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IGNEOUS ROCKS IN THE
BINGHAM MINING DISTRICT, UTAH

By WiLLiam J. MoORE

ABSTRACT

Igneous rocks in the Bingham area include two small
monzonitic stocks, a series of younger latitic dikes, and,
east of the mining district, a sequence of latitic breccias and
flows. The igneous rocks were emplaced or erupted over a
period of about 8 million years in latest Eocene and early
Oligocene time (39-31 million years ago). Progressive in-
creases in silica content and in proportions of alkali feldspar
to plagioclase suggest that the rocks were derived from a
single magma source. Stratigraphic reconstruction gives a
maximum depth of cover of 7,500 feet at the time of mon-
zonitic plutonism. The magma system was probably fluid-
undersaturated (Pguia <Piose) early in the igneous his-
tory, but separation of a fluid phase occurred at least twice
in the later stages of magmatism. This enrichment in
hydrous fluids is considered to be a further consequence of
the same differentiation process that led to inecreasingly
silicic or potassic bulk compositions or both. Vertical dis-
placement and concomitant erosion of fault-bounded blocks
of roof rock may have facilitated emplacement of the in-
trusive complex at the present level of exposure.

INTRODUCTION

This report describes the intrusive igneous rocks
in the Bingham mining district and the extrusive
igneous rocks in an area adjoining the district to the
east and south. Because the unmineralized rocks are
emphasized in this report, it should be regarded as
background for subsequent reports in this series de-
tailing the geology of the ore deposits at Bingham.

The Bingham mining district is in the east-central
Oquirrh Mountains, about 20 air miles southwest of
Salt Lake City, Utah. Igneous rocks of the district,
broadly defined, are exposed in parts of the Bingham
Canyon, Lark, and Tickville Springs 714-minute
quadrangles. Two small epizonal stocks plus numer-
ous dikes and sills intrude upper Paleozoic rocks in
the district proper. Volcanic flows and laharic brec-

cias cover the lower east slopes of the Oquirrh Moun-
tains and make up about 60 percent of the bedrocl-
exposures in the east-trending Traverse Range (figs.
1, 2). Although not as closely related to the ore
deposits as units of the intrusive complex, the vol-
canic rocks in the Bingham district display close
chemical affinities to the intrusions and are con-
sidered here as part of a single extended magmatic
episode.

In general terms, the rocks may be described as
monzonitic or latitic; textural and mineralogical
variations are apparently greater than differences in
bulk chemical composition. Several small rhyolitic
plugs and related vitrophyric flows represent the
greatest departure from intermediate compositions
in the entire igneous suite.

Limiting ages, based on radiometric dates, range
from latest Eocene for the oldest intrusive body to
middle Oligocene for the topographically highes®
unit in the volcanic sequence. Similarities in compo-
gition and age between igneous rocks at Bingham and
those in the nearby Tintic and Park City mining dis-
tricts define a regional epoch of middle Tertiary
magmatism and metallization in north-central Utah.

Several reports concerned directly with the igne-
ous petrology of the Bingham district had already
been published by the time this study began (1965).
The earliest report (Boutwell 1905), a brief and
generalized treatment completed before the incep-
tion of open-pit mining, noted textural differences
between the monzonitic and latitic rocks and pre-
sented four chemical analyses of fresh and rmr.iner-
alized monzonite from underground workings. But-
ler, Loughlin, Heikes, and others (1920) provided
new chemical analyses to illustrate the general sim-
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ilarity of the main intrusions in the Tintic, Park
City, and Bingham districts but were dependent
largely on Boutwell’s petrographic descriptions. Gil-
luly (1932) presented additional evidence favoring
a probable comagmatic origin and mid-Tertiary age
for intrusive and extrusive rocks in the Bingham
area,

In contrast to the concepts of magma differentia-
tion advanced by Gilluly and other writers, String-
ham (1953) suggested that several of the major
“igneous appearing” rock units may have been
formed by processes of granitization. Although re-
sults of subsequent studies support the magmatic
model proposed earlier (Peters and others, 1966 ;
Moore, 1969), vestiges of Stringham’s rock classifi-
cation are still in use. For example, the terms “gran-
ite” and “granite porphyry” are applied to mon-
zonitic rocks of the Bingham stock that have under-
gone pervasive hydrogen metasomatism. (See
Stringham, 1966 ; Bray, 1969 ; Smith, 1969.)

