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.\Mn .~CT . - Thc Tintic mining district, which includes the M:ain Tintic :and 
hst Tlntlc subdisrricts, is in central Uuh :about 50 km :airline southwcst of. 
PfI)\v Jnd 95 km south-southwest of S:alt L:ake City . From its discovety in· 
t ':",.) to 1976 thc district produced 16,654,327 ronnes of ore valued :at 
.S" .' '! .620.00? More rhan 90 percenr of this ore has come from large, irregu­
..1r IJ~ bodies rhar have repl:aced folded :and faulred limestone and dolomite 
lUlU of Paleozoic :age. Of lesser imporunce are repl:acement veins, which 
. hldh cur pyromerasomatized c:arbon:are rocks, :and fissure veins, which cut 
i UJrflHe. volc:anic rocks, :and intrusive bodies. The district is in the central 
rm of rhe Easr. Tintic Mount:ains, :a north-trending hult-block range ne:ar 
!he ostem margl~ of the Gre:at B:asin. The consolidated rocks exposed at the 
surface: and 10 mme workings :are miogeosynclin:al deposits more th:an 4,800 
m thiCk. They ~nge in age from !:ate Prec:ambri:an to ute Mississippi:an, and 
l~ pm of l scd,mentlry rock sequence that originally may have bttn 18,000 
m thiCk. The. sedimenury ~tratl :are folded and strongly faulted, partly over­
bin bv a vlnety of volcaOic rocks chiefly of intermediate composition, :and 
(ut by latHc, qUlrtz latite, monzonite, :and quartz monzonite porphyry intru­
sIOns of O!igocene: and Miocene :ages. All these rocks :are locally covere:d by 
thick a!luvlaJ deposits of Pliocene :and Quatem:ary :ages. In some are:as, both 
the: Oligocene: :and pre-Oligocene rocks have bttn altered by pre-ore solu­
!lons. and the resultin~ :alteration zones, with geologic studies :and geochem­
lc~l cxploratlo.n techOlques, Mve bttn used ro prospect for deeply buried 
bltnd ore bodIes, which h:ave bttn the source of most of rhe ore produced 
from rhe district during the last 60 yeus. 

INTRODUCfION 

The Tintic district is the second most productive base­
~nd precious-metal mining district in Utah_ It is approx­
Imately 95 km I south-southwest of Salt Lake City and 50 km 
southwest of Provo (fig_ 1). It is traversed by a major high­
way, U.S. 6-50, and served by the Union Pacific and Denver 
and Rio Grande Western railroads. The principal . commu­
nities in the district are Eureka and Mammoth; other former 
communities, such as Dividend, Silver City, and Diamond, 
among others, have been mostly obliterated but are still im­
ponan t place names. 

Officially the Tintic district includes an area of about 388 
kml in the central part of the East Tintic Mountains. Tradi­
tionally, however, the district is divided into the Main Tintic 
subdistrict, which is west of 112°05' W_ Long. and centered 
on the townsites of Eureka, Mammoth, and Silver City; and 
the East Tintic subdistrict, which is east of 112°05' W. 
Long. and centered on the townsite of Dividend about 5 km 
east of Eureka. Many of the earlier geologic studies of the 
area have been directed separately to either the East Tintic or 
Main Tintic "districts." It is important, however, not to con­
fuse the Main Tintic subdistrict with the West Tintic min­
ing district, which is an unrelated ore-producing area in the 
Sheeprock Mountains 30 km southwest of Eureka. 
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ceased; James Quigley; C. A. Fitch, Jr.; William G. Steven­
son; Max T . Evans; Hollis Peacock; R. C. Gebhardt 
(deceased); J. Steele McIntyre; Brennan Hannifin; Robert C. 
Thomas; Douglas R. Cook; John B. Bush; William M. Shep­
ard; and James Anderson. Many others, listed in other re­
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The name of T. S. Lovering is also indelibly imprinted 
on the Tintic a rea_ Although his studies were chiefly limited 
to the East Tintic district, he has been a perceptive observer 
and source of new concepts concerning the geology of all 
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Utah. 

HISTOR Y AND PRODUcnON 

Ore was first discovered in the Main Tin tic district near 
the present site of the Sunbeam shaft in December 1869 by a 
prospector returning to Payson, Utah, from an unsuccessful 
ore search in the West Tintic mining district. By the follow­
ing spring most of the outcropping ore bodies in the range 
had been discovered, and several mines had stockpiles of ore 
ready for shipment. The lack of nearby markets and efficient 
transportation facilities hampered the early production, but 
some of the rich oxide ores were freighted by wagon to Salt 
Lake City and then carried by rail to Reno, Nevada; San 
Francisco, California; and Baltimore, Maryland. Some ores 
were even shipped to Swansea, Wales, for reduction . In 1878 
th~ Utah Southern Railroad reached Ironton, 8 km south­
west of Eureka, and the ores were then transported to newly 
constructed smelters in the Salt Lake Valley. With access to 
low-cost transportation by rail, production from the Main 
Tintic subdistrict increased substantially and climbed errati­
cally to 1912 when 384,490 tonnes of base- and precious-met­
al ores were produced. Production declined from the Main 
Tintic subdistrict after that date, and virtually no ore has 
been produced from there since 1960. 

