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Discussions of

(1) the district geologic setting--a Tertiary igneous complex 1ntruding
deformed Paleozoic marine sedimentary rocks;

(2) the diverse zones of base-metal and precious-metal mineralization--a
porphyry copper center, a contact-metasomatic border, bedded replacement
lead-zinc in limestones, and major gold and silver credits in all zones;

- (3) the probable geometry of the ore system—-—possible models for the overall

shape and nature of the hydrothermal system, generating ore-forming fluids

in a magmatic setting beneath a volcanic sequence.
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. A word of caution

The trip will pass through one of the largest mines in the world.
Rapidly moving machinery, live explosives, high voltage power cables, and
unprotected rock faces with either loose rocks of steep drop offs are the -
rule. Please wear safety equipment, and watch carefully for the unexpected.
Keep in mind that exposed, overhanging rocks are much less stable than in a
typical long-exposed outcrop. Intense, repeated tectonic events, and perhaps
even explosive pulses related to magmatic activity, have developed networks of
closely spaced fractures in the rocks of the copper mine area. ‘
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"INTRODUCTION
LaurenCe P. James

The Binghsm mining district, 1in the Oquirrh Mbuntains southwest of Salt
Lake City,_is the largest economic enterprise in Utah. It is among the_very
largest producers, past and present, of copper, gold, molybdenun, snd silver
.in the United States, and yields important trace metals recovered'during
copper refining. Lead snd zinc production, significant until 1972, will
probably»resnme.in,the future. Figure B~1l shows the:general physiography of.
the districtg‘and the locations of the:nsjor-activevmines and important
drsinage tunnels. | |

Despite. the magnitude of. production, the volume of rock containing the
variety of metal deposits is surprisingly compact. Telltsle prospect holes
and small mines do not extend for miles from the center of the district, as .
‘ they do in many western mining'camps. The vertical extent of mineralization
may prove to be as large as the norizontal extent. The sbundance-of cslcium
carbonate, Both in relatively tnin 1limestone Beds and in calcsreons
ousrtzites; sppesrs to have contributed to "telescoping" the distribution of
peripherai ores and geochemical haloes. -

'The enormous open pit "porphyry"” copper mine, in a mnltiphase intrusion
at the center of the district, visually dominates the area of this field -
. tripe. Sut»limestone beds surrounding this intrusive body (the Bingham stock)
contsinimajor contactnmetasomstic ("skarn") copper ores and bedded replacement
lead-zinc ore deposits. The copper deposits west and north of the stock are
now under development to great deptns. Production from the_deposits'held by
Anaconda commenced recently, and promises to be large. Still further from the
center of the district, near-vertical vein or "fissure"-type ore deposits have
yielded significsnt lead-zinc-silver production in the past. In the outermost

zones, silver has been the major economic metal. -
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? Canyon on the east side of the Oquirrh Mountains, near Copperton.

shaft.

. FIGURE. B-I
BINGHAM MINING DISTRICT
UTAH

SHOWING MAJOR MINES

Figure B-l. Bingham mining district, Utah, showing major mines. The field trip will enter Bingham

General geology will be discussed at

Because of

stop 1, in this vicinity. Stop 2 will be at the edge of the copper pit, northeast of the Carr Fork vent
Subsequent stops will be in this vicinity, and on a level crossing the copper pit.

constant changes in roads and mining sites, exact locgtioq of the stops will not be known until the day

AF the trin.
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The ore metals of this large hydrothermal system are distributed within
rbck types that are rather common in the Creat Basin. A mid-Tertiary‘quartz
mdnzoni;e—granodlorite-1nttusive compléx was empla;ed in a.thick'sequence of

Paleozoic ﬁarine’sediment#ty rocks, which is overlain by remnants of an

andesitic volcanicvpile.  These elements of the Bingham system occur again and

. again elsewhere in the region, but typically are accqmpaniéd by,relatively

minor mineralization, if any at all.

This field trip addresses the questions: .Qhatlis the peculiar nature of
the Binghaﬁ "ore syafem" that led_to such‘abﬁndances of économic elements?
How are the~6res,'and their accompgnying'alterationvmineréls, distributed or

zoned vith;n the system? - What did the system look like prior to its erosion

(and human excavation) to present form? Does the system differ.substéntially

from other intrusive rock-sedimentary rock interactions in the region? ' These

are obviously difficult questions, asked by many geologists. There are much

published data available to allow a variety of comparisonms.