The conflicting terminologies reflect differences of
opinion regarding the petrologic evolution of host
rocks in the Bingham copper ore body. Chemical and
mineralogical changes resulting from hydrothermal
alteration cannot be defined or followed without a
well-established initial point of reference, thus the
emphasis on unmineralized rocks in this report.
Given this unified framework, an evaluation of al-
teration and mineralization process at Bingham is
possible.
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METHODS OF STUDY

Fieldwork for this study was begun in the fall of
1965 and was largely completed in the fall of 1968.
Reconnaissance areal mapping in the Tickville

Springs 714-minute quadrangle was begun in 1968.
Because of restricted surface access in the district,
detailed mapping was confined largely to under-
ground workings of the U.S. Smelting Refining and
Mining Company and The Anaconda Company.

The east half of the Last Chance stock was studied
over a vertical interval of about 2,400 feet in the
U.S. mine. Projected limits of the mine area are
shown in figure 3. This work, including detailed
mapping and sampling of selected areas at scales
ranging from 1 inch = 10 feet to 1 inch = 30 feet,
was undertaken in conjunction with a broader study
of the replacement and fissure ores in the mine.

The south and east margins of the Bingham stock
were examined and sampled in parts of the Bingham
haulage tunnel (~ 5,600-ft elev) ; the Niagara tun-
nel (~6,600-ft elev), accessible from the U.S. mine;
and the Mascotte tunnel (~ 5,600-ft elev), accessible
from the Lark shaft (fig. 8). Major lithologic varia-
tions and sample locations were noted on existing
company maps.

A series of latitic dikes, some of which cut the
stocks, were studied in the Utah Metals tunne!
(~7,000-ft elev). Latitic dikes and sills similar tc
those of the Utah Metals tunnel were also sampled
in the Butterfield and St. Joe tunnels (~ 6,000-ft
elev) in the southeastern part of the district (fig. 3).
In addition, representative samples of the major
mineralized igneous rock types in the Kennecott
Copper Corporation’s open-pit mine have been col-
lected by colleagues of the author in 1963 and by the
author in 1967 and 1968.

Field investigations were interspersed with petro-
graphic and mineralogic studies. Mineral percent-
ages (modes) for nearly 150 igneous rocks were
determined from thin sections containing alkali feld-
spar stained by sodium cobaltinitrite according to
the method of Bailey and Stevens (1960) and Laniz,
Stevens, and Norman (1964). The failure of previ-
ous investigators to use this simple but diagnostic
method may explain the apparent confusion regard-
ing felsic mineral proportions in the fine-grained
igneous rocks at Bingham. Point-count estimates of
volume percentages are based on at least 500 points
for the granitoid and porphyritic granitoid rocke
and 300 points for porphyritic latites and rhyolites
with submicroscopic groundmass textures; each
mode represents an area of about 500 mm?®.

Preliminary modes were correlated with bulk spe-
cific gravity values determined in the laboratory.
Subsequent determinations were made daily in the
field to provide a crude measure of compositional
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mapping by staff of the Kennecott Copper Corp.























































































IGNEOUS ROCKS IN THE BINGHAM MINING DISTRICT, UTAH

composite Bingham stock is clearly a function of
rock type and reflects differences in cooling rate as
well as differences in bulk composition (or volatile
content) between the equigranular and porphyritic
phases.

CHEMICAL VARIATIONS
Because mineral percentages in the fine-grained

B3¢

groundmass fraction of the latitic dikes and vol-
canic rocks cannot be specified modally, composi-
tional comparisons of these rocks with the coarser
grained intrusions must be based on chemical anc
normative data. In this section some of the more
widely used chemical variation diagrams will be
used to establish a uniform and inclusive compara-
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TABLE 10.—Chemical data for latitic and rhyolitic volcanic rocks

[Chemical analyses by rapid methods by U.S. Geological Survey Analytical Laboratories under the direction of Leonard Shapiro.
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Semiquantitative

spectrographic analyses by Chris Heropoulos, U.S. Geological Survey. Results are expressed in parts per million to the nearest rumber in the
series 10,000, 7,000, 5,000, 3,000, 2,000, 1,500, 1,000, etc.; these numbers represent approximate midpoints of group data on a geome‘ric scale. The
precision of a reported value is approximately plus or minus one interval about 68 percent of the time or two iatervas 95 percent of the time.
Spectrographic analyses columns under word ‘“Average” report median values. Elements looked for but not found: Ag, As, Au, Bi. Cd, Eu, Hf,
Hg, In, P, Pd, Pt, Re, Sb, Sn, Ta, Te, Th, Tl, U, W, Zn. Samples from table 9 except 68—TS-29]