Ore was first discovered in the East Tintic subdistrict in 
1899 near the present Eureka Lilly shaft, but production was 
insignificant until 1918 when ores were mined in quantity 
from the newly discovered concealed bonanza of the Tintic 
Standard mine. Production from East Tintic shows two 
peaks, 199,579 tonnes in 1929, and 227,848 tonnes in 1976, 
the latter chiefly from the Burgin mine of Kennecott Copper 
Corp. An additional 49,380 tonnes of dump ores ~were pro­
duced in 1976. 
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Total produccion from the Tintic district 1869-1976 is es­
timated co be 16,M4,327 (onnes of base- and precious-metal 
ores valued at $568,620,003 at the time of production. Pro­
duccion of ores and contained metals by periods is shown in 
table 1. In addition co the metals listed in th is table, the 
Tintic district has been the source of important quantities of 
cadmium, bismuth, arsenic, antimony, and manganese ores 
and coproducts halloysite clay, quartzite ganister, and high­
calcium limestone. 

GEOLOGY 

Regional Setting 

The Tintic district is in the East Tintic Mountains, a 
north-trending fault-block mountain range in the east central 
part of the Basin and Range province. During the long peri­
od of time extending from the late Precambri.m, through all . 
of Paleozoic time, and continuing into the Mesozoic, this . 
area was the site of a number of epicratonic basins in which 
more than 18,000 m of sedimentary rocks accumulated (Mor­
ris and Lovering 1961) , In the Late Cretaceous this general 
region was uplifted and cut by three or more superimposed 
thrust faults of large throw and great regi'onal persistence. 
Movement on these thrusts, which form part of the central 
portion of the Sevier orogenic belt (Armstrong 1%8), carried 
large plates of rock eastward for as much as 160 km from 
eastern Nevada and western Utah over Mesozoic and older 
strata in central Utah. One of these thrusts is correlated with 
the Midas thrust fault of the Oquirrh Mountains. It is be­
lieved to extend southward from the area of Bingham Can­
yon into the north half of the East Tintic Mountains and 
was crumpled into a series of asymmetric anticlines and syn­
clines with amplitudes of 5,000-7,000 m. These folds, which 
are cut by many transcurrent and normal faults and by sub­
sidiary thrusts (figs. 2 and 3), apparently terminate in the 
lava-covered and pluton-injected central part of the East Tint· 
ic Mountains. 

By the end of the Cretaceous, all activity had ceased in 
the Sevier orogenic belt in cenw.1 Utah, and during the Pa· 
Ieocene and Eocene, a mature topography with more than 
1,600 m of relief was carved into the folded and faulted Pre­
cambrian and Paleozoic suata. In middle Oligocene time vol· 
canism began abruptly, and the area of the Tintic district 
was the site of a large eruptive center. The volcanic episode 
terminated in ore deposition and was followed by regional 

tensional faulting in latest Oligocene and Miocene time, pro­
ducing the fault·block mountains that dominate the present 
landscape. 

Sedimentary Rocks 

As shown in table 2, the sedimentary rocks exposed in 
the Tintic district range in age fom Precambrian to Holo· 
cene. The · Precambrian rocks, which consist of quartzite, 
phyllite, and minor dolomite, are correlated with the Big 
Cortonwood Formation of the Wasatch Range. although a 
more accurate correlation may be with the Sheeprock Series 
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FIGURE 1.- Indcx map of Urah showing location of Tintir mining district. 

TABLE 1 

PRODucnON Of ORE AND METALS FROM TINnc MINING DISTRICT, 1869-1976, BY PERJODS' 

Period Ore Gold Silvcr Cop~r Lead Zinc Value' 
(ronm~s) (kilograms) (kilograms) (kilograms) (kilograms) (kilograms) (dollars) 

1869- 1880 (Not known) 1,124 49,938 1,442,279 4,696,292 0 $4 , 190,~94 
1881- 1890 (Not known) 1,922 363,663 4,49~,741 24,638,839 0 16,884 ,489 
1891 - 1900 (Nor known) 10,342 9n,~98 9,72~,80~ 8~,061,131 0 38.749,3~ 1 
1901-1910 (Incomplete) 22,746 991,072 34,730,099 127,866,907 0 64,029,1 ~I 
1911 - 1920 3,172,213 1~,~87 1,818,739 33,212,173 142,478,161 7,866,779 89,743,231 
1921 - 1930 3,860,639 11,442 2,381,881 14,~~8 , 148 342,113,997 6,189,29~ 118,4 10,234 
1931 - 1940 2,OOO,2~~ 13,832 886.9~6 8,3~8,34~ 8O,078,24~ 3,703,157 40,380,101 
1941-19~0 1,9~6,Ml 4,628 408,744 4,914,166 61,398,389 31 ,4 23,004 39,5~7 ,946 

19~1-196O 840,244 793 14~ ,021 879,893 27,784,043 17,314 .139 20,09~.~0~ 

1961-1970 601,696 202 188 ,n~ 180,306 69,~87,27~ 4 ~,167 ,991 46,664,229 
1971 - 1976 1,08~,600 981 170,ol ~ '68,621 62,176,~09 76,101,961 89,91~,172 

Touls 16,6H,3271 83.'99 8,379.982 113,06~,~76 1,027,879,788 187,766,326 $~68,620,OO3 

'Tablr computed from .ua fumished by U.S. Burau 01 Minn. 

'Dollar valli< alcubted from SfOSoS metal content and average yearly price 01 menls. 

'Includes estimstes for production In years prior to 1910. 
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( Ihcnnu[ (1959), which is extensi~eIy exposed in the 
. : . : : ' I. k ~f ountains . The Precambrian rocks arc separated 

rl l{" Il \'erl ying Lower Cambrian Quartzite by a profound 
: ~ t , ' rl11 ity that indicates the removal of many thousand 
,t heds. probably including the Mutual Formation and 

-' fjneLlI Fork Tillite (Crittenden et al. 1952) or the 
.... .l lent Dutch Peak Formation of Cohenour (1959) . 

