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GEOLOGY. AND ORE DEPOSITs· OF . . THE TINTIC MINING 
DISTRICT, UTAH. 

By WALDEMAR LINDGREN · and G. F. LouGHLIN. 

INTRODUCTION. 

Tintic, Park City, and Bingham have always 
been the three great silver-lead producing djs
tricts of Utah. Of late years Bingham has also 
become one of the most prominent copper dis
tricts of the world, and Tintic has likewise 
entered the ranks of the great copper camps. 

The Tintic district, .named after a noted 
Indian chief of theUte tribe, is about 60 miles 
south of Salt Lake City, in the East Tintic 
Mountains, the most easterly of the Basin 
Ranges. This range forms the southward con
tinuation of the metal-rich Oquirrh Range and 
lies only 20 miles west of the mighty Wasatch 
uplift. From 1869 to the end of 1916, accord
ing to statistics compiled by V. C. Heikes/ 
metals have been produced in this district to the 
gross value of $169,326,248. Tintic ~s a dis
trict of complex ores yielding, in order of value, 
silver, gold, lead, copper, and zinc, besides which 
some bismuth, arsenic, and antimony are re
covered. The annual production, though un
even, had risen to a maximum of nearly 
$10,000,000 in 1912. 

A careful geologic examination of the three 
districts named above was planned at an early 
date by . the United States Geological Survey 
and carried out under the direction of S. F. 

· Emmons. The Tintic report 2 was p~blished 
in 1898, the field work having been completed 
in 1897. The stratigraphic and economic 
studies were undertaken by G. W. Tower, and 
the igneous rocks were investigated by George 
Otis Smith . . The results were also summa
rized in Folio 65 of the Geologic Atlas of the 
United States, by Tower, Smith, a!ld Emmons. 

1 U. S. Geol. Survey Mineral Resources, 1915, pt. 1, p. 402, 1916. 
2 Tower, G. W., jr., and Smith, G. 0., Geology and mining industry 

of the Tin tic district, Utah: U. S. Geol. Survey Nineteenth Ann. Rept., 
pt. 3, pp. 601-767, 1898. 

·This folio contained a map of an area of 12 
square miles, which includes · th~ principal 
mines of the district, on the scale of 1:9,600, 
and a :rp.ap of a larger area (now called the Tin
tic quadrangle), including the central part of 
the East Tintic Mountains, on the scale of 
1 :62,500, or about 1 mile to the inch. These 
maps have been revised and reproduced as 
Plates IV and I, respectively, of the .present 
report~ . 

Since the first report· was published the an
nual production of the district has about 
doubled, the development work, both laterally 
and in · depth, has increased enormously, and 
an entirely new line of ore deposits on the east 
side of the district . has been opened. The 
Director of the · Survey therefore decided that 
a review of the new developm~nts would be 
desirable. The resurvey· was assigned in 1911 
to the present authors; the examination of the 
structural, stratigraphic, and igneous geologic 
features was undertaken by G. F. Loughlin 
and the investigation of the ore deposits by 
Waldemar Lindgren,~ who also had general su
pervision of the work. 

The field examination was made in the last 
two summer months of 1911, and the district 
was revisited for a short time by Mr. Loughlin 
in 1913 and by both authors in 1914. · Mr. 
Loughlin also assisted in the examination of some 
of the mines and studied the oxidized zinc ores. 

The resurvey was confined chiefly to the 
area of the mining district proper (Pl. IV, in 
pocket). Work beyond this area· was liinited 
to outlying mining districts and points of 
special geologic interest. · 
' A :rriore detailed study has resulted in consid

erable revision of the mapping of the . sedi-
13 
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merttary area, based on the discovery of new Sinpe the manuscript of this report was trans
fossil localities by F. B. Weeks 1 and G. F. mitted for publication a paper on the Tintic 
Loughlin. The fault systems have also been district by Crane 2 has been published. This 
worked out more fully. Revisio.n of the geol- paper differs from the present report in the 
ogy of the igneous rocks has consisted chiefly necessarily arbitrary subdivision of the sedi
in more detailed mapping and description. mentary formations and in the interpretation 
· The mine owners of the district have ,aided of certain fe~tures of stratigraphy, structure, 
the resurvey" by the most cordial cooperati~n. and g~ology of the igneous rocks. It considers 
With two exceptions, fortunately of minor only the more general features of the ore de
importance, all facilities for underground work, posits, regarding which it accords witli the 
mine maps, and istance of various kinds present report. 
were cheerfully furnished. NoTE.-Further comments on this resurvey 

Special thanks are due to the gentlemen in of the Tintic mining district can appropriately 
charge of the Knight properties, particularly . be added by one of the geologists making the 
to Messrs . .Jesse Knight and L. E. Riter. · Mr. earlier survey. Comparison of the later map
Milan L. Crandall, jr., engineer for these prop- ping with the earlier brings out differences that 
erties, spared no time or effort in furnishing are in part explained by the much ex:tended 
data, and several of the most important S'ections mine development and the later discovery of 
of underground workings used in this report fossil localities but that are also due to more 
are copies of his careful and exact surveys. . thorough field work. Comparison of the work-

Cordial thanks are also due to Messrs. Jack- ersengaged in the two investigations of this area 
son McChrystal, J. H. McChrystal, G. W. need not be niade, but it is of value to compare 
Riter, C. C. Griggs, C. E. Allen, and Fewson methods and standal'ds of work. The 14 years 
Smith for many courtesies. between 1897 and 1911 were years of progress 

The office work on data and specimens has con- in geologic science, and though no great changes 
sumed much time. The new methods of metal- in theory or notable discoveries were made 
lographic -research have been applied. to the there was a steady improvement in method.· 
study of the ores; and in this work the senior Some field workers adopted refinements . in 
author has received much aid from Messrs. mapping earlier than others; the desire for 
W. L. Whitehead and A. H. Means, of the Mas- quantitative results was stronger with certain 
s·achusetts Institute of Technology. All the of the earlier geologists like Mr. Gilbert than 
economic work has been done in the geologic with other geologists, even of a later· day; but 
laboratory of this institute.· Messrs. Means on the whole there is apparent a steady trend 
and Whitehead have especially assisted in the toward exactness in map delineation a:O:d quan
examination of polished sections and have maqe titative accuracy in results. New methods-are 
most of the excellent photographs of such being adopted in both field and laboratory, all 
specimens here reproduced. They have also tD the end of making the work more useful. 
done special work on the mineralogy of the 
district. The fossils collected have been ex- With this view of the raising of stap.dards it is 
amined by Messrs. G. H. Girty and Edwin gratifying to compare the resurvey with the 
Kirk, of the United .States Geological Survey. earlier work. It is believed that the geologists 
Many chemical analyses of ores have been responsible for the original survey would have · 
made by .Mr. R. C. Wells, also of the Geological done better work in 1911 than they did in 1897 
Surv-ey, whose work and suggestions have and that probably the authors of the present 
been greatly appreciated. Several mip.erals report would have been less successful in 1897 
have been determined by Mr. W. T~ ·schaller, than they have been in this piece of thorough 
of the same organization. · research . .:_G. 0. S. 

----~--------------------------------

2 Cra~e, G. W., Geology of the ore deposits of the Tin tic mining dis-1 Data incorporated by C. D. Walcott, Cambrian Brachiopoda: U. S. 
Geol. Survey Mon. 51, pp. 156, 157, 196, 197, 1912. trict: Am. Inst. Min. Eng. Trans., vol. 54, pp. 342-355,1917. 
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PART I. GENERAL GEOGRAPHY AND' GEOLOGY . 

. . 
By G. F. LouGHLIN. 

GEOGRAPIDC POSITION. 

The East Tintic Mountains form one of the 
Basin Ranges of Utah and have the north-south 
trend characteristic of these ranges. (See :fig.l.) 
They lie just west of the 112th . meridian . of 

~he Tintic milling district is on the eastern · 
· (n6ar the crest) and western sl~pes of the cen~ 
tral portion of the East TinmcrMountains and 
includes portions of Juab and Uta-h counties. 
A few small producing mines lie b~yond the 

I , . . 

FIGURE I.-Index map showing location of East Tintic Mountains and Tintic quadrangle (indicated by small rectangle). 

longitude and are crossed by the 40th parallel iimits of this area. The district is about 60 
of latitude. They are thus only 10 to 20 miles miles south of Salt Lake City, with which it is 
distant from the south end of the Wasatch connected by two railroads-the . Los Angeles 
Mountains and form the easternmost of the & Salt Lake and the Denver & Rio Grande. 
Basin Ranges in this latitude. In total length Eureka, Mammoth, Robinson (now included in 
the East Tintic Mountains do not exceed 40 Mammoth City), and Silver Qity are the prin .. 
miles, but they may be considered as continued cipal towns and are situated in gulches or 
to the north in the Oquirrh Mountains and to broad ·canyons of the western s~ope : The 
the south in the Canyon Range. Both of these abandoned town of Diamond is 'Similarly sit- · 
lie slightly farther west than the East Tintic uated south of the active part of th~ district. 
Range but are separated from it by only nar- Knightville, just west of the divide, is included 
row passes. They are from 5 to 10 miles wide. within the limits of Eureka. Homansville, 

15 
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where the first mill was erected but where 
only one or two houses now remain, is 1! miles 
east of the divide and northeast of Eureka. 
To the west of the mountains is Tintic Junc
tion, a section point on the Los Angeles -& 
Salt Lake Railroad, where the Tintic branch 
leaves the main line, 3_ miles southwest of 
Eureka. The old smelter town of Tinti'c; also 
important in the early days, was situated 
farther south, in the middle of Tintic Valley. 
To the east of the mou,ntains, in Goshen Valley, 
are the farming towns of Elberta and Goshen, · 
the latter just east of the Tin tic quadrangle. 

TOPOGRAPHY. 

MOUNTAINS. 

" The Eas~ Tintic Mountains as-a whole are 
rather complex and form parts of the extensive 
but now partly buried system of block moun
tains known as the Basin Ranges. They are 
connected with the West Tintic Mountains by 
a low east-west ridge, composed largely of grav
els, which forms the divide between Tintic and 
Rush valleys; on the east they are connected 
at the head of Goshen Valley with'Long Ridge, 
which extends southward and northeastward 
from that point and at its northeast end is con
nected with the Wasatch Mountains by the low 
hills south of Santaquin. The East Tintic 
Mountains are too maturely dissected to offer 
convincing evidence of block faulting, although 

. their topography suggests that structure in a 
few places, especially at the head of Tintic 
Valley. Here the front of the range makes an 

, abrupt turn westward, squarely across the 
strike of the rock formations, as if a large block 
west of the mining district had dropped below 
the present level of the valley. There is, how
ever, structural evidence of faulting north of 
Silver Pass. (See p. 89.) Structural evidence 
of block faulting corresponding to -minor ridges 
is also clearly exposed east of the-quadrangle, 
at the northeast end of Long Ridge and in the 
adjoining part of the Wasatch Mountams.1 

The existence of these faults leaves little doubt 
that the East Tintic Mountains consist of a 
compos-ite fault block, whose outline~ and iden-

. tity have b~en largely . obscured -by erosiofL 
Then:) is abundant evidence of faulting within 
the Tintic -mining district, but all the notaple 

i Loughlin, G. F., Rec~nD.aiss~nce in the s~~them.W asatch Mountains, 
Utah: Jour" Geology, vol. 21; pp. 448-451, 1913. 

faults there appear to be older than the eleva-
tion of the Basin Ranges. · 

The central part of the range, which includes 
the mining district, is a rather sinuous -ridge · 
interrupted by bhe Eureka-Homansville Pass 
and by Silver Pass, both of which lie along 
zone~ weakened by faulting-in the former p_ass 
prevolcanic and in the latter postvolcanic. 
The slopes of the ridge are cut by major and 
minor canyons and gulches, the largest of which 
merge into the wide valleys on the east and 
west. The relief is strongly marked, the crest 
attaining an altitude of 8,214 feet, whereas 
Tintic Valley, on the west, descends to an ele
vation of 5,600 feet and Goshen Valley, on the 
east, to 4,500.feet. The highest peak (see Pl. I) 
is Tintic Mountain, near the south end of the 
ridge. The other principal peaks are Buckhorn 
Mountain (7,852 feet), Sunrise Peak (7,693 feet), 
Mam~oth Peak (8,104 feet), Sioux Peak (8,094 
feet), Gotliva Mountain (8,040 feet), Eureka 
Peak (7,909 feet), Packard Peak (7,828 feet), 
and Pinyon Peak (7,702 feet). 

· The character of the topography is well 
shown in Plates VI, VII, VIII, IX, and X, A. 
The highest peaks, nearly all on the backbone 
of the ridge, are characterized by a good num
'ber ~f outcrops, many of them cliffs, of which 
the Mammoth Bluffs, measuring 140 feet from 
top ~o bottom, are the highest. The branch 
spurs of the range as a rule have smoother sur
faces, owing to the · almost c.omplete disinte
gration of their outcrops into talus. (See Pl. 
VI, A.) The branch ridge of limestone be
tween Mammoth and Eureka is ari exception 
to this rule, and contains Eureka Peak, one of 
the highest in the district. (See Pl. IX, A.) 
The topography south of Ruby Hollow (see 
Pl. I)~ where only volcanic rocks are exposed, 
is symmetrical, the crest of the range lying mid
way ·between the two principal valleys. Sun
rise Peak, which is an exception to this rule, 
is a volcanic plug of monzonite porphyry and 
owes its relatively high altitude to the rapid 
erosion of the loosely textured . tuffs that sur
round it. T:reasure Hill (6,852 ·feet) owes its 
prominence to a local silicification of the rock. 
North of R·~by Holl?w the crest of the range 
s;hifts 'westward, continuing along limestone 
peaks, and its position is evidently controlled 
by diffe:rences in ~he weather-resisting proper
t~es of the_ different rocks. 
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A. SUNRISE PEAK AND VOLCANO RI"DGE, LOOKING SOUTH FROM TREASURE HILL 

B. PANORAMA OF EAST TINTIC MOUNTAINS, LOOKING NORTH FROM TREASURE HILL ACROSS RUBY HOLLOW. 
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A. PANORAMA OF MAMMOTH HILL AND SURROUNDING MOUNTAINS. 

1, Opex property; 2, Emerald property; 3, Grand Central mine; 4, Mammoth mine; 5, Lower Mammoth mine; 6, Gold Chain mine; 7, Black Jack mine; 
8, Black Jack open cut iron mine. · 

B. PANORAMA OF EUREKA AND VICINITY. 

1, Bullion "Beck mine; 2, Gemini mine; 3, Chief Consolidated mine; 4, Snow Flake mine; 5, Eureka Hill mine; 6, Tetro tunnel; 7, Godiva mine. 
Godiva Mountain on right, Pinyon Peak in left background, 
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The limestone is distinctly the most resistant 
to we a the ring of ·au the rocks in the range under 
existing climatic_ conditions, ()Wing to its gen
erally massive character and ,freedom from ex
~essive jointing. The quartzite, though harder 
and relatively insoluble, is split into thin slabs 
by numerous join'ts that greatly promote me
chanical disintegration. Quartzite Ridge, just 
northwest of Robinson, is the highest part of 
the quartzite area, but it is only as high as the 
lowest iimestone peak-just east of it .. Its prom
inence is in part due to rapid erosion of the 
narrow shale belt th,at borders it on the east. 
North of Eureka Gulch the qua-rtzite is Ipnited 

, to the conical, debris-covered foothills, in 
strong contrast to the higher limestone hills on 
the east. (See Pl. VIII, B.) The position of 
the quartzite along the edge of the range may 
in part account for its more rapid denu~ation 
but does not explain its thorough disintegra
tion into small, flat fragments. 

The igneous rocks have undergone the most 
-extensive erosion, as will be seen by a compari
son of the west fronts of the range north and 
south of Mammoth Gulch and by a gl3:nce at 
Plates VI, IX, B, and X, B. Exposures of 
monzonite are mostly reduced to small rounded 
residual boulders; those of intrusive . rhyolit~ 
porphyry to small angular fragments. The 
effusive rpcks as a rule have disintegrated into 
itngular fragments, or here arid there into 
rounded boulders, except along the higher 
d~vides, where ~mall to moderately large cliffs 
are common. (See Pl. VIII, A.) The contrast 
in weathering between the igneous rocks and 
limestones is shown southeast of Mammoth, 
where the low subdued hills of monzonite and 
related porphyry stop abruptly against the high, 
steep limestone slopes. (See Pl. VI, B.) 

VALLEYS. 

No special attention has been given to the 
large intermontane valleys bordering the range. 
They are typical ofGreat Basin valleys mo.re or 
less filled with gently sloping alluvial deposits 
derived from the mountains. The central part 
{)f Goshen Valley is covered with silt and clay 
deposited in the ancient Lake Bonneville, of 
which the present Utah Lake is a remnant. 
These valleys represent the down-faulted por
tions of the Great Basin, but their original out
lines are now obscured by their marginal allu-
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vial slop~s. They are becoming of increasing 
value as farm landS~ - The farms of Goshen and 
Elberta are irrigated by water- from Currant 
(or Salt) Creek and a few farms at the :q1outh of 
E'Q.reka Gulch have been iiTigated by water 
pumped from the Centennial Eureka mine; 
but most' of the farms in Tintic, Rush, and 
Cedar valleys are dry farms. 

The l~teral valleys in the sedimentary areas 
penetrate ' the. range across the strike of the 
strata, but their branches conform with the 
strike. Faulting and shattering have taken 
place in both directions, and many of the val
leys coincide with faults. Eureka Gulch is 
approximately parallel to a strong fJLult zone 
which was formed and evidently deeply eroded 
prior to volcanic eruption. (See Pl. V, section 
A-A'.) Its present unusual form, steep and 
narrow in its lower part and wide open in its 
upper part, is evidently due to the relatively 
rapid erosion of the volcanic rock (Packard 
rhyolite). Ip is separated by a low, _flat divide . 
from Homansville Canyon, which, owing to its 
steeper grad~, appears to have undergone the 
more rapid erosion, as is indicated by a west
ward migration of the divide into the alluvium 
at the head of Eureka Gulch. Here the area 
of alluvium slopes gently westward, but its 
east end has been removed, and on the east 
side of the divide the underlying rhyolite ledges 
are exposed along the creek bed:. 

Mammoth Gulch also lies along the course of 
a strong prevolcanic east-west fault zone, and 
some of its north branches also follow prevol
canic north-south faults, but some of the strong
est faults in the district show no relation to 
topography, _ probably because of their pre
vailing "tightness," which is described in the 
section on faulting- (pp. 77-87). None of the 
valleys in the sedimentary area appear'to mark 
the position of late faults developed by the 
Basin Range uplift. The lateral valleys in the 
igneous areas can not be definitely associated 
with faulting, because of' the uniform character 
of the surrounding roe:k and its advanced stage 
of disintegration. The fact that they_ -paral
lel the valleys in the sedimentary areas is not 
significant, as those valleys follow prevolcanic 
faults. 

The lateral valleys, extending w_en- back . 
toward the crest of _the range, have · afforded 
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the best sites for mining towns. Eureka (Pl. I 
VII, B) is the most favorably situated, the low 
divide and relatively gentle grades giving it 
direct connection by railroad with the country 
both east and west of the mountains. The low 
divide also, however, affords the principal path 
for the frequent windstorms that blow from 
Tin tic Valley eastward. Mammoth Gulch is 
wider in proportion to its length,. perhaps, owing 
to more rapid erosion in faulted and shattered 
ground, which gives it a basin-like character 
(Pl. VII, A), and is favored by its proximity to 
some of the most active mines in the district. 
The merging of its lower part with Tin tic Val
ley is shown in Plate X, A. Silver City is situ
ated at the mouth of Dragon Canyon, where it 
has railroad facilities and is within easy reach 
of the mines in the igneous area. Owing to the 
id.Ie~ess of nearly all these mines and of the 
Tintic smelter, Silver City is not so flourishing 
now as formerly. The idleness of all the mines 
around Diamond accounts for its total abandon
ment, in spite of its good location. 

DRAINAGE. 

The area shown in Plate I (in pocket) is tribu
tary to three drainage basins-Tin tic Valley, 

. which in turn is tributary to the Sevier Basin; 
Goshen Valley, which drains northward into 
Great Salt Lake; and Cedar Valley, an inde
pendent closed basin. No perennial streams 
rise in the East Tintic Mountains, but in spite 
of this fact their slopes have been well sculp
tured. Intermittent streams, which carry 
water only after cloudbursts, are the only exist
ing agency to account for the sculpturing, but it 
is quite possible that much of the erosion was 
accomplished by former perennial mountain 
streams during the humid climate of Lake 
Bonneville time. 

The nearest existing perennial stream is Cur
rant Creek (.also calle~ Salt Creek), which rises 
east of Mount Nebo, at the.south end of the 
Wasatch Range. This creek cuts through the 
northeastern por-tion of Long Ridge in a bold 
canyon, emerging.into Goshen Valley and enter
ing the Tintic qua{lrangle abo_ut 2 miles south-

-east of Elberta~ ~· It follows a winding course 
northward, leaving ·the quadrangle again due 
east of Elb~rta ~nd fj.nally reaching Utah Lake. 
Currant Creek furnis.hes the water ·used for 
irrigation' in ·the towns of Elberta and Goshen. 

WATER SUPPLY. 

SPRINGS AND WELLS.1 

There are several springs scattered over the 
east slope of the range as far south as Diamond 
and on both sides from Diamond southward, 
but their run-off travels only a short distance 
(100 feet to a mile or more) before it is absorbed 
by the soil. These springs occur in or near 
volcanic rock. The rock itseH is nearly im
pervious, but its upper portion has been largely 
disintegrated into lom~e, porous materials 
which form a considerable surface covering 
in places that are protected from active erosion. 
Rain water accumulates in debris-filled depres
sions or seeps along gentle slopes upon the 
underlying impervious fresh rock, to emerge 
as a spring where the rock crops out. The 
springs are small, and their ~ow varies directly 
with the rainfall. Silver City is supplied with 
water from a group of these springs. 

The water supplies of Eureka, the Denver 
-& Rio Grande Railroad, and several mines are 
obtained from wells and infiltration galleries 
driven in the surface debris over the rhyolite 
and in the upper decomposed portion of the 
rhyolite itself. The wells are distributed from 
Eureka to Homansville. Private wells in 
Eureka range from 15 to 125 feet in depth, and 
such wells, especially the more western, are 
in danger of contamination from the city's 
drainage. Shafts and tunnels vary in depth 
and length. The Eureka Hill pumping plant, 
in the Homansville Basin, which supplies 
water for the city of Eureka, is the most exten
sive, having a main shaft 265 feet deep, two 
minor shafts, and tunnels said to aggregate 
several thousand feet in length. I to pump 
is operated at the rate of 80 gallons a minute 
for 5 to 12 hours each day, fully 50,000 gallons 
being withdrawn on certain days. The norm_al 
water level is reported to be 20 feet below the 
surface, but the level is easily . lowered by 
pumping or by unusually dry seasons. _ 

The water supply of Mammoth and Robinson 
is obtained 18 miles to the west, from Cherry 
Creek, on the west slope of the West Tin tic 
Mountains. The water is pumped over the 

1 Largely abstracted from Meinzer, 0. E., Ground water in Juab, 
Millard, and Iron counties, Utah: U. S. Geol. Survey Water-Supply 
Paper 277, pp. 81-86, 1911. 
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A. PACKARD PEAK. 

B. FOOTHILLS NORTHWEST OF EUREKA AND HEAD OF TINTIC VALLEY. 
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B. RHYOLITE HILLS EASjT OF GODIVA MOUNTAIN, FROM SIOUX PEAK. 

The highest cone-shaped hi II, according to Plate I, has an elevation of 7,007 feet. 
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crest of the ridge and piped across Tin tic Valley is practically dry. The ground-water surface 
to Robinson, where it is again pumped to the in the limestone, 3$ shown in the next para-

. mines and dwellings of Mammoth. graph, is very low, and if fissures are present 

GROUND WATER IN MINES. 
in the overlying porphyry to conduct the 
water down into the limestone, there may be 

Mines in the igneous rocks have struck a tendency for ground water to flow downward 
ground-watBr level at depths of a few hundred toward and into the limestone and for the 
feet. At the time of the earlier survey (1896) ground-water surface to follow a steep slope 
permanent water had been struck in the mon- of unknown depth from one rock formation · 
zonitic rocks at depths ranging from little into the other. In figure 2 the normal ground
more than 100 feet to over 650 feet. At the water surface in the monzonite and -porphyry 
Joe Bowe:rs No. 2 mine, on the northeast slope is shown by the horizontal long-dash line and 
of Treasure Hill, water was struck 175 feet the sloping surface .toward the Dragon shaft 
below the surface (over 6,500 feet above sea by the dotted line. 
level); in the Homestake, on the south slope In the mines in limestone local water
of Treasure Hill, 200 feet down (6,320 feet courses, .due to some impervious bed or dike, 
or more above sea level); in the Sunbeam at have been found at rather shallow depths. 
the- 490-foot level (altitude, 6,040 feet) in For example, in the .May Day mine a water
sufficient quantity to prevent profitable mining course was tapped along the contact of a de.., 
at greater ·depths. In the Iron Duke a con- composing porphyry dike which has been cut 
tinuous flow was flet .a short distance bel9w at certain places between the 200 and 500 foot 
the 100-foot level (altitude about 6,190 feet), levels, but the lowest workings, including the 
and· at the 350-foot level (altitude, 5,940 feet) 1,100-foot level, are dry. In the ·Northern 
water was pumped at the rate of 4,000 gallons Spy a watercourse was struck between the 800 
a day. In the Swansea water. was found and 900 foot levels, and water now stands 
just below the 650-foot level (altitude about knee-deep on the 900-foot level(6,630 feet above 
5,530 feet). These depths (except the first the sea), below which no work has been done. 
two) are plotted in figure 2, which also includes The geologic map (Pl. IV) shows the proximity 
the southward projection of the shaft of the of the workings to a small monzonite stock, 
Drago-n iron mine. The data .are too meager which may account for the local abnormally 
to give a good idea of the relations between . high water level. In the Yankee mine a water
surface and ground water. The shallow depth course is tapped at the 1,300-foot level, where 
in the Iron Duke shaft, which appears abnormal, the shaft passes through the upper contact of a 
may be due to its location at the southeast black shaly bed; but the water is piped for 700 
base of a high hill, nearly in the bed of the feet down and disappears through fractures at 
creek that drains all the monzonite area to the the bottom of the 2,000-foot shaft (5,080 feet 
north and east. The difference in depth in above sea level and 580 feet ~hove the flat 
the Swansea and Sunbeam mines agrees well around Utah L.ake). 

, with the general slope of the surface. The The great depth of the permanent water 
shaft of the Dragon iron mine furnishes a level is shown by the depths at which water 
striking contrast. Although driven in higher stands in the only deep mines that have 
ground and reaching a greater depth (1,02'5 reached water level: Gemini, at the 1,650-foot 
feet) than the Sunbeam shaft, its bottom is level (altitude 4,813 feet); Centennial Eureka, 
dry. A vertical drill hole extending 800 feet at a depth of 2,036 feet (altitude about 4,851 
below its bottom is also dry. The shaft and feet); Opex, at a depth of 2,170 feet (altitude 
all but the lowest 4 feet of the drill hol are 4,791 feet); Grand Central, at a depth of2,390 
in metamorphic limestone near the monz~nite _feet (altitude 4, 759, feet); Chief Consolidated, 
contact. Water has been struck on the 800 at a depth of 1,815 feet (altitude 4,755 feet). 
and 1,000 foot levels of the Dragon iron iliine, The Mammoth mine, 2,362 feet deep (altitude 
south and southeast of the shaft, but I this 4,690 feet), has not reached permanent water 
comes from fissures and the rest of these levels level. 
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ELEVATION IN .FEET 
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In the East Tin tic district! the Tin tic Stand
ard shaft has passed through 700 feet of lime
stone and a little shale and 
into the underlying 
quartzite (altitude 
about 5,000 feet, or 
500 feet above Utah 
Lake) without strik
ing water. Some 
seepages have been 
opened by drifts 
along the contact of 
quartzite and shale 
on the 1 ,000-foot 
level and along aii 
inclined winze that 
follows the contact 
down to and below 
the 1 ,300-foot level, 
but no pumping is 
necessary. This is 
interesting in view 
of the fact that in 
some of the ranges 
west of the East 
Tintic Mountains 
springs are found in 
quartzite areas, and 
shallow prospects in 
those areas have 
struck water. The 
known occurrences 
of ground water in 
the limestone and its 
relations to the to
pography and to the 
level of Utah Lake 
are shown in figure 3. 

VEGETATION. 

The East Tintic 
Mountains have the 
scanty vegetation of 
an arid region. In 
general the land- ~ 
scape presents . the 
·somber dull-gray 

gone 300 feet 

(l) 

«i-
u 
If) 

0 

and brown tints of rock masses and debris more 
or less obscured by low sagebrush. Only rarely 
is. the monotony varied by the green of a tree
covered slope or ravine. 

1 The name "East Tin tic district" is used to designate the area in the 
Tintic quadrangle east of meridian 112° 5' and south of the Denver & 
Rio Grande Railroad. 
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A. MOUTH OF MAMM OTH GULCH AND TINTIC VALLEY, FROM LOW SPUR SOUTH OF 
HERKIMER SHAFT. 

B. CONTACT OF QUART ,Z PORPHYRY AND MONZONITE SOUTHEAST OF ROBINSON. 
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On the highest peaks and exposed rocky 
points occur different species of cactus, ·the 
most common of which are the prickly pears 
Opuntia and Echinocactus. The more common 
trees of the higher slopes are the pifion (Pinus 
monophylla), the mountain mahogany (Oerco
carpus ledifolius), and the juniper, locally called 
cedar (Juniperus utahensis). Lower, in the dry 
ravines, are thickets of scrubby maple, espe
cially on the eastern slope, . and the aspens are 
found in sheltered spots, more commonly those 
with a northern exposure. The trees all show, 
in their stunted, gnarled, and twisted trunks, 
the severity of their struggle for existence on 
these barren slopes. In the lower valleys the 
sagebrush (Artemisia) and rabbit brush 
(Bigelovia) constitute almost the · sole vege
tation. Grasses occur in ·scattered tufts 
but are apparently mostly dead during the 
summer. In the past the East Tintic Moun
tains have supported sufficient of this scanty 
herbage to afford range for cattle, horses, 
and sheep, but grazing to-day is limited to 
occasional small herds of cattle and horses 
along the mountain slopes. 

GEOLOGY. 

GENERAL GEOLOGIC FEATURES. 

The East Tin tic Range is com posed of 
Paleozoic sedimentary and Tertiary igneous 
rocks. The sedimentary rocks are quartzite, 
over 6,000 feet thick, overlain by 6,500 to 
7,000 feet of limestone, including a small 
amount of shale. The igneous rocks are in 
part intrusive rhyolite porphyry and mon
zonite and in part effusive rhyolites and 
latites or andesites. 

The isolated position of the range permits 
only a general correlation of its formations. 
with those of neighboring ranges, which also 
consist principally of Paleozoic strata. The 
Oquirrh Range, to the north, and the Canyon 
Range, to the south, seem closely related 
structurally as well as stratigraphically. The 
Oquirrh Mountains comprise two great un
symmetrical anticlines separf;l,ted l>y a syn
cline.1 The Paleozoic rocks of the Canyon 
Range are folded into several anticlines and 
synclines.2 The part of · the East Tintic 

1 Emmons, S. F., in- Spurr, J. E., Economic geology of the Mercur 
mining district, Utah: U. S. Geol. Survey Sixteenth Ann. Rept., pt. 2 
pp, 360, 361, 1895. ' 

2 Loughlin, ~. F., A reconnaissance in the Canyon Range, west-central 
Utah: U. S. Geol. Survey Prof. Paper 90, pp. 53-58, 1914. 

_ Mountains lying northwest of the area shown 
in Plate IV is structurally a broad anticline 
which, in the mining districL, is paralleled by · 
an unsymmetrical sylicline of northward pitch, 
with a vertical or slightly overturhed west 
limb and a gently dipping east ·limb. Ex
pos~res to the south and east are interrupted 
and largely concealed by the extensive masses 
of igneous rocks, but the small areas of exposed 
strata east of the syncline indicate an anti
cline beneath Long Ridge and the head of 

, Goshen Valley, and still another anticline of 
southward pitch, exposed in the canyon of 
Currant Creek east of the Tintic quadrangle. 
The east limb of this anticline extends in 
limestone ahnost to the base of Mount Nebo, 
of the Wasatch Range. To the west, across 
Tintic Valley, are exposures of westward
dipping quartzite, with a few intercalated 
limestone -beds, which stratigraphically lie 
above any of the formations studied in the 
East Tintic Mountains . . Their attitude is that 
of a southwestern continuation of the west 
limb of the anticline northwest of the Tintic 
quadra:Qgle; but it must be remembered that 
one or more large faults may separate the two 
places. The Paleozoic rocks are thus consid
erably folded, and the axes of the folds have 
a general northerly trend. This structure 
appears to extend beyond the limits of the 
range, both longitudinally and transversely. 

Faulting 
1 
in the district is very prevalent, 

t.hough its relation to Great Basin topography, 
as shown on page 16, is not very clear, owing 
to the advanced stage of erosion. Most of the 
observed faults have nearly east or northeast 
trends; a few trend northwest. They range 
in horizontal displacement from less than a 
foot to as. much as 500 feet-in one fault 2,000 
feet. Faults of northerly trend are believed 
to be abundant also, but as a rule their 
existence can not be proved on the surface 
because they parallel the strike of the rock. 
Fissuring and faulting obviously took place 
at several different times from the post
~Jurassic uplift to the later part of the. Tertiary 
period, and many faults are older and others 
younger than the period of ore deposition. 
The systems of faults, both the older and 
the younger, determine the location of cer
tain ore bodies, but several of the more 
pronounced faults have no connection with 
the trends of ore shoots ·and had evidently 
become healed before ore deposition began. 



22 GEOLOGY AND OR.E DEPOSITS OF TINTIC MINING DISTRICT-, UTAH. 

SE:J?IMENTARY ROCKS. 

FORMATIONS REPRESENTED. 

The sedimentary rocks exposed within the 
Tintic quadrangle have a total thickness of at 
least 13;000 feet. They include Cambrian, 
Ordovician, Devonian, and Mississippian strata, 
interrupted by unconformities at the top of 
the Cambrian and at the base of the Missis
sippian. The formations shown in Plate I 
are separated so far as possible according to · 
paleontologic evidence; in Plate IV they are 
subdivided chiefly on lithologic grounds, to 
elucidate geologic structure and show where 
necessary, the stratigraphic relations between 
the country rocks of different mines. 

In the earlier report all the present recognized 
formations from the middle of the Ophir forma
tion to the top of the Opohonga limestone 
were included in the ''Mammoth'' or ''Eureka 
limestone, '' and all from the base of the 
Bluebell dolomite to the top of the Pine 
Canyon limestone were included in the ''Go
diva limestone." Measured· sections presented 

in that report show seventeen recognized mem
bers in the "Eureka limestone" and twenty-six 
in the "Godiva," but apparently no use. was 
made of them as an aid in working out the 
structure. In the present report only fifteen 
divisions of the limestone are recognized, and 
these have been distinguished on lithologic 
grounds largely because of their usefulness in 
solving structural and stratigraphic problems. 
Some, like· the Dagmar limestone, ate of uni
form character and sharply contrasted with all 
the other formations; others, .like the Teutonic 
limestone, are highly variable and can not be 
recognized until the beds above and below 
have been · determ~ed. Beds of similar litho
logic character occur at many different hori
zons, and failure to recognize this and other 
facts has led to the location of some claims in 
geologically unpromising places. For these 
reasons the different limestone formations are 
d·escribed in considerable detail and are dis
tinguished on the map (Pl. IV). Correlations 
of the names used in the earlier and present 
reports are shown in the following table. 

Correlation of formation names used in Tin tic reports. 

Earlier report. Present report. 

Name. Thickness Name. Thickness Age. in feet. in feet. 

Humbug formation ..... : ... 250 Humbug formation. ______ . ·._. 250 Upper Mississippian. 
·-------------------------------------------------------------

Pine Canyon limestone ____ . _ . 1,000 
Lower Mississippian. Gardner dolomite .. _. ________ 435-700 

Victoria quartzite .. _ . _ . ___ . __ 0-85 Unconformity. 
Godiva limestone ........... 2,216 

Pinyon Peak limestone a . .. _ . 0-150 Upper(?) Devonian. 

Bluebell dolomite .. --------- ·I 700-1,100 Upper to Lower Ordovician. 

Opohonga limestone .. _ . _____ . 825+ 
Ajax limestone, including 570 Lower Ordovician. 

Emerald dolomite member. Unconformity. 

Opex dolomite ....... : . ~ ..... 390 ·upper (?) Cambrian. 

Mammoth (or Eureka) c 3, 970 
Cole Canyon dolomite.~ .... - .. 510 limestone. b 
Bluebird dolomite ....... _ ... 175-200 
Herkimer limestone .......... 235 
Dagmar limestone ........... . 100 Middle Cambrian. 
Teutonic limestone ............ 556 

Ophir formation ........ _ ... __ 355 

~tic quartzite ............... ·I --------------------------------------------------------------
Tin tic (or Ropinson) quartz- 7,000 6,000+ Lower Cambrian; may possibly 

ite. 
I 

include some pre-Cambrian. 
I 

n At Pinyon Peak the Bluebell dolomite is 1,100 feet or more thick and is overlain by about 150 feet of Pinyon Peak (Devonian) limestone. No 
Devonian strata are present in the Tin tic mining district proper. 

bIn the annual report (p. 622) the name "Eureka limestone" was used; in the folio the name "Mammoth limestone" was used. 
c The difference in recorded thickness shown by corresponding parts of the table is due to repetition of certain strata by faulting, not recognized 

in the earlier report. 
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CAMBRIAN SYSTEM. 

TINTIC QUARTZITE (LOWER CAMBRIAN). 

DISTRIBUTION. 

The Tintic quartzite is the lowest formation 
of the stratigraphic series. It forms Quartzite 
Ridge and extends from that ridge in a north
northwesterly direction beyond the northwest 
corner of the quadrangle. (See Pls. I and II.) 
Its dip, averaging about vertical on.. Quartzite 
Ridge (see Pls. IV and V), is steep to the east 
north of Eureka Gulch and gradually flattens 
northwestward, crossing an anticlinal axis and 
changing to west beyond the limits ofthequad
rangle. South of Mammoth Gulch the forma
tion is represented by numerous inclusions in 
the monzonite and by small isolated areas 
emerging through the lava flows nearly to the 

_south boundary of the quadrangle. It is also 
exposed in a few places on Long Ridge, south 
of Goshen Valley. 

There is a small area of quartzite emerging 
through rhyolite about 2 miles southeast of 
Homansville. Quartzite has also been struck 
three-fourths of a mile farther south, in the 
Tintic Standard shaft, where it extends from 
the . 700-foot to and beyond the 1 ,000-foot 
level. The rock in both these places has the 
lithologic character and stratigraphic relations 
of the Tin tic quartzite. At the road fork 1! 
miles south of the Tintic Standard shaft a 
considerable thickness of the Ophir formation 
indicates that the Tinti.c quartzite must lie a 
short distance below the surface, as suggested 

· in Plate II, sections A-A' and B-B'. 
The quartzite inclusion just north of the 

Martha Washington shaft (see Pl. IV) can not 
be definitely correlated. It may be equivalent 
to the small quart~ite beds in metamorphic 
limestone south of the Lower Mammoth mine, 
with which it is in line, or may be regarded as 
a block of the Tintic quartzite. In the latter 
case it is necessary -to ~ssume that the block 
was carried up by the ascending monzonite 
magma a· vertical distance of about 2,000 feet, 
or that it is a remnant of a large mass first 
upfaulted and later inv~ded by the monzonite. . I 

LITHOLOGY. 

The Tintic quartzite is best exposea on 
Quartzite Ridge, between Eureka and Mam
moth gulches. The typical rock is grayish white 
to ver:y pale pink, has a fine, even grain, and is 
composed almost wholly of quartz. Indica
tions of bedding are in many places absent, 

I 

owing to its uniform purity and in part to exces
sive jointing. It is thoroughly broken up by 
three or more systems of vertical sheet joints 
which have divided the rock into thin slabs 
from an inch or so to 2 or 3 feet in thickness. 
Three systems are recognized-(1) strike N. 
70° E., dip 55° N. to 90° and 55° S., somewhat 
slickensided; (2) strike N. 10° E., dip 75° to 
80° E.; (3) a flat system dipping about par
allel to the general surface of the ridge crest. 

There are a . few variations from the type 
described above. Several thin conglomerate 
beds are found throughout the formation and 
are well ~xposed in the lower portion along the 
cuts of the Denver & Rio Grande Railroad. 
The pebbles are well rounded, range in diameter 
from less than one-fourth of an inch to 1 or 2 
inches, and consist mostly of vein quartz, 
though a few of quartzite were fou;nd. Crush 
breccia is also occasionally found along frac
ture or fault zones. Its fragments, in contrast 
to the conglomerate pebbles, are sharply angu
lar and are cemented by pale-brownish, rather 
argillaceous and perhaps calcareous material. 
In the easternmost railroad cut in the lower part 
of Eureka Gulch (west of the area shown on 
Pl. IV) there are a few insignificant slate bands 
from 2 inches · to 1 foot thick. Eastward from 
the summit of the ridge a few pebbly beds 
occur, but the rock as a whole g.radually be
comes slightly argillaceous and thin bedded, 
with finely micaceous partings, one-fourth of 
an inch apart. · On the weathered surface it 
develops fine yellow to rusty bands or spots, 
which may be concealed by a black lichen 
growth. This variety passes coriformably but 
abruptly into the brown-weathering, highly 
micaceous and calcareous sandstone and shale 
at the base of the Ophir formation. Ripple 
marks were found on a few talus fragments 
along the southeast slope of . Quartzite Ridge, 
and some exposures, especially those in the lower 
part of Mammoth Gulch, showed cross-bedding 
in places. Cross-bedding is also conspicuous in 
the zone of thin intercalated conglomerate beds 
in the upper part of the formation . on Quartz
ite Ridge. 

In the northwest corner of the Tintic quad
rangle, along the range front near the 7,000-
foot contour, the quartzite includes a bed with 
dark reddish-brown weathered surface that has 
been traced for about 2 miles along the strike. 
Its thickness where seen is 8 to 10 feet but is 
said to be considerably greater in places. The 

/ 
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unweathered rock, which has been exposed in 
a few prospect holes, is green. An -analysis 
shows it to contain 63.5 per cent Si02, 5.1 per 
cent Al20 3, and 18.4 per cent iron (or 26.3 per 
cent Fe20 3). It has been mistaken for a gossan 
or ''iron outcrop'' ·and has been called a fissure 
vein, but it is really a bed in the quartzite con
taining an unusually large amount of iron. 

The following microscopic description of the 
typical quartzite is quoted from the report of 
the earlier survey: 1 

Microscopic studies show it to be a very pure quartzite, 
the individual grains being well rounded and for the most 
part of very uniform size. Occasionally the grains are 
somewhat drawn out, as if by dynamic metamorphism. 
Corroded grains are not common, though present. In rare 
cases the quartz shows crystal facets: In many of the 
grains of quartz are particles of a dark material so abundant 
as to give the individual grains a very dirty appearance. 
The nature of these particles could not be determined. 
The lowest beds of quartzite contain some feldspar and 
muscovite, while nearly all of the beds show zircon and 
rutile. In one specimen from the upper portion greenish 
grains were observed tinged with brown on the rim, which 
were thought to be glauconite. 

The quartzite inclusions in the monzonite 
are in places rather coarse grained, and one or 
two of them contain garnets along some of the 
bedding planes. The general character of 
th~se inclusions indicates that they · are the 
somewha~ metamorphosed equivalent of the 
upper beds on Quartzite Ridge. Several pros
pect holes have been opened in or along these 
intrusions, as if prospectors had mistaken 
quartzite for vein quartz. The two may readily 
be distinguished, the quartzite having a dis
tinctly granular structure and the vein quartz 
being either massive or filled with small crys
talline pockets and stained with iro:ri oxide. 

CORRELATION. 

Although the Tin tic quartzite itself contains 
no fossils, its thickness and position at the 
base of the stratigraphic series place beyond 
reasonable doubt its correlation with the Cam
brian quartzites of the Wasatch, Oquirrh, and 
House ranges in Utah, at. least in part. At 
Ophir Canyon, in . the Oquirrh Mountains, 
Emmons 2 found Lower Cambrian trilobites 
in the overlying clay slates. In- the House 
Range and in Big Cottonwood Canyon of the 
Wasatch Mountains, Walcott 3 also found 

I U.S. Geol. Survey Nineteenth Ann. Rept., pt. 3, p. 620, 1899. 
2Emmons, S. F., in Spurr, J. E., Econormc geology of theMercur 

mining district, Utah: U.S. Geol. Survey Sixteenth Ann. Rept., pt. 2, 
p. 362, 1895. 

a Walcott, C. · D., Cambrian sections of the Cordilleran area: Smith
sonian Misc. Coli., vol. 53, No.5, p. 171, 1908. 

Lower Cambrian fossils in the overlying shale. 
In the Blacksmith Fork section of the northern 
Wasatch Mountains, Walcott found the same 
lithologic sequence but obtained Middle Cam
brian fossils in the oy(;'lrlying shale. Middle 
Cambrian foss_ils were found by Weeks in the 
overlying shale at Tintic. The upper part of 
the Tintic quartzite, therefore, may be Middle 
'Cambrian, but its intermediate geographic posi
tion between the House and Wasatch ranges 
suggests that its top is very near the boundary 
between Middle and Lower Cambrian. 

The exposed thickness of the Tin tic quartzite . 
is estimated to be more than 6,000 feet. Its 
base is not exposed. This great thickness is 
in n1arked contrast to the thickness of Cam
brian quartzite elsewhere in Utah. In the 
Big Cottonwood Canyon section, in the W a
satch Mountains, there is a series of quartzites, -
shales, and conglomerates with a total estimated 
thickness of 12,000 feet; but Blackwelder 4-

has recently shown that only the upper 1,500 
feet or so of relatively pure quartzite is of 
undoubted Cambrian age, and that ' it rests 
unconformably upon the remainder, which he 
assigns to the Algonkian. Hintze 5 has more 
recently stated that the quartzite above the 
unconformity is only 700 feet thick. In the 
Onaqui and Simpson mountains, west of the 
Tintic district, the same general relations
pure quartzite with intercalated beds of lime
stone carrying Cambrian fossils above a great 
thickness of relativeiy impure quartzite, shale, 
and conglomerate-were found by the writer 
during reconnaissance work in 1912. No 
special search for an unconformity and no 
measurements of thickness were made. The 
upper quartzite, however, is far from being 
-6,000 feet thick. The quartzite exposed in the 
House Range and Blacksmith Fork sections is 
less than 1,500 feet thick and has no features 
suggestive of pre-Cambrian age. In com
parison with this evidence, the Tintic quartzite 
is of sufficiently uniform character and purely 
quartzose composition to be classed as Cam
brian, but it is much thicker than any com
pletely exposed sections of Cambrian quartzite. 
It therefore remains an open question whether 
the deposition of sandy sediment in Cambrian 
time began earlier and progressed much more 
rapidly or longer in the Tintic district than 

'Blackwelder, Eliot, New light on the geology of the Wasatch Moun· 
tains, Utah: Geol. Soc. America Bull., vol. 20, pp. 520-523, 1910. 

5 Hintze, F. F., A contribution to the geology of the Wasatch Moun. 
tains, Utah: New York Acad. Sci. Annals, vol. 23, p. 103, 1913. 
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elsewhere, or whether a co!lsiderable part of 
the Tintic quartzite in reality includes strata 
of pre-Cambrian age, much more purely quartz
ose than in other sections and essentially iden
tical in character with the Cambrian quartzite. 
A search for evidence of an uilconformity in 
the quartzite was made on Quartzite Ridge, 
but nothing was found except a few small, 
well-rounded quartzite pebbles. 

2 3 

1mestone 

Limestone ISO' 

the contact is obscured by talus, has i:q. places 
developed relations suggestive of unconformity. 
This is especially true n'orth of Eureka Gulch, -
where much of the 'slate, in two places all of it, 
has been overridden by the quartzite, or the 
slate has been locally thinned and bulged by 
compression during folding. 

Its continuation south of Mammoth Gulch 
is represented by a few blocks of black hornfels 

4 5 6 

Poor!; expos;d; 
only limestone ; ~• 
outcrops seen 

? 

· . . _ ... :. · .. · ..... ·_ ... ..... .. 

FIGURE 4.-Sections showing variations in strata of the Ophir formation.~ 

OPHIR FORMATION (MIDDLE CAMBRIAN). 

DISTRIBUTION . . 

The Ophir formation, named from the mining 
town in the Oquirrh !1ountains,t comprises 

• shales, or locally slates, and a little sandstone, 
with intercalated beds of lime~tone. It crops 
out as a narrow band along the east side of the 
Tintlc quartzite. Its relations to the quartzite, 
where the contact is well exposed, are conform
able; but compression faulting, especially where 

t The name Ophir formation has been proposed by B.S. Butler, of the 
United States Geological Survey, with whom the writer was associated 
during 1912 and 1913 in a study of the ore deposits of Utah. The forma
tion is nearly everywherepresentin the ranges of central Utah, overlying 
the quartzite, an:l at Ophir is not only well expose:l an:l of definitely 
determine:l age but is also of considerable economic importance. The 
lower part of the formation at Ophir is Lower Cambrian, the remainder 
Middle Cambrian. · 

included in the monzonite. East of Knight
ville the 700-foot level of the Tintic Standard 
mine sho,ws about 20 feet of decomposed shale 
overlying quartzite. A considerable thickness 
of shaJe in the stratigraphic position of the 
Ophir was noted by the road fork to the south 
of the Tintic Standard. It is also exposed 
east of the Tintic quartzite 'on Long Ridge. 

THICKNESS. 

The thickness of the Ophir formation appears 
to vary greatly, as shown on the map (Pl. IV) 

· and in figure 4. The ~pparent variations are 
due partly to faulting, most of the faults on the 
quartzite contact not extending across the 
slates into the intercalated or overlying lime
stone beds. Variations in true thickness are 
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also shown in figure 4, section 2 of which shows 
the upper slate bed pinching out. This may. 
be an original feature or a secondary local effect 
of compression. The marked difference 
between the lower slate mem hers of sections 1 
and 2 is also thought to be due largely to fault
ing or compression, that in section 1 being 
either o:verridden by the quartzite or more 
probably locally thinned. Just north of the 
locality of section 2, where the quartzite con
tact swings westward, a prospect hole has 
exposed slate overridden by quartzite.. The 
slate is also overridden at a · place half a mile 

. north of Eureka Gulch and at another place 
three-fifths of a mile north of Jenny Lind Ca_n
yon ·(Pl. I). At the latter place a prospect 
shaft starts in quartzite, but its dump shows 
only the limestone that overlies the shale, prov
ing that the quartzite forms only a veneer over 
shale and limestone. No exact comparison can 
be made. between sections 2 and 3, on opposite 
sides of Eureka Gulch, but it seems probable 
that the upper slate beds in each mark the same 
horizon. Sections 3 and 4 and probably sec
tion 6 are definitely correlated by a thin but 
persistent bed of gray massive limestone 
underlying the upper slate, and the lenslike 
character of the different lower mem hers is 
stro~gly suggested. The thickness in · these 
s~ctions, measured from the top of the Tintic 
quartzite to the top of the uppermost slate bed, 
is in section 1, 355 feet; section 2, 400 feet; sec
tion 3, 475 feet; section 4, 403 feet; section 5, 
159 feet ( + ~); section 6, 297 feet. A section 
measured on Long Ridge, east 9f Goshen Valley, 
during the earlier survey gave slate 450 feet, 
quartzite (brown micaceous sandstone~) 150 

·feet, slate 200 feet; total, 800 feet. Whether 
this measurement denotes apparent or true 
thickness is not stated. The limits of the for
mation are ·arbitrary' as the intercalated lime
stone beds are identical in character with beds 
in the overlying Teutonic limestone. 

LITHOLOGY. 

The impure sandstone near or at the base of 
the formation is green where fresh to dark 
brown where weathered, fine · grained, thin 
bedded to slaty, and more or less slickensided 
in the direction of the strike. Its conspicuous 
minerals are quartz and ferruginous calcite, and 
the weathering out of calcareous cement from 
among the grains leaves fine rust specks of 
ferric oxide. 

The shale. or slate is like the s3tndstone in 
color, is in many places banded, and for the 
most part shows inarked cleavage . or. fissile 
structure in one or two directions, usually at 
low angles to the banding. It i~ slightly to 
markedly micaceous. The banding is due to 
alternation in the composition of successive lay
ers, the chief noticeable difference being in the 
amount of calcium · carbonate. Some layers 
are almost free "from it; others are nearly pure. 
limestone and are miniature intercalated 
limestone ·beds. . 

The limestone beds are dark bluish gray to 
nearly · black, banded or mottled with light 
brown, and in places weather to a red residual 
soil. It appears from the presence of prospect 
holes in red ground that the color may have 
been mistaken for mineralization, but the color 
is due to red clay impurity or perhaps to son1e 
iron carbonate in the original rock and is not 
necessarily connected with ore deposition. 
Most be~s are more or less distinctly banded. 
Some are very strongly striped or ribboned, the 
ribbons ranging from one-eighth of an inch to 
2 inches in thickness; others are so thinly 
banded as to become shaly and to give a mot
tled effect on weathering. Some thin beds or 
lenses are spotted on the weathered surface 
with dark concretionary growths ranging from 
grains the size of a pea down to typical oolitic 
particles. These spotted beds especially tend 
to weather to a :red residual soil. All the speci
mens tested effervesce priskly when touched 
with dilut-e hydrochloric acid. The dark
weathering bands are somewhat carbonaceous 
but as a rule less argillaceous than the light
weathering bands, which are highly argillaceous 
or arenaceous. 

CORRELATION. 

The Middle Cambrian age of most of the 
Ophir formation in the Tintic district was 
proved in 1905 by Weeks, who found Obolus 
mcconnelli and 0. rotundatus 100 feet above the 
top of the Tin tic quartzite. Walcott, 1 on the 
evidence of these fossils, doubtfully correlates 
the slates at Tintic with the Howell formation 
(chiefly impure limestone .but including a shale 
member at its base) of the House Range sec
tion, about 80 miles to the southwest. The 
lithologic variations of the formation in the 
Tintic region, however, would correlate the 
thick lower shale with the P~oche shale (Lower 

1 Walcott, C. D., Cambrian Brachiopoda: U.S. Geol. Survey Mon. 51, 
pp. 158, 196, 1912. Fossils (No. 34 n) found by F. B. Weeks, 1905. 
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Cambrian) 1 of 'the Hous~ Range, the middle 
limestone member with the Langston ( ~) lime
stoner and the uppermost shale with the shale 
at the base of the HQwell formation. The con
tr'ast between paleontologic and lithologic evi
dence is shown in the correlation table opposite 
page 31 and in figure 5. The beds in the 
Tintic region have not yet yielded fossils by 
which they may be correlated with the Black
smith Fork section of northeastern Utah,Z but 
lithologically, as.well as stratigraphically, they 
are approximately equivalent to the Langston 
limestone and the lower part of the Ute lime
stone. Walcott also regards the formation pro
visionally, on paleontologic evidence, as equiva
lent to the shale and limestone 100 to 325 feet 
above the Lower . Cambrian quartzite in the 
Big Cottonwood Canyon section of the Wasatch 
Mountains. The lowest 100-feet of the slate in 
the Tin tic district may be, like the lower beds at · 
the type locality, Ophir, of Lower Cambrian age. 

TEUTONIC LIMESTONE (MIDDLE CAMBRIAN). 

The Teutonic limestone, named from Teu
tonic Ridge, is in fact an upward continuation 
of the limestone members of the Ophir forma
tion and is well exposed from the town of 
Robinson, in ' the lower part of Mammoth 
Gulch, north;ward except where it is overlain by 
a short arm of rhyolite west of Packard Peak. 
It is also exposed south of the road fork east 
of Burriston Canyon (Pl. I ) and presumably 
on Long Ridge. The following sections show 

·its thickness· as well as its variations and re
semblance to the limestone members of the 
Ophir: 

Sections of Teut?nic limestone. 

1. Saddle east of Quartzite Ridge. 

2 .. Spur northwest of Dagmar shaft . . 

[A continuation of section 4 of Ophir formation.] 
Feet. 

7. Same as No. 5 in section 1. ....... : ........ : ... } 

6. D~~~~~l~~. ~-o~~l~~- ~~~1~- -~r- -t~-i~--~~~~~~. ~-~~~ 268+ 

5. Limestone like No. 5 in section 1, ·weathering 
light gray................................... 24 

4. Dark-bluishlimestonewithlight-brownish bands. 87 
3. Mottled shaly limestone......................... 26 
2. Dark-bluish limestone with dark spots size of pea 

on weathered surface. . . . . . . . . . . . . . . . . . . . . . . . 64 
1. Dark-blue limestone strongly striped with yel

lowish-brown bands.......................... 95 

564+ 

The spotted (pisolitic) variety (No. 2 of sec
tion 2) is especially characteristic north of 
Eureka Gulch, where it forms thin lenses or 
beds. From Uenny Lind Canyon northward it 
is consi~erably silicified in places and leaves a 
reddish soil oh weathering. The mottled shaly 
and thin-bed(led dark-blue varieties are per~ 
haps the mos~ conspicuous. In places the shaly 
blotches or bands, usually yellowish brown, 
have we a the~ed · pink or red, and the rock is 
identical in appearance with parts of the Her
kimer and Opohonga limestone. Where fault
ing has offset the different beds, as north or 
.Eureka Gulch, these close resemblances may 
easily cause confusion in the stratigraphy. It 
is only by location of the Dagmar limestone 
and the top shale member of the Ophir forma
tion that the fm.ottled shaly variety of the inter
vening Teutonic limestone can be accurately 
determined. A thin, very fine grained siliceous 
bed was noted north of Jenny Lind Canyon just 
south of the rhyolite contact. The Teutonic 
limestone has not yet yielded any fossils· but 
lies betweerr known Middle Cambrian beds. · 

[A continuation of section 1 of Ophir formation. (See fig. 4.)] 
Feet. I 

I . 
. DAGMAR LIMESTONE (MIDDLE CAMBRIAN). 

The argillaceous bagmar limestone, named 
from the Dagmar fine, extends, with in"ter
ruptions by pumeir s faults, from Mammoth · 

77 Gulch to the nort boundary of the Tintic 

5. Dark-gray finely banded argillaceous limestone, 
cross-bedded in upper part, weathering light 
gray ................... . ................... . 

4. Dark-blue limestone with countless veinlets ... . 
3. Fault breccia ................................ . 
2. Dark bluish-gray limestone with countless vein-

114 

30 - I 
quadrangle, althou 1 from Jenny Lind Canyon 
northward it is fo~ the most part concealed 
beneath rhyJlite and debris. It is also poorly 
exposed south of the road fork in the East 
Til).tic Cambrian area and also just below the 
East Tintic Development Co.'s shaft. Its 
thickness is close to 100 feet throughout the 
mining district p:roper, but at the north bound-· 
ary of the quadrangle it is only about ·7 5 feet -
thick. Its color on fresh fracture varies in 

lets ........................................ . 
1. Dark bluish-gray limestone, thinly bedded, rib

boned, or mottled with bands or small blotches 
of yellowish-brownargillaceousmateriai: ..... 

170 

175 

566 

1 L. D. Burling (C.anada Geol. Survey Mus. Bull. 2, Geol. ser. 17, pp. 
120-124, 1914) has recently discussed the age and extent of the Pioche 
shale and maintained that in the House, Oquirrh, and central Wasatch 
mountains its lower 100 feet is Lower Cambrian and the reniainder 
Middle Cambrian. It is possible that the lower 100 feet of the Ophir 
formation, which is nonfossiliferous, may be Lower Cambrian. 
~Walcott, C. D., op. cit., pp. 148-153. 

~RARY 

I . 

differ~nt layers from medium to dark gray, but 

I 
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its weathered surface is a uniform yellowish to 
grayish white (PL XI, A). Some parts are 
finely banded and dark; others consist of alter
nating lenses or layers of dense oolitic medium 
gray rock, with a few conspicuous grains ·of 
white calcite suggestive of fossil remnants. 
No recognizable fossils have yet been found. 

Other beds in the district _also weather 
nearly white, but they are more dolomitic and 
none are nearly so thick as · the Dagmar bed. 
The Dagmar limestone is therefore the most 
distinctive horizon marker among the lower 
formations in , the district, and it is this bed 
which serves more than any other to corre
late the strata north and south of Eureka 
Gulch. It is also a sure indicator of faulting, 
as shown by the distribution of faults indi
cated on the map (Pl. IV). Numerous faults 
doubtless exist elsewhere, but the inclosing 
strata are too uniform or too indistinctive in 
character for their detection. 

· HERKIMER LIMESTONE (MIDDLE CAMBRIAN). 

The Herkimer limestone (see Pl. XIII, 0) 
Iies along the east side of the Dagmar lime
stone as far ·as the south wall of Jenny Lind 
Canyon, where it unt...erlies a thin covering of 
red soil. From this locality northward it is 
concealed beneath debris, except along the 
divide near the northwest corner of the quad
rangle. It is named after the Herkimer shaft, 
east of Quartzite Ridge. It is also present in 
the limestone areas of the East Tintic district 
and east of Burriston Canyon. Its thickness 
is from 225 to 235 feet, although in thesecond 
saddle east of Quartzite Ridge repetition by 
faulting gives it an apparent thickness about 
100 feet greater. It is for the most part the 
typical mottled · shaly limestone, consisting of 
bluish-black dense carbonaceous limestone, 
mottled by thin discontinuous layers or: 
blotches of yellowish-brown material rich in 
iron and clay. The blotches in places pass 
from yellowish-brown into reddish shades and 
give the rock a striking resemblance to the 
Opohonga limestone. It also resembles a large 
part of the Teutonic limestone. No fossils 

· have been found in the Herkimer limestone. 

BLUEBIRD DOLOMITE (MIDDLE CAMBRIAN). 

DISTRIBUTION AND THICKN;E)SS. 

The Bluebird dolomite is well exposed along 
the crest of the southward-sloping spur east of 
the Herkimer shaft (see Pl. XI, B) and is 

easily traced over the crest of the ridge and · 
· down the north slope to the General Logan 
shaft, where it bends sharply westward and 
becomes lost in a confusion of fault blocks and 
breccia. North of Eureka Gulch and west of 
Cole Canyon it is well exposed along the back
bone of Bluebird Spur for nearly 3,000 feet, but 
farther north it is largely concealed beneath 
debris, though outcrops on spurs west and 
southwest of Porphyry Flat and along the 
divide in the northwest corner of the quad
rangle prove its continuity. It is also present 
in the East Tintic area, north of Burriston 
Canyon, where its stratigraphic position is 
considerably obscured by faulting. The thick
ness, roughly measured, on the west slope of 
the peak west of Eureka Peak is about 175 
feet. In the northwest corner of the quad
rangle it is about 200 feet. The apparent 
greater thickness in places north of Eureka 
Gulch is due largely, if not wholly, to the fact 
that the dip of the bedding and the slope of 
the surface are in the same direction. 

LITHOLOGY. 

The typical rock (see Pl. XII, A) is a dark 
bluish-gray fine-grained dolomite spangled 
with short white rods averaging 10 millimeters 
(two-fifths of an inch) in - length and 1 or 2 
millimeters in width. Individual grains of the 
rock proper average 0.2 to 0.3 millhneter; those 
of the white rods are slightly coarser. The rock 
proper shows practically no effervescence with 
cold dilute hydrochloric acid, but the white · 
rods give moderate effervescence, proving the 
mixture of some free calcite with the dolomite. 
When· dissolved in hot acid, the rock leaves a. 
black carbonaceous residue and gives a distinct 
odor of hydrogen sulphide. The white rods 
are straight or slightly curved and may be the 
remains of crinoid stems or corals, but no trace 
of original fossil structure is preserved. A 
few beds at higher horizons, especially in the 
Opex dolomite and Ajax limestone, duplicate 
the Blu.ebird dolomite in appearance, but they 
are all much thinner and the rocks underlying 
and overlying them are of different types. 

COLE CANYON DOLOMITE (MIDDLE CAMBRIAN). 

DISTRIBUTION AND THICKNESS. 

The Cole Canyon dolomite is best exposed 
on the first summit west of Eureka Peak and 
is readily traced southward and northward 
to. Mammoth and Eureka gulches, respec-
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tively, although near Eureka Gulch it is con- C02 (calculated), 41.77; total, 96.78 per cent. 
siderably offset by faulting, and its charac- A .few white grains or patches have outlines 

_ terist~c . appearance is' greatly obscured by . indicative of fossils, as do also some small 
?re~matwn and red~ish discoloration. · ~here · .. growths of chert; but. the only re~ognizable 
1~ a small exposure m contact with the intru- fossils were found by Weeks in 1905. 
sive Swansea rhyolite in Mammoth Gulch at · 
h 

CORRELATION, 

t e east end of Robinson village. North of The only fossil species identified is Obolus 
mcponnelli, found by We_eks 1, 700 feet above 
th(l} top of the Tin tic quartzite. A similar fossil 
COpolus sp.) was found at the same horizon by 
the writer .in 1913. Walcott, 1 on the strength 
of /thi~ ev~dence' _corre!a tes the beds provision
alltywith theMarJUm limestone (the c member) 
befween 2,22.5 a~d 2,4 75 feet above the thick. 
baFal quart.zite ~ the Hou~e Range section. 
THese rela twns are .shown m the correlation 

Eureka Gulch the formation is largely con
cealed, but the sea ttered exposures along the 
upper west slope of Cole Canyon are sufficient · 
to prove . its continuity to and beyond the . 
north boundary of the quadrangle, as shown 
on the maps (Pls. I and IV). It is also ex
posed in the East Tin tic district east and south
east of Knightville. Its thickness, measured 
just north of the Southern Eureka shaft is 

' 500 to 510 feet, the top and bottom being 
arbitrarily placed at the lowest and highest 
light-colored bed. · 

LITHOLOGY. 

The formation consists of a number of alter
nating beds, from .10 to 25 feet thick, with 
nearly white and dark-gray weathered sur
faces. The whitish weathered beds are me
dium to light gray on fresh fracture. Some are 
dense and finely banded, resembling some parts 
of the Dagmar limestone; others are very 
finely crystalline, single grains averaging about 
0.2 millimeter in di~meter, with scattered 
coarser white grains or patches, some of which 
suggest fossil remnants and others short vein
lets of dolomite and calcite in healed fractures. 
When dissolved in hot hydrochloric acid the 
dense finely banded variety proves to be rather 
argillaceous, leaving small quantities of a light 
brownish-gray clay residue, and the finely crys
talline variety proves to be a pure dolomite 
leaving practically no residue. . ~ 

The dark bluish-g~ay variety is stiU darker 
on ~resh fractur~ ap.4 finely crystallip,e, single 
grams averaging 0.2 millimeter or less in diam
eter. Some beds shotv fine banding, and other~ 
ob~cure mottling or clouding; still others are of 
uniform color and t~xture. This variety in
dudes a few thin fragmenfal layers (intra
formational conglo~erates) and a few thin 
~haly beds. The .tyfi?al rock when dissolved 
m ~ot hydrochloric fmd leaves a considerable 
r~sidue of black carbonaceous material and 
gives off an odor of hydl:'ogen sulphide. A par
tial analysis from o9e of these beds, given on 
page 623 of the ea~lier report, is as follows: 
SiOz, 8.77; Fe20 3 , 0.4~; CaO. 27.22; MgO, 18.5:i; 

table and in figure 5 (p. 31). . . l OPEX DOLOMITE (UPPER! CAMBRIAN). 

DISTRIBUTION. . 

he .Opex dolomite, named from the Opex 
min/ e, .includes seve. ral beds, mostly dark gray 
or bluish gray but of varying texture none of 
wfich are s.ufficiently distinctive to be trust
wrrthy 4?riZOn markers in Working out the 
~ocal stratigraphy. For this reason its position 
II_l the field can be determined only by recogni~ 
ti r n of the Cole Canyon and the Emerald dolo
m~te beds below and above it. It is as a whole 
p~orly exposed. A continuous section can be 
stp.died along the saddle west of Eureka Peak, 
wrere its top is marked by a thin bed of shale 
oTerlain by a . bed of limestone conglomerate; 
blflt north and south of this place it is mostly 
c1ncealed by debris in draws and gulches. 
PfLrt of it is probably present south of Mam
~oth, but its identity ~here has bee~ destroyed 
by contact metamorphism. The thm quartzite 
b~ds south !of Mammoth, shown on the map 
Cfl. IV), a~proximately mark its top in this 
vtcinit;r .. North of ·Eureka Gulc~ th~ Opex 
dolomite Is conce~led by the alluvmm m Cole 
c r nyon . · an~ . by debris-c. overed slopes farther 
nprth but ·ls moderately_ W~ll exposed Oll the 
t~p of: the b~oad spur south of Porphyry Flat. 
Its boundaries as· shown on the map of the 
~i1_1ing district (Pl. IV) are . therefo_re largely 
e' t1mated and not actually located: Near the ,., 
nprth boundary of the quadrangle little or none 
of it is present, and strata of probable Ordo
vrcian age rest upon the Cole Canyon dolomite. 
I~ the East T~tic' dis~rict it caps the low hill 

1 Walcott, C. D., op. cit., pp. 156, 197. 
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at the northwest end of the limestone area and 
may be obscurely exposed beneath the Ordo
vician on the north side of Burriston Canyon. 

THICKNESS AND LITHOLOGIC VARIATIONS . 

The exposed ·thickness and lithologic varia
tions west of Eureka Peak are shown below: 

Section of Opex dolomite west of Eureka Peak. 

Limestone conglomerate marking local base of 
Ajax limestone. 

5. Dark shaly limestone, mottled or thinly banded, 
with thin beds of true shale. Resembles the 

. Herkimer limestone and parts of the shaly 

Feet . 

The boundary between Middle and Upper Cam
brian, however, can not be definitely located 
within this 300-foot interval and is draWn. arbi
trarily at the uppermost colored bed in the Cole 
Canyon dolomite. 

OBSCURE UNCONFORMITY AT THE TOP OF THE UPPER 
CAMBRIAN. 

Evidenc~ of an unconformity at the top of 
the Upper Cambrian, though meager at any 
one place, is convincing when considered as a 
whole. The presence of quartzite and of lime
stone conglomerate with rounded pebbles (in-

Opohonga limestone ............... . ...... . 
4. Dark-gray granular dolomite, somewhat cross-

bedded ............................... . . . 
3. Light-gray granular dolomite, similar to the 

Emerald member of the Ajax limestone, al
ternating with and grading upward into 

85 traformational conglomerate is also present) at 

92 
the base of the Ordovician (Ajax limestone) 
points to emergence at certain localities. Peb
bles of Middle to Upper Cambrian limestone 
have also. been found in some conglomerate 

26 layers of the Opohonga limestone,which over-
13-18 

greenish and reddish shale ................ . 
2. Dark shaly limestone ........ _ ....... · ....... . 
l. Dark-gray dolomite; some beds mottled, some 

with short white spangles (like the Bluebird 
dolomite), some granular and :finely cross
bedded, some spotted either with small dark 
included fragments or with carbonacequs 
spots left by destroyed fossils ............ . 172 

388-393 

This section represents a portion of the lime
stone which has probably been locally thinned 
by squeezing and faulting, and whose upper 
boundary is an obscure erosion surface. The 
map (Pl. IV) and section (Pl. V, section B-B') 
show the existence of ubscure north-south faults 
and also a greater thickness of the beds in the 
lower workings of the Opex. The beds here 
are partly bulged by local contortions and flex
ing and probably also by the presence of a 
downfaulted wedge, but the data at hand are 
not sufficient to afford j1. detailed interp~eta
tion of the structure, and the true thickness 
of the formation is therefore not known. 
The formation is not well enough exposed any
where else in the district to permit a check on 
the measurements given. 

The al?ov:e section shows that any of the 
members may be confused with other forma
tions. if lithologic character alone· is considered. 

CORRELATION. 

lies the Ajax limestone. A noteworthy occur-
rence of this kind is in the isolated limestone 
area east· of Knightville, where scattered peb
bles typical of the Bluebird dolomite and a few 
higher Cambrian. horizons. are embedded in 
argillaceous limestone. The largest of the 
pebbles noted was 4 inches in diameter. Their 
presence shows that the Cambrian strata were 
exposed to erosion durmg a considerable part 
of Lower Ordovician. time. 

No angular discordance in the dip of beds 
has been fourid to mark the exact position of 
the unconformity, but the varying thickness 
and local absence of the Upper Cambrian, 
together with the evidence just presented, 
strongly suggest that although there is little 
or .no discordance in dip, some irregular break 
separates the Upper Cambrian from the Lower 
Ordovician strata. 

The extent of the unconformity beyond the 
limits of the East Tin tic Range is not known, as 
Ordovician strata have not been recognized in 
the ,neighboring ranges and are probably lack
ing in at least some of them. In the extreme 
northern and the southwestern parts of Utah, 
as well as in eastern Nevada, Ordovician strata 
are reported as resting conformably on Upper 
Cambrian strata. The unconformity between 
the Cambrian and Ordovician of the Tintic 
district is therefore evidently co~fined to cen
tral Utah, but nothing inore can be said of its 
areal extent. 

Weeks in 1905 found fossils in the Opex dol
omite about 2,000 feet above the Tintic quartz
ite, or somewhere within members 2 to 5 in 
the section just given, which he designated 
Lipper Cambrian. These fossils · were found REGIONAL coRR!;LATION OF THE UTAH CAMBRIAN. 

about 300 . feet above the Middle· Cambrian The accompanying correlation table gives a 
fossiliferous beds in the Cole Canyon dolomite. J comparison of the Tin tic Cambrian with W a}..; 
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cott's Cambrian sections in the House and 
Wasatchranges.1 -

The contrasts in thickness are more clearly 
shown in figure 5. No satisfactory correlation 
of the basal quartzite is yet possible, owing to 
the great difference between its thickness and 
that of other (completely exposed) sections of 
Cambrian quartzite. If the . Tintic qu::trtzite 
can be proved to be wholly Cambrian, its great 
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FIGURE 5.-Columnar correlation sections of the Cambrian of Utah· 
I, House Range; II, Tintic district; III, Big Cottonwood Canyon; 
IV, Blacksmith Fork. 

. thickness will indicate a considerable diversity 
in elevation of the Cambrian land. 

rfhe variation in age of the shale (or slate) 
just above the quartzite is shown by paleon
tologic evidence. It indicates subsidence of 
an undulating land surface which conti),ined 
elevated portions ih the region of the northern 
Wasatch and Onaqui ranges and possibly in 
the Tintic district. Comparison of the com
position of the Middle Cambrian rocks in the 
House Range, Blacksmith Fork, and Tin tic sec
tions shows a relative abundance of shale in the 
first two and of dolomite in the last. There is 
also a marked diffe~ence in thickness. The 
first two are about equal, and each 1s over 

1 Walcott, C. D., op. cit., pp. 148-158. 

twice as thic.k as the Tintic Middle Cambrian. 
The localities are too widely separated to war
rant an unreserved explanation, but it is per
tinent t.o point out certain possible relations to 
be tested by future work. Either the Tintic 
district was much farther from land than the 
other two and received less material, as sug
gested by the correlation of fossils; or else it 
must have been elevated above sea level dur
ing a part of Middle Cambrian time, and in that 
oase there may be at Tintio a concealed uncon
formity, either within the Midd~e Cambrian or 
between the Middle and Upper Cambrian. 

The Tintic Upper Ca:mbrian is less than one
third as thick as the Upper Cam brian of the . 
Blacksmith Fork section and less than one
eighth as thick as that of the House Range sec
tion. These differences are evidently due to 
the Cambrian-Ordovician unconformity in the 
Tintio district. 

ORDOVICIAN SYSTEM. 

AJAX LIMESTONE (INCLUDING THE EMERALD DOLOMITE 
MEMBER). 

DISTRIBUTION ~N:O. THICKNESS. 

The Ajax limestone, named from the Ajax 
mine, is for the .most part a dark bluish-gray 
cherty magnesian limestone but includes, 90 
feet above its base, a creamy-white dolomite 
bed of considerable stratigraphic and struc
tural importance, here named the Emerald dolo
mite member, after the Emerald mine. 

The lower 90 feet of the formation consists of 
dark-gray clouded dolomite or highlymagnesian 
limestone, partly cross-bedded an·d partly con
sisting o{ thin conglomeratic beds, containing 
many thin lenses and nodules of light-gray 
chert. The dark clouding or mottling in beds 
near the base is of interest owing to its asso
ciation with fossil remnants-white, partly sili- -
cified rodlike and branching fragments resem
bling annelid borings. (See Pl. XII, B.) 
These fragments· have broad _ black borders, 
more carbonaceous than the rest of the rock. 
In some of these fragments none of tl}e origi
nal fossil is now visible, but the carbonaceous 
-mottling ma.rks its former presence. Besides 
carbonaceous matter hydrogen sulphide is also 
present and can be detected by its odor when 
the rock is broken or dissolved. The cross
bedded and conglomeratic character and the 
presence of the quartzite beds south of Mam
moth -are of special interest as partial indica~ 
tions of an unconformity.· 
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The Emerald dolomite member is a persist
mit bed of almost pure dolomite, for the most 
part fine grained but containing small patches 
and veinlets of coarser grain. It is fr<;>m 30 to 
40 feet thick and is continuously exposed from 
Mammoth to Eureka. Near the Centennial 
Eureka shaft it is offset westward for about 
1,000 feet by a combination of faults. North 
of these faults it lies just west of the Centen
nial Eureka and Eureka Hills shaft but is 
mostly conoealed beneath debris. No:r:th of 
Eureka Gulch it is ahnost entirely ooncealed 
but has been recognized along the west slope of 
the 7 ;778-foot peak on the div~de in the north
western part of the Tintio quadrangle. South 
of Mammoth its identity has been destroyed by 
cop.tact metamorphism. 

The limestone above the Emerald dolomite 
member is mostly fine grained, cherty, and 
high in magnesia. Its upper part, however, is 
distinctly calcareous, as shown by the following 
analysis, quoted from the earlier report :1 Si02, 

4.33; Fe20 3, 0.63; CaO, 52.34; MgO, 0.60; C02 

(calculated), 41.78; total, 99.68 ·per cent. It is 
well exposed throughout the district from Mam
moth northward to a point within a mile of the 
north boundary of the quadrangle. Close to this 
boundary it seems to have locally thinned or to 
have merged in appearance with the overlying 

· Opohonga limestone, which is here unusually 
thick. I tis also presentsoutheastofMammoth, 
but its character in that area is much obscured 
by metamorphism. It has been noted at the 
southeast extremity of the Ordovician area 
just north of Burris ton Canyon and · along the 
southeast base of Pinyon Peak. 

The best exposures in the mining district are 
on the spurs extending southward from Eureka 
Peak and northward past the Centennial Eu
reka shaft house. Its upper part merges so 
gradually into the Opohonga limestone that no 
definite boundary can be drawn, and measure
ments of thickness, even irr sections near to
gether, differ by several feet. The transition 
is well. shown on'the west slope of Eureka Peak. 

· Here the typical cherty limestone passes into a 
rather thin band of shaly limestone of the 
Opohonga type; this is followed by a rather 
fine to coarse grained gray limestone, which in 
turn passes into a lighter-gray variety con
taining thin lenses of chert; the latter passes 
into the shaly Opohonga limestone, the lower 
beds of which are cherty. As nodules and thin 

1 Op. cit., p. 624. 

lenses of chert are the characteristic feature of 
the greater part of the Ajax limestone, the dif
ficulty of determining its upper boundary is 
obvious. The thickness between t4e Emerald 
dolomite member and the lowest shaly lime
stone of the Opohonga type is about 440 feet. 
North of Eureka Gulch there is less variation of 
texture in the upper part of the Ajax but the 
lower beds of the Opohonga limestone are more. 
persistently cherty and the line must be drawn 
according to the relative prominence of cherty 
or shaly character. The contact east of the 

. Black Warrior prospect and to the north may 
be anywhere within a zone 100 feet wide. 

AGE AND CORRELATION . 

The only fossils found in the Ajax limestone 
were a few poorly preserved gastropods col
lected at the southeast base of Pinyon Peak. 
These have been determined as Straparollus? 
sp. by Edwin Kirk, who s"tates that they 
strongly suggest a form found in the Pogonip 
limestone of Nevada. The occurrence of lower 
Pogonip fossils in the overlying Opohonga 
limestone thus places the Ajax limestone close 
to the base of the Ordovician. 

OPOHONGA LIMESTONE (LOWER ORDOVICIAN). 

DISTRIBUTION AND THICKNESS. 

The mottled shaly Opohonga limestone, 
named fro~ the Opohonga mine, is persis
tent and is easily identified by its character
istic appearance and relatively great thick
ness. It can be traced with no interruptions, 
except 'in Eureka and Mammoth gulches, 
from the north boundary of the district to 
the East Star prospect, a mile southeas~ of 
Mammoth. Southeast of Mammoth its base 
is obliterated by contact metamorphism and 
mineralization, which have affected a greater 
and greater thickness until at the East Star 
prospect only the topmost beds can be identi
fied. It is also present in the East Tintic 
district,· forming the isolated limestone area 
east of Knightsville and parts of the Ordo
vician strata around Burriston Canyon, Ho
mansville Canyon, and the lower east slope of 
Pinyon Peak. The exposure at Burriston Can
yon has been subjected to metamorphism and 
has lost most of its distinctive . characteristics. 

The indefinite location of the ·lower con
tact of the formation, with the Ajax lime
stone, has ~ready been mentioned. Its upper 
contact, though conformable, is sharply de-
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SPECIMENS OF OPOHONGA LIMESTONE SHOWING VARIATIONS IN TEXTURE. 

C. SPECIMEN OF HERKIMER LIMESTONE SHOWING CHARACTERISTIC 
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fined. The thickness at Eureka Peak is 825 stone, and their occurrence suggests that 
feet. At Mamm.oth, east . of the. Sioux Ajax! thln laye~s o(the calcare<?us. mud after d~po
tuimel, the thicklless of the recognizable rock j sition were exposed to drying and shrinkage 
i~ approximately 740 feet, the difference of

1 
and became cracked into flaky fragments 

85 feet being perhaps due in large part to which were moved and redeposited when 
the inde:firiiteness of the lower contact and1 the next layer was formed. No mud cracks 
to · the effects of contact metamorphism. or other marks characteristic of such con
In the northern part of the district, west of . ditions have . heen . identified, but the nearly 
the Paxman shaft, the thickness is approxi- vertical position of the 'beds is not favorable 
mately 700 feet, but at the north boundary for their exposure even if any are present. 
of the Tintic quadrangle the formatio~ appears Other conglomerate beds contain rounded 
to be at least 1,000 fe'et thick, though, as

1 

pebbles representing underlying formations. 
already suggested, this thickness may include The best example noted is in the isolated area 
a considerable part of the Ajax limestone, east of Knightville, wher'e there are a few 
which is there poorly defined. pebbles, the largest 4 inches in diameter, of 

LITHOLOGY. 

This rock has a striped to mottled or mosaic 
appearance· (see Pl. XIII, B, 0), bands or1 

short lenses of medium to light gray limestone 
alternating with bands of yellow to red argil
laceous material. These colors, however, are 
due to surface weathering; the rock in the 
underground workings of the Eagle ·and Blue 
Bell .and the Victoria mines is of uniformly 
light-gray color ("white lime") and is not 
at first easily recognized. It is characteristic 
for the gray limestone to form . eye-shaped 
bodies, or short lenses, from 1 inch to 2 
or 3 inches long, separated by finely banded 
ribbons of yellow to red shaly material. 
The prominence of red coloring is as a whole 
persistent and in this respect the Opohongd 
limestone differs from the Teutonic and 
Herkimer; but where the Opohonga is de
ficient in red or where the other two limestones 
show unusually large amounts of it, the three 
may be easily confused. The gray limestone 
bands or lenses of the Opohonga limestone ark 
as a rule of lighter shade than those of the 
other two, though this difference is not con
stant and is not a safe criterion for distinguish
ing among them; but where _ colors are con
fusing the great · relative thickness of the 
Opohonga limestone and its . contacts with 
the cherty Ajax limestone below and the Blue
bell dolomite above serve to identify it beyond 
dispute. 

Another noticeable feature of the Opohonga 
limestone is the great number of thin beds of 
conglomerate it contains, most of them intr~
formational. The fragments included in the 
conglomerate · are flakes of the gray lime-
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dark-bluish dolomite with white spangles 
typical of certain Middle and Upper Cambrian 
beds. The significance of . these pebbles i~ 
connection with the Cambrian-Ordovician un
conformity is stated on page 30. · 

The rock effervesces briskly when touched 
with cold dilute hydrochloric acid and develops 
a furrowed surface owing to the more rapid 
solution of the less argillaceous laminae. When 
completely dissolved it leaves a large residue 
of dark-gray to light-brownish clay. This 
brief chemical test is the safest means of 
distinguishing the rock underground from 
light-gray members of the overlying Bluebell 
dolomite. The latter gives little or no effer
vescence on fresh surfaces and leaves only a 
small gray re.sidue. 

CORRELATION. 

A few .poorly preserved fossils were found on 
the east slope of Eureka Peak, about 100 feet 
be1ow the base of the Bluebell dolomite. These 
have been determined by Edwin Kirk as Dal
manella cf. D. hamburgensis Walcott, Oyrtolites 
sp., Ophileta sp., and .Asaphus sp. (fragments), 
and are assigned by him to the lower Pogonip. 
(See paragraph on correlation of the Bluebell 
dolomite, p. 35.) One very poorly preserved 
gastropod was found north of Burriston Can
yon. This also suggests the Ordovician but is 
otherwise indeterminable. In color and tex
ture the rock (see table facing p. 30) has some 
resemblance to the 285 feet of Ordovician 
limestone which conformably overlies the Cam
brian in the House Range, and it is also similar 
in general appearance to much of the Pogonip 
limestone of Eureka, Nev. These lithologic 
similarities, though not trustworthy data for 
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correlation in themselves, are of interest in con
nection with the paleontologic data. 

BLUEBELL DOLOMITE (LOWER TO UPPER ORDOVICIAN). 

DISTRIBUTION. 

The Bluebell dolomite, named from the Blue 
Bell mine, is the most extensively exposed for
mation in the Tintic district proper. It crops 
out continuously from the base of Packard Peak 
southward to Eureka Gulch; a small isolated 
patch is barely exposed in the middle of the 
gulch; from Eureka it extends southward to the 
head of Mammoth Gulch, and thence it swings 
southeastward as far as Sioux Pass, where it is 
covered by volcanic rocks. In the East Tintic 
district it is exposed both north and south of 
Burris ton Canyon, but its characteristic appear
ance is largely destroyed by bleaching and 
partial recrystallization due to slight contact 
metamorphism. It is also exposed on both 
sides of Homansville Canyon and makes up the 
greater part of Pinyon Peak. 

'l'HICKNESS. 

The base of the Bluebell dolomite is every
where sharply defined against the Opohonga 
limestone. Its top is marked in most places 
by a thin quartzitic band (the Victoria quartz
ite), which has been noted at intervals from 
the northern part of the district southward to 
the slope below Mammoth Bluff and which is 
regarded as the basal formation of the Missis
sippian, resting unconformably on the Ordovi
cian. Where this quartzite band is not ex
posed it is impossible to separate the Bluebell 
sharply from the lower beds of the Gardner 
dolomite (Mississippian) and the upper limit is 
arbitrarily drawn at the highest exposed light
colored bed. On Pinyon Peak the Bluebell 
dolomite is overlain by the Pinyon Peak lime
stone of Devonian age. 

The thickness of the Bluebell dolomite can not 
be accurately stated. It is approximately 900 
feet north of Eureka and it appears to be only 
700 feet east of Eureka Peak; but in many 
places it appears much greater, owing to local 
flattening of the dip, to probable faulting, or to 
actual variations in thickness caused by the 
unconformity at its top. The most conspicuous 
of these places is the spur northeast of ~he Mam
moth mine, where the apparent thickness is 
more than double that east of Eureka Peak. 
No faults of considerable size could be recog
nized here on account of the general uniformity 

of the beds, but the rock is much shattered and 
contorted. The overlying Victoria quartzitic 
beds show no pronounced offset, and the only 
reasonable way to account for the great local 
thickness of the Bluebell dolomite is by attribu
ting it in part to the unconformity and assum
ing the occurrence of block faulting which has 
caused repetition of the beds, as suggested in 
Plate V, section B-B. The apparent difference 
in amount of offset along the mapped f~ults 
north and south of the Mammoth mine is due 
to the flatter position of the beds near the 
southern fault. 

In the northwestern part of the Tintic quad- -
rangle, about half a mile from the north bound
ary, the thickness is at least 1,000 feet. On 
the east slope of Pinyon Peak a rough estimate 
gives 1,100 feet or more, but the upper 400 feet 
may include Silurian or Devonian strata. On 
the long spur north of Pinyon Peak the total 
apparent thickness seems to have been increased 

·by faults, but the faults are concealed, and the 
exact conditions can be determined only by 
very detailed work beyond the limits of the 
quadran~le. 

LITHOLOGY. 

The Bluebell dolomite comprises an alter
nating series of beds that weather light and 
dark bluish gray, mostly of fine-grained but in 
part of medium to coarse grained texture. 
The fresh surfaces of both are medium to dark 
gray or bluish gray. Some beds, especially of 
the lighter variety, are finely banded. Some 
dark beds are mottled with extra dark car
bonaceous blotches. Both varieties so far 
as tested are dolomitic, yielding almost no 
effervescence when touched with dilute hydro
chloric- acid. The difference in the color of 
their weathered surfaces is due to the presence 
of more carbonaceous matter in the darker 
variety. Some of the lighter-colored beds are 
practically pure carbonate; others when dis
solved leave a small gray residue of clay. 
Between 100 and 200 feet above the base of 
the formation, throughout the district, the 
beds, both light and dark, contain a number of 
small nodules and thin seams of chert. There 
are also in places small patches, many of white 
sparry dolomite and some of chert, which are 
evidently altered fossil fragments; but no 
identifiable fossils ,hav~ been found associated 
with them. The Bluebell dolomite resembles 
the Cole Canyon dolomite in general lithologic 
character but can be distinguished by its 
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greater thickness and by the character of the 
formations below and above it. 

Certain local conditions, however, are likely 
to cause confusion of these two similar forma
tions. Thus the Eureka Gulch fault has placed 
the Bluebell dolomite on the north almost 
directly in line with the Cole Canyon dolomite 
on the south, and the fact that ore channels 
have been followed across the gulch without 
conspicuous offset may easily lead to correla
tion of the two dolomites as parts of one forma
tion; but the succession of formations, as 
shown in Pia te lV, proves that the two are in 
fact different. Another chance for confusion 
of the two dolomites exists in the East Tintic 
district, north of Burriston Canyon, where 
fauiting has brought the two near together and 
con tact metamorphism has obscured their 
characteristic appearance as well as that of 
the intervening strata. 

CORRELATION. 

Two lots of poorly preserved fossils were 
found in the Bluebell dolomite directly east of 
Eureka Peak. The specimens in the first lot, 
from the bottom bed, have been identified by 
Mr. Kirk as Maclurea annulata Walcott and 
Helicotoma sp. He states regarding these and 
the fossils found in the Opohonga limestone: 

Although the fossils are poor they show that these faunas 
are undoubtedly of Beekmantown (Lower Ordovician) . 
age. In the West they can be correlated with the lower 
Pogonip of Nevada, the Garden City limestone of north
eastern Utah, and the El Paso limestone of .Texas.-

The second lot, found in the middle part of 
the dolomite on the s~mit of a low knob, 
contained only one recognizable 'form, Sole
nopora sp. One specimen of Orthis sp. was 

· found on the north side of Homansville Can
yon just below the basal Mississippian beds. 
Regarding these two fossils Mr. Kirk says: 

The fossils in these two lots indicate post-Beekmantown 
Ordovician. Solenopora, supposedly a calcareous alga, is 
typically post-Beekmantown, and the Orthis finds its 
closest ally in rocks of Stones River age. · It is probable 
that the upper Pogonip carries post-Beekmantown Ordo
vician, with which these beds may be correlated. 

On the southeast slope of Pinyon Peak a few 
in.determinable gastropods and a specimen of 
Streptelasma sp. were found at horizons 400 
feet and more below the top of the dolomite. 
The Streptelasma, according to Mr. Kirk, 
' 'points clearly to the Richmond age of the 
containing beds. They may be correlated 
with the Lone Mountain limestone of the 

Eureka district, Nev., and the Fish Haven 
dolomite of northeastern Utah." 

The Bluebell dolomite therefore ranges from 
lower to Upper Ordovician, and it is possible 
that the upper 400 feet at Pinyon Peak may 
include Silurian or Devonia:n strata. The gen
erally uniform character of the formation, how
·ever, and the rather widely separated horizons 
at which fossils of critical stratigraphic value 
have been found leave no convenient means 
for dividing it definitely into members. 

According to Richardson 1 the Lower to 
Upper Ordovician is represented in northern 
Utah in the vicinity of Bear Lake by the fol
lowing strata, named in ascending order: 
Garden City limestone, 1,000 feet thick; Swan 
-Peak quartzite, 500 feet thick; and Fish Haven 
dolomite, 500 feet thick. According to Weeks 2 

Ordovician beds, including limestone overlain 
by quartzite, are present in the northern part 
of the Wasatch Mountains and range in thick-
! . 
ness from 500 to 2,000 feet in the country east 
of Ogden, but thin and, in places, _disappear 
south of the latitude of Salt Lake City. 

1 

The wi-iter 3 failed to find any strata equiv
alent to the Ordovician of the Tin tic district 
during reconnaissance work in the southern 
;half of the Wasatch Mountains, and Emmons 
and Spurr 4 did not recognize any in the Oquirrh 
Mountains. In the House Range 5 only 285 
feet, topping the Cambrian section, has been 
left by erosion. In the San Francisco and 
adjacent districts of southern Utah, according 

1
to Butler,6 limestone and dolomite of Lower 
Ordovician age -are present, passing upward 
into limy shale and quartzite. In the section 
at Eureka, Nev.,7 the type locality of the 
Pogonip limestone, the Pogonip is 2, 700 feet 
!thick and consists of a basal series of inter
strati:fied limestone, argillaceous beds, and 
sandy beds, which pass upward into distinctly 

1

bedded purer fine-grained bluish-gray lime-

1 Richardson, G. B., The Paleozoic section in northern Utah: Am. 
Jour. Sci., 4th ser., vol. 36, pp. 407-410, 1913. 

2 Weeks, F. B., Phosphate deposits in the western United States~ 
U.S. Geol. Survey Bull. 315, p. 451, 1906; also Phosphate deposits east . 
of Ogden, Utah: U. S. Geol. Survey Bull. 430, p. 359, 1910. 

a Loughlin, G. F., Reconnaissance in the southern Wasatch Mountains, 
Utah: Jour. Geology, vol. 21, pp. 436-452, 1913. 

4 Spurr, J. E., Economic geology of the Mercur mining district, Utah, 
with introduction by S. F. Emmons: U. S. GeoL Survey Sixteenth 
Ann. Rept., pt. 2, P- 362, 1895. 

[ 5 Walcott, C. D., Cambrian Brachiopoda: U. S. Geol. Survey Mon. 
51, p. 153, 1912. 

6 Butler, B. S., Geology and ore deposits of the San Francisco and 
adjacent districts, Utah: U. S. Geol. Survey Prof. Paper 80, pp. 28-32, 
11913. 

7 Hague, Arnold, Geology of the Eureka district, Nev.: U. S. Geol •. 
,Survey Mon. 20, p. 13, 1892. 
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stones. The typical Pogonip section is thus Utah, and beds at both the Jefferson and Three
much thicker than its equivalent in the Tin- forks horizons have been identified in the Ran
tic district and consists of highly fossiJ.iferous dolph quadrangle of northern Utah by Rich
limestone, whereas the Tin tic section is poor in ardson. 2 Strata equivalent in stratigraphic 
fossil~ and its upper part is dolomitic. In the position and lithologic character have been 
passage from a lower impure to an upper found by Blackwelder as far south as Mount 
purer and distinctly bedded limestone, the two Morgan, in northeaster;n Uti!h,S and recently 
sections are similar. Hintze 4 has described a series · of fossiliferous 

\ Devonian strata 1,000 feet thick, which he cor-
DEVONIAN SYSTEM. relates with the Jefferson, in ·the Cottonwood 

PINYON PEAK ~IMESTONE (UPPERl DEVONIAN). mining district of the central Wasatch Range. 
The only recognized Devonian rock in the This series rests in apparent conformity below 

Tintic district is a band of shaly limestone Mississippian beds, but contains no strata sug
about 150 feet thick, exposed along the upper gestive of Threeforks age. 
eastern slope of Pinyon Peak from its blunt The nearest occurrences of Devonian strata 
eastern spur southwestward to its base (Pl. I) to the south and west of the Cottonwood dis
and designated the Pinyon Peak limestone. trict are, so far as published descriptions show, 
It was not seen on the north spur of the peak. in the San Francisco district of southwestern 
On the east spur of the peak it is separated Utah and the Eureka district of eastern Nevada. 
from the base of the Mississippian by a very In the San Francisco district Butler 5 has 
slight angular unconformity and · rests con- found a . dolomitic limestone, 1,500 feet thick, 

· formably upon the Bluebell dolomite. On of undetermined age (Silurian~' Devonian~), 
the north spur the basal quartzi tic beds of the overlain by a calcareous fossiliferous shale, 50 
Mississippian rest on dolomite of Ordovician feet thick, which rests conformably beneath the 
or later age, and to the south, at Homansville Mississippian. The fossils in the shale prove it 
Canyon, the Mississippian rests on Middle to be Upper Devonian. In the Eureka dis
Ordovician dolomite. trict, Nev.,. Hague 6 found 6,000 feet of Lower 

The Pinyon Peak limestone· is very similar to Upper Devonian limestone overlain by 
in' general lithologic character to the Opo- Upper Devonian shale. The Tintic Devonian 
honga limestone. Its bedding surfaces pre- helps to bridge the gap between these two local
sent many markings, including mud cracks, .ities and those in the Wasatch Mountains, but 
flattened shaly flakes, and possible worm trails. its thinness compared to the other sections sug
Fine .fossil fragments are also abundant but gests that the Devonian .sea was in places un
only a few recognizable forms were found. usually shallow and may not have been con
These were determined by Mr. Kirk as Pleu- tinuous over central Utah. 
rotomaria sp., Cyathophyllum sp., Rhombopora The ranges immediately west and south of 
sp., and Spirifer sp. They indicate Upper the East Tintic Mountains do not, so far as 
Devonian (Threeforks ~) age, but none of them reconnaissance surveys by the writer have 
are of sufficiently critical value to render this shown, present any sections within which De
correlation final. vonian strata are to be expected, and therefore 

As already suggested, the upper 400 feet of they throw no light on the problem. 

the underlying dolomite may be wholly or in UNCONFORMITY AT THE BASE OF THE MISSIS
part of Devonian age and in that case may be SIPPIAN. 
correlated,. on both stratigraphic and litho-
logic grounds, with the Jefferson dolomite. The presence of an unconformity at the base 

The occurrence of Devonian strata in the of the Mississippian in Utah has not been gen-

Tintic district is of interest as an indication of 
the former continuity of the Devonian over an 
area in which it has heretofore not been found. 
The Jeffe~on dolomite (or limestone) has been 
shown by Kindle 1 to extend southward into 

1 Kindle, E. M., The fauna and stratigraphy of the Jefferson limestone 
in the northern Rocky Mountain region: Bull. Am. Paleontology, vol. 
4, No. 20, 39pp., June 5,1908. 