Latitic rocks

Rhyolitic rocks

125 136 146 147 151 155 159 Average 105 106 137 68-TS-29 Average
Chemical analyses (weight percent)
60.4 63.1 59.1 60.9 61.8 61.2 62.1 61.2 74.9 78.7 74.4 72.4 73.9
16.5 16.0 16.4 16.1 16.7 16.4 16.4 16.4 13.0 12.9 14.2 14.0 13.5
3.2 2.2 3.0 3.8 1.9 3.7 3.0 3.0 .35 7 — - .28
2.2 1.8 2.7 1.2 3.2 1.8 1.8 2.1 .20 .48 65 .60 .48
3.0 2.1 3.2 2.2 2.2 2.7 2.0 2.5 .10 .25 .07 14 14
5.0 4.1 5.4 4.8 4.7 4.7 1.1 4.7 1.1 1.3 .67 .79 .97
3.6 3.6 3.5 3.7 3.7 3.7 3.5 3.5 3.7 3.5 3.4 3.1 3.4
2.9 3.6 3.3 3.5 3.1 3.2 8.7 3.3 4.4 4.3 4.0 4.5 43
1.93 2.09 1.71 1.64 1.10 1.10 2.12 1.67 .95 2.46 2.26 4.11 2.45
.79 Kid .91 Kii .84 .84 6 .81 .05 17 .16 .12 .12
<05 L0 L.05 .28 <08 05 L0606 d4 05 L0506 .05
.34 .81 44 .37 .36 .39 .39 .87 .29 .06 .06 .05 12
.14 .12 .16 .15 .14 .13 .12 14 .07 .04 .07 .12 .08
100 100 100 99 100 100 100 99 99 100 100 100
Spectrographic analyses (parts per million)
- _— — — _— - 70 20 20 15 _—
2,000 2,000 3,000 2,000 2,000 3,000 3,000 2,000 2{13 70g 3,000 2,000 —
- 1 - - 1 - - -
150 200 200 150 200 200 200 - - - — -
10 20 15 15 15 10 15 3 5 — 1 —
30 200 30 30 30 20 30 7 2 5 10 —
50 70 70 50 70 30 50 30 15 30 29 _—
20 20 30 30 30 30 30 - - - — -
100 150 150 100 150 150 150 - - 30 3) -
5 5 5 3 5 5 5 __ _ 3 5 -
10 20 20 15 15 15 15 30 15 20 27 —
-~ 100 100 100 70 100 100 — - - — —
20 70 20 20 30 15 20 5 5 . — -
50 30 50 50 50 70 50 150 30 70 59 —
7 20 10 10 15 10 10 7 — 3 o -
1,500 1,600 1,500 1,500 1,500 1,500 1,500 30 300 300 209 -
100 150 100 100 100 70 100 7 15 — — -
15 20 20 20 20 20 20 50 15 15 15 —
2 2 2 2 2 2 2 5 2 2 2 -
200 300 2006 200 200 300 200 100 70 100 71 -
Norms (weight percent)
14.5 17.5 115 14.9 14.9 14.9 16.9 15.0 35.4 33.9 37.5 34.9 35.4
17.1 21.3 19.5 20.8 18.4 18.9 21.9 19.7 26.2 25.4 23.7 2% 6 25.5
30.5 30.5 29.7 31.5 31.4 31.4 29.6 30.7 31.5 29.6 28.8 213 29.0
20.3 16.9 19.3 17.1 19.9 18.7 17.8 18.6 2.7 6.1 2.9 3.6 3.8
1.0 .6 1.9 1.1 5 .9 . .9 — - - — —
7.5 5.2 8.0 5.5 5.5 6.7 5.0 6.2 .3 .6 .2 .3 4
4 4 1.3 _— 3.2 — - .8 .1 1 1.1 1.1 6
4.6 3.2 4.4 2.1 2.8 3.8 4.0 3.6 5 1.1 — — 4
_— — - 2.8 — 1.1 .2 .5 — _— _— - _—
1.5 1.5 1.7 1.5 1.6 1.6 1.4 1.5 1 .3 .3 2 2
8 a 1.0 .9 K 9 9 .9 7 1 1 a1 .2
- —_— _— .6 - _— _— 1 .3 - -— - _—
_— - _— — __ - 1 _— 1.2 .3 2 2.7 1.9

tive framework for the igneous rocks at Bingham.
The data for these diagrams are taken from tables
2, 6, 8, and 10.

