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Tintic Mining District, Utah

HaL T. MORRIS AND A. PAUL MOGENSEN
U.S. Geological Survey, Menlo Park, California 94025 and
Kennecott Copper Corporation, Eurcka, Utah 84628

ABSTRACT.— The Tintic mining district, which includes the Main Tintic and
Fast Tintic subdistricts, is in central Utah about 50 km airline southwest of
Provo and 95 km south-southwest of Salt Lake City. From irs discovery in
1869 to 1976 the district produced 16,654,327 rtonnes of ore valued at
$568,620,003. More than 90 percent of this ore has come from large, irregu-
lar ore. bodies that have replaced folded and faulted limestone and dolomite
strata of Paleozoic age. Of lesser importance are replacement veins, which
chiefly cut pyrometasomatized carbonate rocks, and fissure veins, which cut
quartzite, volcanic rocks, and intrusive bodies. The district is in the central
pare of the East Tintic Mounuins, 2 north-trending fault-block range near
the eastern margin of the Great Basin. The consolidated rocks exposed at the
surfacc and in mine workings are miogeosynclinal deposits more than 4,800
m thick. They range in age from late Precambrian to Late Mississippian, and
are pare of a sedimentary rock sequence thar originally may have been 18,000
m thick. The sedimentary strata are folded and strongly faulted, partly over-
lain by a vadety of volcanic rocks chiefly of intermediate composition, and
cut by latite, quartz latite, monzonite, and quartz monzonite porphyry intru-
sions of Oligocene and Miocene ages. All these rocks are locally covered by
thick alluvial deposits of Pliocene and Quatemary ages. In some areas, both
the Oligocene and pre-Oligocene rocks have been altered by pre-ore solu-
tions, and the résulting alteration zones, with geologic swdies and geochem-
ical explonation techniques, have been used to prospect for deeply bured
blind ore bodies, which have been the source of most of the ore produced
from the distrct durng the last 60 years.

INTRODUCTION

The Tintic district is the second most productive base-
and precious-metal mining district in Utah. It is approx-
imately 95 kmt 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 rmailroads. 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-
portant place names. :

Officially the Tintic district includes an area of abour 388
km? 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 eardier geologic studies of the
area have been directed separately to either the East Tintic or
Main Tintic “districts.” It is important, however, 7ot 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.

ACKNOWLEDGMENTS
The data and concepts upon which this report is based
have gradually accumulated over a period of more than 100
years. This accumulation of knowledge began with the obser-
vations of the earliest prospectors in the Tintic district and

Metric system is used throughout this report. For conversion tble see end of article.

has been increased, modified, and extended by miners, engi-
neers, geologists, and others, some of whom have spent their
entire lives in the district. Of the many individuals who have
cordially provided assistance to the U.S. Geological Survey
and Kennecott Copper Corporation in their Tintic district
studies, particular mention should be made of the contribu-
tions of C. A. Fitch, Sr., and Harry J. Pitts, both now de-
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-
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ard; and James Anderson. Many others, listed in other re-
ports, are gratefully acknowledged for their assistance during
the field studies.

The name of T. S. Lovering is also indelibly imprinted
on the Tintic area. 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
the East Tintic Mountains and adjacent parts of central
Utah.

HISTORY AND PRODUCTION

Ore was first discovered in the Main Tintic 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
the 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 Bureka 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 production from the Tintic district 1869-1976 is es-
timated to be 16,654,327 tonnes of base- and precious-metal
ores valued at $568,620,003 at the time of production. Pro-
duction of ores and contained metals by periods is shown in
table 1. In addition to the metals listed in this 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-
alcium limestone.