2 Richardson, G. B., The Paleowic section in northern Utah: Am. 
Jour. Sci., 4th ser., vol. 36, pp. 407-412, 1913. 

a Blackwelder, Eliot, New light on the geology of the Wasatch Moun~ 
tains, Utah: Geol. Soc. America Bull., vol. 21, pp. 527-528, 1910. 

'Hintze, F. F.,jr., A contribution to the geologyoftheWasatchMoun
tains, Utah: New York Acad. Sci. Annals, vol. 23, pp. 108--109, 1913. 

5 Butler, B. S., Geology and ore deposits of the San Francisc and 
adjacent districts, Utah: U. S. Geol. Survey Prof. Paper 80, pp. 29-35, 
1913. 

6 Hague, Arnold, Geology of the Eureka district, Nev: U. S. Gool. 
Survey Mon. 20, pp. 13, 63-84, 1892. 
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erally recognized, but the evidence in the Tin
tic district is proof of its existence, and data 
from other places indicate that it extends well 
over the central part of the State. The irregu
larity and loca_l disappearance . of . pre-Missis
sippian strata in the Wasatch Mountains has 
been attributed by Weeks 1 mainly to nonde
position, although Blackwelder 2 mentions "an 
obscure and probably unimportant unconform
ity" near or at the base of the Mississippian east 
of Ogden. Noothermentionhas been published, 
so far as the writer is aware, of any unconformity 
at the base of the Mississippian, but in the Tin tic 
district the lithologic character of the Victoria 
quartzite and its slightly unconformable posi
tion upon the Pinyon Peak limestone, together 
with the general absence of the Pinyon Peak 
and the variation in thickness of the Bluebell 

. dolomite beneath it, indicate that an erosional 
unconformity exists . . 

The present general uniformity in strike and 
dip of . the Mississippian beds and the older 
strata in contact with them shows that the pre
Mississippian strata must have lain nearly" or 
quite horizontal while the Mississippian was 
being dep'osited. They must have ·been ele
vated in late Devonian tim:e and submerged in 
early Mississippian time, without . con~picuous 
folding. Some idea of the amount of erosion 
during this short period of elevation cari be 
gair-ed from the variation in thickness of the 
pre-Mississippian strata. In the northwestern 
part of the Tintic quadrangle the Bluebell dolo
mite is at least 1,000 feet thick, but in parts of 
the mining district proper it is only 700 feet 
thick. At Pinyon Peak it is at least 1,100 feet 
thick and is overlain by 150 feet of Devonian 
limestone; at Homansville Canyon, · I! miles 
to the southward, it is only about 500 feet 
thick, and this implies that a thickness of 750 
feet of strata was· removed by Devonian and 
Mississippian erosion. 

This amount · is indicative ,of a moderately 
irregular topography and, together with the 
general absence of the Pinyon Peak limestone 
elsewhere in the district, suggests strongly 
that the unconformity extends far beyond the 
limits of the Tintic quadrangle. The evi
dence set forth below lends strong support to 
this s~atement. The writer~s observations in 

1 Weeks, F. B., and Ferrier, W. F., Phosphate deposits in western 
United States: U. S. Geol. Survey Bull. 315, p. 451, 1906. . 

2 Blackwelder, Eliot, Phosphate deposits east of Ogden, Utah: U. S. 
Geol. Survey Bull. 430, p. 539, 1910. 

the Wasatch · Mountains from Mount Nebo 
northward to the Cottonwood district 3 have 
shown the Mississippian limestone resting on 
Middle Cambrian limestone at several -places. 
In .. North Canyon, in · the Mount Nebo ridge, 
and at Santaquin the relations, to judge from 
lithologic evidence, are much the same as at 
Homansville Canyon, in the East Tintic 
Mountains. In the Provo and American 
Fork districts the thickness of pre-Mississip
pian limestone is much less, and in places 
the Mississippian may even rest on the shale 
just above the Cambrian quartzite; but in 
the Cottonwooq district, 4 or 5 miles farther 
north, 1,000 .feet of Devonian limestones are 
present be.tween Mississippian and Middle 
Cambrian strata.4 No .evidence of angular 
unconformity has been found here, but the 
absence of shaly Upper Devonian limestone 
Ulay be of some significance. In the Uinta 
Mountains Emmons 5 and Weeks 6 found the 
Mississippian limestone resting in part on Or
dovician ~quartzite and in part on Cambrian 
shale, the Ordovician pmching out. 

In the northern Wasatch 7 and Bear River 
Plateau 8 regions all ages from Lower Cam
brian to Mississippian are represented, and 
no unconformity has· been recognized in them 
other than the obscure .one mentioned by 
Blackwelder (see above), where Devonian 
strata underlie the ·Mississippian. In the 
Oquirrh Mountains Butler 9 has found only 
1200 feet of limestonee, presumably Cam
brian, _between the Cambrian quartzite and 
fossiliferous Mississippian limestone. Here 
again no positive evidence of an unconformity 
is known .. The .writer, during reconnaissance 
work in ranges west and south of the East 
Tintic Mountains, found only Cambrian and 
Mississippian formations and did not find these 
in contact, except ·perhaps along an obscure 
overthrust in the West Tin tic mining district. 
There are no data at hand to explain the 
absence of interv~ning ·formations in these 

s Loughlin, G. F., Reconnaissance in the southern Wasatch Moun
tains: Jour. Geology, vol. 21, pp. 436-452, 1913. 

4 Hintze, F. F., jr., A contribution to the geology of the Wasatch 
Mountains, Utah: New York Acad. Sci. Annals, vol. 23, pp. 108-113, 
1913. 

6 Emmons, S. F ., Uinta Mountains: Geol. Soc. America Bull. , vol. 18, 
p. 296,· 1907. 

e Weeks, F. B., Stratigraphy and structure of the Uinta Range: Geol. 
Soc. America Bull., vol. 18, pp. 432-438, 1907. 

1 Blackwelder, Eliot, New light on the geology of the Wasatch Moun'
tains: Geol. Soc. America Bull., vol. 21, pp. 518etseq., 1913. Blackwel
der's section· is based on the work of several writers, to wliom'lie refPrs. 

s Richardson, G. B., Am. Jour. Sci., 4th ser., vol. 36, pp. 400-41'6, 1913. 
9 Butler, B. S., oral communication to the writer. 
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ranges. In the Lakeside Mountains, west 
of Great Salt Lake, the writer in a hasty trip 
found Mississippian limestone resting on beds 
similar to the Opohonga (Ordovician) dolomite 
of the Tintic section, but no fossils were 
found to prove the age of these beds, and there 
was no opportunity to study the contact.1 

In the San Francisco district, in the south
western part of the State, Butler 2 found 
Ordovician, Silurian,3 and Devonian strata 
present in conformable succession, aggre
gating about 9,350 feet in thickness, and con
formably overlain by the Mississippian. In 
the Eureka section of eastern Nevada Ordo
vician, Silurian, and Devonian strata are pres
ent, aggregating 13,000 feet. An unconformity 
exist~ there within the Ordovician,4 ·but none 
was noted between the Devonian and Missis
sippian ("Lower Carboniferous"). 

The evidence just cited points to a.n eleva
tion during late Devonian time of land in the 
central part of the State, but not in the ex
treme northern and southern parts and pos
sibly not in the western part. The central 
area corresponds reasonably well with the Utah 
land,5 or "positive element," in Schuchert's 
paleogeographic maps. This land suffered ero
sion sufficient to remove the Devonian com
pletely in some places and much or all of the 
Ordovici~n in a few places, and it underwent 
a general submergence in. early Mississippian 
time. The failure to find exposures of pro
nounced angular unconformity in the Wasatch 
country leaves the evidence not entirely convinc
ing, but the dissimilarity between neighboring 
stratigraphic sections in the areas here noted, 
when considered in connection with the more 
detailed evidence in the Tintic quadrangle, is 
strongly indicative of unconformity. 

It may be of interest before dismissing the 
subject to recall the evidence of uplift in cen
tral Utah at several periods during Paleozoic 
time. The tentative correlation of the Ophir 
formation with the Howell instead of the Pioche 
formation of _the House Range suggests a very 

I Hintze (op. cit., p. 106) states that the Lower Ordovician (Beek
mantown) horizon is represented in the .Lakeside Mountains. 

2 Butler, B. S., Geology and ore deposits of the San Francisco and 
adjacent districts, Utah: U. S. Geol. Survey Prof. Paper 80, pp. 28 et 
seq., 1913. 

B.Hague, Arnold, Geology of the Eureka district, Nev.: U. S. Geol. 
Survey Mon. 20, p. 13, 1892. 

• The Lone Mountain limestone, assigned to the "Upper Silurian" 
by Hague, is now regarded as Upper Ordovician and Silurian, contain .. 
ing fossils of Richmond and Niagaran ages, according to Edwin Kirk. 

5 Schuchert, Charles, Paleogeography of North America: Geol. Soc. 
America Bull., vol. 20, p. 464, pl. 49, 1910. 

slight elevation of the present Tintic district at 
the end of Lower Cambrian time. The much 
smaller total thickness of the Tintic Middle 
Cambrian section in comparison with those of 
the House and northern Wasatch ranges, 
though not offering convincing evidence, may 
imply an elevation in central Utah during a 
great pArt of Middle Cambrian time. The 
Cambrian-Ordovician unconformity in the 
Tintic district is proof of another, possibly the 
third period of local elevation. The absence 
or at least the marked thinness of Silurian and 
Lower Devonian dolomite in the Tintic distrjct 
indicates either a local emergence of land or a 
shallowing of the sea between the Ordovician 
and late Devonian. The Devonian-Mississip
pian un~onformity marks possibly the fifth, 
and, according to available evidence, the most 
extensive emergence of land in central Utah 
prior to the deposition of Mississippian strata. · 

CARBONIFEROUS SYSTEM (MISSISSIPPIAN 

SE_RIES). 

VICTORIA QUARTZITE (LOWER MISSISSIPPIAN). 

DISTRIBUTION AND THICKNESS. 

The Victoria quartzite, named from the Vic
toria mine, is of small but variable thickness 
and includes alternating beds of limy quartzite 
and siliceous limestone, some of them con
glomeratic. They are noteworthy as the 
markers of an unconformity between the Mis
sissippian and older strata. The quartzi tic beds · 
do not form conspicuous outcrops and are easily 
overlooked; furthermore, the~r succession and 
composition vary from place to place, and in 
some exposures at the proper horizon ·distinct 
quartzitic beds may be missing. Scattered 
outcrops have been noted from a point near 
the north boundary of the district as far south 
as the slope below Mammoth Bluffs, where it is 
cut off by a strong fault which on its south 
~ide has carried all post-Ordovician strata above 
the present erosion surface. 

The thickness of the quartzi tic beds on the 
slope below Mammoth Bluffs was measured by 
Tower and Smith 6 as follows: 

Feet. 
26. Sandy limestone, quartzitic at base....... . . . . . . . 10 
25. Gray limestone.................................. 25 
24. Sandy limestone and quartzite ... ~............... 50 

85 

On the spur. between Eagle and Gardner 
canyons a zone of approximately the same 

a Op. cit., p. 625. 
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thickness contains conglomeratic beds in addi
tion to those of quartzite and sandy limestone. 

On the north wall of Homansville Canyon, in 
its middle portion, about 250 feet above the 

. railroad, the horizon of the beds is represented 
by a few small exposures. of conglomeratic beds 

faces are yellowish, pinkish, or reddish. Both 
pebbles and matrix are dolomitic, the matrix 
containing a varying amount of quartz grains. 
The pebbles for the most part are of the same 
general type as the Bluebell dolomite . 

STRATIGRAPHIC POSITION. 

that separate fossiliferous Mississippian lime- Although no fossils have been found in this 
stone from Middle Ordovician dolomite, but quartzitic zone, its presence at the base of the 
these beds can not be traced any considerable Mississippian limestone and the evidences, 
distance owing to the talus and brush which already cited, of an unconformity beneath it 
cover the slopes extending northward from the show that it is the basal formation of the 
canyon. Along the railroad two-fifths of a Mississippian. 
mile farther east the horizon is marked by two 
or three quartzite beds, 2 to 4 feet thick, alter- GARDNER DOLOMITE (LOWER MISSISSIPPIAN). 

nating with limestone; the lowest quartzite bed DISTRIBUTION AND THICKNEss. 

rests on Ordovician dolomite. East of the The Gardner dolomite is recognized as a 
summit of Pinyon Peak there is only one limy distinct formation because it contains a great 
quartzite bed, less than 2 feet thick; on the variety of recognizable fossils,- most of which 
north slope of the peak there are two thin . were found on the spur. west of Gardner Canyon. 
quartzite beds separated by one of limestone It is well exposed on the eastward-sloping spurs 
conglomerate containing light-gray subangular north of Packard Peak, but between that 
pebbles that resemble the lighter members of locality and Eureka . Gulch it is mostly con
the Ordovician dolomite. Thin beds of quartz- cealed and the thin strip shown on the map 
ite also mark the base of the Mississippian on (Pl. IV) is recognizable principally because of 
the long spur 1 t miles north-northwest of the its position east of the Victoria quartzite. 
summit of Packard Peak, but such beds are From. Em:eka ·Gulch it extends southward to 
either absent or concealed elsewhere in this the slope below Mammoth Bluffs, where it is 
part of the quadrangle. A thin quartzitic abruptly cut off by a strong zone of east-west 
band, in nearly the same stratigraphic position, faults. In the East Tin tic district it is poorly 
was also noted on the ridge south of the exposed on the ridge south of Burris ton Canyon. 
Scranton mine, in the North Tintic district. - It also forms the summits and western. slopes 

LITHOLOGY. 

The quartzite beds in the Tintic district 
proper are of light-yellowish to pale-brownish 
color on weathered surfaces and may have a 
very pale ·pink tinge on fresh fracture. They 
are mostly of fine, even-grained texture, but 
they include small _ q":lartzite pebbles an inch 
or more in diameter. On the application of 
dilute acid the rock shows slight to moderate 
effervescence. The quartzite pebbles may have 
been derived from Cambrian quartzite, but it 
is possible that, in part or wholly, they repre
sent Ordovician or Silurian strata now com
pletely eroded, as Ordovician quartzite is 
present in the northern Wasatch Mountains and 
the San Francisco district, and late Ordovician 
quartzite occurs in the Eureka district, Nevada. 

The limestone ranges from fine and medium 
even grained to conglomeratic, and the coarser 
beds contain limestone pebbles as much as 2 
inches in diameter. The pebbles are mostly 
of bluish-gray color, but their weathered sur-

of Pinyon Peak and the ·hill immediately so~th. 
The top of the formation is mapped at the 

base of the lowest exposed black cherty beds 
of the Pine Canyon limestone, but this is only 
an indefinite boundary where exposures are 
not continuous. A black shaly bed about 100 
feet thick and at about the same horizon would 
be a better boundary marker, were it not so 
poorly exposed. Whether it lies below or 
above the lowest black cherty bed has not be«:;~n 
determined, but its presence indicates approx
imately the top I of the Gardner formation. 
The true thickness of the formation is not 
known, both because of the indefinite upper 
limit and because of flexures and faults which 
are known to exist but which are too obscure 
to be mapped accurately. The section meas
ured by Tower and Smith during the. first 
survey shows a thickness of only 435 feet 
between the Victoria quartzite and the lowest 
black cl}erty beds. This amount may be _ too 
small, o

1
wing to the possible elimination of a 

portion of the strata by concealed north-south 
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faulting. East of Eureka Peak, on ·the other 
han~, the apparent thickness is at "least 800 · 
feet, but this is evidently due in part to repeti
tion by the Emerald-Grand Central fault, 
whose exact position at this place is concealed. 
The thickness exposed in the Yankee shaft is 
about 700 feet, but no beds corresponding to 
.the Victoria beds have been cut here, and this 
amount must be considered only an approxi
mation of the true thickness. 

LITHOLOGY. 

The greater part of the formation is fine
grained gray to dark bluish-gray dolomite con
taining an abundance of silicified fossils. 
Small chert nodules are present in some beds 
but are not especially conspicuous. Inter
stratified with the dolomites are a few beds of 
black dense carbonaceous limestone. East of 
the Victoria mine the rocks are much fractured 
and contain veinlets of white " sparry" dolo
mite. Both the dolomite and the limestone, 
when dissolved, leave an abundant residue of 
fine siliceous grains (mostly fossil remnants) 
and carbonaceous material. They leave an 
oily film on the surface of the solution and give 
a pronounced odor of hydrogen sulphide. 

At or near the top of the formation is the bed 
of black highly carbonaceous and pyritic shaly 
limestone, mentioned above, which is about 
100 feet thick. It is cut on the 500-foot levels 
of the Northern Spy and Iron Blossom No. 3 
mines, the 900-foot level of the Beck Tunnel 
No. 2 shaft, and the 1 ,300-foot level of the Y an
kee shaft, but it is not well exposed at the sur
face and its exact stratigraphic position is not 
known. The top of this bed forms a water
course in the Yankee mine. A similar but 
thinner. bed is cut at the 1 ,800-foot level of the 
Yankee mine. These carbonaceous beds dis
integrate readily and are likely to be covered 
by loose -detritus or soil on the surface slopes. 

CORRELATION. 

Fossils in the Gardner dolomite have been 
found at four different localities and have been 
determined by G. H. Girty, of the United States 
Geological Survey, as follows: 

Lot 1, from the fiat spur on the west side of Gardner Can-
yon due west of the southwest summit of Godiva Mountain: 

·· Zaphrentis sp. · 
.Clisiophyllum sp. 
Crinoid sterns. . . 
Cri:rwidal fragments. 
Camaroto~chla· sp. · 

·{·J' 

Spirifer centronatus. 
Spirifer sp. 
Syringopora surcularia? 
Composita humilis? 
Reticularia? sp. 

Lot 2, from the southwest slope of G:odiva Mountain be-
low the trail: 

Zaphrentis. 
Syringopora surcularia . 
Composita humilis. 

Lot 3, from the low knob about 4,500 feet N. 80° E. of 
the summit of Sioux Peak: 

Syringopora surcularia? 
Aulopora sp. 
Composita humilis. 
Euomphalus luxus. 

Lot 4, from the top of the main east-west ridge due south 
of the Scranton mine, North Tintic district: 

Cystodictya sp. 
Chonetes illinoisensis. 
Cliothyridina aff. C. hirsuta. 
Conocardium sp. 
Euomphalus luxus. 

Although most of the collections taken individually are 
almost too small to permit a satisfactory determination of 
their geologic age, yet taken together they indicate it with 
reasonable clearness. * * * Lots 1, 2, and 4, * * * 
which I understand were obtained from the same forma
tion, give a combined fauna that can be recognized with 
some certainty as indicating the horizon of the Madison 
limestone. Similarly lot 3 shows pretty clearly the same 
facies , that of the Madison. 

Comparison with Spurr's Mercur section 1 

suggests the correlation of the black carbona
ceous bed at Tintic with the upper blackshale 
bed at Mercur, whose thickness is somewhat 
more than 100 feet, but it is by no means cer
tain that a bed only 100 feet thick persists 
throughout the distance of about 30 miles 
between the Tin tic and Mercur districts. 

PINE CANYON LIMESTONE (LOWER AND UPPER 
MISSISSIPPIAN). 

DISTRIBUTION AND THICKNESS. 

The Pine Canyon limestone makes up the 
greater part of Godiva Mountain, Sioux Peak, 
and Mammoth Peak. It crops out continu
ously with steep or vertical dips from the north 
base of Godiva Mountain as far south as the 
east-we8t fault zone east of ·Mammoth, beyond 
which relative upward movement due to the 
fault and subsequent erosion have wholly _ 
removed it as well as the Gardner dolomite. 
In Pine Canyon, between Godiva Mountain 
and Sioux Peak, . and again ea-st of Mammoth 
Peak it can be followed ·eastward beneath the 
·Humbug forma·tion with flattening dip to· and 
beyond the · Eureka Hill .Railroad, where · it 

1 Spurr, J. E., op. cit., pp. 375,371. 
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crosses the synclinal axis and is exposed . con
tinuously, with a gentle westerly dip, from the 
Yankee mine on the nort.h to the Mammoth 
fault zone on the south. It is bounded on the 
north and east by the overlying volcanic rocks, 
except east of the Colorado mines, where the 
underlying Gardner dolomite is exposed. It 
also occurs extensively in the northern pa~t of 
the quadrangle from the spurs west of Fremont 
Canyon eastward to the summit of Pi~yon 
Peak. 

Its thickness, like that of the Gardner dolo-
mite, can not ·be accurately determined, but 
estima t'es based . on . the sections in the Beck 
tunnel No. 2 and < Yankee shafts g~ve about 
1,000 fe~t. 

. 'LJTHOLOGY. 

There are two principal varieties which alter
nate irregularly throughout.. One is a nearly 
black,. dense, rather thin-bedded limestone con
taining large nodules of black chert, man ynearly 
a foot in diameter, and a few thin beds of black 
chert. The largest nodules are found along the 
top and west slope of Godiva Mountain, espe
ciallv the southwest. summit. The base of 
the formation is dr~wn along the lowest ex
posed cherty bed, but it is not certain that the 
lowest bed of all is everywhere exposed. The 
cherty beds break up on weathering into angu
lar blocks of varying size. 

The other variety, which is economically the 
more interesting, is most conspicuous in the 
upper beds. It is of medium to light gray 
color, medium to rather coarse grain, and dis
tinctly cross-bedded. Cross-bedding is espe
cially distinct in the walls of Pine Canyori 
along the wagon road. The rock is a nearly 
pure limest9ne, dissolving rapidly in cold 
dilute hydrochloric acid and leaving practically 
no residue. An analysis, quoted from the 
earlier report,t is as follows: Si02, 0.57; Fe20 3 , 

0.90; CaO, 55.22; MgO, 0.41; C02 (calculated), 
43.84; total 100.94 per cent. Small fragments 
of fossils are abundant in it and as a rule are 
easily detected. The ore bodies of the "Colo
rado channel" and of the Uncle Sam, Yankee, 
and May Day mines have been formed by the 
replacement of a bed (or beds) of this variety. 

Besides these two varieties there are inter
medjate phases, such as black noncherty beds, 
cherty coarse-grained beds, arid fine-grained 
light-gra_y beds. 

1 Tower, G. W., jr., and Smith, G. 0., op. cit., p. 625. 

CORRELATION. 

Poorly preserved· fragments of fossils, mostly 
Zaphrentis, are scattered through the cherty 
beds, but none of certain stratigraphic value 
were found. The fragments in the . coarse
grained limestone are mostly not determinable, 
but two species from lot 121 were determined 
by Mr. Girty. as Zaphrentiso sp. and Batosto
mella? sp. Mr .. Girty . states that this .lot, 
though representing v.~~y few species, appears 
to show a different fa1ma from the Madison, 
and he refers it tentatively to the upper Mis
sissippian. These· meager data are supported 
by more supstantial '(widence in the southern 
Wasatch Mountains just east .9~ Santaquin, 20 
miles northeast of t,he Tint1c · ·d~strict, .where 
in a section of thl same lithologic: ch~~aCter an 
ahq.ndant fauna, ·collected ·by the . writer in 
in 1912 and determi.ned .by Mr~ Girty, makes' it 
possible to correlate the grea.ter part of the 
cherty beds definitely with the · Madison lime
stone, and the upper part, including the coarse
grained limestone beds, tentatively with the 
upper Mississippian. According to this evi
dence, the lower and perhaps the greater part 
of the Pine Canyon limestone is of Madison age, 
but at least the upper 300 feet is tentatively 
regarded as upper Mississippian. It is not 
possible to separate the beds assignable to 
these two horizons in the field, because of the 
scarcity of determinable fossils and the ·abun
dance of cherty beds alternating with and over
lying the coarse~grained beds and persisting 
even in the overlying Humbug formation. 

HUMBUG FORMATION (UPPER MISSISSIPPIAN). 

The Humbug formation, which consists of 
alternating sandstone, shale, and limestone, 
is limited to the east slopes of Godiva Mountain 
and Sioux Peak ·and to three small areas near 
the north edge of the Tin tic quadrangle (Pl. I) 
east and west of Fremont Canyon. The follow
ing section, shows its thickness and alternations :2 

Section of Humbug formation on east slope of Sioux Peak. 

Brown·quartzitic sandstone_ . .. _. ------._----.--.-- 12 
Black fossiliferous limestone ___ . - - : - - . . - - - . - - . - .. - 25 
Brown sandstone __ - . -·_ - ... - . - - - - ... - .. - - - - - - - ... - 5 
Blue limestone.--_-.-_------- ... - ..... - .. ------.- 4 
Brown sandstone, in part quartzitic.-.- ..... -.--- ~- 90 
Bluish-gray limestone ____ . _ - . - - - - .. - - - - ... - . - ... - 3 
Sandstone and limestone. -_ . - . - . - - - - .. - . - - - - - - - - . - . 50 
Reddish sandstone ___ - - - - - - - . ~ - - - - . - . - . - . - . - . - - - - . 25 
Gray sandy limestone_ ... - ...... . ........ - . - .. - . . . 6 
Sandstone. -... - .. - - .. - ... - - - - - - - - - - - - - - ' - - - - - - - - - l 
Light-brown sandy shale-- .... -- .. -- .. -- ........... ~ 

250! 

2 Idem., p. 626. 
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The different members are intercalated lenses 
and the succession and thicknesses on Godiva 
Mountain are much · different fr0m those 
shown in the above section. The base is 
definitely drawn only where the lowest sandy 
or shaly beds are exposed. Some limestone 
members near the base may closely resemble 
beds of the underlying Pine Canyon lime
stone, and the boundary may easily be wrongly 
located where the bottom sandy or shaly bed 
is concealed. The higher limestone beds are 
dark blue to black and very fine grained to 
dense. The sandstones are greenish in color, 
weathering brown, and consist of rounded 
quartz grains cemented by calcite. Fossils 
especially fragments of Zaphrentis and of 
crinoid stems, are numerous. 

The 250 feet of strata foim but the lowest 
part of an extensive formation represented 
at Mercur by the "upper intercalated series" 
5,000 to 6,000 feet thick, the upper part of 
which, at ~east, is of Pennsylvanian age.1 The 
lower portions, however, and perhaps the 
greater part of this formation carries upper 
Mississippian fossils (collected by the writer 
in 1912 and determined by G. H. Girty) in 
the Lake Mountains, west of Lehi and 30 miles 
north-northeast of the Tintic district, and in 
the Wasatch Mountains, southeast of the Cot
tonwood district. The "intercalated series" 
thus appears to mark a transition from late 
Mississippian to early Pennsylvanian time,2 

and the Humbug formation, which represents 
its basal beds in the Tintic district, is therefore 
to be assigned to the upper Mississippian. 

IGNEOUS ROCKS. 

GENERAL FEATURES. 

The greater part of the Tintic quadrangle 
(see Pl. I, in pocket) is covered by igneous 
rocks. These are mostly . effusive but include 
a few necks or stocks and dikes. They con
sist for the most part of rhyolite, monzonite, 
latites, and perhaps andesites, with minor 

1 Spurr, J. E., op. cit., p. 377. 
2 Blackwelder has found an unconformity between the Mississippian 

limestone and the overlying Pennsylvanian formation ("red beds near 
Morgan'') in the upper canyon of Weber River, but concludes (New 
light 1:>n the geology of the Wasatch Mountains, Utah': Geol. Soc. 
America Bull., vol. 21, p. 530, 1910) that tb,e erosion interval must have 
been geologically brief, for fossils from beds above and below the uncon
formity have been determined by Mr. Girty as early Pennsylvanian. 
No corresponding unconformity has yet been reported west or south of 
this locality. 

quantities of basalt. The order of eruption 
is not perfectly known, for during neither the 
first nor the second survey was there sufficient 
time for a thorough study of this problem, 
the solution of which would require considerable 
investigation of areas remote from the niining 
districts of the Tin tic quadrangle. The present 
writer's study beyond the limits of the mining 
district was confined to three reconnaissance 
trips-one southward to Sunrise Peak and 
Volcano Ridge, one eastward along the northern 
edge of the main latite-andesite area, and one 
along the rhyolite-latite contact southeast 
of Homansville Canyon. The evidence found 
on these trips accords closely in all essential 
points with the conclusions publish~d in the 
earlier report, and the only noticeable differ
ence is that it affords data for a somewhat 
more detailed mapping in certain places and 
for the recognition of an earlier and later series 
of andesitic flows. The sequence of eruptions, 
so far as known, is as follows: Early latite or 
andesite, rhyolites, main latite-andesite group 
and monzonite, basalt. 

The gentle dips of the flows and their con
tacts with eroded or even talus-covered sedi
mentary rocks show that the eruptions took 
place long after the sedimentary :rocks had 
been folded, faulted, and eroded into topo
graphic forms much like those of to-day. 
Some extensive faulting, however, synchronous 
with that which developed the Basin Ranges, 
took place after the eruptions. 

EARLIER BIOTITE-AUGITE LATITE OR ANDESITE. 

Although no well-defined outcrop of andes
ltic rock older than the rhyolite has been found, 
the existence of such a rock has been proved by 
mic~oscopic study. Specimens of this rock 
were found on the dump of the Crown Point 
shaft, east of the Eureka Hill Railroad, near 
the head of the gulch which marks the south 
boundary of the silicified fluidal rhyolite. The 
shaft evidently passes through the rhyolite into 
the andesitic rock. Inclusions identical in 
microscopic character with the andesitic rock 
are present in the rhyolite, thus proving the 
existence of a prerhyolite andesite or latite. 

Exposures of highly altered lava that prob
ably belong to this earlier andesitic flow have 
been noted beneath the rhyolitic tuff at the 
head of Ruby Canyon and beneath the Packard 
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rhyolite, a mile farther north, at the bend in 
Burristo:tt Canyon. The rock in these expo
sures appears to have been originally an andesite 
or latite but is now too thoroughly bleached by 
sericitization and kaoliniz~tion to be more 
definitely determined. . 

The rock has a dark-purplish to nearly black 
color, weathering to pale pinkish, a dense, 
finely porphyritic texture, and a fine fluidal 
structure so like that of the fluidal rhyolite 
that -in the field the two rocks were believed to 
be the same. . The visible minerals are pia- , 
gioclase in lath-shaped crystals, 2 to 4 milli
meters long, with prominent twinning stria
tions, and biotite in minute, poorly defined 
flakes. Small ca vit~es mark the former pres
ence of another mineral which the microscope 
proves to have been augite altered largely to 
calcite. A little secondary quartz is present 
along the flow lines. 

In the one thin section studied the flow struc
ture is not noticeable except around the pheno
crysts. The plagioclase is zonal and shows 
both Carlsbad and albite twinning. Extinc
tion angles in ~ections normal to the twinning 
plane indicate an. average composition near 
Ab3o-35An704>5• · The extinction angle on· a 
010 section indicates a composition . for the 
innermost zone of Ab20An80 • The crystals as a 
whole are very free from alteration, but a few 
have gone slightly to calcite and sericite. The 
biotite forms automorphic crystals about 1 
millimeter long showing dark reddish-brown to 
nearly white pleochroism. Basal sections are 
distinctly marked by needles of sagenite 
(rutile). Some crystals are altered slightly to a 
:fine chloritic aggregate (delessite n, and all 
have altered to limonite 3long their edges. The 
augite is nearly all altered to pseudomorphs of 

· calcite with more or less chlorite, but enough 
is left to prove its identity. The original min
eral formed short automorphic prisms from 
less than 1 to about 2 millimeters long. Mag
netite and apatite are prominent as micro
phenocrysts, especially within and close to the 
augite crystals. The magnetite grains range 
from mere specks to irregular-grains nearly 1 
millimeter in diameter. Some of the larger 
grains appear like accretions of several small 
grains and poikilitically inclose apatite, small 
plagioclase laths, and small patches of ground
mass. The groundmass is composed of .min
ute feldspar laths, . fine granules pf the mafic 

minerals and their alteration products, and 
probably a little glass. Some of the distinct 
plagioclase laths are poikilitically embedded in 
material of slightly lower birefringence and no 
definite crystal out.line, which appears like 
orthoclase. The extreme fineness of the grouncl'
mass prevents any estimate of the relative 
quantity of the two feldspars, and it is not 
known whether the rock contains enough 
orthoclase to be classed as a latite. 

RHYOLITES. 

SUBDIVISIONS. 

Three large areas of effusive rhyolite and one 
of intrusive rhyolite were mapped during the 
earlier survey. The southernmost effusive 
_body, called the Fernow rhyolite, lies mostly 
to the south of the Tintic quadrangle, but its 
north edge is I-! miles north of the southern 
boundary, and scattered outliers are mapped 
as far north as Volcano Ridge. (See Pl. 1.) 
The northernmost body, to which no specific 
name was given, lies north of the quadrangle, 
except for a narrow prong at the northeast base 
of Pinyon Peak. These two bodies of rhyolite 
were not studied during the recent survey. 

The other effusive body, called the Packard 
rhyolite, and the intrusive body, designated the 
Swansea rhyolite, are described below in detail. 
Besides these, two minor occurrences of rhyo
lite, designated earlier rhyolite and rhyolite of 
Tintic Mountain, and one of rhyolite tuff have 
been distinguished. As the earlier rhyolite 
and the t.uff are older than the Packard rhyo
lite their descriptions are given :first. 

EARLIER RHYOLITE. 

DISTRIBUTION AND STRUCTURAL RELATIONS. 

The earlier rhyolite, a silicified rock of 
fluidal structure, has been found at two places 
-on the broad, low spur sloping eastward 
from the east base of Mammoth Peak and near 
the north end of the main latite-andesite 
ridge, about 2 miles farther east. The only 
other evidence of earlier rhyolite is a thin 
section cut from a specimen collected west of 
Tintic Mo_untain during the earlier survey. 
In the spur east of Mammoth Peak the rock 
is well exposed along and · just below the 
Eureka Hill Railroad, across the draw from 
the Iron Blossom No. 3 mine. Here· its flow 
lines dip gently eastward. The greater part 
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of the spur is covered only by float, the iden
tity of most of which is obscured. or destroyed 
by bleaching, but recognizable specimens are 
scattered over the whole area. The boundary 
qf the earlier rhyolite is therefore only ap
proximate. At its west end the rock overlies 
limestone and is overlain by isolated patches 
of rhyolitic tuff and Packard rhyolite; to the 
east it appears to dip beneath the same rocks, 
but the structure is obscured by the presence 
of monzonite porphyry of doubtful occUrrence. 

The other body of the earlier rhyolite lies 
south of the East Tintic Cambrian limestone 
area. It has not been mapped in detail but 
has b.een found to underlie the rhyolitic tuff 
and Packard rhyolite at the two places where 
the base of the Packard is exposed-one at. 
the easter:p.most outcrop on the crest of the 
ridge and· the other close by the Silver Pass 
road at the west base of the ridge. This 
relation, together with the petrographic char
acter of the rock, justifies its correlation with 
the rhyolite just described. The distribution of 
outcrops of the earlier rhyolite and still more 
of the Packard rhyolite proves the existence 
of sev~ral faults in steplike arrangement from 
the Silver Pass road eastward. The relative 
downward movement in each fault has been on 
the west side, except along the easternmost 
fault found. Here the east wall has moved 
relatively downward, cutting off the rhyolites. 
This fault is the strongest evidence of post
volcanic faulting yet' found in the Tintic 
quadrangle and has produced a local develop
ment of u Basin Range structure." 

.LITHOLOGY. 

wavy veinlets of chalcedonic quartz, highly 
altered phenocrysts of feldspar and biotite, 
and inclusions of latite or andesite. The 
feldspar phenocrysts consist of oligoclase and 
sodic sanidine, though most of them are too 
thoroughly altered to be properly identified. 
No quartz phenocrysts were noted. The 
biotite is so much altered that hardly a grain 
retains its original character. Magnetite and 
apatite are present, the latter in typical well
formed prisms as much as 0.5 millimeter long. 

The alteration products, besides chalce
donic quartz, are sericite, chlorit~ in very fine 
radiating aggregates, a little magnetite or 
specular 4ematite, and more or less kaolin and 
limonite. The chalcedonic quartz, in veinlets 
and microgeodes, occurs alone in and also inter
mixed with the other secondary minerals. 
Sericite with chalcedony and a small amount of 
chlorite replace the feldspars. Chalcedony, 
chlorite, and magnetite or specularite in vary
ing quantities replace the biotite. Kaolin and 
limonite occur in the altered feldspar and bio
tite respectively. 

RHYOLITIC TUFF. 

Volcanic tuff containing quartz is found both 
below and above the Packard rhyolite. Only 
that below ·the rhyolite is described under the 
above heading. The upper tuff is described on 
pages 54-56 under the heading "Latite tuff." 

The rhyolitic tuff has been found in scat
tered localities ·east of Knightville, east and 
southeast of Mammoth Peak, and farther east, 
where it overlies the earlier rhyolite. At 
every place except the southernmost it under-

The freshest material found is of a medium lies the · Packard rhyolite, being exposed only 
brown color, which grades toward purple and where the rhyolite has been completely re
pink. Where the rock is · completely altered moved by erosion, but at no place has the 
by silicification and kaolinization it is bleached whole extent of an exposure been mapped. 
to a white color more or less streaked by The southernmost exposure, at Sioux Pass, is 
rusty stains. Its texture is dense and slightly thoroughly bleached and so confused with 
to moderately porphyritic, but its most strik- bleached spherulitic and porphyritic l'ock, the 
ing feature is the persistent fine flow structure latter apparently latit~ or monzonite por
mark~d by short dark undulating streaks. phyry, that its structural relations can not be 
The visible :rllineraJs are altered feldspar and definitely determined. On the south slope of 
biotite, in crystals averaging about 2 milli- this spur, at -the southernmost lirnit ·of the 
met~rs in diameter, and secondary chalcedony, Bluebell dolomite, a little float of bleached tuff 
or opal, which has boon deposited along flow was found, indicating a former extension · far
lines and which has partly replaced some ' of ther south. 
the feldspars. , · . The freshest material, found above the east
. In thin' section the rock is principally a erninost · ocGrirrimce of earlier ·rhyolite, is of 
brown glass streaked by small aggregates and brownish color and fine to rather coarse grain 
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and is composed of distin~t grains of feldspar, 
qu~rtz, hnd · bioti:te and · fragments· ·of glassy 
rhyolitic and latitic groundmass. Most of the 
exposures, however, are greenish owing to par
tial alteration or bleached tq white by silicifica
tion followed by kaolinization. In the bleached 
material quartz in scattered granules ·is the 
only recognizable ·mineral other than kaolin. 
The bleached tuff is well exposed in the railroad 
cut east of the Iron Blossom No.3 mine. 

PACKARD RHYOLITE (TOSCANOSE). 

DISTRIBUTION AND STRJJCTURAL REL~TI9NS. 

The Packard rhyolite covers an area of 18 to 
20 square miles north and east of Eureka. Its 
boundary .is very irregular, owing largely to 
the irregularity of the surface of the eroded 
underlying limestone and in the eastern part 
to the incomplete removal of the overlying 
andesites. Its westernmost extremity, at Hat
field Canyon, clearly overlies the limestone, 
and the neighboring small and thin outliers are 
probably remnants of a once greater mass. At 
Packard Peak, less than a mile to the east, the 
rhyolite is from 800 to 1,000 feet thick (see Pl. 
VIII, A, p. 18, and Pl. II, section A-A', in 
pocket) and . is of very uniform texture, the 
only irregularities noted being a few small 
inclusions of bleached rhyolitic tuff a few inches 
in diameter. This great thickness and the 
uniformity of character suggest strongly, as 
stated in the earlier report, that the center of 
eruption underlies Packard Peak and the ridge 
just east of it. The following paragraph is 
quoted from the earlier report: 1 

The absence of any bedded structure in the central por
tion of the area and the great thickness of the rhyolite in 
the vicinity of Packard Peak suggest that this is the center 
of an eruption which was of the nature of an outwelling of 
viscous lava, rather than of an explosive ejection of vol
canic material. Very little truly fragmental material is 
found in association with these rhyolitic flows, yet much 
of the rhyolite shows traces of flow brecciation, such as 
might be expected to occur in the eruption of a highly 
viscous lava. 

The fact that a few small rhyolite dikes that 
cut limestone in the upper part of the Jenny 
Lind Canyon and also in the Gemini mine 
trend toward Packard Peak lends a little fur
ther weight to this ~onclusion, which is illus
trated in section A-A, Plate II, drawn south
eastward through Packard Peak. , 

1 Tower, G. W., jr., and Smith, G. 0., op. cit., pp. 651-652. 
J 

Other small dikes poorly exposed have 
been noted at a few places on the surface and 
in mines. Some of these dikes, especially 
those in the vicinity of Pinyon Peak, are 
closely associated with outcrops of opaline 
or chalcedonic silica replacing· limestone and 
may have a genetic connection with them. 
If so, these siliceous deposits are older than 
those that accompany the ore deposits, which 
were formed after the monzonite intrusion. 

South of Packard :Peak the rhyolite lies 
against a steep erosion slope of limestone. 
The contact has been exposed in the workings 
of the Gemini mine, where .the rhyolite covers 
a steep talus slope. Wells and mine workings 
prove the rhyolite to underlie the thick cover
ing of allu.vial soil beneath Eureka. The shaft 
of the Chief Consolidated mine passes through 
300 feet of alluvium and rhyolite into under
lying limestone. The contact of rhyolite and 
limestone again comes to the surface at the 
north base of Godiva Mountain. The rhyolite 
here also flanks an erosion slope of limestone, 
and exposures in the Tetro tunnel workings 
show the rhyolite overlying limestone talus. 
The contact continues southeastward at about 
the 7,000-foot contour around Godiva Mountain 
to a point beyond the Yankee mine. South 
of this point more pronounced erosion has 
removed it and exposed the underlying lime
stone slope as low as the 6,600-foot contour. 
A few remnants of the rhyolite at Pine Canyon, 
east of the Northern Spy mine, and possibly 
at Sioux Pass mark its former southward ex
tP.nt, and smaller remnants, mostly represented 
only by float, occur farther east. 

The relations between the Packard rhyolite 
and the flows of latite (and andesite?) to the 
south of it are obscure, as nearly the entire 
surface is covered by debris. It may be that 
the southward-thinning end of the rhyolite 
originally crossed the present eastward-sloping 
canyon (Pl. I) and passed beneath the latite, 
but 'no trace of rhyolite south of this canyon 
could be found at the appropriate horizon 
along the east slope of Ruby Canyon (:Pl. IV); 
or possibly faulting along both of the canyons 
has buried any southward extension of the 
rhyolite, but no positive evidence of fa:rlting 
could be found to warrant even approximate 
mapping. For want of better evidence it is 
cohcluded that only a very thin tapering edge 
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of the rhyolite flow, now wholly concealed 
beneath latite debris, could have extended 
southward beneath the present north boUndary 
of the latite flows. . 

Along the eastern boundary of the Packard 
rhyolite area the uppermost portion of the rock, 
consisting largely of obsidian, dips gently be
neath a consiqerable thickness of latitic or 
andesitic tuff and breccia, which in . turn is 
covered by one or more latite flows. It is 
therefore certain that ·although some of the 
latite or andesite :flows (p. 42) are older than 
the Packard rhyolite, most of them, to judge 
from the map (Pl. I) and from evidence pre
sented elsewhere (PP.; 54-56), are younger. In 
the step-faulted area east of the Silver Pass 
road . (p. 89) the rhyolite is also overlain by 
latite. , 

The present and original thicknesses of the 
Packard rhyolite are shown approximately in 
section A-A', Plate II. The greatest known 
thickness at any point" except Packard Peak 
is at the 7,007-foot peak a mile east of Knight
ville. (See Pis. I and IX, B.) A shaft on 
the flank of this peak, about 500 feet below 
the summit, is said to hav reached limestone 
at a depth of 50 feet, giving a total thickness 
here of about 550 feet. The differen9e in ele
vation between the summit and the lowest 
outcrop in the valley directly to the east shows 
that the original thickness of the rhyolite 
over the canyons in this vicinity must have 
been 1,000 feet, with no allowance for erosion 
at the peak's· summit. If little or no allowance 
is made for the northward continuation of the 
faults indicated in the main latite ridge to the 
south, a slope of 7° (about 650 feet to the inile) 
from the latite and rhyolite contact would 
pass well above the summit of the 7,007-foot 
peak and between 800 and 1,000 feet above 
the summit of Packard Peak. As these 
faults, if present, tend to ·compensate one 
another, the above figures may still serve as a 
rough estimate of the original thickness of the 
Packard rhyolite. 

Proof of an original surface slope of 7° or 
even less would verify the conclusion that the 
Packard rhyolite never extended southward 
for any considerable distance beyond the pres
ent northern boundary of the great latite
andesite area. It hardly seems probable, 
therefore, that there was any surface connec-

tion between the Packard rhyolite and the 
Fernow rhyolite in the southern part of the 
quadrangle. On the other hand, ·this conclu
sion would imply that the rhyolite flow (or 
flows) once nearly or quite covered the quartz
ite and limestone ridges in the northwest cor
ner of ·the quadrangle and connected west of 
Pinyon Peak with the northern rhyolite area 
mentioned on page 43. 

LITHOLOGY. 

The Packard rhyolite presents many varia
tions in appearance but is distinguished from 
all the other volcanic rocks here described (ex
cept the Swansea rhyolite) by the presence of 
quartz phenocrysts. Its prevailing color is 
pink, but gray, brown, and dark purple are 
prominent locally, and the purple tints make 
the rhyolite resemble some members of the 
latite- andesite series. Glassy phases of th~ 
rhyolite are gray ·to black. Sericitic altera
tion produces a pale-greenish color, which by 
weathering may bleach to a pure white. Where 
disseminated pyrite has begun to weather a 
characteristic greenish-yellow color results. 
This color is well shown on the various small 
dumps around the Denver & Rio Grande Rail
road wells north and northeast of Eureka. The 
texture is uniformly . porphyritic, and the 
phenocrysts constitute about 20 per cent of the 
rock. The groundmass is usually dense, but 
at the upper contact with the latite-andesite 
series and at a few places within the rhyolite 
area, it is typical obsidian, mostly massive, 
but in a few places, at the very top, .scoria
ceous. The obsidian, which is most readily 
seen along the railroad between Eureka and 
Homansville, indicates several successive flows 
of rhyolite, but no attempt was made to ascer
tain the number of flows. 

The most conspicuous major structural 
features are the breccia and the platy parting 
or flow structure. The brecciated structure 'is 
confined, so far as seen, to the base of the rhyo
lite. It is well exposed along the railroad cut 
east of the Northern Spy shaft and has also 
been found near the mouth of Burriston Can
yon and in the exposures in the faulted area 
east of the Silver Pass road. Th"e rock is evi
dently a flow breccia, caused by the fracturing 
of partly hardened lava while it was still flow
ing, and consists of fragments of light-colored 
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rhyolite porphyry in a darker matrix of the which have been broken and the fragments 
same composition. The platy flow structure separated. All the larger phenocrysts, feld
is a very prominent feature of the larger out- spar, quartz, and biotite, show considerable 
crops and is especially well shown southeast of frac~uring and resorption, which in some sec
Packard Peak and in the knobs north of the tions are so pronounced that, except where 
lower road fork of Goshen Slope. The platy differences in composition could be determined, 
partings as a whole dip rather gently away from it would be difficult if not impossible to dis
Packard Peak but are modified by numerous tinguish the rhyolite phenocrysts from inclosed 
contortions where the dip is· locally steep, ver- fragments of phenocrysts from the older vol
tical, or even reversed. They have been largely carrie rocks. 
influential in promoting a rapid disintegration Plagioc1ase is surprisingly abundant in view 
of the rhyolite and also afforded openings for of the difficulty of identifying it megascopically. 
permeation by mineralizing solutions or vapors. Many of its grains ha.ve a marked zonal struc
Calcite, opaline and · chalcedonic silica, and ture. Both Carlsbad and albite twinning are 
heulandite have been found in the partings. common, and pericline twinning is often seen. 
The heulandite is best developed in small Extinction angles on sections showing both 
pockets that are local enlargements of theplaty Carlsbad and albite twinning indicate an av
partings or of other fractures. erage composition of andesine near kb65An35 • 

The visible minerals are feldspar, quartz,. The most calcic zone measured showedAb40An60 • 

and biotite. Both orthoclase and plagioclase A few crystals appeared to be in all zones less 
feldspars are present, but in general it is very sodic than Ab60An40 , but most were Ab65An35 or 
difficult to distinguish .them, for both are glassy even more so die. 
where fresh, are of tabular habit, and break The sanidine phenocrysts are much less 
mostly across the basal clBavage, so that the abimdan·t _than those of plagioclase. Their 
presence or absence of plagioclase twinning character varies considerably. A simple, c~ear 
striations can not be proved. The feldspar Carlsbad twin, more or less resorbed, was 
crystals occur as sirigle or simply twinned found in only one of 17 sections. Irregular 
tabular crystals as much as 4 millimeters long, perthitic intergrowth with albite is common in 
also as small aggregates of nearly parallel crys- .independent twinned crystals and also in 
tals that appear at first glance· like broad, partial outer borders around plagioclase. Ex
nearly cubic grains complexly twinned. Quartz tinction angles on 010 measure 8° to 10°, 
appears in small rounded grains, or here and figures which, together with the perthitic 
there as nearly perfect bipyramids, mostly less structure, indicate a high soda content. In 
than 2 millimeters in diameter. It is dis- view of the composition and relatively small 
tinctly less abundant than the feldspar but is quantity of thE:> sanidine phenocrysts the high 
easily recognized, both in the fresh and in the potash content in the chemical analysis implies 
thoroughly altered rock, and is, as already that sanidine or its uncrystallized constituents 
stated, the distinguishing feature of the Pack- must constitute a considerable part ·of the 
ard rhyolite among the effusive rocks of the dis-· groundmass. 
trict. Its clear, highly glassy single grains are Quartz occu1s in rounded and irregulB,r 
readily distinguishable from minute druses and grains that are considerably resorbed, but a 
cavity fillings of. secondary chalcedonic quartz few still show the original biQyramidal out-

. and opal, which are less glassy in luster, are line. Several grains are fractured. ·Some .are 
nearly or quite opaque, and have irregular out- surrounded by a fringe of small radiating 
lines. The biotite, as in all the other volcanic quartz crystals, which may be explained by the 
rocks of the district, forms typical black shiny fact that the quartz phenocrysts, formed prior 
6-sided tablets 2 or 3 millimeters in diameter to eruption, were partly resorbed during 
and of almost perfect outline. · A few grains eruption and finally, when the erupted lava 
are altered to a green chloritic mineral, and sev- solidified, were coa,ted by the fringe of rapidly 
eralhaveweathered to different shades of brown. crystallizing quartz from the groundmass. 

In most tliin sections a distinct flow structure Aggregates of the small radiating crystals are 
is noticeable around the phenocrysts, many of also found without the nucleus and suggest that 
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even after eruption quartz molecules had 
begun to segregate but were forced to crystallize 
too rapidly to form single phenocrysts; how
over, these aggregates may also be explained 
as recrystallizations of wholly resorbed pheno
erysts, or perhaps only the fringe a.nd not the 
central part of the phenocryst was included 
within the thin section. 

Biotite, in unaltered crystals, shows typical 
absorption. Some of the crystals a.re marked 
with rutile in sagenite twins. Unaltered grains 
are marked by narrow resorption rims specked 
with magnetite. In most sections, however, 
biotite is more . or less replaced, locally, by 
chlorite with sericite, calcite, and silica but 
generally by limonite, which may totally 
obscure any other alteration products. Brown 
hornblende is seen in a very few sections. 
Magnetite and a little apatite and zircon form 
typical microphenocrysts scattered through the 
groundmass but more conspicuous within or 
around biotite phenocrysts. The groundmass 
ranges from a clear glass to material that is 
completely microcrystalline. The glass has 
usually a flow structure marked by numerous 
hairlike crystallites, and some of it is minutely 
spherulitic. The completely microcrystalline 
texture is quite like that of the intrusive 
Swansea rhyolite. Short, stout lath-shaped 
crystals of plagioclase are present but appear 
subordinate to the anhedral and poorly defined 
granules of alkalic feldspar and quartz. 

Alteration has produced varying ·results 
according to its intensity: where it was less 
pronounced plagioclase is partly changed to 
sericite and calcite with a little chalcedonic 
silica, and biotite to chlorite (delessite ~), 
whereas sanidine and quartz remain un
changed; where it was more pronounced 
chalcedonic silica has increased at the ex
pense of all the other minerals, both primary 
and. secondary, except quartz, and may be 
accompanied by a small amount of fine pyrite 
grains. Thoroughly altered rock is composed 

of chalcedonic silica with a little sericite and 
pyrite. Where flow structure is pronounced 
the microscopic flow partings are partly or 
completely filled with ·silica ranging from opal 
through chalcedony to typical quartz. Tridy
mite is also present in similar occurrences. 

CHEMICAL COMPOSITION AND CLASSIFICATION. 

The chemical a:p.alysis in column 1 of the 
following table represents a gray porphyritic 
variety of the · rhyolite occurring south of 
Pinyon Creek. The megascopic minerals are 
sanidine, rather acidic plagioclase, quartz, 
biotite, and a little hornblende; the micro
scopic minerals are tridymite, magnetite, 
apatite, and zircon in a groundmass that is 
for the most part crystalline but contains a 
small amount of glassy residue. 

The prominence of quartz and sanidine 
phenocrysts is sufficient to classify the rock in 
the field as rhyolite, and comparison of the 
analysis with those in columns 2, 3, 4, and 5 
shows the Packard rhyolite to be very similar 
to certain other rhyolites and dacites in neigh- · 
boring States. It differs, however, from the 
average rhyolite (column 6) in its lower content 
of Si02 and higher MgO, CaO, K 20, Ti02, a:p.d 
P 20 5 • These differences indicate that it ap
proaches quartz syenite and especially mon
zonite, as shown by comparison with analyses 
in Washington's Tables 1 and with the analysis 
of the local monzonite given on page 67. 
The monzonitic character is further indicated 
by the compositions and ratio of the feldspars. 
If the modal p~agioclase, as determined opti
cally, is subtracted from the norm (p. 71), 
the ratio will be approximately alkalic feld
spar (Or74Ab26 ) 35 per . cent and plagioclase 
(Ab65An35 ) 29 per cent (allowance being made 
for 6 per cent biotite). According to the norm 
the rock falls well within the coordinates 1.4.2.3 
and is a toscanose. 

1 Washington, H. S., Chemical analyses of igneous rocks published 
from 1884 to 1913: U.S. Geol. Survey Prof. Paper 99,pp. 165-217, 1917. 



IGNEOUS ROCKS. 49 

Analyses of Packard rhyolite and similar rocks . 
.. 

1 

2 3 4 5 6 
Molecular 

Analysis. ratio. 

Si0
2 
••••.•• •• ••••• ___ • ___ • _. _______ • __ 69.18 

14.37 
2.52 

. 57 

. 70 
1. 88 

1.153 69.96 70.87 69.45 69.95 72.60 

~!~~:~ -.- _: ~ : :: : -: : : :: : : : : : : :: : : :: :: ::: .141 15.87 15.18 14.92 15.14 13.88 
.016 2.50 2.18 3.16 .38 1.43 Feo ________________________ ________ _ .008 Undet . .12 . 23 . 83 .82 

MgO .... ---------------------------- .018 .64 .60 .05 . 56 .38 
CaO ......... · ........................ . .034 1.73 1. 58 1.19 1. 45 1.32 
NUzO ........ : . ______________________ _ 3.58 

5.00 
.058 3.80 3.47 3.19 2.70 3.54 

K20.--- -----------------------··---- .053 4.12 5.04 5.95 6.36 4.03 
H:;;O- ....... - - - - - - - - -.. - - - - - - .. - - .. . . 35 

.25 
Undet. 

. 69 
Undet . 

.26 
Undet . 

................ ---------- ---------- ---------- .40 ----------
H20+---------· ··· --····-----·------ ------- --- 1. 53 1. 08 1. 69 . 91 1. 52 
C02 ............... ~ ... -.- ........... . .............. .. .... .................... .................... .................... .37 .. ................ 
Ti0

2 
•• _ , _ •• --------- __ •• ____________ _ .009 -·--------- Trace . .19 . 24 .30 

Zr0
2 
•••• -- .----- •• ____ ••• ___ ••• _____ _ .................... ---------- ..................... .................... ................... .................... 

P20s .... ------- - --------------------
803.----------------------.----------

. 002 .......... _ .......... Trace . .06 .10 .06 

. Cl. _ ...... _ ... _____ .. _. ____________ _ 
Cr

2
0

3 
•••••••• ___ • _ • ___ • _________ • ___ _ 

MnO ... -----------------------------

Trace. 
Trace. 

;10 
.09 

Trace. 

-.--.: ooi- :::::: :::: --- T-r~~~~- -.-.-- _- o;i· -- .. --: o8 .. ------ _- i2 
BaO ........................ _________ _ . 001 - - - - - - - - - - - - - - - - . - - - . 03 . 13 ..... - .. - . 
SrO ... --------------- ·---------------
LizO .... ----------------------------
Vas V

2
0

5 
•••••• , ••••••• __ • _________ •• __ 

Trace. 
.01 

Trace. 
.000 --.--------------.-------------------.--- .. ---- ... 

Mo •. ················ ·----------------

99.55 100.7 100.12 100.18 100.06 100.00 

1. Packardrhyolite, southof Pinyon Creek, Tinticminingdistrict, Utah. H. N. Stokes, analyst. Tower, G. W., jr., 
and Smith, G. 0., op. cit., pp. 634-635. 

2. Dacite, McClellan Peak, Washoe, Nev. F. A. Gooch, analyst. U. S. Geol. Survey Bull. 17, p. 33, 1885. 
3. Rhyolite, Pennsylvania Hill, Rosita Hills, Colo. L. G. Eakins, analyst. U. S. Geol. Survey Seventeenth 

Ann. Rept., pt. 2, p. 324, 1896. · 
4. Rhyolite, Sunset Peak, Bear Gulch, Yellowstone National Park. L. G. Eakins, analyst. U.S. Geol. Survey 

Mon. 32, p. 325, 1899. · 
5. Quartz porphyry, Modoc mine, Butte district, Mont. W. F. Hillebrand, analyst. U. S. Geol. Survey Bull. 

168, p. 119, 1900. 
6. Average of 64 analyses of liparite and rhyolite. R . A. Daly, compiler. Am. Acad. Arts and Sci. Proc., vol. 45, 

p. 219, 1910. 

SWANSEA RHYOLITE (TOSCANOSE). 

DISTRIBUTION AND STRUCTURAL RELATIONS. 

The Swansea rhyolite forms one main mass 
nearly three-fifths of a mile long and averaging 
a quarter of a mile wide between Robinson and 
Silver City and a smaller mass occupying the 
greater part of the 6,640-foot hill just south
east of Robinson. The only other known nat
ural exposures are ·a thoroughly decomposed 
dike of northeasterly trend on Quartzite Ridge, 
and a small isolated, badly weathered outcrop 
in the monzonite area about a mile east of 
Silver City. Other di~es of rhyolite of north
erly to northeasterly trend have been exposed 
in the deeper workings of the Opex, Centennial, 
Eureka, Gemini, and May Day mines. The 
Swansea rhyolite is clearly intrusive in the 
sedimentary rocks. Nearly vertical contacts 
with the quartzite are exposed at the north-

1043550--19----4 

west corner of the main mass, where the contact 
dips 80° w., and along the decomposed dike on 
Quartzite Ridge; and similar contacts with the 
limestone may be seen southeast of Robinson 
and along the dikes in the different mines. 

The dikes in the mines are of interest in that 
they represent the upper terminations of in
trusive bodies. Those in the Opex and Cen
tennial Eureka are regular dikes or pod-shaped 
or fiat masses, in places with a strong southerly 
pitch and pinching out toward the north. (See 
fig. 13, p. 82.) That in the May Day is of sim
ilar shape but has a northerly pitch. They 
show, where not too decomposed for study, 
chilled margins characterized by a less por
phyritic texture than the rest of the rock. 

The contact between the main mass of the 
Swansea rhyolite and the adjacent monzonite 
is not satisfactorily exposed, being for the most 
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part marked only by loose fragments. (See Swansea rhyolite body, is nevertheless further 
Pl. X, B.) Only in the l;laddle half a mile due suggestive of close connectio~ b~twe_en the rhy
north of the Swansea shaft is it at all well olite and the monzonite. 
shown. Here the two rocks are somewhat 
dovetailed together. A few short dikelike 
masses of monzonite occur within the rhyolite, 
but none can be followed more than 3 or 4 
yards and none can be proved to connect with 
the main body of monzonite. They may easily 
be regarded as inclusions on the evidence at 
hand. The only indication in them of dikelike 
character is the approximately parallel posi
tions of opposite sides, but these can not be 
followed together more than 3 or 4 feet. The 
absence of any pr9nounced evidence of chilling 

· of the monzonite at the contact and its more 
granular texture than that of the rhyolite may 
be regarded as suggestions, though by no means 
proofs, that the monzonite is the older rock; 
but no unbiased observer can draw a conclusion 
from the evidence at this point. The exposed 
contact is also somewhat irregular due east of 
the Swansea shaft, but here again the evidence 
is quite inconclusive. The Swansea shaft 
crosses the contact near the 900-foot level, 
where the monzonite dips about 60° W. This 
relation, together with the stocklike character 
of the monzonite body, may favor slightly the 
conclusion that the monzonite is the younger 
rock. The best evidence, however, is the rhy
olite inclusion close to two larger inclusions of 
quartzite in the monzonite east of Silver City. 
No stringers of monzonite could be found in 
the rhyolite, but its blocky form and its close 
association with the undoubted inclusions of 
quartzite can hardly favor any other interpre
tation than that it too is an inclusion. 

The balance of evidence, then, points to the 
rhyolite as the earlier of the two rocks; but the 
absence alo its edge of chilled monzonite 
contacts such as are found along the limestone 
shows that the rhyolite, though consolidated, 
was still at a very high temperature when the 
monzonite was intruded. The triangular 
quartzite inclusion in monzonite in the saddle 
west of the Robinson triangulation station is 
surrounded by a narrow border of quartz por
phyry very similar to but not identical with 
the Swansea rhyolite in megascopic as well as 
microscopic appearance. It grades into typical 
monzonite and seems best interpreted as due 
to marginal assimilation. This relation, while 
hardly applicable to so large a mass ·as the 

LITHOLOGY. 

The Swansea rhyolite is dark gray or green
ish gray where quite unaffected by weathering 
or by intense silicification, but its preyailing 
color is pale pink, which by prolonged weather
ing gradually bleaches to light gray or white 
more or less streaked with rusty stains. It is 
of dense to very fine grained porphyritic tex
ture, and some specimens of it may be con
fused with some of the Packard rhyolite; but 
it is as a whole more highly porphyritic, has a 
more thoroughly crystallized groundmass, is 
not glassy, and nowhere shows any of the pro
nounced brecc!ation or flow structure so char
acteristic of the Packard rhyolite. In some 
places the groundmass is sufficiently crystalline 
for the rock to be called a · granite porphyry. 
The recognizable phenocrys~s, which form about 
30 per cent of the rock, are feldspars, quartz, 
and the remains of thoroughly altered biotite. 
The only distinct megascopic feldspar is the 
alkalic, which occurs in roughly rectangular 
crystals that average 3 millimeters in length 
and are mostly of pale pink color. They are 
hardly transparent enough to be called sani
dine, and under a lens many of them show a 
distinct perthitic structure. Plagioclase, 
though abundant, is too obscured by alteration 
to be certainly identified megascopically. Its 
crystals are rather dull ·white, are of poorly 
defined shape, and only rarely show cleavage 
surfaces. Quartz is very prominent, mostly in 
colorless to smoky-gray rounded glassy grains 
as much as 2 or even 4 millimeters in diameter, 
with a few well-formed bipyramids. Altered 
biotite (determined only microscopically) is 
represented by dark-green spots of chlorite and 
clusters of minute black gr~nules of magnetite 
in various proportions. . 

The groundmass and to a slight extent SOJD.e 
of the phenocrysts are at many places im
pregnated with minute grains of pyrite, which 
may appear in slightly altered (greenish) or in 
thoroughly silicified (hard whitish) rock. 
Pyrite is especially . prominent in the rhyolite 
dikes exposed in the Opex and Centennial 
Eureka mines. These dikes are remarkably 
soft but retain all their textural features. 
Other dikes-for example, those in the Gemini 
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mine-are thoroughly kaolinized, and their crosscut on the 350-foot level of the Swansea 
advanced stage of alteration may have been mine, now inaccessible. 
due largely to sulphuric ·acid derived from According to the earlier report, 1 . 

oxidizing pyrite. It is a megascopic constituent, small spots of the black 
In thin section the texture is finely granular mineral with its radiate structure and silky luster being 

porphyritic. The alkalic feldspar in hypauto- scattered throughout the rock. In the thin section this 
morphic phenocrysts is microperthite, in part quartz porphyry is characterized by an abundance of 
fresh, in part greatly kaolinized. It incloses quartz phenocrysts, ~ith irregular outlines due to mag-

matic resorption. The feldspars are badly altered, as is 
grains of all the other minerals. Plagioclase also the cryptocrystalline · groundmass. The tourmaline 
phenocrysts are less abundant than those of occurs in aggregates of long acicular prisms, with the 
alkalic feldspars. They also are hypauto- characteristic cross fractures. It is strongly pleochroic, 
morphic, and most of them are largely altered the ordinary ray giving deep-blue and greenish-blue tints 
to sericite and kaolin. The only grains suitable and the extraordinary varying from colorless to light 

brown. These radiate groups of tourmaline needles in · 
for measuring extinction angles (on albite part replace the feldspar and in part occur in the ground-
twins only) indicated in one section Ab65An35 mass. In one instance an . aggregate was noted abutting 
and in another Ab

74
An26' Quartz occurs in a against the edge of a quartz phenocryst. This occur

few rounded or irregular single grains with renee of tourmaline in a quartz porphyry has many 
partial crystal outlines and in many mosaics, points of resemblance to that C.escribed by Weed and 

Pirsson 2 from the Castle Mountain mining district, Mont. 
some of which appear like shattered crystals As remarked by these authors, this mineral is rarely found 
_and others like aggregates of rapidly formed as a constituent of q:mrtz porphyry, and the Castle Moun
grains. Many of the more distinct pheno- . tains and the Tintic Mountains are the only known 
crysts are somewhat . corroded, especially on American localities. 

one side only, the other side retaining sharp In some sections pyrite occurs in minute 
boundaries. Bipyramidal inclusions of glass crystals and irregular grains in feldspar , and 
are present in ·some quartz crystals. Biotite quartz phenocrysts and in the groundmass. 
forms a few irregular plates with resorption In others it is intimately associated with biotite 
rims, but for the most part is completely and magnetite, su,ggesting a primary origin. 
resorbed and represented by linear groups of It also fills minute fractures. 
magnetite specks embedded in a finely granu
lar _colorless mineral, either unstriated feldspar 
or quartz, which could not be accurately 
determined. Soro.e former grains not com
pletely resorbed are now represented by 
chlorite. Magnetite and locally apatite and 
zircon occur as microphenocrysts among th~ 
still smaller anhedral grains of the groundmass. 
The magnetite forms some single crystals of 
square cross section but more commonly occurs 
in clusters or composite crystals. The ground
mass is a minutely granular mosaic of quartz, 
alkalic feldspar, and plagioclase, specked with 
magnetite and containing scattered grains of 
chlorite or altered biotite. A few crystals of 
zircon are also present. The grains of feld
spar are for the most part too small or too 
much altered to be distinguished, but where 
distinctions can be made the plagioclase tends 
to form hypautomorphic grains, whereas the 
quartz and alkalic feldspar grains are irregular. 

Alteration products not already mentioned 

CHEMICAL COMPOSITION AND CLASSIFICATION, 

Analysis 1 in the following table represents a 
light-gray microgranular porphyritic rock, 
containing phenocrysts of feldspar (somewhat 
altered) and quartz and small , amounts of 
microscopic biotite, magnetite, apatite, and 
zircon, with secondary pyrite and chlorite. 

This analysis is very close to the average 
of quartz porphyries (column 2) and nearer 
than that of the Packard rhyolite to the average 
of rhyolites. (Seep. 49.) It also more closely 
resembles the great majority of analyses of 
Cordilleran rhyolites, quartz porphyries, and 
granites.3 The differences between the Swan
sea and Packard rhyolites are only slight 
however and might easily be duplicated by 
analyses from different specimens of a · single 
rock body. They may be accounted for by a 
slight increase of quartz and a corresponding 
decrease of feldspars in the Swansea rock. In 

1 Tower, G. W.,jr., and Smith, G. 0., op. cit., p. 636; 
are tourmaline and pyrite. The tourmaline 2 Weed, w. H., and Pirsson, L. v., Geology of the Castle Mountain 
was found during the earlier survey in the east mining district, Mont.: u.s. Geol. Survey Bull. 139, p. 99, 1896. 

a See Washington, H. S., op. cit., pp. 165-217. 
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one thin section the plagio:clase of the Swansea 
appears to be slightly more sodic than that of 
the Packard, but if the composition of the 
plagioclase is assumed to be Ab74An26, as de
termined for that section (which probably 
represents an outer zone), there is no excess of 
N~O over CaO to enter into the microperthite. 
If the composition determined for the other 
thin section examined (Ab65An35 ) is assumed, 
the composition and percentages of the modal 
feldspars will be plagioclase (Ab65An35 ) 30.17 
per cent and alkalic feldspar (0r84Ab16) 30.85 
per cent. These figures appear- to be close to 
those indicated by the majority of thin sec
tions, though in some the amount of albite in 
the alkalic feldspar seems higher. 

Analyses of Swansea rhyolite and quartz porphyry. 

r~~~--: .-: : : :: : : : : : : : : . : 
FeO ....... ......... . . 

~!3.-: : ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ : : : ~ 
~:0~ ~ -_- _- ~ ~ ~ ~ ~ ~ ~ ~ : ~ ~ ~ ~ ~ 
H 20- .. .. ------------
H20+ ........ _ ..... .. 
Ti02 •••••.• ---- - • • ••••• 

~0~~~ ~ ~ ~ ~ : : : ~ ~ ~ : : ~ : : : : ~ 
P20s--------- ----------Mno ___________ ___ ____ _ 
Bao __________________ _ 
SrO ........ __ . _. ____ . _. 
Li

2
0 ..... ... ... _______ _ 

2;~: ~ ~- ~ ':: : : : : : : : : : : : : : 
As ................. .. . . 
FeS2 ••••••••• ---.----.-

1 

2 
Molecular 

Analysis. ratio. 

71.56 
14. 27 

a. 89 
a Undet. 

. 42 
1. 1~ 
3.00 
4. 37 
. 36 
. 79 
. 38 

Undet. 
None. 

.13 
Trace. 

. 28 
Trace. 
None. 
Trace .· 

. 01 

. 06 
Trace. 

2. 29 

99. 99 

1.193 
.140 
. 006 

. 001 

. 021 

. 048 

. 047 
-.---. -.--.} 
-------·--

. 005 

72. 36 
14. 17 

1. 55 
1.01 
. 52 

1.38 
2.85 
4.56 

1. 09 

. 33 

. 001 . 09 
-.-- .. ---- . 09 

. 002 . - .. -- -- -- -

. 000 -- -- -- -- -

. 002 -- -- -- -- --

- 019 -- -- - -- -- -

100.00 

a Total Sis calculated as FeS2; there is present, however, a trace of 
sulphide decomposable by acid. All Fe not as FeS2 calculated as Fe203• 

1. Swansea rhyolite, Swansea mine, Tintic mining 
district, Utah. H. N. Stokes, analyst. Tower, G. W., 
jr. , and Smith, G. 0., op. cit. , p. 637. 

2. Average of 50 analyses of quartz porphyry. R. A. 
Daly, compiler. Am. Acad. Arts and Sci. Proc., vol. 45, 
p. 219, 1910. 

The ratio of plagioclase to alkalic feldspar 
in the Swansea rhyolite, as in the Packard 
rhyolite, may be regarded as a monzonitic 
character. The rock is practically identical 

in "general composition with typical two
feldspar granites and is an interesting illustra
tion of the point. made by Watson 1 that 
most granites in the country are virtually 
quartz monzonites. The geologic :r;elations of 
the Swansea rhyolite to monzonite are even 
closer than the similarity of chemical and 
mineral composition. According to the quan
titative system the Swansea, like the Packard 
rhyolite, is classi:fie'd as toscanose (1.4.2.3). 

RHYOLITE DIKES. 

The rhyolite dikes, which are best seen in the 
lower workings of the Opex mine, closely 
resemble the Swansea rhyolite megascopically, 
though their microscopic features are not quite 
the same. The rock is dark greenish ' gray, 
dense and porphyritic. Quartz and feldspar 
are its only recognizable original minerals, and 
it is highly impregnated with fine pyrite 
crystals. It is for the most part much decom
posed, probably from the effects of partial oxi
dation of the pyrite, and caves in soon after it 
is exposed in the workings. Only one thin 
section, that of a specimen from a chilled con
tact, was studied. The microscopic appear
ance of the rock is more like that of andesitic 
or monzonitic than of rhyolitic rock, owing to 
the prominence of narrow plagioclase laths in 
the groundmass. The plagioclase is too much 
obscured by alteration to sericite and calcite to 
be accurately determined. Only one very 
doubtful crystal of alkalic feldspar was noted. 
Quartz forms here and there a bipyramidal 
crystal with groundmass inclusions but occurs 
mostly in small aggregates and in poorly de
fined single granules which are virtually a part 
of the groundmass. The black silicates are all 
destroyed, but biotite is suggested by the out
lines of several thin, lath-shaped area8, and 
augite by the outline of certain calcite-chlorite 
aggregates like those which replace augite in 
the monzonite and latites of the district. 
Magnetite and apatite occur in typical forms. 
The groundmass is very :finely and incompletely 
crystalline. It appears to consist mostly 
of plagioclase, with considerable quartz and 
some ~lkalic feldspar in in~erstitial anhedrons. 

1 Watson, T. L., Intermediate (quartz monwnitic) character of the 
central and southern Appalachian granites, with a comparative study 
of the granites of New England and the western United States: Vir
ginia Univ. Philos. Soc. Bull., Sci. ser., vol. 1, No. 1, pp. 1-40, 1910. 
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The observed mineral composition, which 
closely resembles that of the rhyolitic phase of 
the monzonit around the large quartz inclu
sion (p. 68), is intermediate between that of 
the Swansea rhyolite and that of the monzo
nite, the absence of conspicuous alkalic feld
spar and the presence of possible augite sug
gesting the monzonite, and the phenocrysts of 
quartz pointing toward the rhyolite. The 
variation from the rhyolite, however, may be 
more textural than chemical, for this marginal 
phase of the rock may have been ·chilled before 
crystallization of the alkalic feldspar, which in 
the local rocks follows that of the ·plagioclase, 
had proceeded far enough to produce conspicu
ous phenocrysts. 

RHYOLITE OF TINTIC MOUNTAIN. 

brown pleochroism. It is partly weathered to 
limonite. The groundmass is made up of 
fel~par laths, a few of which have albite 
twinning and all of which have approximately 
parallel extinction. They probably comprise 
both oligoclase and sanidine but are too minute 
to permit exact distinctions. 

Partial analysis and norm of rhyolite on west slope of 
Tintic Mountains. 

Analysis. Partial norm. 

Si02 •••••••••••••••• 70. 30 Quartz .............. 21. 36 
MgO .......... . ..... None. Orthoclase ........... 34.47 
CaO.. .. . . . . .. . . . . . . . . 1. 00 Albite .............. . . 35. 63 
Na20. .. . . . . .. . .. . . . . . 4. 18 Anorthite............ 5. 00 
K 20 ................. 5. 83 

96.46 
81.31 

Although the absence of quartz even in thin 
section suggests the name "trachyte, the high 

The rhyolite on the west slope o.f Tintic percentage of silica in the analysis and that of 
Mountain was not visited during the recent quartz in the norm show that the rock should 
survey, but as it is ·distinct in appearance from be classified with the rhyolites. The free silica 
the others, the . following description is given. evidently forms minute interstitial films, too 
It should lie, according to the earlier map, small to be detected, among the feldspars of 
within the lower part of the latite-andesite the groundmass. The ratio of .albite to anor
series, though the possibility of postvolcanic thite in the norm is greater than that indicated 
faulting throws some doubt on its exact posi- by the optical properties of the plagioclase and 
tion. It is of very light gray color where fresh implies that a considerable proportion of the 
and of dense porphyritic · texture. The only albite is present in the sanidine, and also that 
visible mineral is sanidine in colorless lath- the plagioclase in the groundmass is more sodic 
shaped crystals showing distinct Carlsbad than the phenocrysts. The sodic character of 
twinning. The rock in thin section is por- the alkalic feldspars is a feature common to the 
phyritic with a trachytic groundmass. The Packard and Swansea rhyolites. The total 
phenocrysts are plagioclase, sanidine, and bio- ·lack of magnesia does not fully accord with the 
tite. None of quartz were noted. In one results of optical study, but the biotite is so 
thin section rectangular crystals of plagioclase scarce and thinly scattered that the small ohips 
as much as 3 millimeters long outnumber those used for analysis may not have contained any. 
of sanidine; in another section the reverse is This rock, as compared to the earlier rhyo
true. The plagioclase is faintly zoned, is lite, is more distinctly crystallized and very 
twinned according to both Carlsbad and albite free from silicification and hydration. The 
laws, and has the extinction angles of calcic two rocks therefore can not be correlated. on 
oligoclase or sodic andesine. The sanidine microscopic evidence, but the probable position 
crystals are all Carlsbad twins in parallel align- of the rhyolite west of Tin tic Mountain, within 
ment and with . curved ends resembling the the lower part of the great latite-~ndesite 
prow of a boat. They have a rough parting series, may not be far from that of the earlier 
parallel to 100. One sanidine crystal inclosed rhyolite. The rhyolite of Tintic Mountain 
a srp.all crystal of plagioclase of greater refrac- differs physically from the Packard and Swan
tive index, which ac.cords with the extinction sea rhyolites in the absence of quartz pheno
angles found. Both feldspars are free from crysts and in the traohytic character of the 
conspicuous weathering. Biotite, which is groundmass. In percentage of silica, however, 
scarce, forms crystals 1 millimeter or less in it lies between the two. It is a little higher 
diameter with light-yellow to deep reddish- in the alkalies and lower in lime and magnesia. 

/ 
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POSTRHYOLITE IGNEOUS ROCKS. 

GENERAL RELATIONS. • 
Igneous rocks erupted later than the rhyo

lites just described include a great series of 
effusive latites and possibly andesites, only a 
small part of which were examined during the 
recent survey, intrusive bodies of monzonite 
porphyry and monzonite, and small intrusive 
sheets of basalt. (See Pl. I.) These, so far as 
possible, are described in the order of geologic 
sequence, which has been definitely determined 
only at the few places cited in the following 
table. The proofs or indications of the se
quence at these places are given in the descrip
tions of the different rocks. 

bedded with them, and their strikes express roughly a 
semicircular arrangement. The area covered by this se~ 
ries of tuffs is something over 2 square miles and clearly 
represents a section of a volcanic cone. The point indi
cated as the center from which these fragmental deposits 
dip is approximately the nose of this ridge, and examina
tion of this loc~lity furnished the second piece of evidence 
as to the position of the volcanic vent. 

The western end of Volcano Ridge has an elevation of 
over 7,000 feet, and thence the descent is sharp to Tin tic 
Valley. At this point the bedded tuffs give place to a rock 
which is strikingly agglomeratic. On the knob just east of , 
the end of the ridge limestone blocks of cobblestone size 
are abundant in the coarse tuffaceous material. As the 
nose of the ridge is reached blocks of quartzite become 
more abundant than those of limestone. Several masses 
of white vitreous quartzite occur, standing 20 to 30 feet 
above the · dark-green and gray volcanic material. 
These blocks are plainly embedded in the latter material, 

Sequence of postrhyolite igneous rocks in Tintic district. 

Volcano Ridge and Sunrise Vicinity of Sunbeam mine. Peak. 

Monzonite porphyry dikes. Monzonite. 
Monzonite porphyry and asso- Monzonite or latite (?) 

ciated latites. porphyry. 
Augite latite. 

Tuff and agglomerate with Tuff. 
rhyolite fragments. 

Rhyolite (mostly inclusions). 

LATITE TUFFS AND AGGLOMERATES. 

VOLCANO RIDGE. 

The lowest member of the series, wherever 
the sequence can be definitely de.termined, is 
latite agglomerate and tuff. It is best exposed 
around Volcano Ridge, over 2 miles southwest 
of Diamond, where it forms a very thick series 
of beds, dipping concentrically away from the 
nose of the ridge, which was evidently a center 
of eruption. The present writer has studied it 
only along the southeast base of Sunrise Peak 
and the crest of Volcano Ridge, and his obser
vations confirm Smith's description in the ear
lier report/ which is as follows: 

The western half of Volcano Ridge is seen to be the 
remnant of a deeply eroded volcanic zone. Erosion has S9 
well exposed the different parts of the old volcano that the 
character of the eruption and the sequence of its products 
can be quite definitely determined. 

The volcanic center is indicated in two ways. The thick 
beds of fine and coarse greenish tuffs have dips of 10° to 
20°. These pyroclastics have sheets of andesite inter-

1 Tower, G. W., jr., and Smith, G. 0., op.cit., pp.653-654~ "Andes_. 
ite'' in the earlier report was intended to include the latites as well as 
any true andesites in the district. 

East of Northern Spy shaft. South of Laguna station. 

{Coarser biotite-atigite latite. 
Finer augite-biotite latite. 

Hornblende-biotite-augite 
latite. 

Interbedded tuffs 
tites. 

and la- Tuff and agglomerate. 

Rhyolite. Rhyolite. 

as the softer material has been eroded away in several cases 
so that the lower surface of the quartzite block is exposed. 
* * * Rhyolitic material is also found on the slopes at 
this locality and is extremely fragmental in character. 
The agglomerate here in its coarsest phase contains frag
ments of rhyolite, andesite, quartzite, limestone, and 
shale, while the finer portions are seen under the micro
scope to contain mineral fragments as well as particles of 
glass, the latter exhibiting somewhat of an ash structure. 

With this agglomerate are associated irregular sheets and 
dikes of andesite, the whole presenting rather confused re
lations [though many of the dikes have roughly radial posi
tions as shown in Plate I]. This intimate mixture of lava 
and pyroclastic material is such as might be expected at 
or near a volcanic vent. Dikes of andesite porphyry are 
also prominent on the slopes of Volcano Ridge. 

On the extreme end of Volcano Ridge, not far above 
the valley level, there occurs a mass of quartzite several 
hundred feet in diameter. This and a much larger are_a 
of quartzite somewhat over a mile distant to the southeast 
doubtless represents uncovered portions of the underlying 
quartzite which was engulfed in the flows of lava and de
posits of volcanic ejectamenta. The presence of three 
kinds of sedimentary rock in the agglomerate shows that 
the point'Of eruption was close to the contact of the Robin
son [Tintic] quartzite [which was mapped to include the 
overlying shale or slat~] and the Eureka [Teutonic] lime
stone. [A small uncovered liniestone area near the eastern 
end of Volcano Ridge confirms this conclusion.] 
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. It is prob~ble ~hat the Volcano Ridge vent was but o. e gener~l appearance and locatio.n go, it might 
of several eruptive centers, as extremely coarse brecc1 s b · d d th hi lt d f th 
occur in the volcanic series of Long Ridge, about 9 milTs e co~~I ere · a . orou?. Y a ere mass o e 
~the southeast. On Volcano Ridge, however, the relt- rhyolitic t~ff, whiCh eviden~ly extended farther 
tlons are best exposed, and this volcanic center is moe south of Swux Pass than Its present outcrop, 
full! describ~d since it is believed to be typical of t e but in the absence of any closely associa_ted 
e~h?r erupt1~ns of [the postrhyolite] andesite in t e earlier rhyolite or Packard rhyolite, all evidence 
TrntiC Mountarns. t. h 1 · · 1 kin .p prove sue a corre atwn Is . ac g. 

, LAGUNA. The inclusions of rhyolite prove that t e 
andesitic agglomerate and tuff are later th 
the rhyolite in this vicinity, but those of andf- Another distinct. series of latite or andesite 
ite show that the agglomerate and tuff ·don t agglomerate and tuff is exposed in the gorge 
represent the very earliest andesitic eruption . of Pinyon Cr.eek at Laguna ~ta.tion, near the 
That they are older than any of the adjace t northern boundary of the TmtiC quadrangle. 
volcanic rocks is proved by their eastward ~p It lies directly upon the obsidian at the top 
beneath the flows and by the clearly intrus~;re ·of the Packard ~hyolite and. beneath one or 
contact of the monzonite porphyry to t e more flows of latite or andesite. · It has been 
north. traced southeastward over 2 miles but is con-

The small area of coarse and fine grained 0 cealed through much of this distance by talus. 
slaty tuff northeast of Sunrise Peak is clear y It may extend much farther south than the 
a northward ·continuation of the Volca 0 map indicates but was not noted during the 
Ridge series, cut off from it by the later intr _ short time devoted to the reconnaissance east 
sive Sunrise Peak mass and uncovered by t e and south of Goshen Slope. Its texture is 
erosion of overlying flows. It dips gent y very uneven. It includes some distinct beds 
northeastward and its contacts are for t e of very fine, soft sandy tuff, almost free from 
most part well exposed as far north as Di _ angular pebbles, but in most exposures large 
mond . . Thence northward it dips beneath t e cobbles of obsidian are embedded without defi
surface, but its exact boundaries are conceal d nite arrangement in the finest matrix. The 
by talus and alluvium. textural character suggests correlation with 

The character and extent of the material at the volcanic series of Long Ridge mentioned in 
·Horseshoe Hill, west-southwest of Diamond Smith's statement and further emphasizes his 
is greatly obscured by profound alteration and opinion that andesitic tuffs · must have been 
disintegration. Hardly anything but bleached erupted from more volcanic centers than the 
debris can be found, some clearly of tuff and one at Volcano Ridge. The table on page 54 
some quite undeterminable. · Thin sections shows that the Laguna tuff, like that of Volcano 
prove its " similarity in texture and composi- Ridge, lies at the qase of the latite-andesite 
tion to the finer tuff of Volcano Ridge. !series, but study of the map (Pl. I) will show 

Another small body of tuff, only doubtfully that the two bodies of tuff can not be prod
correlated with the tuffs of Volcano Ridge, is ucts of the same· eruption. Such a correlation 
found on the low spur south of the Sunbeam would 8.Iso have to account for the fact that 
mine. Here, too, the lithologic character and the tuff at Laguna, far removed from the center 
structure of the I?aterial are greatly obscured of eruption, is much coarser than most of the 
by profound alteration and disintegration. material close to the center itself. 
Undoubted tuff can be recognized at a few I Other beds of tuff, noted during the earlier 
points from the Triumph shaft southward, but 1survey but not visited by the writer, occur 
absolutely no structure can be determined. In northeast of Diamond Divide, north and west 
fact, alteration has so thoroughly bleached of Tintic Mountain, in Big Dog Canyon, and 
both the tuff and the adjacent monzonite por- I on Long Ridge. 
phyry that only the most generalized bound- LITHoLoGY. 

ary can be drawn between them. The fact The megascopic character of the latite tuffs 
that the tu~. is inclosed or possibly overlain j has been described in the preceding p~ra
by monzonitiC porphyry, together with its graphs. In thin section the inclosed rock frag

··composition ~s sho~ by the ~icroscope, af- ments include latite or andesite, quartzite, 
·fords the basis for Its correlatiOn. So far as . limestone, and a little glassy lava; the mineral 

• 



• 

56 GEOLOGY AND ORE DEPOSITS OF TINTIC MINING DISTRICT, UTAH. 

fragments are plagioclase, augite, hypersthene, 
biotite, magnetite, quartz, and alteration min
erals, including chiefly chlorite, epidote, seri
cite, calcite, quartz, and chalcedony or opal. 
Plagioclase is the most abundant mineral and 
includes some grains of so acidic a composi
tion that they may well be fragments of phen
ocrysts from the older rhyolite. The primary 
quartz is probably derived from the older rhyo
lite and is in some sections, together with 
angular areas of secondary quartz, sufficiently 
abundant to give the appearance of rhyolitic 
tuff. Certain thin sections from Volcano 
Ridge, Crystal Canyon, and Horseshoe Hill 
present this appearance, but in the altered 
tuff south of the Sunbeam mine the little quartz 
present is evidently all secondary, and in this 
respect the material differs from the rhyolitic 
tuff farther north. 

AUGITE LATITE OF VOLCANO RIDGE • . 
DISTRIBUTION. 

In thin section the plagioclase phenocrysts 
have extinction angles indicating a composi
tion near Ab30An,0• They are as a whole un
altered, but a very few crystals are slightly 
impregnated with small granules of epidote 
and chlorite and minute needles resembling 
uralite. The augite phenocrysts have a pale
green to yellow pleochroism. The larger crys
tals are partly and some of the smaller ones. 
completely altered to the same secondary 
minerals that were noted in the feldspar. 
Apatite and magnetite are conspicuous under 
a high power, forming microphenocrysts of 
typical shapes. The groundmass appears to 
consist of a glassy· base crowded with minute 
laths of plagioclase and with the alteration 
products of augite granules, which tend to 
produce a more or less distinct ophitic texture. 

A partial chemical analysis and the corre
sponding partial norm are given below. 

Partial analyses and norm of augite latite. 

Analyses. 

Norm. 
1 2 

. 
Si02 ..... 53.75 57. 65 Excess silica ......... 1. 56 
MgO ..... 3.30 3.22 Orthoclase .... . ...... 24.46 
CaO ..... '5. 95 a 5. 74 Albite ................ 27.47 
Na20 .... 3.18 3.59 Anorthite ... _ ...... : . 29.47 
K 20 .... 4. 13 4.39 Magnesium ·metasili-

cate ............... 10.82 
--

70.31 74. 59 93. 78 

-
a Includes 0.16 per cent BaO and 0.07 per cent SrO. 

Directly overlying the tuffs of Volcano Ridge 
is a :flow of augite latite, about 300 feet thick, 
dipping gently southeast. Its effusive char
acter is marked by an upper vesicular or amyg
daloidal phase seen in the saddle north of 
Buckhorn Mountain. Two sections across it 
were made, one just southeast of Sunrise Peak 
and one along Volcano Ridge, and in neither 
was any evidence found to prove the presence 
of more than one flow of rock of this type. It 
has not been followed south of Volcano Ridge. 
Toward the north it thins somewhat and is 
cut off and covered by the mass on Sunrise 
Peak. It has not been found north of Sun- 1. Augite latite of Volcano Ridge. George Steiger, 

analyst. 
rise Peak in its expected position above the 2. Average latite. Daly, R. A., Average chemical 
tuff in Crystal Canyon. Eastward-dipping sills compositions of igneous rock types: Am. Acad. Arts and 

Sci. Proc., vol. 45, p. 221, 1910. 
of rock of the same type in the tuff of Volcano . . 
Ridge, together with the evidence above men- The amount of potash, corresponding to 
tioned, suggest that the augite latite was . 24.46 per cent of orthoclase, is e~p~cially note
erupted from the Volcano Ridge vent and worthy_, as . no or~hoclase or bwtite was de
flowed southeastward but did not extend north- tected In thin sectwn, and therefore they must 
ward beyond the position of Sunrise Peak. be present in t?-e ..glassy groundmass. This 

feature is sufficient to classify the rock as a 
latite, as is also the close similarity between 
analyses 1 and 2 in the above table. The 
ratio of albite to anorthite in the norm does 
not yorrespond closely to the ratio indicated 
by the optical characters of the plagioclase 
phenocrysts, and the discrepancy is even more 
obvious if it is realized that a considerable 
part of the normative anorthite belongs to 
augite. This is explained by the probability 

LITHOLOGY. 

The rock is dark greenish gray, dense, and 
finely porphyritic, containing lath-shaped phe
nocrysts of plagioclase and of shiny black 
augite that range from mere specks up to 
crystals 3 millimeters long but average less 
than 2 millimeters. The two minerals are 
about equally abundant, though the plagioclase 
may slightly predominate. 
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that the plagioclase laths in the groundmass 
are more 'sodic than the phenocrysts and that 
a considerable part of the soda may, like all 
the potash, be represented by the glassy part 
of the groundmass. The pleochroism of the 
augite, furthermore, suggests that it may con
tain a smaU amount of the aegirite (soda-iron 
·pyroxene) molecule. The small excess of 
silica in the norm is doubtless no more than 
enough to enter with iron into the augite. It 
is improbable that there is any free silica, 
equivalent to quartz, in the gla~sy groundmass, 
and in this ·respect the augite latite differs from 
the principal intrusive bodies of monzonite 
and monzonite porphyry. ' 

The aniygdaloidal variety at the top of the 
flow is more greenish ·in color and contains 
elongate amygdules filled with calcite, more 
or less chlorite (pennine), and opaline silica. 
Where conspicuously we a the red it is bleached 
to a gray ,and the amygdules · are completely 
leached out save for a little residue of yellow 
earthy limonite. In thin section the augite 
is nearly all replaced by aggregates of calcite 
and chlorite (delessite ~), and the plagioclase 
has altered to calcite and sericite with a little 
chlorite and chalcedonic or opaline silica. 
The texture of the groundmass is still distinct. 

OTHER OCCURRENCES OF AUGITE LATITE OR ANDESITE. 

Thin sections of specimens of augite andesite 
(or latite) collected during the earlier survey 
were also studied. At two localities, west of 
Tin tic Mountain and north of Diamond Divide, 
the microscopic features of the rock, including 
the composition of the plagioclase (near 
Ab30An70 ) are quite like those of the augite 
latite of Volcano Ridge. The rock west of 
Tintic Mountain, according to the topographic 
map, may well be the southward continuation 
of the same flow, but such a correlation of the 
rock north of Diamond :pivide would probably 
necessitate the presence of a fault with up
throw on the east. Similar rock occurs west 
of Slate Jack Canyon and east of Long Ridge. 

MONZONITE PORPHYRY AND RELATED LATITE FLOWS. 

DISTRIBUTION AND STRUCTURAL RELATIONS. 

Sunrise Peak, south of Diamond, is com
posed entirely of a uniform mass of dark-gray 
to greenish-gray porphyry, having the chemical 
composition of monzonite but ranging in 
texture from monzonite to latite. It is 

geologically one of the most significant rock 
masses in the quadrangle, for it,, $hows the 
connection of flows with a second volcanic 
neck. The contacts around . Sunrise Peak, 
where well exposed, are clearly intrusive. 
This relation is best shown in the canyons 
along the southeast and northeast bases of 
the peak, where vertical . dikes of the Sunrise 
Peak rock project into the beds of tuff erupted 
from the first vent. As the tuff bounds 
Sunrise Peak on three sides (see Pl. I) the 
whole peak must be considered an intrusive 
mass. ·Many of the dikes on the nose of 
Volcano Ridge are similar in megascopic 
appearance and composition to the rock of 
Stmrise Peak and may be in part 'a product of 
the same eruption. 

The connection between ·the Sunrise Peak 
mass and undoubted surface flows is perfectly 
exposed along the east half. of the peak. On 
the southeast side the contacts with tuff and 
above this with the fine augite andesite are 
clearly marked, but above the andesite the 
S1mrise Peak rock continues across the saddle 
and forms the neighboring summits to the 
east. As the distance increases flow structure 
and brecciation typical of effusive lavas may 
be noticed, but any changes in structure and 
t~xture are so gradual that texture alone can 
not serve to indicate the intrusive or eff~sive 
nature of the rock. In fact, it is impossible 
to distinguish between hand specimens taken 
from the summit of Sunrise Peak and from 
the peaks and ridges immediately to the east 
or northeast, including the ridge northeast of 
Diamond. (See Pl. I.) 

How many · flows were erupted from the 
Sunrise Peak vent is not known. So far as 
is shown by any pos

1
itive evidence in the 

disintegrated outcrops directly east of Sunrise 
Peak, there may be but one enormous flow; 
~but on Buckhorn Mountain, a mile farther 
south, there appear .to be at least two, and 
detailed work may disclose several. 
I In Crystal Canyon, on the northeast side 

of Sunrise Peak, the tuff is clearly shown to be 
cut on its west side by the intrusive rock and 
to be overlain on its east side by rock of the 
s1ame type in nearly horizontal position. Just 
east. of Diamond one of the dikes can be 
fpllowed across the canyon and up the slope 
through the tuff to a point where it eonnects 
with the overlying rock. 



58 GEOLQGY AND ORE DEPOSITS OF TINTIC MINING DISTRICT, UTAH. 

North of Diamond, where the tuff pitches 
below the surface, no boundary can be drawn 
between the intrusive and the effusive rock. 
The ridge ·to the northeast must consist of 
effusive rock, but the rocks in the area north 
of Diamond Gulch, including Treasure Hill, 
and in the area north of Ruby Hollow as far 
as the vicinity of Sioux Pass, are of doubtful 

raw 

Tmp 

where it becomes confused with bleached rhyo
litic material of spherulitic and tuffaceous tex
ture. At no place is the contact well enough 
exposed to give definite evidence, but from the 
facts that the limestone surface appears to 
slope beneath the porphyry and that there is 
no change in the texture of the porphyry, 
whether close to or remote from the contact, the 

·s£.. 

interpretation of the porphyry 
· as an effusive seems plausible. 