A conventional means of describing the “degree
of alkalinity” of a given rock suite is the alkali-lime
index of Peacock (1931). The Peacock index is de-
fined as the silica content in weight percentage for
which total alkalis equal CaO. Figure 35 shows that
the Bingham suite has alkali-calcic affinities. Silica
contents for all rocks but the rhyolites range be-
tween narrow limits of 57-65 weight percent, and
some extrapolation is required to establish the point
of intersection; so, these rocks are perhaps best
described as “chemically intermediate,” without
attempting further qualification.

Chemical characteristics of the Bingham igneous
rocks are conveniently summarized by me~us of the
variation diagram shown in figure 36, in which
weight percentages of the major oxides are plotted
against the sum of normative quartz plus orthoclase
plus albite—the differentiation index of Thornton
and Tuttle (1960). This index was chosen as a
coordinate for plotting in preference to silica per-
centages in order to expand the trend line~ graphic-
ally as well as to position the various rock types in
the salic femic series. Normal negative correla-
tions are noted for alumina and the femic oxides.
The alkalis show little variation but with increas-
ing differentiation index actually increase with
silica in terms of molecular proportions.
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A word of caution is in order regarding the
interpretation of variation diagrams of any sort.
Because the sum of oxide constituents in a rock
analysis is constant, large increases in one oxide
require at least a proportionate decrease in the sum
of the remaining oxides. This “closure effect” is
discussed qualitatively by Krauskopf (1967, p. 398-
399), and a simple data transformation designed
to reduce such spurious correlation is presented by
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Chayes (1967). Variation diagrams may be used
as in figure 36 to demonstrate that members of a
given suite of rocks are chemically related, but a
more rigorous statistical treatment is required if
finer distinctions are sought.

A final point concerns the shift in proportions of
salic minerals for the various igneous rock types
in the Bingham area, illustrated in the normative
quartz-orthoclase-albite triangular diagram of fig-
ure 37A. Composition fields for the latitic volcanic
rocks and dikes show slight to moderate enrich-
ment in normative quartz compared with the Last
Chance and Bingham monzonites; predictably, the
rhyolites are even more siliceous. This trend is not
apparent from a comparison of modal mineral pro-
portions (fig. 87B) and must result from increas-
ing quartz contents in the modally indeterminate
groundmass fraction of the porphyritic-aphanitic
rocks.

RADIOMETRIC AGES OF IGNEOUS ROCKS
IN THE BINGHAM AREA

It was noted in the “Introduction” that igneous
rocks in the Bingham area are middle Tertiary in
age. This general age assignment was first sug-
gested by Boutwell (1905). Subsequently Gilluly
(1932) concluded, through a succession of analogies
with structural and stratigraphic features in other
areas in eastern Utah, that the age of volcanism at
Bingham was late Eocene or Oligocene. Results of
two recent studies (Moore and others, 1968; Moore
and Lanphere, 1971), which will be reviewed here,
confirm the middle Tertiary age of magmatism at
Bingham and indicate, furthermore, that composi-
tions of the major intrusive rock types are appar-
ently a function of age.

Magmatism at Bingham spanned a period of
about 8 m.y. (million years) from latest Eocene
to middle Oligocene time (table 11). Radiometric
ages suggest that the Last Chance stock is the oldest
intrusion and was followed, in sequence, by the
granitoid and porphyritic phases of the Bingham
stock, latitic dikes, and the Shaggy Peak rhyolite
plug. Statistical methods may be used to show that
mean ages of the intrusive rock units differ signifi-
cantly at the 95-percent confidence level (M. L. Sil-
berman, oral commun., 1971), but only in the case
of the latitic dikes compared with the Last Chance
and Bingham stocks are field relations adequate to
confirm the radiometric age sequence. It should be
noted that the age sequence generally parallels the
trend in rock compositions discussed in the previousr
section: the intrusive rocks become increasingly
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TABLE 11.—Potassium-argon radiometric ages for biotites
from igneous rocks in the Bingham area

[Adapted from table 3 of Moore and others, 1968]

Mean age,

Rock units and ;
millions of years

number of samples

Intrusive rocks:

Last Chance stock (8) oo 38.6
Southeast margin of Bingham

stoek (8) <o~ 37.6
Latitic dikes from Utah metals

and Bingham haulage tunnels (2) -__- 37.3
Shaggy Peak rhyolite plug,

Tickville Springs quadrangle (2) ____ 33.0

Volcanic rocks:

Rhyolite vitrophyre,

Tickville Springs quadrangle (1) .- 31.2
Latite tuff-breccia of South

Mountain, Tickville Springs

quandrangle (1) oo 30.7

silicic or potassic or both with decreasing apparent
age. (See Moore and others, 1968, fig. 3.)