The Tin tic Quartzite generally is considered by the min­
:" be the basemen t rock of the district because of its 

; ::·.d thickness and its lack of susceptibility ro the formation 
. :.If,1:C replacement ore bodies. It is the host rock, however, 

• " .I (unsiderable number of veins and fault-breccia ore 
.. . .1:( ". particularly in the East Tin tic subdistrict. Near Eu­
· · ~; I it contains more than 90 percent silica and in past years 

I . . i ' heen quarried as a source of ganister for the production 
: " Iiea brick. 

The Paleozoic rocks stratigraphically overlying the Tin tic 
I~ u .lr(z ite are chiefly limestone and dolomite typical of the 
:'HI,gcosynclinal deposits of this age that are common 
:h fll Ughout western Utah and eastern Nevada. The Ophir 
Formation, immediately above the Tintic Quartzite, consists 
mllsrl y of limy shale, but also includes one or more thick 
h·n ls of limestone that are important host rocks for ore in 
(h e East Tintic subdistrict but that are nonproductive in the 
-'bin Tintic area. Above the Ophir Formation, sandstone and 
sha le are distinctly subordinate to carbonate rocks, although 
.l rcnaceous rocks are presen t in the Opex, Victoria, and 
Humbug formations, and shale beds are also present in the 
Herkimer and Opex formations. All the Paleozoic formation­
.II units from the Cambrian Ophir Formation to the Mis­
sissippian Great Blue Formation contain replacement ore 
bodies of at least small size. The five most important ore 
host formations, in order of estimated gross value of ore 
bodies contained within th em are: Ophir Formation 
($200,000,000), Bluebell Dolomite ($135,000,000) , Ajax Dolo­
mite ($60,000,000), Deseret Formation ($47 ,000,000) , and 
Tintic Quartzite ($35,000,000) . 

Igneous Rocks 

The volcanic rocks of the Tintic district are the deeply 
eroded remnants of a large composite volcano that essen tially 
buried a topographically mature, structurally complex moun­
tain range. The volcanic activity took place in three pulses, 
each charac terized by a period of eruption and terminated by 
a period of igneous intrusion . 

The oldest volcanic sequence is the Packard Quartz La­
tite. It was erupted from unknown centers in the central 
part of the East Tintic Mountains. The eruption produced a 
lower tu ff, generally about 30 m thick, an overlying lower 
vitroph yre of about the same thickness, a massive porphyritic 
biotite quartz latite unit that locally may exceed 900 m in 
thickness, and an upper vitrophyre and an air-fall tuff each 
30-50 m thick. Beyond the northern and southern bound­
aries of the district the volcanic units that are equivalent to 
the Packard Quartz Latite contain compac ted shards, col­
lapsed pumice fragments, and other features indicative of a 
welded tuff. In earlier reports the Packard was reported to be 
of Eocene age on the basis of lead-alpha dating meth ods and 
geologic considerations, but recent potassium-argon dating 
procedures indicate the age of biotite and sanidine from the 
Packard to be 32.8 ± l.0 and 32.7 ± l.0 m.y., respectively 
(Laughlin et al. 1969, p. 917), and therefore the Packard is 
now assigned to the Oligocene. 

After the eruption of the Packard Quartz Latite, a caldera 
estimated to be 13.6 km in diameter and more than 1,000 m 
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EXPLANA TION 
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FIGURE 2B.-Explanation for map on opposite page. 
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deep is believed ro have formed near rhe cen ter of the pres­
ent Easr Tintic Mountains (Morris 1974) . At approximately 
the same time, or shortly before, the Swansea Quartz Mon­
zonite srock was intruded a short distance beyond the north­
west margin of the caldera. No orcs were deposited Juring 
this in trusive episode. 

Overlying the Packard is a thick and extensive sequenct 
of white tuff and tuff-breccia, dark-brownish-gray latire flows, 
red-brown welded tuffs, and heterogeneous fine- to coarse­
grained agglomerates. These rocks constitute the Tintic 
Mounrain Volcanic Group and have been subdivided into the 
Copperopolis Lacite, the Latite Ridge Latite, and the Big 
Canyon Latite. The eruptive centers of these rocks were 
largely within the Packard caldera, ann in time the collapsed 
area was completely filled and overtopped by a large compos­
ite volcanic cone, which may have been nt:lrly 50 km in di­
ameter and 4-5 km in height. This. second eruptive cycle was 
terminated with the intrusion of many stocks, plugs, dikes, 
and sills of biotite augite hypersthene monzonite and latite 
porphyry, including the Sunrise Peak stock near Diamond, 
and the thick and extensive Gough and Dry Ridge sills. As 
in the Swansea intrusive episode, no ores were deposited after 
the intrusion of the Sunrise Peak stock and related plutons. 

Overlying the Tintic Mountain Volcanic Group is the 
Laguna Springs Volcanic Group, consisting of North Stan­
dard Latite, Pinyon Queen Latite, and Tintic Delmar Latite. 
The volume of the Laguna Springs lavas and tuffs was small 
in comparison with the Packard and Tinric Mountain vol­
canic rocks; however, their eruption terminated with the in­
trusion of the ore-related Silver City stock, a biotite augite 
hornblende monzonite porphyry, near the northern boundary 
of the filled Packard caldera. Many monzonite porphyry plugs 
and dikes were also emplaced in a compound zone extending 
north-northeastward from the northeastern part of the partly 
concealed stock. Associated with these plugs and dikes are 
numerous pebble dikes-tabular bodies of intrusion breccia 
composed of rounded fragments of quartzite in a matrix of 
comminuted sedimentary rocks and lava. Many samples of 
the Silver City stock and related plutons have been dated by 
K-Ar techniques. The apparent ages of hornblende, biotite, 
and sanidine range from 3B.7 ± 1.9 to 31.5 ± 0.9 m.y., with 
most samples of biotite from the least altered parts of the 
main stock yielding ages of about 31.5 m.y. (Laughlin et a1. 
1969). 