GEOLOGY
Régional 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 Precambrian, 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-
_tis and Lovering 1961). In the Late Cretaccous this general
region was uplifted and cut by three or more superimposed
thrust faults of large throw and great regional persistence.
Movement on these thrusts, which form part of the central
portion of the Sevier orogenic belt (Armstrong 1968), catried
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 Oquirth 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 asymmettic 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. o . : S
By the end. of the Cretaceous, all activity Had ceased in
the Sevier orogenic belt in central Utah, and: during the Pa-
"leocene and Eocene; a mature topography with more ‘than
1,600 m of relief was carved into the folded and faulted Pre-
cambrian and Paleozoic strata. 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
terrhinated -in ore deposition and was followed by regional

g

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
Cottonwood Formation of the Wasatch Range, although a
more dccurate correlation may be with ‘the Sheeprock Series
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'FIGURE 1. Index map of Utah showing location of Tintic mining district.

K . : TABLE 1 o
PRODUCTION OF ORE AND. METALS FROM TINTIC MINING DISTRICT, v18'69-197"6), BY PERIODS! )
Period . Ore Gold |, Silver . Copper " Lead Zine Value? "
(tonnes) (kilograms) _ (kilograms) (kilograms) (kilograms) (kilograms) " (dolldts)
1869-1880 (Not known) 1,124 " 49,938 1,442,279 4,696,292 0 $4,190,594
1881-1890 (Not known) 1,922 363,663 4,495,741 24,638,839 0 16,884,489 :
18911900 (Not known) 10,342 975,598 9,725,805 - 85,061,131 -0 38,749,351
1901-1910 (Incomplete) 22,746 991,072 - 34,730,099 127,866,907 0 64,029,151
1911~1920 3,172,213 15,587 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 14,558,148 342,113,997 6,189,295 118,410,234
1931-1940 2,000,255 13,832 . 886,956 8,358,345 80,078,245 3,703,157 40,380,101
1941-1950 1,956,651 4,628 " 408,744 4,914,166 61,398,389 31,423,004 39,557,946
1951-1960 840,244 793 145,021 879,893 27,784,043 17,314,139 20,095,505, .
1961-1970 601,696 202 188,355 . 180,306 69,587,275 45,167,991 46,664,229
1971-1976 1,085,600 981 170,015 568,621 62,176,509 76,101,961 89,915,172
Torals 16,654,327 83,599 8,379,982 " 113,065,576 1,027,879,788 187,766,326 " $568,620,003

'Table computed from data fumished by U.S. Bureau of Mines.
*Dollar value calculated from gross metal content and average yearly price of metals.

sIncludes estimates for production in years prior to 1910.
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of Cohenour (1959), which is extensively exposed in the
Sheeprock Mountains. The Precambrian rocks are separated
from the overlying Lower Cambrian Quartzite by a profound
unconformity that indicates the removal of many thousand
feet of beds, probably including the Mutual Formation and
the Mineral Fork Tillite (Crittenden et al. 1952) or the
equivalent Dutch Peak Formation of Cohenour (1959).

The Tintic Quartzite generally is considered by the min-
ers to be the basement rock of the district because of its
great thickness and its lack of susceptibility to the formation
of large replacement ore bodies. It is the host rock, however,
for 2 considerable number of veins and fault-breccia ore
bodies, particularly in the East Tintic subdistrict. Near Eu-
reka it contains more than 90 percent silica and in past years
has been quarried as a source of ganister for the production
of silica brick.

The Paleozoic rocks stratigraphically overlying the Tintic
Quartzite are chiefly limestone and dolomite typical of the
miogeosynclinal deposits of this age that are common
throughout western Utah and eastern Nevada. The Ophir
Formation, immediately above the Tintic Quartzite, consists
mostly of limy shale, but also includes one or more thick
beds of limestone that are important host rocks for ore in
the East Tintic subdistrict but that are nonproductive in the
Main Tintic area. Above the Ophir Formation, sandstone and
shale are distinctly subordinate to carbonate rocks, although
arenaceous rocks are present in the Opex, Victoria, and
Humbug formations, and shale beds are also present in the
Herkimer and Opex formations. All the Paleozoic formation-
al 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 them 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 essentially
buried 2 topographically mature, structurally complex moun-
tain range. The volcanic activity took place in three pulses,
each characterized by 2 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 tuff, generally about 30 m thick, an overlying lower
vitrophyre 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 airfall 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 compacted 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 methods and
geologic considerations, but recent potassium-argon dating
procedures indicate the age of biotite and sanidine from the
Packard to be 32.8 + 1.0 and 32.7 £ 1.0 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, 2 caldera
estimated to be 13.6 km in diameter and more than 1,000 m

