of three known centers of porphyry copper mineralization in 
the Silver Bell district. ASARCO Inc.'s Silver Bell Unit 
presently conducts open-pit mining operations at the El Tiro 
and Oxide pits within the district. The study area lies 
approximately 1.5 km north of El Tiro pit and is centered 
on a Laramide quartz monzonite porphyry intrusion (fig. 2). 
The topography of the area varies from the relatively rug
ged hills of the Silver Bell Mountains on the east side of 
the study area to the flat topography of the basin pediment 
on the west. Elevations vary from 720 m to a maximum of 
920 m.

3

Method of Study
In order to elucidate the spatial and structural 

relationships of various alteration assemblages at North 
Silver Bell, in particular the phyllic alteration, a detailed 
geologic map of the study area was compiled. Approximately 
3 km2 of the deposit was mapped at a scale of 1:2400 (1" = 
200'; 1 cm = 24 m). After compilation of the geologic map, 
detailed alteration mapping across the deposit was under
taken. A detailed description of all pertinent alteration 
data was recorded at stations spaced every 60 to 90 m. Over 
300 alteration stations were critically examined during the 
course of this mapping. Compilations of data gathered were 
then contoured to reveal the gross distribution of various
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alteration assemblages. Concurrent with the alteration map
ping, approximately 100 rock samples were slabbed and stud
ied to determine paragenetic relationships of the various 
alteration assemblages. Over 40 thin sections were petro- 
graphically studied to verify and help determine particular 
subassemblages within the paragenetic sequence. Particular 
attention was given to various sericite occurrences and tex
tures in an attempt to recognize variation within the seri- 
cites across the deposit. X-ray diffraction techniques were 
used to identify various phases, particularly the phyllosil- 
icates and sulfates. Fracture studies were undertaken to 
characterize structural variations between phyllic altera
tion and paragenetically earlier alteration assemblages. 
Finally, fluid inclusion studies of the phyllic assemblage 
and slightly earlier and later assemblages were undertaken 
to characterize the chemical and thermal transition accom
panying phyllic alteration.

General Geology 

History and Previous Work
The discovery and exploitation in 1865 of Cu-Pb-Ag 

replacement deposits at the Boot Mine was the earliest 
known mining undertaken within the Silver Bell district.
Just after the turn of the century, the arrival of a branch 
of the Southern Pacific Railroad from the nearby town of 
Red Rock (fig. 1) instigated copper production in the
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district (Agenbroad, 1962). Remnants of the railroad grade 
are still preserved in the North Silver Bell study area. In 
1954, ASARCO Inc. initiated production of their open-pit 
operations at El Tiro and Oxide. Subsequent exploration in 
the 19601s and early 1970's resulted in the staking and 
drilling of the North Silver Bell property. In 1980, the 
property was controlled by ASARCO Inc. and MINEX Inc., but 
MINEX has since dropped its interest in the property. Total 
production of the district as of December 1978 is slightly 
over 75 million tons of ore containing 0.8 percent copper, 
0.013 percent molybdenum, and 0.07 ounces of silver per ton 
(Galey, 1979) .

A large number of geologists have conducted various 
investigations within the Silver Bell district. Barney 
(1904), Tolman (1909), and Stewart (1912) all conducted 
early studies of mineralization in the Silver Bell area.
Kerr (1951) published the earliest account of alteration 
features, and Richard and Courtright (1954, 1966) published 
two excellent papers dealing with the structural controls 
and styles of mineralization within the area. Watson (1964) 
presented the most rigorous treatment of the stratigraphic 
relationships between the sediments, volcanics, and intru
sive rocks of the Silver Bell Mountains. Mauger (1964) 
dated most of the important units exposed in the area. 
Recent work by Galey (1979) has better defined paragenetic 
relationships and temperatures of formation associated with



alteration and mineralization at El Tiro, and finally 
Kansbergs (1980) has documented the evolution of fracturing 
around the intrusion at El Tiro.

Regional Geology of the Silver 
Bell District

The geology of the Silver Bell Mountains consists of 
a typical sedimentary Paleozoic section overlain and intruded 
by a thick sequence of mesozoic and cenozoic sedimentary, vol
canic, and intrusive units. Figure 2 is a generalized geo
logic map of the Silver Bell district after Galey (1979). A 
simplified explanation of the regional geology of the area 
shows both Paleozoic and Mesozoic sedimentary rocks intruded 
by a coarsely crystalline granitic intrusive unit of Mesozoic 
age called alkaskite. Slightly postdating this event, a 
cyclic series of Laramide volcanism and intrusion occurred.
The principal units emplaced at this time involve the intru
sion of dacite porphyry and granodiorite and the extrusion of 
the Silver Bell complex and Mount Lord ignimbrite. The cul
mination of the Laramide orogeny resulted in tyhe emplacement 
of plugs and dikes of quartz monzonite, monzonite, and syeno- 
diorite composition associated with the porphyry mineraliza
tion. A final episode of volcanism in the mid-Tertiary re
sulted in the emplacement of the Ragged Top latite porphyry 
with associated quartz latite and andesite dikes.

Several distinctive structural grains are evident 
in the district. The west-northwest trend of distribution

7
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and elongation of the mineralizing quartz monzonite porphyry 
plugs along with the distinctive outcrop distribution of 
various units along the same trend, particularly the Creta
ceous alaskite, suggests a deep-seated zone of structural 
weakness in the basement. This same zone of weakness guided 
emplacement of the alaskite and quartz monzonite plugs 
(Richard and Courtright, 1966). Titley (1976) has suggested 
that this zone, in part, defines a reactivated Precambrian 
shear zone stretching southeasterly between Silver Bell and 
Bisbee.

In addition to the regional structural grain, a ser
ies of significant north-south trending, high angle faults 
dissect the northern section of the district. The three 
principal faults of this group are the Mammoth, Barite, and 
Atlas faults. Recent work by Joseph (1980) demonstrates 
that these faults and the lead-silver mineralization associ
ated with them are mid-Tertiary in age. A third and final 
structural grain observed in the district is the intense 
east-northeast Laramide diking. Rehrig and Heidrick (1972) 
have suggested that this east-northeast trend is a function 
of the regional Laramide stress field, characterized by weak 
north-northwest extension. The maximum intensity of the 
diking is seen along the eastern margin of El Tiro and Oxide 
pits and eastward from the North Silver Bell stock.



GEOLOGY OF THE NORTH SILVER BELL AREA 

Introduction
The study area at North Silver Bell (fig. 3, in 

pocket) covers an area of approximately 3 km2 about 1.5 km 
north of ASARCO's El Tiro pit. The square-shaped area lies 
along an erosional pediment in the low foothills of the 
northern Silver Bell Mountains. The North Silver Bell area 
was chosen for this study due to its excellent outcrop expo
sure and its extremely we11-developed phyllic alteration 
envelope.

The composite geology of the area consists of a 
small Laramide quartz monzonite porphyry plug, the North 
Silver Bell stock, intruding a massive volcanic or subvol- 
canic unit, the dacite porphyry. Associated with the quartz 
monzonite porphyry intrusion is a complex series of dikes. 
The dikes cover a range of compositions including quartz 
monzonite, monzonite, latite, and quartz latite. In addi
tion to the dike swarm, a series of other epizonal features 
are present, including breccia pipes and pebble dikes. A 
succession of intensely altered Paleozoic limestones and 
quartzites lies immediately south of the study area, and 
Cretaceous volcanic and sedimentary rocks of the Mount Lord 
ignimbrite and the Claflin Ranch Formation lie immediately

9



to the north. Small mid-Tertiary andesite dikes are also 
present in the study area.

The structural geology of the North Silver Bell 
area is straightforward. The only faults recognized within 
the boundaries of the study area are a series of high angle 
to normal faults, generally with minor lateral offsets of 
50 m or less. Immediately west of the study area, the Atlas 
fault probably truncates the northwest striking zone of 
Laramide intrusions and attendant alteration envelopes.

Dacite Porphyry

10

Distribution and Field 
Characteristics

The dacite porphyry (Kdp) is the most extensive unit 
exposed in the North Silver Bell area. The unit crops out 
through the map area and is the principal unit into which 
the Laramide quartz monzonite porphyry stock and its associ
ated dike swarm have been intruded.

The dacite porphyry is a distinctive rock, easily 
recognized in the field even where it is extensively altered. 
The presence of small 1- to 3-mm rounded to subrounded 
"quartz eyes" are diagnostic of the unit. Small biotite 
flakes, on the order of 1 to 2 mm, are also present in the 
aphanitic groundmass. In addition to the numerous pheno- 
crysts, abundant exotic lithic fragments occur in the dacite 
porphyry. These xenoliths show a wide range of composition,
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the most common being rhyolite, quartzite, siltstone, and 
shale. Only rarely is a fragment of limestone found. The 
abundance of xenoliths within the dacite porphyry increases 
dramatically in the extreme northeast part of the area, near 
the upper contact of the dacite porphyry and sediments of 
the Claflin Ranch Formation.

Where unaltered or propylitized, the dacite porphyry 
is typically dark gray-green in color. Across areas of 
phyllic alteration, where the unit is pervasively sericit- 
ized, the dacite porphyry is distinctly bleached with cross
cutting hematite stained fractures. Within the potassic 
zone, the unit is characteristically off-white or pinkish- 
white due to the pervasive recrystallization of K-feldspar 
in the groundmass. The dacite porphyry is diagnostically 
angular in outcrop and a weak foliation or flow texture is 
evident in a few isolated areas.

Petrographic Description
Watson (1964), on the basis of petrographic studies, 

' proposed that the dacite porphyry is not a true dacite but 
rather is a quartz latite porphyry. Petrographic studies 
during this project support this conclusion. Representative 
samples from the North Silver Bell area show the following 
average modal composition: plagioclase, 25 percent; quartz,
18 percent; biotite, 5 percent; K-feldspar, 1 percent; 
accessories, 1 percent; and groundmass, 50 percent.
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Accessories include xenoliths, apatite, sphene, and magnetite. 
A large portion of the groundmass is probably K-feldspar 
because it easily stains with sodium cobaltinitrite.