Another aspect of the magmatic history at Bing-
ham, and one of indirect economic significance, is
the age of plutonism relative to volcanism. A se-
quential reconstruction suggests that flows near
the base of the volcanic sequence may be about as
old as the monzonitic stocks. Previously unpub-

lished dates for the two youngest units in the vol-

canic sequence (table 11) indicate that volcanism
continued after emplacement of the major intrusive
bodies, but the dates only provide a lower age limit
of about 31 m.y. for the main latitic flow series.
Similarly, the 33-m.y. date for the Shaggy Peak
plug provides a minimum age for the latitic flows
that the rhyolite plug intrudes. An even older age
is indicated for the latitic flows and agglomerates
at the portal of the Bingham haulage tunnel that
are intruded by a quartz latite porphyry dike dated
at 86.9 m.y. (Moore and others, 1968). This result
is consistent with the 38.8-m.y. age renorted by
Armstrong (1970) for an extrusive “biotite-horn-
blende andesite porphyry” sampled at the surface
about one-half mile west of the portal.

Radiometric ages, and field relations in general,
suggest that plutonism and voleanism at Bingham
were broadly contemporaneous phases of a single
magmatic episode. As Gilluly (1969) noted, “there
must have been a monzonitic magma active at depth
to furnish the latitic lavas that were being erupted
to the surface. This magma may well have acted
very differently at points only a few miles apart.”
Periodic and local venting of the shallow intrusive
bodies apparently fed the latitic flows; conversely,
hypabyssal dikes were intruded into earlier erup-
tive rocks at various times during the magmatic
episode. Both processes are commonly associated
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FIGURE 36.—Weight percentage of common oxides plotted
against differentiation index of Thornton and Tuttle
(1960). Index is defined as sum of normative quartz
plus orthoclase plus albite.

with epizonal igneous complexes of the Bingham
type.

Two other middle Tertiary magmatic centers with
related base-metal mineralization are recognized in
north-central Utah. Laughlin, Lovering, and Mau-
ger (1969) showed that volcanic and plutonic rocks
in the Tintic area, about 50 miles due south of Bing-
ham, are of Oligocene and Miocene age. Igneous
rocks from the Park City-Little Cottonwood mining
area of the Wasatch Mountains, about 25 miles
east of Bingham, are Oligocene in age (Crittenden
and Kistler, 1966; Armstrong, 1970). Thus middle
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Tertiary epizonal magmatism is a feature of re-
gional significance in the easternmost Basin and
Range province of Utah and must be considered
fully in models of crustal evolution for the Western
United States. (See Armstrong and others, 1969;
Armstrong, 1970.)



B38

HISTORY OF EMPLACEMENT AND
CRYSTALLIZATION

In an important review paper, Buddington (1959)
classified the level of emplacement of granitic plu-
tons in the crust in terms of a series of temperature-
depth or “intensity” zones. The scheme is broadly
analogous to and draws upon many of the same lines
of evidence as Lindgren’s (1933) temperature-depth
classification of ore deposits. Buddington presumed
that most Tertiary plutons now exposed were em-
placed in the “epizone” of the earth’s crust (a depth
generally less than 4 miles), because the subsequent
time has been too short to permit deep erosion.

Accordingly, Buddington described characteris-
tics of Tertiary intrusions useful as criteria for
recognizing epizonal plutons of older ages. It would
be an exercise in circular reasoning to use these
characteristics as supporting evidence in assigning
the Bingham igneous complex to the epizone, but
they can be used to summarize major structural and
compositional features. Thus, the typical epizonal
Tertiary pluton, as represented in this report by the
Bingham stock (1) is largely or wholly discordant to
the country rock, with part of the wall controlled by
preintrusive faults (see Peters and others, 1966),
(2) is of composite character with earlier members
showing chill zones against the country rock, (3)
lacks distinet lineation or foliation, even locally in
the border facies, (4) is closely related to volcanic
rocks, in large part, of comparable composition, (5)
is emplaced in country rock that is unmetamorphosed
outside the contact metamorphic zone, and (6) is cut
by a set of late-stage porphyritic-aphanitic dikes.