TaBLE 2

Rock SEQUENCE, TINTIC MINING DisTRICT, UTAH

SYSTEN serIes FORMATION O WNIT | o M7 o LITHOLOGY AND APPROXIMATE THICKNESS
Holocene Younger slluviva Fanglomerate, gravel, sand, silti 0-30 @.
QUATERNARY Pletatocens |LAke Boneville deposica Enbankuent gravel, sand, silt; 0-15 m.
- e
: older aliuviun Fanglonarate, gravel, sand, silt; 0-300 m.
arly 1t bonconicic tuef, fanglomerot
Fliocene Selc Lake(1) Pormacion gqravel, sand, and sile; 0-1,500 .
Silver Shield Quartz Tss Dike and flow unit of coarse-grained, dark-gray
tocene Larite quarcz latite porphyry; SO m.
Pioyon Creek . Coarse-grained, poorly sorted conglomerate and
Congloverate P |sandstone; 0-160 m.
- Pipelike bodies consiscing of blocks of lime=
Breccia pipes Top  |scone and quarczite in o matrix of quarez and
’ feldapaz phemocrysts sod other volcanic material
Andesite or latite (or | Purple porphyritic dkes commenly altered to
dikes and related howe) hematitic ki iniza; tiall
intrusion breccias b with ore deposition.
Menzonlte porphyry
of Silver City . Greentsh-gray, granttic to coarsely porphyritic
stock and related < blotite horablende augite monzonite porphyry.
plucans
— Intrusive centact
Pedble dikes and Pebble dikes are narrow tubular bodies of
associated dikes of 1pa | incrusion brescis commonly mssociated with dikes
monzonite porphyry P of greenish-gray monzonite porphyry.
contace
ITiatic Delmar latite: dark-gray, coarse-grained
latite porphyry Flov unit with fine-grained
airfall tuff unic at bese; 30 m.
. Pinyon Queen Latlts: dark-gray, csarsc-grained
:‘}:::lf’;:x Tis | latite porphyry 'Flow unit with fine-grained
rERTIARY aicfall cuff unit at base; 30
North Standard Latite: brownishegray, fine=
srained latite porphyry flow umit wirh
hetarogonaous boulder tuff at §ﬂl¢"90-3°°m-
Oligocene
Meddun- to durke-gray, coarsely perphyritic
opeTine Tosk 1o | monzontte porphyry; Tep: stocks, pluge, dikes;
e Forphyry P Teps: excensive sills.
Latite Intrusave T Small plugs and dikes of dark-gray, fine= to
zocks coarsc-grained latice.
Big Canyon lacite: dark-gray to black, flne-
gratned lacite porphyry with vhite tuff at
base; 0-70 m.
Tineic Mountatn rem | Latite Ridge Lurite: teddish-brown, fine
Voleanie Group grained welded tuff vith vhite airfoll ruff
at basa; 0-600 m.
Copperopolis Latite: sequence of voleanic rocks
including white fine-grained tuff at base and
ovarlying unite of red, black, and brown, fine=
srained lotite porphyry and boulder agglomerate:
moze thon 125 .
Suzasen Quares s Wnite to gray, fine- to mediumegratned quartz
Monzonite monzonita porphyTy.
Purplish-gray, fine- to medium-grained,