In thin section, the dacite porphyry has a distinc
tive appearance. Plagioclase, the most abundant phenocryst 
present, occurs as sharp 2-mm zoned crystals. Much of the 
phenocrystic quartz in the dacite porphyry has the diagnos
tic resorbed texture of large embayed amoeboid phenocrysts 
so typical of "quartz porphyries." The quartz phenocrysts 
are usually on the order of 3 to 4 mm in diameter. The 
quartz infrequently displays a sharp angular fragmented 
texture. Biotite, occurring as small 2-mm flakes, is gener
ally sericitized or chloritized depending on its position 
in the alteration envelopes. Many of the biotite pheno
crysts show a weakly oriented flow texture. This texture 
is much more evident in the groundmass where thin wispy 
bands of biotite define a distinct flow-banding. The ground- 
mass of the dacite porphyry consists of K-feldspar, quartz, 
biotite, and minor plagioclase.

Age and Formation
Age determinations by Mauger (1966) of rocks in the 

Silver Bell area show inconsistent relationships, particu
larly within the dacite porphyry. Two samples of biotite 
in the dacite porphyry were dated by K/Ar techniques and 
yielded dates of 57.7 ± 2.0 m.y. and 53.3 ± 2.8 m.y.,
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respectively. Numerous K/Ar dates of the geologically 
younger, dacite-intruding and mineralizing quartz monzonite 
porphyry intrusions show ages older than 60 m.y. This dis
crepancy in observed crosscutting relationships obscures 
regional temporal relationships within the district.

Watson (1964) has suggested that the dacite porphyry 
is a large sill or laccolithic body floored by the Paleozoic 
section and capped by the sediments of the Claflin Ranch 
Formation. Richard and Courtright (1954) recognized the 
locally intrusive nature of the dacite porphyry but suggested 
that the unit must have broken the surface due to the dacitic 
cobbles present in the Claflin Ranch Formation. At North 
Silver Bell, the dacite is clearly intrusive, probably as a 
large subvolcanic sill. Blocks of limestone suspended in 
the dacite porphyry lie near the contact with the Paleozoic 
section in the extreme southwest portion of the study area, 
and the contact with the Claflin Ranch Formation to the 
north shows increasingly numerous xenoliths, many of sedi
mentary affiliation.

Quartz Monzonite Porphyry Stock 
and Monzonite Dikes

Distribution and Field 
Characteristics

Quartz Monzonite Porphyry Stock. The mineralizing 
event in the North Silver Bell area was apparently associated
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with the intrusion of a Laramide quartz monzonite porphyry 
stock, the North Silver Bell stock, and an associated dike 
swarm of quartz monzonite porphyry and monzonite porphyry 
dikes into the dacite porphyry (fig. 3, in pocket). The 
stock lies on the margin of the basin pediment and only the 
extreme eastern portion is exposed. The western margin of 
the stock is probably truncated by the Atlas fault, a major 
north-striking, high angle fault bounding the western margin 
of the Silver Bell Mountains.

In hand sample, the North Silver Bell stock is char
acterized by its distinctive porphyritic texture. The pres
ence of large 2- to 8-mm plagioclase phenocrysts along with 
abundant 1- to 3-mm biotite phenocrysts characterize the 
rock. Quartz, a relatively minor constituent, occurs as 
1- to 3-mm rounded phenocrysts. Where potassically altered, 
the groundmass has a characteristically distinct, sugary 
recrystalline texture in hand sample. The intensity of K- 
feldspar flooding and recrystallization of the groundmass 
has obscured the primary composition and texture of the 
groundmass.

In outcrop, the North Silver Bell stock is typically 
grayish to pinkish in color. It generally weathers to a 
distinctive rubble of subrounded blocks. The weathered sur
faces are commonly pitted and pockmarked, indicative of the 
plagioclase porphyritic nature of the unit.
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Monzonite Porphyry Dike Swarm. A dike swarm associ

ated with the intrusion of the North Silver Bell stock lies 
immediately east of the stock (fig. 3, in pocket). Many of 
the dikes occur as large protuberances swelling from the 
intrusive stock. In hand sample, the dikes are very similar 
in composition to the North Silver Bell stock, although the 
abundance of quartz phenocrysts is somewhat reduced. Most 
of the dikes are better described as monzonite porphyries 
rather than as quartz monzonite porphyries. The total num
ber of phenocrysts also appears to be somewhat diminished 
in the dikes. Other textural features, such as grain size, 
are about the same as in the stock. In addition, cooling 
margins are present in some of the dikes. These chill zones 
are characterized by decreased biotite in the dike as the 
dike walls are approached. These zones are not systematic 
in either width or distribution.

In outcrop, the dikes are distinctive and are recog
nized from the surrounding dacite porphyry by the absence 
of abundant quartz phenocrysts. The dikes, commonly iron 
stained, characteristically weather into rounded pockmarked 
blocks. The dikes are extensive and show a high variabil
ity in width; most are 10- to 15-m wide but many range up 
to 30 m in width. The majority of the dikes are extremely 
continuous, commonly having a strike length of a kilometer 
or more. The structural grain of the dike swarm is dis
tinctly east-northeast to east-southeast.
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Petrographic Description

Point counts of representative samples from the 
North Silver Bell stock show the following average modal 
composition: plagioclase, 24.6 percent; biotite, 12.2 per
cent; quartz, 2.2 percent; K-feldspar, 1.0 percent; acces
sories , 1.2 percent; and groundmass, 58 percent. The 
accessories include sphene, apatite, zircon, and rutile.
The groundmass shows a potassically enhanced, recrystalline 
texture with an average grain size of 0.1 mm. The average 
composition of the groundmass is quartz, 48 percent; K- 
feldspar, 44 percent; and biotite, 8 percent.

Texturally, the dikes and stock are very similar. 
The plagioclase phenocrysts are typically zoned and 1 to 
5 mm in diameter. Biotite consists of books up to 5 mm in 
diameter. K-feldspar, although common in the groundmass, 
occurs only rarely as 2- to 3-mm phenocrysts. Quartz occurs 
as embayed 1- to 3-mm phenocrysts in the stock. Quartz 
phenocrysts are rare in the dikes. Texturally, the quartz 
phenocrysts in the dikes are similar to those in the stock.

Age
Mauger (1966) dated the El Tiro stock, one of a 

series of Laramide stocks emplaced in a northwest-trending 
zone within the Silver Bell district. K/Ar dates on biotite 
from this intrusion include dates of 67.1 ± 2.7 m.y., 65.5 
± 2.0 m.y., and 63.4 ± 2.2 m.y. Emplacement of the North
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Silver Bell stock and other small Laramide stocks in the 
northern part of the Silver Bell district, such as the 
Imperial and Daisy stocks, appear to be of the same age.

Latite Dikes
In addition to the quartz monzonite porphyry and 

monzonite porphyry dikes in the North Silver Bell area, 
there are common but not numerous latite dikes (Kid). These 
dikes, which are extremely fine-grained, are generally much 
smaller than the monzonite porphyry dikes at about 1 to 5 m 
in width. Characteristically a tan or white color, the latite 
dikes predate the emplacement of the monzonite porphyry dikes. 
In several instances, latite dikes are crosscut by later mon
zonite porphyry dikes. Petrographically, the dikes exhibit an 
equigranular texture of intergrown K-feldspar and plagioclase 
laths with trace amounts of interstitial quartz. Minor amounts 
of interstitial chlorite after biotite are also present.

Quartz Latite Porphyry Dikes
The last Laramide dikes emplaced in the North Silver 

Bell area are the distinctive, characteristically gray-green 
quartz latite porphyry dikes (Klpd). These dikes are rare 
although one has a continuous strike length of almost 1 km. 
Most quartz latite porphyry dikes are 5- to 10-m wide, but 
they range up to 40 m. These dikes crosscut both the mon
zonite porphyry dikes and the latite dikes. All alteration 
assemblages associated with the emplacement of the quartz
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monzonite porphyry stock are recognized within these dikes, 
suggesting that they were in position shortly after the 
monzonite porphyry dikes were emplaced.

Petrographically, the quartz latite porphyry dikes 
are distinctive. Point counts of a representative sample 
show an average modal composition of plagioclase, 10 per
cent; quartz, 7 percent; K-feldspar, 4 percent; biotite,
0.5 percent; accessories, 0.5 percent; and groundmass, 78 
percent. Accessories include apatite and magnetite. The 
quartz consists of 1- to 3-mm deeply embayed relict dipyra
mids. The plagioclase occurs as large zoned phenocrysts, 
commonly in clusters of crystals from 2 to 5 mm in diameter. 
The K-feldspar phenocrysts are single isolated 2- to 5-mm 
crystals. The groundmass is a microcrystalline intergrowth 
of quartz, K-feldspar, and plagioclase.

Breccia Pipes
In addition to the dike swarms evident at North 

Silver Bell, a series of other epizonal features are pres
ent, in particular a group of breccia pipes (Kbx) (fig. 3, 
in pocket). The pipes occur as large silicified and seri- 
citized knobs, lying somewhat east of the quartz monzonite 
porphyry stock. The pipes are large, the biggest being 
approximately 100 m in diameter. A composite section across 
one of the pipes shows increasing density of fracturing 
within the dacite porphyry, gradually giving way to a true
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intrusive breccia with rotated fragments of various composi
tions . Individual breccia clasts, cemented in a silica and 
extremely coarse-grained sericite matrix, are generally 
either dacite porphyry or quartz monzonite porphyry. The 
presence of the quartz monzonite porphyry clasts along with 
the easterly location of the pipes indicate that the North 
Silver Bell stock is more widespread at depth. Some rotary 
drill data in the area, along with a small apophysis of 
quartz monzonite porphyry in the vicinity of the breccia 
pipes, affirm this conclusion. Many of the large easterly 
dikes might well bottom in the quartz monzonite porphyry 
stock at depth.