Two geologic maps (plates I and II), compiled by the staff of Kennecott

.COpper Corporation'ghd bésed on many years of field work in tbe district, are

provided for your referemce. A sﬁalle:, updated map of the mine area will be

provided at the second stop. Several guidebooks and p?ublications, listed at

‘the end of this section, summarize at least one man/woman-century of studies

in the area. The verbal presentations today, by a few of the geologists now
actively continuing work on the district, will scarcely be able to cover the

broad scope of available information.
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THE'ﬁINGdAM CANYON IGNEOUS CENTER;AUTAH - A BRIEF REVIEW
J | INTRODUCTION N
William:J. Moore

The mid-Tertiary.igneous_hiStoryifigures prominently in.conceptual models
of hydrothermal mineralization and alteration in the Binghsm district.-
Landmark:field.investigations and reports by James andjothers (19613, b) and
Stringham (1953)'prepsred the way for uodern.petrologic.studies. 'This review
-brieflj summarizes broad elements of the:igneous history, emphasizing
premineralizstion.events- Reports punlisned since 1§61 provide the principal
.sources of~information,fbr this review; particularly useful were the guidebook

(Bray-end Wilson, eds., 1975)'and issue'of Economic Geology (ve. 73, no. 7,

1978) resulting frOm,a symposium devoted td the Bingham mining district-and
sponsored by the Society of Economic Geologists at the 87th annual meeting of
GSA (Salt Lake City, 1975). o

This review is neither‘exnaustive nor unbiased. 'Some interpretive
details are influenced by my observations and personal prejudices. Agreement
on certain aspects of the magmatic evolution is not unanimous. Such areas.of
disagreement should guide future research,,and'questions, comments, or
objections nre welconed as iﬁportant contributions in the-process of .
clarifying and refining the model. -

" THE BINGHAM IGNEOUS COMPLEX

Beckground." Bingham,19>one~of many centers of epizonsl,.calc-alkaline |
magmatism ingthe eastern Great Basin. Others in the region having a history
of significant bsse-metsl production include the Park City-Big Cottonwood

districts in the central Wasatch Mbuntains‘about 50 km to the east and the"

Tintic district located 70 km to the south. Over the past decade considerable

attention has been given to a detailed understanding of the igneous rocks and

VNP VIR SIPSTEE PR RT S MEE LA



their mutual_relations.A Field,and petrographie onservations by many
geologists‘have been cdmbined with various chemical._radionetric, and isotopic '
atudies’to provioe'an_uncommonlj eomprehensive base for interpretation-of the,
igneous’history.lv - | o

Volcanic rocks. ‘Volcaniclastic rocks, lavas, and relatedbhypabyssal
intrusions are widely exposed on the lower flanks of the east-centtal Oquirrh.
Mountains and continue southeastward for about 12 km (Plate 1; Figure B-2).~
Erosion after high-angle range-front faulting and eastward tilting of the
mountain block in late Tertiary time has apparently removed any volcanic rocka‘
once present to-the west.

bTheAQOIeanie eeetion is‘locally‘variable and laterally'discontinuoua

owing to multiple feeder vents/fissures and considerable relief on the |
‘ prevolcanie surface. A generalized section for the Traverse Mbuntains
consists of basal laharic breccias:(mudflows) 300-500 m thick,_overlain by
500~-800 m of lenticular lavas and tuff‘brecciasi(Moore, l973b)14 The eruptiue
‘rocks are intruded locally byismall domes and necks (c.f. Shaggy Peak and Step
Mountain south of Rose Canyon, Plate 1)., Latitic to dacitic compositions,
‘-predominate, notable exceptions include the rhyolites of Shaggy Peak and
Tickville Gulch, and the nepheline(?) basalt flow of Oak‘Spring Hollow (Figure
B-2, "38"). |

Plutoniorocks'. Plutonic rocks in the Bingham nistrict (Plate II)
include two major phanetitic atocks,Athe Bingham and Last Chance, each having
irregular apophyses, and several sets of northeaat-trending porphyritic-
aphantic dikes that intrude the stocks. The Last Chance stock is a uniformly
fine grained pluton, whereas the Bingham stock consists of two small
| porphyritic variants intruding a larger fine-grained host. One of the
porphyries (Tiqmp, Plate lI), characterized by a sugary or apliticpquartz-

orthoclase groundmass, is the interred locus of Cu~Mo mineralization.