Pacierd 1 contorced quarts lstite lovas uith uhite tuff
Quartz Latizte ? and black to dark-green vitrophyre at base and
top; more than 900 m.
5. , Fine- to g \
Pacierd . contorted quartz latite lavas vith white tuff
Quartz Latita P and black to dark-green vitrophyre at base and
cop; more than 900 .
thi 0=
spex Congloncrate cup | Brick red conglomarase and sandy shale: 0-Z00%
v
ree Blue-gray cherty lineatone with thick unles of
Crest Bluc Mgb | black shale and brown quattzite near middle;
Formation
"
Upper Humbug Formatien “[ s | s1uc 1mestone and buff sandatone; 200 m.
HISSISSIPPIAN Blue-grav, cherty, flne-grained and ecarse
Deseres Limestone ¥ | boclascic limescone: 300 a.
Blue-gray, prominantly bedded, chertv limestone} |
Lover Gardison Limestone [ vy P |
P =
Eight distincrive unite of limestone and cherty
Fitchville Formation Mf dolomite; 100 m.
Pinyon Peak p |Blue-gray stley imestone; sandy 3t base:
Lizestone P 125w
DEVONIAN Upper o —|
Gray dolomite and buff quartzite; locally some
Victorla Formstion ov |lomsas of penccontemporancous breccia; 75-90
. M
Do
DEVONTAN Duaky-gray, coarse-grained dolomite with some
: beds of sublichographic creamy white dolomite.
SILURIAN, AND Blucbell Dolomice 508 Curly laminaced marker buds near middle:
ORDOVICIAN Iy P
Fish Haven © eon
Upper e ofh |Mottled dusky-gray cherty dolomite; 60-100 m.
—— | O
Opohonga Blue-gray, thin-badded, silty and shaly
Lover Uimestone 9P | 1inestone; 100-300 m.
Dusky-gray, coarse-grained, cherty dolomite;
Ajax Dolomize Gay | Taorysray
Upper s VSR
open. Formation Gop | Ttn-bedded sondy limeatone and shalos 40-1
Conrac-geainad dusky-gray dolomite; and
Cole Canvon e | finemgrainad creamy white laminated dolomito;
Dolemite 275 m.
Conrse-gratned dusky-gray dolemite vich white,
Blucbird Dolomite £b rod-ghaped markinga; 55 m.
Blue-gray shaly and silty limestone with some
CAMBRIAN Herkiner Limescone eh | greon shala; 130 m.
Kiddle ™
) Fino-grained, creomy-white, laminated delomite;
Dagaar Dolemice 4 | Jocally sand-streaked; 25 m.
Bluo~gray silty limescone with zomes of
Teutonic Limesctone Ste pisolizes; 120 m.
Ophir Formarion S0 f;;y;?uc.n shale and blue oolitic limostone;
lacally p butt
Tintic Ousrtaite quarczite; gray-green phyllite beds in upper
Lower €| %% | paze; conglomeratic in lower parc; 700-1,000 =.
Gray-grecn phyllitic shale, greenish-brown
PRECHGRIAX Y(1) Upper Big Gorromeood v quartzite, and scac brownish-gray dolomite;
ormats sore thaa
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FIGURE 2A.—Generalized geologic map of the northern two-thirds of the Tintic mining district.
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EXPLANATION