A more convincing argument 
is furnished by the quite dif
ferent character of the monzonite 

FIGURE 6.-Double section along lines trending S. 55° E., showing relation of porphyry to lime
stone south of Sioux Pass. Oo, Opohonga lim<1Stone; Ob, Bluebell dolomite; Tbl, biotite 
latite; Tmp, monzonite porphyry. 

contact of the Silver City stock, 
where rock of granulp,r texture 
extends within a very few feet of 
the surface, even in the small area 
just north of Sioux Pass. More
over, the monzonite contacts, 

character. The rocks in and around the 
areas of poorly exposed tuff north and south 
of Ruby Hollow are so thoroughly bleached 
and disintegrated that the character of their 
contacts with the monzonite porphyry could 
not be determined. It is therefore not known 
whether the rock of Treasure Hill is a north
ward extension of the Sunrise Peak intrusion 
and cuts up through the tuff 
or is a westward continuation w. 
of the ridge northeast of Dia
mond and overlies the tuff. 

where not vertical, slope beneath the limestone, 
or in- a direction just opposite to that of the 
monzonite (or latite) porphyry. (See figs. 8 
and 9.) 

The highly metamorphosed character of the 
limestone along the contact around the Dragon 
iron mine may suggest that the porphyry at 
this place is intrusive; but whereas contact 

. E. 

1,900- foot level 

North of Ruby Hollow the 
texture of the highly disinte
grated porphyry shows nothing 
strongly indicative of effusive 
character, but the position of 
the rock, east of the tuff, is 
suggestive of it, as is the 
nature of the limestone and 
porphyry contact from the 
Dragon iron mine northward 
to Sioux Pass. (See figs. 6 
and 7.) The workings of 
the Dragon mine (figs. 8 

FIGURE 7.-Section through Iron Blossom No. 1 shaf~, showing relation of surface to known 
underground occurrences of limestone and porphyry. 

and 9) have proved that the limestone sur
face slopes steeply southward beneath the por
phyry, and the intrusive contacts exposed on 
800 and 1,000 foot levels are those of the 
monzonite of the Silver City stock, not the 
porphyry under discussion. On the surface 
theboundary of the porphyry, marked by dis
integrated and thoroughly altered material, 
extends obliqu~ly up the slope to Sioux Pass, 

metamorphism is conspicuous in tne canyon 
bottom, it is absent along the contact at the 
top of the ridge just north of the Govern<?r 
shaft, although the limestones here must have 
formed the footwall of the contact. The_ same 
limestones have undergone metamorphism to 
the northeast and west, near contacts w\th the 
undoubted monzonite, which is believed to be a 
Later intrusion, and it is quite possible, for the 
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following reasons, that all the contact meta
morphism may be attributed to this rock. , T.he 
distribution of contact metamorphism shows 
a direct relation to the positions of the main 
monzonite body east of Diamond Pass and the 
small stock east of the Carisa mine, strongly 
suggesting that the two are connected at · no 
very great depth. The eastward bulge of the 
granular monzonite at the Martha Washington 
shaft, the presence of intrusive monzonite on 
the 800 and 1,000 foot levels of the Dragon iron 
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The above outlined evidence, though not 
entirely convincing, favors the interpretation 
of the porphyry north of Ruby Hollow and 
west of Ruby Canyon as effusive. On the east 
side of Ruby Canyon, along the southward
sloping spur, the rock, which is mostly bleached, 
is of the same character as that on the west 
side, but at the north end of the spur and from 
that point along the east-west ridge the effusive 
character is clear beyond possible doubt. The 
exposures here have distinct taxitic and rather 

f,090 1 I I ' 590 I I 1 I 9 11oqo FEET 

FIGURE 8.-Section through Dragon shaft and drill hole east-southeast of Brooklyn shaft (along line D-D, Pl. IV), 
showing underground extent oflimes~one and porphyry. For explanation of symbols see Plate IV. 

mine south of the shaft and in the lower part 
of the drill hole east of the Brooklyn shaft 
(fig. 8), the exposure of a granular monzonite 
dike in probable effusive porphyry _along the 
railroad 4~500 feet farther northeast, and the 
presence of dikes in the Iron Blossom No. 1 
workings, point to a parallel northeastward ex
tension of the monzonite which may have pro
duced the metarr..orphism in and around the 
Dragon iron mine. It also seems more rea
sonable to reg~rd the metamorphism as due to 
an underlying extension of the granular mon
zonite than to the quickly chilled monzonite 
porphyry of the Sunrise Peak eruption. 

well-defined fluidal structure, a1;1d porphyritic 
rock alternates with obscure masses of tuff. 
Along the eastern half of the ridge distinct beds 
of coarsely and finely porphyritic texture were 
recognized, the coarse overlying the fine. The 
same relation between coarsely and finely por
phyritic beds exists 2 miles farther east, beybnd 
the small patch of Packard rhyolite, and 
adds somewhat to the evidence indicating the 
direction of faulting shown on the map (Pl. I). 

No further -attempt was made in the time 
available to -study the extent of the effusive 
rocks connected with the Sunrise Peak erup
tion, or to distinguish different flows. On the 
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rna p the area actually studied is shown and the 
portion known to be occupied by intrusive 
rock is distinguished from that in which the 
rock is of uncertain or probable effusive char
acter . . The remaining and by far the larger 
part of the latite-andesite area is indicated 
without subdivision, but it is said in the 
earlier report 1 that the mica andesites (that 
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with yellowish limonite stains. Its texture is 
dense and porphyritic, phenocrysts constitut
ing about 30 per cent of the rock. The mega
scopic phenocrysts are plagioclase, biotite, and 
in some places augite. The plagioclase forms 
single and composite lath-shaped crystals, 
averaging 3 millimeters in length, with both 
Carlsbad and albite twinning. The biotite 

N 

t 
DRAGON CONSOLIDATED MINING CO. 

• 

FIGURE 9.-Plan showing monzonite contacts on 800 and 1,000 foot levels of Dragon mine. 

is, the rocks of ~he Sunrise Peak type) are con
fined . in general to the eastern slope of the cen-
tral -portion of ·the range. . 

LITHOLOGY. 

The rock at Sunrise Peak is dark gray to 
greenish or brownish gray where reasonably 
fresh, but with increased weathering becomes 
bleached to chalky white more or less blotched 

I Tower, G. W., jr., and Smith, G. 0., op. cit., p. 639. 

form~ conspicuous 6-sided crystals from 1 to 3 
miliimeters in diameter. Its color varies from 
shiny black where fresh to greenish and b~own 
where altered or nearly white where leaching 
has been extreme. · Augite. forms minute 
irregular pitchy black grains. Its former 
presence in weathered specimens is marked by 
small pale rusty spots. 

In thin section the rock of Sunrise Peak is 
seen to range from quartz monzonite porphyry 



A. PHOTOMICROGRAPH OF MONZONITE PORPHIYRY FROM WEST SLOPE OF SUNRISE PEAK. 

P, Plagioclase; B, biotite; A, augite. Magnified 40 diameters. 

I 

P, Plagioclase; B, biotite; A, a 
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A. PHOTOMICROGRAPH OF LATITE PORPHYRY FROM RIDGE EAST OF TREASURE HILL. 

P, Plagioclase; B, biotite; A, augite. Magnified 40 diameters. 

B. PHOTOMICROGRAPH OF MONZONITE. 

P, Plagioclase; 0, orthoclase; Q,. quartz:; A, augite. Magnified 24 diameters. 



CKS. 

tO latite porphycy. The plagioclase · is too sa:me character as those from Sunrise Peak,.-but 
much altered and too -poorly oriented to be certain differencej, especially in color and de 
accurately determined, but in most sections its . gT~e of w~ather0g, _ztre widespread. Though. 
extinction angles indicate a composition iwar ' t~e- fresh rock is aark gray, the outcrops have 
Ab50An50 • The usual alteration products, seri- OJt _weathering, ~hich has been more pro. 
cite, epidote, and .- calcite, are present, and in. - n~ounced . thari at $unrise Peak, acquired purple 
some sectio:Q.s .chlorite (perniine) also, which 0 reddish colors.l Where brecciated and flow 
replaces certain zones of-the plagioclase. The ·st cture is well developed the rock is much 
biothe 'is 'very conspicuous and where· unaltered :~r.re weathered than where it is massive. In·_ 
is- quite typical. Most of its crystals are in- t~ section the phenocrysts are similar to 
greater part or wholly altered to chlorite t~ose of the Sunr.~se Peak rook, the plagioclase 
(pennine) accompanied by more or l~ss epidote ~ting near AbsoJAnso or slightly more sodic 
and in a -few sections by calcite. The augite Augite· is

1 

scarce jor absent, but as a rule its 
occurs mostly in poorly shaped prisms and tJ!Pical alt~ratio~ products . and ; cryst~l outl~e 

a1 e recognizable. The gr<;>undmass · In- ~peel 
irregular grains, 1 millimeter or less in major ·mens collected near Sunrise Peak-for exanip_I~-
diameter, and most of it is virtually a constit- ei st of Crystal·C, nyon and on the _ ridg~ nort)l., 
ue:nt of the groundmass. Many of the larger w~st of lDry CanlYon -near .the 7,300-foot eon . 
grains are simply .twinned and show a distinct tc ur-is identical with that at· the summit 'ol. 
pale-green to yellowish-white pleochroism. It S~rise Peak (PI~ XV, A). In specimens col, 
is more or less altered to chlorite (pennine or IeJcted (d;uring ·the earlier survey) at greate.r 
locally delessite ~),epidote, and calcite. Magnet- distances-for eiample, northeast. of Diarriop.ci 
ite and apatite form typical microphenocrysts, ~vide an~ at th+ north end of t~e rna~ !~tit~· 
and in one section severalsmall titanite crystals 

1 
des1te r1dge-th

1 

e groundmass 18 mor~ · highly 
were noted, one of them iriclosed in biotite. v treous and shows marked microscopic flow 

The groundmass varies in texture. In some s ructure and m'ore or less perlitic cracking, 
sections-for instance, from the lower west a 1d there are rel~tively few phenocrysts. 
slope of Sunrise Peak and from one of the dikes i I · 
extending into the tuff-it is microgranular PTHER MEMBERS IF THE LATITE-ANDESITE SERIES. 

and shows the composition of a quartz mon- vARIETIEs AND DISTRIBUTION. 

zonite, - containing ·short, distinct laths of Other member! .of the latite._andesite series, 
plagioclase and irregular grains of augite and which according to the earlier report -1 c<:rv~:r 
biotite with interstitial .grains, some of them ~fe gre~t~r part 9~ the area, include t~e - fo-l~o~~ 
roughly poikilitic, of alkalic feldspar and more llJ:gvarie~~e~: Au~Ite-hypersthe~e, augite-?:r-Pe;r~ 
or - less distinct quartz (Pl. XIV, A). In s' hene-biOtite, hprnblende-augite, hornblende-. 
others-for instance, from the summit of Sun~ bkotite-augite-hYfersthene, and hor~bl- end.e~bio.-. 
rise Peak and close to the Horseshoe Hill t~ e-~ugi~e. · T~ef,' distribution .and exteri~ hav·e 
contact-'-the groundmass is composed of small . ~ot oe~~ de~It,ly .~o~ked out, but spe~I.IU.en$ 
plagioclase laths with some augite and biotite fi om d~~rent lof alities arran~ed accor~:m.,g; to 

o~mpositiOn sh_o1V'_ t. he follow_~g gro_u_p~mgs_ :_._. .. , · in a brown glassy matrix, a texture identical 1 _ 

With that in sections . from near~ by hills in · the ccurrence of variet~s of latit~-an~esite· in Tin tic distr~ct.·_- _ .. 

effusive area (Pl. XIV, Br Thus, while _ the • 

1 

'-

megascopic transition from : int:rusive. · m_ on- I ~ -g ·~ · ~ - "8. · ·gt -
~~ +" . • ·> . ci3 ~ - •• 

zonite to clearly effusive latite is fo'u.lld at a ~~ §.~A·~ ·~=~>. .~ -~- 0: -
. '"Ctp.( o .a . >:::: o ~ . ·ldiJ !' ... _ 

considerable distance from Sunrise __ P.eak1 .. the ~ .~ ~:g_ ~:g- &:s __ :g: · _. · 
microscopic transition takes place within the g·~ p. ~ p: o.~- -~ -: ~ -·j ci3 ~ ~"0 s] -· p. -o e<~ >=: · 
upper. part .of the· pe~k itself. Augite is more , .s:l c-2 ·-g -; · ci3 ci3 $ ~ -~-
conspicuous than 'biotite in the groundinas~, > ~ :A. · cZ ~-'·_- ~ -
though the reverse is true of the phenocrysts, ~ornblende-augite .. J ..... ___ . _____ ,-~ ~~ ~ ~- -_ -x :_ ·::_:~~: · 
and evidently crystallized as a whole later than ~ornblendb-biotite-augite .. ~ ......... · ......... . _.: -x- X 
the biotite. Alteration of the groundmass to . ugite-hypersthene.l .. - . --- ... -- ·x , -x X : ;><-: •. :~ .::-

ugite-hypersthene-jbiotite ......... , . X . X ........... , ..... ~ 
epidote, chlorite, sericite, calcite, and secondary iotite-au~te (Sunr1se Peak , - · 
quartz, or chalcedony, is very common. ] ty.Pe)~ -:: . ~------ · f----- ·- · X X X X x_ ·- ~ -

Specimen from the area of effusive rooks are, ~~:~d-~~gi~~~~~tf ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ · ~ ~- ~ - ~ -x · 
as already stated, in large part essentially of the T t I Tower, G. W., jr., and Smith, G. 0., op. cit., I>· 639. 

. t 
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Although it is very probable that there may . railroad cut, where its width is about 100 feet, 
be more than one flow of the same mineral but is concealed within a short distance on 
composition an:d that some flows were erupted each side of the cut. It is accompanied by a 
from different centers than others, and although considerable amount · of red opaline silica, 
nothing definite is known of the succession. of mostly in the form of loose debris. The only 
the flows at these differ-ent plaoes, the foregorng other known occurrence of this variety of 

. table is of interest in suggesting a means of latite, as shown in the table on page 61, lies 
correlation which may help toward . the further east of Long Ridge, along the southern half 
identification of postvolcanic faults. of the east edge of the quadrangle. The dike 

LITHOLOGY. 

The following brief notes will serve to sum
marize the important characteristics of the 
different varieties. They are, with one excep
tion, based on study of thin sections made for 
the earlier report. 

A ugite-hypersthene-oiotite variety.-The plagi
oclase shows a marked zonal growth and has the 
average composition of basic labradorite, rang
ing from bytownite (Ab2~80) to basic oligo
clase (Ab7~80). The augite has the same 
properties as that in the lavas already ~e
scribed, including a pale-green to yellowish 
pleochroism. It grades from prisms 2 or .more 
millimeters long down to minute anhedrons in 
the groundmass. Hypersthene varies in quan
tity. In some sections it forms a few scattered 
crystals; in others it is quite as promine~t as 
the augite. It occurs in short, stout pnsms, 
mostly 1 millimeter or less in length, and has 
a marked pleochroism from pale brownish red 
to colorless. Biotite, magnetite, and apatite 
present the same features as in all the other 
volcanic rooks of the district. The ground
m~ss ranges from minutely holocrystalline to 
glassy but in ail sections is of typical effusive 
character. A chemical analysis of a specimen 
of this variety collected on Tintic Mountain 
and said in the earlier report 1 to represent ''a 
type very important areally and belonging to 
the latest eruption" is given on page 67. 

Hornblende-biotite-augite variety.-The horn
blende-biotite-augite variety was found by the 
writer in the northern part of the area, where 

. it occurs as an extensive flow north and south 
of Laguna station and as a dike cutting rhyolite 
about a mile southeast of Pinyon Peak. The 
flow overlies coarse latite agglomerate and tuff; 
which in turn rest upon the Packard rhyolite, 
but no relation~ with any of the other latite 

' flows were found. The dike i~ exposed in a 

1 Tower, G. W., jr., and Smith, G. 0., op. cit., p. 641. 

may have served as a feeder to· the Laguna 
flow although it may be rather too remote 
fro~ Long Ridge to have ~upplied the flow 
the~e. In any case it seems evident that the 
flows of this type, like the tuffs beneath them, 
were erupted from another center than those 
represented by Volcano Ridge an~ · Sun~se 
Peak or by the monzonite mass of Silver City. 

The rock is medium gray, dense, and por
phyritl.c, with phenocrysts of doubly twinned 
glassy plagioclase as much . as 5 and even ~ 0 
millime.ters long, black, shiny hornblende In 
prisms from 2 to 4 millimeters long: ~nd biotite 
in well-defined six-sided plates 3 millimeters or 
less in diameter. Biotite and hornblende are 
about equally abundant. In · thin section t?e 
plagioclase is zonal and shows the ~arne vana
tion in composition of the zones as In the other 
varieties. Its average composition, therefore, 
is that of labradorite. The hornblende is the 
brown basaltic variety. All its grains show 
partial to complete. reso~ption, an~ ~n a few 
sections the resorptwn rims can distrnctly be 
made out to consist of augite in short rods and 
magnetite or ilmenite in fine rounded ¥rains, 
both embedded in a matrix of small plagwclase 
anhedrons. This association tends to show 
that, in spite of the mineralogic difference, the 
hornblendic rock is chemically the same as the 
more common hornblende-free varieties. The 
biotite is typical. Neither hornblende nor 
biotite is represented in the groundmass, and 
their place is taken by augite, which is a pro~
nent microscopic constituent but occurs In 
poorly formed grains all less than 0.5 milli
meter long and grading down to the finest 
specks. Magnetite and apatite are relatively 
abundant and large, some attaining a diameter 
or length of nearly 1 millimeter. Titanite 
forms a few small microphenocrysts, some of 
which have perfect crystal outlines. The 
groundmass is more or less glassy and in other 
respects typical. 
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A partial chemical analysis of this rock ·and 
the corresponding partial norm are given be
low, together with the corresponding percent
ages in the average latite and average andesite. 

that necessary ~o form the silicates of the rock. 
The excess of silica in the partial ' norm of 
course includes some that belongs to the iron
bearing silicate minerals. 

Partial analysis and norm of hornblende-biotite-augite latite 
- and analyses of average latite and andesite. 

Analyses. 

Norm of No.1. 

1 2 3 

Hornblende-augite variety.-The hornblende
augite variety is of the same general composi
tion as the rock last described, with the omis
sim:i of the biotite. The augite, .however, in 
some of the thin sections studied forms more 
distinctive phenocrysts. 

---------/--------- COMPARISON OF THE DIFFERENT VARIETIES. 

Si02 • • . 57.27 57.65 59.59 
MgO .. _ 2. 45 3. 22 2. 75 
CaO. - _ 6. 06 5. 7 4 5. 80 
N~O- _ 2. 94 3. 59 3. 58 
K 20 .. - 3. 23 4. 39 2. 04 

71. 95 - - - - - - - - - - - - - -

Excess silica .. --.. 8. 52 So far as the micro~copic study and partial 
Orthoclase.····· - · 18· 90 analyses show, the different varieties of the Albite._ ..... _ . . _ _ 24. 63 
Anorthite ... ---- .. 30. 02 latite-andesite series are nearly all chemically 
Magnesium meta- identical and equivalent to the intrusive monzo-silicate .. __ . _. _.. 6.10 

-- nitic bodies. This relation is further considered 
88.17 . h d I~ I t e ~scription of the monzonite of the 

__ __c_ _ _ c__ _ __L __ _._________ S~ver ·City stock. Mineralogic differences, 
1. Hornblende-biotite-augite latite. George Steiger, suc

1 

h as the presence or absence of bi9tite or 
analyst. b 

2. Aerage latite. Daly, R. A., Am. Acad. Arts and Sci. araltic hornblende, are evidently due to vary-
Proc., vol. 45, p. 221, 1910. ing

1

• conditions of temperature and . pressure 
3. Average andesite. Daly, R. A. , op. cit., p. 223. ~ th h t f · w en e p enocrys s were ornnng, or to 
The ratio of potash to soda shown by this sli : ht variations in certain co. nstituents, such 

analysis is not quite as high as in the other as iron oxi4es. The fact that the phenocrysts 
analyses of locallatite and monzonite given on ar · generally resorbed is proof that they crys
pages 56 and 67, and the ratio of normative ta]lized before eruption, and that under the 
orthoclase to albite is correspondingly low, but diferent conditions existing during eruption, 
not as low as the true ratio, for a considerable s~fh a. s cooling and relief of pressure with libera
amount of the potash belongs to biotite. ti9n of gases, they began to break down into 
These facts, as well as a comparison with the simpler compounds. The two pyroxenes ap
average analyses of latite and andesite, indi- per r stable under the conditions of eruption. 
cate a rock of prevailing latitic character but T~e hypersthene, so far as the thin sections 
grading toward andesite. The total alkalies st~died show, is absent where biotite or ba
and alkaline earths shown in column 1 are saltic hornblende is abundant (in the augite-
ower than in the other locallatite and monzo- h!Jpersthene-biotite variety the biotite is scarce 

nite, and this deficiency is doubtless com pen- a~Jd partly resorbed), and it may be that the 
sated by a relatively high percentage of iron, prrsence of hypersthene in some flows accounts 
contained chiefly in the basaltic hornblende. for the MgO and some FeO which in other flows 
A considerable amount of the normative anor- IS Jtaken by the hornblende and biotite. . The 
thite and a small amount of the albite should prrsence or absence of hypersthene, however, 
be assigned to this hornblende, leaving a higher depends on so small an excess of (Mg,Fe)O 
percentage of albite than is indicated by the o~er the ratio (Mg,Fe)O: CaO in the diopside 
optical properties of the plagioclase. This ex- m?lecule of augite that this apparent relation 
cess of normative albite, as in the augite latite be1twe~n ~ypersthene and basaltic hornblende 
(p. 56), may indicate in part a more sodic va:.. plf s. biOtite must be .regarded as only a sug
riety of plagioclase in the groundmass and soda ge[ tion. 
in the glassy groundmass ava~able for sodic ALTERATION PRQ.nucTs. 

orthoclase. The percentage of silica is very ~teration products are the same for all the 
close to that in the average · analysis of latite v~rieties and are generally similar to those in 
and is sufficient to suggest a small excess over 1 th~ monzonite porphyry of_ Sunrise Peak. 
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:MONZONITE (SILVER CITY STOCX).I 

DISTRIBUTION AND STRUCTURAL RELATIONS. 

The latest known important eruption in the 
district · is represented by the Silver City stock 
of monzonite, the main body of which occupies 
a considerable area between Mammoth and 
Silver City and a small ·a:r:ea farther south, on 
the other side of Ruby Hollow, beyond which 
its southwestward extent is hidden beneath 
alluvium. A smaller body is exposed north
east of the main one, between Sioux Pass and 
the Northern Spy shaft, and a few still smaller 
bodies of dikeli~e and irregular forms crop out 
farther northeast. The main body is bounded 
on the west by alluvium and by the Swansea 
rhyolite, on the north by the alluvium of 
Mammoth Basin, on the northeast by contact
metamorphic limestone, and on the east and 
southeast by the monzonite-latite porphyry 
from the Sunrise Peak vent and the obscure 
area of latite tuff. 

The contact with the Swansea rhyolite is 
described on page 50, where evidence is given 
to show that the monzonite is the y·ounger 
rock. The contact with the limestone is clearly 
intrusive, as shown by the several inclusions, 
the metamorphosed condition of the limestone, 
the short, irregular apophyses penetrating the 
limestone, and the tendency of the monzonite 
to form a narrow porphyritic contact zone. 
The chilling effects are well shown at Diamond 
Pass in a northward-trending dike, which has a 
distinctly granular appearance where it crosses 
the road but a dense porphyritic texture near 
its termination along the Black Jack iron 
mine. · The numerous limestone inclusions and 
the highly disintegrated character of both mon
zonite and limestone greatly obscure the con
tact relations east and southeast of Diamond 
Pass. Several limestone inclusions, once wholly 
covered by monzonite talus, are now exposed 
by artificial road cuts and tunnels, and it is 
very probable that the inclusions are far more 
numerous than the map indicates. 

The contact of the monzonite with the mon
zonite-latite porphyry is wholly obscured by 
thorough disintegration and alteration of both 
roc:ks and to judge by surface appearances 
could be interpreted as a gradation, but it is 
shown elsewhere (p. 58) that the two rocks 
were erupted at different, though not necessa-

1 In the earlier report this monzonite and the monzonite porphyry 
were mapped as ''Sunrise monzonite.'' 

rily widely separated times. The presence of a 
dike of the monzonite cutting the monzonite 
porphyry in a railroad cut southeast of Sioux 
Pass (see Pl. IV, in pocket~ also p. 59) is evi
denc~ .'-'that the monzonite is the younger of 
the two. ', 

The dimensions of the monzonite, so far as · 
indicated on the surface and in mine workings, 
are those of a rectangular or elliptical body, 
only a part of which is exposed. Its north
easterly trend is expressed by the limits of the 
metamorphic limestone and by the small mon
zonite stock and dikes already mentioned; 
also by the absence of any monzonite in the 
workings of the Opex (2,200 feet deep), Emer
ald (1,100 feet deep), and Mammoth (2,300 feet 
deep). The arrangement of the limestone in
clusions, which are more numerous than is 
shown on the map, indicates the great irregu
larity of the upper monzonite contact. The 
northernmost portion, which in the Lower 
Mammoth workings is seen pitching north
e~stward beneath the limestone, is virtually 
separated from the rest by the large limestone 
inclusions shown on the map. Only two are 
mapped, but the tunnel represented as pene
trating southward toward Robinson triangu
lation station is mostly in limestone blocks 
that lie beneath a surface of monzonite debris 
and are separated from one another by monzo
nite. The northeastward continuation of the 
monzonite beyond these inclusions is expressed 
by the broad metamorphic limestone zone. 
East of Diamond Pass the monzonite again 
rises among numerous limestone blocks, and 
the highest point along its contact is near the 
7,000-foot contour. The small stock at Sioux 
Pass is even higher, reaching the 7,540-foot 
contour along its west contact, and may well 
rna; k the reappearance of the Diamond Pass 
"apex" continued through the hill. This 
relation is further suggested by the distribu
tion of metamorphic limestone. Recent de
velopments on the 800 and 1,000 foot levels 
of the Dragon iron mine have exposed the con
tact of monzonite and limestone west and south 
of the shaft and proved that it extends east- · 
ward beneath the surface at this place. (See 
fig. 9, p. 60.) The absence of typical monzo
nite, except possibly as a few thoroughly de
composed dikes, in the Northern Spy and Iron 
Blossom No. 3 workings, together with its 
absence in the lower area to the northeast and 
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east, proves that the roof of the monzonite Jhe monzonite and would probably also have 
body must pitch steeply in these directions. 4ompletely covered the highest limestone peaks. 
The considerable extent of mild contact meta- The great amount · of erosion necessary for the 
morphism associated with the small intrusions ~oll_lplete removal of so thick a series from t.he 
near Burriston Canyon, however, suggests that 1nt1re area north and east of the monzonite 
a rather large body of monzonite is not many throws some douqt upon the relations sug- _ 
hundred feet below the surface there. fested; but that the postulated erosion is 

The thickness of cover over the intrusive possible is showu in section C-C' of . Plate II, 
monzonite must have been considerable. . The wt

1 

here the re.storation of the Volcanic Ridge 
numerous inclusions of limestone and quartzite nd Sunrise Peak cones indicate that between 
show that the path of the intrusion lay mostly ,000 and 3,000 feet of rock has been removed. 
through the~e r'ocks, and the presence of scat- rhe evidence as a whole,, therefore, although 
tered rounded inclusions of latite or andesite, r,ot actual proof, ·suggests v~ry .strongly that 
as well as· the character of the eastern contact f~e plutonic character of the monzonite and 
-of the monzonite, indicates that some surface the gre.at temperature changes expressed in the 
flows may also have capped the area. The retamorphic limestone are due to the slow 
maximum thickness of limestone, if the present cooling · of the monzonite magma under a 
highest peaks were assumed to repr~sent p9ver composed in part of sedimentary rocks 
remnants of a horizontal plateau, would have ibut mostly of :volQanic rocks. 

.. LITHOLOGY OF THE MAIN TYPE . 
been about 1,000 feet; but such an assumption 
is not warranted either by the relative rate of 
er~sion of the limestone or by the ch~racter of The color· of the freshest m::tterial found is a 
the prevolcanic topography as shown by the niform . dark, smoky purple, but by far the 
Packard rhyolite contact and the effusive con-· most common color is a light speckled gray 
tacts around Sioux Pass. Faulting (seep. 86) W)ith brownish and pale pinkish variations. 
might account for a sufficient sedimentary The megascopic texture appears to be mostly 
cover over the western edge of the. monzonite, even granular, with a porphyritic tendency i.n 
but not over its greater part. How great a many places, plagioclase and subordinate 
thickness of volcanic rocks may have once hornblend~ or pyroxene forming the pheno
been present here can not be accurately ascer- crysts. The megascopic minerals are purple 
tained from their present distribution, but to white plagioclase, in automorphic crystals 
their relatively rapid . rate of erosion could averaging 3 millimeters in length, with dis
account for the disappearance of a considerable tinct albite twinning, alkalic feldspar, . mostly 
thickness. The extension of the latite of Sun- ot pale pink c-olor, in aggregates of fine an
Tise Peak in this direction, to judge from its hedral grains tending to surround plagioclase 
distribution, could hardly have reached above and the dark minerals; hornblende or pyroxene, 
the present 7,200 or 7,300 foot contour, but in short dark-green prisms 1 to 2 millimeters 
eruptions from the m·onzonite center itself long, single or here and there in small aggre
·may well have taken place, including rhyolite g~tes, some showing splintery cleavage sug
from the Swansea intrusion, and built up g~stive of horp_blende, others a single smooth 
a. thick series of tuffs and lavas. If the cleavage or parting . suggestive of pyroxene; 
uppermost flows of the volcanic series-for ex- biotite, locally in distinct flakes but mostly in 
ample, the augite:-hypersthene-biotite latite obscure specks, decidedly subordinate to the 
of Tintic Mountain, which is very similar in hornblende or pyroxene; magnetite, in Ipinute 
composition to the Silver City stock"of monzo:- s~ecks; ~nd in some specimens pyrite, in mi
nite-are projected over the monzonite with nute grains or streaks, for the most part dis
as low a dip as 5°, they will indicate an ap- tinctly secondary. 
proximate thickness of 3,000 feet above the 1 In thin section(Pl. XV, B, p._61) the porphy
·present surface. Such a thickness, even after r~tic character is much more common, oWing to 
deduction for possible overestimate, would the prevailing greater size of the automorphic 
have formed a cover quite suffici,ent to account plagioclase and hornblende or pyroxene over 
for the slow cooling indicated by the texture of th/1 at of anhedr. al alkalic' feld-spar and_ quartz. 

104355°--19----5 

I 
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The plagioclase, _all in automorphic crystals, 
the shortest 0.1 . millimeter long, is . twinned 
acco:r:ding, to .both Carlsbad and albite laws, 
and its extinction angles .on combined twins 
indicate a composition of Ab53An47, or be
tween Ab55An45 and Ab50An50• It incloses 
minute grains of augite and magnetite but is 
partly surrounded by large .g:r:ains of the same 
minerals. It is as a rule free from marked 
alt~ration, but where alteration has been lo
cally pronounced it .is changed more or less to 
sericite, epidote, calcite; and quartz. The 
alkalic feldspar forms xenomorphic grains, 
few over 1 millimeter in diameter, with some 
suggesti9n 9f perthitic structure. It lies mostly 
in the groundmass, but · some of the larger 
grains form imperfect borders around plagio
clase crystals. It is uniformly dusted with kao
lin, in marked contrast to tpe fresh plagioclase. 
Quartz is present only as microscopic anhe
dral gra~s 0.2 or 0.3 millimeter in diamet~r, 
that are abundant in the groundmass a:nd 
closely associated with the alkalic feldspar, 
the two forming micrographic intergrowths. 
at many points. In one section almost the 
whole groundmass was composed of the mi-

. crographic intergrowth embedding automor
phic crystals of plagioclase and ferromagnesian 
minerals. Augite forms ·imperfectly shaped 
(hypautomorphic) crystals, whose edges· inter
lock with the grains of the groundmass. Most 
grains show twinning, some simple, others 
multiple. Pleochroism is very slight or ab
sent. Many crystals are full of small magnet
ite grains and have outer fringes of poorly 

. developed biotite. Alteration varies; in the 
small stock north of Sioux Pass the augite 
has gone over to chlorite (delessite) and cal
cite, the typical alteration in the effusive 
rocks, but in the main body most of the augite 
has altered to hornblend~. The latter change 
can be followed from sections in · which the 
augite shows hardly a trace of alteration, 
through those in which all but a central core 
has changed to fibrous, uralitic hd'rnblende, 
to others, by far the most numerous, in which 
only fibrous or compact hornblende is pres~n:t. 
Some hornblende grains are distinctly eight
sided, evidently . preserving the cross-section 
outline of the original augite. Others form 
short prisms, roundly or bluntly pointed at 
the ends, resembling the hypersthene of the 
effusive rocks; but no unchanged· hypersthene 

was found in any of the monzonite sections. 
Biotite forms a few typical crystals, rarely over 
1 millimeter in diameter, but j~ mostly limited 
to small clusters, apparently the arrested 
growth of larger crystals, around the augite~ 
hornblende and also sea ttered through the 
groundmass. Both the augite-hornblende and 
the biotite may be altered, the former to chlo
rite with epidote or calcite, the latter to chlo
rite alone. Magnetite forms irregular . grains, 
rarely as much as 1 millimeter in diameter. It 
incloses . apatite, and small granules of it are 
inclosed in or intergrown with the ferromag
nesian minerals; but the boundaries between 
it and these minerals are irregular, and in 
some sections the larger magnetite grains · 
partly surround . the corners _of augite and 
plagioclase crystals. In the same sections its 
outlines against quartz or the micrographic 
intergrowths are largeJy but not wholly auto
morphic. Apatite, zircon, and titanite form 
typical small to ~inute crystals, inclosed in 
all the other minerals. · 

The original _f~rromagnesian minerals~aug
ite, possibly hypersthene, and biotite-are 
noteworthy in their difference in character and 
relative amounts from those in the monzonite
latite porphyry of Sunrise Peak and their 
closer similarity to those of later flows, espe
cially the latest latite flow on Tintic Mountain 
(p. 62). Although not strong evidence in 
itself, this difference accords with other evi
dence showing the monzonite of the Silver 
City stock to be different frqm and later than 
the monzonite-latite porphyry of Sunrise Peak_ . 

CHEMICAL COMPOSITION. 

The chemical analysis of the monzonite is 
_given in column 1 of the table on page 67. 
Comparison with column 5 shows the close 
similarity with the latite of · Tin tic Mountain. 
Comparison with column 4, the average analy
sis of monzonite, shows an excess of_ silica in 
the .Silver City stock, which accounts for much 
9f the free quartz. The name "quartz mon
zonite," however, has not been adopted, for 
quartz is only rarely present in megascopic 
grains, and "monzonite" therefore seems 
preferable for field use. The low MgO and 
CaO as compared with the average analysis 
indicate a relatively-- low percentage of dark 
silicates, a difference in accord with the excess 
of quartz. 
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_ Comparison with analyses of the monzonite 
at Bingham, Utah (c,olumns 2 and-3), shows a 
olose similarity between. the two rocks. The 
rock -of the Tin tic district is relatively low in 
MgO and especially in CaO, but the differences 
are no greater. thari may exist in differe:n,t mer
hers of_ the monzonite-latite series of the Tintic 
district. The mineral composition of the two 
rocks is also very similar, though the rock at 
Bingham shows more variation in _ the occUr
rence of the dark silicates.1 Andesites, near 

two oocurr~nces -suggests their correlation · as 
parts of one extensive monzonit.e magma, .which 
the more comp[ete st~uctural .recor~d ·at- Tin tic: 
proves to have ,been intruded long . after the 
folding and during the TertiaFy (p_ost-Eocene) 
volcanic period. 

MINOR . VARIATIONS. 

Four interesting minor variations of the mon
zonite were noted and are briefly. described be.,. 
low. These are the normal contact porphyry;· 

Analyses ofmonzonites·and latites. 

1 ~ 

' 
6 7 

\ 59.43 57.65 

2 ' 

\ ·\ \ 
Ri02 ..................... .. .......... 59.76 58.64 57.16 55.25 60.17 

16.68 16. G8-
2 .. 54 2. 29· 
3.48 4.07 
1. 84 3. 22: 
4.09 5.58 

Al20 3 ..... ~ ...... . .......... ~ •••• ·...... 15.79 15.35 16.69 16. 5~ 15.78 
Fe20 3 ................................ 3. 77 3. f5 3. 47 3. 03 3.4.2 

rr~~----.-~~:~~~:~· :~~: - :~~~~~~:::~:~~~~:~ ~:{~ ~:~! ~:~~ t~b l ~:~~ 
CaO. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3. 88 5. 37 5. 86 7. 19 4. 69 
N~O............... ................... 3.01 3.60 3.82- 3.48 2.96 3.72 3.59' 

5.04 -4:.39 
. 27· } .77 . 72 

1. 38 1. 00 
Undet. .14 

K 20 .................... : ............. 4.40 4.23 4.49 4.11 4.16 

~~8+::::::::::::~~~:~: ~ :::: -::::::::: 1:N 1:~z 1:~~} ·66 { 1:~~ 
TiO:.l. .. .. . .. .. .. .. .. . .. .. .. . .. . .. .. . . 87 . 83 . 87 . 60 . 87 
C02 .................................. ·.78 None. None. .......... Undet. 

. 58 . 36 ~~~5.·.·-~: ·~~:~:~~~~:::~ . :~:::::-: : ::: ~ ::: Und:t~ :2; :6~ ...... ·.~~-------~~~----------·----------
C'r203 . .. · .......................................... ·_............ Undet. Tra~e. Trac~e. . ............................................................................ :· · 
MnO . ......... ..... ... .... ..... .. c • • • • • 12 Trace. Trace. , . 15 . 11 Trace. . ........ . 
BaO ...... . ............. ........ :...... . 09 .18 .30 .......... :14 .14 .16 
SrO .... · .......... : ................... Trace. Undet. Undet ........... 

1 

.09 Trace .......... . 
Li"O ...... ,.... ... ....... ..... . . . ..... Trace. Undet. Undet. . ......... 

1 
Trace. None. . ... ..... . 

V203 •• • •••••••••• . .•• _................ ... ·.02 Undet. Undet. .......... .01 ................ -... . 
Mo ...... : ............................ Trace. Undet. . Undet ....................................... .. 
CL ..... --............................ . 04 Undet. Undet. .. . .. .. . .. . 04 . 05 . ......... . 
Zr()2 .. ... .... . · •.....•.................. · ..... .. ·_ ...••........... . •........... -~-......... . 08 ......... . 

99. 83 I 100. 26 100. 21 I 100. 00 99. 79 . 100. ()1 100. 00 

l. Monzonite near Iron Duke mine, east of Silver City, Tintic mining-distridt, Utah. H. N. Stokes, analyst. 
Tower, G. W., jr., and Smith, G. 0 ., U.S. Geol. Survey Nineteenth Ann. Rept., pt. 3, p. 647, 1898. 

. 2. Monzonite, Tribune tunnel, Bingham mining district, Utah. E. T. Allen,- analyst. U. S. GeoL Survey Prof. 
Paper 38, p. 178, 1905. . · 

3. Monzonite, British tunnel, Bingham mining district , Utah; E. T: Allen, analyst. Idem. 
4._ Average analysis of monzonite. Daly, R. A., Am. Acad. Arts and Sci. Proc.l, vol. 45, p. 221, No. 19, 1910. 
Pl. Latite, Tintic Mountain, Utah. H. N. Stokes, analyst . . Tower, G. W., jr., and Smith, G. 0., op. cit. , p. 649: 
6. Augite latite. Dardanelle flow, Oal. H. N. Stokes, analyf'lt. U.S. Geol. Sm-vey Bul-l. 89, p. 58, 1898. 
7. Average analysis of latite. Daly,-R. A., op. cit., p. 221, No. 20. 

latite in composition, are also present in the a quartz porphyryl an alkalic granite, and a 
Bingham district and have the same relations syenitic porphyry containing aegirite-augite. 
to prevolcanic topography as the flows at Contact porphyry.-The normal contact por
Tintic.2 The time of intrusion of the mon- phyry is of very skall extent, arid has been 
zonite at Bingham is not definitely' known. found only locally. , It is perhaps best exposed 
Keith states that it may have been either before at Diamond Pass, at scattered points on the 
or after the folding of the sedimentary rocks, upper road, and along the crest of the south
and that "the facts in other regions may throw ward-trending spur. It is dark gray, dense, _ 
light on this question." The close similarity and slightly porphyritic. The only conspicuous 
in composition and in structure between the phenocrysts are plagioclase; they are smaller 

and far less numerous than in the porphyry of 
IKeith,Arthur,Arealgeology[oftheBinghamminingdistrict,Utah]: Sunrise Peak. · In thin section the texture is 

{!. S. Geol. Sut~ey Prof. Paper 38, p. 51, 1905. 
2 Idem, p. 55. rather uneven, the phenocrysts tending to seg-
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regate and form patches of coarser grain. The 
· most abundant phenocrysts see:ri in the thin sec
tion are plagio,clase, which is zonal, the composi
tion of different zones ranging from Ab40An60 

to Ab85An15 and averaging about Ab5oAfi50• 

Augite forms a few small crystals of the same 
character as in the main type. · A few scattered 
grains of weakly pleochroic hornblende are also 
present. Biotite forms _a few skeleton-like 
flakes, some mingled with augite, others sep
arate. The groundmass is composed of fine 
plagioclase laths with interstitial ferromagne
sian minerals,'-alkalic feldspar, and quartz. 

Quartz porphyry.-The quartz porphyry phase 
of the monzonite forms a rim around the large 
impure quartzite inclusion in the sag northwest 
of the Robinson triangulation station. It 
grades into typical monzonite. Its megascopic 
appearance is essentially the same as that of 
the Swansea rhyolite porphyry, save that the 
phenocrysts . are smaller. In thin section the 
phenocrysts are poorly formed and include both 
of the feldspars, quartz, and hornblende (prob
ably after augite). The groundmass is very 
fine grained and highly quartzose. The one 
section studied was too poor to warrant a more 
detailed description, but the evidence pre
sented shows that the quartz porphyry phase is 
intermediate in character between the Swansea 
rhyolite porphyry and the monzonite, an<;l at 
least suggests a small amount of marginal as
similation, the impure quartzite having en
riched the monz-onite magma in silica, a little 
alumina, and probably a little potash. These 

· additions would cause an increase in the per
. centages of quartz and probably alkalic feld
. spar, which in turn could account for the 
appearance of these minerals as phenocrysts. 

Time was not taken to study the margins 
of all the quartzite inclusions, and it is not 
known whether such quartz porphyry rims 
are common or exceptional. , In either case, 
however~ the occurrence is of interest as a 
suggestion of the reactions that. may result 
where -a monzonite remains for a long time in 
contac-t with quartzite or other highly sili
ceous rocks. · 

Alkalic gran:ite.-~e alkalic granite phase 
was found as a segregation about 1 foot in 
diameter in a small prospect hole nearly 600 
feet due south of the road fork at Diamond 
Pass. It is light gray, fine and even grained, 
and composed almost entirely of unstriated 
feldspar ' and- quartz, With thinly scattered 

indeterminable black grains. In thin section 
it is compos~d of microperthite about 64 per 
cent, quartz ~bout 34 per cent, and plagio
clase, slightly pleochroic augite (and horn
blende), magnetite, and · zircon. The micro
perthite forms hypautomorphic interlocking 
grains, considerably kaolinized; as in the 
typical monzonite. The quartz as a whole is 
interstitial, but its contacts are much inter
grown with the feldspar. 

The rook is interesting when oom·pared with 
the typical monzonite as a product of simple 
differentiation by fractional crystallization. · 
·The fact that the alkalic feldspar and quartz 
are confined to the groundmass in the porphy
ritic phases of the monzonite is evidence that 
they were the last . important minerals of the 
rock to crystallize. If the other minerals after 
crystallizing had time to segregate and form a 
local body unusually rich in plagioClase and 
augite-in other words, a gabbro-they would 
leave the remaining fluid portion to crystallize 
as alkalic granite. Such residual portions of 
alkalic granite could form local patches grading 
into the surrounding rock, as in the present 
case, or might remairi fluid lintil fracturing of 
the already solidified inclosing rock allowed 
them to take the form of local dikes. 

A few narrow dikelets of granitic composition 
were found near the Swansea rhyolite eontact. 
One cut across a latite dike, which in turn cut 
both the rhyolite and the ·monzonite. · The 
texture of the granitic dikelet~ ranges from . 
aplitic tQ finely pegmatitic, with margins of 
feldspar and middle bands of quartz · and 
fine black grains. As seen under a hand lens 
the pink alkalic feldspar predominates over 
the fine grains of white plagioclase. The 
origin of these dikelets niay be closely similar 
to that of the alkalic granite just described, 
the residual alkalic magma having been tapped 
by a fracture in the already consolidated mon
.zonite. The percentage of plagioclase in such 
a rock could vary according to the complete
ness of separation before consolidation, with 
or without local intrusion. · 

Syenitic porphyry.-The syenitio porphyry 
phase was found near the west margin of the 
small stock north of Sioux Pass, within a. ·few 
feet of its highest point. As its. differences · 
from the normal porphyry phase are micro
scopic, its extent can not be more definitely 
stated. It is dark gray and ranges in textur~ 
from a typical porphyry to a completely 
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granular rock that grades into typical mon- intrusive or effusive. One dike, about 8 or 10 
zonite. . The phenoorysts are plagioclase · in feet thick and of easterly trend, cuts the main 
well-formed laths and small· irregular pitcHy monzonite mass in a railroad cut west of the 
black grains, which the microscope proves to road forks ·in Dragon Canyon. Its mineral 
be aegirite-augite. In thin section (Pl. XVI, composition is the same as that of the inclosing 
A, p. 78), the plagioclase is zonal and the zon~s monzonite. The narrow latite dike of north- , 
range in composition from labradorite in the erly trend, cutting across the monzonite and 
central part to oligoclase (Ab8oAn20 ) on the quartz porphyry contact, is mentioned on page 
rim. The plagioclase crystals are partly br 68. It is almost nonporphyritic, but its micro
even wholly surrounded by microperthi~e scopic mineral composition is similar to that of 
crowded with minute grains of aegirite-augite. the monzonite. A few dikes, one as much as 
The microperthite and aegirite-augite form 100 feet wide, cut the effusive lavas just east. 
small phenocrysts, rarely over 1 millime~er of Sunrise Peak. They are weathered to ·. a 
long, which grade down to granules in the greenish-gray color and have a finely gr!lnular 
groundmass. .The . groundmass is composed groundmass. They are much altered but are 
essentially of alkalic feldspar and aegirit e- similar to the ;main monzonite mass in mineral 
augite, with numerous small grains of titani~e composition and may have been feeders to 
and a few of epidote. The character of both some o~ the upper fi.Dws of pyroxene latite. 
titanite and epidote and especially their inh- Two obscure occurrences were found in the 
mate relations with unaltered microperthlte vicinity of Burriston Canyon-one to the south, 
and . aegirite-augite suggest their primary near·theeast end of the earlier rhyolite, and one 
origin. Magnetite, apatite, and zircon ~re to the north, on the southward-sloping lime
also present in small amount. In one or h~·o sto:rie sp:ur. The exposures were too badly dis
places phenocrysts of plagioclase have bekn integrated to. show their structural relations 
fractured.· and recemented by veinlets of clearly, but both are intrusive and associated 
microperthite and aegirite-augite. with marbleized limestone: (See p. 65.) · The 

The textural relations of the minerals show unaltered rock is of light-gray to brownish 
I 

the rock to be virtually a groundmass of 3Jlka:lic color, unlike . any of the other dikes. The 
syenite with inclosed plagioclase crystals of the phenocrysts are plagioclase, .somewhat less 
same composition as those which characterize calcic than in the other monzonite rocks, bio
the monzonite__::_evidently a product of incok - tite in well-formed abundant crystals, and 
plete differ~ntiation. The adjacent monzonite microscopic augi,te. The groundmass ·is dis
is of the main type, containing nonpleochr~ic tinctly quartzose and resembles that of micro
augite and considerable quartz. The process . granite, but the rock contains no phenocrysts 
of differentiation, therefore, was not so sim}_l>le of quartz. Its general character, however, 
as in the other phases described. The p~r- though intermediate, is nearer to that of mon
phyry has lost its _excess silica and increas~d zonite than to that of the rhyolites of the 
its alkalies. More thorough study may s};low it district. 
to be the result of reaction between the monzo-
nite and the inclosing dolomite, as suggested 
by Daly.1 The unusual abundance of tit anite 
along with the epidote may be attributed . to 
the union of lime from the dolomite with some 
of the excess silica of th~ monzonite. The po
sition of the porphyry at the very highest part 
of the contact, or at the very roof of the stock, 
is also favorable to Daly's hypothesis. 

MONZONITE PORPHYRY DIKES. 

Dikes of mo~zonite . porphyry have 1 been 
fowid at a few places but can not be certainly 
correlated with any of the large occurrences, 

1 Daly, R. A., Origin of the alkaline rocks: Geol. Soc. America Bull., 
vol. 21, pp. 87-118, 1910. 

OLIVINE BASALT. 

No basalt exposures were visited during the 
recent survey, and the following paragraphs 
are quoted from the earlier report: 2 

Although basalt is of common occurrence south of the 
Tintic Mountains, as well as in the other parts of the .. · 
Great Basin, it was found in only one locality within the 
Tintic quadrangle. House Butte is a promi~ent flat
topped hill about 1 mile west of Tintic Mountain. . Basalt 
occurs here in three small areas, the outlin~s of which 
suggeot intruded sheets. Immediately. southeast of Hou8e 
Butte basalt is found on the side of a ravine. In these 
localities, as elsewhere in the Tintic Mountains, talus. 
accumulations somewhat conceal geologic relations. 
· ·Megascopically the basalt is a black, very compact 
rock, without the vitreous te.xtlire of the darker of the 

2 Tower, G. W., jr., Smith, G. 0., op. cit., p. 648. 
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andesites '(latites). It is very :fine grained, and no mega
scopic phenocrysts occur. Under the microscope the only 
pheno'crysts seen are of olivine and augite, and these are 
much less important in amount than the' groundmass. 
The olivine occurs in well-terminated prisms and appears 

. quite free from alteration. The augite is also colorless in 
the tliin section but is readily distinguished from the 
olivine by its more perf~ct cleavage and inclined ex
tinction. 

The groundmass of the basalt is quite holocrystalline, 
consisting of a uniform mat of laths of plagioclase feldspar 
and crystals and anhedra of augite. Magnetite in small 
crystals and grains is scattered throughout the rock, while 
apatite occurs in long microscopic needles. The micro
lites of feldspar show a distinct flowage around the 
phenocrysts. Calcite and a yellowish-brown material :fill 
pores in the rock. · 

DIFFERENTIATION OF THE IGNEOUS ROCKS. 

ESTABLISHED FACTS. 

A complete discussion. of magmatic differ
entiation of the igneous rocks of the Tintic dis
trict, although many facts have been estab
lished, must involve · considerable speculation 
on facto'rs whose influence is unknown. The 
more of these indefinite factors there are the 
farther must the discussion come from reaching 
a convincing conclusion. Any treatment of the 
subject sh_ould recognize the possible influences 
of magmatic stoping and abyssal assimilation 
on physical ~nd chemical conq_itions within the 
magma. The conclusion is reached that the 
siliceous rocks of pre-Cambrian and possibly 
Cambrian age may perhaps have contributed 
material to the formation of the rhyolites, 
but that the _ limesto~es had no appreciable 
influence of any kind on the composition of 
the igneous rocks now exposed. 

The established facts are summarized below . 
1. The sedimentary rocks, all older than the 

igneous, had been folded and, as· shown in a 
subsequent section (pp. 77-90), extensively 
faulted before volcanic erupti0ns began. Some 
faults, however, especially around the m~n
zonite, were evidently formed during volcanic 
activity. 

2. The prevolcanic topography of the sedi-
·' mentary area was much the same as th_at of 

to-day, and postvolcanic erosion has been con
fined mostly to· the volcanic rocks, which in 
some places may have been as ·much as 3,000 
feet thicker than now. 

3. The known order of eruption is (1) latite 
or andesite, (2) rhyolites, (3) latite and mon
zonite, (4) basalt. 

- 4. These rocks are closely related in mineral 
and chemical composition, as well as in geologic 
occurrence, and, with the possible exception of 
the basalt, evidently came· from a common 
source. It is possible that the small amount of 
basalt .is much later than the other rocks and 
came from a deepersource. It may be equiva- · 
lent to the basalts elsewhere in Utah that were 
erupted in late -Tertiary and early Pleistocene 
time, after the uplift of the immense fault 
blocks of the "Basin Ranges." . 

5. The order of crystallization in all the 
rocks has been the same-(1) plagioclase (in 
crystals with successively less calcic zon~s), 
ferrom~gnesian silicates, magnetite, apat1te, 
and zircon; (2) alkalic feldspar and quartz (if 
present). The exact order 'for single minerals 
can not be definitely stated, but the first group 
as a whole was distinctly earlier than the sec
ond. The quartz phenocrysts in rhyolites were 
later than the phenocrysts of the first group, 
so far as direct re1ations between them could 
be found. 

Among the indefinite factors are these: 
1. The rocks cut by the uprising n1agma in 

the different volcanic centers include, besides 
a measurable thickness of limestones, a thick
ness of quartzite indefinitely greater than 6,000 
feet and an unknown thickness of pre-Cambrian 
granites, gneisses, quartzites, and schists which 
are known to underlie the quartzite elsewhere 
in Utah. 
. 2. The fact that the dimensions of the igne
ous rock bodies beneath the surface are un
known prevep.ts even an approximate estimate 
. of the volume of pre-Cambrian and Cambrian 
rocks displaced and thus rendered subject to 
sinking and to abyssal assimilation. 

3. The dur.ation of volcanic activity and the 
time available for t:qe assimilation of _older rocks 
and for differentiation of the resultmg syntec
tic magma which could he expressed in the 
later eruptions are likewise unknown. 

4. There are no data available as to the shape 
of the roof of the n1agma reservoir and the 
homogeneity of the magma at the beginning of 
the volcanic period. The roof ll:ay have been 
sufficiently irregular for the· r~yolitic portions 
of the magma to collect in the uppermost parts 
of the chamber through gravitative differen
tiation, even before any eruptions took place. 
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EVIDENCE IN EARLY LATITE AND EARLY RHYOLITE. Such a separation of alkalic f~om subalkalic 
The oldest volcanic rock found by the writer magma is illustrated on a small scale by the 

is the early latite or andesite, but whether this small alkalic granite segregation in the mon
rock is the oldest of the entire volcanic series is zonite, described ·on page 68. What has thus 
not known. Furthermore, it ·is not known taken place on a small scale near a chilled upper 
through what conduit or conduits this latite contact may have taken place on a large scale · 
and the succeeding early rhyolite were erupted, ·in a standing column nf l iquid lava covered by · 
nor through how many geologic formations the hot, newly consolidated rock. The degree . of _ 
conduits extended. If any rocks· .displaced in separation depends upon the length of time in 
the lower and probably larger part of the which the lava column can remain at or below 
conduit sank and were assimilated by the the crystallization . points of the more calcic 
magma, the rocks thus assimilated must have plagioclase and ferromagnesian (mafic) miner
included the siliceous pre-Cambrian rocks and als . and above those of alkalic feldspar (and 
perhaps some of the Tintic quartzite, but lime- quartz); That such an interval may be of con
stone could have played on.ly a m1nor part 'in siderable duration is shown by the latites of the 
the process. Whether or not assimilation of distric-t-for example, that of Tintic Mountain 
these rocks was· influential in giving the oldest (p. 62), which is composed of more or less 
of the known lavas of the Tintic district a resorbed phenocrysts of plagioclase and mafic 
latitic composition can not ' be determined II).inerals, in a -glassy groundmass made up 
without a knowledge of the composition of the chiefly of the components of alkalic feldspar 
original magma. · and quartz. 

Comparison between the V~sible mineral com- EVIDENCE IN THE PACKARD AND SWANSEA RHYOLITES. 
position of the .early andesite or latite and that 
of the early rhyolite suggests a· differentiation The chemical relations between the Packard 
of the latite magma 'without any necessary and Swansea rhyolites and mon:zonitic rocks are 
addition of assimilated rock, but the impossi- illustrated by analyses. The relations of both 
bility of determining the primary silica in either these rocks! to the sedimentary rocks, however, 
rock prevents a definite conclusion on this though rat~er clearly shown structurally, leave 
point. If, after the first latite eruption, the room for speculation so far as assimilation of 
magma remained in the conduit at the general sediments ~nd subsequent differentiation are 
crystallization point· for the first- group of concerned I 
minerals (calcic plagioclase and ferro magnesian -
silicates}, the crystallization of these minerals 
and the gradual settling of their crystals 1 with 
a simultaneous rising of the still fluid material 
would leave in the upper part of the conduit 
a residual magma composed principally of the 
constituents of alkalic feldspar (including the 
more sodic end of the plagioclase series), with 
. any excess of silica. In other words, a trachyte 
or rhyolite would be the next lava erupted. 

I The hypothesis of such gravitative differentiation has been advo
cated by a 'number of writers who differ from one another regardirig 
certain details according to their respective conceptions of intratelluric 
conditions. So far as the present writer's explanation is concerned, it 
does not matter whether the process was one of a simple~actional 
crystallization or involved more or less redissolving of the si ·g crys
tals, so long as it was of sufficient duration to have formed the quantity 
of rhyolite known to have been erupted in ·the area. For ge eral dis
cuss:.o_n of·the question.of ·di:trerentiatiun appropriate to the prCfent case, 
see Schweig, M., Differentiation der Magmen: Neues Jahrbj, Beilage 
Band 17, p. 516, 1903; Pirsson. , L. V., Petrography and geol3fY of the 
igneous rocks of the Highwood Mountains, Mont.: U.S. Gev1. Survey 
Bull. 237, pp. 181-197, 1905; Iddings, J. P., Igneou.s rocks, vpl. I, pp. 
287-295, 1909; Clarke, F. W., The data of geochenustry, 3d ~d.: U. S. 
Geol. Survey Bull. 616, pp. 307, 313, 1916; Bowen, N. L., t he later 
stages of the evolution of the igneous rocks: -Jour. Geology~ v l. 23, No. 
8, suppl., 1915. , -

RELATIONS TO MONZONITIC ROCKS. 

The chebical and mineral differenc~s be
tween thes~ rhyolites and the monzonitic rocks 
are shown fY a comparis-on of their n~Fms: :z 

r orms of rocks of Tintic district. 

Latite Monzo-
Swansea Packard - of Tintic nite of 
rhyolite. rhyolite. Moun- Silver 

tain. · City. 
j •' 

Quartz~ ..•.. .. 34.2 24.0 13.6 14.6 
Orthoclase. ·. -· ·26.1 30.0 25.0 26.1 
Albite---~·.- .. 25.2 30.0 25.2 24.1 
Anorthite_ .. .. 5.8 8.1 17~0 16.7 
Corundum .. • 0 2.5 -.. 0 .0 .0 
Diopside. - .. .. .0 1.1 5. 3 . 2.4 
Hypersthene 1.1 1.3 5.0 5.8 
Magnetite .. .. .................. ....................... 4.9 5.6 
Ilmenite .... ..................... 1.2 1.7 .. ............... 
Hematite .... . .9 2.5 .................. .. ................ 
Pyrite ...... . . ,. 2.3 .0 ..................... ................. 

21\Vashlngton, H. S., op. cit., pp. 183,361. 

' 
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The two rhyolites have about twice as much 
normative quartz as the latite and monzonite. 
The two normative alkalic feldspars maintain 

- a nearly uniform ratio throughout. Those in 
the Packard rhyolite are in excess of the others 

·but still maintain the ratio 1 :1. The anor
thite of the norm is ~ore indefinite, as much 
{)f this molecule in the latite and monzonite 
actually belongs to augite or hornblende. The 
true variation in the anorthite molecule is bet
ter shown by the optical determination of 
plagioclase in the four rocks-respectively 
Ab65An 35 , Ab65An35 , Ab5oAn50 , and Ab5oAn50-

and shows a tendency for anorthite to diminish 
as quartz increases. As biotite is only a minor 
mineral in all the four. rocks, the exc.ess of 
diopside and hypersthene in the monzonite 
and latite serves to express, along with a part 
of the normative anorthite, · the amount of 
pyroxene and hornblende present. 

The nearly uniform ratio of the orthoclase 
and albite molecules confirm geologic ·evidence 
pointing to the close genetic relation of the 
several rocks. Differentiation. must have taken 
place mostly before crystallization or during 
its early stages, as is shown by the varying 
composition of the plagioclase. The process~ 
involving a concentration of Si02 in one direc
tion and a complementary concentration of 
Fe20 3 , FeO, MgO, and CaO in the other, pro
duced two magmas of different ~peci:fic gravity. 
The supposition that the lighter, rhyolitic frac
tion rose to the top of the magma chamber 
and was the first to be erupted agrees with the 
field evidence. Calcic plagioclase (preserved 
as the i,nner zones of the crystals in the latites 
and andesites), biotite, brown hornblende, and 
al.!gite crystals were the first to form, as shown 
by the textures of all the rocks of the district. 
The crystallization ·and settling of these min
erals and an accompanying rise of materials 
that were still above their crystallization points 
left at _ the top of the chamber a magma com
posed essentially of the constituents of alkalic 
feldspar, the m,ore sodic plagioclase, and quartz. 

Had this separation progressed to comple
tion, practically all the anorthite fraction of 
plagioclase and nearly all the mafic constitu
ents would ha.ve been removed downward, 
leaving an upper portion with the composition 
of alkalic granite or rhyolite (alaskose or lipa
rose); but volcanic activity was resumed be
fore the separation was completed, and the 

upper magma, still containing enough of the 
anorthite molecule to form andesine, was 
erupted through two or more different vents 
.to form the rhyolites. The small diffe_rences 
in composition between the Packard and Swan
sea rhyolites may be attributed to slight dif
ferences in the elimination of anorthite and 
fernie molecules at two different vents, but the 
differences &,re too slight to be of any real sig
nificance. The quartz and alkalic feldspar in 
the ·monzonite may also signify incomplete 
differentiation. 

RELATIONS TO SEDIMENTARY ROCKS. 

Whether this differentiation was due to the 
separation of constituents of the original 
magma or of a syntectic magma formed by the 
assimilation of sedimentary rocks will now be 
considered. M"arginal assimilation on a small 
scale is suggested on page 68, in the descrip
tion of a rhyolitic border around a quartzite 
inclusion in monzonite. If marginal assimila
tion on a small scale is possible, it is also possi
ble that, during the indefinite time that pre
ceded the concentration and eruption of rhyo
lite, the unknown thicknesses of pre-Cambrian 
rocks and possibly the lowest beds of the Tintic 
quartzite may have undergone extensive as
similation, enriching the magma in silica and 
to some extent in alkalies and other constituentso• 

The evidence, however, so far as the rhyo
lites are concerned, is very obsc~re. The top 
of the Packard ~eak conduit must be in rock 
at ieast as young as Ordovician and probably 
as_ young as Mississippian (Pl. I). The con
duit may be of cylindrical form, as suggested 
in Plate II, section A-A', or the lava may have 
issued from fissures now occupied by dikes. A 
cylindrical conduit could have been formed in 
part by the stoping of the country rock, but it 
may have been due. largely to the thrusting 
apart of the inclosing rocks, as suggested by 
the faults west of Packard Peak. It· is there
fore improbable that any great quantity of 
limestone was carried to abyssal depths and 
dissolved in the magma. 

It is . conceivable that, prior to the .rhyolite 
eruption, a monzonitic magma was intruded 
into the thick mass of unexposed pre-Cambrian 
rocks and even in to the lower beds of the Tin tic 
quartzite, which in this vicinity are over 2 
miles below the vent. A magma at such 
depths may well have remained liquid long 
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enough to have stoped and dissolved a consid- and aside of la1ge blocks of sedimentary rocks 
erable- amount of siliceous rock and to have and of the Swansea rhyolite. These blocks, 
subsequently yielded the rhyolite by differen- after being faillted, were partly removed by 
tiation.. Whether or not blocks of quartzite . the stoping prdcess, as is shown by the many 
could sink in a monzonite magma is discussed inclusions of li~estbne and quartzite in the 
on page 87. , monzonite; but as these inclusions have not 

Evidence is equally inconcl~1sive with regard sun~. any great dis~ance fro~ their origi?al 
to the Swansea rhyolite. It passed upward at positiOns, there

1

was probably httle or no assrm
least as far as the Cole Canyon dolon:ite (Pl. ilation of thef. As the most noteworthy 
IV), and the opportunities for speculation on change in composition of the magma between 
deep-seated magmatic processes prior · to its the eruption of I the $wansea rhyolite and that 
eruption are essentially the same as those sug- of the monzonite ,as a diminution of silica, 
gested by the Packard rhyolite. the stoping of 1 silicr:ms rock at great depth 

EVIDENCE IN THE LATITES AND MONZONITE. prior to the fa~ltilfgl 1due to intrusion can have 
had no markel inflljlence, on differentiation. 

The latites in the tuff cone of Volcano Ridge The relations of tP,e monzonite to limestone 
must have risen for most of their course through require special! dis9~ssi?n in view ?f. Daly's 
a conduit in quartzite and older rocks, and 4ypothesis tha~ .ID\)~zonites and alkahc Igneous 
whatever limestone may have sunk in the con- rocks owe their origin to differentiation from 
duit prior to explosive eruptions could not have sub.alkaline m~gmad following the assimilation 
been sufficient to affect the composition of the of hmestones.1 

· I · 

magma materially. The processes suggested A·rough ideJ of tfb volume of l~mestone dis
as possible in the Packard Peak conduit may placed .by the rna~ monzonite mass can be 
therefore have taken place here also. As the gained by not'ng t~. i e co~tacts in_ the Lower 
tuffs and dikes are clearly later than the Fer- Mammoth and Drag:on mme workmgs and · by 
now rhyolite, which is exposed in the vicinity, estimat.ing the volufe of.th~ formations repre
it may be inferred that afteF the more siliceo:us sen ted 1n the metamorphic hmestone area; but 
rhyolitic fraction had been erupted from the the numerous large] inclusions of limestone in 
top of the magma .chamber an underlying less the monzonite,~ as already shown, did not have 
silic.eous ~raction, in par~ represented b.y the. time to affect the 1~ompoE?ition .of the magma 
au.gite Iatite c~. 56), furnished the matenal for ·appr.eciabl. y. 'Fh.e sFall monz~nite stock north 
the next eruptwns. of Swux Pass,!_ ho,.~;er, c:ut Its way at l~ast 

The upper part of the monzonite porphyry through the Bluebt ll dolomite and, to judge 
plug of Sunrise Peak cuts the· tuff cone just from its granJlar t xture, probably ·extended 
c~:msidered ~nd _below this must pass thr~ugh for a consider1_ble 1istance higher. Its unde~
an unknown thickness of quartzite and lime- ground dimenswns are not known, but the eVI- · 
stone. As the monzonite porphyry and ·its dence cited o~ pag¢164 indicates a very steep 
co:rresponding l~t~te are ~imila.r in ~icroscopic downward divFr~enlce. of its bou~daries. T~e 
mmeral compositi.on to ~c~uswns 1n the tuff, total stratigraphic ~~ICkness of hmestone dis
no pronounced differentiatiOn of the magma placed by this I stoc~ Is at least 4,300 feet, and 
can have taken place between the eruption of the entire · volume of lim~stone displaced by 
Volcano, Ridge and that _of Sunrise Peak, and monzonite mu~t be ery great; but, as will be 
therefore no assimilation of quartzite or lime- sh~wn presendy, it oes not seem probable that 
stone blocks can have seriously affected the t he displaced l~mest 1ne app:r:eciably affected the 
composition of the magma. composition oflthe fagma through assimilation. 

The monzonite, the latest intrusive of any The possibility kust be considered that 
importance in the district, worked its way magma, of rhyolitic born position may originally 
upward chiefly through quartzite and lime- have been in bont ~t with the limestones and 
stone and in part through the Swansea rhyo- remained ther~ lon . enough to become desili
li~e. · I~s method .of intrusion, as sho':n in the cated throng~ rJa tion with limestone inclu- · 
discussiOn of faulting . (pp. 87-88), consisted to a A 0 . . 1 . f lk r ks G i 8 A · a Bull vol 

· 1 Daly, R. ., ngm o a me roc : eo. oc. menc :-
considerable extent in the thrusting upward 21, pp. 87-118, 1910. ' 
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sions. One volume of pure dolomite would 
raise the lime and magnesia in 10 volumes of 
Swansea rhyolite approxim·ately to their per
centages in the monzonite of Silver City. One 

· volume each of dolomite and limestone (ac
cord!ng to the thicknesses and composition of 

~ the Tintic rocks the volume of displaced limP-
stone must equal or exceed that of displaced
dolomite) would raise the lime in 25 volumes 
of rhyolite to more than the quantity iri the 
monzonite but would make up only half the 
difference between the magnesia percentages 
of the two rocks. Some further concentrations 
within the magma must then be postulated to 
account for the percentages of lime and mag
nesia in the monzonite, as well as .for· the in
crease instead of decrease in iron oxides and 
for so great a decrease in silica (from 71.5. to 
60 · nstead of 66.7 per ' cent) ; but such concen
trations would imply time for gravitative dif
ferentiation, or the sinking of the ferromag
nesian_ mine~als and calcic plagioclase, which 
would unmake rather than make magma hav
ing the composition of the local monzonite. 

An equally serious if not more serious objec-
. tion to such an origin for the monzonite is based 
on geologic grounds. · For so great a body of 
rhyolitic (or granitic) magma to remain fluid 
long enough to allow for such assimilation and 
differentiation impij.es batholithic, or at least 
hypabyssal, conditions; but It has been shown 
that the topography of the sedimentary rocks 
at the beginning of volcanic activity was much 
the same as the present topography. The 
contacts of the effusive Packard rhyolite east 
of Godiva Mountain and of the alt.ered tuff and 
latitic lavas in the vicinity of Sioux Pass prove 

. that the present limestone surface in this part 
of the district is practically coincident with 
the prevolcanic surface. Furthermore, the 
steep slopes found to exist at these limestone 
and lava contacts and the considerable thick
nesses of the lavas in adjacent prevolcanic val
leys show that the prevolcanic valley floors east 
and south of Sioux Pass were even deeper than 
the present valleys. Of the 4,300 feet of lime-
stone and dolomite cut by the subsidiary mon
zonite stock at Sioux Pass, 2,000 feet was above 
the ·prevolcanic valley floors. The remaining 
2,300 feet at this place and a much less amount 
over the main monzonite ,stock can hardly be 
.tegarded as sufficient bo-th to furnish material 
for extensive assimilation by the magma and 
to act as a batholithic cover over it during the 

long period of time necessary for differentia
tion. 

On the other hand, when rhyolitic erup
tions were ·followed by latitic eruptions, the 
great quantity of the latitic material not 
only filled the deep valleys but probably cov
ered the highest. limestone mountains as well 
(p. 65); furthermore, the heat supplied from 
the volcanic source had had time to cause a 
local rise of isogeotherms. Accordingly, there 
was a distinct approach to batholithic or at 
least hypabyssal conditions, . and the granular 
though rather fine-grained and porphyritic tex
ture ·of the monzonite may thus be explained, 
·as may also the fact that it maintained · its 
granular . texture to the top ·· of the limestone 
and perhaps for some distance. into the · over
lying lavas. Most if not all of the limestone 
formerly in the monzonite areas must have been 
displaced by the monzonite magma, and the 
composition of the monzonite can not be attrib
uted to assimilation of this limestone by rhyolite. 

It appears from the foregoing discussion that 
evidence in the Tintic district gives no support 
to the suggestion made by Daly ·that monzo
nites, as well as the more distinctly alkaline 
rocks, such as syenite and nepheline or leucite 
rocks, owe their origin to the effects of assimi
lated limestone upon subalkaline magmas. In 
the Tintic district the origin of the monzonite 
and latite must be accounted for in a different 
way, and simple gravitative differentiation has 
been suggested as the most probable explana
tion, although abyssal assimilation of siliceous 
rocks prior to volcan~c eruptions may have 
had some influence. The syenitic variatio~ 
of the monzonite, however, is mentioned on 
page '68 as a possible result of reaction on a 
small scale between the monzonite and ' dolo
mite. Such reaction, which has taken place 
on, a small scale at the uppermost exposed 
contact of the monz.onite, can doubtless take 
place on a large scale at abyssal depths and 
be represented in later . eruptions; but no later 
eruptive rocks are exposed in the district other 
than a few dikes of monzonite porphyry. 
It may therefore be concluded that although 
this last bit of evidence suggests the _possible 
derivation of alkaline from ··subalkaline rocks 
(including monzonite) through the assimilation 
of limestone and dolomite, as proposed by 
Daly, the volcanic period in the Tin tic . dis- · 
trict was not long enough to make this process 
efficient on a large scale. 
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EVIDENCE IN THE BASALT. riod or the bas· c pole of differentiation in the 
The relation of the minor occurrences of volcanic series ([)f. thi~ district. 

-olivine basalt at House Butte- to the other The order of ~vents , beginning with the earli;. 
igneous rocks of the district can not be properly est known eruption, may be summarized as 

· ·~onsidered without a chemical analysis. The follows: / _ 
rock may belong to a distinctly later volcariic 1. Earlier la~ite or andesite eruptions. 
-epoch and represent the primary basalt ·2. Long quiescent period; possible silicifica
involved in . Daly's . hypothesis; 1 or it. may tion of main m1agma t lhrough abyssal assimila
.represent the basic pole of differentiation of tion of silis;eoJ s -rocks ; differentiation of the 
the volcanic series of the Tintic district. In original (syntJctic) magma into an upper 
the latter case downward migration of the rhyolitic and lciwer monzonitic fraction. 

~most basic material would eventually develop 3. Eruption ~f- eadJi rhyolite . 
.a basaltic magma beneath the extensive 4. Eruption f rhyolitic tuff. 
monzollitic magma, and any eruptions in the 5. Eruption of the Packard and · Fern ow 
-closing stages of volcanic act ivity, after the rhyolites an~ ijtrusio~ of the S~~nsea rhyo~t~. 
monzonitic magma had consolidated, would . 6. Expl_osive

1 

eruptwil of _IatitiC or andes,ItiC 
necessarily consist of basaltic rock. tuff, form1ng tlle Volmino Ridge cone. 

,CONCLUSIONS AND suMMARY oF voLCANIC HISTORY. 7. Eruption pf augite latite from the Volcano 
-The principal conclusions· in the foregoing Ridge vent, i~cludin.g many of the radi,ating 

-discussion are as follows: dikes in the ver t. . . . 
1. The oldest igneous rock in the district is 8. Eruption pf the latite-monzonite porphyry 

.a latite or andesite, but nothing definite is of Sunrise Peak, probably including several 
flows and acco~1 parried by outlying dikes. known regarding its ultimate ·origin-whether . 

9. Eruption of the pyroxen_elatite flows and it represents a primary or a syntectic magma. 
2. The ·early rhyolite -east of the Iron Bios- dikes, which may be essentially contempora- · 

som mine represent'ed by the next eruption neous with the mobzonite of the Silver City 
stock. I · · may be a differentiate from the latite or an.des-

The coarse agglomerate and tuff and the .ite, due to gravitative separation of the con-
:stituents originally in the andesite; but possible flows containing basaltic hornblende followed 
.effects of abyssal assimilation can not be the rhyolite e~uption, from unknown. conduits 

' or fissures, and may be -contemporaneous ·denied. · 
3. The production of the Packard and Swan- ·with a part 0~ all .of Nos. 6, 7, 8, and 9. 

10. Eruption of olivine basalt, possibly ·a 
:sea rhyolites through the assimilation of sili- complementar-b- differentiate .to the rhyolite. 
-ceo us rocks by monzoni tic magma some miles v 

below the surface was also possible but quite ·I STRUCTURE. · _ 

beyond the realm of proof. The structural features of the Tintio district 
4. The · postrhyolite monzonitic rocks repre-

sent the magma after the rhyolite fraction iri include folding,. faulting, jointing, and features 
due to igneoJs intrusion and extrusion. Of 

the upper part of the magma chamber had these, folding and faulting are mentioned 
been separated and drained off. They are not 1 briefly on preceding pages and are thoroughly due to assimilation of limestone by a rhyo-
litic magma. . discussed bel9w. rhe problem of igneous in-

5 Th · · di t. · f th d · t' trusion ·is treated in connection with the fore-. ere IS some In ca wn o . e . er1va wn 1 · 

going descriptions of the igneous rocks, and ()f alkaline rocks on a small scale· by marginal I · 

reaction between limestone and subaikaline onl! the in_flu.ence. of preexisting fissures re-
magmas, as suggested by' Daly, but the vol- marns to be considered. As · the structural 

features of the Tintic district are ·but the local carrie period was too .short to allow the concen- f. 

tration and eruption of any large bodies of such expression of fforces active_ at different periods 
.alkaline rocks. · · throughout t~e ·Great Basrn and even a more 

6. The small dikes of olivine basalt may xtensive are1a, a thorough consideration of . 
.. represent either a distinctly later volcanic pe- heir causes is impossible without a review of 

d. . I lii1 ' S h . 
1 Daly, R. A., '~:he mechanics of igneous intrusion: Am. Jour. Sci., 

:Jth ser., vol. 15, p .• 269, 1903; vol. 16,y. !L07, 1903. 

tu Ies over it s great area. uc a review 
as not been attempted, and the conclusions 

"\ 
\ 
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here ·. expressed . are based almost wholly on 
loc~l eVidence. 

FOLDS. 

Several major and minor folds occur within 
the Tintic quadrangle. (See p. 21.) All but 
one are largely concealed by the volcanic rocks, 
and little can be said of them except that their 
axes trend mostly north. The only _well
defined fold is the 1arge ·asymmetric syncline 
that-occupies ·nearly all the area of the Tintic 
mining district and the territory due east of it. 
The fold is faulted into differently tilted blocks 
with corresponding variations of dip. Thus 
the steep west limb north of Eureka Gulch has 
an average dip between 60° and 70° E.; · south 

·of the gulch the dip is about 80~ E. as far south
ward as the east-west faults near the Herkimer 

definitely said; but-of the three possibilities the 
first two seem the more likely. A similar 
local flattening of dip has been found on the 
surface from Mammoth Bluffs· northward along 
the southwest summit of Godiva Mountain. 
(See Pl. V, section B-B'.) The pronounced 
westward bend in the strike of the quartzite 
just south of Eureka Gulch also indicates a 
local undulation, which, as shown on page 77, 
is closely related to faulting. 

The west limb of the main fold includes the 
whole sedimentary series represented in the 
district proper and extends from the west 
base of Quartzite Ridge to the east slopes of 
Godiva Mountain and Sioux Peak. In Pine 
Canyon, which separates these two mountains, 
the bedding is. clearly shown to .change from 

vertical, or locally even slightly 
overturned, to lower and lower 
dips. (See fig. 10.) At the Utah 
mine the dip is 20°-25° E.; at the 
Eureka Hill Railroad the beds lie 
nearly fiat, and farther east they 
cur~e gently upward (20°-30°) to 
form the east limb of the syncline. 
The east limb is distrnctly defined 
for a mile farther east, but beyond 
this stretch the beds again flatten 
and assume a very low northwest
erly dip, with local gentle undula-· 
tions, along axes trending northeast 
or nearly east. The extensive cov-· 
ering of rhyolite and the complioa-

FrGURE 10.-North wall of Pine Canyon, showing changes in dip of limestone beds from tion of faults further obscure the· 
85° W. through vertical to 20° or 25° E. as they approach the synclinal axis. 

true character of the folding. 
and. Opex shafts; south of these faults_ the : The axis of the fold follows Closely the-east-

-average dip is 80° W. and the syncline is slightly ern edge of the Humbug formation. (See Pls. 
overturned. This reversed dip is shown to IV and V;) The axial plane, as shown in the 
continue downward beyond the 2,000-foot level 2,000-foot shaft of the Yankee mine (Pl. V, · 
of the Opex, or more than 2,600 fe-et below the section A-A'), is nearly vertical. The axis can 

_crest of the east-west limestone ridge·. There be traced from the Yankee mine southward 
is no indication of an approach to the axis of to the . Iron Blossom No. 3, but beyond these, 
the fold except in the Emerald and southern limits it is concealed beneath volcanic rocks. 
Opex workings, where the dip flattens consid- The pitch of the fold is northward, as shown 
erably. In the Centennial Eureka and the by the curving ·of the Ordovician strata south
northern Opex workings the dip flattens locaTiy, eastward toward the axis and -by their low 
but there seems to be no definite character to northeasterly dips southeast and east of Mam
these places, and they are more reasonably moth. It is also indicated by the different
interpreted as local undulations within the levels at which the top carbonaceous bed of 
west limb of the main fold. Whether they the Gardner dolomite has been -found--at the 
were caused by local variations in the folding 500-foot level in the Northern Spy, the 900-
stress, by drag along faults, or by the intrusion foot level in the Beck tunnel No. 2, and the. 
of the quartz porphyry dikes can not be 1 ,300~foot level in the Yankee mille; but east-
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west faulting has so greatly displaced the beds 
north and south of Mammoth that. the degree 
of pitch can not be closely estimated. · . The 
synclinal axis extends northward beneath the 
Packard rhyolite ·and is again shown at the 
north boundary of the Tintic quadrangle east 
of Fremont Canyon. (See PL I.) 

In the extreme · northwestern part of the 
quadrangle the Ordovician and Mississippian 
portiQns of the west limb assume a lower dip 
and finally, near the head of Broad Canyon, 
beyond the northwest corner of the quadrangle, 
cross the axis of an anticline whose west limb 
has a generally low dip. From these features 
it is evident that the folding was developed by 
an eastward thrust that was especially pro
nounced in the Tintic district as compared 
with surrounding territory, where ·· both limbs 
of the folds have gentle dip. 

FAULTS. 

GENERAL CHARACTER. 

Faults of considerable size are abundant 
·throughout the district, although most of them 
may at first be easily overlooked owing to the 
similarity between limestone beds of different 
horizons. The best way to obtain an adequate 
idea of the faulting is to trace some well-defined 
bed, such as the Dagmar limestone, from :Mam
moth Gulch northward. Fissuring, . as a rule, 
accompanied by pronounced fault.lng, has taken 
place at different periods; some movements ac
companied or closely followed folding; others 
may have been distinctly later · than folding, 
but older than volcanic activity; others evi
dently took place during the volcanic period;. 
others followed volcanic activity and preceded 
ore deposition; and still others, though much 
less pronounced in the Tintic district, took 
place after ore deposition. Some faults of dif
ferent age follow essentially parallel directions, 
and it is quite possible · that more than one 
movement has occurred along the same fault. 
Furthermore, no faults have heen traced from 
the quartzite through the shale into limestone. 
For these reasons it· seems best to group the 
faUlt descriptions first according to the forma-: 
tions in which they occur and to· subdivide 
them so far as possible according to age, lo
cality, and direction. Only faults in the min
ing district proper (Pl. IV) are discussed in 

· detail. Those elsewhere in the quadrangle (see' 
·pi. I) are subject to the same interpretations. 

FAULTS IN THE QUARTZITE AND SHALE. 

FAULTS CLOSELY CONNECTED WITH FOLDING. 

Along the quartzite .and shale contact are 
local overthrusts and several nearly vertical 
easterly faults, all closely related in origin. 
Besicles these at least four systems of joints 
were seen in the quartzite, following nearly 
north, east, · northeast, an~ northwest direc
tions. Some are slickensided and some are ac
companied by considerable crushing, but the 
uniform character of the rock conceals the 
amo~nt of displacement along them.· One . 
northeast fissure on· the south spur of Quartzite 
Ridge has been filled liy a rhyolite dike. 1 Joints' 
in the shale are not persistent. 

The best-defined overthrust is exposed on the 
south side of Eureka Gulch, where a block of 
<fu,artzite has been pushed eastward over the 
shale. Here the strike of the formations 
swings from nearly north to nearly east (Pl. 
IV). The shale is not present in the area of 
easterly strike except in a shallow prospect hole 
near the east end, where it is overridden by 
quartzite. It next re ch~s the natural surface 
200 feet farther east, where it is exposed in a 
narrow band, less than !IOO feet wide, which can 
be followed in a southeasterly to southerly 
direction for about sod feet. Here the quartz.:. 
ite and shale contact ~s offset 250 . feet to t~e 
west by a vertical easterly fault. South of this 
fault the shale band is BOO feet thick and shows 
normal stratigraphic r Jlations .to the quartzite. 
The quartzite north of tlie fault ~ps about 60° 
SW.,away from the hale ; but south of the 
fault it dips ' 80° E., oward the shale. ·The 
whole structure is interpreted as follows: The 
forces active duri_ng tf e period ~f folding de
veloped a neady nght-angle bend In the quartz-: · 
ite, :forcing it ~gainst the relatively plastic shale, 
which present~d so wJak and uneven a resist-
ance that a bfock of ~he quartzite was locally 
overthrust up n it, producing both the over-
thrust _and th access 1 r. y easterly fault at the 
same time. · 

The quartzite and shale contact about 630 
feet north of ~ureka Gul~h may be broken by 
a similar thortgh smal~er overthrust and acces-
sory easterlyilault, bf t the evidence here is 
obscured by e talus~. Over 2,000 feet north · 
of the gulch i a more 1parked occurrence of the 
sarr.te kind. , ere, too)' the details are obscured· 
by talus,_bu~ ~he local elimina~ion of the_sh~le 
and the position of thk quartzite boundary In-

. I 
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dicate beyond a doubt that an overthrust fault so,utheasterly dip form so mark~d a contrast t() 
is present. There is a similar -but greater fault the N .. 10° E. strike ancJ 80° W. dip. of. th(} 
three-fifths of a mile north of the .mouth of main .mass that there can be no doubt that a 
Jenny Lind Canyon, where the quartzite has strong easterly fault is concealed beneath the: 
moved across the positions -of the shale and. alluvium of Mammoth Gulch. The attitwles 
adjacent limestones for at least 1,800 and_ pos- of the strata on each side of it show that it is 
sibly as much as 2,400 feet. A thin rhyolit~ distinctly later than the folding, as the -g~ntly 
covering here conceals the' exact amount of dipping beds on the south side represent- the 
displacement, _ as well as the arrangement of bottom or trough of the fold, faulted up against 
the shale and limestone immediately south of the vertical west limb. The vertical dis-Rlace
_the fault. That the quartzite has been over-. ment can not be measured exactly, but jn the 
thrust is shown by a prospect shaft just south quartzite area it -must at least ·exceed 2,00() 
of the fault line and nearly due south of the feet, as north of the gulch there is no in-d.i9ation 
7,050-foot summit. The collar of this shaft is of --the strata curving toward the synclinal axis 

- in quartzite, but the material on the dump is .either on the surface or _on the 2,000-foot level 
practically all argillaceous _limestone -similar (west drift) of the Opex. (See Pl. V, section 
to that on the north side of the fault~ This . B-B'.) This fault may mark the north-bound
fault is the only one found whose contac-t ary of a block uplifted during the monzonite 
extends across the shal~ into the limestone., intrusion, as shown on page 86 anq _in figure 9; 
and it is possible that the total displacement but earlier movements may also have taken 
shown represents not only the eastward thrust place along this same fault plane. · -
of 0 the southern block during folding, but a 
later westward thrust · of the northern block 

FAULTS IN THE LIMESTONE. -

caused by the pressure of the rhyolite column Faulting is abundant throughout the lime
in the Packard-Peak vent. -stone area, especially in its western half (PL 

All the easterly faults that· offset the quartz- IV); but the apparent scarcity of faults around 
ite and shale contacts are best interpreted as of Godiva Mountain and Sioux Peak is due to 

-similar nature to the ac_cessory faults above the extensive talus covering and to the more
mentioned. Some -are so paired as to indicate uniform color of the outcropping strata, whilch 
a broad quartzitic block thrust farther east tend to conceal them. Fracturing is plentiful 
than those to the north and south of it; others -in outcrops at both of these places, and· several 
indicate a steplike arrangement of the blocks. easterly or east-northeasterly fissures have
The interpretation iniplies more or less over- been cut underground, but none have affordled 
thrusting all along the quartzite and shale con- ready data for measuring the amount of 
tact, but the whole contact can not be strictly displacement. 
mapped as a fault, because the movem~nt ad- As regards direction the faults ~xposed at, 
jacent to it has evidently been effected by the surface in the limestone area may be di
slipping on· many surfaces within the shale vided into_ three groups, trending northeast,. 
which appears to have had . its thicknef?S her~ east, and north-northwest. A fourth direction,. 
increased and there diminished by squeezing. near north, is also prominent underground. but 
The directions of movement along the easterly because of its coincidence with the strike of' 
faults -are, according to this _ interpretation, the strata can not be traced on_ the surface for· 
either horizontal or, more likely, inclined __ up- any considerable distance. These different 
ward to the - east. The most conspicuous groups are as a whole rather sharply -defined,. 
though not the largest of these _easterly faults, as shown in Plate IV, but on close study differ
which has a strike slip (horizontal' offset along ent groups appear very closely related both as. 
the fault plane) of about 250 feet, is just south to age and origin, and som~ faul~s with parallel 
of the saddle east of Quartzite Ridge ·and 1s strikes appear to differ in these respects; fur
shown in Plate XVI, B. thermore, certain of the faults have been 

FAULTS LATER THAN FOLDING. 
affected by more than one period of movement. 
It therefore seems best to group the faults ac-

In the s:p1all quartzite area southwest of ·cording to relative age and to subdivide them 
_ Robinson, the northeasterly strike and low according to location. 
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A. PHOTOMICROGRAPH OF AEGIRITE-AU.GI T E PORPHYRY PHASE OF MONZONITE. 

0, Orthoclase; P, plagioclase. Magnified 30 diameters. 

B. EAST-WEST FAULT SOUTH OF THE SADDLE EAST OF QUARTZITE RIDGE. 

a, Top bed of Tintic quartzite; b, Ophir formation; c, Teutonic limestone (not faulted). 
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VIEW SHOWING OPEN CUT OF EUREKA HILL MINE AND PRINCIPAL NORTHEAST AND NORTHWEST FAULTS IN VICINITY. 
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FAULTS CLOSELY CONNECTED WITH FOLDING.: 

Faults north of Eureka Gulch.-The faults 
north of Eureka Gulch mclude one of north-· 
east trend, one of northwest trend, and ~everal 
of ea~t trend. The geologic · structure also 
shows :the · existence of a northerly fault be-
neath the alluvium in Cole Canyon. · · 

These different faults are all cl9sely related 
and . are . due to a complication of causes
unequa~ . eastwa:rd thrust by .the forces that 
produced the folds and developed major shear
mg. planes,. accessory shearing induced by 
maJor shearmg; and local pinching and bulging 
of the shale band.· The strike shifts 1 (hori
zontal<;ompm:~ents of movement parallel to the 
fault line) ·are pronounced along all these faults 

. except the northerly one. Upward movement 
to the east is also pronounced along th~ few 
faults where slickensided surfaces are exposed. 
That some rotation ·Of blocks also .took place 
during the faulting is shown by discordances in 
dip on opposite sides of fault J>lanes but these 
differences are as a rule not sufficient 'to account 
for more than a minor fraction of the total dis
placement, or even the strike shift. 

An important feature of this interpretation 
is· that although some of the faults-for . in
stance, the northwest fault near the Dagmar..::..._ 
are "normal" in attitude, they were not neces
sarily induced by tension. Tensional stresses 
complementary to the principal compressiv~ 
stresses, were doubtless operative in a north
south direction ~nd may account in part for 
the open character of many of the easterly fis
sures, as may also later movements, considered 
below (pp. 82-86). 

The northernmost fault shown in · Plate IV 
is most clearly exposed on the ridge just south- · 
west of the Paxman shaft and ·can be followed 
easily across the saddle in the next ridge to 
the southwest, beyond which it disappears 
beneath talus an·d alluvium. Farther south
west, on Bluebird Spur, west of Cole Can
yon, 'its trend is again shown by the north
eastward offset of the . Dagmar limestone. 
Beyond this point it is concealed beneath 
talus, but it does not extend across the shale 
as the quartzite iri line with the fault is dis~ 
placed eastward by a local overthrust. The 
dip of the fault plane', as shown by its course 

1 Name proposed in Reid, H. F., and others, Report of the committee 
on the nomenclature of faults: Geol. Soc. America Bull. vol. 24 p 172 
1913: ' ' • ' 

over . an undulating surface
1
, is. steep to . the 

southeast. ~ . !here is ~ o strike shift at th. e lime
stone and slate con~act, but the shift is be
tween 225 and ~50 feet at the . outcrop of the . 
Dagmar limestone a:q.d nearly 600 feet near the 
_Paxman shaft. T~e movement may have 
?e~n in part of a ro~ary nature, the axis lying 
In the_shale ?elt and the amount .of_ displa_ce
:rp.ent Increasing eastward ; llut the Increasmg 
eastward displacemeht is for the most part the 
result of contempotaneous movement along 
the .. northwest · fault,! whose strike shift is 450 
to 500 feet. . · . · 
. The prevailing elli:jtward thrust exerted dur
Ing the period of folding was, as is shown by 
the map, especially pronounced in the vicinity 
of Jenny Lind Canyon, where it produced a 
bulge and small eastbrly faUlts in the quartzite 
and thrust the · i~mense limestone block 
bounded o~ the souJth by the west-northwesf . 
and northeast faults~ upward to the northeast • . 

The northeast direction of movement of the 
t:iangul~r block_ b~etreen t~ese two faults and 
the Ophir formatiOn was -Induced largely by 
the movement of the block just described
removal of support~along the northwest falllt 
cause~ yi~lding to t. 1 e ~eneral e.astward thrust. 
The yielding of sh e In the Ophir formation 
was complementary to the movement of these 
two blocks. Wher the ea~tward· thrust was 
greatest the shal~ , as squeezed, but it bulged 
to the south, takin~ up the

1 
space made avail

able by the movem~nt of the triangular block. 
The easterly fau~rs near the Dagmar shaft 

in the triangular block are attributed to acces
sory moveme:nts in&~ced by shearing stresses 
that were active alohg the main oblique faults 

I I · • 

The area south of the triangular block .was 
also one of pronounped compression, as shown 
by the thinning of t e shale and by local over
thrusts along the q artzite and shale contact. 
The: easterly faults in the limestone of this 
area are attributed to this local compression. 
It is noteworthy t at none of these faults 
although their . strife shifts are considerable: 
extend eastward [across Keystone Ridge. 
Movement along th~m was evidently taken up 
along the northerly fault bene.ath Cole Canyon. · 

Faults between Ifureka 'Gulch · and Eureka 
P eak.-The greate' t · and most complicated 
fault zone lies along Eureka Gulch and on the 
slopes west and n+rthwest of Eureka Peak. 
(See Pl. XVII.) . e faults along Eureka 
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Gulch are largely concealed beneath alluvium, Herkimer and by local abnormal strikes and 
and only an inco.mplete indication of them is dips southwest of the Centennial Eureka shaft. 
given by the isolated outcrops of the Ajax an_d The strike shift, expressed by a relative north
Opohonga limestones; but the general strike east movement of the southeast wall, is- very 
shift is about 2,000 feet. 0nf3 fault contact is little near the shale .but increases within the 
exposed at the westernmost switch on the next goo feet to 250 feet, an amount which 
Denve~ & Rio Grande Railroad, where the continues as far as the Centennial Eureka shaft 
cherty Ajax limestone with northerly strike or to the concealed junction of this fault with 

· and vertical dip is in -contact with the Cole the S. 60° E. fault. Beyond this junction the 
Canyon and Opex dolomites, which strike displacement is much greater, but its amount 
north-northeast and dip 60°-goo S., ~nd which is complicated by large displacements along 
are beveled off along the fault. The fault four other · faults whose strikes range from 
plane strikes northeast, about parallel to the S. 70° E. to S. goo E. 
northern track, and dips southeast. The origin of most if not all of these faults is 

On the southeast side of the fault exposure believed .to be sirillla to that of the faults north 
the rocks are highly brecciated and cut by of Eureka Gulch, although the present dis
short faults in various - directions, but the placements along so:rp.e of them are evidently 
general strike of the beds swings from north- the result of more than one movement. The 
east through east and finally · around to south, forces that developed the great easterly flexure 
which is the normal strike between Eureka and in the quartzite and adjacent limestones and 
Mammoth gulches. The corresponding changes . produced the local overtrrrust in the quartzite 
in dip are from southeast to south and :finally were effective throughout the exposed lime
to goo E. These changes show that the beds stone section. The flexure passed northeast-' 
on the south side of the fault suffered both a ward into the Eureka Gulch fault , and the 
reversal of dip and a bending of strike such as flexed limestones on the south were shoved 
would result from a powerful thrust, either past the unflexed beds on the north. Just as 
horizontal or upward to the northeast. On the flexure in the quartzite may be regarded 
the west the brecciation continues as far as the as an unsymmetrical anticline with its axis 
Golden Ray tunnel, directly opposite the local nearly normal to the surface, so the -Eureka 
quartzite overthrust described on page 77. Gulch fault may be regarded as a related over
On the east the brecciated area passes into thrust with its plane in a corresponding normal 
three recognizable faults-two of northeast- p~sition. The drag or shear 'along the south 
w_ard trend, which are parallel to or slightly block was so great that the block _itself was 
diverging from that exposed on- the railroad, dislocated by the two additional northeast 
and one of S. 60° E. trend, which extends _faults and by the S. 60° E. -fault. The fault 
toward the Centennial Eureka shaft and whose last mentioned. may be regarded as an oblique 
outcrop indicates a pronounced _southwest dip. branch overthrust within the niain overthrust 
Along the latter fault the direction of move.:. block. 
ment may be realized by the relative south- The origin of the northeast fault that passes 
eastward offset of its southwest wall and by the south of the Centennial Eureka shaft and of the 
partial elimination of the Opex dolomite in the associated S. 70°-goo E. faults south of the 
wedge at its southeast end, data which indicate . Eagle and Blue Bell shaft is more difficult to 
an upward easterly movement of the southwest explain. As the southwest end of the north
with respect t-o the northeast wall. The fault east fault is near an eastward ·bulge in the 
thus appears to be a reverse fault. _quartzite contact, the fault and the bulge may 

Before an -explanation of these faults is be related! and the northeastward increase in 
offered, attention should be called to the strong· displacement may be attributed . to a small 
northeaste~ly fault which extends northeast- amount of rotation. From the Centennial 
ward from the shale belt near the Herkimer Eureka shaft eastward, however, the cause of 
shaft, passes close by the Centennial Eureka the directions and amounts of movement is 
shaft, and disappears beneath the alluvium complex. The block that lies due east of the 
north of the Eagle and Blue Bell shaft. It is Centennial Eureka shaft and is bounded on the 

. accompanied by brecciation northeast of the 1 north by aS. '80° E. fault has moved eastward 
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and upward With respect to all the neighboring passes just south of the Centennial Eureka. 
blocks. · Were this block restored to alignment The most pro min en t of these, which extends 
with the ad]acent block to the north, the dis- eastward to the Opex shaft, owes its' irregular 
phtcement along the northeast fault would show surface course to its ·dip of 50°-60° s. and to . 
only a normal northeastward increase, such as the undulating character of the surface. 
could be attributed to rotation. It is further- Movement along it has been marked J:>y some 
more noteworthy that this eastward upthrust rotation, as the beds to the south dip 80° W. 
block would then be in line with the wedge- .arid those to the north dip 80° E. It is inter
shaped block that moved in approximately the ntpted by a later northerly fault. · 
same direction west of the Centennial Eureka 'The many easterly faults exposed ·south of · 
shaft, and it thus appears that the S. 80° E. ·tHe Herkimer shaft along the Dagmar lime
fault on the east of the northeast fault is a stone may be considered steplike offsets · 

. fault~d continuation of the S. 60° E. ~ault on corresponding to the eastward bulge of the · ( 
the west. This correlation implies that the 

. ~ 

S. 60°-80° E. fault was formed prior to the 
northeast fault. I • 

The·interval between the two movements was 
not necessarily great and may have been wholly 
within the period of folding, but it is·also possi
ble that a part or all of the movement along the 
northeast fault may have taken place later, 
during the vDlcanic period, as is . true of the 
Emerald-Grand Central fauit described under 
the next heading. It is also pro9able that 
concealed northerly faults, formed during dr 

· after the period of folding, have been of some 
influence in determining the final positions of 

. I 
the fault blocks south of the Eagle and Blue · 

FIGURE 11.-Block diagrams illustrating faults caused by settling of a 
block with an upper wedge end. A, Before faulting; B, after faulting. 