Associated with ore bodies in the Chief No.1, North 
Lily, and other mines are narrow dikes of biotite augite ande­
site porphyry. Commonly these dikes are altered to hematite­
flecked halloysite or kaolinite, and have been termed "the 
purple porphyry" by the miners. They are known to crop 
out at the surface in only two small areas in the East Tintic 
subdistricL 

The latest manifestations of Oligocene volcanic activity in 
the Tintic district are breccia pipes in Copperopolis Canyon, 
mostly south of figure 2. These bodies consist of blocks of 
limestone and quartzite in a weakly pyritized matrix of bro­
ken phenocrysts of quartz, sanidine, and other comminuted 
igneous minerals. These breccia pipes are similar in most re­
spects to much larger breccia pipes in the West Tintic and 
southern Sheeprock Mountains (Morris and Kopf 1967). 

The youngest volcanic and intrusive rocks in the Tintic 
district are a wide dike and an associated remnant lava flow 
named from the Silver Shield shaft which is located south of 
Pinyon Creek in the northeastern part of figure 2. These 
rocks are coarse-grained biotite augite hypersthene quartz la­
tite and are similar in general appearance to the older Pinyon 

Queen and Tintic Delmar tHites. Biotite and sanidine from 
the tlow unit and dike yldd K-Ar ages ranging from 15.9 ± 
2.16 to IB.3 ± 0.5 m.y. indicating a Miocene age for these 
rocks and the underlying Pinyon Creek Conglomerate 
(Laughlin et al. ]969, p. 915-16). 

The widespread Pliocene Salt Lake(?) Formation, which 
crops uut in Tintic Valley and deeply underlies Goshen Val­
ley , con tains a high proportion of fresh and altered rhynlitic 
tuff, but the source of this igneous material is unknown . 

Srructure 

The dominant structures of the Tintic district are the 
folds and faults that were formed during the compressive de­
form:ltion of the Midas thrust plate. Other structures include 
prevolcanic tensional faults, faults and fractures rdated to ig­
neous activity and mineralization, and basin-range faults. 

Folds 
The great folds produced du ring the Sevier orogen y . are 

the most widely known structural fearures of the Tintic dis­
trict. They include the North Tintic anticline, which lies 
mostly north and northwest of figure 2; the Tintic syncline, 
which is prominently exposed south of Eureka, and the East 
Tinric anticline, which is largely concealed beneath lava in 
the East Tintic subdistrict. These folds have amplitudes rang­
ing from 5,000 to 7,000 m and north-trending, north­
plunging axes that are about 3-5 km aparl. All three folds 
are overturned to the east, with the overturning showing a 
progressive increase eastward. The limbs of the folds contain 
a number of minor thrust faults, the most important of 
which is the East Tintic thrust. As shown in figure 3, move­
ment on this thrust carried the low dipping west limb of the 
East Tintic anticline over the vertical-to-overturned east limb. 
In the northern part of the Tintic district a number of sub­
sidiary folds have developed in the axial area of the Tin tic 
syncline. 

Faults 
The faults that cut the folded sedimentary strata and the 

younger igneous rocks are broadly classified into four groups: 
(1) shear faults formed during folding; (2 ) normal faults 
formed after folding but before volcanic activity; (3) miner­
alized fissures and faults related to the volcanic episode; and 
(4) late normal faults of the basin-range system. None of the 
major thrust faults of the Sevier orogenic belt is exposed in 
the Tintic district although the Midas fault zone undoubt­
edly underlies the East Tintic Mountains, probably near the 
base of the . Big Cottonwood Formation (Roberts ct :11. 1965, 
p. 1952-;-53) . A tear fault, which apparently delimits the 
Midas thrust plate on the south, is inferred (0 underlie the 
lavas of the East Tinric district and mar also have guided the 
emplacement of the near surface pare of the Silver City stock 
(Morris and Shepard 1964, p. C20) . 

Shear faults. - The earliest high-angle faults form a con­
jugate system of northeast- and norrhwest-trending shear 
faults that developed in response to the east-west compressive 
forces that produced the folds. The shear faults cur the gen­
erally north-trending beds at angles ranging from 30° to 60°; 
most of them have steep dips, and many are sinuous in cross 
section. The dominant displacement on most of them is hor­
izontal or nearly so, as indicated by deep horizontal mullion 
structures that groove the sinuous fault planes and by the 
great contrast in the apparent throw of steep and flat beds. 
In general, the northeastward-trending set of faults, including 
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(he Paxman, Beck, Centennial, Grand Central, and Mam~ 
rnoth-May Day faults, are more through-going than the 
northwest-trending faults and are more important as ore­
localizing structures. 