QTs
Surficial and valley-fill deposits

Tss
Silver Shield Quartz Latite and related feeder dike

Tpc
Pinyon Creek Conglomerate

o—Tbp

Breccia pipe

Monzonite porphyry of Silver City stock and related plutons

Pebble dikes and related dikes of monzonite porphyry

Tis

Laguna Springs Volcanic Group
(Tintic Delmar Latite, Pinyon Queen Latite, and North Standard Latite)

Sunrise Peak Monzonite Porphyry and related intrusive rocks
Tsp, crosscutting plutons
Tsps, extensive sills

Th
Latite intrusive rocks

Ttm

Tintic Mountain Volicanic Group .
(Big Canyon Latite, Latite Ridge Latite, and Copperopolis Latite)

T
Swansea Quartz Monzonite and related intrusive rocks

I

BRI
Packard Quartz Latite

Tap
Apex Conglomerate

i

Upper Mississippian rocks
(Great Blue Formation, Humbug Formation, and Deseret Limestone)

[ w ]

Mostly Lower Mississippian rocks
(Gardison Limestone and Fitchville Formation;
includes some Devonian strata at base)

FiGURE 2B.—Explanation for map on opposite page.

Tintic syncline

TERTIARY AND
QUATERNARY

TERTIARY

MISSISSIPPIAN

Devonian to Ordovician rocks
(Pinyon Peak Limestone, Victoria Formation, and Bluebell Doiomite)

Ofo

Ordovician rocks
(Fish Haven Dolomite and Opohonga Limestone)

I

€

Upper Cambrian rocks
(Ajax Dolomite and Opex Formation)

fo]
H

Middle Cambrian rocks
(Cole Canyon Dolomite, Bluebird Dolomite, Herkimer Limestone,
Dagmar Dolomite, Teutonic Limestone, and Ophir Formation)

el

Lower Cambrian rocks
(Tintic Quartzite)

H

Big Cottonwood Formation

Contact
Dashed where approximately located

> T %
Fault
(Dotted where concealed; U, upthrown side; D, downthrown side;
arrows show direction of relative movement. In section: A,
relative movement away from observer; T, toward observer

bbb A A e

Thrust fault
(Dotted where concealed; Sawteeth on side of upper plate)

—

Syncline
(Showing trace of axial plane and plunge of axis)

—_—t

Anticline .
(Showing trace of axial plane and plunge of axis)

fﬁ
Strike and dip of beds

70
o

Strike and dip of overturned beds

e,

Ore bodies
(Shown only in cross section)

BURGIN'NO. 2 SHAFT

TO DEVONIAN

ORDOVICIAN  ORDOVICIAN

CAMBRIAN

PRECAMBRIAN

FIGURE 3.—'Gcologic cross section A-A’ exf.cxllding east-west through the Burgin No. 2 shaft.
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deep is believed to have formed near the center of the pres-
ent East Tintic Mountains (Morris 1974). At approximately
the same time, .or shortly before, the Swansea Quartz Mon-
zonite stock was intruded a short distance beyond the north-
west margin of the caldera. No ores were deposited during
this intrusive episode.

Overlying' the Packard is a thick and extensive sequence
of white tuff and tuff-breccia, datk-brownish-gray latite flows,
red-brown welded tuffs, and heterogeneous fine- to coarse-
grained agglomerates. These rocks constitute the Tintic
Mountain Volcanic Group and Kave been subdivided into the
Copperopolis Latite, the Latite Ridge Latite, and the Big
Canyon Latite. The eruptive centers of these rocks were
largely within the Packard caldera, and in time the collapsed
area was completely filled and overtopped by a large compos-
ite volcanic cone, which may have been neatly 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 Tintic 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 posphyry 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 38.7 £ 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 al.
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
subdistrict.

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 latites. Biotite and sanidine from
the flow unit and dike yield K-Ar ages ranging from 15.9 =+
216 to 183 * 0.5 m.y. indicating 2 Miocene age for these
rocks and the undetlying Pinyon Creek Conglomerate
(Laughlin et al. 1969, p. 915-16).

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

Structure

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

Folds

The great folds produced during the Sevier orogeny are
the most widely known structural features 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 Fast
Tintic 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 apart.. 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 2 number of sub-
sidiary folds have developed in the axial area of the Tintic
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 et al. 1965,
p- 1952-53). A tear fault, which apparently delimits the
Midas thrust plate on the south, is inferred to underlie the
lavas of the East Tintic district and may also have guided the
emplacement of the near surface part of the Silver City stock
(Morris and Shepard 1964, p. C20).