(from Moore, 1973).
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The plutonicbtaéks.éré_dcminhptly'intermediate in composition--monzonite
to quarﬁz monionite for.the-Stocﬁs'aha latite to quaffz lgtite for the
dikes.. SiOziranggs frdm'58-61 Veigﬁt,pgrcent; and tﬁe alkalies, Na,0 aﬁd K,0
éaghbfange from 3.5;4.0 weight perceﬁt.l The majbt—element compdsitionlof mo8t '
of the 1ntruéions:is'§o similar to thel1atit1c'eruptive rocks tﬂﬁt mﬁtugl :

evolution from a,single éource magma is-highly‘probable; .Furthermore; close

gimilarities in composition and age with igneous rocks of.fhe céntral‘Wasatch
: Mountains (Figu:e_B-3) suggest a common apurce,fot each of the bodies

, indicated in the inset figure.

Age telations;> Rélative ages for most units of the igneoué complex can
be established using crosscutting intrusive relations.that} with due allowance

for\analyficai uncertainties, are consistent with available rédiometric age

- determinationé{.:rhese:deterﬁinatioﬁs, some of which a:eﬂlistéd in Figure B-2,

have ﬁeen summgr#zed and reviewed most recently by Warnaars Aqd others (1978),
vﬁo;pfoperly.eﬁphasizej;he clqse-temporalffelafionsrbetwéen.mia-Tertiary :
1gneous'#ctiv1ty and»minergiizat;oﬁ; the'totgl duratioﬁfpf magmatic- :
hydrothétmal éétivity‘ét{Binghaﬁ.wﬁs'about.B milliéﬁ years. o
E Ihe.overall dﬁration of magmatisﬁ in the Oquirrh Hbuhtﬁins is only

slightly gréatef_(aboﬁt 8 million years?; parallel trends from (mafic or)
1ntetmediéte'tp-éilicic compositions with decreasing age are noted in the
plutonic and eruptive rocks. Ihes;rtrends are a:tributed to differentiation

of a sourcé magma at a relatively shallow depth; mineralizatibn accompanied

residual concentration of fluids in the later stages bf,differentia;ion#-
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IGNEOUS HISTORY

A condensed history of emplacement and crystallization of the igneous

complex (Hoore, 1973b) includes the following major elements.

1.

Initial magmatism beginning about 38 ‘MeY¥e B.Po- with emplacement of

; the Last_Chance stock, a monzonite under a cover of probably less

2

3. .

4.

than 4 km; 'Because-deformed‘vallrocka; protoclastic textures;

gschlieren, or partially digested xenoliths are not observed. neither

forcible emplacement nor’ emplacement by assimilation can be

invoked. Rather, vertical displacement of previously faulted roof

‘rocksiis_suggested as:the principal emplacement-mechanism. Basaltic

volcaniam occurred'concurrently in the Traverse Mountains.

The various phases of the Bingham stock were emplaced about 1 m.y.

fafter crystallization of the Last Chance stock.. Although recent
mapping (Plate II) shovs the .Phoenix dike as a connecting 1ink
. between the two, I believe that modal and=radiometric3age differences

:are sufficient to treat the stocks'aa siblings but not:Siamese twins.

Subsequent tapping.of the magma reservoir, in part explosive in

nature, resulted insforcible emplacement of the latitic dikes and

dpebble dikes, and contact brecciation. 'Venting of the dikes through

a roof thinned bytuplift and erosion may have supplied clastic debris
to the basal laharic breccias.

VVblcanism-continued;until 31 m.y. B.P., with”duiescent eruption of
latitic lavas as the dominant process. Terminal intrusiue activity
(following hydrothermal mineralization) is marked by the emplacement
of rhyolite plugs at several localities in the Oquirrh Mountains (cf

Fig 3-2). .



SPECULATIONS ON TEHE _NATURE'_or THE MAGMA

The prbcess'of magma generation is a subject of continuing'interest in
studies at Bingham. On a regionsl scale, the east-west distribution patterns
of - calc-alkaline igneous rocks in Nevada and western Utah (Figure B=4) are not
_readily explained by plate tectonic models for Cenozoic magmatism in the Great
' Basin (c.f.,'Burchfiel, 1979)s ,These patterns are apparently the result of a
southwestward-migrating front of igneous activity that may be related to a
nsouthward-propagating transverse break in the plate that was being subducted
along the vestern margin of North America at this time (Stewsrt and others,
1977) | |