Temporal relationships within the breccia pipes are 
contradictory. Pipes in a few instances are crosscut by 
quartz monzonite porphyry dikes, although the breccias con
tain quartz monzonite porphyry clasts derived either from 
dikes or the stock at depth. This suggests contemporaneous 
or overlapping emplacement of the breccias and the quartz 
monzonite porphyry stock and associated dikes. Fragments 
within the breccia show truncated late potassic quartz + 
K-feldspar ± molybdenite veinlets, and the majority of the 
monzonite dikes commonly show this late potassic assemblage. 
In a single isolated occurrence, a small apophysis of the 
quartz monzonite porphyry stock just west of the breccias 
show no potassic assemblages, only late phyllic assemblages. 
These confusing temporal relationships suggest an extremely
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long relative duration of emplacement of the various quartz 
monzonite porphyry-monzonite porphyry units, a somewhat 
problematic observation. These contradictory observations 
may possibly be explained by the presence of multiple phases 
associated with the emplacement of the North Silver Bell 
stock. No petrographic observations support such a conjec
ture although such observations may be obscured by the 
extensively altered nature of the intrusion.

Pebble Dikes
Another epizonal feature seen in excellent exposure 

at North Silver Bell is the abundant pebble dikes. These 
pebble dikes (fig. 4) are characterized by rounded pebbles 
of various compositions cemented in a matrix of gray, greasy 
sericite.. The pebbles are primarily quartz monzonite por
phyry and dacite porphyry, although many of the clasts are 
so intensely sericitized as to obscure the original composi
tion. The presence of quartz monzonite porphyry pebbles, 
common in the dikes near the breccias and in the vicinity 
of the North Silver Bell stock, decreases and then disappears 
as the northeast portion of the study area is approached.
The pebble dikes vary in width from 5 cm to a maximum of 
2 m. Individual clasts in some of the larger dikes reach a 
maximum of 30 cm in diameter. The dikes are located in all 
alteration envelopes and occur to the limiting boundaries of 
the mapped propylitic alteration, a distance of over 1.2 km.
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Figure 4. Typical pebble dike from the North Silver 
Bell area. —  The dike is located immediately east of the 
major breccia pipes on figure 3 (in pocket). The scale is 10 cm in length.
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The dikes themselves are all extensively sericitized with 
pervasive haloes of sericite around them. Some of the peb
ble dikes crosscut or have been emplaced along the margins 
of the monzonite dikes. In a few instances, other dikes, 
particularly the quartz latite porphyry dikes, have cut ear
lier pebble dikes. Generally, emplacement of the pebble 
dikes appears to have occurred during the waning stages of 
the quartz monzonite intrusive event. Orientations of the 
pebble dikes in large part mimic the other dikes present in 
the area. The greatest number of pebble dikes occur in the 
area surrounding the breccia pipes.

The formation of the pebble dikes has been attrib
uted to degassing along fractures resulting in continued 
abrasion of clasts trapped within the fractures. At North 
Silver Bell the extremely rounded pebbles and smooth abraded 
margins of the dikes support such a mechanism. The spatial 
distribution of the pebble dikes suggest that degassing was 
an important regional phenomenon associated with the emplace
ment of the Laramide quartz monzonite porphyry intrusion.

Mid-Tertiary Andesite Dikes
The last dikes emplaced at North Silver Bell are a 

series of small mid-Tertiary andesite dikes probably associ
ated with mid-Tertiary volcanism centered at Ragged Top, a 
latite porphyry plug about 5 km northeast of the study area. 
The dikes are small and discontinuous, rarely having strike
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lengths of more than 60 m and widths of 3 m. The dikes are 
generally green to purple in color and aphanitic in texture. 
Petrographically, the dikes show an equigranular texture 
principally composed of jackstraw plagioclase laths and 
interstitial biotite. The dikes also contain magnetite and 
rare interstitial quartz. Vesicles, commonly filled with 
secondary copper oxides, are present in some of the dikes.
No alteration effects associated with the emplacement of 
the North Silver Bell stock are seen in the andesite dikes, 
thereby confirming the mid-Tertiary affiliation.

Structure
The structural geology of the North Silver Bell area 

is straightforward. Only a few faults were recognized dur
ing the course of detailed mapping. A series of small nor
mal or high angle faults with north-northeast to north- 
northwest orientations offset the easterly oriented Laramide 
dike swarm. Maximum lateral displacements along these faults 
are about 50 m. Both right and left components of relative 
slip have been recognized. The faults postdate all Laramide 
features in the area. The north-northeast to north-northwest 
orientation of these small faults parallel the orientations 
of the mid-Tertiary Barite and Mount Mammoth Faults. The 
structural grain of these major faults, along with the pre
ponderance of north-northwest mid-Tertiary diking in the 
district, suggests that the small faults in the North Silver
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Bell area are of mid-Tertiary age. In addition to this 
northerly faulting, minor easterly oriented faults are also 
present. No offset is recognized along these faults owing 
to their parallelism with Laramide units. Only one such 
fault is evident at the scale of figure 3 (in pocket), 
although many other small easterly shear zones are present. 
The nature of these structures and their sympathy with Lara
mide diking suggest that they are of Laramide age. A dis
cussion detailing the structural controls associated with 
the various alteration assemblages follows in a later chap
ter.



VEINLET ALTERATION, PARAGENESIS,
AND DISTRIBUTION

Introduction
During the late 1960's and early 1970's, the impor

tance of alteration, particularly alteration zoning, was 
recognized in the porphyry copper deposits. Numerous pub
lications (Lowell and Guilbert, 1970; Gustafson and Hunt, 
1975) and exploration success point out the importance of 
the spatial distribution of alteration. The recent recogni
tion of not only the spatial distribution but the temporal 
and geochemical distribution of developing alteration and 
mineralization assemblages has served to explain much of 
the variation seen in porphyry copper deposits.

The development of the various alteration assemblages 
associated with porphyry copper mineralization is a function 
of a number of variables, including the physical character
istics of both the attendant intrusion and subsequent hydro- 
thermal fluids (Guilbert and Lowell, 1974). Recent work at 
Silver Bell by Kanbergs (1980) shows that the structural 
features associated with a mineralizing intrusion can be 
characterized and quantified as an evolving system of frac
tures controlled by tectonic and wall rock characteristics. 
The recognition of these evolving structural controls, when
combined with the evolving geochemical characteristics of

25
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the hydrothermal fluids, allows a synthesis and depiction of 
the evolving hydrothermal environment.

Alteration at North Silver Bell is characterized by 
a potassic-propylitic continuum overprinted by a later 
phyllic stage (fig. 5, in pocket). The potassic-propylitic 
continuum of alkali metasomatism shows a distinctive volu
metric increase in potassium phases. The potassic episode 
at North Silver Bell is comprised of three subassemblages 
with essential secondary biotite or K-feldspar phases. The 
subassemblages in paragenetic sequence show a minor earlier 
biotite ± quartz ± sulfide assemblage followed by a K- 
feldspar ± quartz ± chalcopyrite assemblage. The final 
potassic event is a quartz ± K-feldspar ± molybdenite epi
sode. The propylitic zone, also characterized by alkali 
metasomatism, contains disseminated epidote, chlorite, cal- 
cite, and K-feldspar. Veinlet-related alteration assem
blages are absent in the propylitic zone except for isolated 
fractures with epidote coatings. Postdating alkali meta
somatism is an episode of phyllic alteration. This event 
is characterized by a distinctive period of intense quartz 
± sericite ± pyrite veining lying generally outboard of 
the potassic and overprinting the propylitic zone. In 
addition to early alkali alteration and later hydrolitic 
alteration, an alunite alteration assemblage is evident at 
North Silver Bell. This event postdates all alteration types 
and is characterized by an alunite ± sericite ± kaolinite ±
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pyrite assemblage. Minor kaolinite also fills some late, 
open fractures. Figure 6 shows a paragenetic sequence for 
all alteration types and figure 7 shows a schematic repre
sentation of various veinlet characteristics and crosscut
ting relationships.

The spatial distribution of the various alteration 
types (fig. 5, in pocket) follows the classical model of 
central potassic alteration, marginal phyllic alteration, 
and distal propylitic alteration. The alunite alteration, 
although spotty, overprints the most intense zones of 
phyllic alteration.

Potassic Alteration
The potassic alteration at North Silver Bell is char

acterized by a suite of biotite and K-feldspar subassemblages 
occurring in a linear northwest trend crosscutting the study 
area. This potassic zone, which has a maximum width of about 
600 m, parallels the distinctive northwest.trend of Laramide 
intrusions within the district. This zone of potassic alter
ation is probably truncated by the Atlas Fault northwest of 
the area. To the south, the potassic zone narrows but then 
expands as the El Tiro pit is approached.

The potassic zone is composed of a suite of subas
semblages containing biotite or K-feldspar. Three distinct 
subassemblages have been outlined: (1) biotite ± quartz
± sulfide, (2) K-feldspar ± quartz ± sulfide, and
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(3) quartz + K-feldspar ± molybdenite. Paragenetic and 
relative quantitative relationships between these subassem
blages are characterized by figure 6. The early biotite 
assemblage is extremely rare while the K-feldspar ± quartz 
± sulfide and the quartz ± K-feldspar ± molybdenite assem
blages are common and widespread. The expression of these 
alteration subassemblages appears to vary little as a func
tion of wall rock composition. The only difference discerned 
at North Silver Bell is a decrease in biotite, either perva
sive or veinlet controlled, in the dacite porphyry. This 
variation is probably due to the slightly more mafic compo
sition of the North Silver Bell stock.

Biotite ± Quartz ± Sulfide 
Subassemblage

The earliest potassic subassemblage recognized at 
North Silver Bell is a series of minor biotite ± quartz ± 
sulfide veinlets. These veinlets, which constitute only a 
trivial fraction of the total potassic veinlets observed, 
consist of small discontinuous veinlets, almost always less 
than 1-mm wide. The biotite, which shows partial to com
plete chloritization, occurs as thin fracture fillings or 
disseminations in quartz with both pyrite and chalcopyrite. 
No discernible alteration selvages are recognized, although 
the presence of secondary biotite appears to be somewhat 
enhanced in wallrock flanking such veinlets. The veinlets 
are extremely discontinuous, rarely being discerned for more
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than 40 to 50 cm. The curvilinear, sinuous nature of these 
structures is notable when compared with the increasingly 
planar nature of later potassic subassemblages.