.Bell shaft. The details of faulting are too 
complicated to be fully accounted for, but it 
is obvious that the forces acting . during tHe 
:period of folding were also complicated and 
capable of producing faults in various direc
tions. The conclusion is therefore warr:anted 
that most of the faulting between Eureka 
Gulch and Eureka Peak was due to stresses 
acting during the pe~iod of folding, thou9h 
after the shapes of the major and the minor 
folds had been determined; but that there is quartzite and shale west . of them. Those 
some doubt as to the exact origin of the faults along the Cole Canyon and Emerald dolomites 
south of the Eagle and Blue Bell shaft. These may also be dne in part to similar thrust, ·hQ.t 
seem in part due to stresses acting in theperi<?d their offsets are not continuous and in places 
()f folding and possibly in part to forces acting are opposed to one another~ as if their move
in later periods. · ments were more closely related to. concealed 

Faults between _Eureka Peak and Mammoth northerly faults formed · after th~ . folding 
GuZch.-Faulting is much less complicated period. (See figs. 11 and 12.) 
south of Eureka Peak, but for the most part it j The Emerald-Grand Central fault, which 
can not be definitely correlated with any one ·l?asses northeastw~rd by the Emerald and 
:period .. of disturbance. Most of the faults Grand Central shafts, is essentially parallel to 
:mapped are small and of easterly trend. the more prominent nor·theast faults above 
Those north of the ..Herkimer shaft appear to 1escribed and attributed to stresses active· 
-be accessory to the northeast 'fault that 'during the period pf folding; but any similar 

104355°--19----6 

J 
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relations which it may have shown to deforma
tion of the quartzite have been obliterated by 
igneous intrusion and ero~ion. This fault, 
however, has displaced a rhyolite dike in· the 
Opex mine (fig. 13), and, although it may 
have originated ·during the period of folding, 
the most- pro-!?-ounced movement along it was 
distinctly later, during the monzonite intrusion. 
It is considered further on page 84 with other 
faults formed at that time. 

The northeast faults around Mammoth are 
not sufficiently exposed to suggest any relia
ble clue as to their origin. Only their hori-

FIGURE 12.-Block diagrams illustrating faults caused by settling of a 
block with a lower wedge end. A, Before faulting; B, .after faulting~ 

zontal offsets are known. Their arrangement 
resembles that east of the Centennial Eureka 
shaft, and they may therefore possibly have 
been initiated during th~ period of folding; 
but they do not bear the same significant rela
tions ·to fol~s, and "it is more probable that the 
greatest movements along them took place 
later~ The faults in Godiva Mountain and the 
probable fault along Pine Canyon are also of 
uncertain age and origin. 

It may be remarked, finally, that the faults 
most clearly associateq with the stresses that 
produced the folding bear no relation to the 
topography, and this lack of relation would be 
expected of compression faults, whose sha t-

tered zones would largely be recemen ted by 
the compression and recrystallization. The 
Eureka Gulch fault may appear to give evi
dence contradictory to this statement, but the 
trend · of the gulch does not parallel the lines. 
of principal displacement, nor do the ore bodies 
spread laterally along them. Open fractures 
also are abundant beneath the gulch and may 
account for its location, · but either they are 
minor tension fractures formed as a result of 
the compression fault, or else they belong to 
one of the fracture systems of later· origin. 

FAULTS DISTINCTLY LATER THAN FOLDING BUT ANTEDATING 

VOLCANIC ACTIVITY . 

. .Faults formed distinctly htter than the period 
of folding can not be so definitely correlated 
with any particular stage of deformation1 

partly because later movements rna y have 
taken place along faults already existing and 
partly because · the new fisRure systems formed · 
by forces active at different times since the 
folding period tend to parallel one another 
as well as some of the older faults. For these 
reasons it seems best to outline the causes of 
deformation later than the folding, and to show 
their generally similar influence in the ~haping· 
of the directions of faults, without attempting 
to distinguish sharply among t4em. 

At the end of the per!od of folding the rocks 
that had suffered an east-west compression 
and a corres'ponding north-south tension would 
undergo a recoil movement, owing to their 
elastic. properties, . contracting in a north
south direction arid expanding in an east
west direction. A furthe:r: inducement to th9 
same readjustment would be contraction dus 
to loss of heat genera ted by friction during 
folding; but changes from loss of heat wotild1 

owing to the poor conductivity of rocks, be 
slower thah changes effected by elasticity. 
The elastic properties of rocks, however, ars 
known to b~ insufficient to bring about a com
plete recovery from the effects of compression 
and heat, with the result that readjustment 
must be largely brought about by fissuring. 
The fissures would, therefore, develop on lines 
normal to the directions of readjustment
that is, parallel to and at right angles .to the 
strike of the strata. As fissures formed during 
the · period of folding alreQ.dy existed in both: 
of these directions,· the readjustment could -
have taken place to some extent_ along these 
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old· fissures and it may have caused the forma
tion of new fissures parallel to . the old ones. 
The fissures formed or influenced by. this 
readjustment would tend to be openrather than 
tight. - . 

Another influencing factor ·would be the 
isostatic readjustment of the rocks in the 
zone of quasi-flowage beneath the . outer zone 
of intense folding, as postulated by Chamber-:
lin.1 According to this hypothesis, the in-

, crease of overburden in upfolded areas of the 
outer zone would set· up in the inner zone a 
movement analogous to glacial creep away 
from the upfolded areas . . There would .be a 
resulting collapse and settling of the outer 
zone----:-in other words, tensional or normal 
faulting-which could last over a considerable 
period of time. The faulting would naturally 
take place along the fi~sures already formed , 
especially easterly and northerly faults ·bound

ciently numerous, there is -no reason to believe 
that it is not present throughout the district. 
The most conspicuous of the block faults are 
near the Opex shaft and south . of the Eagle 
and Blue Bell shaft. · 

The larger easterly faults that have not been 
assigned to the period of folding may be in 
part due to these settling movements, but the 
amount of displacement along them is so great 
in comparison to . that along the faults_ just 
described that it seems probable that theprin
cipal movement along them was due to later 
disturbanees which accompanied volcanic erup
tions~ The most conspicuous of these faults 
is that ·extending from Mammoth eastward to 
the Northern Spy mine. Another one, which -
.i!s rather obscure, extends along the upper part 
of Jenny Lind Can'yon. 

FAULTS FORMED DURING VOLCANIC ACTIVITY. 

ing relatively small blocks; the open character The concealment of the sedimentary beds 
o.f the fissures would . be largely maintained ; beneath volcanic rocks around all the vents in 
and the principal movement along the fault the district exeept along the northeast bound
planes would be downward, .in contrast to the ary of the monzonite prevents thorough study 
oblique upward and eastward movement along of the influence of preexisting faults on volcanic 
faults formed ·during the period of folding. eruption; but the network of faults and the _ 

These three forces, all of which were active readjustment that followed the period of fold
at the end of the period of folding, tended to jng must have made conditions favorable for 

· produce the -same result, which is best ex- eruption._ If the fissuring · extended deep 
pressed by the. discordant relations of easterly enough to reach the magma chamber, the -more. · 
faults on the spurs southwest of Eureka Peak. open fissures would admit dike intrusions; up
The displacemen.t on .one spur may be just ward-converging fissures would permit the 
_the reverse of one directly opposite on the settling of · intervening hlo_cks, which· would 

• next spur. The only apparent explanation of be _displaced by ascending lava. ~lock after 
such opposite displacements is that an inter- block could thus ~he displaced. Furthermore, 
vening wedge-shaped block (with its thin edge -the forces that Were sufficie11:t to, push the lavas 
uppermost) must have settled along .northerly upward from unknown depths to the surface 
fissures and that the adjacent blocks, thus ·left must also · have exerted considerable upward 
with unsupported sides,- settled. toward each pressure upon the fissured rocks a hove and im
other (fig. 11, A and B, p. 81) by slipping along mediately adjacent to the -upward-Il).oving lava 
easterly fissures; or that a wedge-shaped block columns, especially as the ascending lava ap
with its thin edge down settled and thus proached the surface. Thus, where a block was 
separated the blocks on both sides of it (fig. so situated th,at the magma could not work its 
12, A and B). These northerly -faults, which way upward around it, the upward force could 
lie along shallow gulches, are .concealed on have p~shed it upward or outward until a con- · 
the surface by debris, but their positions are duit to the surface -had been ope:Q.ed. The 
indicated where easterly faults on opposite eonduits must have been formed either by such 
sides of the gulches are displaced in opposite an upward and radiating thrust, or by .a col
directions . . The gulches owe their_ origin to the l"pse and engulfment of .the rocks which the 
rapid erosion of shattered rock :;tlong the fault. conduits now replace, or, as field eVidence iri. 

Although block faulting of this type 9an be the monzonite area suggests, by a combination 
proved only where easterly. faults are suffi- . of the two processes. So far as positive struc..: 

1 Chamberlin, T. C., The fault problem: Econ. Geology, vol. 2, pp. 
704-724, ~907. 

tural evidence indicates, the thrusting process 
was the more effective. 
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The evidence. of faulting connected with the The interruptions of the fault along the 
beginning of volcanic activity is to be found in southward~dipping cross break indicate that 
part along faults that are discovered in preced- the northward, upw~rd movement show~ along 
ing pages. The most convincing evidence is the "parting'' took pl~we also along the south 
that afforded by the "parting," or main fault in wall of the cross break or was distributed 
the Opex mine. This fault has been found to along two or· more parallel . . cross breaks. 
extend northward into the Centennial Eureka According to thi~ interpretation the parts of 
mine, where it bounds the main ore bodies on the cross breaks ·east of the fault are com
the east and is known as the" east limit" fissure. pression faults, . whereas the parts west . of the 
The trend of the fault in the lower Opex work- fault have not been compres_sed but may even 
ings is nearly north, but it curves northward and have been opened to some extent. This con
upward to an undulating north-northeast course elusion may have some bearing on the fact 
.as far as the 1 ,300-foot level of the Opex and that the large ore bodies in the Centennial 
the 1,200-foot.level of the Centennial Eureka. Eureka lie along these cross breaks west of 
Its continuity in the Centennial Eureka is in- the northerly "east limit" fault but do not con
terrupted by one or more cross breaks of south- tinue to the east of it. The underground evi
ward dip. The principal interruption is noted dence, however, is too meager for this statement 
at the cross break on the 1,200-foot level about to be regarded as more than a suggestion. 
1,800 feet south-southeast of the ·Centennial The Emerald-Grand Central fault is m·arked 
Eureka shaft. South of this point the fault by a displacement similar -to that along the 
strikes east of north and dips westward; north "parting" or "east limit," just described, the 
of it the fault lies about 150 feet farther west east wall moving relatively northward. Its 
and has a northerly strike and a vertical dip, dip in the Emerald mine is 50°-70° W ., and if 
corresponding with the bedding between the .continuous in this direction should .bring it 
1,000 and 500 foot .levels. About 1,300 .feet very close to__, if not into junction with the 
southeast of the Centennial Eureka shaft, it southernmost exposure of the "parting" on the 
may be again deflected westward and its north- 2,147-foot level of the OrH~x. The dip in the 
ward CO!ltinuation marked by the Rhode Island Grand Central, so far as shown by the few 

. stope. exposures, is about the same as in the Emerald. 
The trace of this fault is not apparent on the .The position of this fault with respect to the 

surface, because of coincidence with the verti- monzonite mass, the direction of displacement, 
cal bedding, and is only roughly indicated on and its close relation with the "parting" all 
the map. Its northern part is shown about tend to indicate that the faulting was caused by 
900 feet east of the Centennial Eureka shaft, the pressure of the monzonite magma. · 
where its approximate position is indicated by - On Plate IV is shown a distinct southward 
the discordance in the amount of offset along divergence of the sedimentary formations just 
the cross faults on each side of it. Farther north of Mammoth, all those west of the Gpo
south there is nothing to indicate the _fault along honga limestone curving westward a.nd those to 
the surface. · the east curving eastward. The axis of diver-

In the lower Opex workings a rhyolite dike 
has been offset by this fault (the "parting"), gence is approximately on a line with the north-
as shown in figure 13. Here the east wall of ward-projecting prong of monzonite at the 
the fault · has moved northward for 350 to 400 Lower Mammoth mine. The structure sug
feet horizontally and for 200 feet upward. gests that the pressure of the intruding . mon-

. The faulting thus took place after the intrusion zonite was sufficient to pry the sedimentary 
of the rhyolite, and the movement of the east rocks apart. If this was so, the easterly faults 
wall was away from the monzonite, whose just north of Robinson may represent, · wholly 
northern contact is not correspondinglyfaulted. or. in part, dislocations caused by the westward 
As the only known dist:urbance that occurred thrust, rather than those formed as the result of 
during this time w~s the monzonite intr11;sion, folding. This movement evidently preceded 
it is concluded that the fault was due to the that along · the Emerald-Grand Central fault, 
thrust of the mo~onite magma. though both were closely related. 
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The intrusion of the Swansea rhyolite may 
also have exerted a prying effect, and it is note
worthy that .no inclusions of quartzite or lime
stone have been found in it, but its positipn·and 
contacts have been so changed by faulting 
caused by the monzo:riite i~trusion ·(p. 86) 
that its influence en the structure of the sedi
mentary rocks is practically obliterated. ' 

The great Mammoth-Northern Spy fault zone 
is believed .to be due, at least in part, to the 

opposite sides of .the fault are about equaL 
Here the upper beds of the Bluebell dolomite on 
the south are opposite the upper beds of the 
Pine Canyon limestone, indicating a vertical 
displacement of at least 1;000 ·and perhaps as 
much as·l,500 feet. Some of this movement, as 
already suggested, may have taken place during 
the period of settling previous to any volcanic 
eruptions, but the great amoun~ of vertical up
lift on the same side of the fault as the monzo-

FIGURE 13.-Stereog~am showing faulted 'rhyolite dike in the lo~er Opex workings. . 

thrust of the monzonite magma. 1he dis- 1 nite and the fact thatJ the monzonite underlies a 
placement along this fault zone is mar~ed 'by a great part of the uplifted block strongly. suggest 
relative rise of the s?ut? wall, sufficient to br~ng / that the. fault was due to the thrust of ~he rising 
the nearly flat beds In the trough of the syncline monzonite magma: The numerous limestone 
up to the level of the nearly vertical beds of tb,e inclusions in the monzonite along the southwest 
west limo. (See Pl. V.) The apparent· great edge of this block show that after the block had. 
horizontal offset along this fault is due chiefly to been raised it underwent partial replacement, 
these differences in dip. The actual vertical through stoping, by the still fluid monzonite. 
displacement is best expressed along the slope Some .of the large inclusions near the contact 
near the Northern Spy shaft, where the dips on l may be eroded"roofpendants, but others, espe-

1 

• 
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ciaily those found underground and not on the 
surface, have been compl~tely detached by the 
magma. . 

The discordant relations between the Pack
ard rhyolite and the latite-andesite series east of 
the Northern Spy shaft may be due to this fault 
or to closely associated· faults, but their con-
a?.ts . are too completely hidden by debris to 

permit any more positive statement. 
The northeast faults around Mammoth .may 

have been due, wholly or in p~rt, to the monzo
niteintrusion, but convincing evidence is lacking. 

Another block that appears to ·have been 
first upf~ulted and then largely destroyed by 
the monzoilite magma includes the main body 

w 

• 

1,000 0 

large quartzite inclusions, but 200 feet lower. 
It may be · argued that the quartzite, being 
lighter than the monzonite, was floated up7 
ward in the lava, while the- heavier limestone 
blocks sank; but it is impossible to explain 
the mar]:{ed separation of the quartzite and 
limestone in this way, for blocks of the quartz
ite, which everywhere underlay the limestone, 
should have also been floated up among the 
exposed limestone blocks, and other limestone 
blocks should have settled ~mong the ex
posed quartzite blocks. If it is · contended 
that the limestone blocks were too large and 
too numerous to allow. underlying quartzite 
blocks to rise . among them, it must also be· 

E. explained why the limestone 
blocks west of a certain line 

FIGURE 14.-Generalized section showing suggested faulting after the intrusion of the Swansea 
rhyolite and just before the intrusion of the monzonite. 1 and la, 2 and 2a, 3 and 3a represent ap
proximate positions of certain points before and after faulting. For explanation of other symbols 
see Plate IV 

all sank below the present 
surface and below the 
quartzite in9lusions, leaving 
no trace of their existence, 
whi.fe the blocks east of 
that line have sunk little, if 
any. The difficulty is les
sened by assuming that 
the line between the lime
stone and quartzite inclu
swns was a fault with 
upward and westward dis
placement ,on its west side, 
as shown in figure 14. The 
upward displacement along 
this fault can be roughly es
timated by comparing the 
position of the quartzi~e in
clusions . with , a restored 
section of t4e sediment_ary 

of Swansea rhyolite and the associated quartz
. ite in the lower part of Mammoth Gulch. 
The suggested lines of faulting are one nearly 
due east, connecting the north end of the main 
rhyolite mass with the south end of the small 
body southeast of Robinson, as indicated in 
Plate IV; also a northerly line i:q the present 
monzonite area, passing between the quartzite 
inclusions on the west and the limestone in
clusions on the east. The easternmost quartz
ite inclusions are rather sharply separated 
from those of limestone along this northerly 
line. Furthermore, the tunnel entering the 
monzonite south . of Robinson (Pl. IV) extends 
for most of its length through large blocks of 
metamorphic limestone which lie just · east of 

rocks, as in Plate V, section C-C'. It must 
have been, according to this section, at least 
1,200 feet. According to figure 14, in which 
more factors are considered, it may have been 
as much as 4,000 feet . . · The westward com
ponent . of displacement is indicated in Plate 
V by the distance between the west boundaries 
of the main mass of Swansea rhyolite and the 
small body southeast of Robinson. The fa.ct 
that the faulting was later than the rhyolite 
but was ·largely obliterated by the ·monzonite 
indicates that it was contemporaneous with 
the rising of the monz.onite magma. The pres
ent inclusions of quartzite may be in part roof 
pendants, or blocks stoped from the bottom of 
the uplifted block. 
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Another fault . that was formed and later 
almost completely obliterated by the mon
zonite intrusion is suggested by the quartzite 
inclusions· just north of the Martha Washing
ton shaft and those southwest of the Sunbeam 
shaft. The inclusion near the Martha Wash
ington shaft should, if the sedimentary rocks 
were restored, lie at least 2,000 feet below the 
present surface, and its position close to the 
eastern edge of the clearly intrusive monzonite 
does riot . favor the view that it was floated 
upward that amount. The absence of lime
stone inclusions west or southwest ofthis place 
is also striking, and the combined evidence sug;.. 
gests· that an- easterly fault may have been 
-formed by the intruding monzonite a short 
distance north of the Martha Washington shaft 

·and the block south of it thrust upward. If 
this was ·so, the uplifted block was later dis
placed or stoped away by the monzonite, and 
all that rem.ains of it to-day is the small num
ber of inclusions, m.ostly . of quartzite but 
one of Swansea rhyolite. 

The only .evidence of possible displacement 
accompanying rhyolite eruptions consists of 
the easterly faults in and northwest of the upper 
part of Jenny Lind Canyon. The north walls 
of these faUlts have been relatively moved up
ward to the west, and their positions with re
spect to Packard Peak;_ suggest th~t blocks may 
have been thrust upward and outward from the 
rhyolite vent. The evidence is so obscure, 
however, that nothing more than this mere 
suggestion is warranted. The width of the 
Swansea rhyolite and the absence of inclusions 
withiD: it suggest that · some faulting may have 
been caused by its intrusion, but all data on 
the problem are concealed. by alluvium or have 
been destroyed by the effects of the monzonite 
intrusion. 

METHOD OF MON~ONITE INTRUSION. 

The foregoing descriptions gi-ve ~orne indica-
. tion of the method of the monzonite intrusion 
after the magma had risen within a few thou
sand feet of the present surface, or to a point 
where the strength of the overlying formations 
was ins'uffi.cient to withstand the upward pres
sure of th~ magma. As shown by the map 
(Pl. IV), there was evidently some prying apart 
of.the older rocks, either. by the Swansea rhyo
lite or by the monzonite, but the opening for 

. the monzonite magma was made principally by 

faulting. Large bloc of the premonzonite 
rocks were pushed u~ard and outward from 
the centralpart of the present monzonite area, 
and openings rna y ell have been formed 
through which the mfa reached the surface 
and added surface fl. ws to t~e great latite
andesite series. Aft pressure against the 
rising magilla had b~en relieved iri this way . 

.

th. e m. agma continued to enlarge .its chamber 
upward by displacin or stoping blocks of 
l~estone, quartzite, and, probably in small 
part, Swansea rhyolit~. The stoping process, 
as sh.own in Pla.te V[was. of considerable ex- · 
tent but does not see to have had as great an 
effect as the faulting which preceded it. · . 

It is taken for gran ed in the preceding dis
cussion and/ in the disbussion of. differentiation 
that thE} quartzite and limestone inclusions in . 
t~e :.;n.onz~~ite sank i4 the ~agma, or at least 
d1d not rise to any ftppremable extent. ·-A-s 
there is ·much skepti~'sm regarding the possi
bility of a r6ckas·ligh : as quartzite sinking in a 
ma.gma as heavy as t at of. monzonite, a short 
discussion ot the ques~ion is pertinent. So far 
as field ev~dence is ~oncerned, the principal 
difficultywith the. ass ption t~at th~ quartzite 
blocks rose jfrom grea depths Is thmr marked 
localization w_ith respe,ct to those ·of limestone, . 
as shown on page 86 and on Plate IV. The 
interpretati~m just g~ven of faulting upward 
and. outwarf from thj center of intrusion and · 
the ·subsequent stoping of fragments from the 
fault block~ avoids thjs~difficulty. · 

The ques
1

tion of re]ative specific gravity of 
sedimentary and ignepus rocks has been con
sidered by Daly, 1 wh9 quotes figures based on 
experiments by Douglas, Delesse, and Barus, 
showing th~ specific grrvity_of differen. t l.·gneous 
rocks and lof their ~orresponding glasses or 
melts at ~ifferent .j mperatures. Daly alSo 
shows the actual and calculated. specific grav
ities of sedimentary rocks at· corresponding· 
ternperatur~s. The pecific gravity of the 
.monzonite, I Tintic q artzite, Herkimer lime
stone, and Bluebird ~olomite, determined by 
George Steiger, is gitren in the first column 
of the table 6. n page 8~t The figures in the o. ther 
three columns, estimjiJed by comparison with 
correspondfug figures quoted by . Daly, indicate 
the specific

1 

gravity ~t high temperatures at 
which the monzonite ras still fluid. 

I 
~ Daly, R. A., The mechanic:JS ot igneous intrusion, third paper: Am . 

1om. Sci., 4th '"'·I' vol. 24, pp. 27-.28, 1008. . 

'/ 
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Specific gravity of rrwnzonite and sedtmentary rocks at room 
temperature and high temperatures. 

Room 1,200° 
tern- · 1,000° 1,100° and 
pera- C. C. 1,300° 
ture. C. 

- --------1---------

Hornblende-biotite mon
. zonite (probably affect

ed by pneumatolytic 
action). . . . . . . . . . . . . . . . 2. 659· 2. 38 2. 37 2. 36 

Augite monzonite (unal-
tered) ............... : -2. 729 2. 45 2. 44 2. 43 

Tintic quartzite.......... 2. 638 2. 56+ (a) 2. 56 
Herkimer limestone ..... 2. 695 2. 61+ (a) · 2. 61 
Bluebird dolomite·........ 2. 832 2. 74+ (a) 2. 74 

a Comparat ive data for this column are not given in Daly's table. 

or northeast ·trends. The two principal fis
sure zones along the east boundary of the 

. exposed monzonite have an average trend of 
N. 20° E. and continue in the metamorphic 
limestone as far as the great easterly fault 
at the Northern Spy. Here they connect 
with the two northerly mineralized fissures 
that lie in and a little ·west of the synclinal 
aXIS. 

The arrangement of the fissures in and near 
the Silver City stock of monzonite is such as. 
might be expected to result from contraction 
during the cooling of the monzonite. Under _ 
such conditions fissures would develop gen
erally parall~l to a]ld normal to the cooling 

According to· these figures, only the dolomite surfaces, both within the cooling mass and in 
is heavier than the unaltered . monzonite at the surrounding rocks. Oblique fissures also

might be formed, especially in the central room temperature,. but all the sedimentary 
rocks., including the light quartzite, are dis- portion of the cooling mass, toward -which sue- · 

cessive zones of con traction would become more tinctly heavier than the monzonite at high 
temperatures. The accuracy of these figures and more circular in outline. Several systems of 
!nay of course be open to question, because of fracturing might :r:esult, all formed at approxi- . 
the difficulty in preventing_ the escape of mately the same time. Curved fissures might 

result where the cooling surface was curved, occluded gases in the rocks at high tempera-
ture. Inaccuracy due to that cause, .however, or where one fissure in forming approached 

another formed at the same time or even would tend to render the figures for all the 
rocks too high, rather than too low. Further- somewhat earlier. The direct linking to--
·more, the amount of contact metamorphism gether of nearly parallel fissures and the dying 
and pneumatolytic action _ associated with the . out of two nearly parallel fissures on opposite 
monzomte, though not unusually great, is sides of a connecting cross fissure are also- -
sufficient to show that considerable volatile results to be expected from such contraction. · 

It is true that some or all of these relationS. matter was present in the monzonite magma 
and this would also . render the actual specific may be effected by other forces, such as ex-
gravity of the magma less than the calculated pansion on relief of compression and folding;. 
gravity given in the table. The experimental but in the Tintic district fol4ing (compres
data therefore agree, so far as they go, with sion) and subsequent expansion stresses clearly 
the facts observed in the field and favor the preceded the eruption of th~ igneous rocks. 
conclusion that the quartzite as well as the The only forces active since the monzonite 
limestone inclusions may have sunk in the intrusion have been contraction due to cooling 
magma or at least did not rise to any appre- and the stresses that produced the Basin 

. ciable extent. Ranges. The faults that border these ranges, 

FAULTS OR FISSURES FORMED SHORTLY AFTER VOL-
. CANIC ACTIVITY~ 

however, are marked by valleys, are as a whole 
distinctly l'ater than the volcanic eruptive
period, and in some districts of Utah at Ieait 

The general trend of fissures in the mon- . appear to be distinctly later than th~ period. 
zonite is north-northeast to northeast, parallel:. of ore deposition; whereas the fissures in and 
ing the long axis of the monzonite mass. The around the monzonite are mineralized and are 
chief mineralized fissure in the Swansea rhyo- quite independent of the topography. 
lite trends north to N. 15° W., but this too The contraction of the monzonite into a. 
parallels the contact between monzonite and number of detached blocks or slabs parallel 
rhyolite. The mam fissures are in places to the long axis of the area would necessitate 
lillked directly together, and a few of them subsequent settling accompanied · by more or 
are connected by cross fissures of northwest less faulting, but no faulting of very great 



I 
1 . 

. . STRUCTURE. I 89 

'displacement. If the isostatic readjustj ent 480-foot level ~ tho Iron Blossom No. 3 also 
(p. 83) that followed folding was still in ;Jog- appears to be faulted. It is not known whether 
ress, after the · consolidation of the monzol1 ite, these possible faults antedate or postdate 
it could s~rve to ·increase any faulting in the mineralization. 
monzonite ·and perhaps could be suggeste. .as The postvolcanic fissuring lasted over a cQn
a strong ~actor in determining. the direct~on·s siderable period, as might be expected in a 
of the mam fissures. Such settling would tend slowly cooling volcanic region. Along some 
to · close certain of the fissures and to open fissures that had been or were being mineralized 
others, and 'the latter would become / the there was renewed movement, causing a shat
channels along which ore-forming ~olu~ions .tering and subsequent recementing of the ore. 
could ascend. · · · J 

The same contraction would affect the eta- FAULTS DISTINCTLY LATER THAN MINERALIZATION. 

morphic limestone arid .m· ight exte. nd somef dis- It is very probable that the postvolcanic £.s
tance beyond the metamorphic zone in the suring continued intermittently after minerali-
overlying limestone. Additional settling and zation and overlappe~ the Basin Range fault
fissuring, to compensate for the vast qu nti.:. ing, which is still .going on in some parts of 
ties of rhyolite and latite transferred fro:nt the Utah. The age relation of Basin Range fault:
magma chamber to the surface, would, /Atake ing to ore ·deposition is not clear, especially in 
place in the quartzite-limestone area. ¥any the Tin tic district, where there is little oppor
of the postvolcanic fissures, including pro~~bly tunity to prove Basin Range faulting and where 
those along the synclinal a~is, would doulJtless the ore bodies have undergone very little dis-
coincid~ with older fissures, but some .of rh~m placement. . 
appea:r Independent, as may be the case With Two small offsets were noted in the Swansea 
the.mineralized fissures in the Mammoth-~rand \"'ein during the earlier survey. (See p. 255.) 
Central ore zone, which, although closely con- A postmineral fault was noted during the recent 
nected with the Emerald-Gran. d Central fault survey :in the. Colorado mine 400 feet north of 
zone, trend as a whole across it. shaft. No. 1, where the ore body is crossed by a 

The postvolcanic m~eralized fissures i the brecciated zone with apparent downfaulting : 
limestone very commonly curve from theit reg- on its north side. Postmineral slickensides 
ular courses where they approach · older /cross were seen along the "east limit" and several 
fissures, and their continuations beyondl the parallel north-south walls in the South Carolina 
cross fissures are not in line and may fbllow stope of the Centennial Eureka mine and in the 
different trends. This feature, which hall pro- principal cross breaks of the same mine. Simi~ 
duced deflections in the trends of sever l ore lar evidence of postmineral disturbance was 
bodies, is noted in several of the mine de crip- noted in the gold stope of the Victoria mine and 
tions. It is rather common for a single ~ssure along the large brecciated zone called "the 
on one side of a cross break to be followf d by dike" in the Mammoth mine; but no great · 
two parallel fis~ures on the opposite side, and displacement coula be proved at any of these 
at such junctions with cross breaks the bJst ore places. 
shoots are likely to be .found. The for~ation The one recognized Basin Range fault zone 
of the postvolcanic fissures was accompanied by . in the East Tin tic district is mentio.ned in 
considerable ·shattering, especially at and near the descriptions of topography and of the vol
their junctions with cross breaks; but a~ they canl.crocks (pp.16, 44, and 46). It lies along tl+e 
are mostly parallel or nearly parallel to s}eeply valley that extends north~northeastward from 
dipping or vertical strata the amount of dis- Silver Pass and is marked by a series of step 
placement along them is nowhere known[. to be faults that have raised the base of the Pack
very great. . · · ard rhyolite from the level of the valley up to 

Several dikes of monzonite porphyry J n -the the crest of the ridge. The topography of the 
Iron Blossom No. 1 mine appear to be fj~ted, district suggests other possib1e Basin Range. 
and the contacts between the limesto e and faults, but none J:tave yet been confirmed _by 
the main porphyry mass on levels No. 2 . and structural evidence. Topography, however, 
No. 7 of this mine show some indieati ns 'of can not everywhere be acceptedas a criterion 
faulting. A monzonite porphyry dike n the of recent faulting, for the prominent Eureka 

)· 
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a~d Mammoth gulches are associated only pressure that forced up the lava columns; 
With faults formed before the period of ore besides prying apart the strata to some extent 
deposition. just north of Mammoth Gulch, was sufficie:Ut 

SUMMARY OF FAULTING. to cause further movement along existing 
Faulting in the Tintic district took place fau:lts .as well as to produce new faults. Some 

during five periods-(1) during folding, (2) of the displacements that may be attributed 
after f~lding .but before volcanic activity, to this cause are marked by upward movement 
(3) during volcanic activity, (4) soon after of blocks nearest the igneous bodies~for in- . 
volcanic activity but before mineralization stance, . the Sioux-Ajax fault and · the obscure 
and · (5) distinctly later than mineralization~ faults south and southwest · of Robinson· · 
These periods were not all sharply separated others are marked by the more nearly · hori~ 
from one another, and movements along zontal movement .of a block away from the 
so~e faults are known to have taken place intruding monzonite magma~for instance, the 
during more than one period. . . "parting" or "east · limit" fault in the Op~x 

1. The earliest faults recognized are prin-:- and Centennial Eureka mines and the Emerald
cipally compression faults formed by the fold- Grand Central fault. The monzonite int~usion 
ing forces after the shapes of the folds had was also brought about in part ~y the s~oping 
been determined. They include local over- away of the upfaulted blocks, but stoping .as 
thrusts and accessory easterly faults along the a visible process of intrusion was subordinate 
quartzite and shale contact, and three or more to faulting. 
strong northeast and two northwest faults in · 4. · M9re fissuring or faulting took place after 
the limestone area. The shale was so flexible the ·cessation of volcanic eruptions and affected 
that, with one exception, none of the faults both igneous and sedimentary rocks. It is 
crossed from limestone into quartzite. The attributed in part to contraction of the igneous 
movement of blocks along all these faults rocks, especially the monzonite, and to the 
appears to have been generally eastward general recooling of all the rocks in the dis
involving a considerable horizontal and· som~ trict; ~lso to further . settling movements to 
upward displacement. Northerly faults also . compensate for the great amount of lava 
were probably formed but can not be distin- poured out upon the surface, as well as to the 
guished on the surface. A number of easterly isostatic readjustment that may have been 
faults ~n ~he limestone were · also formed; going on ever since the cessation of folding. 
some accessory to the northeast faults and No faults of great displacement are known to 
others more closely connected with eastward have been formed at this time. The develop
bulges in the quartzite. me:J;lt of new open fissures, however, as well 

2. After the period of folding the tendency as the reopening of older faults, had a large 
of the rocks, :how relieved from compression, influence in determining the courses of the 
to reexpand, a gradual loss of frictional heat mineralizing solutions, whose period of activity 
and a gr&dual isostatic readjustment all con~ is believed to have followed shortly after that 
tributed to the development of tensional or of the monzonite .intrusion. 
~ormal faults. The faulting took place 'chiefly . 5. The ~al period · of fis~uring or faulting 
In northerly and easterly directions and was was that In which the Basin Ranges were 
marked by the settling of certain blocks ·and developed. This period can not be sharply 
the tilting and convergence or divergence of separated from that next preceding, and move
adjacent blocks. Such faults· can b~ proved ment is known to be still in progress in some 
only where exposures are abundant and other- parts of Utah. Some of the Tintic ore bodies 
wise favorable for their .detection, as in the are cut by postmineral movements along 

older f.aults, and at a few places ore bodies 
area southwest and north of Eureka Peak· h b ' ave een clearly displaced; but at none of 
but there is no reasonable doubt that they are h t ese places has the amount of faulting been 
prevalent throughout the district. great enough to interfere seriously with the 

3. The network of faults already forined following of ore bodies. At least one fault 
and the general settling along them gave con- of the Basin Range type is known to exist 
-ditions favorable to volcanic eruption . . ·The within the Tin tic quadrangle. 
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ROCK ALTERATION. ·j replaced the Ajax; limestone, with the excep-
PERions. · tion of the chert lenses and nodules, which 

There were three periods of' rock alter tion have ·· 'undergone brecciation but . are. st~ 
in the Tin tic district-:-one before vol anic recognizable . . ~he .silicip.cation of foss.Ils · In 
activity, one d~ring and immediately . fter t.he Gardner dolomite and later beds .Is be
volcanic ·activity, and one distinctly later han lieved to have het3n contemporaneous with the 
volcanic activity and exteriding down to the development of the chert len~es. 
present. It is advisable to discriminate be- DOLOMITIZATION. 

tween the effects of the different perio s in . Dolomite, as !shown in the descriptions on 
order that the particular alteration associ ted pages 28-40, is almost wholly confined to rather 
with ore deposition ·may be distingu· hep.· fine-grained crystalline beds, most of them 
fr0n;1 other kinds of no economic signific nee. showing •. fossil . remnants and some of them 
Not every variety of rock alteration . i an eross-bedd.ing.· lit 1s not limited to any special 
indication of ore. horizons of the sedimentary series but .occurs 

ALTERATION BEFORE VOLCANIC ACTIVITY. throughout the I series in contact with dense 

Alteration before volcanic activity inclfdes 
the ~or_mat~oh of e~.~r~ le~ses, dolomitiza i?n, 
pos~nble nnnor ·sericitizatiOn of shale d ;nng 
the folding stage, arid surface weathering. 

CHERT LENSES. 

Chert lenses and nod-q.les are promine 
three distinct horizons-in the Ajax limes one, 
in a small part of the Bluebell dolomite, a-1 in 
the Pine Canyon limestone. They are i 1 -no 
way an indication of Qre, although the ert 
on· fresh fracture is very similar to the fin~ re
placement quartz in the siliceous ore depdfits .. 
The silica in the chert was deposited as pal t o( 
the original rock, ·in the form of micros1opic 
shells or sponge spicules, and was later~n
centrat.ed i-nto concreti.ons or nodul-es alon __ · the 
bedding planes. Where the supply of 'lica 
was relatively abundant, nodules grew o · a 
considerable size, and in many places twr, or 
more nodules were united into more or [less 
lenslike forms. In the Pine Canyon limes~one 
cherty beds lie above and below the coarse-

. grained limestone that has been so extensifely 

. replaced by ore; but the dense · cherty lJeds, 
where they are in contact with the ore, 1orm 
the impervious walls . or roof ·of the stope and 
are _ not themselves ~;tppreciably mineralijzed. 

. Furthermore, the chert is just as abundarlt in 
outcrops remote from ore as in the imme~ate 
walls of stopes. It is n. ot impossible foro~~ to 
form in the cherty beds, but they are far less 
likely to carry ore than the coarse-gra ned 
noncherty limestone. Another indication ~hat 
the chert is not a sign ·of ore deposition majy be 
-seen i~ the s~licified outcrops east of the B~ack 
Jack Iron nnne, where quartz has compl tely 

and shaly argillaceous limestones. The chem
ical composition( varies with ~he texture of the 
rock. ·The· presence of fossil fragments . con
verted partly Oli wholly into dolomite is proof 
thatl the dolomite is · secondary after calcite. 
The crystalline tlexture may also be secondary, 
due to the cry~tallization _ of dolomite after 
limestone, but t1le cross-;bedding and the size 
of the fossil frak:r:nents show that the original 
sediment was bf relatively arenaceous and 
porous charact~r ("calcarenite") - in com
parison with thr de_n· se argillaceous limestones 
("calcilutites"), r which may be aptly termed 
consolidated impure limestone muas. The 
distribution of clolomite has no relation tQ de
gree of folding, to any kind of fracturing, or to 
ore deposition. ~ -~ apparent exception may 
be the occuNence of veins arid impregnations 
of white to pink dolomite spar, but these are 
dist inct from the ·dolomite beds, . ate limited to 
the zone of mineralization, are found in dolo
mites and argillaceous limestones alike, and 
are clearly of later origin and contemporaneous 
with the ore deposits. The·. fact that a cer~ 
tain bed ·of the sedimentary formations is 
dolomite has no bearing on the . occurrence of 
ore. Some of the dolomite, where· attacked 
by ore-forming solutions in favorably fissured 
portions, has been replaced by ore, but the 
bed that contains ore in one mine may be 
barren in another.· 

Dolomitization evidently took place before 
folding and fissuring and may have extended 
through an indefinite period from the time of 
deposition of the original limestone to the time 
of intense folding. The process evidently con~ 
sisted of the submarine leaching of calcium 
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carbonate prior ·to consolidation, or of the gneisses, schists, slates, and quartzites, and dis
replacement of the more permeable limestone solved- materials supplied from them to the 
beds on the sea bottom by magnesia salts dis- Cambrian sea must therefore have been rela
solved in the sea water, or perhaps of both. tively high in magnesia. At the sam_e time 

. The problem of dolomitization has been re- marine animals 3 were 'to some extent depleting - .. 
cently reviewed by Steidtmann/ who cites the sea water of dissolved calcium, thus render
Hogbom's studies,2 which proved that cal- ing conditions still more favorable for dolo
cinm carbonate may be rapidly leached and mitization. The more porous deposits on the 
·any small amount of magnesium carbonate sea bottom were permeated by the sea water, 
relatively concentrated. Steidtmann further with its dissolved magnesian salts, and replace
points out that continual depletion of the cal- ment or dolomitization W!1S gradually . accom
cium c~ntent of sea water by marine organisms pqshed, but the impervious beds of limestone 
tends to make / solid (already deposited) cal- mud were not appreciably affected and retained 
cium carbonate more out of equilibrium with their o:t:iginal composition. As these beds, 
sea water than magnesium carbonate,' with the where interbedded with dolomite, are not thick 
result that the deposited calcium carbonate or continuous over extensive areas, they did 
tends to redissolve and the magnesium car- not form ·barriers to prevent the circulation of 
bonate to become proportionately conce1~- water in underlying porous strata~ and the pro
trated. He adds that if river waters of early cess- of dolomitization may have continued 
Paleozoic time, by draining pre-Cambrian during a long interval of time, approaching 
lands composed chiefly of granites and o~her nearer to completion than would have been 
rocks in which the ratio of magnesia to lime is possible if the impervious beds had been thicker 
relatively high, brought a much smaller propor- and more extensive. It is noteworthy in this 
tion of calcium carbonate into the -sea than is comiection that .the Ajax limestone, lying just 
brought to-day the leaching of calcium car- below the argillaceous Opohonga limestone, is 
bonate by sea water must have been intensi- less -dolom_itic than the formations below it, 
fied. In regard to the replacement of calcium which are not interrupted by any extensive 
by magnesium in the sea, he cites articles by impervious strata. Analysis of a speeimen 
J. D. Dana, Br.anner, Skeats, and Judd, all from a coarse-grained bed near the top of. the 
clearly showing a replacement of the calcium in Ajax gave 52.34 per cent CaO and only 0.60 
coral ~eefs by varying amounts of magnesium, per cent MgO. . 
and points out that the state in which the cal- During the pre-Mississippian land intervals 
cium exists, as well as the composition of the percolating ground w-aters may have con
sea water, may influence the degree of change. tributed to the -·process of dolonritization, but 
Thus calcium-carbonate, if crystallized as the- there is at present no evidence, positive or 
less stable aragonite, which largely constitutes . negative, on -this point. . 
coral secretion~, may be more easily replaced The early Mississippian strata, those of the 
than if -crystallized as the more stable form Gardner dolomite, were doubtless · derived to 
calcite. Again if the sea water is relatively some extent from the dolomitized Cambrian 
high in magnesium salts (chloride, sulphate, or and Ordovician formations and may, to some 
carbonate), the conditions will be more favor- extent, represent consolidated dolomitic sand; · 
able to replacement of. calcium _ carbonate by but in general they show the same relations 
magnesium, which will augment the leaching of between texture and composition as the 
calcium already mentioned. Cambrian beds, and dolomitic composition 

In the Tin tic district from early Middle Cam- therefore seems to be for the most part a sec
brian until at least the end of Ordo' ician time ondary rather than a primary · character. 
limestones were being· deposited, while sand- Fossils are larger and more conspicuous in 
stones and shales were forming nearer the shore these beds, and marine life may have had a 
iine on the east. The rocks that furnished correspondingly greater influence in promoting 
the sediments were pre-Cambrian gr~nites, 

a Cambrian fossils, although scarce in the Tin tic district, are numerous 
1 Steidtmaon, Edward, The evolution of limestone and -dolomite: in the House Range and Blacksmith Fork sections. Their scarcity in 

Jour. Geology, vol. 19, pp. 332--338, 1911. the Tintic district may well be attributed to obliteration by the develop-
2 Hogbom, A. G., Ueber Dolomitbildung und dolomitische Kalkor· ment of compression cleavage and by the recrystalllzation that accom-

ganismen: Neues Jahrb., 1894, Band 1, pp. 262-_274. panied dolomitizadon. · 



STRUCTURE. · 

SERICITIZATION AND OTHER CHANGES DURING FOLDING·. 

The Cambrian · shale or slate contains a 
conspic~ous quantity of fine mica of sericitic 
appearance. TJ:ils may be an original con
stituent derived from eroded. pre-Cambrian 
schists and gneisses, but the original structure 
and texture of the rock at Tintic are so thor
oughly obliterated by slaty cleavage and 
perhaps byrecrystallization that the presence 
of original mica can not be readily proved. 
·The mica scales now present are arranged 
:parallel to the slaty cleavage-undoubtedly 

· .a secondary . positio~; but· whether · they are 
the original fine mj.ca rearranged or are of 
metamorp~c origin, derived . by the recrys
tallization of impure clay, can not be deter
·mined. In _ all ·probability both possibilities 
have in part been realized. This secondary 

1 Blackwelder, Eliot; Origin of the Bighorn dolomite: Geoi. Soc. 
America Bull., vol. 24, pp. 607-624, 1913; A fully exposed reef of calcareous 
,algae(?) in the Middle Cambrian of the Teton Mountains: Am. Jour . 
.Sci., 4th ser., vol. 39, pp. 646-650, 1915. · 
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. the kaolin deposits, having accumulated, may banded. None of its minerals can be identified 
later have served as barriers to the circulation of without the micros~ope. In thin sections the 
ore-forming solutions, thus accounting for ore princip-al minerals, named in the order of abun
bodies th~t end abruptly against fissures of pre- dance, are very fine muscovite (sericite), 'chlo
mineral~ age. The effects of prevolcanic weath- rite (pennine), quartz, zoisite, and magnetite. 
ering are no different ·in kind from those of post- The muscovite and chlorite form a mat more or· 
volcanic weathering, and there is no meaps of less interrupted by)inear aggregates of quartz, 
distinguishing between the two. Th~s, where which appear to preserve the original sedimen-
a cave is found, it can not be determined tary structure. Zoisite is irregularly distrib
whether the cave was formed wholly before or uted in single hypautomorphic crystals and in 
since the volcanic period, or partly before and diverging aggregates m_ixed with quartz. The
partly since. Kaolin-filled fissures appear the magnetite forms small grains scattered through-
same, whe(b.er they ·were developed befor(! or out the section, but more abundant-near and in 
after the volcanic period or partly both. Al- the zoisite-quartz areas. These minerals show 
though the deposits of the two periods of weath- the rock to be high in Si02 and Al20 3 and to con
ering can not be distinguished, their existence tain considerable MgO, CaO, and K 20 and a. 
should be borne in mind in underground work, small percentage of iron oxides. This campo
where, in case an ore body ends abruptly against sition is near that of a limy shale or shaly lime-
a kaolinized or a tight fissure, it is necessary to stone. Metamorphism caused the expulsion of 
ascertain whether·the ore has been merely offset carbon dioxide from the calcite originally pres- · · · 
by a late fault or has been stopped by an· older ent, the lime being left to unite with alumina . 
impervious break. The imperviousness . of and silica in the sediment and with water from 
some breaks m-ay be due to the earlier accumu- the magma to form zoisite. There is nothing. 
lation of kaolin; that of others may be due to . which definitely indicates the addition of any 
premineral faulting which has brought an easily material from the magma besides water. The
replaceable bed of limestone opposite a rela- chlorite may be an alteration of met&morphic 
tively nonreplaceable· bed. biotite, but it is so fine grained that its origin_ 

ALTERATION DURING AND IMMEDIATELY AFTER 
VOLCANIC ACTIVITY. 

Alteration during volcanic activity is . ex
pressed in the sedimentary rocks, and perhaps 
to a slight extent in the volcanic rocks, by 
contact metamorphism, and in the volcanic 
rocks by widespread hydrothermal deposition. 

Contact metamorphism is practically con
fined to the sedimentary rocks, especially the 
limestones. . The only suggestion of it in igneous 
rocks comes from the presence of some micro
scopic colorless garnets in altered latite near the 
Dragon iron mine, but these may be of primary 
or1g1n. 

CONTACT METAMORPHISM OF .QUARTZITE AND SHALE. 

A quartzite inclusion in the monzonite south
east of the Mammoth switchback was found to 
-contain a few erystals of garnet (probably al
mandite) along a bedding plane. Slate or shaly 
limestone is represented by a few inclusions 
rese;mbling hornfels, one 200 feet southwest of 
the Robinson· triangulation station -and others 
(represented as one · on the map) on the next 
spur to the southeast. This rock is nearly 
black, fine grained to dense, and obscurely 

can not be definitely determined. · 

CONTACT ·METAMORPHISM OF LIMESTONE AND DOLOMITE •. 

The principal body of contact-metamorphic 
rock is in the limestone formations. along th~ 
northeast contact of the monzonite. It ex
tends continuously from Mammoth southeast
ward to the Dragon iron ·mine and thence 
northeastward, disappearing beneath the effu
sive rocks beyond the Carisa stock of monzo
nite. Its north~rn boundary is not sharply 
defined but as a whole follows a crescent
shaped course concave 'to the north. Besides. 
this main body, there are within the monzonite· 
a number of large inclusions which, to judgeo · 
from recent exposures in tunnels and rail-· 
road cuts, are much more numerous than the 
obscure, disintegrated outcrops would indicate. 

The outcrops as a whole are so much weath
ered and any)aulting in them is so · completely 
obscured that no serious attempt was made to 
study the metamorphism of individual beds of 
limestone or dolomite. The western part of -
the main body, if the original thickness of the 
rocks was maintained, includes the lower part 
of the Opohonga limestone and all of the Ajax." 
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limestone and Opex dolomite; the large inclu- dymite. · e places this mineral forms the 
sions· northeast of the Robinson triangulation whole veinlet; i others it is accompanied by 
station either represent sunken blocks of the an increasing a ount of calcite. This mode of 
sa:r,ne formation or are remiiants of the Cole occurrence is ve y unusual for tridymite. Less 
Canyon and Bluebird dolomites ·and possibly commonly the alcite fills the whole veinlet. 
one or two still lower limestones. The kaolip. is de eloped mostly along the edges 

The metamorphic effects are generally uni- of veinlets and to some extent around spinel 
form in the inclusions and close to the main boundaries in statite. This rock so far as 
contact and diminish in intensity as distance its position in t e field indicates may represent 
frqm the contact increases. Evidence of in- any of the stra a from the · Bluebird dolomite 
tense metamorphism is limited to rocks within up to the Opex dolomite. 
400 or 500 feet from the contact, but rocks A second spe imen, taken within 100 feet of 
slightly affected may be found as much as the contact at iamond Pass, is of the same 
1,000 to 2,000 feet from any exposed contact. type but altere -the pyroxene to serpentine 
The most intensely metamorphosed variety is and a little calc"te, and any spinel to yellowish
a dark-gray, . brown-weathering dense rock, brown limonite tains. 
thoroughly. crisscrossed by white hairlike vein- Outcrops alo g the contact northwestward 
lets of calcite and a white microscopic fibrous from . the Black Jack iron mine-are character
or platy mineral having the properties and ized by a dark- ray rock composed almost en
composition of tridymite . . A thi.Ji .section of tirely of c9arse y ~rystallized calcite inclosing 
an inclusion in the tunnel just north of the black octahedr ns ·of spinel, few if any of 
Robinson 'triangulation station shows the prin- which are over millimeter in diameter. The 
cipal :mlnerals to be enstatite and spinel, with rock is cut by ·nute veinlets of calcite._ In 
a few 1;3mall grains of gatnet _and p1agnetite, the thin sectio studied one large crystal of 
interstitial calcite, a~d v~inlets of tridymite calcite with m tiple twinning forms a poikili
itnd calcite in varying amounts. The ensta- tic groundmass inclosing spinel. The spinel 
tite, which was determine4 by its optical char- forms irregular o octahedral grains a$ much as 
acter, forms a few hypautomorphic crystals, 1 ·millimeter in diameter and makes up about 
about 1 millimeter long, pr rtly surrounded by 50 per cent of the volume of the rock. Its 
calcite, but it occurs most! in a larg~ irregular color, yellowish rown in some larger grains -and 
crystal that serves as a p ikilitic g~oundmass green in the oth rs, sugg~sts either the picotite; 
for the spinel, garnet, a d magnetite. The ·hercynite, or pl onaste.varieties. The position 
spinel is pale green to ra her dark green and of this rock typ in the field .suggests that it is a 
shows tw~ imperf~ct cleav~ges at right angles. metamorphic ·d rivative of som.e of the upper 
Some grams are 1solated ~nd approach oct~- beds ·of the Ope dolomite. 
hedral and possibly dodecahedral outlines; but Garnet, thou h scarce in the · metamorphic 
most of 'them form irreguiar· aggregates inter- rocks as a rule, forms local bunches, only orie 
grown with a little magnet ite. Their color is of which, in th railro"ad ·cut . close by United 
that of the pleonaste or J hercynite varieties. States mineral onument No. 4, northwest of 

the Dragon iro mine, was seen. The garnet The spinel is slightly alter d to a fine dustlike 
here is andradi e. It is largely massive and 

material resembling kaol~· and is bordered in 
the altered places by sma fibers that show a nearly pure an also forms a few rather well 

formed _crystals mbedded in calcite. The· out- · 
strong birefringence resem ling that of calcite. 

1 crop was so co pletely surrounded by kaolin-
Garnet is limited to a few 1ery small yellowish.- ized debris' that no structural features could be 
brown dodecahedrons of strong relief, most of studied. The p sition of the garnet rock, pke 
them 0.03 millimeter, morJ or less, in diameter. that of the spi el-calcite. rock last described, . 
Magnetite is practically l~mited to the inter- is equivalent eit er to that of the upper beds of 
growths in spinel. Whe~e the -spinel is all the Opex dolom te or to that of the lower beds 

_ weathered ·to kaolin 0) th13 magnetite appears of ·the Ajax li estone. Garnet and wol.las
nearly or quite unaffected I The veinlets con- tonite have b en reported . from the meta
sist mostly of interlocking aggregates of a fine morphic limesto e aroundth~ North Star mine, 
platy mineral compo_sed of silipa and possessing approxim-ately t the estimated boundary . be- . 
a very weak birefringence haracteristic of tri- tween the Aja and Opohonga limestones. 
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A less severe degree_ of metamorphism is 
marked by recrystallization of_ the calcite or 
dolomite and destruction of the characteristic 
surface appearance of the rock. One specimen 
of the Opohonga limestone, taken about 800 
feet northeast of Diamond Pass and . 100 feet 
south of the spur crest, is of light-gray color, 
striped . only where weathering has left fine 
powdery material along the more soluble lay
ers. In thin section the rock consists mainly 
of calcite, relatively coarse grained (0.25 to 0.5 
millimeter in diameter) and pure in some layers 
and relatively fine grained and crowded with 

. minute crystals of diopside and possibly of mica 
in others. A very few minute grains of pyrite 
altered to limonite are present, and a little 
additional limonite fills short cracks. A little 
clouding, like that of kaolin, appears in one part 
of the section and is arranged in a network 
along minute -reticulated cracks which spread 
from a place where clouding is strongest, sug
gesting an infiltration rather than a residue 
left by weathering. The same limestone far
ther north, close by United States mineral 
monument No. 1 and farther from the contact, 
is recrystallized into a very fine grained to dense 
rock, of light-gray to pale-yellowish or b11ff 
color. The characteristic banding is wholly 
obscured at this place but gradually appears as 
distance from the contact increases. The dense 
gray- rock has a high content of mag~esia, but 
it is not certain whether the specimen tested 
was taken from an· originally dolomitic bed or 
not. In thin section fine carbonate grains 
make up the entire rock with the exceptipn of a 
few minute limonite grains which appear to be 
pseudomorphs after pyrite crystals. No min
eral containing alumina was noted, and any of 
the clay of the original rock must be uniformly 
scattered and hidden in the carbonate grains. 
Recrystallized carbonate with no visible silicates 
occurs also in the beds of coarse-grained lime
stone or dolomite found in the workings of the 
Lower Mammoth and the Dragon iroh mine and 
along the railroad cut northeast of the Dragon 
open cut. . 

Metamorphism around the subsidiary mon
zonite stock q,t Sioux Pass is of the same char
acter as along the .main monzonite body. 
The surrounding rock in this locality is the 
Bluebell dolomite. Close .to the contact the 

. dolomite is ·changed to th!3 pjrroxene-spinel 
rock, colored pale brownish on the weathered 

surface. Farther from the contact the rock 
is recrystallized to a fine-grained grayish
white rock, and variations in color have 
disappeared; but the characteristic alternation 
of color gradually appears as dis.tance from_ · 
the contact increases. The effects of meta
morphism along the northwest side of the 
stock disappear within 300 or 400 feet <?f the 
contact. This very narrow zone is in strong 
contrast .to the much greater area of meta
morphism south of the stock, which extends 
far enough to connect with a metamorphic 
band along the main monzonite mass. This 
distribution of metamorphic effects, together 
with the alignment of the two monzonite · 
bodies, and the presence of several dikes of 
monzonite porphyry:in the Iron Blossom N a. 1. 
mine, is a strong indication, as stated on pages 
59 and 64, that the ~onzonites are connected 
at no great ·depth. 

The silicified outcrops east of the Black 
Jack iron mine have not been mentioned in 
this discussion . of the metamorphic · rocks, 
because the silicified rock, although · within 
the metamorphic area, bears no definite rela
tion to the contact and is believed to have 
been formed later, during the vein-forming 
stage. A thin section of this rock shows it to 
consist of fine cherty silica with a little inter
grown pyrite and calcite. Some of the out
crops consist of a silici:fi_ed breccia and appear 
to represent the cherty Ajax limestone, in 
which the chert lenses have been ·broken but 
not replaced, while the calcite and dolomite 
have • suffered · nearly complete replacement. 
Soine of the silicified rock lies parallel to the 
bedding, and sonie appears to have replaced 
the limestone along fissures. The relations 
are not very clear, owing to the great amount 
of debris, which tends to isolate the silicified 
ledges; but in their structure, so far as ex
posed, and ~heir composition they are more in 
accordance ·with the later vein deposits than 
with the earlier contact-metamorphic products. 

Owing· to · the impossibility of a definite 
correlation of the - metamorphic with the 
unaltered beds, no chemical analyses of · the 
rocks have been made, but it is thought that 
rough calculations of composition will be 
sufficient to give a general idea ·of the changes · 
involved . 

To summariz~ · the eyidence of contact 
metamorphism, the · rocks that have be·en 

• 
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severely affected are for the most part dolo
mites or dolomitic limestones. The darker 
rocks (see pp. 28-34) when dissolved in hydro
chloric acid have a small gray to black residue 
of clay, quartz, and organic matter'; the lighter 
ones leave little or no residue. The following 
partial analysis of rock from one of the darker 
beds in the Cole Canyon dolomite, which is 
typical of the darker dolomites in general, 
is quoted from ,the earlier report!: "Si02 , 

8.77; Fe20 3, 0.49; MgO, 18.53; CaO, 27.22; 
C02 , 41.7'7; total, 96.78 per cent." Alumina 
and organic matter should apparently account 
for the remaining 3.22 per cent not recorded. 
The total impurities, therefore, amount to 
about 12 per cent, at least half of ·which, 
according to the analysis and to microscopic 
study, must be quartz. It requires only a 
rough calculation to show that neither the 
enstatite-spinel nor the spinel-calcite rock can 
be derived by simple recrystallization of such 
a dolomite with only 12 per cent of impurities. 
If the spinel-enstatite rock is . moderately 
estimated to consist of 60 per cent . (volu
metric) enstatite and 30 per cent magnesia 
spinel, with no account taken of the small 
amounts of garnet and magnetite, the alumina 
present will be sufficient to represent about 
30 per cent kaolin in the original rock, and 
the silica will be sufficient to represent an 
additional 8 per cent of original quartz sand. 
In other words, only 60 per cent pure dolomite 
could have been present in the original rock, 
and this amount could not account for all the 
magnesia in the metamorphic rock. Further
more, it has been shown by qualitative tests 
that, although beds of shaly limestone with a 
rather high alumina content are present in 
the district, such beds are not dolomitic. It 
seems, therefore, that silica and alumina have 
been introduced from the magma, though 

· their relative proportions can not be estimated, 
whereas most of the calcite has been r'emoved. 
If the garnet and magnetite were included in 
the estimate, they doubtless would indicate a 
small addition of iron oxide from the magma. 
The presence and arrangement of the tridy
mite-calcite veinlets indicate that some shrink
age took place during metam~rphism, leaving 
cracks which· were filled by later .additions of 
silica and calcite. · 

1 Tower, G. W •; jr.,.and Smith, G. 0., op. cit., p. 623. 
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The roughly calculated composition of the 
spinel-calcite rock also indicates an addition 
of alumina but gives a ratio of magnesia to 
calcite which C<?uld have been supplied by a· 
dolomitic limestone. The absence of silica 
is in marked contrast to . its presence in the 
spinel-enstatite rock. .The beds that were 
simply recrystallized were evidently beyond 
the marked influence of any emanations of 
silica or alumina. 

The general absence of metallic minerals is 
very striking and in marked contrast to their 
presence in most bodies of contact-metamor
phosed limestone and dolomite. The only 
explanation of this condition that can be 
offered is that as the metamorphism took 
place near the surface and beneath a cover of 
volcanic rocks that were relatively permeable 
to heat the greater part of the materials, 
including the metals, that escaped from the 
magma at this time rose to higher levels than 
that represented by the present surface. 

ALTERATION IN VOLCANIC ROCKS DURING VOLCANIC 
ACTIVITY. 

If all changes in the volcanic rocks are con
sidered, certain types of alteration, such as the 
recrystallization of brown hornblende pheno
crysts into augite-magnetite-feldspar aggre
gates and the resorption of quartz and other 
phenocrysts, took place in the effusive lavas 
before their consolidation. The recrystalliza
tion of augite into hornblende in the monzo
nite and the replacement of feldspar by tourma
line in the Swansea rhyolite are evidently 
pneumatolytic changes that took place imme
diately after the consolidation of the respective 
rocks. These, however, are all microscopic 
features of interest chiefly to the petrographer. 

Far more conspicuous is the widespread de
velopment of sericite, chlorite, calcite, and silica 
(quartz, chalcedony, or opal) in the volcanic 
rocks. Practically all specimens collected con
tain these minerals, _at least in microscopic 
amounts, and many contain them in con
spicuous megascopic masses. These minerals 
are so widespread that they can hardly be 
regarded as due solely to the solutions which 
deposited the ore bodies, although their 
origin appears closely related to that of the 
ore bodies. For example, the banded rhyolite 
east of the Iron Blossom No.3 mine contains a 
considerable percentage of chalcedony and opal, 
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especially along its flow lines, and the degree ·period, but whereas the widespread alteration 
of silicification seems to be the same both near of the effusive rocks was due to escaping water 
to and remote from any ore bodies. The and gases in relatively small quantities and in 
Packard rhyolite throughout its extent also various directions after each eruption, the more 
contains more or less secondary chalcedony intense alteration accompanying the formation 
and ·opal lining small cavities and · calcite in of the metalliferous deposits was effected by 
openings along flow lines as well as throughout solutions which were concentrated at a con
the rock. The intrusion of certain rhyolite siderable depth during the consolidation of the 
dikes was accompanied by some silicification monzonite and which later ascended along cer-
of the adjacent limestone. North of Eureka tain strong fissure zones. . 
the .main body of Packard rhyolite contains - ALTERATION IMMEDIATELY FOLLOWING THE . CLOSE 

small pockets fued with heulandite. . In one OF VOLCANIC ACTIVITY · AND ACCOMPANYING ORE 

specimen from the East Tintic district tridy- DEPOSITION. 

mite is scattered through the rock and also Alteration along the ore zones is common to 
lines cavities. The latites and tuffs also con- igneous and sedimentary rocks, although the 
tain considerable opaline silica, which in some limesto·nes and dolomites have been by far the 
p·arts ·of the latite fills rather large cavities. most favorable of all for ore deposition. Al
In all the rocks the plagioclase feldspars are teration in the igneous rocks was most intense 
partly or completely altered to se.ricite with in . and close to ore-bearing veins. Here the 
varying amounts of calcite and epidote and rocks, both monzonite and latite, were com
the pyroxenes and to a less extent the biotite pletely replaced by quartz and pyrite, accom
are more or less altered to chlorite and calcite. panied in places by barite. Sericite is present, 
Exceptionally plagioclase zones have been re- if at all, only in insignificant amount. A 'Very 
placed by chlorite. Amygdules in 'Some of the little d«?lomite and calcite have also been noted, 
latite flows are also :filled with chalcedony either lining cavities (that is, later growth than 
(or opal), calcite, and chlorite in varying quartz) or in small outlying veins. Ore in the 
amounts. ·Microscopic pyrite is commonly igneous rocks has been found only within these 
present with minerals replacing pyroxenes but completely silicified zones. The margins of 
is not conspicuous. these replacement veins pass gradually into 

These minerals are characteristic of less in- quartz-sericite-pyrite rock, whose original tex
tense propylitic alteration along the margins of ture of monzonite or latite is distinctly pre
.mineralized fissure zones and were doubtless served but whose feldspar and ferromagnesian 
to some extent deposited by the vein-forming minerals have been replaced by quartz, sericite, 
solutio~s, but their concentration in amygdules and pyrite. The solution thus far was rich in 
and along flow lines remote from strongly min- silica and .contained enough potash to convert 
eralized fissures suggests that they are rather the feldspars into s~ricite; enough sulphur ta 

. the effec~s of fumarole action which extended change the iron in ferromagnesian silicates and 
throughout the volcanic period, the fumarole magnetite into pyrite, and enough otheringredi
vapors and waters diffusing through the newly ents, such as carbon dioxide, to dissolve out prac
consolidated lava beds along flow lines, shrink- tically all the magnesia, lime,. and soda ·of the 
age cracks, and any other openings. The same original rock. As distance from the main vein 
secondary J;llinerals are abundant in the intru- increases this quartz-sericite-pyrite rock 
sive bodies of Swansea rhyolite and monzonite, (bleached white ori. the weath~red surface) 
but here they are more closely associated with passes into green or greenish-gray rock, in 
the metalliferous vein zones, and it thus becomes which feldspars and ferromagnesian silicates are 
impossible to draw any line. between the fuma- only partly· replaced by sericite, chlorite, epi
rolicalterations, which were going on throughout dote, calcite, and a little pyrite. Silica, either 
the volcanic period, and those accompanying the as quartz or chalcedony, is also present but as 
disposition of the metalliferous veins, which were a r.ule is inconspicuous.. The solution here fur
formed after the consolid~tion and fissuring of nished water to effect the hyqration of the 
the monzonite, the youngest of the i:m:portant original minerals, but there has been no con
igneous rocks. It therefore seems reasonable spicuous removal or introduction of other rna
to consider both alterations as belonging to one terial, with the possible exception of potash in 
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the -sericite, and it is quite possible that . some 
if not most of the sericite may be a soda mica. 
There has, however, been some transference of 
material, as is shown by short veinlets of chlo
rite and calcite. 

In the dolomites 'and limestones the most in
tense alteration has been complete replacement 
of the wall rock by quartz accompanied by 
more or less barite and ore minerals. · The 
pass~ge of the quartz into unreplaced rock 
is on the whole abrupt, although not marked by 
a sharp, straight line. Near the margins of 
the silicified bodies and also above them dolo
mite and calcite "spar" are likely to be found. 
These two minerals are also present to a minor 
extent within the quartz bodies, where they 
are of distinctly later growth than the quartz. 
In some of the northern stopes of the Godiva 
and Iron Blossom ore zones, in the East Tintic 
Development vein, and in the North Tin tic dis
trict dolomite and calcite are the principal 
gangue minerals. All ' these occurrences are 
comparatively remote from any known impor
tant intrusive bodies. Carbonate veins may be 
found a considerable distance from the main 
pay-ore deposits, and their distribution is in a 
way comparable to that of the less intensely 
altered ( chloritized) igneous rock. They are 
characterized by dolomite in white to pale 
pink granular masses or in distinct rhombs 
where it lines pockets, and by calcite in colum
nar masses (travertine), or in long-pointed 
crystals (scalenohedrons) where it. lines open 
spaces. 

ALTERATION DISTINCTLY LATER THAN VOLCANIC AC
TIVITY, DUE TO COLD DOWNWARD-CIRCULATING 
WATERS. 

The eff~ct of downward-circulating meteoric 
waters since the ore-forming period has been 
quite normal. In nonmineralized rock it has 
been similar to . the effects of prevolcanic 
weathering-decomposition, leaving a residue 
of kaolin and more or Jess ir()n and manganese 
oxides, the forrp.ation of new caves, and the 
possible enlargement of older caves. In min
erali~ed zones the acid solutions resulting from 
the decomposition of pyrite and other metallic 
minerals have hastened and increased the de
CO:t:r;lposition of nonmetallic minerals, leaving 
ultimate residues of kaolin and iron oxides, 
which in some places have accumulated in con
siderable masses. This is especially true where, 

duri:r;tg the ~~o~ion of oyerlying volcanic rocks, 
the decomposition products have been carri~d 
downward and repla~ed the underlying lime
stones or dolomites along their contacts or along 
fissures, thus producing what may be termed 
"false gossans," for they are no indication of 
the existence of other types of ore near by. In 
some places, most notably at the Drago~ iron 
mine, ·enough limonite has collected in · this 
manner to· form a commercially important de
posit of iron ore. The details of the process of 
concentration are given elsewhere (pp. 258-
261). Calcite may accompany the limonite and 
psilomelane of these "false gossans," but it 
~occurs either as crusts lining cavities or as flat 
rhombs or disklike crystals, in contrast to the 
long pointed scalenohedrons of calcite deposited 
by the vein -forming solutions.. Flat rhombs 
perched upo~ the scalenohedrons have been 
seen in a few places. 

In the main veins or channels of the igneous 
.rocks downward-circulating waters have been 
effective down to ground-water level, or to 
depths ranging from 200 to more than 700 feet, 
leaving leached outcrops of limonite and iron
stained quartz, followed by oxidized ore. It 
has not been learned how deep complete oxida
tion has extended in the veins of the igneous 
rocks, but according to analyses much primary 
ore still remains above water level. 

In the deposits in limestone, where ground
water level ranges from 900 feet in the Carisa to 
more than 2,000 feet (below the 1,800-foot 
level) in the Centennial Eureka and to still 
greater depths in the Mammoth and Grand 
Central, oxidation is much more extensive, and 
some large ore shoots have undergone extensive 
oxidation and enrichment down to their lowest 
extremities. The process of enrichment is con
sidered fully in Part III. 

SURFICIAL FORMATIONS.1 

Mention has been made in preceding pages of 
the thick mantle of disintegrated rock material 
which covers so large a part of the Tintic area. 
This constitutes one of the most unfavorable 
conditions for geologic work and has often 
seriously interfered with the discovery of the 
indications of ore, yet the subject is one of 
interest and worthy of brief treatment in t-his 
place. These surficial formations have been 

1 This section is quoted substantially from the earlier report (Tower 
G. W., jr., and Smith, G. 0., op. cit., pp. 666-669). 

• 
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. depos~ted in three different ways and may there
fore llle classed, with .respect to origin, as al
luvial~ lacustrine, and colluvial.1 

., l· ALLUVIUM OF TINTIC VALLEY. 

Tin ic Valley is bordered by alluvial cones 
whichj· extend down from every ravine and val
ley al@ng the western edge of the Tintic Moun
tains. l These cones of stream-deposited mate
rial b

1 

come fla~ter as they emerge from the 
moutlis of the ravines, and here better deserve 
to be /termed alluvial fans. The slopes nearer 
the v¥Jey axis are gentle, although the grade 
is sufficient · for the transportation of coarse 
material. The exceptionally large ·proportion 
of ru4-off, due to the frequent cloudbursts in 
this r! gion, gives to these occasional streams a 
greater capacity for transportation than might 
be expected. The angularity of most of the 
rock ~ragments found near the middle of the 
valle~ also affords evidence as 'to the manner of 
transnortation. Their journey from the rock 
slope_ ~o the outer edge of the alluvial fan ha.'3 
been ~omparatively rapid, and they have suf
fered less from the corrasion incident to trans
portation in a well-defined stream channel. 

·To Ia certain extent these alluvial fans are 
being trenched at present by deep arroyos, 
and this dissection affords opportunity for 
bette~ examination of the alluvium of the 
valleY]. The structure is that characteristic 
for s~ch deposits-a stratification locally im
perfe~t but in genera~ readily distinguished. 
Gravel and coarse sand are in inany places 
interbr qded. The freshness of all this detrital 
material is noticeable, for rock disintegration 
in the Tintic Mountains has been far in excess 
of rock decomposition. 

In ~everal places the alluvial deposits. extend 
far u~ into the range, following the different 
drainage lines, and their distribution is there
fore greater than can be represented on the 
geolo~ic map. In sinking a well near Romans
ville ~lluvium was found to a depth of 65 feet, 
consisting of interbedded gravel and clay, the 
latter in beds a few inches in thickness. An
other well was sunk over 250 .feet before bed
rock r as reached. 2 The alluvium filling the 

1 The term colluvial is applied by Merrill (Rocks, rock weathering, 
and soil~ p . . 319, 1897) to deposits of the nature of talus and cliff debris, 
in which( gravity is the transporting agent. 

2 It is 1ery possible that a considerable part of this material, !3Specially 
in the deeper well, is thoroughly disintegrated rhyolite.-G. F. L. 

valleys on the east side of the range is similar 
to that deseribed above and does not require 
special mention. ·· 

LAKE BONNEVILLE BEDS. 

Goshen Valley is about 1,000 feet lower than 
Tin tic Valley and is covered by deposits of a 
different character. The · Pleistocene lake 
which covered the eastern part of the Great 
Basin extended into this valley, and the fine 
material now covering the surface was de
posited from the waters of Lake Bonneville. 
The alluvium, which doubtless covered the 
lower valley in pre-Bonneville time as it yet 
covers Tintic Valley, has been hidden from 
view by lacustrine deposits, which are finer 
grained and more evenly distributed. 

The Bonneville shore line, which marks the 
highest water level, is well preserved at the 
head of Goshen Valley, at an elevation a few 
feet above the 5, 100-foot contour. The ter
race here is mostly cut in the alluvial material 
extending down from the small ravines which 
indent the . monntain slope. As can be seen 
by reference to the map of the Bonneville 
Basin accompanying Gilbert's monograph/ 
this area formed a part of Utah Bay, an almost 
landlocked arm of the lake. Thus the waves 
which beat on this shore had but little fetch 
and were less efficient, and the shore line is 
not so deeply caryed as at more exposed points, 
)jke the north end of the Oquirrh Mountains. 
Yet the terrace marking tlie Bonneville level 
js readily observed and is the more apparent 
because it forms the line of division between 
two types of topography. Above, the rock 
has been sculptured into bold outlines, which 
even the surface accumulations of rock de
tritus do not conceal; below, the lines are 
softened, and the gentle, smooth slopes of the 
lacustrine deposits afford a marked contrast 
even with the alluvial cones above. One inter
esting feature in the Bonneville shore is a bar 
constructed across a reentrant angle in the 
shore, forming a natural reservoir. 

Faint traces of other shore lines can be de
tected, but at the level at which the water 
stood during the Provo stage the slope shows 
no break such as might be expected to indicate 
the . Provo shore · line, which 1s so strongly 
marked at other localities. There is, however, 

I Gilbert, G. K., Lake Bonneville: U.S. Geol. Survey Mon.1, 1890. 

/ 
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within the limits of the Tintic quadrangle a 
conspicuous topographic feature which is con
nected with the Provo shore line. Cur;ran t 
Creek emerges from its canyon immediately 
east of the quadrangle, and from the mouth of 
this canyon there extends a large delta, which 
forms a noticeable interruption in the broad 
concave sweep at the head of Goshen Valley. 
The surface of this delta lies just above the 
4, 700-foot contour and thus approximates the 
level of the Provo shore line. Below, the 
delta face has a steep slope to the valley bot
tom. Currant Creek has now cut a deep 
channel in the old delta. 

When the water stood at the Bonneville stage 
Currant Creek canyon was a narrow strait con
necting the water in Juab Valley with that in 
Goshen Valley. With the fall o:fi the lake level 
to the Provo stage there was a marked change 
of -conditions. Currant Creek began to drain 
Juab Valley, having its point of discharge at 
the head of Goshen Valley. Here the delta was 
doubtless quickly built, and its upper surface 
may be taken as indicating the Provo water 
level. The uniform fineness of the material 
composing the Currant Creek delta is due prob
ably to t~e fact that all coarser sediments were 
deposited in the lakelike expanse of the stream 
in Juab Valley above the canyon. 

Sections of the wave-built terraces seen with
in the area show well-bedded sand, fine and 
well sorted. A few beds of coarse gravel a few 
inches thick are interbedded with the sand. 
These.can be traced upward to the talus at the 
base of the steep slope of limestone and indi
cate alternation of conditions, . the locally de
rived limestone fragments being deposited on 
the beach at some times and the finer shore drift 
at others. On the upper surfaces of the upper
most pebbles of these beds calcareous tufa has 
been deposited. . 

Dunes of drifting sand occur along the west
ern edge of Goshen Valley east of the mouth of 
Pinyon Canyon. 

TALUS DEPOSITS. 

The group of talus deposits includes the rock 
·detritus which occurs in the form of talus slides 
and avalanche streams. This material is het-
erogeneous and unstratified and owes its re
moval from the original rock mass primarily to 
the action of gravity. Creep, due to the action 
of frost· and snow, may occur in · these talus 

slides, and on the steepest slopes avalanches of 
snow doubtless have been effective in the trans
portation of the rock fragments to lower levels. 
Well-defined avalanche streams occur in some 
of the sharply cut V -shaped ravines, making the 
cross section resemble more the letter W, with 
the central ridge considerably lower than the 
sides. These rock streams have apparently 
not yet come to rest, to judge from their com
parative lack of vegetation. 

The mantle of talus ·material has accumu
lated to a great thickness in many places on 
the slopes of the Tin tic Mountains. · Both in 
the limestope areas and on the hills of monzo
nite prospect tunnels show .this disintegrated 
rock to cover the solid rock to depths of 50 and 
even 100 feet. So compact is this unconsoli
dated material that roof and walls remain stand
ing untimbered for many years in these de
serted tunnels. In gulches where stream ero
sion has cut trenches in the debris the high 
angles at which the walls stand also show a 
considerable degree of cohesion in this material. 

The occurrence of such large amounts of 
talus material is a phenomenon resulting from 
the climatic conditions. Physical disintegra
tion of the rock mass is rapid on these barren 
slopes, exposed at this altitude to sudden. and 
considerable .changes of temperature. The 
amount of loose material thus furnished is too 
great for the agents available for its transpor
tation. Accumulation has thus continued un
til on the lower slopes a balance is reached 
where the mantle has become in great part pro
tective. On the steepest slopes, however, 
gravity is effective in the removal of the rock 
fragments, and additions to the talus accumu
lations below still continue to be made. 

The cementation of the loose fragments and 
sand into.such coherent masses is a process also 
connected with the aridity of the region. Chem
ical decomposition of the products of weather
ing is slight. Sufficient water does not cii·cu
late through these deposits to thoroughly leach 
out the soluble parts of the rocks, and what 
water is present is without doubt a less active 
solvent than that charged with the humus 
acids, such as would be present were the region 
covered with vegetation. However, a certain 
amount of solution does take place, though the 
dissolved material may not be removed far. 
Capillarity brings such solutions to the surface, 
and on evauoration the salts in solution are 
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·left :Q:ear the surface and here act as a cement. 
This calcareous cement is readily noticed in 
many of the deposits of this nature and seems 
a sufficient explanation of their exceptional 
compactness. 

GEOLOGIC HISTORY. 

The geologic history of the Tintic district is 
sharply divided into two groups of events
(1) sedimentation, folding, and erosion; (2) 
volcanism, Basin 'Range uplift, and .erosion. 
The beginning of sedimentation is not recorded, 
as the base of the Tintic quartzite is not ex
posed. The quartzite may in part be of pre
Cambrian age, and in that case sedimentation 
progressed with no apparent interruption into 
Cambrian time. An unconformity, however, 
is known to exist at the base of the Cambrian 
in the Wasatch Mountains. The uniformity 
and general purity of the quartzite point to 
littoral marine rather than continental sedi
mentation. According to Walcott 1 -the Cam
brian shore line receded eastward, and, as 
littoral gave way to offshore conditions, the 
deposition of sand was followed by that of 
finer sediment, forming the shale. Owing to 
the migration of the shore line and perhaps 
also . to undulations of the Lower Cambrian 
land surface, the age of the sh~le varies from 
place to place. In Nevada and western and 
central Utah its lower part is Lower Cambrian 
and its upper part Middle Cambrian; in north-

ern Utah it is all Middle Cambrian. Its age 
in the Tintic district may correspond to either 
of these. The deposition. of shale alternated 
Bomewhat with that of argillaceous limestone 

' and finally gave way to it as subsidence con
tinued. Further subsidence was marked by 
the accumulation of nearly 900 feet of argil
laceous limestone, most of it distinptly shaly 
and some oolitic. Conditions then changed 
so as to permit the accumulation of calcium 
carbonate, composed mostly of shell remains 
and almost free from argillaceous or . sandy 
matter but accompanied by considerable or
ganic matter, which -accounts for the present 
prevailing dark colors of the rocks and also for 
the fetid odor so characteristic of most of 
them when newly broken. The distinct though 
not prominent cross-bedding in these beds 
shows that although they were too far removed 

1 Walc~tt, C. D.; Cambrian sections of the Cordille~an ~rea: Smith
·sonia.n Misc. Coll., vol. 53, p. 191, 1908. 

from shore to receive any conspicuous amount 
of clay, they were nevertheless deposited in 
places shallow enough to be affected by wave 
action. 

These conditions continued durmg the depo
sition of the Bluebird and Cole Canyon dolo
mites, or to the end of Middle Cambrian time 
and probably during the early part of Upper 
Cambrian time. The shaly and cross-bedded 
members of the Opex dolomite, however, show 
that a_ part of Upper Cambrian time was 
marked by oscillations of a shallow sea bottom. 
These oscillations culminated in a slight emer
gence giving rise to erosion and the local 
deposition of conglomerate and quartzite, 
which mark the base of the Ordovician. 
The local unconformity thus produced may 
~ccount for the much smaller thickness 
of Upper Cambrian strata in the Tintic dis
trict than in the House Range. 

The first stage of Ordovician time was 
marked by subsidence and the deposition of 
the relatively nonargillaceous but siliceous 
Ajax limestone, the silica of which was pre
sumably derived from sponge spicules and mi
croscopic shells and is now represented in con
centrated form by the lenses and nodules of 
chert. The deposition uf siliceous ·limestone 
gradually gave way in early Ordovician time 
to that of argillaceous limestone (the Opo
honga) · and this. was followed, still in early 
Ordovician time, by renewed deposition of non
argillaceous limestone (the Bluebell dolomite). · 

Deposition of th~ last-mentioned . type con
tinued with no apparent br.eak through the 
remainder of the Ordovician period and pos
sibly -qntil the Upper Devonian; but the thick
ness of strata laid down in the Tintic region 
was much less than at other places in the 
State, and it is possible that most or all of the 
Silurian and Lower Devonian are represented 
by a concealed unconformity. The Upper 
Devonian was marked by the deposition of 
shaly limestone. 

At some time during late Devonian or early 
Mississippian time the newly formed sediments 
were elevated above sea ·level over a consid
erable part of Utah. This uplift was followed 
by a period of erosion, sufficient in the Tintic 
district to remove the Devonian, ·possible ~ilu
rian, and Upper Ordovician and in some other 
places to remove ·all the Ordovician and much 
of the Cambrian· limestones. 
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In early Mississippian time this area was but their thicknesses, there aggregating 3,640 
e~tirely submerged and covered by a great feet, suggest that they may easily have ex
thickness of sediments. In the Tintic district tended as far southwest as the Tintic district. 
the earliest Mississippian sediments consisted If they did, as much as· 15,000 feet of late 
of a small quantity of · siliceous .material (the Paleozoic and Mesozoic sediments may once 
Victoria quartzite), derived either from some have overlain the rocks now exposed in the 
exposed portion of the Cambrian quartzite or Tintic district.3 

possibly from an Ordovician quartzite now At the end of Jurassic time or in early Creta
completely removed by erosion. This brief -ceous time, according to evidence throughout 
period of sandy deposition was followed by the the Cordilleran province, the Paleozoic and 
Gardner epoch, in which nonargillaceous and later beds were thrown into a series of folds. 
argillaceous limestone were laid down alter- The local predominating thrust in the Tintic 
nately, and the Pine Canyon epoch, in which and North Tintic districts was from the west, 
the deposition of siliceous and argillaceous developing the unsymmetrical and in places 
limestone alternated with that of remarkably slightly overturned major anticline and_ syn
pure calcium carbonate (chiefly shell frag- cline and the minor folds and contortions. 
ments). The Pine Canyon epoch marked the The thrust was powerful enough·and sustained 
transition from early Mississippian (Madison) enough no~ only to fold but also to fault the 
to late Mississippian time, which was character- rocks . Faults formed at this time in the 
ized chiefly by alternating deposition of sandy, quartzite are local overthrusts along the 
argillaceous; ·and calcareous beds (the Hun1bug quartzite-shale contact, accompanied by acces
formation). sory easterly faults. Faults were doubtless 

Dolomitization and concentration of chert formed within the quartzite, but they can not 
were going on in favorable strata during all the be proved, owing to the uniform appearance of 
periods of sedimentation and probably also the rock. The principal faults formed at this 
during the pre-Mississippian land intervals. time in the .limestone have general northeast 

According to stratigraphic evidence in areas and n0rthwest trends; accessory faults trend 
north of the Tin tic district, sedimentation con- east. Northerly faults may also have been 
tinued during late Mississippian and early formed in both quartzite and limestone. · 
Pennsylvanian time until the intercalated M ter the period of folding-that is, during 
series of limestone, shale, · and sandstone, of- Cretaceous and probably early Tertiary time
which .the Humbug formation represents the readjustment of the earth's crust caused addi
basal beds, ·attained a thickness of at least tional faulting along generally north and east 
5,000 to 6,000 feet, 1 and this was followed by directions and settling of fault bl<;>cks. Erosion 
the deposition of at least 8,000 feet of quartzite also took place on an extensive scale, com
(Bingham and Weber) in Pennsylvanian time.2 pletely removing any Mesozoic and Pennsyl
An interruption of unknown though probably vanian strata which may have been present, 
considerable duration and extent is marked by developing a mountainous topography quite as 
an unconformity at the top of the Weber steep as the present, or even steeper, and 
quartzite, in the northern Wasatch country, bringing the :first group of events in the geologic 
but this was followed in that region by renewed ~is tory of Tin tic to a close. 
sedimentation from late Pennsylvanian to the The second part of the history was begun by 
end of Jurassic time. There are no data to a period of volcanic activity. The earliest 
show how · far Triassic and Jurassic deposits eruptions recorded in the district, though not 
may have extended beyond their present clearly exposed, were of latite or andesite. 
western boundaries in the Wasatch country, These were followed by the rhyolite eruptions. 

1 Spurr, J , E., Economic geology of the Mercur mining district,Utah: 
U.S. Geol. Survey Sixteenth Ann. Rept., pt . 2, p. 377, 1895. 

2 Emmons, S. F., and Keith, Arthur, Economic geology of the Bing
ham mining district, Utah: U.S. Geol. Survey Prof. Paper 38, pp. 23, 
35, 1905. The Bingham quartzite is estimated to be 8,000 to 10,000 feet 
thick. The corresponding Weber quartzite in the Wasatch Mountains 
has a maximum thickness of 5,000 to 6,000 feet, but its top, as shown by 
Eliot Blackwelder (New light on the geology of the Wasatch Mountains, 
Utah: Geol. Soc. America Bull., vol. 21, pp. 531-533, 1910), is marked by 

·an unconformity. 

The extensive latite-aildesite eruptions followed 
those of rhyolit~ and were closed by the mon
zonite intrusion, which may be equivalent to the 

a J. M. Boutwell (U.S. Geol. Survey Prof. Paper 77, pp. 49-59, 1912) 
has found 4,230 feet of strata (590 feet Pennsylvanian and 3,640 feet 
Mesozoic) above the Weber quartzite in the Park City and Big Cotton
wood districts. This, added to the 6,000 feet of the "intercalated series', 
and 8,000 feet of Bingham quartzite, would give a total of 18,230 feet. 
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l~test of the effusive flows. The flows· were 
much more extensive than appears at present 
and probably covered the highest limestone 
pe~ks in the district.. There is no means ef 
fixing the exact age of this period in the Tintic 
dis.trict, but Smith 1 during the earlier survey 
found the latites, or andesites, to be later than 
conglomerate of probable Eocene age. This 
observation has been confirmed by the present 
writer, who has also found latitic or. andesitic 
breccia resting upon fossiliferous Eocene con
glomerate in the southern part of the Wasatch 
Moup.tains near Santaquin. The extensive 
flows of latites and the monzonite are therefore 
certainly of post-Eocene age. The age of the 
rhyolite can not yet be fixed with certainty but 
probably is not markedly earlier than that of 
the latites and monzonite. 

Fissuring and faulting accompanied the vol
canic eruptions and continued at intervals 
afterward. Just after the consolidation of the 
monzonite ore-forming solutions, concentrated 
during the consolidation, arose along newly 
formed fissures and _ deposited the original ore 
bodies in the sedimentary and igneous rocks. 
Ore deposition was in places accompanied and 
also followed by renewed or additional fissuring 
though no extensive faulting of the ore bodies 
took place. 

Probably after the original ore bodies were 
formed (the exact time relations are not clear) 
the Tintic district, along with the greater part 
of Utah, was subjected to the Basin Range 
faulting, which tilted immense blocks and gave 

Tower, G. W., jr., and Smith, G. 0., op. cit., p. 673. 

rise t.o the alternating mountain ranges and 
yalleys that characterize the Great Basin. 
The elevation of these ranges was clearly later 
than the volcanic eruptions and must therefore 
have begun in middle or rather late Tertiary 
time. Elevation of some parts of the gtate is 
known to be still going on. 

Erosion has been progressing without in
terruption during and ever since the periods of 
volcanic activ-ity and ore deposition, carving 
the mountain peaks, canyons, and gulches and 
building alluv-ial cones out into the broad 
intermontane valleys. During one long stage 
of this interval,_ in Quaternary time, the climate 
was humid and the lowlands fron1 Goshen 
Valley northward were covered by a part of the 
great Lake Bonneville, in which sediments 
derived from the mountains were deposited·. 
A change to arid or semiarid conditions caused 
the almost total disappearance of this lake, of 
which Utah and Great Salt lakes are small 
remnants. The former extent of the lake is 
marked by unconsolidated lake beds in the 
flat valley bottom and by shore lines or ter
races along the lower mountain slopes. During 
this long period of erosion and changing climate 
the newly formed volcanic rocks were grad
ually worn away, revealing'~ the higher lime
stone and quartzite ridges and shrinking to 
their present areas. At the same time meteoric 
·waters, circulating downward, JLttacked the ore 
bodies and began to concentrate them by 
transforming primary sulphides and :r:elated 
minerals into secondary sulphides and oxidized 
compounds. This process of enrichment is 
still going on. 



PART 11.-HISTORY OF MINING ~AND METALLURGY IN THE TINTIC DISTRICT~ 

By v. c. HEIKES. 

PRODUCTION. 

1869-1889. 

with some success in amalgamation plants, but 
one of the greatest troubles is said to have been 

) the abUndance of antimony 1 in the ores milled, 
In December, 1869, the first mining claim causing the mercury to flour. This was over

was located in the region that was subsequently come to a large extent by roasting or chloridiz
organized into the Tin_tic mining district. This ing the ores. The progress of smelting and 
was the Sunbeam claim, in the southern part of milling is considered on pages 114-117. 
the region.- The district was organized early in In 1875 the nearest railroad station to the 
1870~ but little work was done until the fall of camp was Payson, on the Utah Southern Rail
that year. The Black Dragon, north of the road, 28 miles away, but a route was being sur
Sunbeam, was discovered in January, 1870, and veyed through the West Tintic country for the 
in February the Eureka Hill and Mammoth Utah Western. The output of the district at 
properties were staked. Deposits of lead car- that time consisted of silver bullion, lead bars, 
bonate rich in silver were being discovered and copper matte, and the notable producers 
daily, but it was difficult to get the ore to mar- were the Eureka Hill, Bullion, Mammoth, Sun
ket. In 1871 the producing camps were beam, Bowers, Morning Glory, Showers, and 
Eureka, Silver City, and Diamond City. Gold Hill. During the next three years there 

The growth of the region was steady, , and was no great change in production. 
most of the early producers were still shipping The building of railroads had a great effect on 
ore 40 years later. Among the earliest pros- the output of Tin tic, as the chief product of the 
pects were the Mammoth, Armstrong, Martha camp has always been first-class shipping ore. 
Washington, Shoebridge, Swansea, Eureka In 1878 the Utah Southern Railroad was ex
Hill, and Showers. Even at that early date tended southward to Ironton, 5 miles southwest 
many kinds of ore were mined, including prin- of Eureka, and in the following year the output 
cipally the carbonate and sulphide of lead, car- of the district nearly doubled. During this year 
bonate, oxide, and sulpharsenite of copper, and (1879) the Crismon-Mammoth Co. marketed 
siliceous gold and silver ores containing small $12,000 worth of silver bullion. In the next 
amounts of copper. These different kinds of two years the Mammoth and Tintic mills pro-

. ore led to complications in sale and treatment. duced much bullion and the Eureka Hill was a 
Owing to poor transportation facilities the regular shipper of ore. Amalgamation mills 

development of the mines in the Tintic dis- were not successful, as all the copper and half 
trict for the first few years was not rapid. the gold and silver were lost. The Tintic mill, 
There was, howev , considerable activity in by chloridizing the ores, recovered $14,262 in 

. mining the richest f the ores near the surface gold and 87,223 ounces of silver, and the Bullion 
and shipping them to -San Francisco, Cal., to Beck mine became a notable shipper. _ 
Reno, Nev., to Ba timore, Md., and even to In 1883 the Salt Lake & Western Railroad,2 

Swansea, Wales. ater most of the ores were as it was then known, handled 7,650 tons of 
shipped to Argo an Pueblo, Colo., and to the 
smelters in the Salt Lake valley. 

The lower-grade ores were treated at mills 
and smeltersin the district, at first with indif
ferent success, as t e reduction processes then 
in use were not ful y adapted to them. Ores 
taken from the im ediate surface were handled 

1 Antimony is very scarce in the ores of the Tin tic district proper but 
is abundant in the Scotia mine, in the West Tintic district, whose ore 
was treated at Homansville in the early days. 

·2 ThiS road connected at Ironton with the Utah Southern, which in 
1890 consolidated with the Utah & Nevada, Utah & Northern, and 
Echo & Park City, under the management of the Union Pacific and the 
'name Oregon Short Line. In July, 1903, the San Pedro, Los Angeles & 
Salt Lake Railroad (now Los Angeles & Salt Lake) took over this 
branch line of the Oregon Short Line from Salt Lake to Eureka, in 
connection with its tfuough line to Los Angeles, Cal. 

105 
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ore from the district. The road had been 
. <{ompleted fr~m Ironton to Silver City, ~nd 
there was a branch to Mammoth. The Amer
ican Eagle, Bullion Beck, Eureka Hill, and 
Mammoth were large shippers. During the 
next year (1884) the output of the district 
increased to 48,914 tons, of which 22,943 tons 
was shipped to smelters. At that time the 
annual production reached the million-dollar 
mark, and silver represented the greatest part 
of the value. · 

·A large part of the ore shipped from the dis
trict at-that time and later was oxidized and 
contained a large percentage of iron ·with a 
little gold and silver that made it valuable as a 
smelting flux. During 1887 about 33,300 to~s 
of ore was shipped from various mines, includ
ing 10,350 tons of iron ore, and the Eureka 
Hill alone shipped 10,233 tons averaging 50 
ounces of silver to the ton and 12 per cent of 
lead. Dividends were paid by the Mammoth, 
Bullion Beck, and Eureka Hill, but little was 
published concerning profits, either then or 
later. In 1887 and 1888 the value of all 
products was nearly $2,000,000 each year, and 
in 1889 it approached $3,000,000. The Centen
nial Eureka property, which has had a larger 
output than any other mine in the district, 
became an important producer, having begun 
shipping in 1886, at the same time as the 
Gemini. 

At this time the district had four main pro
ducing areas. · The southernmost was in the 
vicinity of Silve~ City, in the southern part of 
the district. The next to the north was the 
Mammoth Basin. The Eureka area, farther 
north, included the Bullion Beck, Eureka Hill, 
Centennial Eureka, and Gemini mines. East 
of the Eureka and Mammoth groups was the 
area of the Godiva, Unc:le Sam; Humbug, Utah, 
and Sioux mines. In 1889 the production had 
increased to 46,075 tons, of which the Eureka 
Hill alone produced 18,500 tons. Tailings 
from the Mammoth mine were leached to 
advantage. 