These features of epizonal magmatism provide
the framework for a reconstruction of the igneous
history at Bingham. In this section, inferences con-
cerning the physical environment during the mag-
matic episode will be drawn both from descriptive
material discussed previously and from pertinent
experimental studies.

As a first approximation to the depth of cover
at the time of monzonitic plutonism, Gilluly (1946)
suggested a figure of between 3,000 and 10,000 feet
for the Bingham stock, as well as for texturally
similar stocks at Tintic and San Francisco, Utah.
In the Tintic and San Francisco district, the mon-
zonitic plutons are clearly intrusive into the bases
of their own volcanic piles, but at Bingham this
relationship cannot be established directly. (See
Gilluly, 1932.) A comparable upper limit (7,500
1,000 feet), however, is obtained by reconstructing
the Pennsylvanian and Permian stratigraphic sec-
tion in the upper plate of the Midas thrust fault
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above the youngest units intruded by the Last
Chance and Bingham stocks (Tooker and Roberts,
1970; E. W. Tooker, oral commun., 1971). This
figure must be regarded as a maximum depth of
cover because the extent of preemplacement erosion
and topographic dissection following thrust move-
ment is not known.

Estimates of load pressures based on a depth of
cover of 7,500 feet range from about 250 bars under
hydrostatic conditions to 650 bars under lithostatic
conditions, assuming an average rock dens*ty of 2.6
grams per cubic centimeter. These limiting load
pressures may be valid only for the earliest stages
of plutonism. If forces exerted by the advancing
magma were sufficient to produce doming or upward
displacement of fault-bounded blocks of rnof rock,
accelerated erosion may have rapidly removed the
sedimentary cover.

The foregoing estimates may be comrared for
consistency with calculated water pressures (here
equated with total pressures) necessary to stabilize
biotites of differing composition in two phases of
the Bingham intrusive complex. (See Moore, 1970a.)
The general approach and equations used were de-
veloped by Wones and Eugster (1965) from results
of experiments showing that f mo -T conditions at
specified fo. may be calculated for a kiotite of
known composition coexisting with K-feldspar and
magnetite. The methods of calculation are illustrated
in recent reports by Dodge, Smith, and Mays (1969)
and Putman and Alfors (1969).

The Last Chance stock, an early monzonitic
intrusive phase, contains coexisting biotite
(KFe,;AlSi;0,,[OH].2232 atom percent), K-feldspar
(OF vurx = 74 mole percent), and magnetite (assumed
to be the pure end member). With minimum water
pressures and temperatures limited by the solidus
curve for a water-saturated melt of intermediate
composition, water pressures necessary for crystal-
lization of the biotite range from about 209 bars at
900°C to 1,600 bars at 750°C. The higher value,
although plausible in terms of Wones and Eugster’s
experimental studies, is appreciably grezter than
the lithostatic load pressure of 650 bars calculated
from depth-of-cover considerations. In fact, there
is no structural evidence to suggest a fluid over-
pressure during the crystallization of the Last
Chance stock; so, Pi.« probably exceeded P grua
early in the magmatic episode.

These conditions may be contrasted with those
during the terminal stages of intrusive activity by
considering the field relations and lithology of latitic
dikes that cut the Last Chance and Bingham stocks.
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As noted previously, minor pebble dikes and an
intrusive breccia are closely associated with the
latitic intrusives in the Utah Metals tunnel, and
some of the dikes show a zonal distribution of
deuteric alteration minerals. These features suggest
that the latitic melts became fluid saturated during
crystallization and that fluid overpressures were
released with explosive force at a later stage in the
cooling history. A minimum P g,
bars at 750°C was calculated for the stable coexist-
ence of an unusual phlogopite-actinolite assemblage
in one of the dike rocks (Moore, 1970b). Again, the
calculated Py,, exceeds the estimated initial litho-
static load pressure, but in this instance the results
may be interpreted consistently with structural evi-
dence for explosive venting.

Additional evidence for separation of a fluid
phase in the later stages of intrusive activity was
presented recently by Wilson (1969), who described
a small plug composed of “vesicular porphyritic
quartz monzonite” that he believed “represents a
highly fiuid, low viscosity crystal mush that intruded
much cooler, previously mineralized granite.” Ac-
cording to Wilson, the fluid, which “separated from
the silicate portion of the magma’ to form the vesi-
cles, contained 15 percent by volume of chalcopyrite,
quartz, and apatite.