K-feldspar + Quartz ± Sulfide 
Subassemblage

Subsequent to the biotite ± quartz ± sulfide event, 
deposition of the highly variable K-feldspar ± quartz ± sul
fide subassemblage occurred. These veinlets, representing 
the main hypogene mineralizing episode at North Silver Bell, 
constitute an increasingly significant portion of the potas
sic veinlets. This subassemblage, as compared to earlier 
and later potassic events, shows the greatest magnitude of 
diversity in veinlet characteristics. Compositionally, the 
veinlets show coarsely crystalline K-feldspar and quartz, 
commonly but not exclusively intergrown in a distinctive 
aplitic texture. Early veinlets in the subassemblage show 
a high K-feldspar component, while later veinlets in the 
subassemblage show a high quartz component, commonly as thin 
centerlines of coarsely crystalline quartz. In addition to 
the ubiquitous K-feldspar and quartz, epidote has been 
recognized in a few veinlets as small random grains. The 
principal sulfide associated with the veinlets is chalcopy- 
rite, which occurs as thin centerline filaments or dissem
inated grains throughout the veinlets. No molybdenite is 
present although minor pyrite has been recognized.
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The veinlets vary from 1- to 20-mm wide. Most of the 

veinlets are characteristically discontinuous, rarely being 
distinguished for more than about 1 m. Many of the smaller 
veinlets show diffuse walls gradually giving way to perva
sively recrystalline K-feldspar and quartz in the ground- 
mass. Many of the larger veinlets in this subassemblage, 
on the order of 15- to 20-mm wide, show either diffuse walls 
with K-feldspar selvages or sharp walls with no distinctive 
selvages. The larger veinlets are less sinuous and can be 
continuous for several meters. Figure 8 shows a typical 
veinlet of this subassemblage.

The distribution of the K-feldspar ± quartz ± sul
fide subassemblage at North Silver Bell is somewhat spotty. 
Much of the K-feldspar is difficult to recognize owing to 
the weak phyllic overprint masking much of the potassic 
zone. The aplitic-appearing texture of many of these vein- 
lets also makes recognition of such veinlets difficult in 
the field. This subassemblage is probably more widespread 
than could be determined during the course of mapping.

Quartz ± K-feldspar ± Sulfide 
Subassemblage

The final episode of alteration and mineralization 
associated with the potassic event at North Silver Bell was 
the development of the abundant quartz ± K-feldspar + molyb
denite veinlets (fig. 9). These veinlets constitute the 
most significant fraction of potassic veinlets observed in
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Figure 8. Typical K-feldspar-quartz-chalcopyrite 
veinlet of the potassic assemblage. —  This sample is from 
the wash dissecting the quartz monzonite porphyry stock 
in figure 3 (in pocket).
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Figure 9. An intensely fractured exposure of the 
quartz monzonite porphyry showing gray-blue late potassic 
quartz-K-feldspar-molybdenite veinlets crosscut by later 
gray phyllic veinlets
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the study area. Compositiona1ly, the veinlets are relatively 
simple, consisting almost entirely of gray or milky quartz.
In some instances, K-feldspar occurs as thin selvages or 
discontinuous blebs along the centerlines of the quartz vein- 
lets. Molybdenite is disseminated as flakes and as "paint" 
along the walls of the veinlets. Trace amounts of pyrite 
are also present in this subassemblage. A large number of 
the veinlets are solely barren quartz. The veinlets vary in 
width from hairline fracture fillings to large 2- to 3-cm- 
wide veinlets. The majority of these veinlets are discon
tinuous, generally less than 1-m long, although some of the 
wider veinlets are discernible up to about 5 m. The larger 
veinlets are increasingly planar when compared to the vein- 
lets of the earlier potassic subassemblages. Many of the 
veinlets of this subgrouping have sharp flat boundaries.

The distribution of the quartz ± K-feldspar ± sul
fide assemblage was extremely easy to delineate during map
ping owing to the quartz-rich nature of the veinlets. This 
subassemblage showed a greater maximum lateral distribution 
than any other of the potassic subepisodes. The earlier 
K-feldspar ± quartz ± sulfide event, when outlined, mimics 
the spatial disposition of the quartz ± K-feldspar ± molyb
denite veinlets but is more central by 50 to 80 m. This 
observation may not reflect the actual spatial relationships 
between the two assemblages, but may rather reflect the 
increasing intensity of peripheral phyllic alteration which
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serves to mask much of the earlier K-feldspar event. This 
masking effect is evident in the vicinity of the breccia 
pipes where a large halo of pervasive sericitization masks 
earlier K-feldspar-rich assemblages but not later quartz- 
rich assemblages.

Pervasive Potassic Alteration
Pervasive alteration associated with potassic meta

somatism at North Silver Bell is manifest as secondary bio- 
tite and K-feldspar in the groundmass of both the dacite 
porphyry and the North Silver Bell quartz monzonite stock. 
Point counts of typical recrystalline groundmass within the 
quartz monzonite porphyry show an average modal composition 
of quartz, 44 percent; K-feldspar, 48 percent; and biotite, 
8 percent. This pervasively altered groundmass shows a 
distinctive sugary groundmass with an average grain size of 
0.1 mm.

The weak enhancement of secondary biotite around 
early biotite ± quartz veinlets suggests that much of the 
pervasive biotitization occurred early. The peak of perva
sive K-feldspar flooding appears to be associated with the 
K-feldspar ± quartz episode of veinlet alteration. Areas 
showing the greatest abundance of these veinlets generally 
show the most intense K-feldspar flooding.
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Propylitic Alteration

Propylitic alteration at North Silver Bell is charac
terized by an assemblage of chlorite, epidote, calcite, and 
K-feldspar. The assemblage both underlies and flanks the 
zone of phyllic alteration and gradually gives way to fresh 
rock at the perimeter of the district. Figure 5 (in pocket) 
shows the distribution of propylitic phases at North Silver 
Bell. The spatial transition from phyllic alteration into 
the propylitic zone is characterized by a distinctive 
decrease in the fracture densities in the dacite porphyry 
along with a gradual transition from pervasive sericitization 
to pervasive chloritization. The propylitic zone is also 
overprinted by later pervasive sericitic alteration centered 
along dikes and along zones of intense fracturing.

Unlike the situation at most porphyry copper depos
its , the propylitic assemblage at North Silver Bell is not 
characterized by veinlet-controlled alteration (fig. 10). 
Many studies in the southwest porphyry province, such as 
Haynes and Titley (1980), and even Kanbergs (1980) around 
El Tiro pit in the Silver Bell district, show fracturing 
within the propylitic to be characterized by veinlet assem
blages of quartz, epidote, chlorite, and K-feldspar. At 
North Silver Bell, veinlet-controlled alteration assemblages 
are limited to rare fractures coated with a thin veneer of 
epidote. Veinlet assemblages of either quartz or K-feldspar 
were recognized in only a few very isolated occurrences.



Figure 10. Typical unfractured exposure of the 
dacite porphyry in the propylitic zone. —  The coarser 
clots are epidote-pyrite segregations.
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This lack of veinlet assemblages allows recognition of the 
transition between the potassic and propylitic even where 
phyllically overprinted. This transition, along with spa
tial relationships with the later phyllie event, will be 
discussed in a following chapter.

Pervasive alteration in the propylitic zone is char
acterized by the typical assemblage of chlorite, epidote, 
calcite, and K-feldspar. Chlorite, which replaces most of 
the biotite in the dacite porphyry, gradually appears more 
bleached and sericitized as the phyllie alteration envelope 
is approached inward from the propylitic, or outboard from 
the maximum extent of phyllie veining. Pervasively dissem
inated epidote is also extremely common, replacing both the 
groundmass and the plagioclase in the dacite porphyry.
Clots of epidote surrounding disseminated pyrite grains are 
present. Overall, the extensiveness of pervasive epidotiza- 
tion is highly variable. The dacite porphyry, in particular, 
shows variation from almost fresh rock to intensely propy- 
litized rock over distances of about 100 m. Calcite is 
relatively rare in the propylitic assemblage, and occurs as 
small masses with epidote in plagioclase phenocrysts. K- 
feldspar is the rarest alteration phase present. It occurs 
as overgrowths on plagioclase and K-feldspar phenocrysts in 
both the dacite porphyry and the monzonite porphyry dikes. 
These overgrowths are best developed within the quartz
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latite porphyry dikes where rims of K-feldspar over a milli
meter in width are common.

Phyllic Alteration
Phyllic alteration at North Silver Bell consists of 

a sequence of quartz-sericite-pyrite veinlets and attendant 
pervasive sericitic alteration. The phyllic event occurs 
paragenetically late, crosscutting all earlier potassic. and 
propylitic events. The transition in veinlet characteris
tics from potassic to phyllic is abrupt by comparison to 
subassemblage transitions within the potassic. The distri
bution of the phyllic assemblage at North Silver Bell appears 
as a distinctive band surrounding the potassic core (fig. 5, 
in pocket). The greatest density of phyllic veinlets lies 
outboard from the maximum distribution of the potassic vein- 
lets. Pervasive sericitization of the various units within 
the North Silver Bell area displays a wide variation in spa
tial and textural relationships.

Quartz-sericite-pyrite Veinlets
The phyllic assemblage of quartz-sericite-pyrite is 

the most abundant veinlet-controlled alteration assemblage 
recognized at North Silver Bell. The veinlets show thin 
quartz-pyrite centerlines surrounded by a distinctive seri- 
cite selvage. The centerline displays a high variability 
in quartz content. Many of the veinlets display only an 
occasional quartz grain suspended in the veinlet while in a



41
few rare instances the centerlines of quartz approach 5 mm 
in width. Pyrite occurs as coarsely crystalline grains 
intergrown with the quartz. Sericite within the centerlines 
is extremely rare, and was only recognized as occasional 
thin wisps or flakes in the quartz. Sericite generally 
occurs as a distinctive bleached or watery gray selvage 
around the veinlets. Selvage dimensions vary from thin 
hairline envelopes around microfractures to 2- to 3-cm haloes 
around some of the larger veinlets. Phyllic veinlets as a 
whole are more continuous than the potassic assemblage vein- 
lets previously discussed. In some instances, individual 
veinlets can be traced for 3 to 4 m. The veinlet fractures 
are planar, although the variable nature of the sericite 
selvages gives them a deceptively sinuous appearance.
Figures 11 and 12 show typical quartz-sericite-pyrite vein- 
lets from the North Silver Bell area. As seen in figure 12, 
surface exposures show an intense concentration of supergene 
hematite in the cores of blocks of dacite porphyry outlined 
by the stockwork phyllic veinlets. This supergene effect 
makes recognition of phyllic veinlets easy in the field.