Normal faults. - The faults that were formed after the pe­
riod of compressive deformation but before the volcanic erup­
tions include the Dead Horse-Homansville fault and the 
Sioux-Ajax fault. These faults cut the north-trending beds of 
the major folds nearly at right angles and dip steeply to the 
north. The rocks on the north side of Dead 
Horse-Homansville fault are downdropped relative to those 
on the south, and the displacement increases from 500 m or 
less in the western part of the district to more than 1,000 m 
in the eastern part. Prior to the eruption of the Packard 
Quartz Latite, the trace of the Dead Horse segment of the 
fault was the site of a deep eastward-sloping alluvium-floored 
valley that later became filled with lava. The Sioux-Ajax 
fault zone consists of several braided' fault strands that drop 
the steeply dipping beds of the west limb of the Tintic syn­
cline north of the fault against gen tly dipping beds in the 
trough of the syncline south of the fault, indicating a verti­
cal displacement of approximately 500 m. Beneath the allu­
vium in Mammoth Gulch the Sioux-Ajax fault may be de­
flected to the south along part of the older Mammoth-May 
Day fault. 

Mineralized faults and fissures. - The Silver Ci ty stock is 
cut by veins that define a system of north-northeast-trending 
fissures and faults of small displacement that dip steeply 
westward. These faults apparently were active both during 
and after the volcanic episode and have been mineralized 
with base and precious metals. The fractures in the north­
western part of this fault system extend into the steeply dip­
ping sedimentary rocks of the west limb of the Tintic syn~ 
cline, where they are commonly deflected along north­
trending bedding-plane faults. The fractures in the south­
eastern part of the fault system extend into the East Tintic 
subdistrict where they are important localizing features for 
injected pebble breccias, igneous dikes, and veins. 

Basin-range faults. - The truncation of major geologic 
structures at the west edge of the East Tintic Mountains and 
the presence of erosion-modii1ed fault scarps in alluvium de­
note a zone of late normal faults between Tinric Valley and 
the East Tintic Mountains. A gravity survey of this general 
area by Cook and Berg (1961, p. 85) indicates a total gravity 
relief of more than 20 milligals across the concealed basin~ 
range fault zone near Tintic station, suggesting a thickness 
of more than 2,200 m of valley-fill deposits (Morris 1964, p. 
US). 

Ore Deposits 

The metalliferous ore deposits of the Tintic district in­
clude fissure veins, replacement veins, and replacement ore 
bodies. Of these the replacement ore bodies are particularly 
notable for their great lateral persistence, their richness, and 
their large size. The principal metals of the deposits, in order 
of value, are silver, lead, copper, zinc, and gold. Prior to 1916 
little if any zinc was recovered from the ores, but since that 
date it has become increasingly important and in recent years 
has exceeded both silver and lead as the metal of principal 
value in the ores from the district. Before the early 1900s the 
larger ore deposits were discovered by prospecting for out­
croppings, however small and seemingly insignificant. Since 
that time new discoveries of completely concealed ore bodies 

and ore centers have been made through the application of 
ore-trend projections, geologic studies and in terpreta tion, 
studies of hydrothermal alteration, and geochemical in­
vestigations of various types. Several large areas of favorably 
situated and hydrothermally altered rocks, chiefly in the East 
Tintic subdistrict, remain to be fully explored. 

Ore Bodies 
Individually the ore bodies of the Tintic district may be 

described as pods, lenses, pipes, columns, tabular shoots. and 
a variety of other features that range in size from a few kilo­
grams to 2 million tonnes and more. The wide range in 
shape and size is related to several factors: geologic structure, 
dissimilarities in the physical and chemical characteristics of 
the host rocks, distance from intrusive centers, and differ­
ences in the chemical character of parent hydrothermal solu­
tion. A vertical projection of the mined and unmined ore 
bodies that are known in the Tin tic district is shown in fig­
ure 4. 

The tabular ore shoots of the fissure veins are essenrially 
limited to minor fault zones in nearly nonreactive quartzite, 
monzonite porphyry, and similar rocks. These veins range in 
width from knife-edge seams to 8-10 m, averaging less than 
1 m. Most are less than 100 m in length, although the Sun­
beam ore shoot is nearly continuous for over 1,200 m. The 
pitch lengths of the largest shoots in the in trusive rocks are 
unknown inasmuch as most of them were mined only to the 
water table, which stands at depths of 100-150 m in the Sil­
ver City and Swansea stocks. The structures occupied by the 
veins are mostly small normal faults having an average strike 
of N 200 E and an average dip of 75 0 -85 0 W; some, how­
ever, are vertical or dip east. They are widest and longest 
where they cut brittle homogeneous rocks but tend to form 
groups of short subparallel veins or disappear entirely in al­
tered tuffs and in incompetent shale beds. 

The replacement veins are more or less limited to the 
pyrometasomatized aureoles of the Silver City stock and re­
lated satellitic plutons. They are generally alined with the fis­
sure veins and commonly merge with them, but most of 
them are longer and wider. Unlike the fissure veins they al­
most completely replace the breccia fillings of the fissu re 
zones and locally expand on cross fractures and bedding 
breccias. Most of the individual ore shoots in the replace­
ment veins are only a hundred meters or so in length; how­
ever the Dragon vein has been ' mined con tin uously, if not 
profitably, for more than 750 m from the edge of the Silver 
City stock into the Iron Blossom No. 1 mine where the 
tabular ore shoots become true replacement ore bodies. The 
ore shoots of the replacement veins range from columnar 
bodies that locally expand from a few centimeters to 15 to 

20 m in diameter, to tabular mass 100 m or so in vertical 
and horizontal dimensions and 1.5-2 m in thickness. 