Although the plug was not studied in the Utah
Copper pit, two hand samples were kindly provided
by R. L. Nielsen of the Kennecott Copper Corpora-
tion. In thin section the rock appears to be typical
quartz latite porphyry—the youngest intrusive
phase of the composite Bingham stock. Sericitized
plagioclase, resorbed quartz phenocrysts as much
as 2 cm long, and pseudomorphic aggregates of
magnesiur1-rich biotite are set in a felted quartz-
orthoclase groundmass. The rock contains numer-
ous small (2-5 mm) cavities that are variably
rounded and a few that are elongate, as much as
2 cm long and somewhat angular; the cavities are
coated with tiny terminated quartz crystals or
quartz encrusted with chalcopyrite.

As Wilson suggested, the cavities (or miaroles)
may indeed represent vapor bubbles that separated
during crystallization of the plug. This example,
unique in the writer’s experience at Bingham, is
compelling evidence for late-stage separation of
magmatic fluids. Furthermore, the preservation of
a miarolitic texture in the plug suggests that con-
fining pressures were at least temporarily greater
than pressures generated by separation of the fluids.

The enrichment of hydrous fluids in the younger
intrusive phases at Bingham is inferred to be a

of about 1,500
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further consequence of the differentiation processer
that led to increasingly silicic and potassic bull-
compositions. However, the concentration of vola-
tiles, as opposed to the progressive changes in bull-
composition, was probably not a unidirectional
trend; that is, the magma system may have reached
saturation with respect to dissolved volatiles more
than once during the crystallization history. The
latest period of fluid saturation occurred at the time
of latite dike emplacement. An earlier release of
volatiles may have accompanied the crystallization
of the main porphyritic host rock.

The porphyritic phase of the Bingham stock is
characterized by centimeter-size pink orthoclase
and sericitized plagioclase phenocrysts together
with aggregates of finely crystalline magnesian bio-
tite set in a microgranular or aplitic orthoclase-
quartz groundmass; the average grain size of the
groundmass is about 0.1 mm. The distinctive drop-
like groundmass texture may have resulted from
a sudden release of fluids during or after emplace-
ment. This “pressure quench” mechanism, proposed
originally by Jahns and Tuttle (1963), was invoked
recently by Fournier (1967) and Nielsen (1968) to
account for similar textures in the ore porphyries
at Ely, Nev., and Santa Rita, N. Mex. The sudden
release of fluids may also account for the intimate
shattering of the porphyry and older intrusive hos*
rocks in the copper ore body.

Field observations additionally suggest that the
Bingham stock was ‘“wetter” than the Last Chance
stock at the time of emplacement. It will be recalled
that the Last Chance contact metamorphic aureole
consists largely of wollastonite-quartz-diopside horn-
fels resulting primarily from isochemical recrystal-
lization of calcareous sedimentary rocks. The same
rocks in the Bingham contact aureole, on the other
hand, are replaced by irregular bodies of massive
red grossularite with specularite and tremolite;
quartzites adjacent to the stock are variably re-
placed by K-feldspar. These rocks are products of
metasomatic reactions, and presumably, aqueous
fluids derived from a water-saturated magma trans-
ferred magnesium, iron, aluminum, and potassium
into the contact zone.

In considering the mode of emplacement for igne-
ous rocks associated with porphyry copper deposits.
Stringham (1966) noted the predominance of “pas-
sive” intrusive bodies, that is discordant intrusives
that have not disturbed the pre-emplacement atti-
tudes of the surrounding rocks. This term appro-
priately describes the structural character of the
Last Chance and Bingham stocks. Only in the case
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of the younger latitic dikes do field relations sug-
gest forcible intrusion.

Lowell and Guilbert (1970) concurred with
Stringham, suggesting that “replacement, stoping,
and assimilation were more important processes
than * * * forceful intrusion” in the emplacement
of porphyry copper stocks and that ‘“both lateral
and vertical petrologic zoning might be more com-
mon than has been recognized.” They recognized
that extensive stoping and assimilation are incon-
sistent with the rapid loss of heat associated with
“extremely shallow” emplacement but suggested
that “moderately shallow environments may be in-
dicated.” A test of these suggestions in the Bing-
ham district is provided by structural and petro-
graphic features of the Last Chance stock that,
although not the locus of disseminated copper min-
eralization, shared an epizonal intrusive environ-
ment similar to that of the Bingham stock.

At the present level of exposure the Last Chance
stock contains few large sedimentary blocks; those
that do occur are found near the marging of the
stock on upper levels of the U.S. mine (less than
1,500 ft below the surface). Local contact breccia-
tion and stoping has occurred on a small scale (figs.
4, 5), but generally, contacts between intrusive
rocks and wallrocks are sharply discordant, with
no evidence for intrusive deformation.