Petrographica1ly, the quartz-sericite-pyrite vein- 
lets are distinctive. They are simply composed of thin 
hairline fractures with or without quartz, but with rela
tively wide sericite selvages. Sulfide, invariably pyrite, 
has been totally oxidized to limonite in most instances, 
although in some fresher samples pyrite is still present.
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Figure 11. Zone I (top) and zone II (bottom) phyllic 
alteration characterized by weak and moderate quartz- 
sericite-pyrite veining, respectively



Figure 12. Zone III phyllic alteration character
ized by stockwork quartz-sericite-pyrite veinlets
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Table 1 shows the grain size variation of sericite in the 
dacite porphyry as a function of the principal alteration 
type and the measured distance from the inferred potassic 
center of the system. Table 2 shows similar textural varia
tion in sericites within the quartz monzonite porphyry and 
monzonite porphyry dikes. From the tables, it is evident 
that little textural variation in veinlet sericites occurs 
laterally through the system. Veinlet selvage sericites 
are similar throughout the dacite porphyry and are only 
slightly coarser-grained in the quartz monzonite.

Three zones of phyllic veinlet intensity have been 
defined on the basis of detailed mapping in the North Silver 
Bell study area. Stations spaced every 90 to 120 m were 
used to describe carefully all alteration phases. Qualita
tive intensities of phyllic veining were described at each 
station, as were other pertinent alteration features. Con
touring of the various data stations has yielded figure 5 (in 
pocket). The three qualitative phyllic categories include: 
Zone I— sparse, isolated occurrences of phyllic veinlets, 
Zone II— common phyllic veinlets, and Zone III— abundant 
stockwork phyllic veinlets. Figures 11 and 12 show typical 
examples from each of these qualitative zones.

From figure 5 (in pocket), the relative intensity 
and distribution of phyllic alteration becomes evident. The 
phyllic assemblage occurs as two discrete envelopes of 
extensive alteration flanking the potassic center of the
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Table 1. Grain size variation of sericites in the 

dacite porphyry as a function of the principal alteration 
type and the measured distance from the inferred potassic 
center of the system

Grain Size

Principal
Alteration
Type

Veinlet Disseminated
Thin
Section

Distance
(m)

Avg.
(mm)

Max.
(mm)

Avg.
(mm) Max.

(mm)

15 8B 35 Potassic - - 0.02 0.05
175A 35 Potassic - - 0.02 0.08

172A 115 Potassic/
Phyllic - - 0.02 0.25

144A 325 Phyllic/
Potassic 0.02 0.08 0.03 0.08

131B 355 Potassic/
Phyllic 0.03 0.15 0.05 0.15

78A 455 Phyllic 0.02 0.15 0.05 0.15
183B 480 Phyllic 0.05 0.05 0.03 0.08
62A 500 Phyllic 0.02 0.08 0.02 0.02

182A 500 Phyllic 0.02 0.08 0.02 0.02
57B 550 Propylitic - - 0.02 0.05
63A 560 Phyllic 0.02 0.08 0.02 0.04
96A 580 Phyllic 0.01 0.08 0.03 0.04
30A 945 Propylitic - - 0.02 0.08
9B 990 Propylitic - - - -
3A 1035 Propylitic - - 0.03 0.04
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Table 2. Grain size variation of sericites in the 

quartz monzonite porphyry and monzonite porphyry dikes as 
a function of the principal alteration type and the mea
sured distance from the inferred potassic center of the 
system

Grain Size

ThinSection
Distance

(m)
Principal
Alteration
Type

Veinlet Disseminated
Avg.
(mm)

Max.
(mm)

Avg.
(mm)

Max.
(mm)

154A 0 Potassic - - 0.03 0.05
153A 85 Potassic - - 0.03 0.05
147A 90 Potassic - - 0.07 0.35
126B 395 Phyllic 0.04 0.12 0.02 0.10
183A 480 Phyllic 0.10 0.15 0.05 0.10
112A 580 Phyllic - - 0.03 0.15
53B 595 Phyllic - - 0.03 0.10
98B 610 Phyllic - - 0.05 0.15
34C 640 Phyllic - - 0.05 0.15
42B 825 Phyllic - - 0.03 0.08
9A 975 Propylitic - - 0.03 0.10
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system. A weak phyllic overprint is recognized across the 
core and waxes outwardly. The northwest orientation of the 
alteration envelopes constitutes the most northerly expres
sion of the elongated northwest zone of Laramide intrusions. 
The density of phyllic veining reaches a maximum slightly 
outboard of the potassic zone. Implications of this obser
vation will be discussed in a following chapter detailing 
the structural controls of various alteration assemblages, 
in particular, the phyllic. A distinctive asymmetry in the 
phyllic envelopes is also evident in figure 5 (in pocket). 
Although little of the western phyllic envelope is seen 
through the basin fill, whenever the zone is exposed the 
maximum intensity of veining is only zone II. In contrast, 
the eastern flanking phyllic envelope shows we11-developed 
stockwork phyllic veinlets of zone III. Speculation on the 
reason for such asymmetry is obscured by the scant geologic 
data in the western portion of the system. The regional 
fluid hydraulics or the channeling of fluids along the 
Laramide dike swarm might well have controlled the intensity 
of the phyllic assemblage.

Pervasive Sericitization
Controversy surrounding the nature of pervasive 

sericitization is still largely unresolved. Many writers 
have recognized the presence of thick supergene sericite 
zones over many of the porphyry copper deposits (Rose,



48
1970), although the ubiquity of pyrite intergrowths with 
sericite challenges their truly supergene origin. The 
following discussion and description will deal with the 
textural characteristics of the various pervasive sericites 
present at North Silver Bell. Since these studies were 
limited to surface exposures, little can be concluded con
cerning the ultimate origin of the pervasive sericite.
Where churn drill cuttings are found at many drill hole 
sites, pyrite is universally associated with the pervasive 
sericite in amounts ranging from 2 to 10 percent.

Several types of sericites occur within the North 
Silver Bell area. Most of the differences are merely tex
tural variations of sericites in different geologic set
tings. The principal pervasive sericite recognized occurs 
as replacements of plagioclase and biotite phenocrysts in 
the dacite porphyry, the North Silver Bell stock, and the 
monzonite porphyry dike swarm. The extent of sericite 
replacement in the phenocrysts mimics the overall veinlet 
assemblage distribution, that is, plagioclase in the potas- 
sic zone is only slightly sericitized while plagioclase in 
zone III of the phyllic zone is extensively sericitized. 
Tables 1 and 2 show the grain size variation in dissemi
nated sericite as a function of distance from the inferred 
potassic center for both the dacite porphyry and the quartz 
monzonite porphyry units. Sericites in both rock types 
show a consistently uniform texture except for a slight



increase in grain size at the transition from predominant 
potassic to predominant phyllic alteration.

A second sericite type recognized at North Silver 
Bell is associated with the intense silicification of the 
breccia pipes. Figure 13 shows a typical example of the 
intensely silicified and sericitized breccias. Sericite 
associated with the breccia pipes is unique when compared 
with the sericites elsewhere in the deposit. Individual 
sericite flakes reach maximum dimensions of 1 to 2 mm, 
a five- to tenfold increase in grain size over either vein- 
let or disseminated sericites. In addition, breccia seri
cite is characteristically bright white with a diagnostic 
pearly luster. All other sericites in the study area show 
a greasy gray-green color.

Intensely sericitized pebble dikes involve a third 
textural type of sericite. Well-rounded pebbles of either 
dacite porphyry or quartz monzonite porphyry are suspended 
in a greasy gray groundmass of relatively fine-grained 
sericite. Many of the pebbles themselves are either parti
ally or entirely replaced by sericite.

A final sericite type recognized during detailed 
mapping at North Silver Bell is a coarse-grained greasy 
sericite filling small open fractures in the potassic zone. 
This sericite occurs as 0.5-mm flakes caked in shear zones 
and in small, late open fractures. The distribution of 
this sericite type is highly conjectural. It was only
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Figure 13. Typical example of the intense silicifi- 
cation and sericitization associated with the North Silver 
Bell breccia pipes



recognized in dissected exposures in small washes in the 
potassic zone. It might well be more widespread than field 
work has revealed.

Figure 14 is a compilation of the various sericite 
types as functions of rock type and distance from the in
ferred potassic center of the system. As seen in the dia
gram, the monzonite porphyry dikes and latite porphyry 
dikes are pervasively sericitized outward into the propy- 
litic zone, while pervasive sericitization of the dacite 
porphyry occurs only slightly outboard from the maximum 
extent of phyllic veining. Sericitized biotites within 
the dacite porphyry display a gradual and poorly defined 
transition into chlorite as the propylitic zone is approached. 
Pebble dikes are everywhere intensely sericitized and the 
breccias display intense silicification and sericitization. 
Finally, a weak pervasive overprint of sericite surrounds 
the breccias and masks much of the pervasive potassic K- 
feldspar flooding.
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Alunite Alteration
In addition to the typical potassic, propylitic, 

and phyllic alteration assemblages recognized in porphyry 
copper deposits, a distinctive late episode of hypogene 
alunite veinlets occurs in the North Silver Bell study area. 
These late phase alunite veinlets consist of alunite with or 
without sericite selvages and trace amounts of pyrite.
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kaolinite, and quartz. Figure 15 shows a typical late 
alunite veinlet crosscutting earlier phyllic veinlets. The 
alunite veinlets are 1- to 12-mm wide with varying widths 
of sericitic selvages. The alunite varies in color from 
green to light yellow or beige. Much of the light green 
alunite is extremely hard, probably as a result of fine
grained silica incorporated within the alunite. Quartz, 
although present, is a rare constituent occurring as small 
isolated blebs within the alunite. Trace amounts of both 
kaolinite and pyrite have been recognized in some of the 
alunite veinlets.