The great replacemen t ore bodies of the Tin tic district 
have produced more than 90 percent of the ore . credited to 
the area. These ore bodies, which are limi ted to the areas of 
folded and faulted carbonate rocks of Paleozoic age, range in 
size from insignificant stringers and small kernels to great 
columnar, pipelike, bulbous, and irregular masses, some con­
taining more than two million tonnes. As shown in figure 4, 
the replacement ore bodies in (he Main Tintic subdistrict oc­
cur in five persistent linear zones ("ore runs" in local par­
lance) that extend northward from the Sioux-Ajax fault zone 
approximately to the latitude of Eureka townsite. For con­
venience of description they have been named, beginning 
with the westernmost: (1) the Gemini ore zone, which ex-
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FIG URE 4.- Vertical projection of known ore bodies (solid) and mineralized areas (shaded) in (he Tintic district. 
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'- ~. !) irom the Grand Central to the Gemini mine ; (2) the 
' f.. r.1moth -Chief ore zone, which extends between the two 
~. l~t'd mines; (3) the small Plutus ore zone, which was 
' : ~rn('J from the Mammoth, Victoria, and other shafts; (4) 
:~c Godiva ore zone, which extends from the Northern Spy 
~ ' l the Godiva mine; and (S) the Iron Blossom ore zone, 
\}, !~I( h extends from the Iron Blossom No. 1 mine to the 
Ik(k Tunnel No. 2 mine, where the ore zone turns north­
\l,·(·qtn rd and joins the Godiva ore zone. A longitudinal sec­
[l~ ln of the Mammoth-Chief ore zone, showing the relations 
II i the ore bodies to stratigraphic units and geologic structure 
IS shown in figure S. South of the Sioux-Ajax fault the lin­
ea r character of the Mammoth-Chief, Godiva, and Iron Bios­
~l)m ore zones persists in a southwestward direction through 
[he pyrometasomatized aureole, the Silver City stock, and 
beyond it into the altered sills, lavas, and tuffs of Ruby and 
Diamond hollows. 

The replacement ore bodies of the East Tintic subdistrict 
do not appear to form long linear ore zones, but occur as 
large irregular masses of ore at or near the intersections of 
northeast-trending fissures (or tear faults) and generally 
north-striking thrust faults of small to moderate displacement 
(fig . 6). The largest East Tintic ore bodies, one of which also 
contained over two million tonnes of ore, replace limestone 
beds in the Ophir Formation in the upper plates of thrusts, 
which have displacements of a few hundred to a few thou­
sand meters. In the Tintic Standard and North Lily mines 
the Ophir Formation has been displaced over the Tintic 
Quartzite, and in the Burgin mine over several middle Paleo­
zoic formations. Down-rake to the southwest in the Tintic 
Standard and North Lily mines, fissure veins in the Tintic 
Quartzite appear to have been the principal conduits for the 
ore solutions. In the Burgin mine the ore solutions appear 
co have moved upward along the East Tintic thrust and 
through several. tear faults into the upper plate. Ore bodies 
in the 274 area of the Burgin mine lie in the footwall rocks 
of the thrust and appear to have been deposited from solu­
tions rising on northeast-trending faults in the footwall 
rocks. These ore bodies show many of the characteristics dis­
played by the replacement ore zones of the Main Tintic sub­
district. 

The ore bodies of the smaller mines of the East Tin tic 
subdistrict are chiefly fissure- and fault-localized veins; how­
ever, some of these mines also contained small replacement 
ore bodies in limestone beds adjacent to or near the veins. 
As shown in figure 4, the ore bodies of the East Tintic sub­
district, excepting for a highly altered, largely unexplored, 1 
x 2 km gap, are also alined with vein . zones in the igneous 
rocks near Ruby Hollow and Diamond. This exploration tar­
get is made even more interesting by the north bounding 
fault of the lava-filled caldera that is inferred to cut' through 
it . 

As may be inferred from figures 4, S, and 6, the replace­
ment ore bodies of the Tintic district are localized by many 
different types of faults, by fissures, bedding plane openings 
of various kinds, by certain susceptible limestone beds, and 
even by unrecognizable features. In the Main Tintic sub­
district, the miners believe that within anyone ore zone all 
the ore is connected, at least by small stringers or undiscov­
ered ore bodies. In conrrast, the three main ore centers in 
the East Tinric subdistrict are more discrete although contin­
ued mining and exploration may yet show a greater lateral 
persistence and interconnected character than is now recog­
nized. 

Ores 
The primary ores of the Tintic district consist chiefly of 

sulfides and sulfosalts of silver, lead, copper, iron, zinc, and 
bismuth in association with ;asperoid (silicified carbonate 
rock), barite, aggregates of quartz crystals, calcite, dolomite, 
and ankerite. In addition, gold is locally abundant in some of 
the copper ores, in part as the native metal and in part as a 
telluride; hypogene native silver is also abundant in some late 
sulfide ore bodies in the Chief No. 1 mine. The mineral as­
semblage is generally characteristic of mesothermal deposits; 
however, the general geologic setting and certain mineral tex­
tures and associations suggest temperatures and pressures ap­
proaching those of the epithermal environment (Lindgren 
1933, p. 585). 

The primary ore bodies were pardy (0 wholly oxidized (0 

depths of 120 m or more in the fissure veins cutting the ig­
neous rocks and to depths of 300- 700 m in the sedimentary 
rocks. This oxidation has greatly obscured the original char­
acter of some of the ore bodies, which is difficult to inter­
pret except from minor masses of residual primary minerals 
or from the gross chemical composition of the secondary 
ores. 

Although the ores intergrade from one type to another 
not uncommonly within a single mine, they are generally 
segregated into the following classes: 

1. Lead ores con taining from 5 to SO percen t lead and as 
much as 1,700 g of silver per tonne. Rarely they also 
contain small quantities of zinc and copper and a few 
grams of gold. 

2. Siliceous lead ores containing a few percent lead with 
minor amounts of zinc and copper in a siliceous 
gangue of more than 70 perc en t silica. The silver con­
tent has a considerable range and is locally high. 