Shear faults.— The earliesthigh-angle faults form a con-
jugate system of northeast- and northwest-trending  shear
faults that developed in response to the east-west compressive
forces that produced the folds. The shear faults cut 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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the Paxman, Beck, Centennial, Grand Central, and Mam-
moth-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 gently dipping beds in the
trough of the syncline south of the faulg, 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 City stock is
cut by veins that define 2 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-modified fault scarps in alluvium de-

note a zone of late normal faults between Tintic Valley and -

the East Tintic Mountains. A gravity survey of this general
area by Cook and Berg (1961, p. 85) indicates 2 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 valleyill deposits (Morris 1964, p.
L18).

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 interpretation,
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 Bodjes

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 Tintic district is shown in fig-
ure 4.

The tabular ore shoots of the fissure veins are essentially
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 intrusive 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 20° E and an average dip of 75°-85° 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 fissure
zones and locally expand on cross fractures and bedding
breccias. Most of the individual ore shoots in the replace-
ment veins are only a2 hundred meters or so in length; how-
ever the Dragon vein has been mined continuously, 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 borizontal dimensions and 1.5-2 m in thickness.

The great replacement ore bodies of the Tintic district
have produced more than 90 percent of the ore credited to
the area. These ore bodies, which are limited 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 the 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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tends from the Grand Central to the Gemini mine; (2) the
Mammoth-Chief ore zone, which extends between the two
named mines; (3) the small Plutus ore zone, which was
mined from the Mammoth, Victoria, and other shafts; (4)
the Godiva ore zone, which extends from the Northern Spy
to the Godiva mine; and (5) the Iron Blossom ore zone,
which extends from the Iron Blossom No. 1 mine to the
Beck Tunnel No. 2 mine, where the ore zone turns north-
westward and joins the Godiva ore zone. A longitudinal sec-
tion of the Mammoth-Chief ore zone, showing the relations
of the ore bodies to stratigraphic units and geologic structure
is shown in figure 5. South of the Sioux-Ajax fault the lin-
ear character of the Mammoth-Chief, Godiva, and Iron Blos-
som ore zones persists in 2 southwestward direction through
the pyrometasomatized aurecle, 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
to 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 foorwall
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 Tintic
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, 5, 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 any one ore zone all
the ore is connected, at least by small stringers or undiscov-
ered ore bodies. In contrast, the three main ore centers in
the East Tintic 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 jasperoid (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 2
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 partly to wholly oxidized to
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 2 single mine, they are generally
segregated into the following classes:

1. Lead ores containing from 5 to 50 percent 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 percent silica. The silver con-
tent has 2 considerable range and is locally high.

3. Siliceous silver ores generally containing 700 g of sil-
ver per tonne and less than 5 g of gold. In many
places, these ores contain no identifiable metallic min-
erals except rare scattered crystals of cerussite and
some copper stain.

4. Lead-zinc ores containing 5-15 percent each of lead
and zinc and about 275-340 g or less of silver per
tonne.

5. 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, 2 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, tetrahedrite, tennantite, enargite, argentite,
proustite, pearceite, polybasite, freibergite, native silver, py-
rargyrite, stephanite, smithite, hessite, 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 jasper-
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, plumbo;arosxte smithsonite, hemimorphite, cerargyrite,
native silver, argentojarosite (first described from the East
Tintic subdlstnct) 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 earichment 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-
ment, acidic ferric sulfate-bcaring solutions facilitated the
downward migration of zinc and the deposition of wurtzite-
rich ore bodies within 30-50 m below the water table.