As reported in the next chapter, fluid inclusion 
studies of quartz associated with the alunite alteration 
failed to yield any definitive filling temperatures. Sec
ondary thermal peaks recognized during the fluid inclusion 
study of the phyllic veinlets, and possibly associated with 
the alunite alteration, occur at 250°C to 290°C and 190°C to 
230°C. Trace amounts of kaolinite associated with the 
alunite assemblage limit the transition temperature to 
below 270°C, the upper stability limit for kaolinite. Phase 
diagrams were used to characterize possible mechanisms for 
the transition from phyllic to alunite alteration. Figure 
16 is an activity-activity diagram for the system 
K20-Al203-Si02-H20-HCl-S03 at 200°C (Knight, 1976). From 
the diagram it is evident that the transition from muscovite 
stability to alunite stability can be influenced by several

S
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Figure 15. 
phyllic veinlets

Late alunite veinlet crosscutting earlier
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MICROCLINE

MUSCOVITE

ALUNITE

KAOLINITE

Figure 16. Activity-activity diagram of the system 
K^O-AlgOg-SiOg-SO^-HgO-HCl at 200°C and quartz saturation. 
—  After Knight (1976) .
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geochemical parameters. Increasing SO^ activity even past 
fairly low values can result in alunite deposition with or 
without a change in H+ activity, although increasing H+ 
activity favors alunite deposition if sufficient sulfate is 
present in the system. In addition, although not evident 
from the phase diagram, decreasing temperature also favors 
alunite deposition. Invariant points for muscovite-alunite- 
microcline and muscovite-alunite-kaolinite stability shift 
to smaller values of log a(H+)*a(SO^ ) and larger values
of log a(K+)/a(H+) as temperature is decreased. Clearly, 
deposition of alunite is a function of increasing H+ activ
ity, increasing SO^ ” activity, decreasing temperature in 
the presence of SO^ , or any combination of these parame
ters, all in the presence of available K+ ions. Experi
mental work by Hemley et al. (1969) has shown that pressure
and Na substitution into alunite does not greatly affect 
the invariant points.

Postdating all alteration assemblages at North 
Silver Bell is an assemblage of small discontinuous open 
fractures filled with kaolinite (fig. 6). These fractures 
probably represent late supergene products.



FLUID INCLUSION STUDY

The study of fluid inclusions and the application 
of such data have given important insight into the deter
mination of fluid composition involved in ore genesis. A 
study of inclusions related to the phyllic alteration event 
and slightly earlier and later assemblages was undertaken 
to characterize the thermal and chemical transition of 
hydrothermal fluids before, during, and after phyllic alter 
ation at North Silver Bell. Inclusion-derived geochemical 
data can be combined with the evolving fracture character
istics of the phyllic assemblage to characterize the evolu
tion of the phyllic alteration event.

Quartz from three distinct alteration assemblages 
was studied by fluid inclusion analysis. A late potassic 
quartz + K-feldspar + molybdenite veinlet (NSBF-1), and a 
phyllic quartz + sericite + pyrite veinlet (NSBF-4), and a 
late alunite + sericite+ quartz + pyrite veinlet (NSBF-7) 
were analyzed. A location map of the various samples is 
shown as figure 17. Samples NSBF-4 and NSBF-7 were col
lected well outboard from the maximum distribution of potas 
sic veinlets, thereby minimizing the change of mistaken 
homogenization of refractured earlier potassic assemblages. 
Figures 18 and 19 are photographs of samples NSBF-1 and 
NSBF-4.

57
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Figure 17. Location map of the fluid inclusion sam
ples at the North Silver Bell prospect. —  The scale is 1" = 1,092 ft or 333 m.
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Figure 18. Fluid inclusion sample NSBF-1, a quartz- 
K-feldspar-molybdenite veinlet from the potassic zone
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Inclusion Description
Fluid inclusions in the North Silver Bell study 

area are extremely difficult to work with owing to the high 
abundance levels and small sizes of the inclusions. All 
alteration assemblages show milky quartz indicative of abun
dant inclusions, but the inclusions are small, generally 
submicroscopic, and rarely reach a maximum length of 4 y.
Most usable inclusions were in the 2- to 4-y range. Because 
of the extreme size limitations of the inclusions, only a 
small portion of the inclusions observed were homogenized.

Two populations of inclusion types were observed 
during the study. The most common type of inclusion con
sists of small circular or oval inclusions. The second 
population consists of irregularly shaped, commonly necked- 
down inclusions. Secondary inclusions of both populations 
were observed. The few primary inclusions identified were 
either small oval shaped inclusions or small negative quartz' 
crystals. Subjective criteria for distinguishing primary 
and secondary inclusions were those of Roedder (1976).
Many of the homogenized secondary inclusions are probably 
primary but do not meet the primary criteria. The sheer 
number of submicroscopic inclusions makes the primary cri
terion of a minimum of five inclusion diameters distance 
from its nearest neighbor inclusion of questionable utility.

Both the phyllic and potassic assemblage inclusions 
dealt with in this study were of type 1 (Nash, 1976) . These
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inclusions contain two fluids, a liquid and a small vapor 
bubble. The volume of the vapor phase is a rough guide to 
the homogenization temperature of the inclusion. No daugh
ter minerals were observed in any of the 211 inclusions 
homogenized during the study. All inclusions homogenized 
to the liquid phase, indicating a lack of boiling in the 
hydrothermal system. Repeated attempts at determining 
salinity by inclusion freezing failed; the extremely small 
size of the inclusions made recognition of the freezing 
point of the fluid impossible. Although no salinities could 
be determined, the overall salinities of all the assemblages 
is inferred to be low owing to the lack of any halite, syl- 
vite, or other associated daughter minerals.

Homogenization Data
The central problem in dealing with fluid inclusions 

at North Silver Bell is the almost total lack of primary 
inclusions. Of the 211 inclusions homogenized in the study, 
only 12 inclusions could be reliably classified as primary.
A survey of secondary inclusion temperatures was undertaken 
to outline the thermal history of the quartz associated with 
the evolution of phyllic alteration, recognizing that some 
of the secondary inclusions might well actually be primary 
ones.

Figure 20 shows histograms of homogenization temper
atures for the late potassic and phyllic assemblages. The
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NSBF-I
Quartz-K-Spor-Molybdenite 
73 Inclusions

ISO ISO 170 190 210 2 3 0  2 50  270  2 9 0  310 3 3 0  3 5 0  370  3 9 0  410 4 3 0
T ° C
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Quartz-Sericite-Pyrite 
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Figure 20. Histograms of homogenization data for late 
potassic and phyllic assemblages at North Silver Bell
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shaded areas designate primary inclusions and represent the 
filling temperatures of the respective alteration assem
blages. The maximum filling temperature of the late potas- 
sic assemblage (NSBF-1) is 418°C with a minimum temperature 
of 371°C. The maximum filling temperature for the phyllic 
assemblage (NSBF-4) is 381°C with a minimum temperature of 
338°C. The average primary inclusion filling temperature 
of NSBF-1 is 392°C, against 355°C for NSBF-4. This repre
sents an average retrogressive shift of 37°C from late 
potassic to phyllic stages.

Unshaded areas in figure 20 represent homogenized 
apparently secondary inclusions. Three secondary thermal 
peaks are recognized in the quartz of sample NSBF-4. The 
first peak corresponds with the primary filling temperature 
of phyllic alteration. Homogenization temperatures of this 
secondary peak fall within the 350°C to 390°C range. A 
second thermal peak is somewhat less well defined but 
appears to be centered between 270°C and 290°C. The third 
and final secondary thermal peak recognized in the phyllic 
quartz lies roughly between 190°C and 230°C. This peak 
comprises the most abundant inclusion population dealt with 
during the course of the study.

Secondary peaks associated with the late potassic 
assemblage mimic thermal peaks recognized in the phyllic. 
The primary filling peak associated with the phyllic is 
represented by a secondary peak of 350°C to 390°C in the
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late potassic NSBF-1. The major 190°C to 230°C secondary 
peak is present but less conspicuous, and the 270°C to 
290°C peak is only tentatively apparent.

Figure 21 is a histogram of inclusion homogeniza
tions of an alunite-quartz-sericite-pyrite veinlet. Quartz, 
although extremely rare in this assemblage, occurs as small 
angular fragments embedded in the alunite and pyrite veinlet 
of NSBF-7. A sericite selvage flanks the entire veinlet.
It was hoped that homogenization temperatures of quartz 
inclusions would yield a primary peak for the alunite 
event. As evidenced by figure 21, thermal peaks for NSBF-7 
closely mimic peaks of the phyllic assemblage. The probable 
explanation is that NSBF-7 represents a phyllic veinlet

Sample N SB F-7  
21 Secondary Inclusions

c0
91
o
5E9
Z

6- 
4- 

2-

°i30 150 170 190 210 230 250 270 290 310 330 350 370 390

T® C

Figure 21. Histogram of homogenization tempera
tures for sample NSBF-7
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refractured and filled with later alunite and pyrite. No 
suitable material was available to determine the thermal 
character of the hypogene(?) alunite veinlets.

Pressure Corrections
Graybeal (1982) has estimated that a stratigraphic 

cover of 2 km (6,000 ft) existed over the present El Tiro 
pit during Laramide emplacement of the porphyry systems. 
Because North Silver Bell lies at approximately the same 
elevation and stratigraphic position, a similar cover will 
be assumed for pressure corrections. Assuming lithostatic 
load, the estimated pressure is approximately 600 bars. 
Pressure corrections for a lithostatic load of 600 bars
increase filling temperatures <on the order of 40°C to 50°C.
Table 3 is a compilation of measured filling temperatures
and pressure-corrected filling temperatures.

Table 3. Measured and pressure-corrected filling
temperatures for North Silver Bell sample

Homogeni Pressure-
zation Corrected

Sample Inclusion Temperatures Temperatures
Number Type (°C) (°C)
NSBF-1 Primary 370-430 420-480
NSBF-4 Primary 330-390 380-440
All samples Secondary 270-290 310-340
(NSBF-1,4,7

Secondary 190-230 230-270



Summary and Conclusions of the 
Fluid Inclusion Study

67

1. Maximum fluid inclusion filling temperatures are 
370°C to 430°C and 330°C to 390°C for the late potassic and 
phyllic events, respectively. Pressure corrections for a 
lithostatic load of 600 bars increases these temperatures 
40°C to 50°C.

2. A decrease of 30°C to 40°C characterizes the transi
tion from late potassic to retrograde phyllic alteration.

3. Salinities of all assemblages studied are assumed to 
be low due to the lack of any saline daughter minerals. 
Inclusion size constraints rendered freezing methods to 
determine salinity inapplicable.