3. Siliceous silver ores generally containing 700 g of sil­
ver per tonne and less than S g of gold. In many 
places, these ores contain no identifiable metallic min­
erals except rare scattered crystals of cerussi te and 
some copper stain. 

4. Lead-zinc ores containing S-1~ percent each of lead 
and zinc and about 275-340 g or less of silver per 
tonne. 

S. Copper-gold ores containing a few percent or more of 
copper, 340-680 g of silver per tonne, and commonly 
15 g or more of gold. 

6 . . Gold telluride ores containing minor tetrahedrite and 
enargite but containing as much as · 100 kg of gold 
per ton. 

7. Siliceous lead-copper ores occurring where copper ores 
give way to lead ores, as in the Eureka Hill, Grand 
Central, Chief, Iron Blossom, and other mines. These 
ores generally contain only a few percent each of lead 
and copper. 

In addition, a special class of zinc carbonate and hydrous 
silicate ore that originated through oxidation and migration 
was mined in the Godiva, May Day, and adjacent mines 
(Loughlin 1914) . 

The metallic minerals of the primary ores include pyrite, 
galena, sphalerite, terrahedrite, tennantite, enargite, argentite, 
proustite, pearceite, polybasite, freibergite, native silver, py­
rargyrite, stephanite, smithite, hessite j sylvanite, and .native 
gold . The high cadmium content of some ores suggests the 
presence of greenockite or hawleyite, and the occurrence of 
some oxidized bismuth ores indicates bismuthinite, cupro­
bismutite, or an unknown mineral containing bismuth, silver, 
and copper. The principal nonmetallic minerals of the pri-
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mary ores are quartz, which ranges from fine-grained jasp<::r­
oid to coarse crystal aggregates, barite, rhodochrosite, dolo­
mite, ankerite, and calcite. 

The oxidized ores, which were the principal product of 
the Tintic district prior to 1916, consist of a great variety of 
minerals, the most important of which are cerussite, angle­
site, plumbojarosite, smithsonite, hemimorphite, eerargyrite, 
native silver, argentojarosite (first described from the East 
Tintic subdistrict), malachite, azurite, chrysocolla, and many 
others. In addition to quartz in many forms, the nonmetallic 
gangue minerals of the oxidized ores include many hydrous 
iron and manganese oxide minerals, gypsum, calcite, dolo­
mite, and a great variety of hydrous sulfate minerals. 

Ore bodies showing secondary sulfide enrichment are not 
common in the Tintic district and were best observed in ex­
tensive masses of pyritic jasperoid near the water table in the 
Chief No. 1 mine. In this relatively carbonate-free environ­
men t, acidic ferric sulfate-bearing solu tions facilitated the 
downward migration of zinc and the deposition of wurtzite­
rich ore bodies within 30-50 m below the water table. 

Zonarion of Ore Bodies 

A general horizontal zonation is evident in the composi­
tion and-to a lesser degree-the texrure of the ore bodies of 
the linear ore zones of the Main Tintic subdistrict. The re­
placemen t ore bodies and replacemen t veins closest to the Sil­
ver City stock are valuable chiefly for copper and gold. The 
mines at an intermediate distance from the stock have pro­
duced mostly lead and silver ores, including locally rich silver 
bodies that are lead free; gold is an important constituent of 
only a few of these deposits. The northernmost ore bodies in 
the subdistrict carry as much zinc as lead and contain signifi­
cantly smaller quantities of silver than those in the area of 
predominan t1y lead deposits. A texrural zonation of the 
gangue minerals outward from the Silver City stock is per­
haps as prominent as the chemical zonation although it is 
less spectacular and not of direct commercial significance. As 
noted by Lindgren and Loughlin (1919, p. 127), the quartz 
in the veins cutting the igneous rocks occurs as well-devel­
oped crystals, some several inches long. In con trast, the siliceous 
gangue of the replacement copper ore bodies in the scdimen­
tary rocks near the Silver City srock consists of granular ag­
gregates of small quartz crystals or medium-grained jasperoid, 
both containing medium to large plates of barite and druses 
filled with quartz crystals a centimeter or so long. The 
jasperoid associated with the silver and silver-lead ore bodies 
farther north is still finer grained, resembling chen, and con­
tains small barite plates and tiny quartz crystals filling frac­
rures and shrinkage openings. The fine-grained jasperoid con­
tinues into the northern zinc-rich areas, but barite and 
crystalline quartz cease to be abundant. In the outermost 
fringes of the district, small podlike deposits of lead and zinc 
are characterized by modest amounts of silver and silica and 
much dolomite and calcite. 

In the East Tintic subdistrict zonation of the ore bodies 
is less apparent and may even be telescoped. In the Tintic 
Standard mine the deep ores in the southwestern part of the 
mine are rich in gold and enargite. Upward ro the northeasr 
these ores give way to largely oxidized silver-rich tetrah eclrite 
and galena ores, which in rurn give way to highly oxidized 
galena ores. In the uppermost and easternmost parr of the 
main ore body some mostly unmined ores apparently derived 
from the oxidation of spalerite and rhodochrosite have been 
explored. In the Burgin mine a somewhat similar zonal pat­
tern is generally apparent although the main Burgin ore 

body itself contains a high proportion of sphalerite and rho­
dochrosite. In rhe footwall ore bodies of the mine, east of 
the main Burgin ore bodies, the proportion of silver and lead 
decreases in the ore, zinc increases, and rhodochrosite contin­
ues to be the dominan t gangue mineral. 