Of more local significance, the east-west localization of mid-Tertiary
_ magmatism.and,mineralization may be related to'deep crustal zones of
structural veakness-that deueloped in Precambrian'time. The venerable
v"Cortez-Uinta" axis (Tooker, 1971) is one such inferred ‘Zone. Bingham (h) and
‘lPark City (PC) (Figure B~4) are key centers of magmatic-hydrothermal activity -
along the Utah segment of this ancient: crustal flaw._ The structural,
stratigraphic, and aeromagnetic evidence for a Uinta axis, summarized by
Erickson (1976), has been augmented by "plumbotectonic models (Doe and.
Zartman, -1979), and sulfur isotope'(Field;vl966$ and‘strontium'isotope studies
(Mbore and others, l978); | ' C | |

tThere‘is a gratifying,convergenceof'isotopic-evidence>demanding'a deep

crustal (or mantle?) source for the magma and lead and,sulfur among the ore-
forming elements. Details of the magma-generating-process and sources of the
remaining metals are enticingly obscure and"provide challenging topics'for

future studies.
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MOVEMENT OF HYDROTHERMAL SOLUTIONS AT BiNGHAM,' dm‘
| | W. W. Atkinson, Jr. “

Studies of the Carr Fork area of the Bingham district have shown'the
presence of nineral gradients and boundaries, which'suggest'the shape of
thermal‘gradients during the period.of ore deposits (Fiés B-S): 'These -
vboundaries are subparallel with the western contact between the Bingham quartz
monzonite porphyry and enclosing sedimentary rocks. The‘dominant host rock of
the westernvcontact is calcsreous duartzite, ﬁitb'subordinate iimestone
beds. Mineral gradients.and boundaries are‘remarkably.planar in quartzite,
but are highly irregular in limestone. Zones of higher permeability, such as
the fault zone illustrated in Figure B-5, have only a local effect on the
.shapes of the>boundaries-- The quartzite was strongly fractured during
tectonic movements prior to intrusion, and additional fractures were formed
during and immedistely following intrusion. It appears that the quartzite had
sufficient fracture denaitj to present a nearly isotropic, easily permeable
medium to the invading solutions. | |

: The patterns observed were probably not produced by a large circulating
hot springs~type hydrothermsl system. Rather, they were produced as the
thermal gradients expanded, before the .system had cooled appreciably. The .
solutions tberefore consisted of magmatic'water, perhaps with admixed meteoric
water. |

One.boundary most indicative of'expanding {sotherns is that between
orbiculariand fracture-controlled actinolite alterstion of dipside.. Orbicular
alteration appears to. have formed under metastable conditions. Tbe boundary -
vbetween orbicuiar and fracture-controlled alteration appears to have been
produced by solutions below a temperature at which equilibrium nucleation of

the alteration phases could tsketplacea The boundary, then, represents an
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isotherm at the time of 1its formationf th appears nhet the boundary moved‘
outward with time; because a zone of overlap occure between the two types of
alteration. Croescuttingvfrectures demonstrate that fracture-controlled_
alteration 1s younger thanporbicular alteration.

Early sulfide'veinlers ehov e'continuone gradation.in'sulfur and copper
content; From the outside inward, eulfides show a'continuous variation in
ratios from pyrite to- chalcopyrite to bornite- The innermosr zone, containing
molybdenite, expanded outward, 80 that molybdenite-bearing veins cut copper
and iron sulfides.’

‘Calc-silicate zones apparently expanded ourward at the same time.
Interstitial calcite in the quartzite was replaced sequentially by dolomite,
talc, tremoline,_end_diopside. Iron was introduced later, producing .
actinolite, then biotite,.alteration of diopside. Limestonee vere alrered to
garnet as copper wae depoeined;’ It 1s.probeb1e that botﬁ megneeinm and iron
were released eimultaneonsly from rhe‘porphyry, but iron was less mobile in
the calcareous environment.: These_alteretion.events correlate with chlorite,
actinoli:e, and biotite e;teration of the Bingham quartz monzonite on the east
- side of the porhyry. |
Uneqnivocel evidence on the direction of movement of hydrothermal
- solutions is not availeble- However, the surfaces of the nany mineral
boundariee.suggest'that the solutions were not”moving upnnrd parallel with the

porphyry contact. If they were, we might expect'elongeted irregularities

parallel with the contact, pointing upward. Rather, the surfaces are nearly

plenar, vith a prominent bulge along the illustrated fault, in both plan and
section. The shapes suggest movement outward from the intrusive comtact,

‘although the exact vector is not known.