4. Important secondary peaks of 270°C to 290°C and 
190°C to 230°C were recognized in all assemblages. One of 
these thermal peaks probably corresponds in part to the late 
emplacement of the alunite-sericite-pyrite veinlets.

5. Regional thermal gradients associated with the mid- 
Tertiary volcanism and lead-silver.mineralization might 
represent an important portion of the 190°C to 230°C second
ary thermal peak. Filling temperatures associated with 
veins along the Mammoth, Barite, and Atlas faults are 160°C 
to 230°C (Joseph, 1980).



STRUCTURAL RELATIONSHIPS

Introduction
The purpose of this chapter is to outline some of 

the salient structural relationships with regard to both 
the spatial and temporal evolution of phyllic alteration at 
North Silver Bell. Phyllic alteration, as discussed earlier, 
occurs generally outward from the intrusion and temporally 
later than the potassic alteration. Detailed mapping has 
delineated the interface between the potassic-propylitic 
continuum and can therefore be used to characterize spatial 
variation in fracturing styles between the potassic, propy- 
litic, and later retrograde phyllic alteration. Fracture 
orientations, which are a direct result of thermal, mag
matic, and regional tectonic stresses, give quantitative 
structural evidence regarding the evolution of fracturing.
A detailed examination of fracture orientations within the 
phyllic alteration at North Silver Bell was undertaken to 
characterize the structural controls and evolution of frac
turing in relation to the developing phyllic overprint.

Potassic Propylitic Interface 
The cogenesis of the potassic propylitic alkali 

metasomatism is generally recognized to have developed in 
one of the earlier fracturing events associated with porphyry
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copper systems. However, the widespread development of 
intense phyllic fracturing has served to mask the interface 
between the two earlier alteration types where it exists.
At North Silver Bell, the distinctive lack of veinlet assem
blages in the peripheral zone of propylitic alteration per
mits an attempt at locating the interface between the potas- 
sic and propylitic zones; at least the outer extent of the 
potassic event can be mapped because it includes a distinc
tive late quartz ± K-feldspar ± molybdenite stage of miner
alization alteration. The spatial distribution of the 
distinctive veinlets of this episode is easily mapped and 
defines the minimum lateral expression of potassic altera
tion. Presumably, the outer boundary of this episode was 
the potassic propylitic interface. No relict phases of the 
presumed propylitic assemblage are present due to the 
intense pervasive sericitization straddling this interface, 
although relict epidote pyrite clots are occasionally recog
nized in the sericitized dacite porphyry outboard from the 
interface. Mineralogical systematics of the transition 
across the interface are obscure due to the intense phyllic 
overprint. The interface is delineated on the basis of 
fracturing style and potassic veinlet occurrences alone.

Figures 22 and 23 show the spatial distribution of 
later phyllic alteration with respect to the probable posi
tion of the potassic propylitic interface. The figures are 
based on a northeast cross section across the North Silver
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Figure 22. The spatial distribution of veinlet 
controlled phyllic alteration with respect to the presumed 
potassic-propylitic interface. —  See figure 3 (in pocket) 
for location of section.
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Figure 23. Qualitative abundance of phyllic frac

ture densities in relation to earlier potassic fracturing 
along a southwest-northeast cross section across the North 
Silver Bell system. —  Roman numerals denote relative den
sities of phyllic fracturing.
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Bell system. Qualitative intensities of phyllic alteration, 
earlier defined as zones I, II, and III, are shown in figure 
23. From figure 22, it is evident that the maximum develop
ment of phyllic alteration lies outboard from the potassic 
propylitic interface. The peak intensity of phyllic altera
tion characterized by stockwork quartz-sericite-pyrite vein- 
lets lies approximately 30 to 50 m outboard from the maximum 
extent of potassic alteration. The phyllic event principally 
overprints propylitic alteration. A weak overprint of 
phyllic veining is also present across the potassic core of 
the system.

Figure 23 shows qualitative abundances phyllically 
altered fractures in relation to earlier potassically altered 
fractures. No quantitative measurement of the actual abun
dances of potassically altered fractures was undertaken. 
Haynes and Titley (1980) have shown that total fracturing 
decreases radially away from the center of porphyry systems. 
Based on paragenetic relationships and figure 23, a lateral 
shift in fracturing outboard from the potassic center is 
evident. Knapp (1978), in a theoretical study of heat dis
persal away from a cooling pluton, has shown that fracturing 
in porphyry systems is due either to magma-induced hydro
fracturing or thermally induced fracturing. Knapp has also 
shown that the spatial and temporal distribution of frac
turing favors an early central zone of hydrofractures and
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an outboard, temporally later zone of thermally induced 
fractures.

Fracture Orientations
The measurement of veinlet fracture orientations 

across the North Silver Bell deposit was undertaken to quan
tify the variation in fracturing controlling the distribu
tion of various alteration assemblages, particularly the 
phyllic. Veinlet attitudes along two radial spokes were 
measured outward from the inferred center of the system 
based on mapped relationships. Figure 24 shows the location 
of data stations in relation to the overall alteration en
velopes. Measurement stations were chosen for their excel
lent exposure of veinlets and position from the inferred 
potassic center. Due to the constraint of a relatively 
subdued topography, only veinlets with dips greater than 60° 
were measured. Due to the steep dips of these veinlets, 
data will be presented as rose diagrams and not as equal 
area projections. Although flat fracturing is an important 
component of total fracturing in porphyry systems (Knapp, 
1978) , such fracturing was necessarily neglected in this 
study.

Although veinlet fractures appear at first to be 
random in porphyry copper systems, they are instead con
trolled by thermal, magmatic, and regional tectonic stresses 
(Knapp, 1978) . Recently, many authors have attempted to
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Figure 24. Location map of structural data stations. The scale is 1" = 1,092 ft or 333 m.
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characterize both regional and local tectonic stresses 
associated with porphyry copper development. Rehrig and 
Heidrick (1972, 1976) have shown that dikes, joints, veins, 
and the elongated stocks associated with porphyry copper 
deposits in the southwest are preferentially oriented in an 
east-northeast direction. They attributed this preferred 
orientation to the regional tectonic stress field caused by 
major crustal extension under the influence of weak east- 
northeast compression in the Laramide. Figure 25, after 
Rehrig and Heidrick (1976), shows the cumulative orientation 
of dikes, joints, and veins in the Silver Bell district 
based on 217 observations. They have also recognized much 
more complex fracturing patterns in the microveinlets of 
productive stocks. Kanbergs (1980), in a detailed analysis 
of fracturing around the El Tiro pit in the Silver Bell dis
trict, has shown that both regional and locally derived 
stresses dynamically interact to form fracture patterns 
throughout the porphyry system. Koide and Bhattacharji 
(1975) and Knapp (1978) have attempted to model a magmatic 
intrusion and the resulting fracture development.

Figure 26 shows the composite veinlet orientations 
of the principal alteration assemblages at North Silver Bell. 
The abundance of observations in the phyllic and late potas- 
sic (quartz ± K feldspar ± molybdenite) stages require that 
these preferred orientations are statistically significant. 
Lesser numbers of observations in the earlier potassic
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Figure 25. Rose diagram of mesoscopic Laramide 
structural features in the Silver Bell district. —  From 
Rehrig and Heidrick (1976).
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assemblages (biotite ± quartz ± sulfide and K feldspar ± 
quartz ± sulfide) suggest that their preferred orientations 
may be statistically questionable.

From the diagram (fig. 26) it is evident that three 
distinct fracture populations are present in the earliest 
potassic stages. A broad conjugate set of west-northwest to 
east-northeast fractures, a N. 30o-40° W., N. 50o-60° E. 
conjugate fracture set, and a N.-N. 10° E., N. 80° E.-E. 
conjugate fracture set are recognized. In contrast, the 
late potassic assemblage shows a distinctly different style 
of fracturing. First, a more random fracturing pattern is 
evident with none of the three early potassically altered 
fracture sets discernible. The maximum preferred fracture 
orientation comprises only 9 percent of the total observa
tions, not much above the random value of 5.5 percent. 
Second, the appearance of a N.-N. 10° E. peak occurs along 
with the development of the regional N. 70o-80° E. peak. 
Third, northwest striking maxima appear in part to represent 
fracturing related to the early potassic and possibly repre
sent refracturing of earlier potassic veinlets. In the 
phyllic zone, the distinctive regional east northeast pre
ferred orientation recognized by Rehrig and Heidrick (1972, 
1976) is present. In addition, a weak N.-N. 10° E. peak 
and a N. 30o-40° W. peak probably reflect refracturing of 
the potassic veinlets.
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Distribution of Fracturing Styles

In order to understand the evolving structural 
development of alteration at North Silver Bell, a recogni
tion of alteration distribution in relation to fracturing 
styles is required. As discussed earlier, potassically 
altered fractures are centered on the intrusion and extend 
outward into the dacite porphyry. Fractures containing 
phyllic alteration products generally lie outward of the 
potassically altered fractures in the dacite porphyry. 
Figure 27 is a composite diagram of late potassic, phyllic, 
and total composite fracturing in the quartz monzonite por
phyry stock and dacite porphyry, regardless of the princi
pal alteration envelope. Total composite fracture orienta
tions show distinct fracture orientation populations in the 
Silver Bell quartz monzonite intrusive and the dacite por
phyry. Late potassic altered fractures in the Silver Bell 
stock exhibit a diagnostic N. 20o-40° W. peak and a minor 
N.-N. 10° E. preferred orientation. Late potassic altered 
fractures in the dacite porphyry disclose a shift to a 
N. 40o-60° W. preferred orientation along with a conjugate 
fracture set oriented N. 30o-50° E. The N.-N. 10° E. popu
lation is still present. Phyllic veinlets in the intrusion 
mimic the late potassic fracturing and probably in part 
represent refracturing of late potassic veinlets. Phyllic 
veinlets in the dacite porphyry show the typical east
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northeast to east southeast orientation of megascopic 
Laramide features.

Two traverses into the center of the potassic alter
ation zone from outboard in the phyllic zone were undertaken 
to characterize the structural development of phyllic alter
ation in relation to earlier potassic alteration. Figure 24 
shows the location of these traverses. The most southerly 
traverse will be discussed first.