1890-1898. 

In 1890 the value of the output was nearly 
double that of the preceding year, being over 
$5,000,000, from about 68,000 tons of ore. 
This was a record output at the time, and in 
fact it was larger than any- subsequent year's 
output until 1899. As silver has been the 
-main resource of the district, fluctuations in 

the price of the metal have seriously affected 
mining. From 1890 to 1901 the price_ of silver 
dropped from $1.05 to 60 cents an ounce. The 
silver output of the ·district was slightly de
creased in 1891, and .considerably so in the 
next two years. 

The Rio Grande Western Railroad (now 
Denver & Rio Grande) entered the district in 
1891,giving it the advantage of two roads. The 
ore output of the district in 1892 was about 
47,000 tons, but production decreased in 1893. 
The value of the output remained close to 
$2,000,000 in 1893 and 1894. In 1895 there 
was _an increase, particularly in gold and silver, 
which brought the value of the output up to 
about $3,000,000. Owing to the operations of 
the newly built quartz mills (p. 116), the value 
of the ore produced in 1896 rose to over 
$4,000,000. In 1897 there was a slight de
crease in total value, due principally to a 
decrease in the output of silver, but the pro
duction of lead -increased nearly 8,000,000 
pounds. In 1898 crude ore, concentrates, and 
bullion were being shipped over the two rail
roads, and the product was valued at over 
$4,000,000. rhe leadjng producers were the 
Eureka Hill, Bullion Beck, Centennial Eureka, 
Grand Central, Man1n1oth, Star, . Swansea, 
South Swansea, Eagle and Blue Bell, Humbug, 
Uncle Sam, and Joe Bowers mines. 

1899-1914. 

In 1899 the Tintic district was the leading 
mining center of the State in value of output, 
which was . over $5,000,000. The shipping 
mines were the Mammoth, Bullion Beck, Cen
tennial Eureka, Grand Central, Gemini, Eu
reka Hill, Swansea, South Swansea, Godiva, 
Humbug, Uncle Sam, Sioux, Sunbeam, Ajax, 
Star Consolidated, Four Acres, Carisa, Joe 
Bowers, May Day, Northern Spy, Eagle, Treas- . 
ure Hill, Lower Mammoth, Tesora, Alaska, 
Showe:rS Consolidated, Boss Tweed, Utah, 
Rabbit's Foot, and Silver Park. The Tintic 
(Dragon) iron mine shipped in 1899 nearly 600 
cars of iron ore to be used as flux: Lead in 
1899 had reached a production of over 
38,000,00.0 pounds, and copper had increased 
to over 6,000,000 pounds. The annual pro
duction of the camp often exceeded that of 
Bingham until that district became the largest 
copper producer, and the records of many 
years showed Tintic outdoing Park City. In 
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spite of that fact, ess was Written with regard smelters in Utah were closed. In 1909 mining 
to the developme t of the region than about had recovered and the district made a record 
other equally prod ctive mineral areas. output of lead, principally from the Colorado, 

In 1900 an incr ase in gold, silver, and cop- Iron Blossom, Sioux, and Beck Tunnel mines. 
per gave a total value of over $7,000,000, At the same time a modern ore-sampling mill 
which was the rec rd at that .date and was not was erected at Silver City. In 1910, 40 pro
exceeded until 906. The following year ducers shipped over 300,000 tons of ore, valued 
(1901) the produc ion of all the metals except at nearly $7,000,000, of which half was lead 
copper decreased, owing in great part to liti- ore. The following year the output had nearly 

· gation. In 1902 ere was .a further decrease, the same value. The Centennial Eureka alone 
resulting largely f om the suspension of ship- shipped over 108,000 tons of ore. 
me:q.ts from the entennial Eureka mine. It The year 1912 was notable because the pro
was during that y ar that the American Smelt- duction was valued at nearly $10,000,000, the 
ing & Refining o. and the United States record of the district for all years. During 
Smelting Co~ com leted their plants at Murray that year the district became a zinc producer 
and Midvale, Utah, where a· large part of Tin- for the first time in its history. Mixed car
tic's ore was afterward reduced. . By this time bonate and silicate ores of_ ·zinc were shipped 
practically all the output was first-class ·ship- from the May Day, Uncle Sam, Lower Mam
ping ore, most of the mills having served their moth, Yankee, Gemini, and Ridge and Valley 
usefulness. Great depth had been gained at mines. ·In 1913 decreases amounting to about 
many of the mines, and this same year a rich $2,ooo;poo were recorded in gold, silver, copper, 
strike was made at the Gemini mine on the , and zinc. 
1, 700-foot level, then its deepest. Other mines' 
that became large producers were the Ajax, 
Carisa, Lower Mammoth, Tesora, and Yankee 
Consolidated. 

Conditions improved slightly in 1903, so that 
the output was valued at nearly $5,000,000 
again, though the lead production was less. 
Fire interrupted work in the Eureka Hill and 
several adjoining mines, including the Cen
tennial Eureka, which nevertheless was the 
largest shipper of the region. The value of 
the output in 1904 was nearly $6,000,000, from 
over 260,000 tons of ore, and there were in
creases in all .metals except lead. Thirty-one 
mines shipped by way of the Rio Grande and 
Salt Lake railroads. In _ 1906 the unusually 
large production was valued at over $8,000,000. 

. There was a big increase in lead, partly from 
the Beck Tunnel property, which furnished the 
sensation of the year. This rich lead ore came 
froJ:p. a new area in the eastern part of tl1:e dis
trict. In 1907 ore valued at nearly $9,000,000 
was marketed. The Colorado mine was a new 
and large producer of lead carbonate contain
ing 93 ounces of silver to the ton and 35 per 
cent . of lead. Lead carbonate was concen
trated at the May Day mill, whose capacity 
w~s enlarged to 65 tons. 

After the panic of 1907, production was 
;greatly reduced in 1908. Prices were low and 
the smelting rate was high. Two copper 

TABLES OF PRODUCTION. 

METALS. 

The firs~ of the following tables shows the 
quantity and value, by metals, of the ore sold 
or treated in the Tintic district from 1869 to 
1916, inclusive. The annual production is 
shown beginning with 1877. The secund table 
summarizes the production by decades. The 
third table shows the total production of the dif
ferent ore zones, by metals, from 1869 to 1916. 

The reports of output received from mining 
companies and those estimated by the Survey 
were nearly perfect for the Gemini zone. Sev
eral of the reports from mines in the Mammoth 
and Godiva zones were incomplete, but it is 
believed that the estimates come close to the 
actual output. The figures for the Iron Blos
som zone do not include the large quantity of 
low-grade iron ore mined from the Dragon mine, 
but, with this exception, give a very complete 
record . . Actual figures have been supplied for 
the igneous zone as far as they were available, 
and estimates for missing years are thought to 
be near the actual output of metal produced. 
The output of West Tin tic and other outlying 
districts is included in the "undistributed" 
figures up-to t:Q.e year 1900. In the earlier 
years probably some other district totals of 
the· ore productio~ in Juab County were 
credited to the Tintic district. 



Quantity and value of ore sold or tieated in Tintic district, 1869-1916, and total metals recovered. 
, 

Gold. Silver. Copper. Lead. 

Year. Ore 
(short tons). Quantity Quantity Quantity Quantity 

(fine ounces). Value. (fine Value. (pounds). Value. (pounds). Value. 
ounces). 

1869-1876 b ••••• 24,730.00 $511,215 894,000 $1,139,580 2ci 558,228 $699,903 7,744,000 $549,540 ........................ 
1877. 0. 0 •••• 0 •• ........................... c 2, 000.00 41,344 c 150,000 180,000 c 313,200 59,508 c e 294,496 16,167 
1878 .. 0 •••••••• ......................... c 2, 500.00 • 51,680 c 130,000 149,500 c d 111,400 18,492 c 402,882 18,104 
1879 ......... 0. ............................. c 2, 500.00 51,680 c 250,000 280,000 c d 110,800 20,609 c 1, 206,466 49,465 
1880. 0 ••••••••• .......................... I d 4, 419.00 91,349 I d 181,545 208,777 c d 86,000 18,404 c 705,534 35,277 
1881. .......... ............................ c 2, 332.00 48,207 c g 151,073 170, 712 c d 300 000 ' 54,600 , c 451,810 21,687 
1882 ........... ........................ c 2, 903.00 60,010 d 232,558 265,116 c d 505:800 96,608 c e 598, 192 29,311 
1883 ........... ............................ d 2, 000.00 41,344 c g 523, 798 581,416 c d 281,885 46,511 . c 900, OQO 38,700 
1884 ........... ......................... d 1, 500; 00 31,008 c g 619, 194 687,305 c d 161,600 21,008 c 5, 559,882 205,716 
1885 .. ~ ........ ............................ d 868.00 17,943 d 868,925 929, 750 c d 198,000 21,384 c 7, 784,759 303,606 
1886 ........... ............................... d 2, 300.00 47,545 de 825,000 816,750 cde1,525,000 169,275 c e 5, 971, 066 274,669 
1887 ........... ......................... d 3, 200.00 66,150 d 1, 412,463 1,384,214 c d 2, 000, 000 256,000 · c 6, B37, 991 285,210 
1888 ........... ........................ d 7, 110.00 146,977 d 1, 201,620 1,129,523 c d 2 200 000 369,600 c 5,854,261 257,587 
1889 ........... ........................ d 14,940.00 308,837 d 2, 055,700 1,932,358 c d i 870:000 252,450 c 9, 978,559 389,164 
1890 ........... ........................ d 24,633.00 . 509,209 d3, 801,700 3,991,785 c. d 868,960 135,558 c 10, 881, 908 489, 686' 
18!h •. ········· ......................... d 19,444.00 401,943 d2, 901,730 2,872, 713 c d 688 000 88,064 c 13, 147, 645 565,349 
1892 ........... ...................... d 16,470.00 340,465 d2, on, 642 1,750,129 c d 966

1 

777 112, 146 c 9, 431,527 377,261 
1893 ........... ......................... d 15,097.00 312,083 d 1, 990,860 1,552,871 c d 320

1

000 . 34,560 c 7, 063, 209 261,339 
1894 ........... ......................... d 18,066.00 373,457 d2, 582,033 1,626,681 ·C d 820:000 77,900 c 8, 056,635 265,869 
1895 ........... ....................... d 27,525.00 568,992 d3, 517,166 2,286,158 c dl 574 000 168,418 c 11, ~83, 504 361,074 
1896 ........... ....................... d 40,470. 00 836,589 d3, 955,843 2,689,973 c d 3: 005: 000 324,540 c 13, 217,833 396,535 
1897 ........... ...................... d 37,038. 00 765,643 d2, 877,600 1, 726,560 c 2, 500,000 300,000 c 21, 341' 802 768,305 
1898 ........... ....................... c 38, 136. 00 788,341 c 3, 389, 507 1,999,809 c 2, 073, 759 257,146 c 29, 060, 841 1,104,312 
1899 .... , ...... ........................ c 44,917.00 928,517 c 3, 329. 833 1,997,890 c 3, 441,677 588,527 c 38, 080, 904 1,713,641 
1900 ........... .. .. - .... - .......... - . c 75, 355. 00 1, 557; 726 c4, 809,971 2,982,182 c 6, 052, 157 1,00%658 c 36, 840, 579 1,620,985 
1901. .......... ....................... c 40,159.00 830,160 c 2, 685,735 1,611,441 c 7, 557,825 1,262,157 c 24, 388, 133 1,048,690 
1902 ........... ......................... c 33.344.00 689,282 c 2, 978,394 1,578,549 c 5, 271, 921 643,174 c 20, 266, 507 830,927 
1903 ........... ....................... h 65,987.00 1,364,072 h3, 620,362 1,954,995 h 8, 023,464 1,099,215 h 12, 481, 040 524,204 
1904 ........... h 262,680 h 71,961.00 1,487,558 h3, 938,630 2,254,866 h 9, 035,720 1, 129, 465· h 22, 122, 312 967,851 
1905 .... ~ ...... h 266,761 h 100, 942. 00 2,086,656 h3, 951,348 2,386,614 h 10, 982, 751 1,713,309 h 18, 702, 573 879,021 
1906 ........... h 317,576 h 93,125.00 1,925,066 h4, 610,794 3,089,232 h 7, 321,471 1,413,044 h 32, 022, 190 1,825,265 
1907 ........... h 278,504 h 113, 065. 44 2,337,270 h4, 949,082 3,266,393 h 7, 755,831 1,551,166 h S3, 019, 242 1,750,019 
1908 ........... h 260,104 h 63,248.58 1,307,464 h4, 118,440 2,182;773 h5, 707,786 753,427 h 25, 045, 882 1,051,927 
1909 ........... h 256,578 h 83,189.47 1,719,679 h6, 404,847 3,330,520 h 5, 915,669 769,037 h 56, 502, 209 2,429,595 
1910 ........... h 300,631 h 66,289.22 1,370,320 h5, 222,742 2,820,281 h 8, 993,036 1,142,115 h 37, 553, 445 1,652,352 
1911 .......... ~ h 360,391 h79, 015.54 1,633,396 h5, 514,702 2,922,792 h 10, 922, 154 1,365,269 h 23, 572, 966 1,060, 784 
1912 ........... h 423,830 h 91,947.86 1,900, 731 h 7, 073,104 4,349,959 h 13, 339, 126 2,200,956 h 24,356, 041 1,.096, 022 
1913 ........... ' h 400,430 h 68, 327. 87 1, 412,,462 h5, 829,484 3,'521, 008 h 9, 261,867 1,435,590 h 26, 279, 312 1,156,289 
1914 ............. 298,486 46,139.60 953, 790 4, 666, 944 2,580, 820 5,290,471 703, 632 36,510,911 1,423, 926 
1915 ............. 293,474 44,348.98 916, 775 4,370,984 2,216,089 5,357, 932 937, 638 32,657,018 1,534,880 
1916 ..... ········ 365, 949 41,382.57 855,454 5,113,566 3,364, 727 7,106, 645 1, 748, 234 39,294,351 2, 711,311 

Total i ... ....................... 1,532,925.80 131, 688, 389 119, 712, 919. ]78, 762, 811 152,375,912 25,063,297 716,970,477 32,341,622 

I 

Zinc (spelter). 

·"' 
Total 

Quantity value. a 

(pounds). Value. 

,. 
$2,900,238 ........................ .................. 

....................... ................. 297,019 

..................... . .................. 237,776 
.. ....................... ..................... 401,754 
......................... .. ................... ' 353,·807 
......................... ...................... 295,206 
......................... .. .................. 451,045 
......................... ................... 707,971 
... ........................ ..................... 945,037 
........................ ...................... 1,272,683 
.................... .. ................... 1,308,239 
............................ ...................... 1,991,574 
........................... .................... 1,903,687 
................. ............... 2,882,809 
.................... . ................ 5,126,238 
................... ............... 3,928,069 
.................... ................ 2,580,001 
.............. .............. 2,160,853 
...................... .. .................... 2,343,907 
................. .. ., .............. 3,384,642 
.. ............... ................ 4,247,637 
...................... -------·-9 3,560,508 
.................... ................. 4,149,608 
...................... ................. 5,228,575 
.. .................. ................... 7,165,551 
.. .................. ................. 4, 752, .448 
.. ..................... ................. 3,741,932 
......................... .................. 4,942,486 
....................... . ................ 5,839,740 
.. ..................... .................. 7,065,600 
.................. ................. 8,252,607 
. ..................... ..................... 8,904,848 
.. ........................ ......... .. ......... 5,295,591 
.. ..................... ..................... 8,248,831 
................... ................ 6,985,068 
...................... .................... 6,982,241 
3, 709, 737 $255,972 9,803,640 
3,596,544 201,406 7,726,755 

758, 217 38, 669 5, 700,837 
3,845,058 476, 787 6,082,169 
3, 711,156 497, 295 9,177,021 

15, 620, 71211,470,1291169, 326, 248 
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a Average commercial prices used for each metal to make total for each calendar year. · 
bIn December, 1869, West Tintic first attracted attention, and the Sunbeam mine was located. It became the first important producer later, along with the Scotia; then the Eureka Hill, Mammoth, Shoe

bridge, Martha Washington, Black Dragon, Black Eagle, and Swansea; all operated between 1870 and 1876. In 1873 the Mammoth-Copperopolis (Ajax) and Crismon-Mammoth mines were the principal producers 
~00~~~ ' ' ' 

c. Estimates by V. C. Heikes from a separation of the total output reported by the Director of the Mint, or given in the annual reviews of the Salt Lake Tribune and U. S. 'Geol. Survey Mineral Resources, 
1882-1897. Parts of the records of some early producers were used m the estimates. · • 

d Estimated by Tower and Smith (op. cit., pp. 615-616)., who gave a table and remarks on production, 1880-1896: "It is thought the :r,roduction of silver and gold previous to 1880 did not exceed $2,000,000 in 
value. From 1880 to 1896 inclusive, the productiOn in gola has been 201,967 ounces and in silver 28,308,092 ounces. In addition to the silver and gold, Tin tic has produced a large amount of lead and copper. 
The only method of calcclation of the lead and copper is by finding the ratio of copper to either gold or silver. As silver is more uniformly distributed in the ores than ~old, this metal has been chosen as the basis 
of calculation. The average content of oopper and lead in 240,000 tons of ores was 0.6 per cent and 13.5 per cent, respectively. The ores which )lave furnished the basis of this calculation are the reported output 
of about two-thirds of the mines of the district. The content of silver of these same ores averages 52.50 ounces per ton. On this basis there are 20 pounds of copper to every 87.5 ounces of silver, and 20 pounds of 
lead to every 3.8 ounces of silver. Applying these ratios to the total production of the camp it is shown that there should havt~ been produced 6,470,000 pounds of copper and 74,495 tons of lead for the years from 
1880 to 1896, inclusive, thus roughly estimated. These calculations, liowever, judged from. other standpoints seem to be somewhat low for copper and high for lead.' 

e In 1877 the Eureka Hill mine commenced to produce silver-lead heavily; in 1882 the Bullion Beck & Champion mine became a silver-lead producer; and in 1886 the Centennial-Eureka mine, although not a 
large producer of lead yielded largely gold, silver, and. copper. · 

f Figures ofiginalfy 3,012 ounces of gold and 8,682 ounces of silver, corrected from Tenth Census, vol. 13, p. 314. 
g Tower and Smith (op. cit., p. 615) ~ive, for 1880-1888, 682 ounces; 1881, 105,354 ounces; 1883, 224,800 ounces; 1884, 612,194 ounces. These figures have been corrected from producers' reports, the Eureka Hill 

being the largest producer for the years given. 
h U.S. Gaol. Survey Mineral Resources, 1903-1913 • 
. i These totals are for mine output and aggregate more than if smelters' and refiners' figures were used. 
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Production of metals in Timic district, 1869-1916, by periods. 

Gold. Silver. Copper. Lead. Zinc (spelter) . 

Period. Quantity Quantity Total 

(fine Value. (fine Value. Quantit). Value. Quantit). Value. Quantity Value. value. 

ounces). ounces). (pounds . (pounds . (pounds). 

1869-1880 ............ 36,149.09 $747,268 1,605,545 $1,957,857 3,179,628 $816,916 10,353,378 $668,553 · ...................... .................... $4,190,594 
1881-1890 ............ 61,786.00 1,277,230 11,692,031 11,888,929 9,911,245 1,422,994 54,318,428 2,295,336 .......................... .................... 16,884,489 
1891-1900 ............ 332,517.95 6,873,756 31,366,185 21,484,966 21,441,370 2,955,959 187,524,539 7,434,670 ............................... ...................... 38,749,351 
1901-1916 .. -- ....... 1, 102,472.76 22,790,135 75,049,158 43,431,059 127, 843,"669 19,867,428 464,774,132 21,943,063 15,620,712 $1,470,129 109,501,814 

1,532,9?.5.80 31, 688,389 ' 
I 

119,712,919 78,762,811 152,375,912 25,063,297 716,970,477 32,341,622 15,620,712 1,470,129 169,326,248 

Production of Tintic district, by ore zones, including estimates, 1869-1916. 

, Gold. Silver. Copper. 

Zone. Ore (tons). Quantity Average Average Average 
Total value per Quantity Value. per ton Quantity Value. per ton 

(ounces). value. ton.a (ounces). (ounces). a 
(pounds). (per 

cent).a 

Gemini ................................. 2,457,169 681,677.53 $14,091,526 $5.73 56,002;775 $38,586,035 22. 79 82,981,711 $12,422,909 1. 689 
Mammoth ................................. 1, 777,224 661,099.92 13,666,150 7.69 26,894,114 17,345,888 15.13 58, 948, 868 9,442,376 1. 658 
Godiva ................................. 582, 937 70,400.93 1,455,316 2.51 7,675,363 4,473,385 13.21 13,922,960 2,118,563 1.198 
Iron Blossom b • .••.•..•••••••••••••••• _ • 628,302 110,122.61 2,276,434 3.62 19,949,163 11, 250, 751 . 31.75 3,806,356 678,485 . 303 
Igneous ................................ 362,827 8,224.81 170,023 47 8,932, 782 6, 899,774 . 24.62 2, 715,383 400,882 . ~74 
Undistributed .......................... 10,000 1,400.00 28,940 2.,89 258, 722 206,978 25.87 634 82 .003 

5,818,459 1,532,925.80 31,688,389 5.45 119,712,919 78,762,811 20.57 162;375,912 25,063,297 1. 395 

Lead. Zinc (spelter). 

Zone. 
Average Average Average Total 

Quantity per ton Quantity per ton Total value. value per dividends. 
(pounds). Value. (per (pounds). Value. (per . ton. 

cent).a cent).a 

Gemini ................ ............................. 240,763,340 $10,628,310 4.90 1,576,228 $189,930 0.004 $75,918,710 $30.90 $13,818,400 
Mammoth ........................................... 115,637,779 5,465,449 3.25 3,466,322 375,146 .098 46,295,009 26.05 6,623,125 
Godiva ............ : ..............................•. 159,962,039 7;178,137 13.77 9,081,070 747,040 . 782 15,972,441 27.50 1, 755,054 
Iron Blossom b_ ..•.••••••••••• , •...•• _ ••••• _ •••••••• 149,512,059 6,820,561 11.90 1,479,600 157,101 .118 21,183,332 33 .. 72 7,097,105 
Igneous ............................................ 45,529,594 1,998, no 6.28 17,492 912 .002 9,470,301 26.10 841,914 
Undistributed ...................................... 5,565,666 250,455 27.83 ............................ .................... ........................ 486,455 48.64 .. .......................... 

716,970,477 32,341,822 6.16 15,620,712 1,470,129 ·.134 169,326,248 29.10 30,135,598 
--

a General average of all kinds of ore produced in each zone. The zinc ore was produced from 1912 to 1916, inclusive. In 1912 it aggregated 6,306 tons, averaging 29.41 per cent of recoverable zinc; in 1913 it 
aggregated 6,265 tons, averaging 27.91 per cent; in 1914 it argregated 1,064 tons, averaging 27.57 per cent; in 1915 it aggregated 7,029 tons, averaging 27.35 per cent; and in 1916 it aggregated 7,3l8 tons, averaging 24.84 
per cent. The district has also produced 955 tons of lead-zinc ore. In 1913 it aggregated 335 tons averaging 9.64 per .cent of lead and 14.78 per cent of recoverable zinc; in 1914 it aggregated 393 tons, averaging 11.34 
per cent of lead and 21.83 per cent of recoverable zinc; and in 1916 it aggregated 227 tons, averag-ing 18.11 per cent of lead and 16.64 per cent of recoverable zinc. · 

b The Iron Blossom zone includes the output of the Tintic Standard zone since 1909, as follows: 6,728 tons of ore, 294.38 ounces of gold, 64,076 ounces of silver, 2,953 pounds of copper, 3,017,995 pounds of lead, 
721,611 pounds of zinc, having a total value of $281,051, or an average value per ton of $41.77. 
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PRODUCTION. 111 

The tonnage and average grade of each kind 
of shipping product in the Tin tic district during 
the 10 years from 1903 to 1913 are given in 
the following tables, in which the ore classifi
cation is necessarily arbitrary in part. 

DRY OR SILICEOUS ORES. 

reka City, Eureka Hill, South Swansea, Star 
Consolidated, Black Jack, Chief Consolidated, 
Hope, Garnet, Cornucopia, Windridge, Wyo
ming;Beatrice D., Mount Vernon, Iron Blossom, 
Brooklyn, Monterey, Gray Rocks, Centennial 
Eure.ka, Ajax, Iron King, Shoebridge, Showers, 
Sunbeam, Victor, Rabbit's Foot, Golden Treas-

The dry or siliceous ores comprise gold and _ ure, and Tesora. 
silver ores proper, as well as fluxing · ores The Mammoth mine yielded the richest gold 
carrying considerable quantities of . iron and ores. The Dragon iron mine, as a shipper of 
manganese oxides and very small quantities iron-manganese ore used for flux, was a large 
of gold and silver, and also ores carrying contribu.tor in 1906, 1907, 1910, and 1911. 
sjlver, .lead, or zinc in quantities too low to Its output ranged from 1~,000 to 46,000 tons 
classify them as copper, lead, zinc, or mixed in the years mentioned, and the low average 
ores. The contributors of the dry or siliceous grade of its ore, estimated at about 40 cents in 
ores for the period were the Grand Central, gold and nearly 1 ounce of silver per ton for 
Victoria, Dragon (iron), Mammoth, Swansea, those years, largely affects the average of the . 
Lower Mammoth, -Eagle and Blue Bell, Eu- crude ore in the following table: 

Dry or siliceous ore and concentrate, with average metallic content, produced iln Tintic district and shipped to smelters, 
1.,903-1916. 

Year. 

1903 ...... - . - - . - - - - - :-- - - - - - - - - - - - . ............ . 
1904 ...... -.-.- ... -.- .. - . .. --- ........ ; .. - ..... . 
1905 ......... -- ......... · ..... .' ................. -
1906 ......... -.-.- ... - ...... -....... -.-.- .. - .. : . 
1907 ..... -......... -.- ... -.- . · ..... -.- ...... - .. · .. 
1908 ............ ... .... -............... - ... -.- .. 
1909 ...... -.......... - ... -. --·.- ........... -.--. 
1910 ...... . .. - ................. -............... -
1911 ........ - ... -- ..... -....... -.- .... -.- ...... . 
1912 ............ -..... -- ..... -.-.- ...... '- ...... . 
1913 ........ - ... --- ..... - ... ---.-. · .... - .... - ... . 
1914.- .. - ............ . ..... - .............. -- .. . 
1915.-.- ...... - .... -...... -..... - ..... -- ...... . 
1916 ....... -.... ---- .. - ...... ----.-- .. -.- .... --

1904---------------------- - --·--·---------------l 

COPPER ORE. 

Crude ore. 

Quantity 
(short 
tons). 

65,167 
52,809 
38}637 
80,424 
34,282 
2,951 

11,320 
66,204 

180,878 
193,083 
129,231 
102, 704 
54,933 
79,194 

Gold Silver Average 
(value (ounces Copper Lead gross 

per ton). per ton). (percent). (percent). value per 
ton. 

$11. 27 
9.56 
5. 62 
6.47 

15. 11 
4.05 

12.85 
2.50 
5.40 
5.26 
3. 12 
3.47 
2.31 
2.14 

13. 66 
13.83 
16.90 
10.67 

6. 153 
26.61 
23.25 
5.59 

12.84 
17.37 
13. 12 
9.67 

16. 90 
11.25 

0.64 
.16 
. 49 
. 31 
.18 

1. 16 
. 54 
. 89 
. 85 
. 55 
. 95 
. 61 
. 89 

0.29 
. 61 

1. 23 
. 73 
.07 
. 45 

1. 21 
.17 
. 69 
. 43 
. 33 
' 33 
. 82 
. 09 

$20.65 
18.51 
24.83 
15.76 
20. 19 
18. 54 
29.00 
7.04 

15.04 
19.15 
13.03 
11.67 
13.81 
14.04 

Concentrates. 

8251 $5.091 33. 70 1 . o. 181- ________ -I $25.08 

The copper ores include those carrying over 
2.5 per cent of copper. A large contributor 
of copper ore near the grade mention_ed was 
the Centennial Eureka mine; other mines, 
named in order of their importance as shippers 
of ore of this grade, are as follows: Carisa, 
Mammoth, Victor, Ajax, Laclede, Eagle and 
Blue Bell, Opohonaga, Bullock, Lower Mam-

moth, Gold Chain, Iron Blossom, Dragon, 
Eureka Hill, Brooklyn, Star Consolidated, 
Minnie Moore, Tesora, Grand Central, Home
stake, Snowflake, Black Jack, Bullion. Beck, 
Showers, Monterey, Argenta, · Primrose, West 
Morning Glory, Shoebridge, United Sunbeam, 
Governor, Rabbit's Foot, Neibauer, and United 
Tintic. The average grade of the copper ore 
IS shown. in the following table: 
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Copper .ore, with average metallic content, produced in Tintic district and shipped to smelters, 1909-1916. 

Year. 

1903 ... , .. - ........ ---. - .. - . . ..... -.-.---.-- .. - -
1904 ...... - .... - . . .. -------- - -------.----- .. ----
1905 ..... -- - - ------------- - -- -···-··-------- -·--
1906 .... -.------- .. -.- .... . . . ... -. ~ ....... - ..... 
1907 ............. · .. - ............ -.- ....... -.----
1908 ............................ - ..• - . - ..... - . - . 
1909 ........ ' ........... . ............... - . .... - -
1910 .•••.....•••••.....•.•.•.. • .... ---- .. - .•• - - - -
1911-----------------------------·-·--·-·····-- -
1912 .. -- ........ 0 •••• _. •••••••••••••••••••••••• - -

1913 ...• -.- ......... - .. ·-·.- ....... -- . .... -------
1914 ....................... - ................. --
1915' ................. --- . ---.-.-.-.- ... ---- - ---
1916 .. -------.-- . ... -.......... --.--. - .------ - -

Quantity 
(short 
tons). 

83,062 
116,838 
166,417 
121,570 
141,399 
111,194 
119, 480 
87,334 
69,014 

126,079 
146,994 

61, 377 
113, 120 
115,043 

Gold 
(value 

per ton). 

$6. 79 
7.78 

10.60 
10. 10 
10.88 
9.99 
8. 71 
8.25 
5. 75 
4.67 
4.33 
4. 90 
4.88 
3.67 

Silver Average 
(ounces Copper Lead gross 

per ton). (per cent). (per cent) . value per 
ton. 

17.30 4.00 ~ - - --- - - ..... $27.08 
13.24 3. 55 0.003 24.54 
11.95 . 3.05 . 001 27·. 40 
10.85 2. 51 . 028 27.21 
13. 52 2.47 ---------- 29.69 
15.47 2. 39 . 530 24.93 
12. 12 2.29 . 640 21. fi1 

9. 68 4.08 .110 23.90 
12.61 5.42 . 240 26.20 
10. 99 3. 69 . 870 24.39 
8.33 2.44 . 050 16. 96 

10. 13 1. 94 ---------- 15. 67 
7. 54 1. 95 -------·-- 15.54 
9.49 2.32 . ..... .. ....... 21.31 

LEAD ORE. nial-Eureka, Chief Consolidated, Colorado, Go-
In general, the crude lead ore and lead con- diva, Grand Central, Sioux~ Eureka City, Clift, 

centrate are those containing over 4.5 per cent Ajax, _Tetro, Joe Bowel'S, Martha Washington, 
of lead. The most persistent producers of lead Showers, Victoria, Frankie, Laclede, Star Con
product of shipping grade during the 10 years solidated, Victor, Silver Park, South Swansea, 
were the Bullion Beck, Eureka Hill, Gemini, Shoe bridge, North Clift, Windridge, Utah Con
Lower Mammoth, May Day, Uncle Sam, solidated, Plutus Consolidated, Salva tor, Carisa, 
Yankee, Eagle and Blue Bell, Ridge and Val- Susan, Swanse.a, Crown Point, Diamond Queen, 
ley, Beck Tunnel, Black Jack, Mammoth, East Neibauer, Dragon, Tintic Standard, Gold 

-~tic Development, Iron Blossom, Centen- Chain, and Rabbit's Foot. 

Lead ore and concentrate, with average metallic content, produced in Tintic district and shipped to smelters, 1903-1916. 

Year. 

1903 .... . .... ·- ·- ·--- · - ----.----------- ·-- -· - ---
1904 . .... ----····· · ·-.- ------- -·-- ----··------ --
1905 .... -- - -.----- .. -.-.--- . . . - - -.---------.----
1906. ···- ··- ... - ... - ... --- .· .. -----.-.-.-----.----
1907 .... -- - ... - ..... ----.-- .. -.---. - -------.--.--
1908 .... --- ·-···-··--···- ·--- ·- --· - ·- . . . ---.----
1909 .... --- ... - .. ---.----.-.-.-.-----.-.--- . -.- -
1910.--.----. ·- ..... -.- ...... -------- . . --- - .----
1911.--.- .. --.- .. . -.-------.-----. - . - .--------.-
1912. ·-.------- - ---.-----.---- . . . . - . -.--.-------
1913 .... - _. _.----------- · -------.----------.-.-.-
1914.-.--.--------.---- .. -----------.-. - -------
1915- - - - - - . - - . - -- - - - - - - - - . --_ - -- - -- - -- - - - - - - - - - -
1916.-.-------.---.---.--------- - --------------

Crude ore. 

Quantity 
(short· 
tons). 

Gold Silver Copper Lead Average 
(value (ounces (per cent) . (per cent) . gross value 

per ton). per ton). per ton. 

36,206 
62,289 
53,307 

102,383 
90,267 
52,083 

125,923 
143,971 
92,067 
92,450 

117,562 
132, 768 
118.330 
164; 089 

Con~entrates. 

$1.45 
. 88 

1. 82 
1. 69 
3.08 
3.43 
4.22 
3.34 
2. 80 
2. 99 
3.16 
2. 25 
2.01 
1. 60 

33.28 
25.41 
24. 03 
23.38 
30. 64 
43.80 
37.15 
27. 73 
25.11 
24.22 
24.73 
22. 95 
21.80 
19.06 

0.60 
.46 
.43 
.33 
.34 
. 38 
.07 
.41 
.13 
.25 
.30 
. 35 
.11 
. 11 

15.26 
16.24 
25.50 
14.19 
17. 30 
21.92 
21.60 
12.74 
11.11 
10.81 
10.72 
13.45 
13. 38 
11. 89 

$33.89 
30.76 
41.78 
35.03 
43.01 
46.06 
42.31 
30.55 
26.42 
28.44 
28.45 
26.37 
26.04 
31.10 

1903 .... ---------------------------------------- 416 $2.28 38.69 ---------- 19.86 $39.86 
1904.--- .. -------- .. ---------------------------- 3, 595 1. 24 11. 00 ...... ---- 17. 00 22. 23 
1905. -.- - -- - - - - --- .... - - - - ...... - - - -- - .... - --- -- 1, 400 5. 95 20. 03 -- .. .. . . .. 20. 10 37. 06 
1906.----------------- .. ------------ .. -- .. .. ---- 2, 328 1.10 11.24 -- .... ---- 33.94 47.43 
1907 ............. ______________________________ _ 2,593 1.11 13.8.7 ---··----- 37.75 44.97 
1908 .. -- .. - - - .. -- -- - ...... -- .. - - - - - - ....... -.... 1, 565 3. 72 21. 88 -- .. . . . .. . 31. 63 41. 89 
1909____________________________________________ 881 3.28 21.90 ---·------ 30.45 40.86 
1910............................. .. ............. 770 3.55 17.87 .......... 29.26 38.95 
1911. ........ ------- .. ---------- .... -- .. -------- 574 2. 45 15. 93 ---------- 25. 20 33. 57 
1913 ........ - .. - -- - - .... - - - - ...... - - .. - - .. -- .. - - 58 . 48 8. 40 0. 19 24. 03 27. 29 
1914 ... - .. --------------- -.... -.-----------. - - -~ ...... - - -- -.---- - --- ---------- -.------ - - -.-------- --- -.·-----
1915.- .. -- .... -- .... --- - - .. -------- .. - .... ----- 155 -- .. - -- --- 27.42 ---- -- ---- 17.81 30.64 
1916 .. - - - - - - . - - . - - - . - - . - - - - - . - - - - - - - - - - _. - - - - - - - 305 2. 48 23. 51 0. 19 35. 41 : 71. 06 
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COPPER-LEAD ORE. were the United Sunbeam, Undine, Shoebridge, 
Laclede, Carisa, Windridge, Mammoth, Gpo

Copper-lead ore is classified according to the honga, Silver Queen, and Bullock. The follow
same method as copper and lead ores'. The ing table gives the production and assay of this 
contributors of ore of this kind for the 10 years ore: 

Copper-lead ore, with average metallic content, produced in Tintic district and shippPAi to smelters, 1903-1916. 

Year. 

1903 ......................... --- ............... . 
1904 ....................... ···-- ............... . 
1906 ... -..... •.•- ...... ·'· ......... · ..... -........ . 
1907.---.' ................................. - ... . 
1908.--- ....................................... -
1909.-- .. - ....................... -............. . 
1910.--- .................................... -- . ·. 
1911.--- ..... - .............................. - .. -
1912 .......................... ------------------
1913. -- - - - - - -- - . - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - -
1914.--------.-----------------------------.---
1915.------- .. --------.---------.- ... -.- ...... . 
1916.-- .. - ... ---------------------.---- .. -.- .. . 

ZINC ORES. 

Quantity 
(short 
tons). 

388 
128 
485 
330 
24 
46 
42 
56 

472 
43 

180 
62 
78 

Gold 
(value 

per ton). 

$1.84 
1.13 
1. 49 
1.09 
. 92 
.59 

1.26 
5.70 
2.53 
1. 67 
. 73 
. 61 

3.44 

Silver Copper Lead Average 
(ounces (per cent). (per cent). gross value 

per ton). per ton. 

48.31 
14.53 
27.11 
33.18 
37.79 
27.26 
16.24 
15.87 

128.14 
32.56 
15.97 
31.60 
52.52 

14.53 
2.87 
3.82 
3.84 
3.84 
3.75 
7.61 
5.11 
3.49 
3.26 
2.96 
4.49 
3.45 

16.03 
2.59 

16.00 
6.91 

24.66 
5.39 

16.14 
13.58 
8.13 

18.22 
9.87 

10.43 
11.39 

$81.21 
19.14 
52.90 
45.67 
51.79 
29.15 
43.54 
39.12 

100.18 
47.46 
24.80 

- 42.14 
70.63 

The zinc ores are those containing 25 per 
cent or more of zinc, irrespective of _their 
precious metals. All the ore mined was a mix
ture of carbonate and silicate zinc ore. Con-

tributors to the shipments of this class of ore 
were the Lower Mammoth, Uncle Sam, East 
Tintic Development, May _Day, Gemini, Godiva, 
Ridge and Valley, Yankee, Chief Consolidated, 
Colorado, Beck Tunnel, and Iron Blossom. 

Zinc ore, with average metallic content, producef] in Tintic district and shipped to smelters, 1912-1916. 

Year. 

1912 .... ---------------.----.-- .. -- ... --.-- .. ---
1913.------ ... ---.----.--------.--------.-------
1914.-----------.--------.-.---.--------.- .. --. 
1915.--.- ·--------------.---------.---.--------
1916 ... -----------------.-------------------.--

Quantity 
(short 
tons). 

6,306 
6,265 
1,064 
7,029 
7,318 

Gold 
(value 

per ton). 

$0.33 

Silver ad Zinc (spel- A verag~ 
(ounces (pfr'~ent). ter, per gross value 

per ton). · cent). per ton. 

1. 36 1. 91 

. 61 . 34 

29.41 
27.91 
27.57 
27.35 
24.84 

$43.47 
31.26 
28. 12 
68.53 
66.87 

LEAD-ZINC ORE. Lead-zinc ore, with average metallic content, produced in 
Tintic district and shipped to smelters, 1903-1916. 

Lead-zinc ore is usually shipped by the 
buyer to manufacturers of pigment. In 1913, 
however, the shipments were purchased by 
producers of spelter, who sometimes save the 
residues of the ore cont~ining part of the 
gold, silver, and lead content. The contrib
utors of ore of this class were the May Day, 
East Tintic Development, Tintic Standard, 
and Uncle Sam. 

104355°--19----8 

Year. 

1913.------. 
1914 .. ------
1915 .. ------
1916 .. --- .. -

Quantity 
(short 
tons). 

192 
393 

.................... 
227 

Lead 
(per 

cent). 

9.45 
11. 3 

.................... 
18.1 

Zinc, . Average 
spelter gross 

(per value 
cent). per ton. 

r 
23.29 $34.40 
21.8 46.29 

...... - ........... .................. 
16.6 69.72 
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SMELTING. naces were leased to the Crismon Bros., in 
A small mill and a smelter were erected whose mine, the Crismon-Mammoth, a large 

simultaneously in 1871 at Homansville, about vein had been opened. At this time (1874), 
2! miles east of Eureka. Owing to the refrac- five furnaces and four mills were being operated 
tory nature of much of the ore, milling was not in the district. 
a success and smelting was tried frequently. The Crismon-Mal)1lloth Co. early in 1882,3 

The first smelter built was the Clarkson, with a!ter some experimentation, erecte9 two mat
two stacks; by the Utah Smelting & Milling tmg furnaces, and when a trial had been made 
Co., which started operations on June 17, 1871. the 27-stalnp mill belonging to the old company 
This smelter turned out 172 tons of silver-lead was closed and additional furnac~s were con
bullion in 60 days. The ores smelted at these · strftcted. Eight furnaces, each having a daily 
furnaces were from the Scotia (in the West capacity of 8 tons of ore, were in operation in 
Tintic ·district), Swansea, and . Eureka Hill 1882. By this process 5 tons of ore was con
mines. After producing several hundred tons verted into 1 ton of matte at a cost of $60. 
of lead bullion the plant was closed and moved Ore from the Crismon-Mammoth and Mam
away in 1872. Other· smelting furnaces were moth-Copperopolis contain€d 35 per cent cop· 
erected at Diamond City and ran on ores from per and 50 ounces of silver to the ton. 
the Showers mine and other ores obtained by The number of furnaces was increased to 22 
purchase. The material treated contained 50 in all 4 during the early part of 1884 and a 
per cent of lead and $80 in silver to the ton.l refinery was nearly completed, when the death 

Two · Leetham furnaces were erected at of the principal member of the English syndi
Goshen in the fall of 187 4 and ran at intervals cate that had purchased the property brought 
for six months, producing 7! carloads of bul- further operation to a standstill. The conc~rn 
lion and 1 of copper matte. The furnaces, rtQt broke up, leaving a heavy indebtedness. 
being a success, were dismantled. In the early part of 1886 some calcining fur-

The Mammoth-Copperopolis built a smelting naces, newly erected, were reported to be work
works in 1873 at Roseville, 6 miles from the ing · well on Mammoth ore. The matte was 
mine, for the purpose of making black copper shipped to Argo, Colo. In Septe:r;nber of the 
out of copper ores from the mine.2 These same year these furnaces were pronounced a 
works were in operation for several months, failure. 
and at the time of the financial panic, when Nothillg further is recorded of attempts at 
they were stopped, 126 tons of black copper, smelting in the district until 1908, when the 
containing 90. per cent of copper and, including Tin tic Smelting Co. erected furnaces at Silver 
gold and silver, worth $252 a ton, had been City for treating lead and copper ores · from a 
shipped. The plant had two ·furnaces made of number of mines controlled by the Knight 
iron, with boiler-plate water jackets and a syndicate. Before the end of the year two 
lining of fire brick made in Utah. Each furnace lead furna~es, each having a capacity of 250 
was built for a capacity of 12 tons of ore every tons, were operating, and a copper furnace was 
24 hours. The motive power used for the about ready to be placed in operation. Two 
smelting plant was derived from the mill, 80 additional lead furnaces, making four in all, 
feet distant. Water was supplied from springs were added in 1909 and -operated until October. 
2 miles distant and conducted to the works in The lime and iron for flux were supplied from 
galvanized-iron pipes. According to the Utah near-by quarries and mines of the smelting 
Mining Gazette of March 14, 1874, the Ger- company, and as the ores of the district are of 
mania Smelting Co. erected furnac~s in Black a siliceous nature fluxing conditions were ideal. 
·Dragon Hollow and later moved them to the Coke was shipped from Sunnyside, Utah. An 
vicinity of the Manimoth:-Copperopolis mill; average of 15 different slag samples taken at 
these are presumably the ones erected by the random i~ ·reported to have shown a loss of 1. 7 
English company. ~ater in the year the fur- ounces of silver to the ton and 0. 7 per cent of 

lead. 
1 Raymond, R. W., Statistics of mines a~d mining in the States and 

Territories west of the Rocky Mountains for 1871, p. 317, 1872. 
2 Raymond, 1 •. W., op. cit. for 1873, p. 274,1874. 

a Director of Mint Rept., 1882, p. 257. 
4 Idem, 1883, p. 628. 
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This venture was the last of the atteiD;pts at 
smelting in the Tintic district. Although a 
success in smelting, the Tin tic Smelting Co. was 
dominated by other more powerful interests 
and the lowering of smelting rates made it more 
profitable for the producing mining companies 
to ship to. the smelters near Salt Lake. Tb!e 
smelter was dismantled in 1915. 

MILLING. 

The first mill in the district was started at 
Homansville in 1872 for the treatment of ores 
from the Eureka Hill mine by the amalgama
tion process. It was equipped with a Blake 
crusher and 12 revolving stamps having a ca
pacity of treating 'about 25 tons of ore a day. 
Very little work was done by this plant, and it 
was finally removed to a site 8 miles south of 
the Mammoth mine, where it formed part of 
tl?-e 27 -stamp mill construc.ted and enlarged 
between 1876 and 1879 to treat ores from the 
Crismon-Mammoth mine. The additional parts 
of this mill · were obtained from other aban
doned mills, the Ophir (Enterprise) ff:lrnishing 
5 stamps and the Miller 10 stamps. . 

The second mill erected at Homansville W1as 
the Wyoming, built by an Ohio concern 
called the Wyoming Mining & Milling Co., which 
started January, 1873/ on ore from the old 
Wyoming mine,2 afterward the Eagle and now 
part of the Eagle and Blue Bell. This mine 
failed, and the company bought others 3 and 
milled much ore. The Wyoming mill was 
equipped with 10 stamps, 4 amalgamating 
pans, and the first Stetefeldt chloridizing 
roaster furnace erected in Utah, which had a 
capacity of 30 tons. The mill is said by Col. 
Joseph M. Locke, its manager, to have been 
the only one that was successful at that time, 
as all the other mills tried to work the ores as 
free-milling ores, handling some ore from the 
immediate surf ace with a ·measure of success 
but failing with other ores. Antimony caused 
the chief trouble, which was overcome, accord
ing to Col. Lo_cke, by thoroughly chloridizing 
it and then, with the aid of steam passed into 
the shaft of the Stetefeldt furnace, driving it 
off as chloride. The mill was not run steadily, 
owing to the scarcity of ore of the class which 

1 Tenth Census, voL 13, p. 446, 1880. 
2 Tower, G. W., jr., and Smith, G. 0., op. cit., p. 739. 
a Among them p:robably the Sunbeam, which, according to Col, 

Joseph M. Locke (statement made to G. F. Loughlin May 26, 1914), 
was owned by the company. 

the mill could treat. The ore was mined 
usually in small lots by lessees and hauled to 
the mill, :;tnd when sufficient ore had accumu
lated to make a run the mill was put into com
mission. It ran in this way until1878, closing 
then because its largest shipper, the owners of 
the _Crismon-Mammoth mine, attempted to mill 
their own ore. 

According to the ore record of the Wyoming 
mill, it treated from the iliismon-Mammoth 
mine between April 29, 1876, and June, 1877, 
ore aggregating 1,907 tons containing gold and 
silver. The average of 547 tons treated in 1877 
assayed $11.74 in gold· and 52.56 ounces in 
silver to -the ton. As a general rule Inilling 
companies did not pay for gold untill876, and 
as no· assays were made by the miners except 
for silver the -millman had the advantage. It 
was after this time that the mine owners at
tempted to mill their own ores. 

In the spring of 187 4 Col. Locke took charge 
of the Wyoming mill and, in February, 1877, 
he purchased it. The mill was afterward 
bought by the Tintic Mining & Milling Co., 
which began operations July 14, 1880. After 
this time the charges for working the ore were 
$25 a ton and the company guaranteed 80 per 
cent in bullion of the assay value. of the silve~ 
and also of the gold if it exceeded $10 a ton. 
The product of this mill while under Col. 
Locke's management, from the spring of 187 4 
to the spring of 1878, was $39,058.73 in gold 
and $241,112.23 in silver recovereq from 3,261.7 
tons of ore. 4 In 1880 this mill was again put 
into condition for operation, and in 1881 it 
commenced on custom ores. It treated mostly 
Northern Spy ore in 1882, and operated almost 
continuously up to 1886. 

In 1873, before the purchase of the Wyoming
mill, the Tintic Co. built near Diamond a plant 
known as the Miller mill, with 10 stamps, wet 
crushing for custom work. Leaching 5 was un
successfully attempted here in the spring of 
1879. Also in 1873 another plant, known as 
the Shoebridge or Ely mill, was built 6 miles 
south of Diamond for custom work. It had 15 
stamps and 1 Aiken roasting furnace, and ran 
irregularly until February, 1877, when the 
company failed.6 The Hunt & Douglas process 
was introduced in 1876. The property was 

• Tenth Census, vol. 13, p. 446, 1880. . 
• Idem, p. 456. This report gives a full description of the mill. 
s Idem, p. 458. This report gives a full descript1on of the mill. 



116 GEOLOGY AND ORE DEPOSITS OF TINTIC MINING DISTRICT, UTAH. 

bought in 1878 by ... S. P. Ely, who ran it as a 
custom mill between October, 1878, and Sep
tember, 1879. The process used at the mill, to a 
small extent, was to crush dry, roast with salt, 
treat by. the Hunt & Douglas method for silver 
and copper, and then amalgamate in pans for 
gold. Sometimes amalgamation was performed 
first, and the tailings, if assaying over 12 ounces 
to the ton, were then treated by the Hunt & 
Douglas process.1 As equipped the mill was 
capable of treating 10 tons of ore daily and was 
housed in a building 80 by 45 feet, containing 
six agitator tanks 9 feet in diameter and 5 feet 
high; six leaching tank:s of' the same size; five 
storage tanks above agitators, 7 feet in diameter 
and 6feethigh; three box vats for filters, 2! feet 
square and 14 feet long; fourteen silver-pre
cipitating tanks, 4 feet in diameter and 26 
inches deep; and sixteen copper-precipitating 
tanks of the same size. The mill operators 
offered to purchase or work ore at 80 per cent 
of the assay value of the ore in silver and cop
per, plus 50 per cent of the assay value of the 
gold if over $5 a ton, less $25 for working. 

The Mammoth-Copperopolis mill was erected 
at Roseville, 6 miles from the mine, to treat the 
gold ores of the mine, in 1873, about the same 
time or shortly before its smelter was con-

. structed/ but it was soon found that the large 
quantity of copper present in the ore impeded 
operations very much. The equipment con
sisted of fifteen stamps of 750 pounds each, six 
amalgamating pans, three settlers, and one 
agitator. The mill had a ~apacity of 22! tons 
of ore for each 24 hours. 

T,he Crismon-Mammoth 27 -stamp mill was 
built 8 miles south of the mine between De
cember, 1876, and 1.\ebruary, 1879, and crushed 
wet until March, 1880. A White & Howell fur
nace was then added but was soon shut down. 
Wet crushing was again begun in August, 1880. 
.Besides a chloridizing roasting furnace there 
were seventeen· 750-pound stamps, ten 550-
pound stamps, a rock breaker, five pans, three 
settlers, and a retort: The tailings on hand 
in 1880 were said to assay $9 or more to the 
ton in gold and silver. The mill was closed in 
1882. 

1 Process. described by R. W. Raymond (Statistics of mines and min-
• fug in the States and Territories wes! of the Rocky Mountains for 1875, 

pp. 395-410, 1877). 
2 Raymond, R. W., Statistics of mines and mining in the States and 

Territories west of the Rocky Mountains for 1873, p. 274, 1874. 

In 1891 a 15-stamp mill was equipped by 
John Shettle to treat Mammoth ores by the 
lixiviation process. Forty tons· was being 
treated daily, assaying 18 ounces of silver per 
ton, and 15 more stamps were being added.3 

This mill was sold to the Tintic Milling Co. in 
May, 1892, and worked Northern Spy ore aver
aging $20 in gold and silver to the ton. 

Between 1886 and 1893 nearly all the mines 
were shipping ores to the smelters for treat
ment, and all ores not having sufficient value 
to warrant their transportation were accumu
lated on the waste dumps. As the district 
contained no water available for milling, it 
was impossible to make any use of these ores. 
However, during 1893 the ¥ammoth Mining 
Co. constructed a pipe line from Cherry Creek, a 
distance of 20 miles, and erected a large pump
ing plant, with a capacity of 600 ga)lons a 
minute, at a cost said to have been about 
$130,000. During the same year the construc
tion of quartz mills was begun, and in 1895 
there were four pan-amalgamation plants of 
the most modern type operating in the dis
trict-the Eureka Hill, 100 stamps, daily ca
pacity 250 tons; Bullion Beck, roller mill and 
concentrating plant, daily capacity 200 tons; 
Mammoth, 60 stamps, daily capacity 180 tons; 
and Farrell or Sioux mill, 20 stamps, daily 
capacity 60 tons. The Mammoth and Farrell 
mills were at Robinson. They operated very 
successfully on the lower-grade ores of the dis
trict and shipped both bullion and concen
trates. The richer ores were shipped to the 
smelters · in the vicinity of Salt Lake City and 
elsewhere. Later the smelters and ore buyers 
offered better prices and the railroads lower 
rates on some of the ores that were being · 
milled, making it an object to ship instead of 
mill, and so all the milling plants were soon 
closed. 

In 1905 concentration mills were built on 
the podiva and Uncle Sam properties, using 
water piped f:rom Homansville, -2 miles away. 
The Uncle Sam mill reverted to the May Day 
Co. some time later. It was dismantled in. 
1916, and the building was used for storing ore. 
Attempts were made by lessees of the May Day 
property to concentrate . the carbonate ore 
dry during the time the mill was in existence 
and resulted in a very good grade of cerusite 

a Eng. and Min. Jour., Oct. 3, 1891. 
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concentrate. The process was that patented 
by Dietz & Keedy. 

Beginning in 1913 the old ore and tailing 
dump of the May Day was treated in a cyanide 
plant operated by lessees. In the later part of 
1913 a mill was completed at Silver City to use 
the Knight-Christensen process of chloridizing, 
roasting, and leaching, which was being adapted 
to treat the low-grade ores of the Knight mines
Iron Blossom, Colorado, Beck Tunnel, Black 
Jack, Dragon, and Swansea. The ores from 
these mines are said to afford an excellent va
riety of oxidized, sulphide, arid siliceous ma
terial, from which to make a mixture most 
suitable to the process of treatment. On April 
6, 1915~ before certain mechanical difficulties 
could be overcome, the plant was destroyed by 
fire. Reconstruction began on the site of the 
abandoned Tintic smelter in July, 1915, by the 
Tintic Milling Co., newly organized by a con
solidation of the Knight-Christensen Metal
lurgical Co. and the Mines Operating Co., which 
had operated successfully for two years at 
Park City, using the Holt-Dern process of 
roasting. The new mill was at first equipped 
with three Holt-Dern roasters and one Christen
sen roaster. The latter was discarded and 
eight more Holt-Dern roasters were added in 
1916, when operations on a commercial scale 

·began. · 
At first about 150 tons of ore was treated 

daily. This quantity was subsequently 
doubled. The ores treated contain silver as the 

principal metal, with copper, gold, and lead, the 
content ranging from 4 to 30 ounces of silver 
and 0.03 to 0.20 ounce of gold to the ton, 1 to 2 
per cent of lead, and from a trace to 2 per cent 
of copper. The lead is not recovered. The 
sulphides from the Swansea mine provide, 
with the addition of powdered coal, the fuel 
necessary to the ore mixture in the chloridizing 
roast. Briefly the process consists in roasting 
a mixture of ores, salt, and powdered coal, con
densing the acid roaster gases in salt solution, 
leaching the roasted ore with this solution, and 
precipitating the metals on scrap iron. About 
13 cars of precipitate containing gold, silver, 
copper, and some bismuth have been shipped 
to different smelters, and 3 cars of bullion 
containing 800 to 2,000 ounces of silver and 
between 4 and 5 ounces of gold to the ton and 
80 to 85 per cent of copper have been shipped 
to an eastern refinery.1 

Tests were made at the Eureka plant of 
the Utah Mineral Concentrating Co., a con
centration plant of 100 tons daily capacity 
built in the later part of 1914, by equipping 
it with rolls, tube mill, and Isbell concentra
tors. Low-grade ores from various parts of 
the Tintic district, and from ·the Chief mine 
especially, were intended for treatment in the 
plant. This plant was closed for an indefinite 
period in 1916 on account of fina:Qcial diffi
culties. 

I Interviews with Mr. George Dern, Dec. 22, 1915, and July 2, 1917. 
For detailed article showing flow sheet of Knight-Christensen mill, 
with illustrations and full description of process, see Met. and Cham. 
Eng., Dec., 1914, p. 757. 

, 
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PART III.-THE ORE DEPOSITS. 

By WALDEMAR LINDGREN. 

LOCATION AND DISTRffiUTION. 

The ore deposits of the Tintic district are 
found only in a small part of the East Tintic 
Range in which there are great areas of rhyolite, 
of monzonite porphyry, and of latite that are for 
the most part barren of ore depo~its. The dis
trict proper forms a small area, mainly on the 
western slope, measuring about 4 miles from 
north to south and 2 "miles from east to west. 
(See fig. 1, p. 15; fig. 15; and Pl .. IV, in pocket.) 
It extends from Silver City to a point north of 
Eureka. There· are, however, outlying areas 
that contain deposits of greater or less value. 
On the south prospects are found from Silver 
City to Diamond; on the east are the deposits 
of the East Tintic district, about 2 miles east 
of the divide of the range; -on the north, about 
9 miles from Eureka, are the Scranton mines 
of the North Tintic district, but in the same 
region there are large limestone areas prac
tically barren of ore deposits. 

The general mineralization reached its maxi
mum in the area of monzonite east of Silver· 
City-an area 1! miles long and 1 mile wide~ 

. but in- this vicinity there are few mines that 
have yielded a great production. The mon
zonite and adjacent parts of the other igneous 
rocks are extensively altered and impregnated 
with pyrite; these rocks are also traversed by 
a great number of fissure veins · having a gen
eral northeasterly trend and steep dip, some of 
which have yielded considerable amounts of ore 
from their oxidized zones above water level. 
Among the mines on these veins are the Un
dine, Sunbeam, Martha Washington, Murray 
Hill, Silver Bow, and Swansea. The Swansea 
mine is in the intrusive Swansea rhyolite near 
the monzonite contact. There is no distinct 
line between the monzonite and the altered 
latite p_orphyry (in part, at least, effusive) on 
the east, and the veins cut both rocks. This 
mineral zone is 1! miles wide from east to west 
hut very little work has been done on thes~ 

• 

deposits in the last 20 years. In most of the 
mines work was stopped when large quantities 
of water were encountered from 100 to 400 feet 
below the surface. The Swansea is the only 
one of these mines that has been worked below 
water level in recent years. 

The sedimentary rocks north of the mon
zonite are not generally mineralized, but they 
contain a ·number of vein zones along which the 
limestone and dolomite are silicified for widths 
ranging from a few feet up to 200 or 300 feet. 
Outcrops of ore occur in places, but are neither 
continuous nor common and are confined chiefly 
to the southern part of the limestone area. 
The great mass of the sedimentary rocks is 
barren of ores and mineralization. The main 
mineralized zone of the monzonite crosses the 
contact at three places, but it is not possible at 
any one of these places to trace continuous out
crops, and the northward continuation of this 
zone forms the Mammoth vein zone in the lime
stone. 

Four vein zones, of northward trend, are 
recognized in the limestone. For purposes of 
description these are called, beginning with the 
westernmost, (1) the Gemini zone, comprising, 
from north to south, the Ridge and Valley, 
Gemini, Bullion-Beck, Eureka Hill, and Cen
tennial mines; (2) the Mammoth zone, com
prising, from north to south, the Chief, Eagle 
and Blue Bell, Victoria, Grand Central, Mam
moth, Golden Chain, Opohonga, Lower Mam
moth, and Black Jack mines; (3) the Godiva 
zone, comprising, from north to south, the 
Godiva, May Day, Uncle Sam (Humbug), Utah, 
Northern Spy, Carisa, Red Rose, and North 
Star mines; and ( 4) the Iron Blossom zone 

. ' 
comprising, from north to south, the Beck 
Tunnel, Colorado, Sioux, Iron Blossom, Gov
ernor, and Dragon mines. 

The Gemini zone does not cross the monzo
nite contact but is closely connected with the 
M-ammoth zone in the lower workings of the 
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.MlNES_IN . 
1G~E6tJS ROCK. 
l.-Swansea 
2. Silver Bow 
3. Iron Duke 
4. Murray Hill 
5. Sunbeam 
&. Undine 
'1. Martha Washington 
8; Brooklyn 

f Gemini 7..one 
9. Paxman 

10. Ridge and Valley 
11. Gemini 
12. Bullion Beck 
13. Eureka Hill 
14. Centennial Eureka 
15. Opex 

Mammoth zone 
16. Chief' ConsoHdated 
17. Eagle and Blue Bell 
18. Victoria 
19. Grand Central 
20: Mammoth 
21. Gold Chai n 
22. Opohonga 
23. Lower Mammoth 
:24, Blacl\iack 

· Godiva zone 
25. Godiva 
26. May Day 
27. Yankee 
28. Uncle Sam (Humbug) 
29. Utah 
30. Northern Spy 
31. Carisa 
32. Red· Rose 
33. North Star 

Iron Blossom zone 
34. Beck Tunnel No. 2 
35. Beck Tunnel No. 1 
36. Colorado No. 2 
37. Colorado No. 1 
38. Sioux Consolidated 
39. Iron Blossom No. 3 
40. Iron Blossom No. 1 
41. Governor 
42. Dragon iron mil)e 

East Tintic district 
43. East Tin tic deve)OJ)mE:nti I 
44. Tintic Standard 
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Quaternary Mississippian 

IGNEOUS ROCKS 

~ 
Porphyry 
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SEDIMENTARY ROCKS 

~ 
Ordovician 

,'!::: · -- Fa;ult 

. 

. . 
Lower Cambrian qUa.rtlite 

X' Mine X Prospect 

FIGURE 15.~Map of Tintic district showing principal formations and mines. (Adapted from geologic map, Pl. IV, in pocket.) 



RELATIONS OF DEPOSITS TO FRACTURES 121 
. . I . 

Centen~ual ~ureka and Grand Central mines, Beck Tunnel mines, north of which it has not 
as outlined In the following paragraph. . been found, bu~ near which it is connected by 

. At a depth of about 1,700 and .1,800 feet ill cross fractures ! with the Godiva ore zone. 
the Lower Mammo~h mine B: continuous vein North of the ~ioux-Ajax cross fault the de
crosses the contact Into the limestone and has posi~ loses its vein character and follows the 
been moderately productiv-e: A little north of be~s, which he~e lie flat, so that the ore body 
the Lower Mammoth a senes of north-north- evidently repr~sents the intersection of the 
easterly and northerly fissures carries the ore northerly fractlitres with a limestone bed that 
into the Gold Chain, Ajax, and Mammoth was particularlt susceptible to replacement. 
properties. The Mammoth is one of the most I . 

productive veins of the district. A lateral fis- RELATIONS JF DEPOSITS TO FRACTURES. 

sure a little to the west carries the ore on north- FRACTURES IN IGNEOUS ROCKS 

erly fractures up through the Grand Central, ~ · 
Vic~oria, Eagle and Blue Bell, and Chief mines, The relation ~f the or~ bodies t? fractures 
a~ ill the M.ammoth zone. A westward-dip- has ?een fully 

1 

Iscuss~d ill the earh~r report 1 

ping fissure In the Grand Central carries the and Is als~ refer:: to In ~art I of this volume, 
ore dow:o. to a depth of 2,200 feet, whence it so that bnef co ents will suffice here. · 
communicat~s with the lower flat or~ hodies in . Tow~r and SFith obser:ve that ~he fractures 
the Centennial and thence ascends Ill the two In the Ign~ous focks, partiCular!y ill the Swan
great ore columns of the Centennial which fol- sea rhyohte and the monzonite near Silver 
_low strong easterly dislocations. 'From the City, in genera[ trend N. 15° E. or N. 35° E.; 
upper levels of the Centennial the ore, now in a less number pe between those trends, and a 
the Gemini zone, is governed by northerly fis- fe":' trend N. 7~o E. or, as in the Swansea vein, 
sures, which carry it through the Eureka Hill, a httle west o~ north. Few of the veins that 
B~on-Beck, Gemini, a~d Ridge and Valley f~llow these f~actures are persistent for long 
mines. Much money has been spent in pros- distance~, but some of them are traceable for 
pecting the limestone hills north of Robinson half a mile. Jpnctions and cross fractures are 
but no success has been achieved· none of th~ observed in plfces. Most of the fractures dip 

' 75° o NW northerly fractures appear to be ore-bearing -:-85 . ·or WNW. A few smaller de-
south of the great easterly dislocations in the posits ?ccur so 'th of the Tintic district in the 
Centennial mine. volcanic rocks of Sunrise Peak, from which 

The Godiva and Iron Blossom ore zones lie this group of feins appears to radiate. The 
east of the di'Vide and are s~parated from -the Packard r~yo~te and the latite are irregularly 
Mammoth zone by a belt of barren limestone fractured In th/.e manner of flow rocks. 

three-fourths to 1 ~ile .. ":'ide, Which, where FRACTURES IN SEDIMENTARY ROCKS. 

traversed by the Swux-AJax tunnel, proved / . 
almost entirely lacking in mineralization. The fractur~s In the sedimentary beds are 

The Godiva ore zone crosses into the sedi- more complex /than those in the igneous rocks, 
ments 1,500 feet southwest of the North Star and t4ey 'are present in all parts of the area, 
mine, _though the outcrops are not continuous. irrespective o£ mineralization. It is evident 
It follows first a well-defined :fissure system that by f~r t~e greater part of the fracturing 
through the Red Rose, Carisa, and Northern and faulting antedates the epoch of mineral
Spy mines, turns northw'ard, and is traced ization, and in fact many of the fractures 
through the Utah, Humbug, May Day, Uncle antedate the ~eginning of the volcanic period. 
Sam, and Godiva mines to a point where the F~~wtur~s .an~ dislocations later than the 
barren rhyolite covers the limestone. minerahzatwnl are rare; some movements of 
• The Iron Blossom ore zone also does not this kind we~e observed along the easterly 

crop out continuously, but it crosses the con- faults in the 9entennialmine and were proved 
tact of rponzonite and limestone at the Dragon by the occurr1nce of polished faces of ore, but 
mi:w and continues as a well-defined fissure they merely r~present slight recurrent move
vein through the Black Dragon and Gov-ernor ments along o~d fractures. Some of the most 
claims into the great Iron · Blossom property extensive fau~ts had so nearly healed at the 
.and thence through the Sioux, Cblorado, and 1 Tower, G. w .) jr., and Smith, G. o., op. cit., pp. 677-683. 
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time of the genesis of the ore deposits that they 
had little or no influence on the course of the 
ore solutions. Of this character are the great 
faults in Eureka Gulch and some of those on 
the ridge south of that gulch. On the other 
hand, the Sioux-Ajax fault changed to a marked 
degree the form of the deposits of the lron 
Blossom zone. 

For the ore deposition the most important 
though not the most conspicuous fractures are 
those which trend approximately north and 
which generally have a vertical or steep 
easterly dip. These are especially abundant in 

to north-northeast. Most of the mineralized 
"cross breaks" trending approximately east, 
were probably forme~ or reopened at the same 
time or a little later. 

The greater dislocations have taken place 
along the northeasterly and easterly faults 
(see pp. 78-87); the movement along the north
erly fractures is probably considerably smaller, 
though it can rarely be measured. 

UNDERGROUND WATER. 

GENERAL CONDITIONS. 

the western part of the syncline, where the . In the limestone area the water level is un
strata stand nearly vertical and where slipping usually low and is found at a depth of 1,650 to 
parallel to the beds has taken place, but they 2,400 feet below the surface. One mine, the 
also occur in the eastern part of .the district, Mammoth, has not yet reached water at aver
where the strata are flat. Some of these tical depth of 2,362 feet. On the other hand, in 
fractures intersect the beds at a very acute the monzonite water is ordinarily found within 
angle. a few hundred feet of the surface. These un-

Fractures trending north-northeast are espe- usual relations are caused by the complex and· 
cially numerous in the vicinity of the Ajax and extensive fracturing of the limestone, which 
Ma:rnmoth, and the ores follow them alternately allows the water to sink to great depths. 
with the northerly fractures. The position of the deep underground waters 

Fractures trending northeast to east and of the region is controlled by the lowest level 
dipping 50°-70q S. are very comiilon, and many of discharge-that is, by the level of Utah Lake, 
of them are relatively open. In some places at the foot of the Wasatch Range, at an altitude 
where the northerly fractures prevail-for of about 4,500 feet. The water in the deep 
example, in the Gemini and Eureka Hill mines- shafts is ordinarily found about 200 or 300 feet 
the ore locally follows these " cross breaks," above this level. 
as they are called in the district. The most The summit line of the East Tintic Range 
conspicuous examples are the two great reaches .8,000 feet. At its easterly foot, 9 
easterly cross breaks in the Centennial mine. miles from the summit, lies Goshen Valley, at 
South of these cross breaks there is no mineral- the foot of the Wasatch Range, at an altitude 
ization along the northerly fractures of the of ·4,500 to 4,800 feet. On the west extends 
Gemini ore zone. the Tintic Valley, which lies at an altitude of 

Ore-bearing fractures trending northwest or about 5,800 feet. In the thoroughly fractured 
north-northwest are rare and usually stand in limestone the water level thus lies extremely 
relation. to the bending or offsetting to the deep and has a very gentle ·slope to the north
west which is observed in Eureka GUlch, for east. The water appears to be irregularly dis
instance, near the Bullion Beck mine and in tributed, and there are many local pockets high 
the Victoria and Blue Bell mines. above the permanent level. 

Fractures striking N. 30° E. and dipping Another local water level is found in the rhyo-
600- 800 NNW. are of considerable importance lite where it overlies the dry limestone. The 
in the Mammoth and Grand Central mines. lower parts of the Packard rhyolite are in places 

It is .probable that the northerly fractures clayey and soft and are able to hold a consider
and most of the north-north~asterly fractures able quantity of water which can be locally 
are of the same age and that they belong to utilized for boilers. Still another local water 
a single fracture system which, beginning in level occurs at the bottom of the detritus that 

·the monzonite area, conti:r;1ues northward fills the valleys, s~ch as Eureka Gulch and the 
through the area of sedimentary rocks. South valley near Homansville. The water found at 
of the Sioux-Ajax fault, for instance, the ore- this level is better suited for drinking than any 
bearing fractures change in strike from north other in the district. 
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QUALITY OF WATER. 

The wat~r in the monzonite and associated 
lava flows to the south of the district is usually 
of good quality except in the mines that con
tain much pyrite. Springs appear in places. 
No analyses of this water are available. 

The shallow water in the rhyolite, found at 
100 to 300 feet below the surface, contains in 
places much calcium sulphate, locally in such 
amounts as to interfere with its domestic ,and 
industrial use. Fairly pure water however is ' . ' 
obtained in the detrital deposits in the upper-
part of Eureka and at Homansville, on the east
ern slope. The wells at Homansville, which 
supply some of the mines, are from 100 to 265 
feet deep, and yield a flow of 25 to 80 gallons 
a minute.1 

An analysis of the water from the Eureka 
Hill pumping plant at Homansville gave the 
following composition, in parts per million: 

Analysis of water from wells at Homansville, Utah. 

[Made by the Dearborn Drug & Chemical Co.2] 

SiOz.................. 60 HC03•••••••••••••••••• 163 
Al20 3+Fe20 3••••••••• 9. 9 S04••••••••••••••••••• 65 
Ca .. : ................. 44 Cl 
Mg .................... 29 ······················ 48 
Na+K ............... 65 Total solids ............ 400 

This is a relatively pure water. The amount of mag
nes~a is unusually high. 

The water from the deep levels in the lime
stone is fairly pure and does not contain any 
deleterious substances, such as lead, copper, 
and arsenic. · 

An analysis of the water from the Gemini 
mine in the shaft 1,650 feet below the surface 
gave the following result: 

Analysis of mine water from 1 ,650joot level of Gemini mine. 

[Parts per million. Chase Palmer, analyst.] 

Na(K) .......... ~ .... 75. 6 
Ca .................. 115.9 
Mg ................. . 21.5 
Fe, AI. .............. Trace 
so .................. 124.0 
CL .................. 121.4 
C03 ••••••••••••••••• 12.0 

HC03 ••••••••••••••• 265.2 
Si02 •••••••••••••••• 24.4 

760.0 

Total solids at 180°. . 718 
Loss on ignition...... 78 

The water contains no free C02 and no copper, lead, or 
arsenic. 

Another analysis of the Gemini mine water, 
made by . Herman Harms, of Salt Lake City, 
for the United States Smelting & Refining Co., 

1 Meinzer, 0. E., Ground water in Juab, Millard, and Iron counties, 
Utah: U. S. Geol. Survey Water-Supply Paper 277, p. 85, 1911. 

2 This analysis was originally given in hypothetical combinations and 
in grains per gallon. All the carbonates were recalculated as bicar
bonates by 0. E. Meinzer (op. cit., p. 85). 

gave 479 part!s per :mWion of solids dried at 
100° C., inclrlding 178 parts per million of 
·calcium carbohate (CaC03), 29 of magnesium 
carbonate, 17 pf silica, 106 of sodium chloride, 
and 59 of magnesium sulphate. 

An analysis/ of mine ~ater from t?e 2,000-
foot level of tlie Centennial Eureka rmne made 

I . ' 
by Mr. Harms~ gav_e for total solids at 10.0° C., 
408 parts per million, of which 106 was calcu
lated as calc "urn carbonate, 17 as calcium 
sulphate, 741 as sodium chloride, 20.5 as 
magnesium c rbonate, and 106 as magnesium 
sulphate. 

Analyses of waters from both the Gemini and 
the Centenniail. mines are normal for · sedimen
tary carbonat~ rocks in arid climates, and show 
no unusual copstituents nor any in abnormally 
large quantit~es. There is relatively much 
magnesium ahd a much greater quantity of 
chlorine thai is usually found in humid 
climates. THe prevailing dolomites account 
for the large ~mount of magnesium. 

I. 
WATJR LEVEL AT THE MINES. 

. T~e p~sit~~n ?f the deep water level in the 
TintiC distn9t IS shown In figure 16, which 
gives three s,ctions ·from north to south along 
the three principal ore zones over a distance of 
abou~ 3~ :n:ll~,s. The Gemini zone has a com
paratively high water level, standing at 4,813 
and 4,851 feet in the Gemini and Centennial 

. I . 1 F nnnes, respeptive y. arther south in the 
Opex it sinks· to 4, 791 feet. 

The water level in the Mammoth zone is 
4, 755 and 4, 759 feet above the sea in the Chief ' 
and Grand Cfntral mines, respectively; farther 
south, in the Mammoth, no water has been 
reached at 4,/690 feet~ and in the Lower Mam
moth it is onlly reached at 4,682 feet, which so 
far is the lbwest water level found in the 
district. I~ /seems, therefore, as if the water 
stands at Itf lowest level in the vicinity of 
Mammoth Glukh, above Robins on. 

The mines of the Godiva and Iron Blossom 
ore zones ar · situated at higher altitudes and 
water has b~en reached only in the Iron Blos- . 
som No. 1, in which it stands at 5,375 feet; 
but this is probably a local water level, for 
the water frbm the sump is carried .by means 
of -a hose iJto a diamond drill hole 500 feet 
deep, dippin~ N. 56° W., at the bottom of the 
shaft, and dfsappears in the hole. In drifting 
south along the bottom level flowing water was 
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encountered in limestone about 1,000 feet from 
the shaft. Water for drinking is pumped from 
a diamond-drill hole 1,139 feet deep, directed 
S. 54 ° E., also at the bottom of the shaft. 

In 'the Dr,agon mine, which is the southern
most deep shaft on this line, no water was 
found at a depth of 1,000 feet, but drifts into 
the porphyry toward the south on the 800 and 
1,000 foot levels soon encountered water flow-
ing from fissures. . 

In the monzonite and porphyry area the 
water level ~rdinarily stands at a few hundred 
feet below the surface, or at altitudes from 
5,500 to 6,000 feet. 

QUANTITY OF WATER. 

The water is generally encountered in large 
quantities and concerted action among mine 
owners will be necessary before any consider
able advance below water level _can be made. 

In the monzonite and related porphyry the 
quantity of water encountered was large 
enough to stop mining operations. No ordi
nary pumps used at that time were sufficient. 
In the Swansea mine a steam pump was 
installed in the 700-foot level, and the water 
level, which was originally met at 650 feet · 
below the surface was lowered to the 940-foot 
level. 

In a shaft on the Iron _Duke mine, 370 feet 
deep, the water level is 100 feet below the 
surface. The flow on the 350-foot level is said 
to have been 4,000 gallons a day. 

At the Gemini . mine, in the 300-foot winze 
from the 1,650-foot level, the water was held . 
at 300 feet below water level by electric pumps 
lifting 300 gallons a minute. After the pumps 
were disabled the water rose to its former level. 
When this mine was studied by the writer 
20,000 gallons a day of seepage water from the 
mine was being dumped into this winze with
out affecting the level of the water. Along 
the Gem or westerly channel the workings are 
wet for 300 feet above the water level. At 
other mines there is little dripping water above 
the permanent water level. 

In the Centennial Eureka, along the same 
zone, the water level was found at an elevation 
of 4,851 feet, 2,036 feet below the collar • 
Large pumps were installed on level 20, or at 
an altitude of 4,671 feet. Much water was en
countered in a drift from level 20 that was 
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bulkheaded some dista.nce from the shaft. In 
1911 about 1,000 gallons a minute was pumped 
to the tunnel level,. and the water was used to 
irrigate a small ranch near the mouth of Eureka 
Gulch. After 1912 pumping was discontinued 
and the water rose to 75 feet below level18, or 
57 feet lower than the original level. 

At no other mine have large pumping opera
tions been attempted. 

contact between the sedimentary and the ig-
neous rocks. I 

' The two main divisions are characterized by 
the same general mineral composition. The 
principal gangue! minerals are quartz and barite, 
the quartz usua~ly in the form of fine-grained 
jasperoid. The principal ore minerals are 
galena and ena · g.ite. Zinc blende and pyrite 
are invariably fresent, though commonly in 
small quantitie~. There is also an unknown 

DRAINAGE OF THE DISTRICT. bismuth mineraJ which has been oxidized to 
Plans have recently (1915) peen published oxide, carbonate, or arsenate of bismuth. 

for a drainage tunnel for the district, principally Tetrahedrite, f~matinite, and chalcopyrite 
with the view· of draining the monzonite terri- occur· in subordinate amounts. 
tory, in which water is now ~ncountered close . The metals, at ranged in their order of. value, 
to the surface and .which is believed to contain are silver, lead,/ copper, gold, zinc, bismuth, 
a considerable amount · of ore distributed in arsenic, and antimony, but the last three are 
many veins. Such a tunnel would cut the of small economic importance. Nevertheless 
present shafts above the water level in the some of the bis~uth is doubtless recovered in 
limestone but of course would facilitate pump- the treatment o~ the lead bullion; some arsenic 
~g by lessening the height to which the water is recovered as flue dust and a little of the anti
must be raised. The plan is feasible and com- · mony ultimatel~ finds its way into hard lead 
mendable. The tunnel would have to start recovered as a jby-product in desilverization. 
from Goshen Valley, 5 miles away, at an alti
tude of 5,000 feet. On a grade of 1:300, or 88 
feet iri 5 miles, the tunnel would reach the bot
tom of Iron Blossom No.1 shaft at an altitude 
of about 5,075 feet, or 2,200 feet below the 
collar, and the Sunbeam shaft at an altitude of 
about 5,090 feet, or 1,440 feet below the collar. 

MINERALIZATION •. 

GENERAL FEATURES. 

In the preceding statements it is shown that 
the ore deposits of Tintic follow a system of 
fractures which begin in the monzonite, mon
zonite porphyry, andSwansearhyoliteporphyry 
near Silver City and continue with a general 
northeasterly trend toward the contact of the 
igneous and sedimentary rocks; north of the 
contact, in the sedimentary rocks, the deposits 
follow a more complicated fracture system with 
predominant northerly trend, but the minerali
zation is not so general as in the igneous rocks, 
being confined to four ore zones, in part con
nected, known as the Gemini, Mammoth, 
Godiva, and Iron Blossom zones. 

The deposits may conveniently be consid
ered in two di~sions-those in igneous rocks 
and those in sedimentary rocks. To these 
should be added a small class of oxidized 
iron ores that have been formed at or near the 

DEPOSITS IN IGNEOUS ROCKS. 

The deposits iri the igneous rocks have been 
worked only tb shallow depths, operations 
generally ceashlg at the water level. Only 
one min-e, the slwansea, has reached a notable 
depth, its shaftl extending 940 feet below the 
collar and 290 feet below water level. 

The primary ore minerals of these deposits 
are, in the order of abundance, pyrite, galena, 

. tl . al 1 and enargite; t e gangue mmer s are norma 
vein quartz, in places well crystallized, and 
barite. . The valuable metals are silver, lead, 
copper, and in ~.o_me places gold. No b~sm:nth 
minerals have been observed. The prmCipal 
vein :filling consilBtsofpyrite. The silver content 
is highest, as a rule, in the galena and enargite, 
but some of thJ pyrite in the Swansea veins is 
said to contain bnough silver to make ore. 

The width of !the veins is rarely more than a 
few feet. 1 

Both filling and replacement have played 
parts · in the g~esis of the deposits, and the 
ore in some places grades into the altered 
country rock. I 

The country ro'ck is extensively altered to 
pyrite and se1ricite, with residuary quartz. 
Some microscopic alunite is also found in the 
veins and locally in the silicified monzonite 
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porphyry. In both occurrences it has the 
appearance of being primary. 

In the Swansea :m.jne the vein follows a zone 
of linked fissures, whose average width is 3 feet, 
and the vein minerals are commonly arranged 
in bands separated by sericitic and pyritic 
country rock. At one place, for instance, a 
section showe_d 18 inches of pyrite and galena, 
18 inches of galena and quartz, 30 inches of 
pyrite and quartz, 65 inc:Pes of galena, 3 inches 
of pyrite, and finally 3 inches of galena. No 
enargite or b~rite ~s found in this mine, and 
the ore contains but little gold. Ari average 
sample of the ore would give 0.03 ounce of gold 
and 30.7 ounces of silver to the ton, 0.26 per 
cent of copper, 12 per cent of lead, 31.0 per 
cent of iron, 0.9 per cent of zinc, and 19 per 
cent o.f silica. 

Little is known in detail of the processes of 
oxidation in the ore of these deposits, for few 
of them have been worked in the last 20 years. 
Limonite and lead carbonate were the prin
cipal minerals, and much of the oxidized ore 
was rich in silver. If the district is drained 
by a tunnel many of these ve4J.s may again be 
worked. 

DEPOSITS IN SEDIMENTARY ROCXS. 

nite or tetrahedrite. Such copper shoots 
usually contain a little lead, especially along 
the margins; tbere is much barite, and the · 
j asperoid is less conspicuous. When oxidized 
these shoots contain much limonite. The lead 
shoots and the copper shoots usually occur 
separately, but mixed shoots are found, for 
instance, in the Eureka Hill mine. 

OXIDATION. 

The Tintic district is remarkable for an 
unusually low water leyel and a corresponding 
great depth of . oxidation~ The water in the 
sedimentary rocks stands from 1,650 to 2,400 
feet below the surface, according to the alti
tude of the shaft collar, and broadly speaking, 
is found about 300 feet above the level of 
Utah Lake, or at an altitude of 4,800 feet. 
Explorations in ·ore below the ~ater level had 
been undertaken only in the Gemini mine. · 

The oxidation has thus penetrated to un
usual depths. On level 21 in the Mammoth 
mine, for instance, at a dBpth of 2,300 feet, the 
oxidation is strongly marked. The ore is 
honeycombed and limonitic and has the ap
pearance of a surface gossan. In no mine, 
however, is the oxidation complete. Residual 
masses of enargite, pyrite, and galena may be 

In the sedimentary rocks, which consist found at all levels as well as at the surface, 
mainly of dolomite, limestone, or shaly lime- though both galena and enargite are more 
stone, the mineralization assumes a different abundant in the lower levels. 
type. The extensive impregnation with pyrite The oxy-salts formed in lead and zinc mines 
and the sericitization shown in the deposits in consist of anglesite, cerusite, plumbojarosite, 
igneous rocks do not occur except in such smithsonite, calamine, and hydrozincite; the 
dikes as may have broken . into the strata. copper mines yield a long . series of copper 
Instead the ore zones are marked by strong arsenates, malachite, and azurite, more rarely 
silicification, the silica taking the form of cuprite, and native copper. The silver takes 
jasperoid, which, with some barite, replaces the form . of cerargyrite and native silver, and 
limestone or dolomite. Some of the jasperoid some rich oxidized ores show native gold. 
resembles a fine..:grained quartzite; in the The oxidation is generally accompanied by 
northern and eastern part of the district it solution of quartz; the barite is very resistant. 
assumes a cherty or flinty appea:r;ance. The In places, however, a little quartz was deposited 
color of the jasperoid is u.sually gray or bluish contemporaneously with the oxidation. 
~ray. I.ts width is from a few feet to 100, or, I The Tintic ores are generally soft crrimbling. 
m a few places, 200 feet. . masses of cellular and honeycombed appmvr-

In the ore shoots the jasperoid contains ance, more or less stained by limonite, and 
finely disseminated galena, with some zinc oxidized copper minerals and containing in 
blende and pyrite and in places larger accumu- places residual galena and enargite. Too little 
lations of the same ores accompanied by a deep work has been done to rev~al much about 
quartz of lighter color &nd more distinctly oxidation below the water level. A rich 
crystallized; barite is also associated with this sulphide ore 250 feet below water level in the 
ore. Other ore shoots contain much enargite, Gemini mine shows some . oxidation with the 
with some pyrite and chalcopyrite, or famati- development of small cerusite crystals, through 
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which wires of native silver pllSS, ·SO that oxi1a- ounces to the t!jn. There is practically no 
tion certainly continues to some extent td a gold. The gangur minerals consist of predom
considerable distance below water level. ' inant quartz in t~1e form of an extremely fine-

In a large part of the upper zone not enough grained cherty material replacing limestone or 
oxygen was available for· complete oxidation. dolomite, but the~e is also a moderate amount 
In such places much galena remains, some of of barite. The 4uartz crystals in the_ drusy 
the . enargite has suffered a partial oxidation, cavities that occl!l.r here and there are rarely 
and secondary chalcocite and covellite have more than 1 m~· 1meter in . l~ngth .. This zone 
been contemporaneously developed high above con tin. ues,. so far as kn()wn, for 1 or 1! miles 
water level. Proustite and argentite, found north of the end 1 f the copper zone. 
occasionally in some mines, were probably 4. Farther nor h and east,, beyond the area 
deposited during the general process of oxida- containing the le~d-silver shoots, the minerali
tion wherever the supply of oxygen was scant. zation becomes mpre feeble. The gangue min-

No positive conclusions have been reached as erals consist of chlcite, dolomite, and a little 
to the existence_of sulphide enrichment below quartz; the ore ~I inerals comprise galena and 
m· at water level. A very peculiar rich ore zinc blende; and silver is present only to the 
from the Gemini mine, described on page 177, extent of a few o nces to the ton. 
contains galena, pearceite, zinc blende, and Gold and coppkr seem thus to occur on the 
marcasite. It occurs from 250 feet above to whole near the mbnzonite; lead and silver and 
250 feet below water level and is certainly later zinc mainly fart~er away. This arrangement 
than the first mineralization. may correspond to deposition in successively 

Oxidation is of so great importance in con- cooler zones and j a gradual spreading of the 
nection with the Tintic mines that a separate ore-forming solu. tf~ons toward th.e north until 
chapter is devoted to it (pp. 160-171). they became so ingled with surface waters 

that their solvent power declined. 
ZONES OF DEPOSITION IN A HORIZONTAL 

DmECTION. ZONES OF DE OSITION IN 'A VERTICAL rmECTION. 
The deposits of the Tintic district show in a 

marked degree a variation of mineral associa- Far less marke is the variation in the com-
tion apparently dependent upon the intrusive position of thier with variations in depth in 
monzonite. Four zones of distinct character the individual · es. The separation of the ore 
may be recognized. int.o lead shoots nd z. inc shoots is dependent 

1. In the monzonite quartz occurs in well- upon processes of oxidation. In any one mine 
developed crystals with much pyrite and some within the coppe~ zone lead and copper shoots 
barite, galena, enargite, zinc blende, and may occur in clo~e proxi~ty, but there is no 
chalcopyrite. definite change fith increase in depth. In 

2 . . In the sedimentary rocks to a distance of some inines whicp. in the upper levels carried 
1 to 11 miles north of the contact with the only lead copper r egan to appear lower down. 

monzonite the gangue consists of some fine- GENESIS OF THE DEPOSITS. 

grained replacement quartz, with a few small ~ 
druses of well-crystallized quartz and much The mode of or' gin of the deposits is taken up 
barite. The ores contain much enargite and in more detail in another place (pp. 182-184). 
in places a little pyrite, also tetrahedrite and It is well to state ere, however, that there can 
famatinite. There are a few lead shoots, and be no reasonable doub.t that all the precious 
the copper shoots contain a little lead. The metal deposits o~ the district were formed at 
ores also carry gold, averaging in the better one time, and that the genesis of the ores in 
grade of ore $10 to $12 a ton, and some silver monzonite is the same as that of the ores in 
probably averaging 20 ounces to the ton. sedimentary roc~. The similarity of the un-

3. Farther north, in the same vein zones, usual type of ~eralization in both classes of 
the sedimentary rocks contain principally ga- rocks, the general continuity in strike, and 
lena, with a little zinc blende and pyrite. The finally the actuall tracing of one of the normal 
silver content is higher than farther south, the veins across the monzonite-limestone contact 
average of the ores being perhaps 30 to 40 suffice to prove ithis assertion. · The deposits 
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were probably formed by hot waters, charged 
with igneous emanations, rising on fissures in 
the monzonite after its consolidation. These 
waters penetrated the sedimentary rocks north 
of the monzonite and, spreading, gradually 
became cold and lost their power of minerali
zation. 

The ore deposits were formed immediately 
after the end of the intrusive activity in the 
interior par:t of a cooling volcanic mass and at 
a depth of not more than a few thousand feet 
below its surface. 

ORE BODIES. 

DEPOSITS IN IGNEOUS ROCKS. 

Concerning the form of the veins in the ig
neous rocks not much can be said, for little is 
known of the occurrences in the old workings. 
The ore bodies are tabular, varying in thick
ness from that of a seam to 20 feet. Tower 
and Smith 1 say that the average width is 2 
feet, and that the limits of ore and altered 
country rock are everywhere well defined, 
though the two are rarely separated by clay 
seams. The most continuous body is that of 
the Sunbeam vein, which is 2,000 feet long. 
The pay shoots are really thin lenticular bodies 
of galena ore. In the Swansea mine, where 
the workings have been extended below water 
level, the vein ranges from 1 to 10 feet in 
width. About half of this vein is composed 
of shipping ore. 

In the Swansea mine there are two main 
shoots and several small ones. The northern 
shoot was 600 feet long on the surface and 
reached a maximum depth of 130 feet. The 
southern shoot has been stoped from a point 
near the surface to a depth of 800 feet and 
through a maximum horizontal distance of 900 
feet. Its shape on the plane of the vein is 
that of aT with its stem pitching 35° N. 

There seems to be no reason why some of 
the other veins in the monzonite could not be 
profitably worked below the water level. 

DEPOSITS IN SEDIMENTARY ROCKS. 

GENERAL RELATIONS AND FORM. 

The s~dimentary rocks are much more sus
c~ptible to replacement than the igneous rocks 
and consequently the ore bodies within them 

1 Tower, G. W., jr., and Smith, G. 0., op. cit., p. 712. 

are much more irregular and complicated than 
the veins in the igneous rocks. From a narrow 
fissure the ore extends irregularly on both sides 
and is r~rely limited by a regular wall. If the 
ore stops at a :fissurQ at one point it may ex
tend beyond it at some other point. The 
change from ore to barren vein material is 
usually indistinct, but the jasperoid, which is 
the principal gangue material, is as a rule 
sharply separated from the Ullf\.}tered limestone 
or dolomite. At many places shoots have been 
mined twice-the richest ore was first ex
tracted and later on, at a more favorable time, 
the second-class ore was mined. 

As stated above (p. 122), the ore in many de
posits follow.s northerly fissures that are nearly 
vertical, but the ore may follow any fissure 
and have any dip; or it. may follow the bed
ding planes of the roc~, whatever dip these 
may have. 

The ore bodies are called chambers, columns, 
chimneys, pipes, pockets, or pods; the last is an 
especially apt term and is applicable to many 
deposits. An ore body that follows gently in
clined beds is called a flat or a blanket. Many 
of the pipes are .extremely irregular, especially 
along the Gem channel in the Gemini mine; 
this channel trends N. 15 ° E., and the ore has 
a maximum width of 30 feet. 

One of the largest ore shoots, that of the 
Mammoth, has been followed from the surface 
along its steep pitch to a depth of 2,000 feet. 
This shoot was about 200 feet in length and 
30 -to 150 feet in width. 

The longest shoot known is the flat body of 
the Iron Blossom, Sioux, Colorado, and Beck 
Tunnel mines, which has been mined almost 
continuously for nearly 8,000 feet. For the 
first 5,000 feet it strictly follows the intersec
tion of a fissure with a certain bed of flat-lying 
limestone and for the remaining 3,000 feet it is 
a replacement deposit along the same fissure 
but of more veinlike form. The greatest width 
is about 150 feet, but for the most part it is 
considerably narrower. 

Tower and Smith remark that few of the ore 
bodies split or send out offshoots; where an ore 
body passes from one fissure to another, the 
first fissure is usually barren beyond the point 
of departure·. This is illustrated by several 
ore bodies in the Gemini mine, which show a 
U shape in horizontal projection, caused by 
the ore leaving a northerly fissure for a cross 
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break and then taking a parallel fissure. (See 
Pl. XXXII, p. 186.) 

All these facts illustrate the difficulties 
attending the discovery and mining of ore 
bodi-es in the Tintic district. The cost of ex
ploration is high, and successful mining re
quires an intimate knowledge of the structure 
of the rocks. 

OUTCROPS. 

The large ore bodies in the sedimentary area 
crop out in few places. In fact, as pointed <?U~ 
elsewhere, this part of the district presents to 
the observer of the surface very few indications 
of mineralization. 

In the monzonite the veins crop out at many 
places at altitudes ranging from 6,100 to 6,800 
feet. 

In the southern part of the sedimentary 
area, where the deposits still preserve their 
vein character, outcrops are abundant, though 
few large ore bodies have been found. These 
vei:q.s crop out on the North Star, Red Rose,_ 
Victor, and Carisa properties at altitudes of 
7,000 to 7,600 feet, also along the Governor 
vein at about 7,000 feet. 

Farther north along the same vein zones the 
outcrops are scarce and the main ore bodies lie 
a few hundred feet below the surface, at alti
tudes of 7,000 to 7,300 fe_et. In the May Day 
mine the ore reached · almost to the surface, at 
an altitude of about 6,900 feet. Along the 
Iron Blossom ore zone there are no outcrops 
north of the Iron Blossom shaft No. 1, and the 
main ore bodies for 1 ~ miles lie 100 to 300 feet 
below the surface, at altitudes of 6,800 to 
6,900 feet. 

Along the Mammoth ore zone there are 
prominent outcrops at the Mammoth mine, at 
an altitude of 7,000 feet. Farther north the 
outcrops are scarce, but one ore body reaches 
the surface in the old Eagle and Blue Bell 
workings at 6,950 feet. North of this point 
the ore bodies lie far below the surface. 

No outcrops are visible above the Grand 
Central ore shoots, but near the Centennial 
shaft outcrops of the New Year channel are 
found at an altitude of 6,900 feet and continue 
unbroken for 1,200 feet almost to the Eureka 
Hill mine, at 6,500 feet. In the Gemini mine 
no ore was found above. the · second level, at 
about 6,300 feet, but a mineralized outcrop of 
the Tank channel was observed just north of 
the shaft. · 

The Tintic ore deposits thus show outcrops 
in all except in the most northerly parts of the 
area, though the outcrops are rarely continuous 
or prominent. These outcrops range in alti
tude from 6,100 to 7,600 feet; the former figure 
practically represents the western base of the 
range, while its summit reaches 8,100 feet. 

It is thus clear that the ore deposits are not 
limited to any one horizon. These relations 
have been discussed in some detail on account 
of a statement by Jenney 1 to the effect that 
''in the limestone area of Tin tic * * * 
surface outcrops occur but seldom and are 
mainly confined to points of relatively low 
elevation where the veins cross some basin or 
ravine. Now here does a considerable body of 
ore outcrop on the tops or high up on the slopes 
of the hills.'' It will be readily seen that this 
statement is not supported by the facts. 

COUNTRY ROCK. 

Of the several rocks in the sedimentary series 
certain relatively pure dolomites and limestones 
appear to be the most favorable formations for 
ore deposition. No ore deposits, except a few 
small quartz veins of no economic importance, 
occur in the basal quartzite or the overlying 
shale of the Tintic district, nor in the arenace
ous and shaly limestone of the I-Iumbug 
formation. The deposits of lead ·ore at or close 
to the quartzite-shale contact in the Tintic 
Standard mine, in the East Tintic district, owe 
their presence more to the impounding influence 
of the shale than to the favorable character of 
either rock. Few ore bodies are contained 
in the limestones of Middle Cambrian age 
(Teutonic, Dagmar, and Herkimer limestones 
and Bluebird and Cole Canyon dolomites). 
The ores of the Bullion Beck, Eureka Hill, 
Centennial Eureka, and Gold Chain mines 
occur in the Opex dolomite and Ajax lime
stone, but these formations contain few de
posits elsewhere. The shaly Opohonga lime
stone contains some ore in the Grand Central 
mine, but is otherWise generally unfavorable. 