The paucity of large xenoliths would not rule out
the possibility of a forcible process of emplacement
for the Last Chance stock if, for example, it could
be shown that the engulfed blocks had settled and
had been subsequently destroyed by assimilation.
Partly digested blocks occur locally near the borders
of the stock, and in these areas the enclosing mon-
zonite has been contaminated, as noted earlier. How-
ever, no isolated volumes of contaminated monzonite,
that is relict indications of completely reacted xeno-
liths, have been found within the main mass of the
stock. Moreover, variations in chemical composition
are small over the 2,400-foot vertical section accessi-
ble in the U.S. mine (table 2). In short, no positive
evidence is available to suggest that reactive assimi-
lation played an important role in the later stages
of emplacement of the Last Chance stock. Block
stoping and assimilation may have been relatively
more important at greater depths in the magma
chamber, where both viscosities and rates of heat
loss were lower.

If the importance of shouldering aside and assimi-
lating wallrocks during intrusion is discounted, at
least at the present level of exposure, another ex-
planation must be sought. One such possibility
would be the vertical displacement and concomitant
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erosion of fault-bounded blocks of roof rock during
emplacement of the intrusive complex. A similar
hypothesis was proposed recently by Tabor and
Crowder (1969) for the Cloudy Pass beztholith in
Washington. Although basically a forcib'e process,
lifting the roof would require minimal deformation
or stoping of the intruded rock and would be facili-
tated by a relatively thin cover. In support of this
suggestion, Tooker (1971) - presented structural
evidence indicating that initial movemen* on high-
angle northeast-trending faults in the cistrict oc-
curred prior to the period of magmatism. Also,
Peters, James, and Field (1966) noted that “the
detailed outlines of the Bingham and Lest Chance
stocks are clearly related to fold and fault struc-
tures in the Oquirrh Mountains.” The specifie con-
trolling structures, however, have appar~ntly been
obliterated by subsequent erosion and unroofing of
the stocks. Earlier faulting may have established
zones of weakness that controlled subsequent em-
placement of the intrusions. A serious ohjection to
the vertical displacement model is rais~d by the
total absence of megascopically foliated platy min-
erals in both stocks. Absence of internal structures
may indicate that the uppermost parts of the magma
columns had nearly ecrystallized before reaching
levels presently exposed by erosion.

Speculations regarding the history of emplace-
ment and crystallization of the Bingham igneous
complex are summarized as follows:

1. The magmatic episodes commenced with em-
placement of the Last Chance auvite-biotite
monzonite stock about 38 m.y. ago. Vertical
displacement of previously faulted Pennsyl-
vanian and Permian roof rocks witl an aggre-
gate thickness of probably less than 7,500 feet
made room for the stock. Lithostatic load
pressures (650 bars maximum) were not ex-
ceeded by fluid pressures generated during
crystallization of the stock.

2. The granitoid and porphyritic phases of the
Bingham stock were emplaced in close succes-
sion about 1 m.y. after crystallization of the
Last Chance stock. Rocks from margins of
the younger stock are also monzonitic and,
in part, are unaltered equivalents of host rocks
in the disseminated copper ore body. Systema-
tic increases in the proportions of K-feldspar
to plagioclase and hornblende to clinopyroxene
are attributed to progressive differentiation
of a single source magma.

3. Subsequent tapping of the magma re~ervoir led
to the forcible emplacement of a serfes of more
siliceous latite dikes that cut both stocks. Sud-
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den release of hydrous fluids during crystal-
lization resulted in contact brecciation and the
formation of related pebble dikes. Venting of
the latitic dikes through roof rocks thinned
by uplift and erosion may have supplied frag-
mental debris to laharic breccias near the
base of the volcanic series.

4. Latitic volcanism continued after release of
fluids with the accumulation of at least 800
feet of lenticular flows overlying the breccias.
Petrographic and chemical similarities sug-
gest a common source for the latitic dikes and
volcanic rocks.

5. Intrusive activity in the Bingham area termi-
nated about 31 m.y. ago, following base-metal
mineralization in the district (Moore and
Lanphere, 1971). The last stage of activity
consisted of local emplacement of rhyolite
vitrophyre plugs into the older volcanic rocks.
The genetic relationship between the latites
and rhyolites is tenuous at best, but in view
of their close age relations (table 11), a co-
magmatic origin is probable.
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