Traverse A-D extends from the outer limit of signif
icant phyllic veining southwestward into the potassic core 
of the system. Figure 28 shows the variation in preferred 
veinlet orientations along the traverse and the estimated 
distance from the inferred potassic center. Station D in 
the potassic core provided only 10 observations of the 
phyllic veinlets, an insufficient number to delineate any 
significant preferred orientation of phyllic fracturing in 
the potassic zone. A review of data from A inward to D 
clearly shows significant structural trends. First, the 
percentage of total observations defining maxima shifts to 
increasingly smaller numbers, indicative of increasing vari
ation in total fracture orientations. The increasingly ran
dom attitudes of phyllic veinlets at C may in part reflect 
refracturing along earlier potassic veinlets. The N.-N. 10° 
E. and the conjugate N. 30o-40° E., N. 50o-60° W. peaks evi
dent in the late potassic at D in the center of the system 
generally decrease outward into the phyllic. Second,
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fracturing associated with phyllic alteration is distinctly 
different than earlier fracturing. The phyllic assemblage 
displays the distinctive regional Laramide east northeast to 
east southeast peak, while the late potassic assemblage 
exhibits a significant northwest-northeast conjugate frac
ture set. Third, the late potassic assemblage at D shows a 
distinctive conjugate set of fractures oriented N. 30o-40°
E. and N. 50o-60° W. In addition, a diagnostic N.-N. 10° E. 
peak is present.

Traverse E-H also displays significant variation in 
fracture style as the center of the system is approached. 
Figure 29 shows rose diagrams constructed as a function of 
distance from the potassic core. Phyllic fractures at E to 
G show extremely well-developed east-northeast to east- 
southeast trends characteristic of the regional Laramide 
stress field. Station E shows a slight shift to the west, 
probably due to some local stress. The late potassic frac
tures at G, which lies in the dacite porphyry, reflect the 
regional Laramide east-northeast trend. In addition, the 
first appearance of the N. 30o-50° E. preferred orientation, 
characteristic of intrusion centered fractures, is noted. 
Finally, at station H, a distinctive change in fracture 
style is recognized. A N. 20o-50° E. preferred fracture 
orientation is noted for both the phyllic and late potassic 
assemblages.
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Summary and Conclusions

1. Early fracturing associated with the alkali meta
somatism of the potassic-propylitic continuum was limited 
to the potassic zone. Little fracturing is found within 
the propylitic zone.

2. Paragenetically late phyllically altered fractures 
lie outboard from the core of intense potassically altered 
fractures associated with the causative intrusive.

3. Composite fracture orientations show that various 
alteration assemblages can generally be identified by dis
tinctive fracture trends. These preferred orientations are 
a function of magmatic, thermal, and regional tectonic 
influences (Knapp, 1978).

4. Early potassic veinlet orientation measurements are 
limited in quantity but nonetheless reflect distinctive 
fracturing characteristics. A broad N. 30o-80° W., N. 10°- 
60° E. conjugate fracture set is present.

5. Fracturing associated with the late potassic quartz 
± K-feldspar + molybdenite episode exhibits N. 50o-60° W., 
N. 30o-40° E. conjugate fracture set, and a distinctive 
N.-N. 10° E. preferred orientation of veinlets.

6. Composite phyllic zone fracture orientations show 
extremely we11-developed easterly peaks indicative of the 
regional Laramide stress field. The largest population of 
such fractures lies at N. 70o-80° E. in agreement with



Laramide features measured by Rehrig and Heidrick (1972,
1976) .

7. Radial traverses across the porphyry system show 
that the phyllic alteration outboard of the potassic zone 
is predominantly influenced by the regional Laramide stress 
field. Inboard from the potassic-propylitic interface, the 
preferred fracture orientations of the phyllic assemblage 
are controlled by stresses associated with the intrusion.

8. The potassic assemblage is controlled by a magma- 
induced stress field. These magmatic stresses vary through 
the potassic interim as characterized by the shift of pre
ferred orientations from west-northwest to northwest from 
early to late potassic. Arcuate and radial fracturing pre
dicted by Koide and Bhattacharji (1975) and Knapp (1978) 
were not recognized, perhaps in part because of the limited 
scope of this study in dealing with potassic zone fracturing.

9. Composite fracturing in the dacite porphyry is char
acterized by the overwhelming predominance of easterly 
oriented fractures indicative of the regional Laramide 
stress field. Phyllic and potassic veinlets in the quartz 
monzonite porphyry stock exhibit distinctive N. 20o-50° E. 
and N.-N. 10° E. preferred orientations.

10. Knapp (1978) has maintained that several distinct 
populations of genetically different fractures should evolve 
around a cooling pluton of intermediate composition. On the 
basis of his finite-element modeling, he has suggested two
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mechanisms for fracture evolution. The first is a magma- 
induced hydrofracturing, centered on the intrusion itself 
and paragenetically early. A second generation of fractures 
occurs when a thermally induced shearing failure front 
migrates away from the pluton. In addition, thermally 
induced tension fractures migrate through much of the pluton 
itself. This sequence of fracturing is paragenetically late 
compared to the hydrofracturing event. Fracture populations 
at North Silver Bell in a large part conform to such a model. 
Potassic fractures are centered on or close to the causative 
intrusive and are probably a result of hydrofracturing. The 
preferred orientations are a result of complex magmatically 
induced stress fields. Thermally induced phyllic fractures 
occur laterally outward from the potassic alteration. The 
preferred fracture orientations appear to result from the 
regional Laramide stress field. Phyllic fractures within 
the intrusion itself conform to early potassic orientations, 
probably as a result of refracturing during paragenetically 
late, thermally induced tension fracturing.

11. Significant porphyry copper deposits such as Sierrita 
and El Tiro display extremely widespread early fracturing in 
both the potassic and propylitic zones. Early fractures at 
North Silver Bell are primarily limited to the potassic 
zone and are not discerned within the propylitic. I specu
late that the low grade and small tonnage of the North 
Silver Bell deposit might in part reflect the lack of
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widespread fracture permeability during the period that 
copper-rich hydrothermal fluids were migrating through the
system.



SUMMARY AND CONCLUSIONS

The geology of the North Silver Bell deposit is 
similar to that of many of the porphyry copper deposits of 
the southwestern porphyry province. At North Silver Bell, 
a Cretaceous quartz monzonite porphyry stock intrudes a 
massive subvolcanic unit called the dacite porphyry. Asso
ciated with the emplacement of the intrusion is a suite of 
latite, quartz latite porphyry, monzonite porphyry, and 
quartz monzonite porphyry dikes. Additional epizonal fea
tures in the area include both breccia pipes and pebble 
dikes. Postdating all these Cretaceous events are a suite 
of andesite dikes associated with mid-Tertiary volcanism 
centered northeast of the study area.

Alteration at the North Silver Bell prospect has 
developed as a potassic-propy1itic continuum overprinted by 
later phyllic and alunite alteration assemblages. Veinlet 
subassemblages developed within the potassic include: an
early biotite ± quartz ± sulfide event, an intermediate 
K-feldspar + quartz ± sulfide event, and a late quartz + 
K-feldspar ± molybdenite event. Widespread propylitization 
characterized as pervasive chlorite, epidote, K-feldspar, 
and calcite appears to be cogenetic with these subevents.

Crosscutting the potassic-propyItiic continuum is 
a phyllic assemblage comprised of quartz-sericite-pyrite
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veinlets. Three quantitative abundance levels of such 
phyllic veinlets were defined during the course of mapping 
and are presented in figure 5 (in pocket) as zones I, II, 
and III. Pervasive sericitization of both the quartz mon- 
zonite porphyry and the dacite porphyry in large part mimics 
the abundance of fracture-controlled phyllic alteration. 
Paragenetically later than the phyllic veinlets is an alunite 
alteration event characterized by alunite ± sericite ± pyrite 
+ quartz ± kaolinite. The distribution of such veinlets is 
limited to areas of most abundant (zone III) phyllic altera
tion. Much of the pervasive sericite throughout the deposit 
might well represent supergene products although no real 
evidence was developed. Postdating all alteration events 
and possibly representing supergene products are coarse
grained sericite filling fractures in the potassic zone and 
kaolinite filling open fractures in both the potassic and 
phyllic zones.

Fluid inclusion studies of the thermal transition 
from the late potassic to alunite assemblages shows several 
important features. Maximum fluid inclusion filling tem
peratures are 370°C to 430°C and 330°C to 390°C for the 
late potassic to phyllic events, respectively. This shift 
suggests a 30°C to 40°C retrograde transition from late 
potassic to phyllic alteration. In addition to these pri
mary peaks, important secondary peaks of 270°C to 290°C and 
190°C to 230°C occur in all assemblages and probably
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correspond to the late emplacement of alunite veinlets or 
thermal gradients associated with mid-Tertiary volcanism. 
Inclusion salinities for all alteration types are low since 
no saline daughter products are present. Lithostatic pres
sure corrections as calculated suggest actual temperatures 
40°C to 50°C above measured homogenization temperatures.
The emplacement of alunite veinlets fits well with the 
observed alteration paragenesis as decreasing temperature 
along with increasing H+ and SO^ activity favors alunite 
stability. Any combination of these parameters in the pres
ence of available K+ ions will favor a shift from muscovite 
stability to alunite stability.

Important structural relationships between altera
tion types are displayed at North Silver Bell. First, the 
lack of fracture-controlled propylitic alteration in the 
propylitic zone allows a recognition of a potassic-propylitic 
alteration interface even through the phyllic overprint.
Peak intensities of later phyllic fracturing appear to lie 
just slightly outboard of this interface. Second, composite 
fracture orientations show that various alteration assem
blages can be identified by preferred fracture orientations. 
Third, radial traverses across the North Silver Bell por
phyry system show that phyllic fractures outboard of the 
potassic-propylitic interface are predominantly influenced 
by the regional Laramide stress field, while both phyllic 
and potassic fractures inboard of the interface are
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controlled by complex magmatic stresses. These observations 
fit well with a model of intrusion-centered, magma-induced 
hydrofracturing with later marginal, thermally induced frac
turing such as postulated by Knapp (1978) .
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