The Bluebell dolomite carries many of the 
great deposits, such as the Gemini, Chief, 
Eagle and Blue Bell, Victoria, Grand Central, 
and Mammoth. The Gardner dolomite con- . 
tains some of the ore bodies of the southern 

1 Jenney, W. P., The mineral crest * * * in certain mining dis· 
tricts of the Great Salt Lake Basin: Am. Inst. Min. Eng. Trans., vol. 
33, p. 46, 1903. . 

. . 
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part of the Iron Blossom vein but is generally calcium carbonate, 48.76 per cent; magnesium 
unproductive. carbonate, 35.43 per cent; ferrous carbonate~ 

In the upper part of the Pine Canyon lime- 2.61 per cent; silioa, 9.67 per cent; alumina, 3 
stone, 200 or 300 feet below the top of the per cent; and organic matter and loss, 0.53 per 
formation, lie some thick beds of coarse _ cent. 
granular limestone, and these beds, north of The above statements make it clear that the 
the Sioux-Ajax fault, contained the rich ore ores developed more readily in the purer dolo
bodies of the Iron Blossom, Sioux, Colorado, mites and limestones; that in certain rocks a 
and Beck Tunnel mines. The Godiva and granular structure was favoraple; that some 
May Day mines are also in the Pine Canyon dolomit~s in which ore formed averaged 10 per 
formation. This ore-bearing limestone is very cent silica but that more silica and alumina 
pure. One analysis given by Jenney 1 shows was probably unfavorable -for ore deposition; 
98.75 per cent calcium carbonate, trace of and that while organic matter is universally 
magnesia, 0.40 per cent oxides of iron and present it does not seem to have had a deter
alumina, 0.20 per cent silica, and 0.65 per cent mining influence on the course of ore depo
organic matter and loss. When broken this sition. 
limestone gives a fetid odor, but this is also 
observed in some of the dolomites. 

The following analyses are given by Tower 
and Smith: 2 • 

Analyses of carbonate rocks from the Tintic district. 

1 2 3 4 

Si02 ••• __ •••••• _ ••••• 8.77 4.33 0.57 17.19 

6:o~~---_-_-_- .-:::::::::: .49 . 63 . 90 .48 
27.22 52.34 55.22 43.78 

MgO ................. 18.53 . 60 .41 . 91 co2a ___________ ...... 41.77 41.78 43.84 35.40 

96.78 99.68 100.94 97.76 

a Calculated. 

1. Cole Canyon dolomite. 
2. Upper part of Ajax limestone. The Ajax is for the 

~o~t part more magnesian than this analysis would 
md1cate. 

3. Upper part of Pine Canyon limestone. 
4. Sandy limestone in Humbug formation. 

The Bluebell dolomite is fine grained and 
many of its beds are colored dark by organic 
matter. An analysis averaged from six 3 gave 
the following .results: Calcium carbonate, 55.38 
per cent; magnesium carbonate, 42.84 per cent; 
silica, 0.65 per cent; and undetermined and 
loss, 1.13 per cent. 

In the Bullion Beck, Eureka Hill, and Centen
nial mines the rocks are in part magnesian and 
much of the ore is in the Opex dolomite. The 
dolomite appea;s to be rela-tively impure. An 
average of seven analyses of specimens from 
"the vicinity of the Bullion Beck mine," 4 gave 

1 Jenney, W. P., The chemistry of ore deposition: Am. Inst. Min. Eng. 
Trans., vol. 33, p. 478, 1903. 

2 Tower, G. W., jr., and Smith, G, 0., op. cit., p. 623. 
~Idem, p . 477. 
4 Idem, p. 475. 

ORE BODIES OF THE GEMINI ZONE. 

In the Gemini mine the ore bodies occur as 
podlike masses or small pipes along four al
most vertical fracture zones ·which strike a 
little east of north and practically coincide 
with the strike of the dolomitic beds. Plate 
XXXI and figure 25 (p. 188) show them in 
plan and cross section. A longitudinal vertical 
projection would show that many of these 
bodies are extremely irregular and in places 
joined by pipelike connections. This feature is 
illustrated in figure 26 (p. 189), which shows the 
occurrence of the deepest ore body in the Gem 
channel. 

In the plan -(Pl. XXXI) the influence of cross 
fractures is seen to be marked in several places, 
where the ores follow these fractures and give 
rise to U-shaped bodies. Few of the ore bodies 
are large. The central parts of the bodies are 
usually the richer and are surrounded by 
poorer j asperoid. 

A tendency to northward pitch is seen in 
many of the ore bodies. In the Gem channel 
no ores occur above level12, but in the BUllion 
Beck mine the ore of the same channel lies con
siderably higher. The most northerly workings 
in the Ridge and Valley p;roperty lie on levels 
14 and ~16. The largest bodies are found in the 
Tank and Red Bird channels on levels 600 and 
700. The peculiar ore of the bodies in the Gem 
channel is described in more detail on page 177. 

The' ore-bearing fi_ssures continue southward 
into the Bullion Beck mine where they form a 
similar series of podlike bodies (fig. 26, p. 189). 
The Gem channel and a more easterly fracture 
zone, called the Eureka channel, are the most 
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productive and locally follow a south-southeast 
swing in the stratification. South of the shaft 
they approach within 2.50 feet of each other, 
and the ore bodies of the two coalesce to a large 
pod, which in places is over 100 feet in diame
ter. In part this pod is in the Eureka Hill mine, 
in which the largest masses of ore were mined 
on levels 1 to 6, while explorations of lower 
levels did not disclose much of value. (See 
figs. 28 and 29, pp.195, 196.) In thesouthern 
part of the Eureka Hill mine the two channels 
are again distinct, turn more nearly north, and 
form" the latge and continuous bodies of the 
Silver Gem stopes, reaching from level 9 of the 
Eureka Hill up to level 4. This Silver Gem 
ore body is 60 feet ~n maximum width and is 
continuous on some levels for 700 feet. Any 
longitudinal section of the ore bodies along the 
channels is likely to be very irregular; an ore 
body may follow a given level for a long dis
tance, to connect in some irregular manner 
with the ore on a lower level. 

In the southern part of the Eureka Hill mine 
the copper ores begin to appear; in some places 
copper stopes adjoin those of lead ores, and 
some stopes carry mixed lead and copper ores. 
Gold has begun to increase in the ore; in fact, 
this metal appears first in the Bullion Beck 
mine in appreciable quantities. 

In the Centennial eka, the most produc-
tive mine in the district, the ore begins on the 
north side along, three lines, known· as the 
Gem, Eureka, and New Years channels, all 
continuous from the north. Lead ores are 
present in places, but gold and copper are the 
principal metals. In this northern part of the 
mine the channels are comprised within a 
width of 300 feet from east to west and the 
ores form horizontal shoots as much as 20 ·or 
30 feet wide, much more veinlike in appearance 
than the pods of the more northerly mines. 
None of these ores have been found to extend 
much below level 11; the New Years channel 
crops out at the surface. The Gem channel, 
which is the most persistent of the several 
lines, continues southward to a great easterly 
cross break, which i~ accompanied by a second 
parallel break 1,000 feet farther south. The 
whole character of the ore shoots changes at 
these cross fractures. 

The main ore bodies of the Centennial mine 
consist of three great" columns," two of which 
in general follow these cross breaks, partly in 

the footwall and partly in the hanging wall. 
(See fig. 30, p. 199.) 

·The first of these, which may be called the 
California column, connects on level 6 with the 
Gem channel. It extends obliquely on the 
first cross break, pitching about 50° SE. from 
level 6 to level17, a distance of 2,500 feet, and 
having an irregularly rounded cross section 
measuring as much as 100 by 100 feet. From 
level 14 it begins to flatten and leaves the first 
cross break. In the lowest stopes, called the 
South Dakota, the ore lies on top of a flat 
intrusion of Swansea rhyolite porphyry 20 to 
50 feet thick. This flattening also has some 
connection with the attitude of the strata, 
which at this depth of about 2,000 feet have 
decreased their dip, and this change in attitude 
is accompanied by much brecciation of the 
limestone. 

As the California column is related to the 
first cross break, so the other two columns are 
dependent upon the second cross break or, 
more specifically, upon the intersection of this 
break with a strong northerly fracture, called 
the East Limit, the pitch of the ore coinciding 
roughly with the dip of 70° S. of this second 
cross break. 

Just as the Gem "channel" leads into the 
California column, so there are two northerly 
fractures 500 and 1,000 feet southeast of the 
shaft which lead into the second cross break. 
The first of these lies along the so-called Big 
Platform stopes on levels 2 and 3, which at 
first are narrow and then widen to 70 feet in 
the Montana stopes. On the south side of the 
Montana stopes the second cross break is en
countered, and the narrow ore is continued on 
this .plane into the big Oregon and Maine 
stopes, on levels 4 and 5. From this point a 
column of ore descends steeply to level 12 and 
probably connects below this with the North 
Dakota flat stopes on level 17. 

The second of the easterly" channels" be
gins in relatively narrow stopes on levels 5 
and 6, meets the second cross break, and 
descends as a strong column or pipe from 30 
to 125 feet in diameter to level14, from which 
ore connection is established with the South 
Dakota flat stopes on level 17, which thus 
forms the converging point for the two greatest 
ore columns of the mine. The column just 
described is determined by the intersection of 
the second cross break and the East Limit. 
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In depth the ore begins to spread laterally, 
becoming more or less independent of both 
these structural features. 

Ore has thus far not been found below level 
18, but it extends irregularly eastward and 
doubtless connects in smaller bodies with the 
lower ore zone of the Grand Central mine. 

In t~e Gemini mine the ore occurs within a 
vertical range of about 1,300 feet, reaching 
from a lowest altitude of 4,500 _ £eet at the 
north end, where the workings are still in ore, 
up to an altitude of 5,800 feet. In the Bul
lion Beck and Eureka Hill mines the principal 
ore was found 'between altitudes of 5AOO and 
6,300 feet. In the Centennial Eureka mine the 
ore practically reached the surface at 6,900 
feet. On the north side it descended to 5,800 
feet, and at the south end, where this ore zone 
ceases, the lowest ore was found at 4,800 feet. 

In very general terms these facts may be ex
pressed by saying that the upp~r surface of the 
ore so far as shown rises in a broad curve from 
an altitude of 4,800 feet north of the Gemini 
shaft to 6,100 feet at the shaft, to 6,400 feet 
at Eureka Hill, and to 6,900 . feet at the Cen
tennial shaft, south of which the ore drops 
rapidly along the dip of the two great cross 
breaks. The lower limit of the ore zone, so 
far as known, lies below 4,500 feet north of 
the Gemini mine, at 5,200 feet near th,e shaft, 
at 5,600 feet in the Eureka Hill mine, at 5,700 

- feet at the Centennial shaft, and at 4,800 feet 
in the southern part of the Centennial property. 

ORE BODIES OF THE MAMMOTH ZONE. 

The Chief Consolidated mine . ·contains the 
most northerly bodies of the Mammoth ore 
zone. The limestones are covered by about 
300 feet of rhyolite and detrital material, so 
that no outcrops are visible. Two principal 
systems of o11e bodies are worked, the first cen
terip.g about 700 feet northeast of the shaft 
and consisting of two parallel bodies 100 or 
150 feet apart. The ore bodies which are as 
much as 30 or 40 feet wide extend in a north
erly direction along indistinct :fissures for at 
least 500 feet. The strike of the limestone is 
N. 10° W. and the dip about 75° E., but in 
the 1,600 and 1,800 foot levels flatter dips were 
observed. In places the ore bodies are sur
rounded and separated by large masses of 
jasperoid that constitute ore of low grade. 
In form they_ seem to be a ~uceession of almost 

verticfl,l podlike or irregular masses much like 
those of the Gemini and Eureka Hill mines. 
In this northerly system galena and siliceous 
silver ores have been extracted from the 1,300, 
1",400, 1,600, and 1,800 foot levels. 

The southern ore bodies are separated fron1 
those just described by 1,200 feet of barren 
ground and connect with the northerly ore 
bodies of the Blue Bell mine. They extend 
horizontally for 500 feet and vertically from 
the 750-foot to the 1,400-foot level. The ores, 
which are siliceous, carry mainly galena, in 
part oxidized, with 30 or 40 ounces of silver 
to the ton, and in the southern part of the 
mine an appreciable quantity of gold begins to 
appear in the ore. Copper is present in small 
quantities. 

There is, then, in tllis succession of ore bodies 
a distinct northward pitch, just as in those of 
the Gemini mine. 

In ~he Eagle and Blue Bell mine the strike 
of the beds is again a little west of north and 
the dip 65°-70° E., slightly flatter than in the 
Chief. The ore bodies are mainly determined 
by the intersection of northerly fractures with 
certain strata susceptible of replacement, but 
in part they also follow northeasterly cross 
fractures. The ores mined are lead ores, oxi
dized in part, very siliceQus, and in places 
carrying some gold. 'Phe ores worked in past 
years were in the southern part of the property 
and occurred in a pipelike shoot that was fol
lowed from t_he surface to a depth of 500 feet. 
The later developments are in the northern 
_part of the property and are in general related 
to the intersection of an easterly cross break 
with a northerly :fissure. The ore forms an 
irregular body beginning about 700 feet below 
the surface and continuing to the 1 ,60D-foot 
level, the lowest reached in 1914. The shoot 
has been followed south for 500 feet and is 
from 20 to 70 feet wide. 

A new and rich lead shoot extending from 
the 1,450-foot level down to the deepest 
(1,700-foot) level lies a few hundred feet south
west of the one just described. Its structural 
f~atures have not been fully worked out, but 
on the 1,600-foot level it is 140-feet long and 
as much as 20 feet wide. · 

The shoots in the Eagle and Blue Bell mine 
thus show in their successive position a de
ci.ded northward pitch, similar to that ob
served in the Gemini and Chief mines, but 
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there are also many smaller ·offsets pitching 
south and probably due to southward-dipping 
cross breaks. 

The ore bodies of the Victoria mine do not 
connect directly with those of the Eagle and 
Blue Bell but lie about 500 feet farther east. 
They extend over a distance of about 1,400 
feet from north to south and connect directly 
with the stopes of the Grand Central mine on 
the south. They do not crop out. The 6res 
are . highly siliceous and carry gold and silver 
with bunches of copper ore and more rarely 
lead ore. 

The Victoria ores form a series of discon
nected bodies of silicified dolomite, 30 feet in 
maximum width and very irregular, yet clearly 
arranged in line as a series of northward-pitch
ing masses of ore. On the Grand Central 
boundary they are found on the 600 and 700 
foot levels as roughly horizontal, northward
trending bodies, but a few hundred feet be
yond the boundary the trend swings to N. 
20° E. and the decided northward pitch begins, 
so that 400 feet north of the shaft the jas
peroid ore is found at the 1,200-foot level and 
no ore lies above it, so far as known. In 
general the ore bodies trend N.- 20° W., fol
lowing the strike of the dolomite, but they 
show many local enlargements and offshoots 
along cross breaks. The dip of the beds is 
only 50°~65° NE., but the ·ore bodies as a 
whole show no marked tendency to pitch in 
this direction. The determining influenct in 
the mineralization was evidently .an obs ure 
fracture zone trending northward, with re
peated offsets toward the west. What causes 
the norther~y pitch is not definitely known. 
One peculiar occurrence in this mine was a 
nearly spherical mass of j asperoid, about 20 
by 30 feet, on the 1,100-foot level, contai~ing 
1 to 2 ounces of gold to the ton and a little 
silver but no lead or copper. I 

In the Grand Central mine the principal ore 
zone extends in the main horizontally between 

. the 500 and 900 foot levels (fig. 31, p. 213) for a 
distance of 2,500 feet. On the north it con
nects with tJJ.e ore bodies of the Victoria; on 
th~ south it connects with those of the Mam
moth, and in that vicinity the ore turns de
cidedly upward in the Silveropolis shoot and 
reaches the surface at the Cunningham stope 
of the Mammoth mine. This principal ore zone 
intersects bedding and dip and in general fol-

lows prominent northerly fractures intersected 
by other fractures trending N. 30° E. The 
Silveropolis shoot (fig. 32, p. 216) forms a pipe 
that pitches 70° NW. across the stratification, 
probably following the intersection of two 
fracture planes. This shoot crosses into Grand 
Central ground and continues, flattening some
what, to levels 8 and 9. There it turns north, 
following a steep fissure, and is practically con
tinuous horizontally to the Victoria boundary. 
In the Butterfly stope this ore body reaches its 
greatest development at the intersection of the 
northerly fracture with a vertical north-north
easterly fract~e and extends from level 4 to 
level11; its greatest width here is 50 to 70 feet. 
The deeper levels contain ore mainly west of 
this principal zone, at first along the :west 
fissure, which strikes north-northeasterly and 
dips 73° NW. On the deepest levels (20 and22) 
this ore body flattens, connecting with minor 
bodies which extend almost to the Centennial 
Eureka ore bodies and which in part follow the 
stratification, in part the marked north-north
easterly fissures in or near the Emerald-Grand 
Central fault zone west. of the shaft. It is 
probable that the whole Gemini ore zone re
ceived its contents from solutions working 
northward from the vicinity of the Mammoth. 
Throughout the mine the ore bodies have a 
tendency to a northerly pitch, caused by their 
development along the intersection of north
northeasterly fissures that dip north-north
westerly with northerly fractures that stand 
vertical. 

The ores of the Grand Central mine carry 
mainly1copper, gold, and silver; lead is present 
at many places. 

In the Mammoth mine several ore bodies 
have been worked, most of them within 1,200 
feet north and northeast of the shaft. All of 
them cross the bedding and most of them are 
determined by the intersection of two or more 
fissures striking north, north-northeast, and 
northeast. The largest body is called the 
Apex shoot. It crops out near the shaft and, in 
the form of a large chimney-shaped mass, goe~ 
down almost vertically and attains a greatest 
width of 100 feet on levels 15 and 16. The 
larger diameter trends N. 15° E. and the shoot 
continues to level 21, where, ltowever, it be
comes of lower grade. (See Pl. XXXIII, p. 
214.) The shoot is evidently determined by the 
intersection of systems of fractures trending 
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from north to east. At the surface were found 
copper ores rich in gold; at depths of 1,500 feet 
a large lead shoot is recognized, adjoined by 
a gold shoot and, lower down, by another gold 
shoot that yielded much native gold. Silicified 
rock containing some gold and silver extends 
on the north-northeasterly fissures far beyond 
the boundaries of the ore bodies. A rich cop
per shoot was found on the Welding claim 
northeast of the shaft on levels 7 and 8; this 
appears to follow a N. 30° E. fissure and is in 
places 30 feet wide. 

South of the Mammoth mine lie the Ajax, 
Gold Chain, and Opohonga ore bodies. The 
Ajax is a chimney of notable dimensions con
tinuing from the surface down to the 1,000-
foot level and determined by -a system of 
northerly and north-northeasterly fractures. 
In the Gold . Chain and Opohonga the ores 
form chimneys extending along the short 
north-northeasterly fissures on levels 3 to 10 
of the Ajax workings. Copper, gold, and silver 
are . the principal metals. The Ajax in par
ticular has produced a large amount of gold. 
No direct extension of this zone is found toward 
the south, but a little west of the Ajax shaft is 
the Hungarian vein, which continues into the 
Lower Mammoth property, here accompanied 
by the West vein, 150 feet distant. (See fig. 
33, p. 220.) In contrast to the deposits de
scribed above these veins occupy distinct and 
easily traceable fissures which intersect strike 
and dip and which are closely followed by the 
ore shoots. In other words, the ores do not 
spread on bedding and cross :fissures but closely 
follow the path of the trunk fracture. The 
type is thus th~t of normal replacement veins. 
Both veins can be traced for 700 feet south of 
the shaft and dip very steeply to the west. 
The ores in the Lower Mammoth contain prin
cipally lead and silver with some zinc. 

One principal ore shoot in the form of a 
flattening column has been found on the Hun
garian vein, and two similar shoots on the west 
vein (fig. 33, p. 220). The lower shoot between 
levels 14 and 18 is of particular interest, for it 
extends along the contact of crystalline lime
stone and intrusive monzonite and the ore 
continues across the contact into the monzo
nite (fig. 34, p. 221). In the limestone the vein 
contained principally partly oxidized lead
silver ore and the stopes are 15 to 25 feet wide. 
At the contact on leve117 the vein narrows, but 

was followed into the monzonite for 50 feet-. 
as far as the drift was accessible. The vein is 
here 4 to 6 feet wide and contained several 
stringerS of heavy sulphide ore consisting 
mainly of pYJ:ite, zinc blende, enargite, and 
tetrahedri te, with a very little galena. There 
is thus a marked change i.n the contents of the 
vein at the con tact. The ore from the monzo
nite that was shipped contained 14 per cent of 
copper. 

These veins are not traceable across the con
tact on the surface, but in the monzonite and 
in a general continuation of the Mammoth ore 
zone a considerable number of linked veins 
extend in a south-southwesterly direction 
toward the Cleveland and Iron Duke claims. 
The outcrops of these veins have been traced 
on Plate III (in pocket). 

The practical continill.ty of the Mammoth ore 
zo:..1e from the vicinity of Silver City to the 
Chief Consolidated mine is beyond doubt . . 

The altitude of the ore bodies above sea level 
may be briefly summarized. In the monzo
nite the ore crops out at 6,200 to 6,800 feet. 
In the Lower Mammoth it ranges from 4,900 to 
6,400 feet but does not crop out. In the Ajax 
the ore ranges from 6,000 to 7,000 feet and 
reaches the surface. A much wider interval 
has been found in the Mammoth, in which the 
ore lies between 4,700 and 7,000 feet. North 
of the Mammoth the ore nowhere reaches the 
surface but shows a marked tendency to follow 
a higher horizon of about 6-,400 feet, though 
locally it pitches on other :fissures to connect 
with the Centennial Eureka ores at the low 
altitude of 4,900 feet. From the Victoria 
through the Eagle and Blue Bell and Chief Con
solidated mines the ore pitches northward in a 
series of detached bodies which reach the sur
face at only one point on the Eagle and Blue 
Bell, at 6,940 feet, and which descend to 4, 700 
feet in the Chief mine-about the same 
altitude as that of the lowest ore in the Mam
moth. 

These figures disclose no marked rule or reg
ularity except for the northerly pitch from the 
Victoria mine, and this, as in the Gemini ore 
zone, is probably due to the premineral va"Q.ey 
of Eurek~ Creek, which before the min~raliza
tion became filled with an impermeable blanket 
of clayey rhyolite, thus presenting an obstacle 
to the free movement of the ore-depositing 
solutions. 
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ORE BODIES OF THE GODIVA ZONE. 

The Godiva zone is traceable from the Go
diva mine almost due south to the monzonite 
contact, a distance of 2! miles. Silver-lead ores 
predominate from the Godiva to the Northern 
Spy, a distance of 1! miles; the ores from the 
southern part of the zone contain 1nainly 
copper, gold, and silver. Comparatively little 
work is being done in the mines of this zone. 

The Godiva shaft is 1 mile east of Eureka 
near the point where the limestone ridge rise~ 
boldly above the Packard rhyolite. The ore 
bodies follow northerly fractures on the steeply 
dipping limestone strata and show local deflec
tions along cross fractures. On the upper levels 
the stopes extend almost continuously for 300 
feet north and 500 feet south of the shaft and 
have a maximum width of 30 or 40 feet. Below 
the 300-foot level no large ore bodies have been 
found. A few irregular and small masses of ore 
were found in. the limestone east of the main 
bodies. The ores are mainly galena, partly 
oxidized, carrying about 9 ounces of silver 
to the ton. Some oxidized zinc ores have been 
mined _lately near the old stopes. It would 
probably be advisable to seek the continuation 
of the ore farther to the north and on the lower 
levels. 

The ore bodies of the May Day mine lie 
100 to 300 feet to the east. What is known as 
the Godiva or West channel (which, however, 
does not connect directly with the ore bodies in 
the Godiva mine) is continuous only for a few 
hundred feet, but 200 feet to the east of this 
the New channel or East channel extends for 
1,400 feet as a series of irregular bodies, con .. 
ne~ting with the Yankee workings on the south. 
The workings on the West channel evidently 
followed fractures extending north or north
northwest. One of the stopes is 100 feet long 
and as much as 40 feet wide. The bodies 
reached within 60 feet of the surface and at 
most 200 feet below the tunnel level, so that the 
vertical extent was about 400 feet. No exten
sive silicification accompanied the mineraliza
tion, and the ore consists of partly oxidized 
galena. Some ore bodies form irregular chim
neys or pipes 4 to 6 per cent in diameter, con
taining almost pure galena. 

Jenney 1 describes the occurrence of a re
markably large mass of pure galena in the 

1 Jenney, W. P., The chemistry of ore deposition: Am. Inst. Min. 
Eng. 'frans., vol. 33, p. 480, 1903. 

Uncle Sam claim. The ore body was 50 feet 
long, 50 to 60 feet. high, and 13 to 20 feet wide, 
and the ore averaged 7 5 per cent of lead and 
50 ounces of silver to the ton; the galena di
rectly adjoined the limestone wall rock. 

The principal workings of the lower levels are 
on the East channel and are best seen on the 
275 and 500 foot levels of the Uncle Sam shaft 

' where the ore bodies lie parallel to the bedding 
on the lower (east) side of a dike of rhyolite. 
Galena ore is also found on lower levels in the 
form of narrow pipes. In these bodies the 
galena ore generally adjoins the limestone 
directly without a marginal zone of extensive 
silicification,· but large brecciated and silicified 
masses with a low tenor in silver are also found 
on the 800-foot level, though not in line with 
any known ore channel. 

On the May Day claim along the East chan
nel some bodies of galena ore have been worked 
in the upper levels, but they generally follow 
the stratification, which here dips 30°-40° E., 
and are in places underlain by secondary oxi
dized zinc ores. In some stopes a limonitic 
material directly underlying the lead has been 
found to be rich in gold, this doubtless also 
representing an enrichment. 

From the May Day claim the galena ore con
tinues southward along the same line but fol
lOWS the stratification along a coarse-grained 
bed in the Pine Canyon limestone. These 
bodies, which have been worked almost con
tinuously through the Yankee and old Hum
bug (now Uncle Sam) mines, evidently follow 
an obscure northerly fissure along its inter
section with the favorable limestone bed, but 
in places the ore sends out branches sev~ 
eral hundred feet eastward along cross frac
tures. The individual deposits are as much as 
several hundred feet in length but only a few 
feet thick and lie along the beds, which dip 
10°-30° E. At one place on the Humbug 
claim a connection seems to be established 
along a cross fracture with the ore bodies of 
the Beck Tunnel mine. Locally the ore may 
occur in narrow pipes and chimneys. The 
silicification does not as a rule extend far be
yond the ore. The ore bodies lie between alti
tudes of 7,000 and 7,300 feet, only a few hun
dred feet, at most, below the surface. No deep 
exploration has been undertaken. The silver 
content reaches 50 ounces to the ton, and the 
ore contains a little copper and gold. 

/ 
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South of the Humbug mine the ore, which 
has long been mined out, followed persistently 
the same horizon in the Pine Canyon limestone 
and was continuous for a distance of 5,000 feet 
from the Utah to the Northern Spy. Along 
·this southward line, presumably representing a 

· fracture, which, however, is obscure, the ore 
lay along the dip (say 40° E.) but was in places 
deflected along er sterly cross fractures. The 
ore bodies were from 2 to 50 feet wide. The 
altitude of this :dearly horizontal ore channel 
is about 7,300 fee~ . The ~re is similar to that 
of the Yankee antl Humbug mines. There are 
no wide zones of ~ilicification. 

South of the N qrthern Spy mine the ore zone 
crosses the Siouxl-Ajax fault without marked 
deflection, turns ~outh-southwest, and, enter
ing the Blue bell fprmation, assumes a distinct 
vein form. In the Carisa mine valuable bodies , I 
of copper ore werlmined from the surface ver-
tically down to a depth of 700 feet; the shoot 
or pipe had a ho.ri ont~llength of 500 feet and 
was at most 50 febt wide. At a depth of 800 
feet this copper s~~ot entered the Victor mine, 
adjoining on the s~uth. The ore was siliceous, 
containing quartz ~\ barite, and enargite, with 
some gold and as much as 25 ounces of silver 
to the ton. No deeper exploration was under-
taken. \ 

South of the Carisa the ore zone appears as 
more or less contihuous veins. In the Victor 

• mine the end of fhe Carisa shoot was soon 
found and small b dies of arsenical copper ore 
were mined on th · lower levels. No explora
tions were underta

1 

en below the 800-foot level. 
The ore followed ~. 35 ° E. and northerly frac
tures, and the v~in, which is contained in 
contact-metamorp~osed limestone without 
plain bedding, is ~rom 6 inches to a few . feet 
wide. 

In the southerl continua.tion of the Victor 
property extends he North Star vein, which 
·almost reaches th¢ monzonite contact. This 
vein is containe4 in contact-metamorphic 
limestone and has peen opened to the 600-foot 
level. The ore-be~ring fissure has been traced 
for 1,500 feet o~the surf~ce and is almost 
vertical. The ore bodies follow north-north
easterly fissures · th local offsets on easterly 
cross fractures. Their maximum width is 30 
feet and usually a~pears at the intersection of 
several fissures. Tfe stoped ore bodies do not 
seem to have extended far below the 300-foot 

level nor more than 500 feet on each side of the 
shaft. The ore contained copper, lead, silver, 
and gold, and gold occurred in unusually large 
amounts, forming two-thirds of the value of 
the ore. The four shoots known are said to 
dip west and pitch north; three of them were 
distinctly gold bearing, and the fourth carried 
mainly lead and silver. 

The ore bodies of the Godiva zone extend 
for a distance of 2! miles from north to south 
along a fissure which south of the Northern 
Spy mine turns to a south-southwesterly direc
tion. From this turning point north\vard the 
ore occurs in linear bodies that extend in 
general horizontally, closely following a bed of 
coarse limestone jn the Pine Canyon formation. 
Their width from east to west is comparatively 
small, and their thickness generally less than 
10 feet. South of the turning point mentioned, 
which coincides with the Sioux-Ajax fault, the 
deposits assume the form of nearly vertical 
veins in crystalline limestone, but the ore 
bodies are still con:fi.ned within a relatively 
small vertical interval. .;. In this area copper 
ores with more or less gold and silver replace 
the lead ores of the northern part of the zone. 

The most remarkable fact about this ore 
zone ·is the persistence of the ore bodies within 
a small vertical interval, for they are confined 
between altitudes of 6,500 and 7,500 feet and 
the lowest limit is reached at the north and 
south ends, in the Godiva and North Star 
mines. The greater. part of the ore zone lies 
at altitudes of 7,000 to 7,300 feet. Deep 
exploration has been attempted in few places 
and generally with poor success. There is, 
however, a strong possibility that the ores may 
be found to continue north of the Godiva with 
a northward pitch, as in the Gemini and Mam
moth ore zone. No development work has 
yet been done in this direction. 

ORE BODIES OF THE IRON BLOSSOM ZONE. 

The Iron Blossom ore zone is the most 
easterly of the main lines of ore bodies. It is 
also the most remarkable of the four zones and 
in many respects unique. The stopes are 
practically continuous for 7,000 feet in a hori
zontal direction, and the total length of the zone 
is 11~000 feet. (See Pls. XXXV and XXXVI, 
in pocket.) It differs from the other 
zones in containing a single main ore deposit 
that is continuous throughout the zone from 
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the contact of the li~estone and monzonite the vein is N. 35° E. and the dip is 80°-85° 
porphyry on the south to the Beck Tunnel ESE. The vein is narrow. Silicified lime
mine on the north. The northward continua- . stone and barite forn1 the gangue, and galena, 
tion of the zone has been sought by deep devel- enargite, and their ·oxidation products are the 
opment in the Yankee mine, but so far with- ore minerals. The ore contains also a few 
out success. It will be convenient to begin the ounces of silver and as much as 0.8 ounce of 
description from the south end. gold to the ton. Ore from several places, 

Briefly, the deposit begins as a well-defined particularly intersections with northeasterly 
but narrow vein and keeps this character, fractures, has been shipped, but no large ore 
though becoming wider and more productive bodies have be~n found. 
northward to a point a few hundred feet south The persistency of the vein is shown by deep 
of Iron Blossom No.3 shaft, where it encounters developments in the Dragon tunnel (altitude 
the Sioux-Ajax fault. North of this fault the 6,675 feet), the crosscut from the North Star 
deposit forms a linear body extending for 7,000 mine (altitude 6,650 feet), and drifts on levels 
feet in the general direction of the vein, 6, 8, and 19 of the Iron Blossom No. 1 shaft. 
approximately along the axis of the great On level 8 the vein is 4 feet wide and shows 
Tin tic syncline, and following certain· beds of much limonite, copper stains, and a narrow 
coarse gray limestone in the upper part of the streak of pyrite, enargite, and barite. In 

·Pine Canyon formation. places the ore gives high assays in gold. On 
Silver-lead ores and quartzose silver-gold level 19 (altitude 6,400 feet) the vein inter

ores with a little lead predominate from the sects the limestone as a tight seam containing 
north end to Iron Blossom No. 1. South of a little quartz, galena, and barite. 
this point copper ores begin to occur mixed In the vicinity of the Iron Blossom No. 1 
with ores of the types just mentioned. A shaft the deposit still maintains its vein 
great deal of work has been done along this character. (See fig. 40, p. 243.) It lies in 
zone of .late years, particularly in the Iron fine-grained dolomite which dips east or 
Blossom mines. Although the vein deposits northeast at angles of 20° to 30° and probably 
at the south end have been known for a long should be identified with the Bluebell dolo-
. time, the notable production began in the mite; the lowest levels of the shaft, which is 
Beck Tunnel mine in 1905 and in the Iron 1,900 feet deep, are probably in the Opohonga 
Blossom in 1908. limestone. Dikes of monzonite porphyry are 

The developments in the Dragon property observed at many places, and at their contacts 
have shown that the outcrop of a narrow vein some mineralization has occurred. In places 
intersects a body of limonite iron ore on the the limestone is metamorphosed near the 
contact of monzonite porphyry and lime- contact. 
stone. South of the contact the King James The principal ore bodies begin a few hundred 
vein has b~en opened in the general direction feet south of the shaft but are confined mainly 
of the Dragon vein, but no actual connection to levels 5 and 6-that is, to altitudes of 
has been traced across the contact. The 6,800 to 6,900 feet. Here they are from a few 
Dragon vein has not been found profitable, feet to 80 feet wide, but they contract sharply 
though a little lead _and copper ore · taken on the lower levels, and except to the south, 
from it has been shipped. It is contained in in the Governor claim, the vein is not definitely 
contact-metamorphosed limestone. traceable below level 11. Iron-stained crop-

About 300 feet east of the Dragon vein in pings show near the shaft, and on level 2 the 
the Dragon shaft another vein has been vein follows locally the contact of a dike. 
exposed which possibly corresponds to the The principal ore bodies (Pis. XXXV and 
Turk vein, opened on the surface farther north, XXXVI, figs. 40-43) are 100 to 150 feet high 
but which has not been found productive. and 10 to 50 feet wide and extend almost 

From the contact the Dragon vein is -trace- continuously through the Iron Blossom No. 1 
able on the surface and has been opened in the ground. The limestone walls are well marked, 
shafts of the Black Dragon, White Dragon, and the vein consists of silicified limestone 
and Governor, all three of which are at an that has been brecciated and cemented by a 
altitude of about 7,050 feet. The strike of loose sugary quartz .and shows in places 
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abund~nt limonite stains. Here and there 
the ore is surrounded by large masses of silici
fied limestone. On an average the ore may 
contain $5 in gold and 20 ounces of si).ver to 
the ton, with some lead and copper. Smaller 
bodies of copper ore along the narrow fissure 
have been mined on levels 6, 7, 8, and 11. 

The main ore body continues at the same 
general horizon and with similar dimensions 
for 2,100 feet, sinking gradually about 100 feet, 
or to altitudes between 6, 700 and 6,800 feet. 
Leaching and contraction of volume during 
oxidation have allowed a part of the roof to 
give way, and a large cave has been formed 
above the ore body between No. 1 and No. 3 
shafts. In this vicinity no deep exploration 
has been undertaken, but a parallel and smaller 
vein, known as the East vein, has been dis
covered and is locally 9f considerable impor
tance (Pl. XXXV). In certain parts of its 
course this vein contains copper with barite 
and much limonite. ' 

The Iron Blossom ore bodies cross the Sioux
Ajax fault 400 feet south of No. 3 shaft, in a 
confused and greatly disturbed zone 300 feet 
wide. From the Bluebell dolomite on the south 
the drifts break into the upper beds of the Gard
ner dolomite, including carbonaceous beds at its 

· top, and finally enter the Pine Canyon lime
stone. The dips of . the limestone increase to 
40° and even 60°. This faulting finds expres
sion in the extensive silicification of the lime
stone and in the local interruption of the ore 
bodies. The first body of ore encountered in 
the fault zone lies in a transverse or easterly 
position for a distance of 160 feet and extends 
50 feet above and 60 feet below the 480-foot 
level of the No. 3 shaft (altitude 6, 700 feet). 
About 200 feet farther north the fault is cros8ed 
and the ore begins to develop in the coarse 
gray limestone of the upper members of the 
Pine Canyon formation, practically along the 
flat beds of the synclinal axis. To the end, in 
the Beck Tunnel mine, through the Iron Blos
som No. 3, Sioux, and Colorado mines, this 
wonderful linear body continues without inter
ruption for 5,000 feet straight north, at alti
tudes ranging from 6,800 to 6,900 feet. This 
shoot may be considered as a 5,000-foot hori
zontal pipe formed by the intersection of a 
vertical fissure with a certain limestone bed 
that was particularly susceptible to replace
ment. 

No vein is now visible, but nevertheless the 
ore lies in the direction of the vein, and many 
northerly fractures which were no doubt fol
lowed by the solutions depositing the ore may 
be noticed. The ore body formed by replace
ment lies conformably to the stratification and 
ha'3 a width of 20 to 170 feet and a height of 20 
to 60 feet. In Iron Blossom No. 3 the dip of 
the ore is 13°-20° E. Farther north the re
placed limestone bed is almost flat. 

The dimensions given are those of the stopes, 
but the deposit is really larger, for in many 
places the ore is adjoined by large masses of 
dark fine-grained silicified· limestone, which are 
particularly abundant in the northern and 
southern parts of the ore body. 

In the north end of the Beck Tunnel mine 
the deposit encounters a number of cross 
breaks, and there is some evidence that the 
depositing solutions - were diverted from the 
northerly fissure at this place and followed the 
cross breaks upward and westward ·into tha 
Humbug replacement bodies of the Godiva 
zone. (See Pis. XXXV and XXXVII.) If 
this inference is correct, there is little use of 
attempting to find the northward continuation 
of the Iron Blossom ore body. 

The longitudinal section (Pl. XXXVI) shows 
that the ore pipe lies about 60 feet higher in 
the Colorado mine than elsewhere, and also 
that in part of the Beck Tunnel mine it lo
cally sinks somewhat below the prevailing 
level of 6,850 feet. These slight differences of 
level are probably due to local diversion of the 
ore-forming solutions along cross fracture~. 

One marked fault older than the depm,it i~ 
crossed on the Colorado ground and finds ex
pression in brecciation with but little vertical 
displacement of the ore. 

At the north end of the Beck Tunnel mine, 
where the ore pipe ceases, several smaller ore 
bodies occur within the silicified zone and 
within a vertical interval of 400 feet, giving in 
cross section a suggestion of a vein. The shaft 
has been sunk to a depth of 11140 feet, and a 
small amount of development work has been 
done on several levels, but no definite fissure 
that could be connected with the ore bodies in 
the upper levels has been found in the lower 
levels. 

The ore in the southern part of this pipe in 
Iron Blossom No. 3 ground is similar to that 
near No. 1 shaft but contains more lead and 
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perhaps less limonite. It is very siliceous and 
:much of it is sugary. The ore shipped con
tained at most 15 per cent of lead; the so
~alled siliceous ore contains only about 1 per 
~ent of lead. Both cerusite and galena are 
:present. The silver ranges from 20 to 40 
'()Unces to the ton, and the gold from $5 to $6. 
·The sugary and dru_sy quartz which in places 
·cements the dark silicified brecciated limestone 
~ontains some barite plates. There is prac
tically no copper. 

In ·the Colorado and Sioux mines there is 
:much more lead in the ore, which averaged on 
the whole 45 per cent of lead, with 45 ounces of 
:silver and $4 in gold to the ton, but considerable 
:masses of low-grade and highly siliceous ores 
:remain both in these mines and in the Beck 
Tunnel mine. The ore shipped from the Beck 
/Tunnel mine averaged 21 percentinlead, with21 
,ounces of silver, and only about $2 in gold to the · 
ton. As elsewhere, the ore is largely oxidized 
and contains drusy or honeycombed qua~tz. 

MINERALS OF THE ORE DEPOSITS. 

GANGUE MINERALS. 

Quartz (Si02). Hexagonal; mostly as constituent of very 
fine-grained gray or bluish jasperoid replacing lime
stone or dolomite; in crusts of small crystals on jasper
aid or barite; replacing barite. 

'Chalcedony (Si02 ). Cryptocrystalline; veinlets and spher
ulites. 

'Calcite (CaC03). Rhombohedral; in scalenohedrons in 
cavities of limestone; in -1R rhombohedrons on oxi
dized ore. 

. Aragonite (CaC03). Orthorhombic; in caves and on oxi
dized ore; prisms and needles; contains a little zinc in 
places. 

Dolomite ([Ca,Mg]C03). Rhombohedral; coarsely crys
talline masses in beds of fine-grained dolomite . 

.Ankerite ([Ca,Mg,Fe]C03). Rhombohedral; coarsely 
crystalline masses in beds of fine-grained dolomite. 

:Barite (BaS04). Orthorhombic; white, tabular crystals, 
in jasperoid or with crystallized quartz. 

-Gypsum (CaS04). Monoclinic; slender crystals and thin 
flakes. Rarely in curling crystals. 

.Alunite (Kz0.3Al20 3 .4S03 .6H20). Rhombohedral; white 
earthy or massive, like kaolin; common. Also micro
scopic in replacement quartz. 

Mixed sulphates ([Mg,Fe,Na2] S04 +7H20). White efflo
rescences. 

:Borickite, basic hyd.rous phosphate of iron and calcium. 
Massive; reddish brown; rare. 

Crandallite (Ca0.2Al20 3 .P20 5 .5H20). Hexagonal (?), 
white to light gray, shading into yellow and brown; 
luster dull in compact phase to pearly in lamellar 
phase; fine botryoidal crusts lining cavities in quartz ... 
barite-sulphide vein; rare; new species. ' 

Sulphur (S). Orthorhombic; yellow crystals and crusts on 
galena and anglesite. 

·ORE MINERALS. 

GOLD MINERAL. 

Native gold (Au). Isometric; bright-yellow flakes; on 
joint planes of jasperoid in oxidized ore; rare. 

. SILVER MINERALS. 

Native silver (Ag). Isometric; silver-white flakes or 
wires; not common. 

Cerargyrite (AgCl). Isometric; brown or gray waxy coat
ings, in places. with small crystals; common. 

Argentite (Ag2S). Isometric; lead-gray to black; sectile; 
common but rarely visible to the naked eye. 

Proustite (3Ag2S.As2S3). Rhombohedral; massive, red, 
translucent; rare. 

Stephanite (5Ag2S.Sb2S3). Orthorhombic; iron-black; rare. 
Pearceite (9Ag2S.As2S3). Monoclinic; rare. 

LEAD MINERALS. 

Galena (PbS). Isometric; lead-gray; crystalline masses, 
rarely well crystallized; common. 

Geocronhe (?) (5PbS.Sb 2S3). Orthorhombic; lead-gray; 
identified without much doubt in polished section. 
-Replacing galena. 

Anglesite (PbS04): Orthorhombic; colorless crystals, iin
ing cavities in galena; grains replacing galena and 
quartz. 

Cerusite 1 (PbC03). Orthorhombic; white acicular crys
tals or earthy-white or yellow; common. 

Leadhillite (PbS04 .2PbCOa.Pb(OH)2). Monoclinic; white 
crystals with anglesite; very rare. 

Cotunnite (PbCl2). Sinall amounts of lead and chlorine in 
hot-water solution of some oxidized ores indicate 
possible presence of cotunnite. 

Phosgenite ([Pb,Cl]2 .C03). Tetragonal; gray replacement 
crusts on cerusite; rare. 

Lead oxychloride (unnamed). Probably orthorhombic; 
yellow prisms. 

Minium (Pb30 4). Earthy; vivid red; rare . 
Pyromorphite ([Ph, Cl]Pb 4 (PO 4) 3). Hexagonal; small, slen

der crystals; whi:te; rare. Contains arsenic. 

COPPER MINERALS. 

Enargite (Cu3AsS4). Orthorhombic; iron-black; one good 
cleavage; in jasperoid; small crystals in vugs. 

Famatinite (Cu3SbS4). Reddish gray, intergrown with 
enargite. 

Tetrahedrite (Cu8Sb2S7). Isometric; dark gray, massive;in 
jasperoid; not common . 

Chalcocite (Cu2S). Orthorhombic; blackish lead-gray; sec
ondary;notcommon. 

Covellite (CuS). Hexagonal; metallic blue; secondary; 
small crystals pulverulent; common. 

Chalcopyrite (CuFeS2). Tetragonal; brass-yellow; not 
common. 

Native copper (Cu). Isometric; copper-red·; fairly com
mon in small quantities. 

Cuprite (Cu20). Isometric; red, massive, compact; eom
mon. 

Melaconite (CuO). Black; amorphous; doubtful. 

1 The spelling "cerusite" has been adopted by the United States 
Geological Survey. The writer prefers "cerussite," the form used by 
Dana. 
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Copper pitch ore (Cu0.Si02 .Mn02.H20). Brown or black; 1 Jarosite (K20.3Fe20 3 .4S03 .6H20). Rhombohedral; yel-
dense, amorphous; common. Of indefinite chemical lowish-brown, hexagonal scales; soft; much of the 
composition; probably of colloid origin. Not a vari~ material called "jarosite., is probably plumbojarosite. 
ety of chrysocolla. Utahite (3Fe20 3 .2S03 .7H20). Scaly; omnge-yellow; per-

Malachite (CuC03 .Cu(OH)2). Monoclinic; pure green, fib- haps identical with jarosite. 
rous; velvety crusts, slender P.risms; common. 

Azurite (2CuC03.Cu(OH)2). Triclinic; azure blue, crystal
line crusts or massive; common. 

Aurichalcite (basic carbonate of copper and zinc). Pale
bluish druses and ftakes; rare. 

Chrysoco1la (CuSi03.2H20). Cryptocrystalline; massive; 
blue or green; not common. 

Brochantite (CuS04.3Cu(OH)2). Orthorhombic; dark 
green to blackish green; fairly abundant. 

Lettsomite(cyanotrichite) (4Cu0.H20 3,S03 .8H20). CapH
lary crystals in druses; smalt-blue; very rare. 

Linarite (basic sulphate of copper and lead). Monoclinic; 
deep-blue crystals; rare. · 

Olivenite (Cu3As20 8.Cu(OH)2). Orthorhombic; various 
shades of olive-green, also red; prismatic crystals; 
rarely velvety crusts; very common. 

Clinoclasite (Cu3As20 8 .3Cu(OH)2). Monoclinic; bunches of 
crystals; spherical forms, one perfect cleavage; dark 
green with bluish tinge; fairly common. 

Erinite (Cu3As20 8 .2Cu(OH)2 • Dark, dirty green; mam
millary or small fibrous spheres; rather uncommon. 

Tyrolite (Cu3ASz08.2Cu(OH)2+7H20?). Pale green in
clining to sky-blue; one perfect cleavage; foliated 
aggregates and fan-shaped groups; rather uncommon. 

Chalcophyllite (Cu3As20 8.2Cu(OH)2+14H20?). Rhom
bohedral; one perfect cleavage; emerald or grass
green; very rare. 

Chenevixite (Cu2(Fe0)2As20 8+3H20?). Massive; green
ish yellow; rare. 

Conichalcite ([Cu,Ca]3As20 8.CuCa(OH)2+!H20?). Char
acteristic bright yellowish green; mammillary crusts 
and small spheres; very common. 

Mixite (basic hydrous arsenate of copper and bisiQuth). 
Slender radiating, capillary pale-bluish tufts of 
crystals; rare. 

Connellite (basic hydrous chlorosulphate of copper). 
Radiating fibrous crystals; bright Prussian blue; al
most metallic luster; very rare. 

Spangolite (basic hydrous chlorosulphate of copper and 
!'l.luminum). Hexagonal, thick prisms; pale green to 
bluish green; perfect basic cleavage; very rare. 

IRON MINERALS. 

MANGANESE MI~ERALS. 

Pyrolusite and wad (MnO and hydrated forms). Black; 
massive, fibrous, or earthy; common in small quanti-
ties. . 

Manganite (Mn20 3 .H20). Black; lamellar aggregates ; 
rare. 

ZINC MINERALS. 

Sphalerite or zinc blende (ZnS). Isometric; dark brown; 
massive, rarely crystallized; rare except in veins in 
monzonite. · 

Smithsonite (ZnC03). Rhombohedral; reniform crusts; 
replacement of limestone; common; with iron carbon
ate variety, monheimite. 

Calamine (H2ZnSi05). Orthorhombic; small crystals and 
white mammillary forms; fairly common. 

Hydrozincite (ZnC03.2Zn(OH)2). White; chalky or 
fibrous; alternating with smithsonite in reniform 
crusts. 

Goslarite (?) (ZnS04.7H20). White efflorescences. 
Adamite (Zn3As20 8Zn(OH)2). Orthorhombic; pale-green 

crusts; rare. 
Aurichalcite (basic carbonate of zinc and copper). See 

above under ''Copper minerals.'' 

BISMUTH MINERALS. 

Native bismuth (Bi). Rhombohedral; ,reddish silvery 
white; rare. 

Bismite (Bi20 3). Earthy-yellow crusts. 
Blsmutite (Bi20 3 .C02 .H20). Yellow; earthy. 
Mixite (basic hydrous arsenate of copper and bismuth) 

See above under ''Copper minerals.'' 
Arsenobismite (2Bi20 3 .As20 5.2H20). Yellow; earthy 

cryptocrystalline; new mineral. 

URANIUM MINERAL. 

Zeunerite (Cu(U02) 2.As20 8+H20). Tetragonal; smali 
uranium-yellow tabular crystals on barite; very rare. 

FE~TURES OF THE OCCURRENCE OF MINERALS~ 

In the following paragraphs is given a run
ning comment on ~he mode of occurrence and 
special localities of the minerals listed above. 
The genesis of the deposits and the general 

massive; grayish course of alteration are discussed in another 

Pyrite (FeS2). Isometric; small cubes, octahedrons, pyri
tohedrons or massive; pale yellow. 

Marcasite (FeS2). Orthorhombic; rare. 
Arsenopyrite (FeAsS). Orthorhombic; 

white; rare. , 
Limonite (2Fe20 3 .3H20). Dark brown to yellowish 

brown; fibrous or earthy; common. 
H!3matite (Fe20 3). Rhombohedral; steel-gray with red 

streak, or red and earthy. ' 
Scorodite (FeAs04+H20). Orthorhombic; bluish-green 

prisms and pyramids. 
Pharmacosiderite (6FeAs04 .2Fe(OH)3+12H20). Isomet

ric; crusts or isolated_ small brown cubes; not common. 
Melanterite (FeS04.7H20). Monoclinic; pale-green crusts. 

place. 
GANGUE MIN·ERALS. 

Quartz.-All the deposits contain quartz,. 
which occurs in two forms. (1) As a fine
grained aggregate replacing limestone or dolo
mite, the structure and texture of which may 
be preserved. Some of it contains residual 
calcite or dolomite. Th~ color ~s gray or bluish 
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. gray, or both, alternating in delicate banding.! are often seen; any generation may be partly 
Such replacement quartz has often been called replaced and coated by quartz, and sometimes 
jasperoid(Pls.XX-XXII,pp.157-159). (2) As the crystal has been entirely dissolved, leaving 
later crystalline cnlsts with small crystals, a cast of the tabular crystal. The perfect crys
usually projecting only with the pyramidal tals are very small. Where the mineral is 
faces. These crystals are generally not more present in considerable amounts, it is gener
than a few millimeters long. Longer and ally associated with the copper-gold ores, par
thicker crystals may ·be found on some veins ticularly with enargite. 
in monzonite. This quartz is of the second Gypsum.-Gypsum belongs to the oxidation 
generation, preceding oxidation. A third gen- phase of the deposits and is widely spread in 
eration of quartz occurs in places, and a fourth the oxidized ores. Curved small crystals were 
generation of small crystals is here and there found in a cavity in the zinc stopes of the May 
deposited on products of oxidation. The Day mine. Long, slender crystals were found, 
quartz grains in many varieties of jasperoid according to Tower and Smith, in open spaces 
are believed to have crystallized from an ini- in the Ajax veins, and these were coated with 
tial repla.cement by gel~tinous silica, and much sta~actites of limonite. Still better crystals of 
of the quartz of the second generation, pre- gypsum were found in a cave in Iron Blossom 
·ceding oxidation, is likewise c_rystallized from No. 1 (p. 243). 
an initial deposit of silica gel. Chalcedony is AZunite.-Aluminum sulphates are far more 
present as spherulites and veinlets. widespread than was expected and are found 

OaZcite.-Calcite is not a primary gangue at many places in the oxidized ores. !neon
mineral, except that residuary masses may be spicuous white kaolin-like masses of alunite 
rarely found in jasperoid. In brecciated lime- occur in the country rock of some of the 
stone calcite is abundant in scalenohedral deposits-for instance, in a black shale com
forms; in caves of recent origin calcite in long mon underneath some ore bodies of the Iron 
branchlike crystals and botryoidal masses is Blossom. Microscopic crystals were found in 
very common. Calcite is also one of the lat- some of the veins in monzonite and in an ~ut
est products. of oxidation processes and here crop of replacement quartz or silicified por-
appears as flat rhombohedrons. phyry near the Governor shaft. 

Aragonite.-In caves of late origin or as Crandallite.-A new mineral/ with the for-
bunches of slender prisms, aragonite appears mula Ca0.2Al20 3 .P20 5.5H2,0, has been found 
11ere and there, forming one of the latest prod- only on the dump of the Brooklyn mine. It 
ucts on oxidized ores. is named crandallite, after Mr. M. L. Crandall, 

Dolomite.-Minerals allied to dolomite and engineer for the Knight syndicate, who ren
ankerite are common in brecciated limestone dered much valuable assistance during the 
and locally also cement fractures in ore bodies, writer's study of the mines in the Iron Blossom 
but they are not ordinarily gangue minerals, anq Godiva zones and in the igneous rocks. 
properly so called. Crystals of rhombohedral It is a white to yellowish-gray dense to fibrous 
·forms are sometimes seen, but ordinarily the hydrated phosphate of aluminum and calcium 
.minerals form coarse granular aggregates. and has apparently resulted from the altera-

Barite.-Barite is an almost universal gangue tion of a nonfibrous mineral similar to goyazite 
mineral of both the earlier and later phases (hamlinite). The material seen forms fine 
of primary mineralization. Large masses of botryoidal crusts, lining and parqy replacing 
coarsely granular or platy barite aggregates the walls of cavities in -quartz-barite-sulphide 
are seen in the Centennial Eureka and Grand vein ma,tter. It is coated with a thin layer 
Central mines, also in the veins of the Carisa, of tenorite. In part it has a pearly luster on 
where at the junction of two veins the barite basal cleavage surfaces. Cleavage fragments 

·forms a s·olid body 25 feet wide, 40 feet or prove under the microscope to be uniaxial and 
more long, and 50 feet in vertical extent. are believed by Nir. Schaller to represent the 
Large plates of barite several inches long are 1 For a complete description with discussion of the chemical and 
in places intergrown with sulphide minerals mineralogic relations of crandallite, see Loughlin, G. F., and Schaller 

d "th t S l · f b . W. T., Crandallite, a new mineral: Am. Jour. Sci., 4th ser., vol. 43; 
--an WI quar z. evera generatwns o ante PP· 69-74, 1917• 

• 
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cleavage of the original mineral (goyazite or 
hamlinite) whose alteration has yielded cran
dallite. The cleavag~ of the finely fibrous to 
cryptocrystalline crandallite could not be de
termined; neither could its specific gravity, 
owing to the impossibility of obtaining ma
terial · free from associated minerals. The 
hardness is between 4 and 5. · 'rhe indices of 
refraction range from a minimum of 1.585 to 
a maximum of 1.595. Before . tlie blowpipe 
crandallite decrepitates somewhat, then exfo
liates slightly, and fuses to an· opaque white 
enamel, coloring the flame intermittently a 
pale green (phosphorus) with occasional flashes 
of red (calcium, strontium). In a closed tube 
decrepitation occurs with the liberation of 
water. It is soluble in acids. The chemical 
analysis is as follows: 

Analysis of crand:allite. 

[W. T. Schaller, analyst.) 

Insoluble matter ....... __ ... ______ _ 
Al

2
0

3
• __ ••••• __ • ____ • ___ • ____ • __ •• 

CaO ••... ------------------·-----· 
SrO ....... -------------·----------
MgO .......... -----·----·--·------
PzOs··------··------ ----- ·-·--- --. 
803 •• ----- ---·--·-··--- --- ·-·-- -

H20----------·-----·----··-----
H 20+-------·---·-···------·- · ·· 

Recalcu
lated with 

Analysis. insoluble 
matter 

deducted. 

35.13 
25.16 
4.88 
1.44 

. 61 
17.61 
2.47 

. 84 
12.'26 

100.40 

38. 71 
7.50 
2.21 

. 94 
. 27.09 

3.80 
1. 29 

18.86 

100.40 

Sulphur.-During the earlier survey sul
phur was found in the Eureka I-Iill mine as 
nearly perfect crystals one-eighth of an inch 
in diameter coating anglesite that was 
attached to galena in cavities. It was also 
found incrusting the walls of the Sioux-Ajax 
tunnel. 

The foregoing list of gangue minerals is 
unusually short for deposits so complex. Flu
orite, siderite, rhodochrosite, chlorite, and 
zeolites are entirely absent, as is the whole 
series of silicates, boro-silicates and fluo-sili-: 
cates of the high teD?-perature deposits. 

GOLD AND SILVER MINERALS. 

Gold.-N ative gold is rarely seen in the 
Tintic ores, though many of the copper-bear
ing. or purely siliceous ores contain gold to the 

amount of several dollars to the ton. In the
purely siliceous- ores-for instance, those of 
the Iron Blossom No. 1, which are honey- · 
combed and cellular and contain but little 
limonite-the gold, though present to the ex
tent of several tenths of · an ounce to the ton, 
is very rarely visible. In the enargite ores, 
which may contain equal amounts, free gold is. 
never seen, and the pure enargite carries about 
$8 to $12 in gold to t!J.e ton. According to 
Tower and Smith/ "Special tests on the 
gold-bearing ores have shown the presence of 
small amounts of tellurium; that gold is com-· 
bined only with tellurium is very uncertain. 
It may also (in the primary ores) have been 
associated .with pyrite." The mines that 
have yielded most gold are the Centennial 
Eureka, Mammoth, Grand Central, Victoria, 
Eagle and Blue Bell, Gold Chain (Ajax), Opo
honga, North Star, and Iron Blossom No. L 
Rich gold ores containing many ounces to the 
ton were found locally in these mines. The 
largest shoot of gold ore, which-contained few 
other valuable constituents, was found in the 
Apex shoot of the Mammoth, particularly on 
the 1,500 and 1,600 foot h~vels( ~). Such ores 
are quartzose and always show native bright 
yellow gold, which is clearly of secondary na
ture, deposited during oxidation as fl'akes on 
joint planes (Victoria) or as nests in partly dis
integrated and oxidized jasperoid. 

Silver.-N ative silver is sometimes seen1 

chiefly in the upper levels of the mines that 
contain galena, where it is neither plentiful 
nor conspicuous. It forms small sheets and 
wires. Secondary wire silver is also found in 
the· Gemini mine on level 19, below the water 
table; there was some oxidation and one wire 
was found to penetrate a crystal of cerusite. 

Oerargyrite.---Cerargyrite, or horn silver, in 
thin gray or brown flakes and coatings was 
exceedingly common in the partly oxidized 
lead ores. The Gemini and Eureka Hill 
mines have had large bodies of chloride ore 
from the surface down to the 800 or 1,000 foot 
levels. The typical horn-silver ores are sili
ceous and carry only a small percentage of 
lead, mostly in the oxidized form. In late 
years much of this kind of ore has been mined 
on the 1,200-foot level of the Eagle and Blue 
Bell mine. Tower and Smith 2 mention the 

1 Tower, G. W., jr., and Smith, G. 0., op. cit., p. 694. 
2 Idem, p. 721. 
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· occurrence of crusts of horn silver half an inch 
thick in the Gemini mine. The cerargyrite 
certainly becomes less conspicuous at great 
depth, and galena appears instead. The 
writer is informed by Mr. John McChrystal, 
however, that horn silver was found in level16 
of the Gemini mine, 1,700 feet below the sur
face. 

Argentite.-Argentite is not a rare mineral at 
Tintic, but it can rarely be identified without the 
aid of a microscope. It occurs in microscopic 
grains in all the argentiferous galena of the 
district. In this form it is primary. Argen
tite associated with native gold and cerargy
rite was found in many specimens of rich ore 
and is here undoubtedly secondary. As a mi
croscopic product of the replacement of prous
tite it was observed in a specimen from the 
Chief Consolidated mine, obtained at a depth 
of probably about 1,000 feet. 

Sulpharsenides of silver.-Proustite occurred 
in the specimen just mentioned and is doubt
less secondary; at any rate it is decidedly later 
than the latest crustified quartz. "Ruby sil
ver" is reported from level 19 of the Gemini 
mine but is evidently very rare in the dis
trict, a remarkable fact considering the fre
quent association . of enargite with silver
bearing ores. 

Stephani te and poly basi te are likewise ex
tremely rare if they occur at all. On the other 
hand, pearceite (exact locality unknown) was 
found by Mr. Maynard Bixby, of Salt Lake 
City, in a car of Tintic ores, and crystallized 
specimens of this mineral are, according to a 
letter from Mr. Bixby, in the Field Museum in 
Chicago, in the American Museum of Natural 
History in New York, and in the Bement col
lection. The mineral was identified by Pen
field. A gray massive mineral probably identi
cal with pearceite occurs abundantly, inter
grown with galena, in the Gem shoot in the 
Gemini mine from level 14 to level 19 (fig. 19, 
p. 189). It melts easily in the flame of the alco
hol lamp and contains abundant silver, arsenic, 
and sulphur, with some copper. (Seep. 179.) 

LEAD MINERALS. 

Galena.-Galena is one of the most common 
lead minerals of Tin tic and occurs in all the 
mines, though not abundant in those in which 
much enargite and barite are present. In such 
mines galena is sometimes found on the outer 

side (in the "casing") of ore bodies. The 
bodies of galena are associated with quartz and 
a little barite, and some very large ore shoots of 
a~most pure galena have been mined. Tower 
and Smith mention masses of galena ore from 
the Uncle Sam :i:nine carrying 7 5 percent galena 
by the hundreds of tons. More recently large 
quantities of high-grade galena ores from the 
lower levels in the Eagle and Blue Bell mine 
have been shipped. The galena rarely forms 
well-developed crystals, but occurs commonly 
in crystalline aggregates the grains of which are 
from 1 to 5 millimeters in diameter. Fine
grained" steel" galena usually occurs in partly 
oxidized bodies. Much of the galena appears 
in two generations, connected respectively 

FIGURE 17.-Sketch of polished section of ore from Eagle and Blue Bell 
mine. Galena oxidizing to anglesite. Zinc blende intergrown with 
galena. Geocronite replal'ing galena. Covellitedeveloping along an
glesite contact. 

with the fine-grained jasperoid and the crusti
fied quartz. Loc~lly galena of a still later 
generation forms /films oh joint planes. All 
the galena contai5s silver but rarely more than 
50 ounces to the tpn; much of it runs only 30 
ounces; and in some of the mines distant from 
the centers of met4llization it may contain only 
a few ounces. Tlhe silver content is depend
ent upon small in1ludedgrains o.f argentite. 

Anglesite.-The Jfirst alteration product from 
galena during oxidation is anglesite (fig. 17; 
Pl. XXVI, E, p. /166). It is a widely spread 
miner~l but occu~s rarely in large quantities. 
In t~e massive fo~m it usually has a dark color 
caused by finel~ /. disseminated galena. The 
beautiful anglesit

1

e crystal~ from the Eureka 
Hill mine1 which ~ppear as drusy crusts in cavi
ties of galena, are found in many collections. 
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Cerusite.-The most :abundant lead mineral in 
the district is cerusite. · It is common in. all the 
mines, and locally as in the Colo:rado and Iron 
Blossom mines, it occurs in very large masses. 
Anglesi te rapidly changes to cerusi te under the 
influence of water contajning carbon dioxide. 
Silky tufts of slender crystals are common in 
the oxidized ores, but the mineralis more abun
dant in granular or massive earthy and sandy 
aggregates of white to yellowish color, in great 
part directly replacing massive galena. The 
cerusiteinvariably contains silver, at least when 
in granular or massive form. }.>;ssays of pure 
material from the Iron Blossom gave about 20 
ounces of silver to the ton. 

Other lead mineraZs.-Leadhillite is 'own 
from one occurrence in the Eureka Hill mine, 
with anglesite; the specimen is in the olden 
collection in Harvard University. 

Cotunnite, the chloride of lead, may b~ pres
ent in minute quantities in some of the ox Qized 
lead ores which give-a trace of lead and c 
i1pon extraction with hot water. 

Phosgenite, the rare chlorocarbona e of 
lead, was recently id.:mtified by Prof. C arles 
Palache. It occurs on a specimen of cerusite 
in tlie Holden collection as a grayjsh-Urown 
orust replaoing . the carbonate. An unidenti
fied oxychloride wa~ determined by Mr. 
Whitehead and Prof. C. H. Warren on a 
specimen in the collection of the present sur
vey obtained from the 1,000-foot level of the 
Eureka Hill mine. It forms minute yellow 
probably ·orthorhombic prisms and rounded 
aggregates. It is soft ~nd rather brittle, 
fuses easily, and yields h~ad, chlorine, and ~ 
little arsenic. 

Minium is sometimes seen as a bright-red 
earthy coating on oxidized ore and is one of 
the latest products of oxidation. 

Mimetite from Tintic (locality unknown) is 
contained in specimens of oxidized ore in. the 
Holden collection, but in general arsenates of 
lead are rare in the Tintic district. Pyromor
phite has been identified in specimens from the 
Eureka Hill . mine in the Holden collection. 
The mineral occurs as slenderwhite needles in 
vugs and also appears to contain some arsenic. 

COPPER MINERALS. 

Enargite.-The principal primary copper 
mineral at Tintic, though relatively rare else
where, · is enargite. There are few mines in 

which it does not occur at least in a subordinate 
quantity. It has been found in the lead mines 
of the Iron Blossom zone and in the Gemini 
mine and occurs in large quantities in the 
Centennial Eureka, Mammoth, Ajax, Gold 
Chain, Opohonga, Carisa, and other copper 
mines, also in many of the deposits in the mon
zonite . . To a large extent the enargite has been 
destroyed by oxidation (fig. 18); but even 
in the upper levels of the mines mentioned 
much of it has been found. Considerable 
enargite was found in the Apex ore body of the 
Mammoth mine, 100 feet or less from the sur
face. The enargite occurs mainly in coarsely 
crystalline aggregates of iron-black color and 
excellent prismatic cleavage. Some of the ingi-

FIGURE 18.- Sketch of polished section of enargite ore from Victoria 
mine, showing vein of coppE)r arsenates (white) with lining and 
streaks of chalcocite (dark gray) and.l~ter covellite (black). 

vidual grains may be 2 or 3 inches in length, 
being mostly elongated along the prismatic 
axis. ,Good but very small crystals were seen 
on quartz in vugs in ore from the Eureka Hill 
mine; crystals ·are also said to have been ob
served in the Homestake v;ein and on the dump 
of the Sunbeam mine in the monzonite area. 
En~rgite is associated with barite and jasperoid, 
and much of it contains small grains of pyrite 
and chalcopyrite. 

Famatinite.-In places in the Mammoth 
mine-for instance, in the Ape:X ore body, 100 
feet below the surface-a metallic mineral al
lied to famatinite occurs so intimately asso
ciated with enargite that pure substance for 
analysis is difficult to obtain. This mineral is 
of a reddish-gray color and has a dark-brown 
streak. A small quantity was analyzed by 
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George Steiger and found to contain 37.73 per 
cent of copper, 14.31 per cent of antimony, and 
29.07 per cent of sulphur, but Mr. Steiger states 
that these figures should be regarded as only 
approximate. It also contains arsenic. Pure 
famatinite should contain 43.3 per cent of cop
per, 27.4 per cent of antimony, and 29.3 per 
cent of sulphur. An arsenical famatinite from 
Goldfield, Nev./ yielded copper 48.0, arsenic 
11.0, antimony 12.2, sulphur 28.8. 

Tetrahedrite.-Tetrahedrite is not common in 
the Tintic district. It was definitely identified 
from a vein crossing the contact of l_imestone 
and monzonite on level19 of the Lower Mam
moth mine, where it is associated with pyrite, 
zinc blende, and barite. It also occurs in ore 
from the Gem channel, on level 14 of the 
Gemini mine, where it is mixed with galena and 
a little pyrite in a siliceous gangue. In small 
grains it is common in siliceous copper ore from 
the Eureka Hill mine. In the earlier report it 
is said to occur in a specimen from the Blac~ 
Dragon mine. 

Tennantite.-The earlier report mentions 
tennantite from the Centennial Eureka and 
Boss ·Tweed mines, but the identification was 
not complete. So far, typical tennantite has 
not been positively identified. , 

Ohalcocite.-In small amounts chalcocite re
sults from the oxidation of enargite and famati
nite; it develops contemporaneously with ar
senates of copper, particularly olivenite, and is 
found in many places in small streaks and grains 
embedded in olivenite and also along the mar
gins of enargite (fig. 18). In larger amounts it 
has been found only in the Centennial Eureka. 
In many specimens of enargite it is observed 
as small sooty aggregates, often with covellite. 

Oovellite.-Covellite in small amounts is, like 
chalcocite, a common alteration product of 
enargite (fig. 18), tetrahedrite, and famati
nite. It was found on zinc blende in a speci
men from the Black Jack dump and on galena 
in microscopic grains in specimens from many 
mines such as the Colorado, Gemini, and Iron 
Blossom (Pl. XXVI, 0, p. 166). Like chalco
cite, it is the first pro~uct of oxidizing alteration 
and is closely associat~d with copper arsenates. 
The Holden collection. contains specimens from 
the _ Eureka Hill mine showing covellite in 

1 Ransome, F. L., The geology and ore deposits of Goldfield, Nev.: 
U. S. Geol. Survey Prof. Paper 66, p. 118, 1909. Analysis' by W. T. · 
Schaller (recalculated). 
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minute tabular crystals on anglesite and of 
almost contemporaneous origin. 

Bornite.-Tower and Smith mention one 
oc~urrence of bornite, said to for.m a decompo
sit~on product of chalcopyrite. They do not 
sta~e t~e locality,_ and

1 

t. he mineral has not been 
idertified during the iPresent investigation. 

f halcopyrite.-Chalcopyrite occurs sparsely 
in fllany of the coppJr mines and was particu
larly/ noted in Centennial Eureka and Grand 
Cef tral. It is present in small quantities asso
cia~ed with enargite land in places inclosed by 
it rs small anhedrorts. It was also observed 
wi' h pyrite; chalcopyrite, a:qd zinc blende in a 
v~~n in monzonite in the Lower Mammoth 
m1~e. 1 ' 

rrative copper and cuprite~-All of the copper
herring ores probably contain some native cop
pef and cuprite, but 1 these minerals are rarely 
conspicuous. Native copper is mentioned as 
oc~urring in the Euteka Hill and Boss Tweed 
mif.es. During the present investigation it was 
fol!lnd in specimens lfrom the Centennial Eu
re~a, intimately associated with cuprite. 

~
elaconite ( tenorit~).-In the report by Tower 

an Smith melaconi~e is stated to occur abun
da ly in black eartliy masses, but it is proba
bl' .that most of these: are really sooty chalcocite. 
O~e specimen from the Brooklyn dump showed 
a 1hin coating of ten

1

orite on crandallite. 
Copper pitch ore.~The indefinite minerals 

grouped . under the t~rm copper pitch ore, con
.tai~n- ing oxides of copper, iron, and manganese 
wi h silica and watet, are common, _usually in 
de se red or brown masses with conchoidal frac
ture. One specimenlfrom the Ajax dump shows 
al ernating bands oi! this material with mala
ch"te. It is amorphous and of colloid origin. 

Malachite and azurte.-The basic carbonates 
of copper; malachite; and azurite, are rather 
a undant, though niuch of the material that 
loiks like malachite is really copper arsenate. 
B ' t~ minerals are f~r.med from en. argite, ~etra
h dr1te, and famat1rute, but they are usually 
la er products of ox~dation resulting from the 
d composition of arsenates or from the action 
of calcium carbonat~ solutions on soluble cop
p~r sulphate. Goo<jl specimens of m~lachite 
wfre obtained from the East vein in the deeper 
levels of. the Iron : Blossom mine. Neither 
m~neral is particularly . characteristic of any 
given horizon in the1 mines. 

• 
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Brochant~te.-The basic copper sulphafe 
brochantite is not common. It is described by 
Hillebrand 'and Washington 1 as occurring in 
small prismatic or double wedge-shaped crys
tals. The Holden collection contains a speci
men from the Centennial Eureka mine. 

Lettsomite and linarite.-The blue lettsomite 
is ·reported by Dana from -the Ajax mine in 
velvety crusts or globules. Mr. Maynard 
Bixby, in a recent letter to the writer, states 
that some very ·fine lettsomite has recently 
been found at Tintic. Mr. Bixby also states 
that linarite specimens, probably from the 
Bullion Beck or t lle Gemini mine, are in the 
Field Museum in Chicago and that recently 
good linarite is said to have been found in the 
·800-foot level of thA Mammoth mine. 

Olivenite.-Of the many copper arsenates 
found at Tintic olivenite contains the least 
water, and it is usually the first oxysalt to form 
during the oxidation of enargite. It is ·proba
bly the most common of the arsenates. Enar
gite traversed by a network of olivenite veins 
is often seen. The mineral appears in many 
colors and modes of aggregates. It is massive, 
dense, or crystalline or forms velvety crusts; 
very commonly it is crystallized in prisms 
several millimeters in length; more rarely it 
is tabula:r:, as in a specimen from the Cen
tennial Eureka, identified by Prof. C. H. War
ren. In coior it is olive-brown, olive-green, 
yellowish-green, pure brown, or rarely reddish
brown. It occurs in every one of the copper 
mines at Tintic. 

Tyrolite and clUtlc_ophyll~te.-The pale-bluish 
foliated and fan-shaped aggregates of tyrolite 
are' found r'ather commonly in the oxidized 
copper ores, -particularly in the shoots of the 
Ajax -and Mammoth .mines; in places the ' tyro
lite occurs with clinoclasite.. Chalcophyilite ·is 
not easily distinguished from tyro lite; under 
the microscope the uniaxial character of the· 
former is the most easily available test. 

Olinoclasite.-The dark bluish-green clino
clas!te, which' in many places forms curved or 

- spherical aggregates of rather large size, is one 
of 'the characteristic . arsenates of the Mam
moth-Aj~x copper zon~ but is certainly .iwt 
common elsewhere. It: is generally on~ of the 
later arsenates, developed upQn olivenite and 
locally cov~red by azurite. · · 

Erinite.-Oxidized ores from any of the cop
per minesmay show small dark-green or dirty 
grayish-green mammillary crusts and spheres 
of erinite. It is one of the later minerals and, 
though common, rarely appears in abundance. 

Oonichalcite.-The arsenates · already enu
merated are rather free from metals other than 
copper; 1 or 2 per cent of zinc is commonly 
present, but there is little iron, calcium, or 
magnesium-in fact, magnesium is rarely found 
in more than traces. Tyrolite, however, con
tains, according to Hillebrand's analysis, 6.84 
per cent of CaO, and in conichalcite calcium 
appears as one of the principal constituents. 
Hillebrand's analysis of conichalcite 2 shows 
19.79 per cent CaO, 0.54 per cent MgO, and 
0.36 per cent Fe20 3 • The mineral is essentially 
a hydrous arsenate of copper and calcium. 
Hillebrand found also 0.30 per cent Ag, which 
is not combined with chlorine but is probably 
present as a ::;ilver arsenate: Conichalcite ap
pears · to be a ·niineral characteristic of the 
Tin tic district; one of the few places of occur
rence is at Hinajosa, in Andalusia, Spain, but 
that variety contains vanadium and no zinc. 
Dana's handbook incorrectly states that coni
chalcite resembles malachite; it has, in fact, a 
very characteristic bright pistachio-green color_ 
that should not easily be confounded with the 
pure green of malachite. 

At Tintic conichalcite is probably the most 
widely distributed copper arsenate and occurs 
in small fibrous spheres or more rarely in mam
millary crusts. · It has been observed in 'all the 
ore that carries copper, even if mixed with 
much lead, arid ·always belongs to the later 
series of arsenates. It develops from the 
action o'f calcium carbonate waters on arsenate 
solutions derived from the ;earlier series of cop
per ·arsenates. · In m'any places the little glob
ules incrust leached quartz from -which most 
of the other arsenates have been dissolved. 
Hillebrand· found i't very difficult to obtain 
pure materi~ f<?r analy~is, as most of the' little 
spheres contain a core of gangue material. 

Ohenevixite.-Ferric arsenate in combina
tion with copper arsenate. and water forms the 
yellowish-brown massive mineral chen~vixite, 
originally described from Cornwall. Chene
vixite seems to be a well-established species 
from the chemist's viewpoint; but its . optical 

1 Hillebrand, W. F., and Washington, H. S., Notes on certain rare 2 Hillebrand, W. F., Associated rare minerals from Utah: U.S. Geol. 
copper minerals from Utah: U.S. Geol. Survey Bull. 55, p. 47, 1889. Survey Bull. 20, p. 84, 1885. 
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characteristics have not been determined and it · the 1 ,400, 1 ,600, 
can not be easily distinguished from the mas- below the water 
sive varieties of olivenite froin the American the peculiar _ o't:l\.:•Vl.l.'Llc:L~ 
Eagle mine described and analyzed by Hille- elsewhere (p. 179) . . 

1, 900 foot levels, mainly 
and in association with 
sulphide ore described 

occurs-alone, cementing 
brand.1 a breccia of imp dolomite and also with 

and pearceite (fig. 1 9) 
aggregates and . rounded 
breccia of silicified rock 

. y, however, be fibrous 

Mixite.-In some of the mines that contain galena, zinc blen 
bismuth. ores. (Mammoth, Ajax, Boss Tweed-, as spherical fibrous 
and Carisa), tufts of slender crystals of the bis- thin ·crusts; also in 

- muth-copper arsenate mixite have been found. and dolomite.. It 
Other copper minerals.-Basic copper chlo- pyrite. 

only occurrence of ar
. te ore of the Swansea 

rides . and chlorosulphates are rare. Prof. Arsenopyrite.-
Charles Palache has recently shown the writer senopyrite is in the 
specimens of co.nnellite and spangolite from mine. 

ferric hydroxides.-Limo
copper mines, less so 

It is usually yellowish · 
t in the outcrops-for 

the Grand Central mine. Libethenite, a phos- Limonite and 
phate of copper, is reported to have be.en found 
in the district, but no definite authority for 
this statement has been obtained. 

IRON MINERALS. 

Pyrite.-Veins in the igneous rocks gene~ally 
c.ontain much. pyrite, both .in massive for:!? and, 
more rarely, crystallized in octahedrons and 
pyritohedrons. In finely divided form t is 
also abundant in many altered igneous ~ocks 
boih near and distant from veins. The l~ti te 
and monzonite porphyry at the southern f on
tact contain much pyrite, and it is also comp10n 
in extremely small grains in parts of the Backard 
rhyolite and in the dikes in limestone. I · 

In the mineral deposits in limestone and dolo
mite pyrite is much less abund&nt. Very little 
is contained in the lead- deposits, and mof t of 
that once present has been destroyed by o1ida
tion. Its mode of occurrence seems to be 
mainly in small crystals of the usual Pyfito
liedral form, inclosed in silicified limestone; in 
places the conversion of these small cryst 

1 

s to 
limonite can be readily observed under the 
microscope. Occasion.ally small aggregat · s of 
massive pyrite are seen. . 

Pyrite was more abundant in the co per 
deposits, as ·shown by the more abundant la.mo
nite in the oxidized parts, · but in all ~hese 
deposits and at all depths more or less pyrite 
remains. It is generally assqciated with ijnar-

. gite and_ much o~ it occur:' in small grains! and 
crystals mclosed ~n that mmeral; smaller ·at. gre-

gates _o .. ~. m·a. ~sive ' textu~e _are -.o.fte.n "see~. . . .t is. 
not usually 1ntergrown ·w1th chalcopyrite. · . · 

No secondary pyrite has ·beeii observed~ ·. -' 
Marc~.site._:_Ma:rcasite 0) has been noted lily 

ii: the Gemini mine in the Gem · clianne ; 
1 Hillebrand, W. F., op. cit., p. 85. 

section of ore from ]~vel 19, Gemini 
aggj:·egat.es of marcasite (?) with qua~tz. 

reniform dark-brown 
caves of . the AJ] ax mine 

llrrton:Ilte 2 or 3. feet long ·were 
observed by Tower Smith, covering gypsum 
crystals and ' with calcite crystals. 

The other may also be present. 
Mr. Maynard Bi:x of Salt Lake City, reports 
in a letter that thite has been found in 
crys_tals several . in diameter . 

In large dense, 
limonite occurs at 
Black Jack mine., 
ment of .limestone. 

Hematite is .not y seen in the ores 
I from the Tin tic t. 
1 Ferric 8ulphates. ,arosite is one of the most 
common of the · ferric sulphates and forms a 
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bright brownish-yellow, extremely fine scaly 
powder that sticks to the fingers like graphite 
when handled. Under the rillcroscope it is 
seen to consist ·of minu~e yellow hexagonal 
scales. In the Tintic district jarosite was 
first ~denti:fi:ed from the American Eagle mine, 
by Richard Pearce, but this or a similar mineral 
occu:rs in most of the oxidized deposits, 
specifically at the Chief, Grand Central, Iron 
Blossom, and · Colorado mines. Plumboj aro
site, which contains lead hut no potassium, 
has been identified from several places, notably 
the Chief mine, but the identification is diffi
cult because of admixtures with other oxidized 
lead minerals. Melanterite · is fou d in the 
Swansea mine as effiorescence and crusts. 
Utahite, another ferric sulphate ~thout potas
sium or lead, is stated by Tower and Smith to 
occur in the Bullion-Beck, Eureka Hill, Mam
moth, and Ajax mines. It is orange-yellow 
and forms hexagonal scales like jarosite, so 
t~at the di~tinction between these sulphates is 
difficult Without chemical analysis on pure 
material. It is possible that utahite may be 
identical with · jarosite. Efflorescences of 
mixed soluble sulphates are sometimes found 
on the walls of the drifts. 

Massive sulphates and arsenates.-Massive 
and very fine grained brown or black ores are 
often . found which are indefinite mixtures 
of ferric arsenates and sulphates and which 
also contain more or less copper. Hillebrand 1 

analyzed some such materials from the Ameri-
. can Eagle mine but found that no definite 

formula could be calculated for them: 
Ferric arsenates.-Iron arsenates are not 

abundant at Tintic, though scorodite and 
pharmacosiderite have_ been~id~ntified in speci
mens from several nnnes. Fine bluish-green 
crystals of scorodite from the Centennial 
Eureka are in the Holden collection. Small 
brown cubes of pharmacosiderite were noted 
in several specimens of oxidized ores during the 
present examination. Mr. Bixby of Salt Lake 
City, states that some cubes r~cently found 
(exact locality unknown) were 9 millimeters 
in diameter. 

Borickite.-Borickite, a phosphate of iron and 
calcium, is given by Dana 2 as of doubtful oc
currence in the Copperopolis (now Ajax) mine. 

1 Hillebrand, W. F., Associated rare minerals from Utah: U.S. Geol. 
Survey Bull. 20, p. 87, 1885. 

2 System of mineralogy, 6th ed., p. 1092, 11192. 

MANGANESE MINERALS. 

Small quantities of oxide of manganese are 
found in most of the oxidized deposits, particu
larly in those mines which contain copper ·and 
gold. The compound g~nerally present is wad, 
a hydrous dioxide of manganese. ·wad was 
identified in the Iron Blossom mine in the shale 
below the ore bodies, and manganite i:o. a speci
men from the Victoria mine. 

ZINC MINERALS. 

Zinc blende (sphalerite).-In the veins in 
igneous rocks zinc blende is found in places as 
dark-brown massive aggregates. In the Lower 
Mammoth vein it appears near the point where 
the fissure crosses into monzonite. As a rule it 
is associated with pyrite. 

In the primary ore of the deposits in lime
stone zinc blende is always present, usually as 
small grains or imperfect crystals embedded in 
silicified limestone and associated or inter
grown with galena (Pl. XXVI, D, p. 166). The 
great bulk of the ore, however, is oxidized, and 
during the process of oxidation the zinc blende 
usually is the first mineral to become traris
formed into sulphate. The mineral . is more 
abundant "in the lead ores than in the copper 
ores. The sulphide ores as shipped contain
usually a small percentage of zinc, and from the 
abundance of oxidized zinc ores near many 
galena ore bodies the universal presence of 2 to 
5 per cent of zinc in the primary o1'e may be 
assumed. Below the water level in the Gemini 
mine a secondary ziric blende is intergrown 
with galena or forms concentric spherulites 
(fig. 19). 

Oxidized zinc minerals.-During the last few 
years considerable bodies of oxidized zinc ores 
have been found adjacent to the old lead stopes 
in sev~ral mines, particularly in the May Day, 
-qncle Sam, Iron Blossom, Chief, Gemini, and 
Lower Mammoth. They also occur in the 
East Tintic and North Tintic districts. Such 
bodies will probably be found in all the lead 
mines. · 

Smithsonite, the carbonate, is the most com
mon of these minerals and forms greenish to 
white fibrous and mammillary crusts, also gray 
to brown massive aggregates which are easily 
mistaken for altered .limestone. Fine blue 
smithsonite is reported from the Boss Tweed or 
Victor mine. 
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Calamine, the silicate, forms small tabular and 121.6 ounces of silv:er and 0.88 ounce of 
crystals; more rarely it has prismatic form; in gold to the ton. Another assay across 16 
places it alternates with smithsonite in layers of inches yielded 18.12 per. cent of bismuth, 2.6 
massive texture. These are generally white, per cent of copper, and 153.7 ounces silver and 
but single crystals are mostly colorless and 0.64 ounce of gold to the ton. A picked 
transparent. sample of yellow ore contained 32 per cent · 

Hydrozincite, identified by Mr. Loughlin, of bismuth ana some green copper ore yielded 
forms white, chalky layers of dense or :fibrous 2~08 per cent of bismuth, 19.3 per cent of 
texture, alternating with smithsonite. copper, and 44.5 ounces of silver and 1 ounce 

Aurichalcite, a basic zinc-copper carbonate, of gold to the ton. This ore has been carefully 
is not important as an ore mineral, but its pale- examined by A. H. Means and found to consist 
blue scales and rosettes are not uncommon in mainly of bismuth arsenate with barite. 
the zinc ores. - Fine aurichalcite was found in The mineral was separated as far as possible 
the Iron Blossom No. 1 mine and also occurs in from the barite; it forms yellow cryptocrystal
several of the properties above mentioned. line aggregates. The specific gravity of the 

All these zinc minerals are associated with pure material i"s 5.70; the refractive index 
calcite, gypsum, and· aragonite, and some of the close to 1.60. An analysis by R. C. Wells 1 

aragonite contains a little zinc~ · • gave the formula 2Bi20 3 .As20 5.2H20, and the 
Ada:rnite, a zinc arsenate, has boon found in mineral was named arsenobismite. 

orie specimen from the Iron Blossom mine, on Gold, silver, and bis!lluth have probably · 
limonite. been concentrated in this ore by the action of 

BISMUTH MINERALS. oxidizing processes. The neighboring Gpo-

Bismuth minerals have been found at several honga mine also contains b~smuth, for an out
mines in the district, particularly in the M~m- put of 4,099 tons of ore yielded from 0-.28 to 0.60 
moth, Boss Tweed, Carisa, and Emerald. A per c nt of bismuth. 
composite sample of oxidized lead ores from the ·A . bismuth oxychloride that is probably 
Gemini, Victoria, Eagle and Blue Bell, and' identical with daubreeite was found by 
Colorado mines yielded a distinct trace of bis- Mr. Means 2 on a specimen from the 1,200-foot 
muth. The metal is thus probably present in level of the Eagle and Blue Bell mine. The 
most of the Tintic ores. Nq bismuthinite (his- mineral -occurs as small hexagonal prisms. 
muth sulphide) has yet been identified, but the Mixite, a basic copper-bismuth arsenate, 
earlier report states that native bismuth occurs forms bunches of delicate bluish-green needles 
in the Emerald and Boss.· Tweed mines; in and has been found in the Ajax, Mammoth, 
the Emerald small crystals of the metal were Boss Tweed, and Carisa mines. 
found on limestone in the 500-foot level apart • URANIUM MINERAL. 

from any known ore body or vein material. 
Bismutite, a basic carbonate, is stated by 

Tower and Smith to occur in the Boss Tweed 
·.mine in very considerable bodies assaying from 
5 to 40 per cent metallic bismuth. It is said 
to be an isotropic straw-colored mineral which 
effervesces freely with acid. Bismutite also 
occurs as yellow crusts on rich hornsilver and 
argentite ores in the Victoria and Eagle and 
Blue Bell mines. Bismite (Bi20 3 ) has been 
identified without much doubt in yellow 
earthy crusts on ore from the 1 ,200-foot level 
north in the Eagle and Blue Bell mine. -

In 1914 a new discovery of bismuth ore was 
made in the Mammoth mine on the 600-foot 
level. A face 18 inches wide contained, accord
ing to statements of the officers of the mine, 
16.2 per cent of bismuth, 5. 7 per cent of copper, 

So far as known neither uranium nor vana
dium is commollly found in the ores of the ' 
Tintic district. Minute yellowish-green tabu
lar crystals of zeunerite, a hydrous copper
uranium arsenate, are found in some of the 
barite In the ore of the Centennial Eureka 
mine. 

THE ORES. 

The general character of the ores Is de
scribed on page 125. In this section it is 
proposed to present their composition and 
texture in a more detailed manner. The 
character of the primary ore will be :first set 
forth; the changes in this ore due to oxidation 
will be taken up later. 

I Means, A. H., Some new minerai occurrences from the Tintic district: 
Am. Jour. Sci., 4thser., vol. 41, pp. 125-1301 1916. 

2 Idem, p. 126. 
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GENERAL OCCURRENCE. 

. The priri_cipal ore deposits of the Tintic 
district ·are dontained in the Paleozoic lime
stone and dolomite. · In the southern part of 
the district igneous rocks predominate and, 
being of later age, cut off the sediments of the 
northern part.: The igneous rocks in the 
mining district proper are mostly intrusive 
and consist mainly of monzonite, monzonite 
porphyry, and the Swansea · rhyolite. All 
these rocks · contain ore-bearing . veins. In 
general the veins strike in . a . northeasterly 
direction and are continued in the vein zohes of 
the sedimentary area on the north. (See Pl. IV, 
in pocket.) The Iron Blossom zone c'ontinues 
almost without interruption .. across the con
tact, though no single vein can be traced 
from the igneous into the sedimentary rock. 
In the Iron Blossom mine the vein for some 
little 'distance follows the contact, which 
locally tren~s north. . In at least one place 
in :.the Mam'rnoth zone,· however, at the Lower 
MammotH niine, the veiri is 'traced uninterrupt
edly across 'the 'c6ntact. 

The mineral composition of the vei_ns in 
monzonite and fn the porphyries is practically 
identical •in .charact~r with· that of the copp_er 
deposits in· the· limes~one. Barite ~nd quartz 
·are the gangue minerals; pyrite and enargite 
with a little galena and zinc blende are the 
ore minerals.' Pyrite, 'however, is much · more 
abundant than in the deposits in the limestone's. 

The evidence is conclusive that the veins in 
limestone and those in the igneous rocks are of 
the same age and were formed .by the· same 
agencies) the epoch of vein formation following 
shortly after the int:r1;1sion of the monzonite. 
This c<;>nc.l\1-sion·_ does not agree with that pre~ 
sen ted in ,'the earlier report, in which it was 
assumed that the v~ins in t_he sedimentary r.ocks 
antedated the intrusion of the monzonite. The 
evidence. for the view here set forth was ob
tained from mine workings opened since the 
field work for the earlier r~port was done. 

ORES IN IGNEOUS ROCKS. 

ALTERE]) MONZONITE AND MONZONITE 

.- PORPHYRY. 

Along the veins the monzonite and monzonit~ 
porphyry have undergone a marked alteration. 
Close by the vein contacts they have been 

completely replaced by quartz accompanied by 
a little sericite and pyrite. · As distance from the 
vein increases silicificatio~ is less complete, the 
quantity · ·of sericite increa'ses, and the pyrite 
though still present in . ·srriall quantity, IS in 
places more conspicuous. Still farther from 
the · main veins ·the quantity of replacement 
quartz and sericite diminishes and chlorite, 
epidote, arid calcite are present. Pyrite Is 
persistent. The· altered rock is much shattered 
and ·recemented by networks ·of veinlets con
taining ·quartz with a Jittle pyrite and chalco
pyrite. The copper content, so far as known, 
is too small· for the-rock to be of value as a 
low-grade ore. · · · 

Nearly the whole area of these igneous rocks 
shows alteration to a greater or less degree. 
A considerable part of the rock at the surface 
has been so ble!tched by weathering that its 
exact identity -cari not ·be determined. The 
principal area of bleached rock extends north
eastward along the chief vein zones' and a con
tinu-ation of it ·is seen in the rhyolite area east 
of the Colorado mine. 

In the follow-ing table Is given a c_h~mical 
analysis of the sericitized monzonite p.orphyry 
(column· 1) from the vicinity of the Dragon 
iron mine, together with one of re\atively un
_altered monzonite : (column 2) obtained near 
the Iron Duke nnne. Both analyse~ . were 
made by _H. N. _Stokes. ~ 

Analyses of altered monzonite porphyry and r'elatively 
· . . unaltered monzonite.: 

t 1 

SiOz ..... --~ ...... - .·. ·'· ....... · 71.14 

I~?o;.-~: .-. ·_ ~ ~: ~ ~ ~ : ~ ~ ~ ~ : : ~-~ ~ ~ ~ ~ ·16: ~~ 
. ~:§~ _· .-. ·_ ~ ~ ~ ~- ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ : : ~: . : i~ ' 
MnO. ·_ .......... _ ......... _ . Trace. 
CaO .... ;· .......... ~ ... ,_ ..... - . 25 
SrO ..•...... _. _ ......... ___ . Trace. 
BaO ...... __ .. _ . _ . _ .... __ . ___ . . ·o5 
MgO ........................ · 1.12 

~i?o _· .-. ·_ ~ ~ ~ ~ ~ ~ :· ~ - ~ ~ ~ ~ ~ ~ ~· ~ ~· ~ ~ ~ ~ · 4
: ~~ 

Li20 ... ~ ............. · ....... Strong trace. 
H 20 at ll0° C ....... , ..... ~... . . 49 
H 20 above ll0° C............ . 2. 74 

!6~;::-: -::::::::::: :~:: :; ::::: . Ndn~~ 
01. .............. ~........... .. Trace. 
803 ••••• -••••••••• •••• _.; ~ •. • • • • • . . • 26-

59. 76 
. 87 

15. 79 
3. n· 
3. 33 
.12 

3. 88 
Trace. 

. 09 
2.16 
4.40 
3.01 

T.race. 
. 31 

1. 11 
. 42 
. 02 
. 78 

· · Trace. 
Undet. 

1---------1---------
99.51 99.82 
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Comparison of these analyses' shows that the STRUCTURAL FEATURES. 

alteration is .of the character usual in seri- The deposits thus far worked are aU in veins 
cit.~ed rocks ~ .Silica; potash, water, and prob- of varying length in vertical or nearly vertical 
ably sulphur have been introduced; soda, iron sheeted zones. _Thedip of the veins is steep, 
oxides) lime, ·magnesia,' and minor constituents and the general trend of most of the main :£is
have been largely removed·.. The removal Qf sures is north~iio~theast to northeast, ·parall~l 
iron oxides_ is iri keeping with the marked to the long axis of the monzonite n1ass~ The 
increase of silica, which implies rather intense Swansea fissure trends a little west of north, 
alteration. The iron represented in this analy- but this, too, parallels the contact between the 
:sis, however, may be below the avera.,ge, for monzonite and rhyolite porphyry. _In some 
deter~inatio~s of the pyrite cop.te:q.t in five places. two main fissures unite directly, and in 
samples of altered' rock from a drill hole near a few places 'two such fissures are connected by 
the Brooklyn shaft showed it to range from 2.5 ~ cross fissures of northwesterly ornortheasterly 
to 7.71 per cent (average, 5.17). How much of trends. Only a very few scattered veins were 
this pyrite was act.ually in the rock and how studied south of the area shown on the map of 
much in veinlets is not known. This pyrite the Tin tic mining district (Pl. IV, in ~pocket). 
contained 9.7 per cent of copper, equal to These seem to have a tendency to radiate from 
0.5 per cent of the original rock. the summit of Sunrise Peak. 

'VEIN MATTER AND FILLING OF VEINS IN IGNEOUS 

ROCKS. 

DEVELOPMENT. 