Hydrorhermal Alrerarion 

The lavas above the concealed ore bodies of the East 
Ti~ tic subdistrict and the wall rocks of the veins cutting the 
monzonite and volcanic rocks in the southern parr of the 
Main Tintic subdistrict both exhibit a sequential pattern of 
hydrothermally :lltcred zones comparable to the alteration sel­
vages adjacent to the veins of the Boulder County, Colorado, 
tungsten district (Lovering 1941, p. 234-59), and Butte, 
Montana (Sales and Meyer 1948). The alteration zones in the 
East Tin tic subdistrict have been studied in detail by Love­
ring (1949) and his coworkers. They recognize five distinct 
stages of altera tion: (1) an Early Barren stage charaCterized 
by dolomitization of limestone and chlori tic-epidotic altera­
tinn of volcanic rocks; (2) a Mid-Barren stage of argillic al­
teration characterized by the kaolinizarion and other clay 
mineral alteration of intrusive and volcanic rocks and shale 
and the severe leaching and sanding of carbonate rocks; (3) a 
Late Barren stage characterized by the pyritization of iron­
bearing rocks, the silicification of carbonate and other rocks, 
commonly with the late precipitation of barite and the calci­
tization of plagioclase feldspar in the volcanic rocks; (4) an 
Early Productive stage characterized by the local deposition of 
orrhoclase or sericite, other hydrous micas and potassium-rich 
minerals, pyrite, jasperoid, and quartz; and (5) a Productive 
stage during which there was continued deposition of baritic 
and pyritic jasperoid and quartz, and the deposition of the 
ore minerals. Ore deposition was the terminal phase of the 
volcanic and alteration sequence in the district. 

Geologic relations in the East Tin ric subdistrict indicate 
that the Elfly Barren stage preceded the intrusion of the plu­
tons of the Silver City monzonitc porphyry and that the 
Mid-Barren stage was contemporaneous with igneous intru­
sion . The hydrothermal solutions of the Late Barren , Early 
Producti ve, and Prod ucrive stages apparen dy became aeti ve 
shortly after the period of argillic alteration, but they did not 
always utilize the conduits used by the earlier argillizing solu­
tions. They appear to have been essentially a continuously 
flowing solution that changed in chemical character and 
composition with time, finally becoming a very dilute solu­
tion capable only of precipitating the ore minerals. 

It should be noted that the great halloysite deposit of 
the Dragon mine was deposited during the Mid-Barren stage 
of hydrothermal alteration of the border areas of the Silver 
City srock. 

Geochemisrry 

Preliminary and continuing geochemical and isotopic 
studies by John N. Batchelder, Wayne E. Hall, and th{ 
writers indicate that the fluids in inclusions in quartz anc 
barite: crystals from a number of t1ssure veins in both thl 
Tintic and East Tinric subdistricts (ontain < 0.1 - 3.1 equiva 
lent weight percent of NaCI. These inclusions do not cor 
rain many daughter crystals and have homogenizarion tern 
peraw res ranging from 150°-300°C. The studies, which at 
chiefly being carried OUt by Batchelder, indicate that presen 
day spring waters in the East Tin tic disrriCt have a 0 D ( 
approximately -120 permil and a 8 ~H O of -15 permil. Warl 
liberated from fluid inclusions in quartz yield 0 D valu 
ranging -121 to -118 permil. In sulfide samples water Jibe 
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.!ted trom fluid inclusions have 8 D values ranging -114 to 
-lO l and in a sample of coarse-grained galena a value of -S4 
;'<:rmil. Calcula ted «5 180 values for water in equilibrium with 
~ua rrz range from -5.1 to 0.0 permi!. These preliminary data 
.;uggest a hydrothermal system that was dominated by mete­
')ric waters in which the oxygen in the waters reequillbrated 
wirh oxygen in the sedimentary rocks. In contrast , the data 
r'rum the sulfides indicate that substantial amounts of mag­
:twic water may have been present during ore deposition. 

The isotopic composition of the lead in the ores shows 
';;uious mix tures of lead from the · intrusive rocks and the 
deep crustal rocks of the Tintic area (Stacey et al. 1965). The 
0"5 values of all Tintic sulfide minerals have a very narrow 
r.lnge averaging -1.4 permil, which is typical of many other 
magmatic hydrothermal ore deposits (Ames 1970). 

OUTLOOK FOR THE FUroRE 

Except for the year 1962 the Tintic district has been con­
tinuously productive since lS70. During this interval of lOS 
\eJ rs, the fortunes of the district have waxed and waned, but 
:,omehow it has survived and contin ued to prosper, albei t at 
a reduced scale from time to time. As shown in figure 3 sev­
eral areas of mineralized rocks, two of large dimensions, 
await changes in economic factors that could lead to their 
development. Other areas in the northern part of the Main 
Tintic subdistrict, in the Mammoth G ulch area, and in the 
area between the Trixie and Alaska mines remain essen tially 
unexplored despite the presence of late-state al teration zones 
or favorable geochemical, structural, and stratigraphic rela­
tionships. In view of these factors, it is believed that with 
continued interest and confidence in the d isnict, new discov­
eries will . contin ue to be made, and new mines and ore 
bodies will be developed as the old producers fade away. 

Conversion Table 

Metric English 

1 millimeter 0.0393701 inch 
1 centimeter 0.393701 inch 
1 meter 3.2S084 feet 
1 kilometer 0.621371 mile 
1 gram 0.032151 ounce (troy) 
1 kilogram 32.151 ounce (troy) 
1 kilogram 2.20462 pounds (advp) 
1 tonne 1.102312 short tons 
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