A uell-defined zoue of sericitie alteration at Bingham-ie lacking-.
'Locally, strong éerieitic and ciay alterafion occurs along late,jatrong fault,
where it ie eccompanied by abundaut pyrite-TITﬁese featurea are most common
within 1, 000 feet of the porphyry, much closer in than the edges of the early
mineral boundaries, which extent out as far as 3,000 feet. They are also-
limited to vertical faults. This type of alteration and minerelization was

probably produced by citculat:lon of hot meteoric water.




METAL PROﬁUCTION AND METAL ZONING
Laurence P. James .

V=The immenae‘totaliuetal‘production_of-the diatrict,‘fron.itsediscovery in
‘1865 to the most recent publicatiou of data,wis summarired in table 1, from
James (1978). The precious metals have been derived largely as'byproducts of
base-metal production, though the district is listed by Koschmann and

Bergendahl (1968) as the fourth largest gold producer in- the nation.

Tabie‘l. Production from Bingham mining district, 1865-1972

" Copper, - 21,511, 566,050 .
Lead, 1b | " 4,486,218,827
" 2ne, 1b - © 1,884,205,351
. Gold, oz - 14,717,731
Silver, oz . - 245,568,577

Utah Copper data from Arrington and Hansen (1963) and annual reports of
Kennecott Copper Corp. , .
District data from Stove, 1975.

Metals are distributed in the district in a definite zoned pattern. The
porphyry ‘copper ores at its center, containing chalcopyrite, pyrite, and
-:molybdenite, commonly show lead and zinc contents of a few hundred parts per4
million or less. Hetalpproduction.from‘these deposits is summarized in table
2, from Jamee (1978). The lead-zinc ore bodies which roughly encircle the
copper center’contain only minor viaibie copper minerals, and may contain less
than 1,000 ppm copper. In these ores, galena and sphalerite are closely

intergrown. The zoned distribution of ores is not perfectly annular, as it is

controlled in part by the distribution of limestone beds and structures.



"Table 2. Production from Utah copper ore depoait

_1 240,186, 675 tons ore mined 1904-—1972 ‘
Weighted mean grade--0.912 percent copper.

399 505 485 1b molybdenum recovered" 1938—1955
. Mean grade, calculated. 0.036 percent Mb for thia period

1,804,185 oz gold recovered 1908-1938 »
- Mean grade, calculated from this: 0.00654 oz/ton Au

. 16,944,796 oz silver recovered 1908-1938
' Mean grade, calculated from this: 0.0580 oz/ton Ag

The generalrgeologf cf the district in relation_to.metal zoning is
‘summarized nn figure'B-S- A sequence of Iertiarj intrusive rocks, largely
_unmineralized, comprises the center of the‘diatrict. A volcanic pile,
.probably derived from volcanic necka that once overlay the intrusive rocks,
-flanks the district on the east (Tvhl and Tvlb)f_ The:barren intrusive rocks
ncw'compriae a topcgraphicpann aeromagnetic high. L

Tne.zonee distribution,of metals ceanters on the:relatively.small,
nortﬁernmostlbodyiof quartz monzonite porphjry'(Tidmplg; This rock unit is
illnetratedlnn Figure.BTA.- Most current students of district geology view
thia'comple; body as an.orthomagmatic "source" of the copper and mclybdenum
mineralization. As in many "porphyry" deposits, the chalcopyrite and
.mclybdenite tend to occur in aeparate fractures, perhaps fqrmed at different
times. | |

While precious metals cccur as trace elements in base-metal sulfides,
they are not as distinctly zoned as copper,llead, and:zinc. Thin veinlets
dominated by native gold have been found in many areas of the district, and
placer gold in'Bingham Canyon led to the district’s discovery. The writer
well remembers vatching a leaaer, deep underground in a lead-rich fissure vein
in the Last Chance stock, pull out a specimen that was half galena and half
native gold. Small, rich deposits of telluride orea were reported on the

northweat periphery of base-metal ore bodies (James, 1978).
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A series of low-elevation adits eventuallyvpenetrated the district at
depth. Some of these are shown of Figure 3;6. Peripheral, vein~dominated ore
. bodies developed by these and other workings ten&eg to be small,
discontinuous, and to'iAck great vértical exteﬁt. The metal content of ofe
produced from_ﬁhe Butterfield Tunmnel, which mined several perip;eral veins
valuable chiefly for silver, is shown on Figure B-6. Thésé data-weré compiled
‘from the :écords éf the old Combinéd Metais_Reduction Coméany.

The best explanat;on for the zoning of metals appears to be temperature
gradients'around fhe cgﬁtral.quartz monzonite porphyry. The'iarge quantities

of lead, zinc, and silver cannot be unequivocally attributed to a magmatic

source, however.