The veins in the igneous rocks are short and 
numerous. Only one of them has been worked 
to a depth exceeding 500 feet, a~d the pro
duction, though coming from ·a great number of 
deposits, has been insignificant compared to 
the yield of the deposits in the limestones or 
dolomites. A small output ·has always been 
maintained, most of it from the Swansea mines. 
Of the . other mines the Sunbeam, Undin~, 
.Brooklyn, Shoe bridge, . and Old Susan have at 
times yielded some ores: In 1908 the ore pro
duced from mines in the igneous area amount ed 
to 1,141 short tons. · 
- During 1911 the Swansea mine was the only 
large mine in igneous rock doing systematic 
·work. A few were being worked under lease~ 
but only one of these, the Old Susan, southwest 
<>f Sunrise Peak, was visited. The reasons 
given for the idleness of the larger mines were 
the exhaustion of oxidized ores at ground-water 
level and the small size and irregular occurrence 
-of the pay streaks in unoxidized ore, . which 
were not valu~ble enough to offset ~he expense 
-of pumping the large volume of water struck in 
the deeper .. workings. Most of the .mines were 
idle when the first . survey . was n1ade, and 
almost nothing can be added to the descrip
tio~s of them in the earlier report. Examina
tion of the dumps of some of these mines af
forded an. opportunity to study the character 
<>f their ores. . 

• 

MINERAL COMPOSITION. 

The statements here made as to the n1ineral 
composition of the veins are based on a study 
of the Swansea vein and of material on t4e 
dumps of the larger mines, especially the 
Brooklyn, :Martha Washington, and Sunbeam. 
The ore minerals found are, in the order of 
abundance, pyrite, galena, arid enargite, with 
a very little chalcopyrite, zinc blende, and 
arsenopyrite. · Tetrahedrite also was noted by 
Tower and Smith 1 in, one of the New State 
(United Tintic) veins. Silver and in some 
places gold are present in these minerals. The 
gangue n1inerals are principally quartz, barite, 
and the minerals of the wall rock, more or less 
completely replaced by quartz and sericite. 
Alunite is present as a minor microscopic 
constituent. 

Of these ore and gangue n1inerals, quartz and 
pyrite occur both in the vein fillings and in the 
wall rock at a considerable distance from · the 
main veins. In fact, all the igneous rocks in
~losing the veins south and south-southwest of 
the Dragon mine practically as far as Diamond 
Gulch are distinctly silicified and impregnated 
with pyrite. The same silicified and pyritized 
zone extends northeastward from the Dragon 
mine to the hills north and east of Ruby Canyon. 
The quartz that fills openings is generally 
crystallized as small prisms and lines ·the cav
ities; that which replaces the wall rock is fine 
grained and of ·cherty appearance. The pyrite· 
in openings forms small pyritohedrons, cubes, 

1 Tower, G. W., jr., and Smith, G. 0., op. cit., p. 764 . 
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and in some places octahedrons. It is also 
present in massive form in the veins proper, and 
the adjacent impregnated -rock contains scat
tered shapeless grains, the largest of which 
have some approach to pyritohedral or octa
hedral · outlines. 

Sericite is inconspicuous or absent in fissure 
or cavity fillings but is abundant throughout 
the silicified and pyritized zone. In fact, the 
rock of this zone is essentially a quartz-sericite 
aggregate with an irregular though as a rule 
considerable amount of pyrite. This rock at 
the surface has weathered or bleached to a 
chalky-white color, stained in places by brown 
iron. oxide. Sericite extends even beyond this 
zone and, with chlorite (pennine and delessite) 
is found in microscopic crystals throughout th~ 
igneous royks of the district. 

The other ore and gangue minerals are con
fined to fissure and cavity fillings or to com
pletely replaced rock close by or within the 
stronger veins. Barite is widely distributed 
and is especially prominent in the veins south
southwest of the Dragon mine. In some speci
mens it appears quite as conspicuous as quartz, 
but it is absent in the Swansea vein. It forms 
flat tabular crystals in roughly radiating 

· groups that interlock in a network the inter
spaces of which are partly or completely filled 
with quartz, pyrite, and enargite. The micro
scopic alunite seen is also confined to fissure 
fillings or to thoroughly replaced· rock, in con
trast to sericite. Both of these minerals have 
been found in the same thin section, the alunite 
in the vein quartz and the sericite in the im
mediately adjacent wall rock. 

Enargite, so far as seen, is limited to por
tions of the veins that carry barite. It occurs 
in local concentrations or shoots which are 
·vertical or pitch steeply on the plane of the 
vein. The enargite is in rather coarsely granu
lar masses, in which single grains present 
glistening elongate cleavage surfaces; around 
cavities it develops twin crystals, most of them 
coated with some green secondary copper 
mineral. Along the margins of these shoots 
enargite and pyrite are intergrown in varying 
proportions. · 

Galena, like the enargite, occurs intergrown 
. with pyrite around the marg~s of elongate 

shoots, but it has no definite relations to other 
ore or gangue minerals. In the Homestake 
and Joe Bowers No. 2 m.ines on Treasure Hill, 
according to the earlier report/ galena and 
enargite occur together, and in the Joe Bowers 
No.2 galena is also preseiJ.t in the upper work
ings above the limits of the enargite. In the 
Swansea mine much galena has been mined, 
but no enargite or barite, so far as known. 
Enargite and barite appear to be lacking also 
in the Old Susan mine, southwest of Sunrise 
Peak. · 

Silver is highest as a rule in the galena and 
enargite shoots; but pyrite in parts of the 
Swansea mine is said to carry enough silver 
to make ore. 

The gold as a rule is rarely visible to the 
naked eye, and the assays show that it is not 
abundant in the ores; it can not be •definitely 
said to be associated with any particular 
mineraL Pyrite, enargite, and galena have all 
been said to carry gold in different mines. 

Chalcopyrite, zinc blende, and arsenopyrite 
are too scarce to give any definite idea of their 
modes of o·ccurrence. Chalcopyrite and zinc 
blende are probably intimately mixed in very 
small quantity with the other ore minerals; 
a few small prismatic crystals of arsenopyrite 
have been detected in a specimen of Swansea 
ore. One specimen found on the Martha 
Washington dump contained a few aggregates 
of zinc blende crystals grown upon a vug lining 
of quartz crystals and inclosing a core of 
pyrite. These crystals of zinc blende are 
clearly of later growth than the quartz and 
pyrite. 

The secondary ore minerals have been 
chiefly lead carbonate, with a few copper 
minerals and probably some horn silver, but 
practically . none were· found on the mine 
dumps during the recent survey other than the 
few already mentioned. A small amount of 
crandallite, a hydrous calcium-aluminum phos
phate, was found associated with green sec
ondary copper minerals and melaconite in a 
specimen from the Brooklyn dump. 

Some idea of the composition of these ores 
may be given by the following averages of 
smelter returns: 

1 Tower, G. W., jr., and !:1mith, G. 0., op. cit., p. 765. 
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Smelter returns on ores from Tintic district. 

-- I 

Lead. 

Mine. Gold. Silver. Cop- Speiss. Silica. Iron. Sui- Zinc. Lime. per. Wet Fire phur. 

assay. aBsay. 

--------------------
Homestake (average of 2 Oz. Oz. Per ct. Per ct. Per ct. Per ct. Per ct. Per ct. Per ct. Per ct. Per ct. 

assays) ..................... 0. 18 12.0 11.15 None. None. 11. 3 21.7 22. 1 32. 0 0. 9 0.0 
Brooklyn (average of 8 assavs). . 09 39. 9 3. 94 0.5 .............. 4.32 40.4 20. 9 20. 9 .4 .0 
Undine (average of 3 assays) .. . 05 28. 1 2.61 24.6 24. 9 6. 7 16. 0 20.8 21. 4 1.1 • 9 
Shoebridge (average of 2 

assays) ..................... . 02 35. 5 1. 78 13. 7 13.5 .4 25. 8 9. 1 12. 0 1.0 .3 
Swansea (average of 15 

assays) ___ ... __ ............ . 03 30. 7 . 26 11. 6 13.5 2. 9 19.0 31.0 31. 4 .9 .,5 
~ 

Some of the shipments represented by these PARAGENESIS. 

figures doubtless were mixtures of primary and The intimate associations of the different ore 
secondary ores, and comparisons of the relative and gangue minerals indicate that they crys
quantities of the different metafs should be tallized for the most part simultaneously. 
made with this fact in mind; but the high per- Quartz and pyrite, both of which impregnate 
centages of sulphur and its general predomi- the wall rock and form the edges of fissure 

· nance over iron show that primary ores made ·fillings, may have preceded the other miner
up the bulk of the shipments. Gold appears als, but they cbntinued to crystallize through a 
independent of silver but shows the same ap- considerable period. Barite began practically 
proximate variations as copper and would thus at the same time as the quartz and pyrite but 
appear to occur chiefly in the enargite. Silver grew ·more rapidly, and during a relatively short 
shows no definite relation to either copper, period, for barite crystals whose ends on the 
lead, or iron, perhaps because the presence of a cavity wall are parallel with -crystals of quartz 
small amount of secondary horn silver has rna- and pyrite are themselves coated along their 

. terially increased the total silver in places sides and partly replaced by crystals of the 
where the original silver-bearing minerals are other two minerals. The enargite and galena, 
not prominent. This would appear to be the as stated above, tend t~ be concentrated into 
case in the Brooklyn mine, where the silver is shoots, and may be as a whole of somewhat 
highest, the copper low, and the lead practi- later growth; but where they are in contact 
cally absent. The copper and lead, according with pyrite they are mutually intergrown with 
. to these figures, have as a rule occurred sepa- it and must at least have begun to crystallize 
rately; but although the figures for the Home- _while pyrite and quartz were still forming. 
stake mi:ne.give no lead, the description of the The few crystals of arsenopyrite and chalco
mine, as well as of the neighboring Joe Bowers pyrite are scattered among granular masses 
mine, in the earlier report1 states that enar- of pyrite and must hav~ crystallized along with 
gite and galena are present together. The the pyrite. Zinc blende may show the same 
ratio of speiss (arsenides) to copper is marked relation, but in the one specimen found with 
in most of the analyses. In the Swansea mine, prominent blende crystals the blende was of 
where copper is practically absent, the speiss distinctly later growth than both quartz and 
evidently represents the small amount of pyrite. 
arsenopyrite in the ore. The small yet rather ENRICHMENT. 

constant amount of zinc is noteworthy. The Little can be said about the secondary vein 
zinc is independent of copper, and thus appears minerals, beyond a repetition of the statements 
to have been present as zinc blende rather than in the mine descriptions of the earlier report 2 

a minor constituent of enargite. The very that the veins above water level had altered 
small quantity of lime again indicates that the to limonite with carbonates of lead and locally 
gangue contains only a-very little d()lomite or of copper, containing considerable silver in a 
calcite. por?us mass of quartz; This alteration con-

I Tower, G. W ., jr., and Smith, G. 0., op. cit., p. 765. 2 Idem, pp. 757-766. 

• 



154 GEOLOGY AND ORE DEPOSITS OF TJNTIC MINING DISTRICT, UTAH. 

centrated the valuable metals above water 
level into rich ore bodies, in the same veins 
that below water level have proved to con
tain only meager shoots of pay ore, too small 
to yield profits over the additional expense of 
handling large quantities of water. 

below the gulch level at least, is very slight. · 
Holes drilled in higher ground, which is more 
leached at· the surface, may show somewhat 
higher percentages in oxidized ore within the 
first 100 feet; but the figures just given should 
be more representative of the whole ground, 
and the copper content in these samples is 

POSSmLE LOW-GRADE; DEPOSITS m ALTERED ROCKS lower than the content in the WOrkable dis-
AROUND THE VEINS. 

seminated ores of the Bingham type-. The 
The silicified and pyritized rock inclosing lowest grade of developed ore in the Utah 

the vein zone is found on c:lose inspection to be copper mine at Bingham in 1911 contained 
much shattered and recemented by a network 1.28 per cent_. 1 The average copper content 
of veinlets, many of them of microscopic size. _ in that year was 1.53 per cent. In 1914 it was 
Some of these veinlets consist almost _wholly 4.25 per cent, of which 66.04 per cent, or about . 
of quartz, others largely of pyrite, and some of 0.95 per cent of the ore, was saved.2 Ore 
chalcopyrite. The bleached rock at the sur- mined in t911 yielded 20 cents to the ton in 
face is mostly leached of metallic minerals, and gold and silver; that mined in H}14 yielded 
its sericite has been changed largely to kaolin. about 13 cents. The sa~e. ratio of saving from 
There is some possibility, therefore, that in the sampled portion of the porphy:r;y in the 
places, downward concentra_tion of copper Tintic district would amount to only 0.35 per 
originally in pyrite and chalcopyrite may have. cent of the ore, or a little over orie-third the 
formed wor:lrable. deposits, but the small amount saved at Bingham. Further pros
amount of diamond drilling done by the pecting, of course, may disclose groun_d of 
Dragon Consolidated Mining Co. has not yet higher grade, and the only conclusion now 
produqed very encouraging results in this warranted is that a workable deposit of low
respect. A vertical hole was drilled by this gr_ade disseminated copper is a possibility but 
comp~ny in the gulch about 440_ feet east- that the evidence at present is unfavorable. 
southeast of the Brooklyn shaft, passing 
through 531 feet of porphyTy before reaching ORES AND VEIN MATTER IN THE DEPOSITS IN 

any limestone. .Four samples of the po.rphyry SEDIMENTARY ROCKS. 

core between . depths of 43 and 68 feet were SILICIFICATION OF .LIMESTONE AND DOLOMITE. 

~rushed and panneP, with the following results: FIRST PHASE OF MINERALIZATION. 

Pyrite in samples of porphyry from hole drilled in gulch near The first phase of the mineraliz~tion con-
Brooklyn shaft. sis ted in the .· replacemen,t of limestone and 

Depth. 

dolomite by silica, barite, pyrite, galena, 
Weight Pyrite . enargite, and other minerals. Practically all 
(grap1s). (per cent). the ore bodies except .those cons~sting of 

------------:---I--- almost massive galena or lead carbonates are 
43 to 48 feet ....................... . 
48 to 53. feet .......... ·_ ...... · .... · .. . 
58 to 63 feet .................. · .... : . 
63. to. 68 ,feet. · ...................... . 

100 
100 
200 
200 

4. 7 siliceous, the gangue consisting of quartz and 
~: ?8 barite. Barite is very abundant in some of 
7. 71 the copper pres-for instance, in certain 

l--2-0.-6-9 places in t~e Centennial Eureka mine. 
Average. _ • .. ' ..................... ~ ... 5. 17 The silicified limestone or dolomite is usually 

a fine-grained 'gray or bluish-gray rock ranging 
Another 100-gram sample from a prospect 'to. dark gray ~nd. black. In the. s9ut~ern 

tunnel close to the surface and close to or in a nunes of the district, most of . which carry 
fissure zone was also panned, yielding 4.22 per copper,. much of it is. of coarser _grain, some 
cent of pyrite. The average copper content resemb~ng ~ ~~-grained qua~tzite. In the 

·of the five samples was "0.5 per cent of the lead mines It Is In places of flinty or cherty 
Original Or about 9. 7 per cent Of the pyrite 1 Butler, R. S., The production of copper in 1911: U. S. Geol. Survey 

. concentrates. . Th~se samples, although taken Mineral Resources, 1911, pt. 1,p. 53, 1912. 
2 Butler, B.S., Copper in 1914: U.S. Geol. Survey Mineral Rl'.o>ources, 

above· water level, indicate that oxidation, 1914, pt.1,p. 587,1915. 
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..appearance. ··The · rock usually - contains ,at advanced ·like a wave over the. country rock 
least a· ·-few prisms of barite ·_and . -probably unt~l the ' impulse· was exhausted. 
always -earries at least a trace of silver. Galena . ·The-.silicification . .in .. the Tintic district is 
Dr enargite ' may be· present in- the silicified clearly .of the latter. type. It is almost impos
rock--'-the jasperoid-in large .enough: ·quantity sible to. :obtain .a specimen showing. transition 
to make the material an ore, but · the greater or . a partly silicified limestone or dolomite. 
part of the metallic minerals -of. the .deposits The boundaries are everywhere sharp. 
were probably introduced during -the s_econd In places fragments of dolomite are included 
phase-of the mineralization. · .. - in the jasperoid. In specimens of this kind 
. Jasperoid with little mett:tllic content sur- ~ from the Ge1nini and Iron Blossom mines the 
rounds many of the ore bodies, and in places; contacts of these fragments are distinctly 
as in the Beck Tunnel and Iron Blossom mines, outlined, even when observed under the 
these masses of silicified limestone or dolomite microscope. A few small quartz grains may 
are of large size and extend for 100 feet or be included i1;1 the dolomite close to the con
more from the ore. tact, and . some minute residuary carbonate 

FIGURE ·20.-Incipient ·silicifiCation ·of limestone, ·Aspen, Colo. En
larged 30 diameters. 

·J. ·D. Irving 1 was the first to call ·attention 
to the fact that there are two kinds of silicifica
tion connected 1with the forn1ation of ore 
-deposits. In ' some deposits _ silicification is a 
gradual process. B_egin~ng with the develop7 

· ment of quartz c~ystals at numerous points 
(fig. 20) these crystal$ increase in size and num
bers, and finally thew hole rock becomes a mass of 
fine-grained quar

1
tz (fig. 21). · !~other deposits, 

such as the replae_ement deposits of the Black 
Hills, ·the boundaries o'f the silicified ·material 
are sharp, and all the rock from the fissrire to 

. the nna1 li1nit 
1

is completely replaced. No 
transition rocks are found. . The replacemep.t 

I . • • 
. • 1 Some features of replacement ore bodies and the cnteria by means 
which they may be recognized: Canadian Min. Inst. iour., vo1: 14, p. 422, 
.191J; Econ. Geology, vol. 6, pp. 556, 558, 1911. 

FIGURE 21.-Silicified limestone (jasperoid), Aspen, Colo. 

grains lie in the jasperoid. Nowhere does the 
silicification begin-as it does at Aspen, Colo., 
and many other places,-by the gradual devel
opment of quartz crystals in the carbona,te rock. 

Some of the silicified material from the Cen- · 
tennial, Mammoth, and other copper mines 
shows, under the microscope, a fine-grained 
allotridmorphic texture, the quartz grains 
being sharply outlined and approximately of 
the same size, averaging about 0.1 millimeter 
in diameter. J asperoids from othe~ n1ines 
may also consist of grains of co-rresponding 
coarseness, but this is · usually caused by 
quartz deposition of the second phase . 

Typical specimens .. of j aspetoid show under 
. the rhicroscope a. very fine grained aggregate of 
quartz, the individual grains being rarely over 
0.025 millimeter in diameter and ranging from 

L 

I 

. ' 

. • 
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this down to material which is hardly resolved scope the rather sharply defined dark bands 
by objectives of the highest power. The consist of very fine grained quartz, with allot
grains are closely interlocked, and each one riomorphic texture and no marked undulous 
_shows undulous extinction, indicating fibrous extinction. They contain a few cubes of py
texture. In some sections the minute grains rite, yellow zinc blende in small, rounded 
seem to be rounded or globular. Rapid varia- grains, and nwre irregular grains of gl;tlena. 
tions in size of grain are seen at many places. The light bands consist of spherulites of light-
A narrow banding due to the distribution of the brown chalcedony containing small specks of 
sulphides is very common, and here and there sulphides. They are separated by clearer 
it is concentric and independent .of fissuring granular quartz bordering sharply against 
or stratification. This aggregate is usually them. Much of this clearer quartz shows wavy 
slightly brownish and turbid, in part probably extinction, and in places the spherulites have 
from finely distributed organic matter, and lo- been changed to granular quartz with similar 
cally contains small grains of pyrite, galena, wavy extinction. The effect is exactly that of ; 
and yellow zinc blende. In the copper mines diffusion rings or rhythmic precipitates similar 
it contains well-formed but small crystals of to those in agate described by Liesegang 1 and 
pyrite and some large crystals of enargite. those produced artifically by the same author. 
All. the sulphides seem to be later than The jasperoid is of the same nature through
the quartz aggregate and replace it. Small out the district, though the finest grained and 
prisms or plates of barite are present in much of the banded varieties are confined to the lead 
the rock and are evidently the earliest product deposits in the · northern half of the district~ 
of the replacement of limestone. The succes- while in the southern part there is much more 
sion is then in general (1) barite, (2) quartz white quartz of the second phase. 
aggregate, (3) sulphides. If any succession To account for these phenomena the follow-
can be observed ~mong the sulphides pyrite is ing explanation is proposed. 
usually found to be the earliest. Silicification of the Tintic type is producedr 

A typical specimen from the Gemini mine not by metasomatic replacement, involving 
(Pl. XIX, A) is a fine-grained brownish-gray the development of crystals in -solid rock, but 
rock, faintly banded by the distribution of by a replacement oj limestone or dolomite by 
extremely fine grains of galena. The material colloidal silica, which immediately afterward 
under the microscope proves to be quartz, in became transformed into chalcedony or in part 
grains whose diameter does not exceed 0.025 into granular quartz. Such a colloidal mass 
millimeter. In this are disseminated abundant w<fuld be easily penetrated by electrolytesr 
roli.nded grains of yellow zinc blende and larger which by reaction with residuary solutions con
grains of galena, at most 0.05 millimeter in tained in the gel might easily produce such_ 
diameter. Both sulphides in places show a sug- rhythmic precipitation rings as are shown in · 
gestion of crystal form, and though grains of the Tintic rock. The ordinary law of replace
both may be attached to each other they never ment by equal volumes would scarcely hold in 
show intergrowth. There is no pyrite. This such a process. The resulting mass would at 

· -material constitutes in . part the lowest-grade first be soft, easily compressed and crushed,. 
ore in the mine. and the crystallization of the gel would involve 

The strongly banded j asperoid is represented a considerable contraction of volume. 
by a specimen from the Gemini mine (Pls. . The work of Hein, Leitmeyer, and others z 

XVIII, B and XIX, B). · This is a cherty led to the conclusion that chalcedony is in-
bluish-gray rock delicately and beautifully variably composed of quartz fibers and that it 
marked by alternating light and dark bands. results from· the crystallization of gelatinous 
The dark bands are 0.2 to 0.3 millimeter in silica either in the formative stage or at , a. 
width, the light bands about 0.6 millimeter. later time, and that gelatinous silica · may in 
The banding, though curved in places, keeps becoming crystalline turn into either granular 
its direction through a large part of the speci- t Liesegang, R. E., Geologische Diffusionen, p. 180, Wien, 1913; re

men, but the banded rock merges into ordinary view by Adolph Knopf in Econ. Geology, vol. 8, p. 803, 1913. 
2 Summarized in C. A. Doelter's Handbuch de Mineralchemie, Band 

jasperoid without banding. Under the micro- 2, pp. 19f>-190, 240-264, Wien, 1914 • 



U. S. GEOJ,OGICAL SURVEY PROFESSIONAL PAPER 107 PLATE XVIII 

SPECllUENS OF BANDED JASPEROID. 
A. Brown jasperoid, Eagle and Blue Bell mine; injected with quartz of 

second phase. Natural size. 

B. Gray banded jasperoid, Gemini mine. Natural size. 
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A. GRAY JASPEROID, GEMINI MINE. 

Black areas are grains of galena and zinc blende; galena mostly in larger grains. Magnifed 150 d iameters. 

B. BANDED JASPEROID, SHOWING DIFFUSION BANOS, GEMINI MINE. 

Light bands contain spherulites of chalcedony, dark bands microcrystall ine quartz with pyrite, galena, and zinc 
blende; all three black. Magnified 25 diameters. · 

PHOTOMICROGRAPHS OF ORES. 



U. S. GEOLOGICAL SURVEY 

A. FINE-GRAINED JASPEROID, BRECCIATED AND CEMENTED BY 
COLLOIDAL SILICA, LATER CRYSTALLIZED AS QUARTZ, EAGLE 
AND BLUE BELL MINE. . 

White areas are holes in section. Magnified 14 diameters. 

PROFESSIONAL PAPER 107 PLATE XX 

B. $AME, WI.TH CROSSED NICOLS. 

Black areas are holes in section. Magnified 14 diameters. 

PHOTOMICROGRAPHS OF ORES. 
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quartz or fiprous · quartz~ that is, chalcedony. 
Heat accelerates the change to quartz. 

The- first stage of primary deposition, 
then, involves the replacement of limestone or 
dolomite by . gelatinous silica, galena, and 
zinc blende . . . Subsequent crystallization of the 
eolloid transformed it into chalcedony and 
:more or less fibrous quartz. 

The theory. of replacement of limestone or 
dolomite by colloidal silica is not new, though 
it has not been ·advanced before in connection 
with ore deposits of this kind. A. H. Church 1 

bas shown. experimentally that limestone may 
be replaced by colloidal silica. A solution con
taining silica was allowed to drop on a piece 
-of recent coral;· the calcium carbonate was 
:replaced by silica; the replaced · coral was 
-covered with a thick film of .gelatinous silica 
.and was very soft. Much later H. F. Bain 2 

:suggested that the black chert of the Joplin 
district was formed by such replacement. 
This material-is similar to the Tintic jasperoid, 
an.d some of it is banded in a similar manner. 
W. S. T. Smith/ however, showed later that 
this replacement proceeded in the normal way 
by the development of quartz crystals in the 
limestone. 

SECOND PHASE OF MINERALIZATION. 

· GENERAL FEATURES. 

The jasperoid is not everywhere a compact 
:rock. In the ore shoots especially it contains 
abundant cavities of very irregular form or is 
shattered and brecciated (see Pis. XVIII, A, 
and XXIV, A and B, p. 161). In these open
ings were deposited the minerals of the second 
:phase. They consist of barite plates, more 
abundant than in the first phase, and white or 
light-colored quartz, much of which projects 
into central vugs in cryst,allized form; the 
:individu~ crystals ar-e rarely more than 1 
-Dr 2 millimeters in length. Ore minerals were 
·deposited with the gangue in large quanti ties, 
and the galena in particular takes the form of 
]arge crystals or grains. . 

Many of the cavities look as :f they were 
·caused by corrosion, ar:d this is probably 

I On the composit ion, structure, and formation of beekite: Philos. 
:Mag., 4th ser., vol. 23, p. 101, 1862. 

2 Preliminary report on the lead and zinc deposits of the Ozark region: 
U. S. Geol. Survey Twenty-second Ann. Rept.,pt. 2, pp. 106, 107, 1901. 
For a review of the whole subject see Siebenthal, C. E., Origin. of the 
zinc and lead deposits of the Joplin region, Missouri, Kansas, and Okla
JlOma: U. S. Geol. Survey Bull. 606, pp.181-183, 1915. 

s Smith, W. S. T., and Siebenthal, C. E., U. S. Geol. Survey Geol. 
:atlas, Joplin district folio (No. 148), p. 14, 1907. 

true m part. In places the .. quartz of this 
second phase seems · to merge gradually in to 
the earlier jasperoid. The effect 's, in general, 
just that which might be pro eed by the 
contraction and crushing of a soft colloid -
material, such as the jasperoid is conceived to 
have been before it was finally recrystallized 
irit~ quartz. In the banded asperoid _the 
cavities may cut across the ba ding or they 
may follow it, ·the bands being bent slightly 
to surround them. 

Many cavities contain a third g.eneration of 
barite P..lates coated and corrode .·by quartz. 

The barite crystals of the seco d generation 
are in places large arid abunda t. That this 
mineral was the first to crystalli . e is shown by 
its partial replacement by quar z, :the grains 
eating into the sides of the plat s (Pl. XXIII, 
A). Around these partly corr ded crystals 
th.e quartz is usually of some hat differing 
grain, either coa-rser or finer -tha the rest. · 

The quartz filling in m~ny s ecimens, par
ticularly in those from the so thern half of 
the sedimentary area, proves o be normal 
vein quartz of fine grain, allo iomoTphic or 
hypidiomorphic, with sharp ou ines and nor
mar extinction. In such sectio oblique light 
reveals depositional lines indica ing the crys
tal forin of quartz. 

In the mines of the northern ,P rt of the sedi- . 
mentary area more or less fibr us quartz and 
distinct chdcedony are associl ted with the · 
granular quartz, and many · Jinlets in the 
jasperiod consist entirely of cha cedonic fibers. 
In· transverse or oblique light t quartz filling 
of the second phase then shows delicate band- · 
ing in rounded, mammillary for entirely simi
lar to that of certain agates. See Pis. XX
XXII.) Nowhere, except at t e center of the. 
vug, is there any indication o crystal form. 
The irregular outlines of the quartz grains, 
which may attain 0.3 millimet r ii,l diameter, 
are shown to be entirely inde endent of the. 
banding when observed betwee crossed nicols. 
Only here and there does, a .rved band of 
chalcedonic quartz follow the r up,ded ou~lines 
of the banding. (See Pl. XXI.) Such material 
is abundant in the Eureka Hill Gemini, Chief, 
Eagle and· Blue Bell, and Vic oria mines but 
apparently not so common 'long the Iron 
Blossom line. In the Victoria nd Grand Cen
tral both the .crystalline and a ate-like devel
opment of depositional lines ere observed. 

• 

. -
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and crystal faces· of quartz are found lining the jasperoid contain practically no metals and the 
vugs in all mines. ore bodies consist chiefly of the quartz of the 

In a specimen from the Victoria mine the second phase, except certain parts that are 
whole mass is ' made up of an interlocking extremely rich in cerusite and residuary galena .. 
rather coarse quartz aggregate with veins of Many of the bodies are 60 feet high and 50 to· 
distinctly later crystalline quartz. The older 100 feet wide and consist almost entirely of a. 

quartz shows undulous and fibrous quartz loose cellular mass of quartz and barite, which 
throughout, and oblique light brings out a j changes near the margins to a dark bfecciated 
globular concentric texture a.s of a colloid jasperoid. The oxidation has of course con
deposit now changed to quartz. Siinilar speci- tributed to this texture, but in large part it 
mens were obtained from the Grand Central seems to be primary. 
mme. Thin sections of the dark jasperoid from the 

In the Governor vein, south of the Iron Beck Tunnel n1ine show as usual an interlocking 
Blossom, the replacement ore in the narrow aggregate of quartz with undulous extinction, 
vein ·consists of o~der fine-grained quartz and a the grains of which have a maximum diameter
younger generation of coarser quartz in which of .0.05 millimeter. Corroded barite prisms" 
are embedded many corroded plates of barite. are embedded in this material. Irregular-

'There is n9 indication of colloid deposition in grains of cerusite and small hexagonal plates of 
this place. plumbojarosite replace the quartz, which is cut 

The explanation is cc!lfi.dently advanced that by later veins of coarser qual'tz showing crystal 
the second phase of the primary mineralization outlines. 
consisted in the filling of the cavities of the The cellular siliceous ore consists of more or 
silicified limestone or dolomite with crystalline less abundant thin plates of barite, many .of 
barite and gelatinous silica, which shortly them 10 millimeters or more in diameter .. 
afterward was transformed into quartz and These are in part corroded and cemented by 
chalcedony. In places, however, where the granular quartz with a diameter of grains rang
temperature was higher, as in the southern ing from 0.05 to 1 millimeter. This barite
part of the district, the filling was deposited quartz aggregate is also corroded and honey
directly as crystalline quartz. It is assumed, combed, and in the holes are deposited quartl# 
therefore, that the temperature during this crusts of the third generation. In some speci
phase was near the border of stability between mens the barite is entirely dissolved, and a. 

colloid and crystallized silica, but that the col.. "hackly" texture results. There are no metal
loid silica on the whole proved unstable. lie minerals except some replacing cerusite and 

RELATIONS IN THE IRON BLOSSOM ZONE. 

The relative quantities of the jasperoid and 
quartz of the second phase vary considerably. 
Among the northern mines the Chief Consoli
dated, Eagle and Blue Bell, and Victoria show 
large masses of jasperoid fractured and appar
ently corroded by w;hite drusy quartz. Much 
of this material is a low grade ore with a few 
ounces of silver and 0.3 to 0.7 ounce of gold to 
the tori. One stope of this kind on the 1,200-
foot level in the Victoria mine shows a solid 
mass. of gray, delicately ·banded jasperoid in 
which there are many irregular veins and '' solu
tion cavities" ~f white quartz. In this place 
the white quartz is said to carry no silver or 
gold, and no sulphides are visible in -either 
quartz ·or j asperoi.d. 
· On the other hand, in the deposits of the Iron 
Blossom zone the ·large masses of dark cherty 

plumbojarosite. At some places the structure 
of the ore is dep~ndent upon the arrangement of 
the cerusite iri horizontal layers. The precise 
primary composition of this ore, so far as the 
metallic constituents .are ct:mcerned1 is some
what difficult to ascertain. It probably con
tained very little pyrite, being made up chiefly 
of galena with _a little zinc blende; its present. 
content consists of a few per cent of lead and 
20 ounces of silver (as horn silver) and $5 to$& 
in gold to the ton. This ore occurs chiefly 
south of the Sioux-Ajax fault, where the deposit 
assumes the character of a vein; north of this 
fault in the great horizontal pipe (p. 136) the 
ore is considerably richer in · gal~na and is 
probably a more direct product of .replacement. 
It is difficult to interpret the ore. bodies of 
Iron Blossom No. 1 as anything but a filling 
in a crushed and contracting mass of colloid 
silica. · 
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A. FINE-GRAINED JASPEROID, BRECCIATED AND CEMENTED BY COLLOIDAL SILICA; LATER CRYS
TALLIZED TO QUARTZ, EAGLE AND BLUE BELL MINE. 

White areas are holes in section. Magnified 25 diameters. 

B. SAME, CROSSED NICOLS. I 
Black areas are holes in sect io n. Magnified 25 diamete rs. 

PHOTOMICROGRAPHS OF ORES. I 

I 
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A. INCLUSIONS OF FINE-GRAINED JASPEROID IN COLLOIDAL SILICA, LATER CRYSTALLIZED TO 
QUARTZ, EAGLE AND BLUE BELL MINE .. 

White areas are holes in section. Magnified 25 diameters. 

B. SAME, CROSSED NICOLS. 

Black areas are holes in se-Ction. Magnified 25 diameters. 

PHOTOMICROGRAPHS OF ORES. 
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DEPOSITION OF :POLOMITE, CALCITE, AND ARA

GONITE. 

Calcium and magnesium carbonates are 
usually absent from the siliceous ores, except 
as rare residuary grains in the j asperoid. 

A coar:;e granular dolomite or ankerite is 
associated with the ores in the Victoria and 

·Eagle and Blue Bell mines. 
In some of the outlying mines in the N ortl?

Tintic and East Tin tic districts galena is found 
in direct intergrowth with secondary dolomite 
or ·replacing limestone or dolomite. These 
occurrences are interpreted as nearly the last 
phase of mineralization at places where the 
depositing solutions have become weak and 

· relatively cool. At these places the galena 
generally contains but little silver. 

Calcite is present in two distinct forms
scalenohedrons or long pointed crystals, and 
flat rhombs, or disklike crystals. It also occurs 
in granular and column~r masses, but most of 
these masses that are adjacent to openings 
are terminated by one of the two crystal forms 
mentioned. 

The scalenohedral calcite is only rarely 
noted within the siliceous ore bodies, where 
it is distinctly la~er than all tlie other primary 
minerals, including dolomite. Small veins or 
pockets of it have been foup.d in the vicinity 
of the siliceous veins. It is more prominent in 
association with the nonsiliceous deposits in 
some. of t)le. outlying :mlnes of the East Tin tic 
and North · Tin tic districts. Here galena and 
zinc are found intergrown with granular or 
"sparry" dolomite and locally with- scaleno
hedral calcite, having been formed by the 
replacement· of limestone. The scalenohedral 
calcite in ore of this type is of later growth 
than the dolomite and is typically developed 
around cavities. The sulphides, however, con
tinued locally to be deposited 'iri small amount 
after the calcite had begun to form. Although 
thus . intim~tely associated wjth nonsiliceous 
deposits, calcite is also found as strong barren 
vmns in the North Tin tic district a mile or 
more from . any known bo<,ly of ore. From 
these general relations the scalenohedral cal
cite is interpreted as the latest phase of primary 
mineral deposition . . 

Calcite in flat .;rhombohedrons is .confined to 
the oxidized deposits. ·It has 'been found at 
several places perched . upon primary. scaleno-

hedral calcite and also coats· all the oxfdized ore 
minerals with· which it has bee!}. fmind in 
contact. It.is clearly the latest of all the oxida
tion minerals, with ·the possibl-e exception of 
aragonite and gypsum,_ both of which are too 
scarce for their paragenetic relations to be 
definitely known. · 

The cave deposits of secondary calcite have 
a fibrous or columnar structure. In some 
places their t~rminations are distinctly of the 
flat rhombohedron habit; in other places they · 
are bluntly pointed as in the unit rhombohe
dron. These deposits as a rule . are not closely 
associated with the oxidized ores. 

Aragonite in · delicate needles has been 
observed at many places also as one of the 
very latest oxidation minerals . but not in 
direct intergrowth with secondary ore min
erals. In the cave of the Iron Blossom No. 
3 mine tufts of a;agonite needles were found 
grown upon the surface of the calcite crust, 
and this aragonite was certainly of later 
deposition than the calcite. One specimen of 
aragonite asso~iated with oxidized zinc ores 
in the Gemini mi'ne was found by qualitative 
test to contain a little zinc. A~ this specimen 
was not found in place, its paragenetic rela
tions are not known. 

.DEPOSITION OF ORE MINERALS. 

GENERAL FEATURES. 

From the above discussion it is apparen~ 
that ore . minerals ·were . deposited during the 
whole range of · min~ralization. - · The typical 
jasperoid may contaip- small grain~ of pyrite, 
galena, zinc blende,. tt:r;td ep.argite, though the 
pyrite is generally present in small amounts. 
During the second ~hase of silicification ore 
minerals were deposited in abundance in larger 
individuals and in rbpeated succession.~ The 
grains are commonly bf large size, except those 
of 'pyrite. The galena occurs iri large grains 
and imperfect crystals or coarse aggregates, 
replacing the jaspenoid or developing with 
qu~rtz in _ open carities. · Enargite . mostly 
takes the form of more or less· perfect Isolated 
crystals which r~pla?e jasperoid (P~. XXIII, 
B, p. 160) and many of . which contain small 
grains of pyrite · and · chalcopyri~e. Tetrahe
drite and famatinite ~re intergrown with enar
gite. Zinc blende is rarely . found in large 
masses but is usually! contained as small grains 
in galena. The ore minerals in the druses of 
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the second phase of silicification occur in several The rich gold ore and silver ores, as well as 
generations; .they are found at the bases of the the zinc ores, are produced by processes of 
druses covered by quartz and barite, or they oxidation. 
may cover the quartz and project as small crys- succEssioN _OF MINERALs. 

tals into the cavity, or they may occur in the No single rule can be given for the succession, 
quartz-barite mass, where many of them are because there are several generations of the 
formed by replacement. minerals. In any one series the barite is fol-

The galena carries its silver in the form of lowed by quartz; then comes pyrite, which is 
argentite. If galena that contajns any con- usually the oldest of the metallic minerals and 
siderable amount of silver, say above 20 ounces is· followed by enargite, tetrahedrite, and fama
to the ton, is etched with dilute nitric acid the tinite, deposited simultaneously; galena and 
irregularly distributed grains of argentite are zinc blende are generally later, and in some ores 
usually brought out (Pl. XXIX, D, p. 169). zinc blende clearly replaces galena. All the 
Such argentite is certainly primary, but in places ore minerals may replace quartz and, less easily, 
rims of the same mineral edge the galena in the barite. 
oxidizing Ore, and these may be secondary. GOLD AND SILVER IN ORE MINERALS. 

The secondary sulphides, chalcocite, covel- The galena carries the larger part of the 
lite, geocronite, proustite, and argentite are primary silver, as argentite (Pl. XXIX, D, 
discussed under "Oxidation" (p. 163). p. 169). Generally the silver content varies 

CLASSIFICATION OF ORES. from 10 to 60 ounces to the ton. There is 

The ores vary greatly in appearance and 
composition, and the ever present oxidation 
makes it difficult to arrive at a reliable con
clusion as to exact character of some of the 
primary ore. Transitions of many kinds are 
found, but the primary ores may be roughly 
classified as follows: 

Heavy lead ores. These contain, besides galena1 a little 
pyrite, zinc blende, and more rarely tetrahedrite; 
also as much as 50 ounces of silver to the ton, but very 
little or no gold. The nonsiliceous galena-cerusite 
ores in a few of the mines, especially in the outlying 
districts, are low in silver. 

Siliceous lead ores. These contain scattered galena in a 
siliceous gangue with minor amounts of zinc blende, 
pyrite, and in places tetrahedrite. The silver content 
is variable, locally high. · 

Siliceous gold-silver m:es. These are generally of low 
grade, carrying a few dollars in gold and 20 ounces or 
less of silver to the ton, and in many places they con
tain no recognizable metallic minerals except some 
cerusite and copper stain. Their text~e is generally 
drusy and honeycombed, but here and there, as in the 
Victoria mine, they may consist of massive jaspero~d. 

Heavy copper ores. These contain much enargite and 
minor quantities of pyrite and chalcopyrite in a 
gangue of silica with much barite. They yield usu
ally about 20 ounces of silver and at most $12 in gold 
to the ton. They are not abundant. 

Siliceous copper ores. These are common in the southern 
part of the district and contain the same minerals as 
the heavy copper ores, with perhapslO ounces of silver 
and $5 in gold to the ton. 

Siliceous lead-copper ores. These mixed ores are gener
ally found along the line where the lead ores give 
place to copp·er ores, as in the Eureka Hill and Grand 
Central mines. 

reason to believe that the tetrahedrite also con-
tains ,a fair amount of silver, though no assay 
has been made because the mineral occurs in 
very small grains. The enargite carries only 
a moderate- amount of silver but always con
tains some gold. A specimen of pure enargite 
from the Gemini mine was found to contain 
$1.65 in gold and 45.5 ounces of silver to the 
ton. Another specimen, from the Victoria 
mine, contained $8 in gold and 47.1 ounces 
of silver to the ton. Pyrite from the ·cen ten- · 
nial Eureka mine is said by the mine officers 
to contain 0.1 ounce of gold and 2 to ·3 ounces 
of silver to the ton. · Some pyrite in the 
Swansea mine contains considerable silver but 
very little gold. 

OXIDATION OF THE DEPOSITS. 

GENERAL FEATURES. 

The Tintic district is remarkable for an un
usually low water .level and corresponding great 
depth of oxidation. Within the sedimentary 
rocks this depth is at least 1,600 feet, and the 
Mammoth workings (p. 214) have attained 
2,300 feet without finding the water level. 

In most places the oxidation is not complete. 
Generally enough of the primary sulphides 
remain to allow · a conclusion as to the primary 
character of the ore, and such remnants are · 
found at all levels from the surface down to the 
water level. There has also been a great deal 
of migration of minerals which has resulted in 
the forming of shoots of certain ore minerals, 
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A. BARITE PLATES OF SECOND PHASE, IN CROSS SECTION, PARTLY REPLACED BY QUARTZ . OF 
SAME PHASE, GOLD CHAIN MINE. 

Magnified 25 d iameters. 

B. ENARGITE CRYSTALS REPLACING JASPEROID OF FIRST PHASE, PARTLY REPLACEID BY OLIVENITE, 
MJ,\MMOTH MINE. 

Magn itied 25 d iameters. 

PHOTOMICROGRAPHS OF ORES. 
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A. GALENA, .BARITE, AND QUARTZ, ALL OF SECOND PHASE, WITH ILL-DEFINED FRAG
MENTS OF OLDER JASPEROID CONTAINING PYRITE, GALENA. AND TETRAHEDRITE, 
GEMINI MINE. 

Quartz is microcrystalline but shows mammillary deposition lines of colloid silica. Magnified 14 diameters. 

B. SIMILAR ORE, BILLINGS STOPE, EUREKA HILL MINE. 

Magnified 14 diameters. 

PHOTOMICROGRAPHS OF ORES. 
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but this . migration has not been carried very 
far and there are no well-defined .vert.ical zones 
of enrichment. . Copper and silver sulphides 
as. well as native gold have been segregated into 
separate shoots in places, but there · is no 

. definite zone of sulphide enrichment unless the 
ore of the Gem channel, in the Gemini mine, 
should prove to be of this type. . 

The character of the oxidation has been in
fluenced by the relative scarcity of pyrite, the 
p~esence of much calcium carbonate in the 
waters and wall rock, and the abundant for
mation of difficultly soluble products such as 
cerusite, anglesite, and copper arsenates. 

The oxidized products generally replace the 
j asperoid and the quartz ; this results in a drusy 
and honeycombed texture. They also, par
ticularly the zinc minerals and to a less deg:ree 
malachite and azurite, replace the surrounding 
limestone. 

During the ~xidation the solutions were sub
ject to many changes in character. ~lthougl?
in general quartz is dissolved, there IS. amp_le 
:evidence that quartz was also deposited 1n 
places, though this secondary quartz is. much 
less abundant than that of the primary mineral
ization. Quartz in crusts of small crystals, for 
i~tance, covers chryso(!olla and . limonite in 
some specimens. 

In general, then, the ores are oxidized to 
anglesite, cerusite, plumbojar?si~e, lead o:r--y
chlorides, smithsonite, hydroZinCite, calamine, 
arsenates of copper, bismuth, and zinc, copper 
carbonates, jarosite, other iron sulphates, 
~erargyrite, native silver, ·and native copper. 
Other minerals are kaolin, alunite, gypsum, 
limonite, and oxides of manganese. The list 

· of oxidized minerals of the Tintic district is 
tinusually long. 

The lead ores yield only a ~oderate amount 
of limonite, but some of the oxidi~ed copper 
.ores contaill15 'to 20 per cent. Iron is in part 
carried into the adjacent limestone by sulphate 
solutions and deposited as 'limonite by replace
ment or it' forms·Rtalactites In caves . . Stalac
tites ~f this kindl.n the Ajax niine are described 
in the earlier report.1 The limonite was ap
parently deposited on older-crystals of gypsum. 
A similar occurrence in the Iron Blossom No.1 
mine (p. 243) has been called to the writer's! 

1 Tower, G. W., jr., and Smith, G. 0., op. cit., p. 746. 
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attention by Mr. M. L ... Crandall, jr. The cave 
in tllls mine, besides containing limonite 
stalactites with c~ts of gypsum, _also revealed 
large l.llasses of gypsum on its bottom, which 
formed an interlacing mass of c~ystals as much 
as 17 ·inches long. In ma:ny of thes~ caves 
residuary m{\Sses .of oxidized lead and copper 
ores were folthd. Most of the caves are caused 
by the contraQtion of volume due to oxidation 
of the ore and by the subsequent settling of 
the limestone. 

OXIDATION BELOW WATER LEVEL. 

Developments for 250 feet below water level 
in the Gemini mine have shown that partial 
oxidation continues to that depth; limonite, 
cerusite, native silver, and copperarsenateshave 
been found down to t'hat depth. In most 
mines, however, the quantity of unoxidized 
galena gradually increases from a point 600 or 
800 feet below the Eurface. 

TEXTURE AND STRUCTURE OF OXIDIZED ORE. 

In the oxidized ores cavernous and cellular 
extures are very common, owing to the gen

eral .solution and replacement of quartz. 
Brecciated fonp.s are frequently found (Pl. 
XXV, B, p.162), and in places banded structure 
occurs as in the specimen illustrated in Plate • 
XXV 'A which shows what is apparently diffu-

' ' sion banding of malachite and brown copper 
pitch ore. 

OXIDATION OF LEAD ORES. 

The oxidation of galena normally results in 
the following successive products: (i) Angle
site, (2) cerusite, (3) plumbojarosite and mixe~ 
sulphates;. a!Eo I oxychlorides. Oxidation to 
mimetite and pyromorphite has been· observed 
in the Eureka Hlill mine. 

The galena :first always alters to a dark fine
grained anglesite ~olored by minute residu~l 
masses . of galena (Pl. XXVI, p; 166). This 
chang~ begins along th~ . cleavage lines and 
proceeds until the entire sulphide. is ~ltered. 
During this process some galena IS eVIdently 
recrystdlized which during subsequent alter
ation is finally oxidized. The galena UBually 
contains some primary zinc b len de, but this is 
evidently wholly converted to soluble sulphate. 
If copper is present some of it may be converted 
to chalcocite and covellite, which are contained 
in the anglesite 

1
along the cont~ct or may s_ur

roundgrains of re~iduary galewpn the anglesite. 
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This process is accompanied by a recrystalliza
tion of the coarsely crystalline galena to the :fine
gr!loined variety "steel galena," which so f~r as 
observed is found only along the narrow transi
tion zone adjoining the anglesite. 

The dark, in places· concentrically banded 
anglesite is soon converted into mttssive ceru
site, and the cerusite is covered and corroded 
by yellowish crusts of plumbojarosite and allied 
minerals. These may again be covered by 
white crystal tufts of a second generation of 
cerusite. 

In some places the anglesi te instead of forming 
concentric crusts is deposited as perfect crys-

tals in vugs in the galena ore. Fine examples 
of this mode of occurrence were observed in the 
Eureka Hill and Chief mines. 

At many places the jasperoid and quartz are 
abundantly replaced by hexagonal yellow crys
tals of plumbojarosite and by irregular grains 
of cerusite and less commonly anglesite. 

The powdery yellow decomposition products 
that replace the cerusite were carefully exam
ined. In many of them jarosite or plumbo
jarosite could be detected and eome are rich· in 
bismite or bismutite. The following samples 
of ~uch material were examined and analyzed 
by ·R. C. Wells in the laboratory of the Survey: 

Partial analyses of soft yellow lead ores from Tintic district. 

[R. C. Wells, analyst.] 
.. 

Loss on ignition ...... . ......................... . 
Insoluble in HN03 (mostly silica and barite) ..... . 
Soluble in HN03 : 

C02 •••••••• • ••••.•••••••••••••••••••••••••• 

Cl ........ . . . ........... . ................ . 
AazOs- - - - - - - - . ... - - - .......... . . .. . - . - . . - -
PzOs- ........ ... ... ···· · ·········· · ····· .. . 
Cu ................. . . . . . ...•..... . ... . .. . .. 

~to~~- -_ ·_-_·~:::::. :::::: :; :. : ~· ::::::::::::: : :: 
Fe20 3 •• • ••••••••••• -•• • • • ••••••• _ ••• · • _ •••••• 

CaO .. . . . .. . . . .. . ............. : ... : ........ . 
MgO .............. _ ... . . · ... _ ... -. ~ :· . ....... . 
Bi20 3 ••••• • •• _ ••• _ ••••••••••••••••••••••••• 

S03 ••••••••••••••••••••••••••••••••••••••• 

1 249 

4.94 
.82. 96 

. 22 
Trace. 
Trace. 

. 41 
Trace. 

. 29 

. 58 
8.24 
. 20 

None. 
Trace. 

. 58 

5.03 
81.83 

.71 
Trace. 

1.68 
None . 
None. 
None. 

3.26 
2.72 
.44 

None. 
2.50 

(?). 95 

'98.42 99.12 

272 

2.62 
59.87 

2.15 
None. 

2.16 
None. 
Trace. 

1.44 
12.25 
1.72 
1. 26 

None. 
9.07 
. 41 

92.95 

275a 275b 278 

8.39 ............... .. .. 3.55 
............. ·--------- 82.15 

14.43 ..................... . 27 
.02 1.15 None. 

....................... ....................... Trace. 

...................... ....................... None. 
.. ........................ .......................... None. 
....................... . 33 None. 

72.85 16.48 4.04 
. 58 12.48 · .40 

None. ........................ .22 
None. ... .. - .. -- - ... -.. None. 

............................ .......................... None. 
1.19 3.83 None. 

97.46 ............................ 90.63 

1. Gemini mine, yellow oxidized ore, level 19, Gem channel. Hot water extracts traces of chlorine, lead, and · 
calcium. Ammonium acetate extracts considerable lead sulphate. · 

249. Eagle and Blue Bell mine, north end, winze from 1,200-foot level. Ammonium acetate extracts a little 
lead sulphate. Dilute nitric acid extracts a trace of chlorine and considerable lead. 

- 272. Eagle and Blue Bell mine, same locality. Quartzose ore. Hot water extracts a trace of chlorine but no lead. 
275a. Colorado mine, close to Sioux line. 
275b. Same locality. Yellow powder on cerusite. 
278. Colorado mine, Hornsilver stopes. Hot water extracts a trace of chlorine and lead, some calcium, and sul

phates. 

Samples 249 and 272 contain minute hex
agonal crystals of what is probably plumbo
jarosite. The results show that these yellow 
substances are of variable composition. Lead 
chloride seems to be present in traces in 
samples 1 and 278, and in somewhat larger 
amounts in sample 275. In. sample 275b 
after subtracting the chlorine necessary for 
silver chloride there rema1ns about 1 per cent 
of chlorine for lead oxychloride. 

Sample 1 contains argentite, limonite, angle
site, calcite, some iron sulphate and phos
phates, and possibly also silver chloride in the 
insoluble part. The other samples show prac.
tically no phosphorus. 

In sample 249 there is a little anglesite, 
much more cerusite, jarosite or plumbojaro-· 
site, bismite, and probably an iron or bismuth 
arsenate, but no silver. 

Sample 272 contains nearly 2 per cent of 
argentite, about 14 per cent of cerusite, jaro
site, and probably a bismuth arsenate and 
bismite. 

Sample 278 contains no silver in the part 
soluble in nitric acid; there is probablysome 
cerusite, but the analysis leads to the ipfer
ence that minium or massicot (lead oxides) is 
present. 

During tl:le r~placement of galena to angle
site and cerusite there has been compara-
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B. 

SECONDARY COPPER ORES. 
A. Brecciated ore, Ajax mine. Shows concentric deposition of malachite, chrysocolla, 

and brown "copper pitch ore." Later brecciated with jasperoid 
and cemented by calcite (white}. 

B. Banded ore, Ajax mine. Shows probable diffusion banding of malachite and brown 
"copper pitch ore." 
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tively little migration, though in some of the 
~anular quartz rocks cerusite in small grains 
is widely distributed and directly replaces 
the quartz. 

More extensive migration evidently took 
place during the second phase of oxidation, 
when cerusite was attacked· by solutions 
containing sulphuric acid and chloride o£ 
sodium. Both plm::llbojarosite and lead chlo
rides may have migrated for considerable dis
tances, though not to compare with the wander
ings of copper and zinc, and it is possible 
that some of the low-grade siliceous lead ores 
derived their metal in this manner. 

SECONDARY GEOCRONITE. 

A specimen from the Colorado mine (No. 
277), investigated by Messrs. Means and 
Whitehead, proved particularly int~resting. 
It shows massive galena going over to "steel 
galena" and thence into anglesite and cerusite. 
About half an inch from the contact the galena 
upon etching with hydrochloric acid was 
shown to contain feathery aggregates of a 
mineral not attacked by the acid (Pl. XXIX, E, 
p. 169). Enough of this mixture was isolated 
for a qualitative analysis. R. C. Wells reported 
that it contained, in addition to lead and sul
phur, much antimony, a little zinc (about 1.6 
per 9ent), and arsenic, butno copper or iron. 
Under high magnification. in polished section 
the galena is seen to be filled along the cleavage 
faces by narrow lines of this resistant mineral 
gradually spreading into feathery masses and 
irregular veinlets. The galena also contains a 
few grains of zinc blende, which apparently 
is contemporaneous with it. Near the oxi
dized contact the galena is filled both with 
anglesi te and the mineral under discussion. 
This mineral reacted as fDllows: HCl (con
centrated), instantly bright brown, then irides
cent; HN03 , effervesces slightly, blackens with 
white coating; KOH and KCN, no reaction. 
According to Murdoch;s tables 1 this corres
ponds to geocronite (5PbS.Sb2S3); such a min
eral with much lead and little antimony wocld 
in fact be expected as the result of the replace
ment of galena in a deposit where little antimony 
was available. 

In one specimen from the Eagle and Blue 
Bell mine veinlets of geocronite were found 
cutting across a vein of anglesite in the ga-

1 Murdoch, Joseph, Microscopical determination of the opaque 
minerals, New York, 1916. 

lena, and grains of anglesite are included in 
geocronite. It was therefore co:.1cluded that 
the geocronite was formed during the same 
period as the anglesite, which continued to 
develop after the · geocronite had ceased to 
replace the · galena. The anglesite of this 
specimen is partly replaced by chalcocite and · 
covellite. The general succession of minerals 
in this specimen is as follows: Primary, 
.pyrite, quartz, zinc blende, galena; secondary, 
geocronite and anglesite, chalcocite, covellite, 
cerusite. (See fig. 19, p. 147.) 

OXIDATION OF COPPER ORES. 

GENERAL FEATURES. 

Th~ oxidized copper ores consist generally 
of a matrix of jasperoid or fine...:grained sili
ceous rock with or without barite. This is 
usually more or less cellular and honey
combed, the cavities being coated with minute 
quartz crystals and filled with oxidized copper 
minerals. The copper arsenates. commonly also 
replace the quartz. Re_siduary enargite is 
common in all ores . and may contain a little 
pyrite and chalcopyrite or appear mixed with 
famatinite. Small pyrite crystals are scattered 
through much of the jasperoid; some have 
escaped oxidation, but others are indicated 
only by pseudomorphs of limonite. The ores 
rarely contain very I much limonite, those of 
the Centennial Eureka, which carry about 17 
per cent of iron, showing the maximum. 
Secondary quartz in crusts on limonite or 
chrysocolla is rare on the whole, and the latest 
pr?ducts sonsist of a few flat rrombohedrons' 
~calche. -

Residuary enargite is present at all levels. 
It is said, however, that in the Centennial 
Eureka there was little enargite above level 
10. I 

In the district regarde4 as a whole there is 
no indication of richer copper ores at any cer
tain depth below the surface. The bodies of 
the Centennial Eureka, which are the largest 
in Tintic, contained the richest copper ores 
below level 7. Possibly there haf? been at this 
locality some concentration by descending 
waters, but it is not strongly enough marked 
to establish the presence of definite enriched 
zones. Local migration and enrichment are 
common. In the same mine barite occurs in 
increasing quantities with increasing depth, 
but this also is probably not a general rule. 

I ~ 
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GENERAL COURSE OF OXIDATION OF ENARGITE. 

It is genePally known that enargite is one of 
the minerals most resistant to oxidation~ 
Its presence seems to some extent to protect 
the pyrite, which -is preserved in many places 
where one would expect it to have been oxi
dized. The oxidation of enargite requires a 
large amount of oxygen; however, it would 
doubtless be more complete in the Tintic 
district were it not for the fact that all the 
mine waters contain much carbonate of cal
cium, which speedily neutralizes the free sul
phuric acid and resclts in the formation of 
soluble sulphate of calcium. 

·Frequently the action begins by the simul
taneous development of chalcocit_e, covellite, 
and arsenates; the two secondary sulphates 
then generally replace the margin of the 
enargite (or famatinite), and the arse:riates 
move out on fissures or replace quartz; in 
places they are mixed with strings of chal
cocite. (See fig. 18, p. 144.) 

The schematic course is represented by the 
following formula: 

2Cu3AsS4 + 300 + H20 + 7CaC03 = 
enargite 

(Cu0)4.As20 5.H20 + Cu2S + 7CaS04 + 7C02 
olivenite chalcocite 

If oxidation is carried to its conclusion the 
secondary chalcocite turns into covellite and 
this into copper ,sulphate solutions. 

The arsenates of copper are ins6luble salts 
that are but little subject to migration. If 
bismuth is present (probably in the form of an 
unlmown sulpharsenide) arsenates of bismuth 
will form. Antimony in famatinite and tetra
hedrite must also go into oxidized compounds, 
but so far none of these compounds have been 
discovered; neither antimonates nor antimony 
oxides have been identified. Antimony, how
ever, is present only in small quantities. 
There is only a little zinc sulphide in the copper 
ores, and it oxidizes after the normal course. 

The newly formed arsenates either replace 
enargite crystals with perfect retention of out
lines, or replace j asperoid and quartz, or fill 
fissures, or crystallize in vugs, forming beauti
ful small druses. In general, the olive-colored 
olivenite, containing only 3.2 per cent of 
water, is the first copper arsenate to form, 
and this is followed by lustrous bluish
green clinoclasite with curved crystal faces, by 
mammillary dull-green erinite, and by pearly 

scales of pale blue-green tyrolite, which· con
tains 17 per cent . of water. The characteristic 
conichalcite, an arsenate of calcium and cop
per carrying 5.52 per cent of water, is dis
tinctly later and evidently results . from the 
action of a strong calcium carbonate solution. · 
It is often found without sulphides, and with
out other arsenates, its small but conspicuous 
yellowish-green spherical c~ncretions dotting 
the honeycombed jasperoid. Chrysocolla ap
pears in places without any- well-defined rank; 
malachite and less commonly azurite are fairly · 
abundant, <especially ;near the walls of the de
posits, where they may surround residual 
masses of limestone. On the whole, oli:venite 
and conichalcite are the most common of the 
copper arsena tes. 
. Of ir~n arsena tes, the brown cubes · of phar

macosiderite are most abundant, associated 
with the later copper arsenates. White 
earthy aluminu.p1 sulphates more or less defi
nitely recognizable as alunite are among the 
last products, in places capping azurite or 
malachite. Cuprite and ·native copper are not 
abundant; they seem to be l~ter than the cop
per carbonates. 

There are many exceptions to the succession 
just outlined. A number of specimens were 
studied by Mr. W. L. Whitehead, with a view to 
ascertaining 'the paragenesis, and the writer, 
through the kindD.ess of Prof. Charles Palache, 
also examined specimens from the Holden col
lection at Harvard. A few of these successions 
are given · below, the older minerals being 
named before the younger. 

Mammoth outcrop. 

1. Quartz, enargite, famatinite. 
2. Olivenite, azurite, pharmacosiderite. 
3. Clinoclasite, tyrolite. 

Ajax dump. 

1. Barite, quartz, enargite. 
2. Conichalcite, scorodite. · 
3. Malachite. 
4. Chrysocolla. 
5. Alunite. 
6. Limonite and calcite. 

Victoria. 

1. Quartz, enargite. 
2. Enargite. 
3. Tyrolite. 
4. Conichalcite. -
5. Alunite, malachite, chrysocolla. 
6. Limonite. 
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Centennial Eureka. 

1. Quartz, enargite, chalcopyrite. 
2. Olivenite. 
3. Malachite, chrysocolla. 
4. Alunite and chalcanthite. 

Gold Chain. 

1. Barite, quartz, enargite. 
2. Olivenite, erinite, conichalcite. 
3. Tyrolite, malachite, azurite, chrysocolla. 
4. Alunite. 

Black Jack dump. 

1. Quartz, barite. 
2. Conichalcite, quartz. 
3. Scorodite. 
4. Jarosite. 

Centennial Eureka. 
1. Quartz. 
2. Olivenite. 
3. Azurite and malachite. 
4. Conichalcite. 
5. Tyrolite. 

Victoria. 
1. Quartz, enargite. 
2. Olivenite. 
3. Conichalcite, /malachite, azurite, and erinite. 

Grand Central. 
1. Quartz. 
2. Olivenite. 

· 3. Conichalcite. 
4. Malachite, chalcanthite. 

Eureka Hill . .. 

1. Quartz, enargite, tetrahedrite, galena. 
2. Anglesite, covellite. 
3. Cerusite. 

In a few specimens malachite and clinoclasite 
are earlier than olivenite. Pharmacosiderite 
may be earlier or later than malachite. It is 
possible, of course, that a mineral may belong 
to two or more generations: Olivenite, for in
stance, has certainly crystallized at ,various 
times. There is not much information about 
the tenor of the pure arsenates in gold and 
silver. Some of them, as well as the cuprite 
and malachite, are very poor, but wherever 
chalcocite is present a concentration of silver 
seems to have taken place. 

CHALCOCITE AND COVELLITE. 

One definite fact ascertained during the pres
ent examination is that covellite and chalco
cite occur everywhere and at all levels in the 
copper ores of the oxidized zone, though no
where in great masses. They are not remains 
of an older zone of secondary sulphides b~t 

form normally during oxidation. This condi
tion, which is contrary to the generalized idea 
of a distinct zone of secondary copper sulphides, 
is no doubt due in part to the scarcity of pyrite, 
to the neutralization by CaC03 of such acid as 
may be formed, and in part also to the great 
amount of oxygen necessary for the complete 
oxidation of enargite. There can be no ques
tion, however, that secondary sulphides may 
form freely in other deposits, under certain 
conditions, in the zone accessible to oxygen. 

The manner of oxidation of enargite, with 
simultaneous development of chalcocite, covel
lite, and copper arsenates, is described on 
page 164. In the specimens chalcocite and 
cov.ellite usually form dark sooty or dull
bluish spots in or near the partly oxidized enar
gite, and covellite often crystallizes together 
with anglesite in the druses. A close associa
tion of covellite and anglesite is, in fact, very 
common and is seen in specimens, thin sec
tions·, and polished sections. Covellite fre
quently replaces galena and zinc blende, but 
its most common occurrence is in enargite; 
famatinite, tetrah~drite, and pearceite. All 
these relations are, of course, best studied under 
the metallographic microscope. 

During the oxidation of enargite and similar 
minerals chalcocite is always the first mineral 
to form along the margins and fissures in the 
grain. Plate XXVII, .A, B, 0, and D, shows 
how, besides the marginal chalcocite and covel
lite in th~ enargite, bands and streaks of these 
minerals, delicately folded and faulted, develop 
in the veinlets of olivenite or other arsenates. ' 
Chalcocite rarely shows the normal white color 
in reflected light but is usually bluish gray; 
this color is caused by an almost submicro
scopic intergrowth with covellite. Subse
quently larger blades of normal covellite were 
developed in this mass. 

It has not proved possible to obtain enough 
of these secondary sulphides in pure form for 
assay, but it is stated that where they are 
abundant they generally contain much silver. 
No gold seems to be associated with them. No 
bornite has been found. 

Secondary copper sulphides thus form indP,
pendently of the water level-in fact, at all 
points above it and at least to a depth of 250 
feet below it, as shown by the development of 
covellite in pearceite in ore from level19-in the 
Gemini mine. 



PLATE XXVI. 

A. Anglesite (gray) with residuary galena (white) in part recrystallized in veinlets, Colorado mine. Magnified 100 
diameters. ' 

B. Galena (gray) altering to anglesite (black), Colorado mine. Magnified 100 diameters. 
C. Covellite (dark gray) replacing galena (white), Gem channel, nineteenth level, Gemini mine. Magnified 1,000 

diameters. . 
D. Zinc blende (gray), probably contemporaneous with galena (white), Colorado mine. · Magnified 100 ,diamete:~:s. 
E. Anglesite developing ln veins and along cleavage of galena, Colorado mille; argentite (dark gray) and galena (light 

gray). Magnified 100 diameters. 
F. Covellite in center (black) intimately associated with chalcocite (grayish white), surrounded by angl.esite, Colorado 

mine; galena beginning .to be converted to anglesite appears at the periphery. Magnified 100 diameters. 
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PLATE· XOCVII. 
. I 

A. Chalcocite (dark gray) and copper arsenat~s (black) developing in enargite (light gray), J ,050-foot level of Victoria 
mine. Magnified 360 diameters. / · 

B. Copper arsenates (black) and chalcocite (dark gray) in ena~gite (light gray), showing alte:r:ation rim of latter, 1,050-
foot level of Victoria mine. Magnified 1,000 diameters. 

C. Similar alteration rim as in B. Copper arsenates (black) and enargite (light gray); transition ri~ of gray 
chalcocite traversed by plates of covellite; 1,050-foot le'vel of Victoria mine. Magnified 2,000 diameters. 

D. Copper arsenates (dark gray) inte. rgrown with chalcocite a~U of simultaneous origin;·-700-foot level, Butterfly stope, 
Grand Central mine. Magnified 480 diameters. .1 

.E. Argentite in concentric deposition surrounding proustite; in siliceous gangue, Chief Consolidated mine. Magnified 
100 diameters. I · -
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PLATE XXVIII. · 

A and B. Finely granular or replacement smithsonite ~re. A, Ore frozp. the May Day mine; shows numerous sinall 
cavities attributed to shrinkage, accompanying replaCement. The cavities are partly filled with fine drusy smith
sonite and a few by calamine. B, Monheimite from the Yankee mine; illustrates partial replacement along closely 
spaced bedding planes and cross fractures, and subsequent removal of unrephiced limestone. Natural size. 

(J. Finely banded smithsonite-calamine ore. May Day mine. The lighter ·broad bands originally represented smith
sonite and the darker narrow bands calamine; but in this specimen much or the smithsonite has been replaced by 
calamine. The dark patches represent leached portions stained with ~ilms of iron and manganese oxides. Natural 
size. 

D and E. Fibrollf:l smithsonite (S) with hydrozincite (H) and fibrous calcite (C), May Day mine. The calcite rests 
upon a finely botryoidal surface of smithsonite. The hydrozincite in this specimen is finely fibrous and forms 
a distinct layer betwe_en layers of smithsonite. Natural size. 
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·PLATE XXIX. 

A. Veinlets of argentite (white) altering to hornsilver (gray)' in gangue of granular quartz, Victoria miJie; black rim· 
between argentite and gangue is bism:uthite. Magnified 100 diameters. 

B. Pearceite (gray) and gaiena (liglit gray) in "eut~ctic" intergrowth, forming veinlet in jasp~roid, Gem channel, . 
nineteenth level, Gemini niine. Magnified 650 diameters. 

C. "Eutectic" intergrowth of galena· and pearceite, nineteenth level, Gem channel, Gemini mine. Magnified 246 
· diameters. · 

D. Argentite in galena, latter etched black, Eagle and Bluebell mine; argentite shows a strain of white specks across . 
center of area. Magnified 100 diameters. _ . 

E. Geocronite (light gray) developing by replacement in galena, Colorado mine . . Magnified 30 diameters. 
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OXIDATION OF ZINC ORES.1 of the deposits of galena, and it is evident that 
the easily soluble sulphate has migrated along 

GENERAL FEATURES. the easiest paths of the descending waters, as 
The casual observer might believe that zinc shown in figure 23 (p. 172) '· until they reached 

blende is absent from the Tintic ores. In the carbonate country rock, which then was 
fact it is rarely seen in large aggregates. replaced by smithsonite and calamine, with 
Some of the deep ore of the Gem channel in small amounts of hydrozincite. Deposits ·of 
the Gemini mine and in the Bullion Beck this kind have lately been worked in the Scran
mine contains exceptionally large amounts ton, New Bullion, May Day, Yankee, Gemini, 
of this mineral and it is occasionally observed Lower Mammoth, East Tintic Development, 
elsewhere. Shipments from the Gemini mine Godiva, Uncle Sam (Humbug), Chief, and 
from level14 contained, according to Mr. J. H. Colorado mines. Probably they will be found 
McChrystal, from 2 to 10 per cent of zin.c. near any of the larger shoots of galena. Thus 
Ore recently shipped f~om level 13 north In far no important bodies of this kind have 
the Bullion Beck mine contained 15 per cent been found along the Iron Blossom ore zone. 
of zinc; 15 per cent of lead, and 8 ounces of The ore is for the most part practically 
silver to the ton. The microscope shows free from lead, but much of that mined in 
that almost all the galena contains a small the North Tin tic district is a mixed zinc lead 
amount of zinc blende disseminated in irregu- or "combination" ore. The relatively ·pure 
lar ~ains and apparently of the same age as zinc ore consists principally of ferruginous 
the galena. . . . smithsonite or monheimite (zinc-iron carbon-

It is a striking fact that no oxidized Zinc ate) with considerable calamine and small 
ores are found close to the zinc blende, the amo~ts of hydrozincite and aurichalcite, 
relations being just the reverse of those accompanied by a gangue of unreplaced lime
between galena and oxidized lead ores. The stone and chert, hydrous oxides of iron and 
oxidized zinc ores are also separated from the manganese, calcite and locaJ.ly aragonite and 
oxidized lead ores, except in parts of the gypsum. The smithsonite is gray where un
Scranton mine, in the North Tin tic district. affected by recent oxidation and brown o~ black 
The experiments by ·Gottschalk and Buehler 2 where stained by iron or manganese oxides. ~t 
have shown that in a mixed sulphide body is mostly very fine grained to microgra~~lar 
electrolytic action accelerates the oxidation and in places contains many small caVIties, 
of zinc blende, whereas pyrite or galena, with which appear fo.r the most part to represent 
which it is in contact, is protected from oxida- decrease of volume due to replacmpent,- but 
tion. Recent experiments by E. T. Allen 3 much ore with no cavities has also been found. 
and others at the Carnegie Geophysical La bora- Of less common occurrence is ore of the eel
tory have shown that although galena alone lular type in which replacement appears to 
begins to oxidize before zinc blende, it soon have occurred along certain laminae and the 
becomes protected by a coating of difficultly unreplaced limestone to have been later re
soluble sulphate or carbonate. The sulphate moved. In one specimen of banded ore the 
of zinc, on the other hand, is .very soluble ~nd banding was seen in thin. section to pass ?i
is quickly removed when the surface of z1nc rectly across the boundanes of former calcite 
blende is continuously exposed to attack grains and to show n~ relation to ~he structure 
until ·the rllineral is completely oxidized. of the limestone, as If the matenal had b~en 
During this process the zinc blende may be deposited in successive diffusion bands, hke 
replaced by covellite, as shown in a specimen the jasperoid of the first stage. (Seep .. 1?6.) 
from the Black Jack dump. . Certain openings in the core, along ongi~al 

Only in recent years have bodies of oxidized bedding planes or fractures, are crusted With 
zinc ores been discovered. They are usually yellow to green fibrous smithso~ite, with ~ f~w 
found in the ~mestone or dolomite footwall alternating layers of chalky-white hydrozincite 

1 A more detailed account of the oxidized zinc ores of the Tin tic dis
trict, by G. F. Loughlin, has been published in Econ. Geology, 
vol. 9, pp. 1- 19, 1914. 

2 Gottschalk, V. H., and Buehler, H. A., Oxidation of sulphides: 
Econ. Geology, vol. 5, pp. 28-36, 1910; vol. 7, pp. 15-34, 1912. 

a Washington Acad. Sci. Jour., vol. 6, p . 22, 1916. 

(Pl. XXVIII). Soft druses of greenish-blue 
aurichalcite have also been noted but are not 
common. A little malachite was noted in one 
specimen, where it formed a thin green druse· 
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over a film of hydrozincite, which in turn coated 
fibrous smithsonite. The calamine oceurs for 
the most part as druses in openings in smit}l
sonite· and adjacent gangue materials. It is 
also present iri small amount disseminated in 
smithsonite or limestone. 

Hydrous oxides of iron, principally limonite, 
occur as· coloring matter in the brown ore and 
as fracture fillings along which the zinc ore has 
been leached, but most abundantly as layers 
from a few inches to a few feet thick between 
bodies of oxidized lead and zinc ore. Much if 
not most of the iron oxide has evidently been 
derived by oxidation of thB ferruginous .smith-

.- . Fibrous and 
Granular smJthsomte dru.sy 
(or monheimite) smithsonite 

Hydro z incite 

PARAGENESIS. 

I Comparative study of a large number of 
specimens shows the following paragenesis of 
oxidized zinc ores and related minerals, which 
is shown diagrammatically in figure 22. The 
granular ferruginous smithsonite was the first 
ore mineral to · form, replacing limestone. 
This was apparently followed by the oxides of 
iron and manganese, which were in large part 
tlerived by oxidation of the smithsonite and 
~ere still forming during the growth of the other 
minerals. The fibrous smithsonite and hydro
zincite followed, the latter in part as a probable 
alteration product of granular smithsonite and 
I 

I 

I 

1 
Aurichalcite 

/ Malachite 

CalamL e . 
i --?--'> ~--? 

Aragonite-
-----------~ 

Calcite 

Gypsum 

Iron and manganese oxides (still f'orming) 
~-----~------+------~----------~~-----~~-------------7 

Hetaerolite C? J 

FIGURE 22.-Diagram illustrating paragenesis of oxidized zinc and related minerals. 

sonite. The crus-ts of soft brown material, 
however, that line some of the openings ap
pear to have been deposited directly from so
lution. Hydrous manganese oxide is present 
as a black amorphous material which ·has the 
same mode of occurrence as the iron oxides. 
It is very subordinate to the iron oxides and is 
more prominent in the lower parts of stopes 
than elsewhere. · In some places the black 
manganese mineral resembles hetaerolite, t4e 
hydrous -zinc-manganese oxide, but none of it 
sufficiently pure to permit chemical determi
nation could be found. -The other gangue 
minerals have the same characteristics as '· in 
other oxidized deposits of the district. 

in part alternating with fibrous smithsonite. 
palamine is distinctly later than fibrous smith
sonite, but its relations to hydrozincite, auri
chalcite, and malachite are not clear. Calcite 
was distinctly later than all the zinc minerals. 
No aragonite or gypsum were found in contact 
with zinc minerals. The low zinc content 'of 
one -aragonite specimen, however, suggests a 
close time relation with hydrozincite, and the 
solubility of gypsum ib. water, greater than that 
of calcite, suggests that it was the latest of all 
the minerals. 

GENESIS. 

There is n9 question that the oxidized zinc 
ore bodies were derived from original bodies of ' 
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mixe<:l lead and zinc , sulphides.1 The zinc 
blende _was oxidized tq .th_e .very sol:u.ble zinc 

· sulphat_e; whi~hw~s ea:cried downward, whereas 
the :relatively inso.luble oxidation product~ of 
galena remained in _the. o~igin.al ore body. 
The zinc sulpP,ate . so~ution, . mo-yi~g ~o~g. 
fract:ur.~s and .. beddi~g planes, ·_ replaced t~e 
pure~ and more permeal?le be9:s of _li~estop.e 
with :whi<;h, it came in~o con~~ct,_ forming the 
granUlar smithsonite. . The . drUsy ana fibrOll;S 

F 

with smithsonite along watercourses and 
depositing calamine. · . 

The zinc-l~ad ·or ·"combination" · ~re in tbe 
_North Tintic - di~trictwas .. forined by ·the same 
chemic~ processeS aS the ~inc- ores f~oo. from_ 
lead, but the original lead-zinc sulphide ore 
was evidently due t~ ·impregnation· rath~r 
th~n complete rephiceinent of the limesto~e. 
when the zinc .bien'de iras oxidized~ . limestone 
w'as at hiu1d .. to' react imm~diately with' the 

. . . . resUlting zinc sulphate before . ' 

G 

it could migrate from the lead 
ore . . The only .remnants of 
sulphides see,n in the North 
Tintic district are dissemi~ 
nated in limestone and do not 
form solid masses. 

VARIATIONS IN SIZE AND DIS
TRIBUTION OF OXIDIZED ZINC 
ORE BODIES. 

Variations in the size of 
the oxidized zi:p.c ore . bodies 
and their relations to the 
lead stopes are due to a num
ber of causes, such as varia-' 
tions in the ·quantity of 
original zinc blende available 
in different bodies, in the 
rate of downward migration, 
in the arrangement of open
ings along which the solu
tions flowed, and in the per
meability of the limestone 
beds with which they came 
in contact. These variations 
are illustrated diagrammatic
ally by figure 23. Figure 23, 

FIGURE 23.-Diagrammatic sec,tions showing relations between stopes of oxidized zinc and lead .A, representS a place in the 
ores in May Day and Yankee mines. See text for explanation. 

Yankee mine where the rock 
smithsonite, the hy~rozincite, and other car- between two lead stopes is mostly silicified and 
bonates were-forme4 ~ither by a recrystalliza- only a small amount of limestone was available. 
tion of smithson.ite along cavity walls or for repl~cen:ient by zinc carbonate, which must . 
by precipitBttion during a later stage of oxida- have been derived from the upp~r part of the 
tion; after the sulphur: necessary to form zjnc upper stope. The down-dip ends of these 
sulphate had been largely exhaus~ed _ and lead stopes had . not been prospected ,for zinc 
carbon dioxide became an active acid radicle. ore at the time of the writer's visit. Figure 
The silica .in the. ground water, d~pved .from 23, B, ~epre~ents another place in the sallie 
siliceous portions of primacy ore or from mine where the 'zinc carbonate replaced a thin 
porphyry that . formerly overlay the present st~atum of . coarse~grain~d _limestone · that 
s'Urface, also became an active acid .radicl~ formed the immediate floor of 'a lead stope 
during the late stages of oxidation, reacting . but could not penetrate a · ~ense . or "tight" 

I oed. below it. In the stopes illustrated by 
I For a more complete discuksi~~ - of the genesis, see I~oughlin, G. F. fig' ure 23, , a and D, al_ so in the yankee mine, the 

The oxidized zinc ores ofthe Tin tic district, Utah: Econ. Geology, vol. 9; 
pp.ll-16, 1914. floor of the lead stope was impervious _and_ the 
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'zinc-sulphate solutions had to escape through 
the down-dip portion of the r<?of. It is sig
nificant that the tops of these zinc stopes in 
the hanging wall are lower than the tops of 
the 'correspondmg · lead stopes. · The ·same 
conditions are shown by the upp(n; zinc 'ore 
body represented in figure 23, · E (Yankee 
mine), where part of the solutions migrated 
along a watercourse in.· the lower hanging 
wall; but here a greater part permeated and 
replaced the lower footwall. Figure 23, F, 
represents more · complicated conditions that 
controlled the formation of one of the · larger 
zinc ore bodies in the May Day mine. Here 
the floor of the lead stope is ' a "tight" lime-

. stone ' that . the zi:hc ore could replace only 
along certain ·o·pen bedding planes and :fissures. 
The solutions .. · for- the . most part niigrated 
downward along these :fissures to a'· coarse
grained permeable bed which was · readily 
replaced, the solutions moving along :fissures 
and bedding planes until their supply of zinc 
was exhau8ted. Figure 23, G, represents 
general conditions in the Gemini and Ridge 
and Valley mine's, where the lead stopes are 
nearly vertical and the course of the' zinc 
solutions was nearly vertically doWn.ward along 
bedding planes and :fissures. The relation of 
oxidized zinc to lead or·e in the Lower Mammoth 
mine is shown in figure 34 (p. 221). 

RANGE IN METAL CONTENTS. 

The zinc content of small samples may range 
from that of pure smithsonite or calamine, over 
50 per cent, down to 15 per cent or less in lime
stone that is only slightly impregnated with 
zinc minerals. . Shipping ore has mostly con
tained from 29 to 35 per cent zinc, but for a 
time early in 1913 ore containing as low as 20 
per cent was shipped. Selected samples of the 
ore, free from insoluble gangue matter, accord
ing to Zalinski 1 contain no silver or gold, but 
the average ore shipped fron1 the May Day 
mine in 1912, according to Heikes/ contained 
0.027 ounce of gold and 2.20 ounces of silver to 
the ton and 2.57 per cent of lead. 

OXIDATION OF SILVER ORES. 

So far as has been ascertained the galena of 
the Tintic district owes its tenor of silver to 
irregularly distributed argentite (p. 160; Pl. 

XxiX, D), which was eith~r deposited con
temporaneously with' the galena or replaced it 
immediately after its development. During 
the o~idation this ·silver sulphide was undoubt
edly converted to svlph'ate, which, being easily 
soluble, may have lnigrated for some .distance'---
'rarely, however, beyond the confines of the 
siliceous deposit. '];he <;>xidized zinc ores in 
the limestone contain very little or no silver. 
,The enargite, tetrahedrite, and famatinite 
doubtless also co'ntained silver sulphide, but 
whether it was free or in chemical combination 
has not yet been fully ascertained. During 
the oxidation the silver sulphate was in part 
reduced -to sulphid~, the process being aided 
probably by the orgariic matter abundantly 
contained in limestone and dolomite, and a 
second generation o.f argentite was thus 
formed. - A laige part of the silver was precipi
ltated as cerargyrite by the ever-present sodium 
chloride in the mine water, and cerargyrite is, 
'in fact, the most common silver mineral in the 
'l'intic district. Some cerargyrite resulted 
from the direct replacement of argentite, and 
native silver was produced by the oxidation of 
the chloride or the sulphide. 

· Barite may· be rich in silver, doubtless 
through sec·ondary processes precipitating sil
ver chloride. Some . of the massive copper
[stained barite in the Centennial Eureka mine 
contained 80 ounces of silver and $10 in gold to 
the ton. 

The question of what happens to the silver in 
galena during oxidation is one of considerable 
interest. S. F. Emmons/ in his Leadville re
port, states that ''the greater richness in silver 
of galena over cerusite in this region is very 
noteworthy," and that, according to L. D. 
Ricketts,4 the average silver tenor of the ceru
site of Carbonate Hill is less than 40 ounces to 
the ton, whereas the galena averages 145 ounces 
to the ton. The richness of · the galena · men
tioned by Emmonsstrongly~uggestsenrichment. 

At Tintic the galena is much poorer in silver, 
containing from 10 to 60 ounces to the ton. 

· Some careful assays were made to ascertain the 
general application of the relations .set forth by 
Emmons. Some pur~ galena from the Vic
toria mine was found by Prof. E. E. Bugbee to 
contain 0.02 ounce of gold and 20.8 ormces of 
silver to the ton. Coarse galena from level14 

1 Zalinski, E. R., Gold and silver in oxidized zinc ores: -Eng. and Min. 
Jour., vol. 97, pp. 1305-1306, 1914. a Geology and mining industry of Leadville, Colo.: U.S. Geol. Survey. 

2 Hei~es, V. C., U. S. Geol. Survey Mineral Resources, 1912, pt. l, ' Mon. 12, p. 553, 1886. 
p. 902, 1913. ' Ores of Leadville, p. 87, Princeton, 1883. 
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of the Gemini assayed a trace of gold and 18.8 
ounces of silver. A heavy lead carbonate ore 
from the Colorado mine yielded 0.04 ounce of 
gold and only 7.52 ounces of silver. A cuprite 
and malachite ore from level 13 of the ·Centen
nial Eureka contained a trace of gold and 8. 75 
ounces of silver. The low tenor of the oxidized 
copper ores is attested by a shipment of such 
ore from. the Eureka Hill mine. According to 
Mr. G. W. Riter, it contained 27.16 per cent of 
copper, 0.012 om:ice of gold, and only 1.67 
ounces of silver. 

A specimen from the Colorado mine, taken 
on the 300-foot le;el near the Sioux line, 
showed galena, anglesite, and cerusite. · The 
galena, which was a banded mixture of "steel'' 
and coarse galena partly c()nverted to anglesite 
along the cleavage lines, was found to contain 
0.2 ounce of gold and 3.25 punces of silver to 
the ton. The anglesite crust immediately ad
joining contained 0.7 ounce of gold and 19.2 
ounces of silver; the lead carbonate imme
diately adjoining the anglesite gave 0.8 ounce 
of gold and 18.06 ounces of silver. In this 
specimen, therefore, the cerusite and anglesite 
contain about the same amounts of silver and 
gold, but the galena was very much poorer, 
and it seems as if the oxidation had resulted 
in a distinct enrichment both of silver and 
gold. The ores of the Colorado mine con
sisted largely of heavy carbonate with some 
residual galena, and their average silver con
tent was about 45 ounces to the ton. 

taken place, but rather that a certain amount 
of enrichment has been effected, probably in 
the main through reduction of volume during 
oxidation. 

The presence of secondary argentite has 
been abundantly proved. The analyses of 
wholly o:ridized lead ores (p. 162) show that in 
several places a considerable amount of silver 
sulphide was dissolved by nitric · acid, in which 
silver chloride is insoluble. 

A specimen of rich ore from the 1 ,050-foot 
level of the Victoria mine, investigated by 
Messrs. Means, Whitehead, and Wells, proved 
especially instructive. It is a fine-grained 
mottled dark-gray, heavy compact rock, no 
doubt representing a lqcal enrichment. An 
assay of the heaviest part yielded 0.77 ounce 
of gold and 6, 980 ounces of silver to the ton, 
or about 22 per cent. A thin section shows a 
·fine-grained gangue of quartz and barite 
traversed by a network of argentite. (Pl. 
XXIX, .A). The argentite is in places re
placed by cerargyrite, and the argentite veins 
are lined by an · opaque milky aggregate, 
which proves to be bismuthite (bismuth car
bonate). Cerargyrite and a yellow substance, 
perhaps bismite, in part, coat joint planes. 
The argentite is unquestionably secondary, for 
the delicate network of it cuts across all the 
older textures. Small grains of native yellow 
gold occur in the argentite. An analysis of 
this specimen runs as follows: 

Analysis of rich silver ore from Victoria mine. 
In order .to obtain an idea of the relative [R. c. Wells, analyst.] 

richness of coarse and "steel" galena, a speci- Loss on ignition................................... 3. 57 
men from the Eagle and Blue Bell, which Insoluble in HNOa. · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 66. 10 

showed both varieties in juxtaposition, was Soluble in HNOa: 

assayed. The coarse galena, which was mixed g~~-----~~~---_·_·_-_'~~~:~~~~:::::::::::::::::::::· N!~!~ 
with about 30 per cent of barite, yielded 0.01 As20 5 ...................... _............... • 05 

ounce of gold and 50 ounces of silver to the P20s ................................... . .... None. 
ton; the adjoining "ste-el'' galena gave 0.03 Cu ................................... · ....... None. 
ounce of gold and 46 ounces of silver, showing Ag .. · : -- -- -- -- -- - ........ : ~ ............ · .. .. 4· 15 

PbO ....... _ ......... , . . . . . . . . . . . . . . . . . . . . . . 31 
that in this material there is no strongly Fe

2
Q

3 
______ ................. _............... • 92 

marked difference. CaO ........ _______ . ....... . ................ . 76 
It appears that probably no general rule MgO ........................................ None. 

can be established, but the relative richness Bi20a .. -------------------------------- ·---- 18.07 
depends on how quickl_-y and effectively the 80a---- .... -- ........ -- .... --.............. ·

58 

silver sulphate is transformed to chloride and • 96. 99 

sulphide. With regard to the specimens from Upon treatment with ammonia 1.08 per cent 
the Colorado mine at Tintic, it seems certain of silver chloride was dissolved, which is in
that no impoverishment by" exte~sive migra- eluded in the material "insoluble in HN03" as 
tion of the silver from the ore body can have stated above. 

• 
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An additional determination gave the fol
lowing results: 
Ag soluble in hot HN0

3 
_____________ • _. ___ • _. __ •• 4. 45 

Ag soluble in one-fourth cold HN03 ••••••• : • • • • •• None. 
Total S ..................... . .. _ . . . . . . . . . . . . . . . 2. 62 
Total BaO ...... __ .... _ ... . .................... . 8. 72 

2.48 

ores also occurred in abundance, for instance, 
in the 1 ,_200-foot level of the Eagle and Blue 
Bell and in many other deep mines. A small 
but rich body of oxidized silver ore was found 
in kaolin on level21 of the Mammoth mine. 

The richest of the oxidized silver ores are not 
found in the oxidized lea-d ores but in highly S· required for BaSO 4 ••• • ~ • • • • • • • • • • • • • • • • • 1. 82} 

S required for 4.45 per cent Ag as Ag2S..... . 66 
S available for other constituents ...... . . .. . __ ._ . 
Bi20 3 soluble in one-fourth cold HN03 ••••••••••• 

'Bi20 3 002 calculated ......... . _ ....... , .... _ . ____ . 
002 available for other constituents. _ . . .. __ .. . _ ... 

20.46 
22.40 

. 54 

This remarkable ore is thus proved by chem
ical and microscopic study to be a compound 

_14 siliceous ores poor in lead. Much ore of this 
kind was mined in the Gemini and the Eureka 
Hill. This distribution of the rich ore may be 
caused by extensive migration of the silver so
lution into siliceous masses underlying the lead 
shoots, for it is unquestionably true that the 
silver migrates farther than the lead; or it may 
be due to a higher primary silver content of cer
tain kinds of siliceous ore containing primary 
disseminated tetrahedrite. These questions 
are difficult to decide, for most of these ore 
bodies were mined out long ago. 

·of quartz, barite, argentite, and bismuthite, 
with some cerargyrite resulting from the de
composition of the secondary argentite. It

1 

represents undoubtedly a great enrichment ofl 
silver and gold from considerable masses of ore, 
and both these metals, as ell as the bismuth, 
must have migrated a considerable distance. ! 
There are no remains of primary sulphides in 
the ore. I 

.Another interesting specilnen of oxidizeci or~ 
in which the secondary nature of the argentite 
is clearly shown came from the rich winze on 

· the 1,200-foot level at the north end of the 
Eagle. and Blue Bell mine. The rock, origi
nally a j asperoid, is now in part replaced by 
argentite and horn silver and coated by soft 

·yellow crusts containing iron, lead, and bis
muth. Argentite occurs throughout the speci
men in spots large enough to be identified with 
the naked eye. Brown horn silver coats joints 
and druses and is in part crystallized. In pol
ished sections the argentite is seen to be dis
seminated in small grains which have a marked 
concentric structure and which are in part 
converted to horn silver. Small specks of 
bright yellow gold occur both in argentite and 
quartz. 

The chloride of silver (cerargyrite, or horn 
silver) usually occurs at Tintic as brown crusts 
and films on joint planes of jasperoid or oxi
dized ore. It is abundant, though generally 
not conspicuous, m all the silver-lead mines 
and in mines that contain highly siliceous ores, 
like the Iron Blossom. Native silver is much 
less abundant but in many places accompanies 
the chloride. The :most extensive bodies of 
pure silver ores occurred in the upper levels or 
at medium depths of the Eureka Hill, Bullion 
Beck, and Gemini mines, but rich horn-silver 

·Gemini ores of this kind contained, for in
stance, 6 to 7 per cent of lead and about 75 
ounces of silver to the ton, and similar Eureka 
Hill ores from the Billings stope yielded 5 per 
celit of lead arid 20 to 30 ounces of silver. 

SECONDARY SILVER SULPHIDES. 

Complex silver sulphides are not common in 
t lie Tintic district. The rare pearceite, from 
the exceptional Gem shoot of the Eureka Hill 
and Gemini mines, is described on page 179. 
The tetrahedrite and enargite contain silver 
but apparently not in great amount. Prous- , 
tite, or arsenical ruby silver, has been reported 
from a few places. The only occurrence that 
could be examined was a specimen from the 
Chief mine, kindly given by Mr. Walter Fitch. 
Ruby silver is also reported from the Gem shoot 
in the Gemini mine, level19. 

The specimen from the Chief mine was exam
inted by Messrs. Whitehead ·and Means and 
shows a predominating fine-grained jasperoid 
with drusy cavities coated by small quartz 
crystals. Yellow coatings on the surface of 
the specimen prove to be bismuthite. N umer
ous small grains or' proustite show in the speci
men, and a thin coating of the same mineral . 
covers a joint plane. In thin section the fine
grained jasperoid is dotted with oxidized prod
ucts, such as limonite and malachite, and con
tains barite laths partly replaced by quartz. 
These occur both in the earlier and in the later 
quartz, which coats and fills cavities. Grains 

I . 
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of cerusite replace the quartz, and malachite 
fills some of the vugs. The ruby-silver is con
tained in the coarse quartz, and most of it is a 
late product filling the centers of the drusy caVi
ties. Polished sections show that the · prous
tite is in part replaced along its margins by a 
mineral identified as argentite (Pl. XXVII, E, 
p. 165). A third metallic mineral is probably 
present but has not been identified. 

The somewhat scant evidence indicates, that 
complex and rich silver sulphides are absent 
from the normal primary ore and that ·ruby 
silver was deposited either soon after the end 
of the principal epoch of mineralization or more 
probably during the oxidation. 

OXIDATION OF BISMUTH ORES. 

Bismuth has not been found in the Gemini 
ore zone, but it occurs in co~siderable abun
dance in the Mammoth zone and in the southern 
part of the Godiva zone. The Boss Tweed 
mine yielded a large amount of bismuthite, 
according to Tower and Smith, and lately bis
muth .arsenate (arsenobismite) has been en
countered in commercial quantities in the Mam
moth mine. The siliceous ore of the Victoria 
contains bismuthite associated with argentite 
(p.174), and dark-yellow mammillary crusts on 
corroded quartz from the Eagle and Bluebell 
were found to consist of plumbojarosite mixed 
with bismite (Bi20 3). · (See p. 162.) 

The primary bismuth sulphide from which 
these oxy-salts have been derived . has not so 
far been discovered . . The occurrence in the 
Mammoth mine perhaps points to a complex 
sulpharsenide of bismuth and copper. It does 
not seem likely that bismuthinite (Bi2S3) could 
have escaped notice if it formed part of the 
primary association. 

. CONCENTRATION OF GOLD DURING OXIDATION. 

OCCURRENCE. · 

Most of. the !intic copper ores and some of 
the large, bodies of E>iliceous low -grade lead 
ore like those of the . Iron Blossom niine con
tain from $4 to $12 in gold to the ton. It is 
not likely that the tenor of these ores has 
.been notably increased ·by migration of the 
gold, though it may have been increased some
what by reduction of v<;>llime during the oxi
dation. The distribution of gold in some of 
these ores is very irregular, though a certain 
average may be main tamed. A series of 
assays from a stope in the Colorado mine, for 

instance, showed from nothing up to $6 to the 
ton in gold. Another stope in Iron Blossom 
No. 3 gave assays ranging from $0.80 to 
$18.20, the average of all the assays being 
about $5. Certain spots and parts of the 
shoots are much richer than the rest, and these 
undoubtedly indicate local migration and con
centration. Some examples of ·these condi
tions, taken at random from a long series of 
assays, are set forth below: 

Gold, silver, and lead content of certain parts of C!re shoots. 

Colorado mine, Spanish Fork stopes; siliceous lead ore. 

Gold. Silver Lead 
(value (ounces (per 

per ton). per ton). cent). 

$0.80 ~ 17 16:5 
2.40 44 21.0 
8.00 72 13.1) 

36.40 361 8.0 
60.00 1,102 21.8 

104.00 1,108 49.7 

Iron Blossom No. l,.South stope N~. 3; siliceous ores poor in lead. 

$1.20 11 .................... 
6.00 22 .. .................. 

28.00 180 .................... 
120.00 66 ----------
284.00 152 - --·------
508.00 26 .................... 

Iron Blossom No.3, Van stope. 

$1.20 4 3.00 
2.80 37 ..................... 
6.00 33 7.90 
8.40 43 ...... ............... 

19.60 222 3.00 

In the ores of the Colorado mine high gold 
content is accompanied by rising and very 
high tenor in silver, but the lead rather de- · 
creases o~· at any rate bears no direct relation 
to the gold. These ores 'may contain some 
residuary galena and undoubtedly contain 
argentite and horn silver. 

In the .Centennial Eureka all the copper ore 
carries from $4 to $15 to the ton in gold. 
but on .many levels_:_for instance, on levels 2, 
3, 9, 14, and 16__:much richer local siliceous 
ma~ses are found, so that thes~ rich gold 
ores may be found at any depth. Some of 
this ore contains several ounces of gold to
the ton, and one carload of 50 tons from level 
9 is said to have averaged 16 ounces, or almost 
$320, to the ton. 
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Rich spots are often found in the Eagle 
and Blue Bell and Victoria mines in honey
combed quartz ore, with a little oxidized 
bismuth and lead minerals. Some of the 
siliceous ores averaged $10 in gold arid 20 
ounces of silver to the ton, with 1 to 3 per cent 
of lead, but the richest ore on the 1,200-foot 
level yielded $80 in gold, 130 ounces of silver, 
and 2 per cent of lead. Heavy galena ores 
are never rich in gold, enargite ores generally 
contain a few dollars' worth to the ton, and 
oxidized copper ores appear to be. poor in gold. 