Zonation of Ore Bodies

A general horizontal zonation is evident in the composi-
tion and—to a lesser degree—the texture of the ore bodies of
the linear ore zones of the Main Tintic subdistrict. The re-
placement ore bodies and replacement 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 silyer

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
predominantly lead deposits.
gangue minerals outward from the Silver City stock is per-
haps as ptominent as the chemical zonation although it is
less spectacular and not of direct commeicial 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 contrast, the siliceous
gangue of the replacement copper ore bodies in the sedimen-
tary rocks near the Silver City stock 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 chert, and con-
tains small barite plates and tiny quartz crystals filling frac-
tures and shrinkage openings. The fine-grained jasperoid con-
tinues into the northern zincrich 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 to the northeast
these ores give way to largely oxidized silver-rich tetrahedrite
and galena ores, which in turn give way to highly oxidized
galena otes. In the uppermost and eastetnmost part 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 Busgin ore

A textural zonation of the

body itself contains a high proportion of sphalerite and rho-
dochrosite. In the 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 dominant gangue mineral.

Hydrothermal Alteration

The lavas above the concealed ore bodies of the East
Tintic subdistrict and the wall rocks of the veins cutting the
monzonite and volcanic rocks in the southern part of the
Main Tintic subdistrict both exhibit a sequential pattern of
hydrothermally altered 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 Tintic subdistrict have been studied in detail by Love-
ting (1949) and his coworkers. They recognize five distinct
stages of alteration: (1) an Early Barren stage characterized
by dolomitization of limestone and chloritic-epidotic altera-
tion of volcanic rocks; (2) a Mid-Barren stage of argillic al-
teration charactetized by the kaolinization and other clay
mineral alteration of intrusive and volcanic rocks and shile
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
orthoclase or sericite, other hydrous micas and potassiu'rn -tich
minerals, pyrite, ]aspermd 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 Tintic subdistrict; 1nd1cate
that the Early Barren stage preceded the intrusion of the plu-
tons of the Silver City monzonite porphyry and that the
Mid-Barren stage was contemporaneous with igneous intru-
sion. The hydrothermal solutions of the Late Barren, Early
Productive, and Productive stages apparently became active
shortly after the period of argillic alteration, but they did not
always utilize the conduits used by the ealier 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 stock.

Geochemistry

Preliminary and continuing geochemical and isotopic
studies by John N. Batchelder, Wayne E. Hall, and the
writers indicate that the fluids in inclusions in quartz and
barite crystals from a number of fissure veins in both the
Tintic and East Tintic subdistricts contain < 0.1-3.1 equiva-
lent weight percent of NaCl. These inclusions do not con-
tain many daughter crystals and have homogenization tem-
peratutes ranging from 150°-300°C. The studies, which ate
chiefly bemg carried out by Batchelder, indicate. that present-
day spring waters in the East Tintic disttict have 2 & D of
approximately -120 permil and a 8180 of --15 permil. Water
liberated from fluid inclusions in quartz yield & D values
ranging -121 to -118 permil. In sulfide samples water liber-
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ated trom fluid inclusions have 8 D values ranging -114 to
-101 and in a sample of coarse-grained galena a value of -84
permil. Calculated 8150 values for water in equilibrium with
quartz range from -5.1 to 0.0 permil. These preliminary data
suggest a hydrothermal system that was dominated by mete-
oric waters in which the oxygen in the waters reequilibrated
with oxygen in the sedimentary rocks. In contrast, the data
from the sulfides indicate that substantial amounts of mag-
matic water may have been present during ore deposition.

The isotopic composition of the lead in the ores shows
various mixtures of lead from the intrusive rocks and the
deep crustal rocks of the Tintic area (Stacey et al. 1968). The
8345 values of 2ll Tintic sulfide minerals have a very narrow
range averaging -1.4 permil, which is typical of many other
magmatic hydrothermal ore deposits (Ames 1970).

OUTLOOK FOR THE FUTURE

Except for the year 1962 the Tintic district has been con-
tinuously productive since 1870. During this interval of 108
years, the fortunes of the district have waxed and waned, but
somehow it has survived and continued to prosper, albeit 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 Gulch area, and in the
area between the Trixie and Alaska mines remain essentially
unexplored despite the presence of late-state alteration 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 district, new discov-
eries will continue 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 = 3.28084 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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