On the 1,100-foot level in the Victoria was 
found an .almost spherical mass of ore 30 by 24 
feet. This is said to have averaged $40 in 
gold and 2 or ? ounces of silver to the ton, 
but it contained no lead · or copper. 

The Mammoth mine has been rich in gold, 
mostly associated with the copper ores. Parts 
of the Apex stope were rich in gold from the 
surface down to level 15. The Silveropolis 
copper-lead shoot was likewise rich in gold, 
but the Welding copper shoot contains only 
$1 to $2 in gold to the ton. The poor siliceous 
ores of the lower levels are valuable principally 
for their gold content, as they contain little 
silver ari.d no lead or copper. 

The North Star mine, on the Godiva ore 
zone, is said 'to have yielded more gold in 
proportion to the other metals (lead and 
copper) than any of the other mines of the 
district. Two-thirds of the value of the ore 
was in gold. The ore from this mine was not 
available for examination. 

CHARACTER OF ORES. 

Native gold is not visible in the distinctly 
primary ores, but many of the secondary gold 
ores show small grains and flakes of it; these 
are usually of bright yell~w color, indicating 
that only a small amount of silver is alloyed. 
Some gold in the Mammoth mine, level10, and 
in the North Star mine is said to have occurred 
in barite, but it is a question whether this 
is not an accidental association, barite being 
common in all the copper mines. Of more 
significance is the occurrence of earthy manga
nese dioxide in most of the mines that contain 
shoots of secondary gold. This was par
ticularly observed in the Mammoth mine, 
where the association is well known to the 
miners. It is said that in the Silveropolis 
shoot of this mine, down to level 6, much 

1043556--19----1~ 

manganese accompanied native gold. Con

siderable man. ganes~w··.as also observed in the 
Victoria, Centennial ureka, and Iron Blossom 
No. 1 mines.. Duriu the present examination 
no gold was seen dir · ctly embedded·in manga
nese minerals in an of these mines, but there 
can be little doubt that with free sulphuric acid 
available from the dxidaticm of sulphides and 
sodium chloride sul plied to the mine waters 
by winds from the deserts of the Salt Lake 
region the necessary conditions for the genera
tion of chlorine an the solution of gold are 
present, and that :rrigration on a moderate 
scale may be effecteUI· at any level above that . 
of ground water. 

There are three odes of association of sec
ondary native gold: 

1. Gold occurs in small grams and flakes in 
secondary argentite, sis shown convincingly by 
specimens from the Victoria and Eagle and 
Blue Bell mines (p. 1 

1
5). The gold is rarely visi

ble with the naked eye or in thin section but is 
easily perceived in polished sections. A large 
part of the secondary gold belo:p.gs to this class. 

2. Gold occurs in highly siliceous. ores as 
bright-yellow flakes on joint planes. This 
mode of occurrence is well 'shown in much of 
the rich gold ore from the Victoria mine and is 
probably also well exemplified in the Mammoth 
and Centennial mines. Such ores are poor in 
silver. Small specimens of the rich gold ore 
from the Mammoth, .containing abundant visi
ble gold and probably taken from the gold 
shoot on level15, show an allotriomorphic jas
peroid of medium grain. The gold occurs with 
a little limonite along the planes separating the 
~mall quartz grains. · 

3. Gold is sometimes found in limonite. One 
such occurrence was noted in the May .Day 
mine, where a lead shoot was underlain by a 
seam of dark-brown earthy limonite that was 
said to be shid>ping ore containing about $20 in 
gold to the ton. Specimens collected here 
proved, however, to be poor, an~ no metallic 
particles were found. 
ORE FROM THE GEM CHANNEL OF THE GEMINI 

MINE. 

OCCURRENCE. 

In the so-called Gem channel, the most west
erly chain of deposits of the Gemini mine, there 
appears an ore ofsuch peculiar character .that 
it must be described separately. It differs 

\ 
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markedly from the ores found elsewhere in the argentite along the margins of the galena,-but 
mine or in the en-tire district, and deTives addi- differed in no essential way from the normal 
tional interest from the fact that most of it was high-grade lead ore of the district. This fact 
found below the water level, where for a few makes it difficult toattribute the peculiar and 
years explorations were carried on by means of rich_ ore of the Gem channel to sulphide enrich
a winze from the 1,650-foot level, at which the ment by descending waters. It is possible that 
water now stands in the mine. (See p. 189.) during the Pleistocene ~poch of Lake Bonne
The shoot, which is very irregular, extends - ville the water level in the district stood a few 
along _the fissure line known as the Gem · chan- hundred feet higher t~an now, but if so the ore 
nel. It was first found a little above the 1,300- at or close to the present water level in oth~r 
foot level and was followed "down to the 1,900- mines should also show evidence of sulphide en
foot level. Although -at present the water richment, which it does not, so far as observed. 
stands at 1,65Qfeet in the Gemini mine the next The interesting fact that this ore is partly 
few level~ above this are very wet, at least in- oxidized below the water level is mentioned 
eluding the 1,400-foot level. - above (p.161). Thevugs contain cerusite crys-

The Gem channel carries no ore above this tals joined with silver threads; nests of wire 
shoot in the Gemini mine, but bodies have been silver are common, and complete oxidation, 
mined in the Bullion Beck mine, to the south, with the development of cerusite, limonite, and 
and in the Eureka Hill and Centennial mines, malachite is shown even on the 1 ,900-foot level. 
still farther in the same direction. The old This evidence indicates that the water level, 
workings in the Bullion Beck are scarcely acces- either before the Lake Bonneville epoch or 
sible, but so far as could be ascertained neither during an arid stage of the epoch, . was even 
these nor the workings farther f:-outh carried lower than it is to-day. 
similar ore. Much of the ore in these :mines 
along this channel was, however, thoroughly 
oxidized. 

Characteristic sulphide ore was found in 
abundance on the 1 ,400-foot level, and similar 
ores were collected on the 1 ,650-foot level. A 
suite of finespecimens"from the 1,900-foot level, 
obtained through the kindness of the Messrs. 
McChrystal, was carefully e4amined. 

Ore similar to this was not found elsewhere 
in the district. At three other places, . ~t least, 
the water level has been approached or reached 
in ore. One is along the Tank and Interme
diate "channels" of the Gemini, on the 1,650-
foot level, where apparently no abnormal ore has 
been found. Another locality is in the Mam
moth mine, where the low-grade ore_ is entirely 
oxidized. The third place is in the Chief mine 
on the 1 ,800-foot level where lead ore was re
cently found a few feet above the water level. 
Specimens of this ore were obtained through 
the kindness of M:f. Walter Fitch and proved 
to be a high-grade galena ore with much angle
site and cerusite, a little zinc blende, arid a few 
small crystals Qf galena. The ore specimens 
yielded 0.04 ounce of gold and 65 ounces of 
silver to the ton. In similar ore from the 
Eagle and Blue Bell mine· the galena upon 
etching in polished sections was found to con
tain irregularly distributed grains of argentite 
(Pl. XXIX, D), possibly also some secondary 

TENOR IN SILVER. 

Ores very rich in silver have been mined on 
many levels in the Gemini mine, but. these owed 
their tenor to horn silver and were ill general 
almost wholly oxidized. Ordinary sulphide 
ores of the lower levels in· other ''channels" of 
the mine are not excessively rich, the galena 
rarely containing more than 50 ounces of silver 
to the ton. The sulphide ores of the Gem shoot, 
on the other hand, are exceptionally rich in 
silver and contain from 50 to 3,000 ounces of 
silver to the ton, even when mixed with con
siderable gangue. A series of assays by .Prof. 
E. EJ. Bugbee yielded the following ;results: 

4ssays of silver ores of Gem shoot. 

[Ounces per ton.] 

.. 

Pure · galena, 1,400-foot level (No. 
320) .. -....................... ' .. 

Pure enargite, 1,900-foot level (No. 
263) ..................... · ....... . 

Galena, pearceite, marcasite, and 
zinc blende, with much gangue, 
1,400-footlevel (No. 321) .... · .. . · ... 

Coarse galena with pearceite, 1, 900-
footlevel (No.2)-------··--------

Coarse galena· · and zinc blende, · 
1,900-footlevel (No.3) ............ _ 

Medium-grained galena with pearce-
ite, 1,900-foot level (No.4). ___ ._ .. · 

Galena, native silver, and, pearce- . 
ite, 1,900-footlevel (No.5)---····· 

J 

Gold. Silver. 

- Trace. 18.80 

0.08 45.50 

. 01 64:90 

.02 628: oo 

Trace. 19;94 

Trace. 1, 529'.'00 

Tr~ce.l 2, 528. 00_ 
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A. 

ORES FROM THE GEM CHANNEl .. , GEMINI ])'liNE. 
A. Ore from 1950-foot level, showing Yeins of galena and pearceite in jasperoid. 

Natural size. 

B. Ore from 1400-foot level, 300 feet north of winze, showing breccia of jasperoid and 
dolomite, galena, pearceite, and zinc blende surrounded by replacement 

rings o.f marcasite ( ?). Natural size. 





THE ORES. · 179 

These assays seem to indicate that the pure monly intergrown with- pearceite and zinc 
galena and zinc blende contain comparatively blende in the manner described below. 
little silver, like the enargite, which occurs very Zinc blende occurs in small rounded concre
sparingly. The galena in specimen 320 in pol- tionary masses with delicate concent.ric struc
ished section was found to contain only a few ture; thes~ spherulites contain droplike inclu
scattered grains of argentite. Specimen 321 is sions of galena. 
the one figured in Plate XXX, A, and hlitlf of Marcasite is found coating crevices and £rag
the sawed specimen was used for the assay. ments in the shoot as low as the 1,900-foot level: 
Specimens 2, 4, and 5 all .contained pearceite It is plainly crystallized, though the crystals 
mixed with galena and secondary wire silver are minute. In the ore as represented on 
in places. Plate XXX, B, iron disulphide forms small 

The -smelter analysis of part of the ore in a solid spheres, some of which showing free in 
raise from the 1,400 to the 1,300 foot level gave: vugs, or it forms hollow spher~s surrounding 
Lead, 11.65 per c.ent; zinc, 2.6 per cent; iron, the other minerals and showing as rings in the 
3.55 per cent; sulphur, 4.65 per cent; silver, polished sections. This mineral, which is 
1'14.9 ounces; this is very ~imilar to all .the ore .probably marcasite, has an extremely fine 
shipped from this shoot. The average of all radial-concentric texture. 
the ore shipped is said to have been 50 ounces A series of assays indicate that pure galena, 
of silver to the ton, which is high for the mine. zinc blende, and enargite contain c9mpara-

. tively little silver. The principal silver-bearing 
CHARACTER OF ORE. mineral is with considerable confidence identi-

The Gem shoot occurs in a dark fine-grained fied as pearceite, and occurs in all of the rich 
dolomite that is in places black and shaly. So specimens. It occurs massive with galena, has 

. far as examined the ore has a brecciated struc- a dark-gray color, blackish streak, and hard
ture, and the ore minerals mainly fill the inter- ness about 3, fuses very easily in alcohol flame, 
stices between the fragments of dark fine- and contains much silver, arsenic, and sulphur 
grained jasperoid and dolomite. Much of the and a considerable amount of copper. Under 
jasperoid in the fragments is identical with the the metallographic microscope it looks greenish 
ordinary low-grade ore of the mine and con- gray, much like t~nnantite. Native silver 
tains finely disseminated galena, zinc blende. forms abundantly wherever decom-position has 

set in. 
and pyrite. The jasperoid in places shows vein- Pearceite is characteristically intergro~n 
lets of chalcedony cut off ·at the . edge of the with galena; the boundaries being sharp and 
fragments. regular. In some places it is surrounded by 

The coarser-grained sulphide minerals char- galena; in others it is intergrown with galena, 
acteristic of this ore in part replace the cement the texture resembling that of a typical eutec
of the breccia, in part they are pure .filling, and tic.l (See Pl. XXIXr B, 0, p. 169.) The 
in part they replace the dolomite fragments, a "eutectic" texture is probably caused by the 
mode of occurrence not known elsewhere in the replacement of galena by pearceite . . 
mine or in the district, except in some of the Coveliite, a secondary mineral, replaces 
outlying mines in North and East Tintic. both galena and pearceite in blades or inti-

The ore minerals consist of coarse galena, mately branching form, some of it recalling 
much zinc blende, a 'little enargite, marcasite "eutectic" texture. This mineral is fairly com
(~), and pearceite. Their deposition was ac- mon but is rarely visible except under the 
companied by the formation of a little quartz microscope. 
in small, clear. crystals, seemingly the last min- Galena is intergrown with zinc blende, but 
eral to form. The photograph of a· typical zinc blende, marcasite, and pearceite are no
specimen; polished for the purpose, is repro- where intergrown. Pearceite appears to be the 
duced in Plate XXX, B. latest mineral. 
. The galena occurs in cubes and larg~ grains This ore differs markedly from the normal 

with a tendency to rounded growths. Some of ores of the district in the abundance of a rich 
it forms narrow and branching veinlets in jas- silver sulpharsenide, .in the ,concretionary or 
peroid (Pl. XXX, A) and · may be surrounded ·1 For a more detailed description ·of thiS interestillg occurrence, see 
by a rim of yellow zinc blende. It is very com- Whitehead, w. L., The paragenesis of certain sulphide intergrowths: 

EOon. Geology, vol. 11, pp. 1-13, 1916. 
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spherulitic texture of some of the zinc blende tacts of these dikes even if they occur in 
and marcasite, and in the replacement of nonproductive parts of the mine; this is ex
dolomite by the sulphide . . So far as observed pressed by limonite stain and silicification 
any conceb.tratioii of argentite or ruby silver in and here and there by a low content of silver. 
the ·ores of the district is caused ·by com para- The dikes are undoubtedly older than 

· tively late enrichment, which probably took the ore deposits and the relation expressed 
place during the oxidation. It can be said ' above is therefore interpreted as indicating 
with COJ+fidence that these rich silver ores of the great selective power of precipitation by 
the Gemini mine are later than the first phase the limestone or dolomite. The conditions 
of the mineralization (p. 154)~ and they differ in the Centennial mine are particularly in
very strongly .from the ·ores of the second · structive, for here there are several dikes and 
phase. It is therefore held that the ores of flat masses of Swansea rhyolite porphyry in 
the Gem channel were deposited after the the midst of great ore bodies, and none of this 
principal phases of the mineralization were igneous rock has been replaced. by ore. 
completed but . before active oxidation had 
begun. It can not be asserted that they were · 
formed by descending solutions, but they were 
probably formed by cooler solutions, ascending 
or descending, in which the silver content had 
been abnormally increased because they 
reached their place of deposition by traversing 

· ores of med~~m richness a~eady deposited. 

RELATION OF THE ORES TO THE IGNEOUS 
ROCX.S. 

GENERAL FEATURES. 

The veins · of Tin tic · int.ersect monzonite 
and monzonite porphyry and may ' be pro
ductive in these formations. They nowhere, 
so far as known, intersect rhyolite; alt.hough 
they are more recent than the rhyplite effu
sion. The relation of the deposits to . the 
rhyolite therefore becomes a matter of con
siderable interest, which is more fully dis-
cussed in a following paragraph. ,. 

The sedimentary a:r,:ea contains dikes of 
rhyolite, latite-andesite, rhyolite porphyry 
(Swansea rhyolite), and monzonite porphyry. 
In many mines dikes are not seen, but they are 
found in the underg~ound workings of the 
Gemini, Centennial, Apex, May Day, Yankee, 
Carisa, Beck Tunnel, and Iron Blossom. 
None of these dikes are replaeed by ore, 
though ore may occur close to them, even up 
to the immediate contact. Most of the dikes 
are more or less clayey and contain sericite, 
calcite, and pyrite as replacement deposits; 
the pyrite oecurs usually in very minute 
grains. In plaees, as in the Centennial mine, 
the igneous rock may yield a trace of silver. 

In the region of the Iron Blossom, where 
there are many dikes, evidence of a slight 
mineralization may be found along the con-

CONTACT OF RHYOLITE AND LIMESTONE • . • 

The vicinity of the May Day mine offers 
excellent opportunities for an examination of 
the contact between the rhyolite flow and the 
limestone. At the surface the contact lies 
elose to the shaft and the portal of the up
per tunnel. 'It is first exposed near the Uncle 
Sam shaft on the lower tunnel level. The 
tunnel, which ·trends south-southwest, reaches 
the Uncle Sam shaft in a distance of 450 feet 
and is in rhyolite at first eompact but grad
ually growing more clayey. The contact of 
rhyolite and limestone lies about 150 feet 
s-outh of the shaft and stands almost vertical. 
It is followed by ·a vein of kaolin 1 foot wide; 
adjoining this is 1 to 2 feet of a rusty material 
with limonite, which looks like oxidized 
pyritic rock, and this changes gradually into 
normal limestone; in places the limestone is 
cellular and silicified. Pyrite in finely divided 
form is also ' contained in the elayey rhyolite, 
and small foils of gypsum are abundant in 
some places. The contact of the two roeks is 
certainly mineralized to some extent · by 
pyrite, though no commereial ore is found. 
These relations show that the contact from ·the 
surface to the tunnel level is vertical or rather 
overhanging. 

On the 400-foot level, or 200 feet below the 
tunnel, the contact is met about 100 feet south 
of the shaft-that ~is, almost vertically below 
the upper contact. The rhyolite is elayey in 
part, but in places it looks like sandstone or 
it may be hard, like quartzite; it is probably 
tuffaceous. The contact is difficult to locate 
with exactness, for both rocks are siliCified 
riear the dividing plane. The limestone is 
porous and contains barite crystals in ·the 
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pores, and a few feet back of the contact is nearly vertical from the surface. The lime
cerusite and galena appear (!)n a fisslire. Much stone slope above is very steep, and it is 
gold is occasionally found in the silicified possible that these steep contacts represent 
material. ·limestone cliffs against which the rhyolite 

On the 700-foot level the contact is shown in flowed. It is lik ly, however, that some late 
a drift east of the shaft; it dips 20° E. and is movement has t ken place upon the contact. 
indistinct and silicified. The material along The presence f hydrothermal effects . along 
the contact is said to carry no metals in deter- the COD:tact . of rhyolite and limestone has 
minable quantity. The rhyolite is a dark been mentioned by Tower and Smith/ who 
clayey breccia with much pyrite or marcasite, also note the oc urrence of ore fragments in 
but this sulphide, according to the superin- the limestone t Ius underneath the rhyolite 
tendent, Mr. C. C. Griggs, 'carries no precious and the abrupt ermination of the ore at the 
metals. contact. In spi e of careful examination of 

On the 800-foot level the contact is 450 feet all available loca 'ties it has not been possible 
north of the shaft, which indicates a consider- to ·verify the la t two statements, and the 
able flattening out below the 400-foot level. writer is forced t believe that they were based 
Here black clayey rhyolite tuff rests on brec- on the occurren e of a little ore in the lime
ciated limestone. stone in the Go · va away from the contact 

The contact is also visible in the old Godiva and not in the t lus but in fractured rock. 
workings. The Godiva shaft is 400 feet north- In the Yankee tunnel the contact of rhyolite 
west of the Uncle Sam shaft, and its collar is and limestone is lso intersected, 300 feet from 
80 feet lower. The place first visited is· on the the portal. Ne r the contact some limonite 
200-foot level or the Godiva tunnel level, was note.d, sugg sting a slight mineralization. 
where the contact is sharp and vertical or The only other evidence bearing upon the 
somewhat overhanging. The rhyolite is clayey relation of the hyolite to the ore was dis
and contains much fine-grained pyrite and covered in the Eureka Hill mine. On the 
gypsum; it adjoins a mass of limestone de- 200-foot level a out 430 feet north of the 
tritus, the coarse fragments of which ~re dis- shaft the drift c osses an old depression which 
tinctly oxidized. There has been little miner- lies 125 feet bel w· the present surface and 80 
alization, and no ore appears on the contact, -feet below Eure . a Gulch but a few hundred 
but a little ore was found in the fractured feet to the sou h of it. The depth of the 
limestone about 25 feet from the contact. depression belo the drift is not known; its 

On the 600-foot level a dikelike mass or width is about 1 5 feet. It contains abundant 
p.ipe of fragmental rhyolite appears in the boulders of rhy lite and limestone, in part 
limestone. The contact with the rhyolite well rounded. ccording to Mr. G. W. Riter 
flow is thought to be exposed on this level, but a~d Mr. Charles eissbaker, respectively mana
little of the rhyolite is actually s~en. . · ger and superint ndent of the mine for many 

.From the 500-foot level there1s a connectiOn years, the wash contained in places float of 
With the TetrQ shaft, 1,300 feet to the west,. and ore also some "volcanic ash" and bones of 
by ascending this for 200 feet the old, now ani~als. 
caved Tetro tunnel is reached. Here a sharp This old cha el of Eureka Gulch is there
contact i~ s~own between Clayey rh~olite . and fore of postrhy lite age, as shown by the 
an unmistakable talus slope of hmestone. rounded fragme ts of rhyolite which it con
The a~gular and unaltered f7agn:;tents are from tains. From t e configuration of the rhyo
a few Inches to a few feet In d1~meter. The lite it is also e ·dent that the volcanic flow 

· ~paces between the fragm~nts are In p~rt open, must have com l~tely filled the narrow out
~n part ~e~~nted by. calcite .. There ~s no ore let of Eureka G lch, and that this filling must 

-In the VIcmity, but In assapng th~ lrmestone have been erode before the accumulations in 
along the contact Mr. - Tetro obtained small h h 1 h · 1 1 2 f th Eureka . r . . . t e c anne s 0 n In eve 0 e 
quantit es of silver. The contact IS vertical Hill . ld b d ·t d 0 the 

d. · t th hill th t · t th th· b mine cou ave een epos1 e . n or Ips In o e - a Is, o e sou , y . 
1 

h 1 · 1 1 f 
1 tt.. 't th t d' t · f 275 f t other hand the detrita c anne IS c ear y o p o InJ I on e map a a Is ·ance o ee ' . 

from t e portal it will be seen that the contact 1 Tower, G. w., r., and s:nith, G. o., op. cit., p. 749. 
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considerable age and may belong to the latest and much. deposition of pyrite; in the .sedi
Tertiary or the early Quaternary. . mentary area silicification has been the only 

The evidence then shows that the rhyolite . metasomatic process. The elements of the 
was in place at . the time of the mineralization, primary deposits comprise lead, copper, zinc, 
and it is evident that the :fissures in which bismuth, gold, silver, arsenic, antimony, potas
the ore was de.posited failed to penetrate the sium, barium, silicon, oxygen, and sulphur. 
clayey and tuffaceous lower layers of that There is a general absence of certain con
rock. It is surprising that no extensive and stituents characteristic of deep-seated deposits, 
rich deposits have been found underneath · such as minerals containing boron, fluorine, and 
the impermeable cover of the rhyolite, but phosphorus, also of all heavy silicates, pyrrho
this is perhaPs explained by the exceedingly tite, magnetite, and ilmenite. No zeolites are 
strong selective action of the solutions in found, and a number of metals such as tellu
favor of the limestone and dolomite. It is rium, selenium, molybdenum, tungsten, and 
also probable that the depositing solutions had rare earths are absent. There are practically 
no great volume but closely followed the no calcium minerals, except dolomite and 
paths prescribed by the open fractures. This calcite of late or postmineral age, clearly 
is, indeed, clearly indicated by the absence of derived from the limestone . . The relative 
mineralization in the productive part of the scarcity of pyrite and zinc blende in the lime
sedimentary area except along certain well- stone ar-ea is also noteworthy. 
defined lines, represented by the four great Physiographic considerations lead to the 
vmn zones. conclusion that the present surface is not more 

GENESIS OF THE ORE DEPOSITS. than about 1,000 to 2,000 feet below the surface 

PRINCIPAL FEATURES OF DEPOSITS. 
that existed a.t the time of ore deposition, and 
that therefore the deposits were formed at 

The ore deposits of the Tintic district have relatively slight depth beiow the surface and 
been formed by replacement and filling along ~ot at excessively high temperature and pres
fractures. In the monzonite area, where the sure. This conclusion is confirmed by the dis
deposition seems to have .had its inception, covery that in the northern part of the district 
these fractures are numerous and generally a large part of the jasperoid and quartz was 
simple, tr~nding from north to northeast. deposited as gelatinous silica. 
In the sedimentary rocks the main fractures, That the ores were-formed by aqueous solu
whi~h in severaL ·places connect with those in tio~s is so .evident that discussioh of- this ques
the wonzonite, generally trend north along tion i~ needless. To prove the temperature of 
four principal lines, . but the deposition has the depositing waters, however, is less easy. 
been much inore complex, for ores have been · No distincti"ie high-temperature minerals are 
formed along fractures of all kinds and along present except possibly enargite, as to whose 
stratification planes. · stability limits ·and mode of formation little 

. Throughout the district the characteristic definite information is available. So far as 
gangue minerals are barite and quartz, the known it is never formed by cold, descending 
latter developed as replacement jasperoid or waters. The silicification and the deposition 
as :filling and at many places clearly consisting of quartz, barite, galena, zinc blende, argentite, 
of recrystallized gelatinous silica. The chief ore and pyrite are possible at temperatures con
minerals are enargite and galena; in subor- siderably below 100° C.-in fact, some of the 
dinate amounts are pyrite, zinc blende, tetra- deposits in the outlying parts of the district 
hedrite, an unkriown bismuth mineral, and and the abnormal ore of the Gem channel in the 
others. The lead shoots are concentrated in Gemini mine bear distinct evidence of having 
the northern part of the district; the copper been formed at temperatures below 100° C. 
shoots, accompanied with much barite, lie If, nevertheless, it is believed that the normal 
chiefly in the southern sedimentary area. ores were generally formed at temperatures 
~n the igneous area enargite and galena ranging from 100° to about 300° C., this belief 

occur together at many places, but the eco- rests more securely on geologic than on min
nomic importance of the ores is small. In the eralogic evidence. It is thollght that the solu
igneous area there has been much sericitization tions gradually became cooler as they pene-
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trated ·nto the sediments northward. The 
progres · ive change northward, copper ores 
giving :place to lead ores and the grains and 
crystalsj of the quartz aggregates perceptibly 
decreasing in size, gives support to this belief. 
The absence of marcasite and the abundance 
of pyrite and its common octahedral form sug-

. gest higher temperatures in the monzonite than 
normal ground water would ·be expected to 
have. The general similarity of the veins to 
countless others in the Cordilleran region, many 
of which, it has been proved, were deposited by 
hot solutions, of course adds to the strength of 
the argument. The widespread sericitic and 
pyritic alteration of the monzonite proves that 
it was extensively permeated by solutions con
taining hydrogen sulphide. 

GEOLOGIC EVIDENCE. 

The strongest evidence as to genesis is really 
geologic. The deposits were formed, probably 
about the middle of the Tertiary period, in the 
interior of a huge volcanic pile in which the 
temperature would naturally be above normal. 
They were formed in or near a large body of hot 
monzonite, intruded as the last phase of vol
canic activity, and under a thick blanket of 
lavas which also heated the underlying rocks. 

On the other hand, the agencies that formed 
the deposits ceased to act long ago, as is indi
cated by the great degree of oxidation~ as well 
as by physiographic evidence of debris fans and 
deeply· buried stream beds, containing frag
ments of ore (p. 181). There is litt~e reason to 
doubt that the deposition was completed before 
the end of the Tertiary period. 1 

These facts indicate that the ore deposits 
were formed within a relatively short epoch, 
just after the volcanic activity had ceased, and 
were therefore · intimately connected with 
igneous phenomena. The limes~one contains 
abundant fractures. Many of them are much 
older than the deposits, and some are distinctly 

1 The volcanic eruptions that preceded ore deposition were later than 
EQCene sedimentation, as shown on p. 104. The eruptions antedated the 
upheaval of the Basin Ranges. On the other hand, lake beds of Plio
cene age in the vicinity of Montpelier, Idaho, just north of the Utah 
boqndary, are distinctly later than the Basin Range uplift, which is 
therefore assigned to Oligocene and Miocene time. As the ore deposits 
are believed to have been formed as a final expression of igneous activity, 
they were presumably formed before the Basin Range uplift, but as 
the waning stages of volcanism may have been of long duration the time 
of ore deposition can not be sharply fixed. If it was in progress after the 
uplift had begun it had ceased before erosion had advanced enough to 
remove much of the cover of y,alcanic rocks and thereby to allow the solu
tions to reach the surface.-G. F. L. 

more recent, but these, though affording excel
lent passageway for groundwater, contain no 
metallic mineral and no quartz but are at 
most cemented y calcite. This proves con
clusively that th deposits were not formed of 
rna terial extract d by the general circulating 
ground water fro the sedimentary rocks. 

It is scarcely ossible that the vast amounts 
of silica deposite were extracted from the sedi
mentary rQcks. Tests for barium in these 
rocks have prov d negative, consequently the 
source of both si ca and barite must be sought 
elsewhere. The gangue and ore minerals are 
identical in mon onite and in limestone. All 
this tends with .cumulative effect toward ·proof 
of the genetic connection of the deposits with 
the monzonite. · 

It is therefore believed that the depositing 
solutions were hot waters ascending in the mon
zonite on a fissure system formed very soon 
after its consolidation, while the rock was still 
hot. The ultimate origin of these waters can 
not be proved from the evidence available, but 
it is believed that they were, in part, at least, of 
magmatic origin, and that the precious metals, 
the lead and the copper, came from the magma. 
It is not impossible that some of the silica and 
the barium were leached from the monzonite, 
but there is no definite evidence of it. In fact, 
during the general alteration of the monzonite 
little silica appears to have been lost, and in 
part the rock has certainly been silicified. 

The depositing solutions were then probably 
hot waters rioh in silica, hydrogen sulphide, and 
various metallic sulphides. They also contained 
carbon dioxide. The extensive sericitization jn 
the monzonite suggests that they rna y also have 
contained potassium. In the monzonite the 
heat was considerable, and comparatively little 
galena or enargite was deposited, the ore bodies 
consisting chiefly of quartz and pyrite. As the 
waters ascended, their circulation was in part 
impeded by overlying clayey and 'tuffaceous 
volcanic rocks, and they were forced northward 
horizontally along certain open passageways; 
they deposited their copper minerals first and 
then the lead minerals in successively cooler 
zones, until their silica and their metallic con
tent became exhausted. At the same time 
they became enormously enriched in carbonates 
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of magnesium and calciuPJ,. Dolomite, being placed by ore. At most, the rock became 
less soluble, was deposited in fractures sur- altered by the development of sericite, 'caloite, 
rounding the ore zone. In the peripheral parts and pyrite. 
of the district, dolomite and calcite, with some 
galena and zinc ·blende and only minor amounts 
of quartz, were the only minerals deposited. 
The order of deposition, with respect to the 
monzonite contact and the relations of the 
different minerals to one another, are shown in 
figure 24. 

The relations of the solutions to the igneous 
rocks are mo~tinteresting (p. 180). The porous 

Energite 

Silver 

\ . FUTURE OF THE DISTRICT. 

( Prospecting and development at Tintic have 
atways been difficult and expensive, for the ore 
is confined to certain zones of deposition sepa
rated by long stretches of barren ground, and I 
in each zone the ore bodies may be disP.osed 
without much regularity or continuity. J The 
latest great developments have been in the 

Gold trace 
-----e--f~~Z':Z22~:i5:222'2ssS5515"'"""""""--- - -------

"Barite 

Calc ite 

- ~--------------------------~~,~~~~-~~~~~~~~~~~~~~ 
Monoz.onite Limestone and dolomite 

FIGURE 24.-Diagram showing relations of ore and gangue minerals to monzonite contact. 

monzonite was easily penetrated, but the lower Iron Blossom zone, and at present the more im
tuffaceous beds of rhyolite and latite-andesite portant explorations are being directed north
proved almost entirely impermeable except for _ ward from the Gemini and Chief mines. 
a little hydrogen sulphide which produced an All the valuable ore zones between the 
impregnation of pyrite in the lower part of Gemini and the Iron Blossom have probably 
these rocks. een discovered. l West of the Gemini zone 

The Swansea rhyolite porphyry was attacked there is little en'couragement, the unfavorable 
in places, but wherever this rock or monzonite formations soon giving place to the still more 
porphyry or rhyolite occurred as dikes in the unfavorable quartzite. The character of min
sedimentary rocks the selective activity of the eralization shown at a few places in the 
solutions favored the limestones to so great a workings of this area indicates that the 
degree that practically no ore was formed in the solutions were weak, cooled, and largely de
igneous rocks, though the surrounding lime- pleted of their metal content. Extensive cross·
stone or dolomite may have been entirely re- cuts have been driven in the region west of the 
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Eureka Hill and Centennial mines, ':"ithout 
success.) An extension 'Qf the Gemini zone 
south of the Centennial mine, which at one 
time -appeared very probable, seems to have 
been definitely disproved by the explorations 
in the Opex mine. 

The exploration northward from the Gemini 
mine in the deep levels seems promising, and 
new ore bodies will doubtless be found here. 
It is possible that in these deep levels below 
the water level the Gemini ore zone will be 
found to continue northward toward the Pax
man shaft and perhaps toward the silicified 
areas north of Packard Peak. If ore is found 
here, especially primary sulphide ore, it will 
probably be rather low in silver. The con
nection of the Grand Central with the Cen
tennial Eureka mine is also established, and 
hence the path followed by the solutions from 
the Mammoth to the Gemini ore zone is known. 
It is unlikely that in the southern part of the 
Mammoth zone many new ore bodies will be 
found by lateral exploration, except perhaps in 
the northeastward-trending fracture system of 
the Ajax and Gold Chain region. The inter
val between the Mammoth and the Godiva 
zone has been explored, with no success. In 
the loD:g Sioux Ajax tunnel no mineral-bearing 
fissures were discovered, and explorations for 
1,800 feet to the northeast of the Eagle and 
Blue Bell shaft have exposed very little evi
dence of mineralization. On the other hand, 
the deep workings in the Eagle and Blue Bell 
and Chief mines are encouraging, and the area 
north of the Chief mine and north of the 
Eureka town site offers some promise of ore in 
depth. In this area there is some evidence of 
mineralization on the slirface near the Paxman 
mine, but no ore bodies have been found near 
the surface. I tis likely that the ore, if present, 
will be found at a considerable depth. 

The north end of the Godiva zone, where the 
limestone sinks below the rhyolite, merits more 
exploration than has been given to it, eveR if 
the silver content of the galena is lower here 
than elsewhere. 

The Iron Blossom zone still contains large 
bodies of low-grade ore, and lateral exploration 
has disclosed several parallel veins, but they are 
not as valuable as the main shoot. The fissure 
veins in the southern parts of the Godiva and 
Iron Blo~som z~:mes have not proved very 
remunerative. North of the Beck TUnnel 

mine much effort has been expended in at
tempting t find the northerly continuation of 
the ore bo . es. Prohably no large ore bodies 
exist here, for the solutions seem to have 
been diver ed on cross fractures, close to 
the Beck s aft, to the Godiva zone. On the 
other hand1 little exploration has been under
taken .to t~ east below the rhyolite, and it is 
possible th t some of the solutions were di-
verted in t is directioA. · · 

There is, l in fact, room for an easterly ore 
zone east ~f the Iron Blossom zone, under
neath thefolcanic rocks, though the devel
opments s 1 far undertaken from the Iron 
Blossom z ne have not been encouraging. 
The future of the East Tintic district is dis
cussed on 

1

ages 253-254. 
Explorat~on in depth in the monzonite area 

has been r~tarded by the high level and grljat 
volume of tlhe water. If, as proposed, this area 
is unwater~d by a tunnel from Goshen Valley a 
considerab~e number of veins will doubtless be 
fo~nd, somF of which may well prove re~uner
ative. Thj tunnel would have an elevatiOn of 
about 5,001 feet at the portal and, with a grade 
of 1:300, ":Puld strike the Sunbeam mine about. 
1,440 feet r.elow the crop pings. 

On the other hand, exploration in depth in 
the sedim~ntary area has been facilitated by 
the deep :rater level. T. he proposed . tunnel 
would str~fe mines in the sedimentary zone 
high abov~ the water level and would therefore 
help mainJJr by lessening the height to which 
the water Eould have to be pumped. . 

Explora 1 ion below known ore bodies has not 
been unive sally successful in the district. Few 
ore bodies have beeh found in depth in the Iron 
Blossom ~nd· Godiva zones. The Mammoth 
has low-grr.de ore close to the water level, and 
in the Eafle and Blue Bell and Chief mines 
the ore br,dies have recently been found to 
extend b~low the water level. Along the 
Gemini zo~e very encouraging results have been 
obtained o a depth of 250 feet below water 
level, but · t is manifestly more than could be 
expected f a single mine to handle the great 
amount of water, for any one deep mine in this 
vicinity wtJl probably drain most of the water 
in the neighboring properties. 

If the h~pothesis outlined above. (p. 183) as to. 
the latera movement of the depositing solu-
tions fron the monzonite area northward is 
true, it is ot likely that the ore will continue 
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indefinitely in, depth. The ore bodies in th~ 
deep levels of the Gemini and Chief mines are 
probably caused by the damming influence of 
the impermeable rhyolite blanket, which here 
res~s on the limestone at comparatively low 
altitu.des. The solutions could not rise freely 
toward the surface, hence under the impelling 
force with which they ascended in the hot mon
zonite they would be guid~d northward in the 
upper shattered zone of the limestone until, 
cooled and mingled with surface waters, they 
had deposited their metallic load. 

The steady and long-continued production 
of the district has in part been caused by the 
discovery of new ore bodies, but in large part 
also by successive workings of the same ore 
bodies. At first only the richest ores . were 
extracted. Later, when the charges for treat
ment declined, the old stopes, most of them 
still open in the hard jasperoid or limestone1 

were reworked and ore of lower grades taken 
out. At the present time there are in many 
of the mines large reserves of ·ore of a gross 
value of $5 to $10 a ton, for which a cheap and 
effective process of reduction is now sought. 

The probabilities favor the view that the 
mineralization will be found to continue to 
great depths in the monzonite area, for the 
solutions appear to have ascended in that 
vicinity. Owing to the indicated lateral move
ment of the solutions in the sedimentary area 
it is possible that in some mines in this, the 
main part of the district, the niineralization 
will be found to cease before great depth is 
attained. 

MINES IN THE SEDIMENTARY FORMATIONS. 

GEMINI AND RIDGE AND VALLEY MINES. 1 

Location.-The minjng properties owned 
by the Gemini and the Ridge and ·valley 
mining companies are under one management 
and are operated from the Gemini shaft. 
They constitute one of the most important 
mines -of the dist~ct and one which, though 
having had its-greatest production in the earlier 
years of the district, is far from exhausted. 
The claims ex.tend in a general northerly 
direction and lie north and south of Eureka 
Creek, at the west edge of the town of Eureka. 

I Tower, G. W., jr., and Smith, G. 0 ., op. cit., pp. 734-737. Heikes, 
V. C., [Utah mine reports]: U. S. Geol. Survey Mineral Resources, 
1905-1913. 

They cover a total distance of 2l ·miles, but 
the principal producing section · lies north of 
the shaft. 

The mine has for many years been operated 
by members of the McChrystal family. Much 
information has been obtained · from Messrs. 
Jackson C. and John H. McChrystal. 

Development.-The Gemini vertie11l shaft 
is sunk on the north bank of Eureka Creek7 

about 100 feet above it, at an altitude of 6,467 
feet. Its depth is 1,650 feet, the lowest level, 
No. 16, being turned at a depth of 1,644 feet. 
The levels extend mainly a little east of north, 
level 16 having reached about 1, 700 feet north 
of the shaft. The developments south of the 
shaft reach to the Bullion Beck line, a distance 
of about 700 feet. Levels are turned at 100-
foot intervals, but the upper levels are not 
worked now. On level 14, which is 1,444 feet 
below th~ collar, a long crosscut eastward 
connects with level 16 of the Chief mine. 
From level 16 a winze 300 feet deep has been 
sunk on-the Gem channel to a few feet below 
level 19, which is thus the deepest level in the , 
mine. Since 1911 most of the work has been 
done on levels 14, 15, and 16. 

Production.-The total production of the 
Gemini mine has never been made public. 
Up to November 13, 1914, $2,355,000 had 
been paid in dividends, so that it may be 
fair to assume that the value of the total 
output is about $10,000,000. The production 
of the Ridge and Valley mine, which includes 
the most northerly ore ·bodies, has so far 
been small, and the ore· tonnage has been 
less than that of the Gemini mine. 

A little gold and copper and zinc are cred
ited to the mine, but -the principal output is 
in lead and silver, and it is probably not an 
exaggeration to say that all the ore extracted 
has ussayed on· the average about 10 per cent 
of lead and 40 ounces of silver to the ton. 
According to unofficial statements the annual 
ore production during the last few years has 
approached 25,000 tons. 

Water.-The water level was found at level 
16, at an altitude of 4,813 feet. After a Winze 
had been sunk to level 19 the water was held 
there by electric pumps lifting 300 gallons a 
minute, or 432,000 gallons in 24 hours. The 
water is now stationary at levell6 at the winze, 
at an altitude of 4,835 feet. About 20,000 
gallons a day of seepage water is dumped in 
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this winze without affecting the water level. 
Most of the levels are entirely dry, but some 
water is met in the Gem or westerly channel 
on levels 14 and 15, so that levels 13 to 16 
are very wet in this part of the mine. 

Geology.-Most of the workings _are in the 
Bl.uebell dolomite, which consi~ts of heavy 
beds of dark-gray, rather fine grained rock. 
On the surface the Bluebell dolomite occupies 
an area about 1,200 feet wide from east to 
west. In the northern part of the mine and 
on the lower levels the strike is N. 20° W. 
and the average dip is 78°-82° E. On the 
surface at the shaft the strike is nearly north, 
and farther north about N. 8° E., so that the 
underground observations indicate an easterly 
twist. Exact measurements of dip and strike 
are possible only at a few places in the mines. 

The ore-bearing fractures extend a little 
east of north, closely following the stratifi
cation. Much more prominent than these, 
however, is a strong system of easterly ''cross 
breaks"; these fractures are observed in all 
parts of the mine and are more abundant 
than in the Bullion Beck mine on the south. 
Most of them dip 55°-70° S. and strike from 
N~ 70° E. to S. 70° E. Beginning at the shaft, 
the cross breaks are spaced 100 or 200 feet 
apart. The so-called ''main cross break'' 
lies about 450 feet north of the shaft on level 
15. In the extreme north end of the mine a 
few fractures intersect the trend of the ore 
bodies, striking S. 50° E. and dipping 75° 
SW. None of these cross breaks find expres
sion by faulting on the surface. Fractures 
striking N. 30° W. also occur but are not 
common. 

Rhyolite.-Dikes of" porphyry" are found at 
several places in the mine, and on the surface 
the flow of Packard rhyolite reaches almost to 
the shaft. (See Pl. I, in pocket.) These dikes 
are probably all of rhyolite, though they are 
usually so clayey and decomposed that their 
nature can not be definitely recognized. 
Tower and Smith 1 state that on level 3 about 
200 feet north of the shaft there is an easter~y 
fracture 10 feet or more wide in which angular 
fragments of limestone and rhyolite were found, 
and a similar occurrence was found on level r'1, 
300 feet north of the shaft, . On level 6, about 
1,000 feet south of the shaft, they found a 10-

1 Tower, G. W., jr., and Smith, G. 0., op. cit., p. 737. 

foot dike of rhyolite striking northeast and 
'dipping 85° SE. They also found in the 
workings 300 feet east of the shaft on levels 
6, 7, and 8 a definite northward-trending con
tact between rhyolite and limestone and were 
inclined to regard the contact as a talus slope, 
because the two rocks are separated by a zone 
of broken material 10 to 20 feet wide. Th~ 
present writer examined two of these places on 
levels 6 and 7, but considers the evidence of 
talus doubtful. During the present examina
tionrhyolite was found on level 16, 1,300 feet 
north of the shaft, adjoining ore and limestone 
in the Tank channel. The soft clayey· mate
rial, which contains some pyrite and gypsum, 
is probably rhyolite. It is about 8 feet thick. 

Ore bodies.-No outcrops of ore are seen at 
the surface. Close to the shaft is an outcrop 
of altered and rusty limestone which is consid
ered to represent the Tank channel. Farther 
north, near the Ridge and Valley shaft, some 
silicified limestone is observed at the surface. 
The only ore found above level 4 was in small 
bunches following N. 5.0 -10° W. fractures. The 
first large ore body was opened on level 5, east 
of the shaft, and other bodies have been found 
on all lower levels down to the greatest depth 
attained, or 1,900 feet. (See Pl. XXXII.) 

As shown on Plate XXXI the ore occurs 
along four distinct and parallel lines which 
closely follow the stratification, striking N. 15 ° 
E. and dipping 80° E.; these are from west to 
east the Gem, Intermediate, Tank, and Red 
Bird channels, and for the most part they lie 
within a width from east to west of 750 feet. 
The ore bodie~ are irregularly distributed ' as 
lenses or pods alo:r;t.g these lines, as is well 
shown in the composite cross section (fig. 25). 
The upper ore bodies were found mainly near 
the shaft, but in the lower levels a tendency 
has been shown to a northerly pitch, so that 
the present ore bodies on the Tank and Gem 
channels lie 1,000 to 1, 700 feet north of the 
shaft. Although the ore bodies thus in the 
main follow the beds, there are many places 
where they break away along fissures; where 
they take to the easterly cross breaks they 
form a connection between two of the "chan
nels." This is w~ll illustrated on a diagram 
of the upper levels (Pl. XXXI). 

The Red Bird and Tank channels are 
strongly developed on levels 6 and 7 near the 

• 
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shaft. The ore bodies are as much as 30 feet north of the shaft on , the Intermediate and 
wide and continuous for several hundred feet; Tank channels, but some ore shoots have also 
they begin on the Red Bird south of the shaft, been found on the Red Bird channel 900 feet 
then take a cross break and go over~ the Tank, north-northeast of the shaft. On levels 14, 15, 

0 200 300 

1,400 

~[Q 
Stope o.n plane 

of section near shaft Intermediate stopes in order of occurrence 
northward from plan~ of section 

The geologic boundaries indicated are about normal to plane of section 

FIGURE 25.---Composite cross section of the Gemini mine, showing form of ore bodies. 

~ 
~ 

E. 

Stope 2,300 feet 
north of shaft 

which they follow for 1,000 feet as lenses sepa- and 16 most of the ore bodies Tie from 1,000 
rated by barren stretches. On levels 8 and 9 to 2,000 feet north of the shaft on the Tank and 
on the Red Bird isolated ore bodies continue as Intermediate channels and pitch to · the north. 
far north as on levels 6 and 7. On levels 10 They range in width from a few feet up to 35 
to 13 the ore bodies lie mainly for 500 feet feet and at many places· turn and follow cross 
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breaks. Some of them are continuous for 200 
feet, . buttmany of the smaller bodies are pipes 
with elliptical cross section. At one place . on 
level 14 three such pipes, each about 

have been worked twice. In the earlier 
years only the richer parts were extracted, 
and there remained much poorer ore that 

6 feet in diameter and surrounded by 
limestone, were noted in triangular 
arrangement within a circle of 25 feet. 
The Red ~ird channel contains few 
o~ bodies ·on level14, the lowest level 
on which it has thus far be£m opened. 

The Gem channel first appears in 
the mine on level 13, although it has 
been mined at considerable higher 
levels in the Bullion Beck and Eureka 
Hill mines. In this mine the Gem 
channel presents some very peculiar 
characteristics. The ore began along ~ 
a break following the bedding about i . 
1,300 feet north of the shaft . above ~ 
level 13, and from this poin~ the ore ~ ' 
was followed down in lenses ·and pipes ~. 
to level 19. The approximate outline ~ 

fr. 
of this shoot, in longitudinal projec- [ [~'=· ===:!~~~~ 
tion, is shown in figure 26. The ore ~ - C:=l==::=~~:::!==~~~," 
ranges from a few feet to 50 feet in ~ ~ro 

. width and is very irregular, though .as . ~ ~ 
a whole parallel to the fissure, which ~ . · i;;-

... ::ii 

here trends N. 20° E. On levels 15 ~ -
and 16 the ore bodies lie nearer to the ~ 
shaft and in part connect on cross ~ 

0 

breaks with the Intermediate channel. ~ 
'fhe Gem ore bodies lie in a dark- g 

~ colored- dolomite, which alqng the · o 

channel line is irregularly converted to ~ 
a black jasperoid. The _ore is oxi- §: 
dized only in part, though this partial ~ 
oxidation descends below the water P 
level at about 1,650 feet below the 
collar of the shaft. The Gem channel · 
is very wet for 200 feet above the water 
level, but in other parts of the mine 
the ore bodies are nearly dry. 

. Ore supply.-Like most of the other 
mines of the Tin tic district, the Gemini 
mine r~rely has large bodies of ore 
opened at any one time. Nevertheless 
1.t has been a steady producer for many 
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years. The occurrence of the ore in ~ ~ 
more or less isolated pods and pipes ==~I ==~~==~====:===== ~ ~ 

'i~ 
renders a great deal of intelligent 1 ~ 
development work necessary, and an ex- would yield a profit when conditions of 
amination of · the mine maps suggests that ·smelting and transportation improved. For 
the possibilities are far from being ex- instance, in 1914 an old 8-foot stope on the 
hausted~ Moreover, many of the ore bodies Intermediate channel on level 14 was re-
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opened and it was found that only the oxi
diZed soft ore had been removed which con
tained 30 per cent of lead and 20 ounces of 
silver to the ton; adjoining this was a body of 
black j asperoid with galena, several feet· in 
width, which at the later date proved profit
able to extract. 

Ores and minerals.-The ore bodies occur as 
lenses, pods, or pipes along the fracture lin_es, 
most .of which trend N. 10°-20° E. The 
thickness of the ore ranges from a foot or two 
up to 30 feet or more, rarely 50 feet. · The 
mineralization along the fracture lines · i~ 
marked by the irregular replacement of dolo
mite by gray or bluish j asperoid which con
nects the ore pods along the strike of the 
fracture, though this silicification is not abso
lutely continuous. in many places the silici:fi-

silver to the ton. Higher contents usually in
dicate admixed silver chloride or rich sulpho
salts, such as pearceite. 

Some lead stopes from the Intermediate 
channel on level 14, in large part oxidized, 
yielded 30 per cent of lead and 15 to 20 ounces 
of silver to the ton. In the same vicinity were 
chloride ores with 6 to 7 per cent of lead and 75 
ounces of silver. Copper stains are not uncom
mon and are derived from the oxidation of 
tetrahedrite, pearcmte, or more rarely enargite. 
Only one specimen of enargite was found; it 
came from level -19. 

Zinc blende is foun<i ·in the primary unox
idized ores, as small grains in j asperoid or as 
inclusions in galena. A small quantity of 
pyrite is generally present. Cerargyrite was 
abundant in the upper levels, but specimens 

Smelter analyses of Gemini ores. 

1 2 3 4 5 6 

Lead ...••..... ------------- - -----------percent .. - 5.1 7.65 14 11.65 
Iron .••••........ _________ ________________ do.... 4.6 3.95 4 3.55 

11 22 
4.5 3-4 

· Zinc .••••..... _ . . ___ ..... _. ______ . __ ...... do.... 2. 6 2. 30 10 2. 6 3.0 3-6 

~~r:~~~~::::::::::::: : ::::::::: :·:::::::: :~~:::: · · · · · · i: o · -· · · · i: i5 · -·- · · · .- 65 · ---- · 4:65 · 1.0 .............. 
1.5 l-6 

Insoluble .... --.-.- .. ___ ___ . ________ .. __ .. do .. __ 65. 2 54. 40 42 62.4 63 ..... .. ............ 
Silver ........... . ....... _ .. _ .ounces to the ton.. 15.0 57.5 193 115 42 200 

1. Low-grade ore shipped from dump. 
2. Lead ore from level-14. 
3. Lead and silver chloride ore from Red Bird channel. 
4. Rich sulphide ore in pipe on level14 extending up from winze 19, Gem channel. 
5. Rich sulphide ore in winze stope on level 16!, Gem channel. . 
6. Rich sulphide ore from Gem channel on level 17. 

cation extends a few feet beyond the ore, and 
the silicified rock is accompanied by sparsely 
disseminated galena and zinc blende. 

The Gemini ores were oxidized in large part 
down to the water level, or about 1:650 feet 
below the collar, but in the deeper levels the oxi
dation is only partial and much galena is seen 
on levels 14, 15, and 16. The ores are in the 
main siliceous lead ores. The gangue is fine
grained bluish gray flinty j asperoid, replacing 
dolomite aJ;ld usually containing small plates of 
barite. 

The ore of lower grades that could be mined 
in 1911 had a minimum value at the mine of 
about $10 a ton and contained 14 to 15 ounces 
silver to the ton and 4 to 6 per cent of lead. 

Galena and cerusite, with more- or less 
anglesite, are the principal. lead minerals. The 
average galena contains 30 to 40 ounces of 

were found even in level17 ~ Tower and Smith · 
mention crusts of horn silver a quarter of an 
inch thick from the upper levels. Native silver 
is not uncommon, and wire silver with cerusite 
was noted in specimens from level 19-that is, 
250 feet below water level. 

The primary lean ore of the three easterly 
channels consists of blue or gray jasperoid, 
locally banded, in which are disseminated 
small grains of gale~a, zinc blende, and pyrite 
(Pl. XIX, B, p: 156). Cavities in this ore are 
coated with white fine-grained quartz, at the base 
of which galena is often deposited in abundance. 
More or less barite is present but is rarely con
spicuous. The oxidized ore is a soft and honey
combed mass of silica, cerusite, anglesite, etc., 
with small amounts of limonit£. 

Some of the lead stopes are adjoined. by 
bodies of oxidized zinc ores' some of which 
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have been shipped. This zinc ore usually . 
replaces limestone outside of the silicified zone 

. ' 

BULLION""EECK MINE. 

Location and development.-The Bullion Beck 
mine, one . of the Q}dest in the district, lies be
tween the Gemini and the Eureka Hill. It is 
now owned by the United States Mining Co. 
The mine has been worked from 1882 to the 
~resent time, although since 1911 the opera- . 
twns have been on a small scale and mainly 
carried on by lessees. 

and the .material of shipping grade averages 
about 30 per cent of zinc. · 

The oxidized zinc ores have been found to 
some extent below level 12 and on level 13 
but have for the most part been mined from 
levels 14 to 16, in both the Gemini and the 
Ridge and Valley mines. The western (Gem) 
channel has . thus far yielded practically no 
zinc ore. Small pockets of high-grade ore have 
been found along it, but no body of promising 
size has been ·opened. · The m_iddle (Inter
mediate) and eastern (Tank) channels both 
contain considerable bodies of zinc ore . and 
have together yielded .the total amount shipped. 
The zinc ore as a rule forms casings around the 
lower parts of the lead-silver stopes, the great
est concentration being on the footwall side 
(fig. 23, G, p. 172 )-. The ore also follows fissures 
and bedding planes "for short distances away 
from the lead-silver stopes, but none has been 
found at any considerable distance from the 
lead-silver stopes. 

The gray and brown types of ore were noted 
in several different stopes, and some black ore 
was seen in the lowest, on the 1 ,600-foot level 
of the Ridge and Valley mine. The fibrous 
botryoidal, cellular, and drusy smithsonite and 
the drusy calamine are said to have been 
widely distributed along fractures . in ore now 
stoped out. 

The ore of the Gem channel in this mine is 
very peculiar and suggests a sulphide enrich
ment. The Gem channel has been worked in 
this mine only below level13, but from that level 
the ore boqies were continuous down to level19. 
0~ levels 14 and 16 the ore contains mainly sul
phides, partly oxidized. Similar conditions 
existed below the water level down to level19 
acc_ording to statements by Messrs. McChrystal: 
which were substantiated by examination of a 
suite of specimens from the lowest, level. 

The ore, which is described in more detail on 
page 177, is contained in a -breccia of jasperoid 
and dol_omite and consi~ts of galena, zinc blende, 
m~rcas1te, and pearcmte (or a closely related 
nnneral). It is rich in silver and averages in 
the Gem channel 15 per c·ent of lead and 50 

' ounces of silver to the ton. ·Analyses of sepa
rate lots of ore are given in the above table. 
Assays of selected pieces gave as much as 2 000 
ounces of silver to the ton. ' 

The mine is opened by a vertical · shaft close 
to E11feka Gulch below the town of Eureka .. at 
an altitude of about 6,360 feet. The depth .. is 
1 ;300 feet, and a winze from the deepest l~vel 
reaches 200 feet below the bottom of the shaft. 
The shaft and winze were dry at the time ·.of 
visit. Some water came in from 100 to 1,100 
feet below the surface and in 1911 a little water 

. ' 
probably from a pocket, was covering the deep-
est level. 

The developments are extensive on all levels 
but lit'tle work was being done in 1911 belo~ 
level 5. The drifts extend about 600 feet north 
of the shaft and 1,200 feet south of it and con
nect on most levels with both adjoining mines. 
The total length of drifts amounts to at least 
10 miles. 

Production.-The production of the Bullion 
Beck mine has never been made public, but the 
total dividends. paid are said to amount to 
$2,768,400, which is. somewhat more th~n has 
been paid by the Gemini mine. If it is assumed 
that. one-fourth or one-fifth · of the gross pro
ductwn has been paid in ·dividends, the total 
.value of the output may be estimated at 
$13,000,000 or $14,000,000. The total ton
nage is not large, certainly not over 400,000 
tons. Some gold and copper have been pro
duced-in fact, considerably more than in the' 
Gemini inine-but the principal metals are 
silver and lead. The ore has varied. greatly in 
richness but is on the whole a siliceous lead ore 
probably averaging 30 ounces in silver to the 
ton and about 15 per cent of lead. · . 

. Geology.-The Quaternary deposits of Eureka 
Creek cover the outcrops of the rocks in large 
part, but enough is shown to ·indiGate that . the 
notable northeasterly fault that extends ob
liquely across Eureka . ·creek ' passes ~lmost 
~hrough the shaft. Drifts to the north pass 
Into the Bluebell dolomite; the southward 
working~ reach into the. Opex dolomite and 
Ajax limestone} cut by several minor east-
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northeasterly faults. Underg~o-qnd, the diffe:rt
eil.t formations are difficult to recognize without 
long and detailed study. . 

The strike of the beds is in general a few de
grees west of north, and the dip is either ver
tical or very steep to the south. The influ
ence of the strong northeasterly fault, along 
which the southern block has moved about 
1,000 ieet northeast and has become greatly 
fractured, is not markedly shoWn in the dis
tribution of the ore bodies, and the fault itself 
is not conspicuous in the mine; it is prohably 
the :oldest dislocation and at the time of mineral
ization .. was completely · healed. The rocks 
north of the shaft are fresher and harder, show
ing good bedding and no disturbance, but for 
100 feet south of the shaft the limestone, on the 
upper levels at least, is greatly broken and the 
bedding is indistinct. 

On level 13 the rock south of the shaft is 
hard and fresh and the disturb~d ground ap
pears on the north. From these relations it 
would seem probable that the fault plane· dips 
steeply northwest. 

The easterly fractures which so commonly 
influence the ore in the G-emini and the Eureka 
Hill are not conspicuously present in the 
Bullion Beck. 

Ore bodies.-The ore bodies in general follow 
northerly fr~ctures that closely or entirely co
incide with the bedding planes, but these frac
tures are rarely marked by conspicuous dis
placement. In gen~ral the three principal ore 
zones of the Gemini, which, from west to east 
are called the Gem, Tank, and Red Bird chan
nels, continue into the Bullion Beck ground and 
may be said to unite south of the shaft, at the 
same time. bending to .a south-southeasterly 
directi<;m. . 

During the visit to the mine in 1911 the 
opportunities for studying the ore bodies were 
poor because many levels were inaccessible 
and little ore ~ould be seen. To the north of 
the shaft the ore occurs more in isolated lenses 
or pods along tho three "channels," as in the 
Gemini mine. The greatest ore bodies are 
found to the south, between the Bullion Beck 
and Eureka Hill shafts, and these are described 
in the section on the Eureka Hill mine, as the 
line between the two properties almost parallels 
the extension of the ore. 

No outcrops are visiple on the property. The 
uppermost ore bodies begin at a depth of 100 

or 200 feet immediately below the detritus. 
The largest bodies were on levels 4, 5, and 6. In 
the deepest levels no large bodies h.ave been 
found. 

The ores follow in part northerly fractures, 
in part those trending N. 10° W. or N. 10° E., 
or more rarely northeasterly or easterly cross 
breaks. I t is in places difficult to decide 
whether the ore follows the stratification planes 
or an obliquely intersecting fracture. North 
of the shaft the ore bodies occur within a dis
tance _ of about 600 feet east and west, but 
sout)}.1o.f the shaft, where they turn to a south
southeasterly direction, they occupy a· width of 
only 250 ·feet. In this mine the two principal 
channels, corresponding to the Gem and the 
Tank of · the Gemini mine, are known as the 
Silver Gem and Eureka Hill channels. Both 
of these continue into Eureka Hill and Centen
nial Eureka ground (fig. 28, p.195). The great
est ore bodies lie between the two shafts and 
are formed by the merging of the Silver Gem 
and Eureka Hill channels, which here seem to 
follow a N. 35° W. fracture with numerous 
offshoots. In the lower levels the two chan
nels are again distinct, but m.uch of the ore is 
localized in chimneys. One of these chimneys, 
as stated by Tower and Smith/ lies at the north 
end of the Bullion Beck property and has been 
followed to a depth of 1,200 feet·; it is about 30 
feet in diameter and pitches south at an angle 
of 70°. In 1915 it was reported that a large 
body of mixed sulphide ore was being mined 
from the 1 ,300-foot level north, carrying 15 
per cent of lead, 15 per cent of zinc, and 8 
ounces of silver to the ton. 

The ore.-The siliceous silver-lead ores of the 
mine were largely oxidized, but residual galena 
began to appear on level4. South of the shaft 
the ore contains a small amount of gold, say 
0.02 ounce to . the · ton, and a little copper ore 
containing some arsenic has been shipped from 
the Gem channel. A little zinc ore occurred 
on level 9, and some shipments contained as 
much as 10 per cent of zinc. Otherwise the 
mmeralization is entirely similar to that of the · 
Gemini mine. 

EUREKA HILL MINE. 

Location and ownership.-The Eureka Hill 
mine, one of the oldest and most productive 
mines of the Tintic district, is on the south 

1 Tower, G. W., jr., and Smith, G. 0., op. cit., p. 733. 
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side of Eureka Gulch just below the town of clear instance of such an occurrence in the 
Eureka and almost due south of the Gemini. district. Otherl · caves are distinctly post
In 1911 work by the company had practically mineral and fill .d by horizon t~lly stratified 
-ceased, though the levels were still open and cave earth.1 J 
lessees were operating on several of the upper Level 2 at on~ place runs into detritus of 
levels. The mine, which is owned by the Quaternary or ']lertiary age with boulders of 
estates of Justice Field, George E. Whitney, limestone, rhyoli'te, and, according to G. W. 
John A. Packard, Joseph Packard, and Joab Riter, ore. 
Laurence, has been worked for . many years Outcrops.-The deposit shows one line of 
under the direction of the late G. W. Riter, who well-defined outcrops along its eastern ore 
kindly furnished much valuab1e assistance and zone, which foll1w the ridge crest leading up 
information. to the Centennial Eureka mine, at altitudes of 

Production.-The mine has a iarge output to 6,600 to. 6,900 fe~t. These outcrops have been 
its credit, principally of silver and lead, and the mined througho~ their extent; the open stopes, 
beginning of its productive period dates back to which have a maiXimum width of 15 to 20 feet, 
1877. The tonnage of ore is of the same are still visible. 1 They contained an oxidized 
-order of magnitude as that of the Gemini and lead ore with limonite and honeycombed fine
Bullion Beck mines but is probably larger. grained quartz of jasperoid; higher up on the 
The total gross value of the ore may be esti- hill along this outcrop zone oxidized <;opper 
mated as between $10,000,000 and $15,000,000. ores seem to pr~vail, also with limonite and 
Some copper and gold has been· produced but some black man~anese dioxide, in part crystal
no zinc. The tenor of the ore has varied lized. The copper ore contains malachite, 
greatly, but the average has been about 25 azurite, and som~ arsenates. The surrounding 
-ounces of silver· to the ton and 7 to 10 per cent limestone is practically unaltered. From north 
-of lead. to south the ote body shows several small 

Development.-The mine is opened by a offsets to the eas1. Both in the lead and in the 
vertical shaft i,520 feet deep and having eopper stopes solme of these offsets contain. ed 
.altitude at the collar of 6,476 feet. There are o:re. · 
.about fifteen levels e·xtending north and south Occurrence of the · ore.-As the side line 
and about 11 miles of development work. The separating the Eureka Hill and Bullion Beck 
lowest level now accessible is 1,100 feet below mines intersects Jthe principal ore bodies it will 
the collar. There· are signs of water on the be necessary to consider the Bullion Beck 
1 ,500-foot level and small seepages at other mine to some e:itent in this description .-
places. The ore forms irregular podlike masses which 

Geology.-The country rock of the deposit is extend along the! general direction of the strati
the dark-gray or blue dense Ajax limestone fication but in p[laces jump on cross breaks to 
(Pl. I, in pocket). Along the center of the a different set of beds. The. ore 11ndoubtedly 
-claim runs the "creamy lime," so designated follows fissures, fhich may not be strictly par
by G. W. Riter, a characteristic stratum 22 feet allel to the stratification and which, outside of 
wide, breaking with yellowish-white color and the ore bodies, ~re inconspicuous and do not 
~vidently identical witb the Emerald dolomite even contain li~nite or quartz. On the third 
member of the Ajax limestone. To the west level one of thes! fissures trends north an~. dips 
of this some of. the workings enter the Opex 80° W. The faqt that the fissures are so Incon
·dolomite. The strike of the limestone beds is spicuous.suggests that no great premineral dis
N. 10°-13° W. and the dip about 87° W. No placement has ol[ccurred along them, though in 
igneous rocks of any kind are found in the the absence of. dikes or. strata of distinctive 
mine. This mine contains several small caves. characteristics such displacement would be 
One on level 3 described by Tower and Smith difficult to detec~ . On the third level the well
is said to have been filled with horizontally defined fissure mentioned . above shows stria
·deposited banded quartz . and lead carbonate tions dipping Hl0-20° N., indicating that the 
and thus might have been filled during the movement has been partly in ·a horizontal. 
primary mineralization. If so it is the only 1 Tower, G. w., jr., and £mith, G: o., op. cit., p. 734. 

104355°--19----13 
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direction. Fractures trending N. 35° W. are the Centennial shaft. On the whole, the Gem 
prominent between the Eureka Hill and Bullion channel is the most persistent, .for it can be fol
Beck shafts and have no doubt produced the , lowed from the Gemini workings through the 
decided north-northwesterly trend of the ore Bullion Beck, Eureka Hill, and Centennial 
bodies in this vicinity. mines. Some of the larger bodies between the 

The second feature that has an important shafts passed across the side line into the Bul
influence on the occurrence of the ore is the lion Beck workings on deeper levels. 
prevalence of " cross breaks. " These are well The ore bodies form irregular podlike 
marked, in many places persistent; some of masses, which in places, especially at the 
them are open. They range in trendfromnorth- south end, are rudely tabular but which rarely 
northeast to east-northeast, but some of them continue for more than a few hundred feet 
strike N. 30°-35° E. and dip 65°...,.70° NW. in depth. Figures 27-29 give a somewhat 
One measured on the 1,100-foot level strikes diagrammatic representation of their extent. 
N. 66° E. and dips 70° SSE. On this break The ore began in part at the surface south 
were noted slickensides with striation dipping of the shaft, or immediately below the detritus, 
20° NE., again indicating a prevalence of hori
zontal movement. The cross breaks are healed 
in places by calcite. 

SCALE Of fEET 

0 200 400 

FIGURE 27.-Section at south end of Eureka Hill mine, showing Silver 
Gem and Eureka ore bodies and an east-west connecting ore body. 
(After Tower and Smith.) ' 

· There is probably little dislocation along these 
cross breaks~ it was thought by G .. W. Riter 
that at one place the "creamy line" (Emerald 
dolomite) referred to above is faulted 15 feet 
to the east. South ~f the Eureka Hill shaft 
and up to the Centennial line the east-north
easterly cross breaks are numerous and promi
nent, and in places the ore follows them, thus 
connecting the several'' channels.'' Tower and 
Smith state that at three places on levels 7 and 
10 cross breaks were found which carried drag 
of ore and limestone and on which postmineral 
dislocation must therefore have occurred. 
Such occurrences were not observed during the 
present investigation. The northeasterly fault, 
which, as shown on the map (Pl. I), displaces 
the Emerald dolomite at a p9int 300 feet south 
of the Eureka Hill shaft, is not plainly visible 
underground and, like the great Eureka Creek 
fault, has little or no influence on the ore. 
This dislocation was probably c01npletely 
healed before the mineralization. and the greatest development of the bodies 

Ore bodies.-The Gem, Tank, and Red Bi~d between the Eureka Hill and Bullion Beck 
channels of the Gemini mine enter Bullion shafts was .on levels 4, 5, and 6. In the 
Beck ground, and, from a series of detached southern part of the min.e strong bodies 
podlike ore bodies, coalesce to a large body along well-de:fjned . "channels'' or ore zones 
south of the Bullion Beck shaft. Large masses are present on levels 6, 7, and 8. Some bodies 
of ore were mined here on levels 4, 5, and 6, continue to level 10, but below this level there 
and the trend is north-northwesterly. South is little ore or evidence of siliceous replacement. 
of the -Eureka Hill shaft there are again two dis- The largest ore bodies were found between 
tinct "channels," here called the Gem and the Bullion Beck and Eureka Hill shafts and 
Eureka Hill, and another, perhaps represent- were formed by the coalescing of the Eureka 
ing the Red Bird, begins at the Eureka Hill . Hill and Gem channels. The Billings stope 
shaft and continues with surface outcrops up to had a cross section of 100 by 100 feet and 
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e;x:tended down to a point sOmewhat below The . stopes have Jbout the same width as 
level 6. The average ore contained 5 to 16 at the surface-tha~ is, not more than 20 feet
per cent of lead and 8 to 100 (or more) ouncrs and they rna y be coJ tin uous for several hundred 
of silver and $1 to $2 in gold to the top. feet. [ 
There was very little limonite and scarcety On the Eureka fll and Gem channels no 
a · trace of cop-per except near the ?ottom pf ore has been found a ?ove level 3, but .on levels 
the stope. In places the ore con tamed large 3, 4, and 5 a strongl ~me of ~topes begm on t~e 
plates of barite. Gem - channel contmued mto Eureks,t Hill 

Near the shaft there are comparatively ground from the Ca~oline stopes of the Bullion 
few ore bodies, but toward the south end line Beck. The so-call~d Silver Gem stopes begin 
from a point about 300 feet south of the shaft a little above level 4 and, extending N. 10° W., 
the several channels, here trending N. 10° W. become very prominent on level 6, in which 
and connected by many east-northeasterly they extend in alrhost straight line for 800 
cross breaks, become very regular and pro- feet to the CentenJ ial line; they are 10 to 30 

feet wide and near lthe south end line connect 
- on two cross fract~res with the Eureka Hill 

channel. These stoJpes do not reach level 7. 

SCALE OF fEET 
100 300 

On levels 7 and 8 a s·eries of stopes lying 
halfway between 

1

he New Year's and Gem 
channels become vrery prominent about 700 
feet south of the s~aft, and a cross break with 
copper ore near t~e south end line connects 
them with the Gef channel on level 6 (fig~ 
27). These stopes, which are in places 20 
feet wide, containl mainly copper · ores. In 
some of the stopeJ galena is associated with 

. d "di 1d enarg1te an OXI z~ copper ore. Some stopes 
of copper ore chanke along the strike to lead 
ore; elsewhere lead ores and copper ores may 
be found side by side in the same stope. 
Both are primary ores and apparently were 
deposited at the same time. 

The largest of ~hese copper stopes is 15'0' 
by 30 feet in hori~ontal section. It contains 
ore carrying 2 perl cent of copper and 10 to 
20 ounces of silver and 0.25 ounce of gqld to 
the ton. _ Sout~ of the boundary line all three. 

FIGuRE 28.-Section between Eureka Hill and _ Bullion Beck shafts, "channels" contin
1 
e into Centennial ground~ 

showing Silver Gem and .Eureka ore bodies joining. (After Tower Type of mineralization.-The Eureka Hill 
and Smith.) J 

mine has produee ehiefly oxidized lead ores 
ductive on all levels above No. 9. These 
several bodies oceupy a width from east to 
west" of about 300 feet. 

East of the New Yea.r's channel a little 
lead ore has been mined in the Rob bins tunnel 
near the surfaee. Otherwise the New Year's 
channel is the most easterly line of ore bodies, 
and almost continuous surface workings have 
been opened on it from the Eureka Hill shaft 
up to the Centennial Eureka lin e. In the 
lower levels down to level 6 this channel has 
proved produetive, though not uniformly so. 

with some galenJ . It eontains, -however,. 
espeeially in the fouthern part; toward the· 
Centennial Eurek~ , minor shoots of eopper 
ore, with whieh barite is · assoeiated. The 
prineipal minerali~ation found expression in 
silieifieation, but this did not extend far from 

I 

the ore bodies; a ~ew feet away from a body 
of lead ore one m~y find solid limestone, and. 
a few feet north or south of the ore lens the-
fissure may be in j 1assive limestone. . 
· The prineipal ore is formed by repl~eement 
of the dolomite 1 nd limestone by quartz, 
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with a little barite and galena. This quartz 
is fine grained or cherty, and much of it is 
dark gray.. Irregular cavities contain white 
quartz, and druses of minute quartz crystals 
may be seen in these cavities, but no coarse 
quartz. 

In many of the copper 
shoots the mineralization Feet w. 

There is not much zinc in the ore, and the 
residual galena from the deeper levels contains 
but little sphalerite. All the ore bodies are 
more or less completeiy oxidized, as the water 
level has not been reached in the shaft. Copper 
arsenates, cerargyrite, cerusite, and anglesite 

E. 
spread away from the main 

~~--~~~-T~~~~--~~~--~~~--~~~~--~~ 

body, but this was proba
bly cause-d by the greater 
mobility of the copper 
salts. In the same shoots 
there is some limonite 
and black -manganese ore, 
and in some of them also 
unoxidized enargite. 

The conclusion can not 
be avoided that in this 
mine there are two kinds 
of . primary ore. The pre
dominant silver-bearing 
type consists of quartz, 
galena, pyrite, and zinc 
blende; the subordinate 
type carries quartz, barite, 
and enargite. _ 

~ 
280 feet 

, North of shaft 

,.. 
.. 

180 feet 
North of shaH 

. 
. 

700 feet 
South of shaft, 

~ 

The ore.-The ore bodies 
are. formed. by the replace
ment of limestone or dolo
mite by gray or bluish 
j as p e r o i d , containing 
barite, galena, and a little 
zinc blende and pyrite, 
more rarely enargi te. The 
silicification extended· in 
most places . a short dis
tance beyond the ore, but 
there are no large masses 
of jasperoid outside. of 
the ore bodies. N umer
ous cavities• looking as if 
caused by corrosion of 
the jasperoid are filled by 
white or gray quartz whose 
surfaces show small druses, 

Stapes on sections successively north of plane 
_ of section . 

Plane of s·ection 
800 feet 

South of shaft 

FIGURE 29.-Composite cross s.ection of the Eureka Hill mine, showing form of ore bodies. 

and which is also associated with galena. 
The central parts of the large shoots are usu
ally rich in silica and barite, . but galena is 
more abundant along the margins, where 
copper ores may also occur. Gold and copper 
are found in the southern part of the workings. 

occur in abundance. Isolated occurrences of 
leadhillite, pyromorphite, and mimetite have 
been observed. 

The lead ores are of basic or siliceous types, 
and their composition is illustrated by columns 
l: and .· 2 in· the following table, which also 

. ' 
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gives in column 3 composition of a rich lot 
of oxidized copper ore: 

Composition of ores of Eureka Hill mine. 

1 2 3 

Gold ... ounces per ton .. 0 .. 043 0.037 0.012 
Silver .......... do .... 12. 90 21.45 1. 67 
Lead ....... per cent .. 20. 70 . 5.15 .................... 
Copper . ........ do .... .77 ...................... 27. 16 
Iron ............ do .... 17.50 2.80 7.30 
Speiss(arsenides).do .... . 50 ................... ............ .. ...... 
Insoluble ...... . do .... 29. 70 75.20 18.60 

1. At easterly cross breaks on 500-foot level. 
2. Near station 70 on 500-foot level. 
3. 1,000-foot level. 

MINES OF CENTENNIAL EUREKA MINING CO. 

Location and development.-The property of 
the Centennial Eureka Mining Co., controlled 
by the United States Smelting & Refining Co., 
comprises a nlJ_mber of consolidated claims ag-:
gregating 230 acres on the steep slopes of the 
ridge about a mile southwest of the town of 
Eureka. The shaft is about 600 feet abov.e 
Eureka Creek, on the north slope of the ridge, 
The workings extend -south underneath the 
narrow backbone of the ridge and connect in 
this direction with the Opex mine a~q in the 
deepest levels with the Grand Central _mine. 
Toward the north the· pr~perty is bordered by 
the Eureka Hill ground, and connections with 
this mine are establi$hed in the levels of middle 
depth. 

The altitudes of the shaft collar~ on the 
several properties already mentioned are as 
follows: 

Feet. 
Gemini. . . . . . . . . . . . . . . . . . . . . . . . . . . . 6, 467 
Eureka HilL ........... ____ ....... 6, 476 
Centennial Eureka ..... _ .. _ . _ . . . . . 6, 887 
Opex. . . . .. .. .. . . . . .. . . .. .. .. .. .. . 6, 961 
Grand CentraL ........ _ ........... 7, 149 

Level 10 in the Centennial Eureka corre-
. sponds appro.ximately to level 7 in the Eureka 
Hill. Level 18 in the Centennial Eureka lies 
about 40 feet below lev~l 22 in the Grand Cen
tral and the 2,000-foot level in the Op~x. 

The developments comprise at least 20 miles 
of drifts·; raises, and shafts and extend mainly 
over a zone 400 to 800 feet wide for 2,400 feet 
south-southeast of the shaft and 400 feet north 
of it. 

·The deposit is opened by a vertical shaft 
having a total depth o~ 2,281 feet, penetrating 

to an altitude of 4,606 feet. Twenty levels are 
turned~ No. 20 having an altitude of 4,671 feet 
and No. 18 an altitude. of 4,869 feet . . A turinel .. 
2,207 feet long from Eureka Gulch intersects the 
shaft at a depth of 525 feet, or at an altitude of 
6,362 feet. 

Production.-The mine was first opened in 
1876 but has been more actively worked since 
1886. It has been the most productive prop
erty in the district and is distinguished by large 
and continuous ore bodies rather than by high
grade ore. The principal metals produced are 
gold, silver, and .copper, and the value of the 
total output is about evenly divided between 
the three metals. The production of lead is. 
small, and there is no zinc yield. The total 
value of the production has not been made 
public, but the dividends paid by the present 
company up to April 1, 1914, amount to 
$4,050,000. The total production certainly 
exceeds $25,000,000. During the 10 years from 
1905 to 1914 the annual ore production has 
averaged about 100,000 tons, but since 1913 it 
has declined to about 60,000 tons. The gross 
value of the ore was for a long time about $30 a 
ton, but this also has been redqced :i~ .the last 
two years. . :t rrr JJ::~ · •. 

vVater.-The . original water level sto_od ~ ts 

feet below level 18, or at an altitude Df 4,851 
feet, 2,036 feet below the collar. -On. ,level 20,. 
which does not e4tend far from the shaftr a. 
strong flow of water was met on a cross f.rJtcture, 
but this flow is believed to be fed from one of 
the northward-trending fractures . . In 1911 the 
water was bulkheaded on level 20, and about 
1,000 gallons a minute -was raised to tunnel 
level. In1914 pumping had been discontinued,. 
and the water level stoo.d 75 feet below level 
18. The quality of the water is discussed on 
page 123. A considerable amount of dripping 
water is found on levels 10 and 11, high above. 
the permanent water level. 

Geology.--...eThe geologic features of this mine, 
are complicated. The workings are in-general 
in Hmestone or dolomite ~triking N. 5°-10° W .. 
and dipping 70°-80° E., as shown, for instance, 
200 feet south of the shaft on level 10 or 800 
feet south of the shaft on level 14. 

From level 16 to level18 south ·disturbances 
are noted in the dip. About 500 feet south of 
the shaft on level 18 the .bedding becomes con
fused and is in places fiat or horizontal; this 
was especially noted under the South Dakota, 

• 

• 
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stope, which is the southernmost stope in .the 
mine. Similar flat dips are found in corre
sponding deep levels in the Grand Central and 
Opex mines. 

The formations in which the ore is contained 
, are the Cole Canyon and· Opex dolomites and 

the Ajax limestone, but in the time available 
it did not prove · possible to distinguish these 
formations in the mine workings. 

On the surface just south of the Centennial 
shaft there is a great northeasterly fault along 
which the southern block has been moved about 
200 feet to the northeast. No evidence of this 
fault has been noted in the workings, the ore 
bodies apparently being entirely independent 
of it. It is therefore believed to be the oldest 
dislocation, which has entirely healed before 
the ore-bearing fractures were developed. In 
the northern part of the property there are four 
northerly fractures which the ore follows, the 
most westerly being the Gem channel, but these 
:find practically no expression in the faulting of 
the strata, though one of them_:the New 
Year's fracture-is clearly shown on the 
surface. 
, Two gJ;eat easterly fractures are very promi
nent in the mine and have had an important 
influence on the occurrence of the ore; they 
are designated the first and second cross breaks. 
Both dip 68° S.; one may be identical with the 
fracture shown on the surface west of the shaft; 
the other is probably the cross fracture shown 
on the surface 800 feet southeast of the shaft. 
.A third important fracture is the "east limit," 
a northerly fault. It is vertical between levels 
5 and 10, but somewhere between levels 10 
and 12 its course is interrupted by the second 
cross break, south of which it dips 67°-80° W. 
from level 10 to level 18, its lowest exposure. 
This fracture is probably identical with the one 
shown on the surface 900 feet east of the shaft, 
and the developments in the deep levels, is 
doubtless identical with· the main "parting" 
of the Opex mine. It is certain that some post
mineral movements have taken place along the 
"east limit" and planes parallel to it since the 
ore was deposited. Probably there has also 
been some movement along the first and 
second ·cross breaks. 

Porphyry.-8~veral · intrusions of Swansea 
rhyolite porphyry are observed in the lower 
levels. None have been noted above level 12, 
and none have been cut on level 18. All are 

in the northern part of the mine. One well
defined dike 6 to 10 feet wide, trending north
east, is exposed at several places on levels 12 
to 16 and is evidently connected with a similar 
body in the Opex mine. Another dike 57 feet 
wide is cut on level 16 farther southeast, in 
the crosscut connecting with the Grand Central 
mine, and also probably connects with a similar 
body in the Opex lower workings. A flat body 
of porphyry 12 feet thick has been exposed by 
four raises from the most southerly workings 
on level18, and this may possibly connect with 
the dikes mentioned to form a cup-shaped mass 
underlying the deepest ore body. 

Norihern ore bodies.-The occurrence of the 
complex and enormous ore bodies of the Cen
ronnial Eureka mine is chiefly related to north
erly and easterly fractures. Beginning from 
the north the ore bodies follow the northerly 
fractures, which are dominant in the Eureka 
Hill, Bullion Beck, and Gemini n1ines and 
which in many places, but not everywhere, fol
low the stratification planes. 

There are five of these northerly fracture 
lines-beginning from the west, the Gem, the 
Eureka Hill, the New Year's, the Big Platform, 
and the Never Sw.eat and "east limit." The 
first three continue from Eureka Hill ground 
and lie within a space of 300 feet from e~st to 
west; the last two m_ake their appearance east 
or southeast of the 'shaft. 

The New Year's channel begins at the shaft 
and continues north with conspicuous surface 
outcrops and open workings down to the Eu
reka Hill shaft. (Seep. 193.) The stopes are · 
at the most 15 feet wide and show westward 
offsets toward the north. They continue down 
to level 10 or level 11. . 

The Eureka Hill channel lies about 100 feet 
farther west and contains a series of copper 
stopes as much as 30 feet wide on levels 8 to 10, 
connected in places by ore on cross breaks with 
the Gem channel, which is 150 feet to the west. 

The Gem channel is continuous from the 
Gemini mine and forms a system of lenticular 
ore bodies that strike a trifle west of north and 
are productive t9 a point 300 feet south of the 
latitude of the shaft. ' A long crosscut to the 
Golden Ray and West Mammoth ground west 
on level 6 has apparently intersected the 
Gem fractures but found nq ore. The Gem 
channel is a fracture zone that is in places 100 
feet wide. The ore bodies, which carry both 
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copper and lead with silver and some gold, 
extended from level 6 to level 11, but stringers 
were followed down to lev.el12. The ore, there
fore, extends a little deeper 4ere ·than in the 
Eureka Hill mine. 

California column.-The great ore shoots of 
the southern part of the mine (fig. 30) are due 
largely to easterly cross breaks. The northern-

through the North Dakota stopes, about ver
tically below the saddle in the ridge south of 
the shaft. where its eastward extension is lim
ited by the northerly fracture called the "east 
limit." In the most southerly workings, in the 
South Dakota stopes, the ore reaches the sec
ond cross break and continues across it. The 
flattening in depth is caused by the local fiat 

so~,o~~~~-oL, ·~--------soL,o __ ~----~~.qoo~et 
FIGURE 30.-Section showing approximate outlines of ore bodies south of the shaft in the Centennial Eureka mine. 

most great shoot, which may be called the 
California column, as it contains the California 
stope, connects with the Gem· stopes on level 
6 and then follows the first great easterly cross 
break downward, though not on its dip of 68 ° 
but pitching about 45° southeast to the Kan
sas stopes on level14. From this point the ore 
leaves the first cross break, flattens, and runs 
more nearly southward on levels 16 and 17 . 

dips of the strata, best shown on lev·el 18, and 
apparently also by fiat intrusions of porphyry. 
On the whole this body forms a southwestward
pitching pipe having a greatest diameter of 125 
feet; in depth, where the ore flattens, the width 
is somewhat less, reaching a minimum of 25 
feet. 

The first cross break is a very regular frac
ture traceable from level 6 to level14 with a dip 
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of 68°; the walls are smooth _and in places 
slickensided; the striations are perpendicu
lar to the strike. Along the cross break the 
footwall is locally solid limestone an _which the 
ore rests directly, but elsewhere the ore may 
break through the wall . 

. In several places the east side of the ore is 
limited by a northerly fracture that. b~longs to 
a system of such minor breaks west of _the" east 
limit," but in places the ore extends east of this 
fissure. Four raises from level 18, under the 
South Dakota stopes on level 17, have found 
clayey porphyry 40 to 60 feet above the level. 
Above the porphyry rests greatly disturbed 
limestone with large boulders, breccia, and open 
places. There is some reason to believe that 
the porphyry dike shown on levels 12 to 16 may 
connect by a flat body of intrusive rock under 
the South Dakota stope with the thicker dike 
shown on level 16 in the crosscut southeast 
toward the Grand Central boundary line. 

Ore columns of the "east limit." -Just as the 
California column is related to the first cross 
break, so is the other great division of the ore 
bodies related to the second cross break; it is 
more specifically dependent upon the intersec
tion of this second cross break with the north
erly fracture called the" east limit." The pitch 
of the ore coincides roughly with the dip of the 
second cro.ss break, which is 70° S. 

In the same way as the northerly Gem chan
nel leads into the California column, two north
erly fractures southeast of the shaft lead into 
the second cross break. 1 Along one of these 
fractures are the so-called Big Platform ore 
bodies, which begin 300 feet east of the shaft 
on level 3 and continue, -at first narrow,. for 
several hundred feet until they widen to 70 or 
80 feet in the Michigan and Montana stope; 
likewise between levels 2 and 3. On the south 
side of the Montana stopes the second. cross 
break, dipping 70° S., is encountered and the 
narrow ore is continued on this plane eastward 
into the Oregon and Maine stopes, which are 
in places 100 feet wide. 

About 600 feet east of the Big Platform line 
the Never Sweat channel begins in the rela
tively narrow Rhode Island and New Hamp
shire portherly stopes on levels 5 and 6. In 
the Maine stopes on level 5 the ore bodies begin 

1 The small Boarding House stope just south of the shaft on level2 was 
supposed by To~er and Smith to be faulted 300 feet northeast to the 
Big Platform stope. This view is probably not correct; there is no 
evidence to support it. · 

I 

to . feel the influenQe of the second cross break 
and to go down on its southward dip. 

From the Oregon and Maine stopes on levels 
4 and.5 a column of stopes, gradually narrowing, 
descends steeply through the Pennsylvania. 
stopes to the Missouri stopes on level 12 with
out following any of the fractures mentioned. 

The strongest column, however, descends 
along the intersection of the second , cross 
break and the "east limit," through the Utah, 
New Jersey, Minnesota, Virginia, and South_ 
Carolina stopes, the last on level14, from which_ 
a connection is being established with the 
South Dakota flat stope on level 17. The 
South Dakota thus forms the converging 
point for two great ore column~ of the mine. 
At the same time the ore begins to spread 
laterally, becomes more or less independent of 
the second cross break, and crosses east of the 
"east limit." This great pipe or column is at 
many places 100 feet in diameter; in some 
places its greatest extension is along the 
"east limit," in others along the second cross 
break. 

In the South Carolina stopes several north
ward-trending walls were observed on which 
the ore was slickensided, showing some post
mineral movement. 

R elation of ore to porphyry.-The dikes and. 
irregular flat masses of Swansea rhyolite in the. 
southern part of the mine fron1 -level 12 to 
level 17 are greatly altered by the introduc
tion of calcite, sericite, and pyrite and con
tain a little silver and a trace of gold. On 
level 12 in the Virginia stope a dike 12 feet 
wide, trending N. 8° E. and having slickensided 
walls, goes right through the ore; at one place 
the ore is 14 feet thick on each side of the dike. 
The same relation is seen in the South Carolina. 
stopes on levels 14 and 15 and many other 
places . . It seems evident that the ore is later 
th~n the porphyry but that the action of the 
limestone on the ore-forming solutions was S() 

intense as to prevent any ore being deposited 
in the porphyry. 

Ore supply.-The production of the Centen
nial Eureka n1ine has dec~eased in the last. 
few years with the apparent exhaustion of the 
great ore columns and the flattening of the 
ore in ,depth. It would certainly be risky,. 
however, to say that the ore is exhausted, 
for although no ore was found on level 18. 
the mine offers possibilities of explorati<1n. 
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along the several northerly fracture lines of the galena in the lead ores. The fresh pyrite is 
upper south levels .and also below water level. poor; it is said to contain only 0.1 ounce of 

Though ore does not extend continuously gold and 2 to 3 ounces of silver to the ton. The 
to the deep west workings of the Grand average ore contains about 68 to 70 per cent of 
Central mine, it seems · probable that the "insoluble" matter-that is, quartz and barite. 
ore solutions traveled from the fissures of The porphyry usually contains disseminated 
that mine to the fiat region at about level 17 pyrite with much sericite and calcite, but this 
in the Centennial Eureka and thence upward material is invariably poor, even that imme
through the present ore columns into the diately adjoining rich ores. The officers of the 
New Year's and Gem channels. No ore has mine state that it rarely contains over 0.5 ounce 
been found south of the South Dakota stope of silver and a trace of gold to the ton. 
in the direction of the Opex property nor in The ore in the Gem channel near the Eureka 
the extensive and deep exploration in the Opex. Hill line between levels 6 and 12 contained gold, 

The ores.-The bulk of the Centennial silver, lead, and copper. The bodies are prac
Eureka ore contains copper, silver, and gold, tically exhausted, and little could be seen of 
and the primary ore minerals consist of barite, them in the old stopes. Tower and Srqit4 say 
quartz, and enargite, with some pyrite and a that lead and copper occurred in these ores in 
little chalcopyrite. Galena occurs in placbs in the ratio of 1 :L The ore was only partly oxi
the copper ores, and some shoots containing dized but contained in places 100 ounces of sil
much galena with enargite have been fou. d in ver and 1 ounce of gold to the ton. A specimen 
the northern part of the property, towardl the from level11, 400 feet south of the Eureka Hill 
Eureka Hill ground. I line, contained both enargite and chalcopyrite 

The average ore ha,s a gross value of about with their products of oxidation. The ore of 
$25 or $30 a ton, but certain parts of thF ore the Gem channel contains rn.ore silver and lead 
bodies are rich in silver and others are rich in. but less· gold and copper than the other ore in 
gold. Native silver is reported to have Jbeen the mine. Some barite is present, and a rather 
found on the upper levels~for instance, ir the wide zone of jasperoid surrounds the ore. 
Great Platform stope between levels 2 and The ore in the New Year's channel, which 
3-and it is said to occur on the Eureka\ Hill crops out from the Centennial shaft nearly to 
channel, down t? level_ 9 .. The rna~~ or~ sroots the Eureka Hill shaft, shows a -vein of jasperoid 
appear to contain barite In quantities. Inareas- t5 to 20 feet wide in which are streaks and 
ing with the depth, and in levels 14 to 17 in masses of limonite, malachite, and azurite, 
the Kansas and Dakota stopes it occ s In with a little galena and oxidized lead ores. 
large masses of platy crystals. The jas eroid This ore body contained mainly lead ores in 
or silicified limestone does not extend far from Eureka Hill,. but copper ores predominate up 
the ore; in this respect the ore bodies differ toward the Centennial mine. The New Year's 
from some of those in the lead mines. In channel did not carry ore in the lower levels, 
many places, indeed, the unaltered lim,1stone and none of these channels are productive be
directly adjoins the ore, and here and there yond the great easterly cross break. 
rounded masses of limestone are incluQed in The Gem channel on the south leads into the 
the oxidized ore. The copper is largely car- first great ore column along the cross break, 
ried in. the copper arsenates, but the~e are and here the lead ores sink into insignificance. 
also minor quantities of azurite, malalchite, The ore in the California stopes between 
native copper, and cuprite. The richest levels 9 and 10 is said to have averaged 3 per 
copper ore is said to begin below level 7. / cent of copper, with $8 to $10 in gold and 15 

Some enargite occurs in all the levels fhere ounces of silver to the ton. Similar ore is 
copper ores are mined, but it is said tha'tllittle found in the other two southward-pitching ore 
was found above l~vel10. The scant aniounts columns, beginning from the Big Platform 
of galena in the copper ores were found rp.ainly stope on level 3 and the Rhode Isl,and stope on 
at the points or along the margins ("casings") level 5. Some stopes-for instance, those on 
of the stopes. No zinc blende was obskrved, level 13-were unusually rich in copper, car
though it probably occurs · intergrown with rying about 10 per cent. 
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Some of the heavy sUlphide ore in the South 
Dakota stope is unusually rich ill lead, yielding 
30 per cent, together with 15 per cent of copper, 
10 per cent of iron, a varying amount of silver, 
and $4 in gold to the ton. 

Rich gold ores.-Although all the ore carries 
gold to the extent of $4 to $15 a ton, abnor
mally rich gold ore is found at many places
for instance, below level16 in the Dakota stopes, 
on level 14 in the Kansas stopes, on level 9, in 
the Delaware stope, and on levels 2 and 3. It 
occurs, consequently, at all depths in the mine. 
This gold ore is fine grained, gray to rusty, and 
highly quartzose and was ·formed by the re
placement of limestone. The gold _ appears to 
have been deposited by secondary processes. 
(Seep. 176.) Some of this ore contains several 
ounces of gold to the ton, and one carload from 
the Delaware stope contained 16 ounces to the 
ton, returning $16,000. 

Rich silver ores.-In the s!},me manner un
usually rich silver ores are fo·und at some 
places. In places these are due to ~ concen
tration of silver chloride, but in the deeper 
levels, where there is more enargite, the 
abnormal content in silver seems to stand in 
connection with the development of chalcocite 
and covellite, and rich secondary silver sulphide 
or sulpharsenides were probably formed. Such 
ore from the South Dakota stope yielded as 
much as 1 ,500 ounces of silver to the ton; a 
record carload from the Michigan stope in the 
Eureka Hill or New Year's channel on level 3 
yielded $33,380 net, mostly in silver. 

Some of the high-grade copper-stained barite 
in the lowest part of the mine is rich in silver 

. ' 
containing about 80 ounces of silver and 0.5 
ounce of gold to the ton. 

northwest of Mammoth, is 500 feet deep. 
Some crosscutting has been done from most of · 
these shafts, but no ore bodies have been found. 
Fractures trending mainly north or N. 15°-30° 
E. are common, and silicification has been 
observed along some of them. 

EMERALD PROPERTY. 

The Emerald m!ne, owned by the Emerald 
Mining Co., is northwest of Mammoth, near the 
end of the south spur of Eureka Peak. No 
ore bodies of commercial importance have been 
found here save possibly an undeveloped de
posit of ~oft red iron ore. A little isolated 
bunch of oxidized copper minerals has also 
b.een found. 1 The underground workings con
sist of a 1,000-foot shaft (altitude of collar 
6,830 feet), a winze from the 1,000-foot to the 
1,100-foot level, with accessible . drifts and 
crosscuts on the 400, 500, 600, 700, 1,000, and 
1,100 foo"t levels. A 1,900-foot level has been 
run from the 2,000-foot 1evel of the Opex 
shaft. · · 

The working.s lie in Upper Cambrian and 
Ordovician strata (including the Opex dolo
mite and the Ajax limestone). The beds are 
slightly overturned at the surface, with a 
N. 10° E. strike and a 75° W. dip, and maintain 
this altitude as far down as the 500-foot level . ' 
bel.ow whiCh they curve to a northwesterly 
strike and moderate to steep northeasterly dip. 

Faulting is very pronounced. The Emerald
Grand Central fault crops out just east of the 
shaft house, crosses the shaft at the 100-foot 
level, and h~ been cut on the 400, 500, and 
600 foot levels. Its underground course is 
undulating,_ the strike ranging from N. 20° E. 
toN. 45° E., and the dip from 50° to 70° NW. 
Its walls, where exposed, are highly slicken-

DEVELOPMENT WEST . AND SOUTH OF THE sided, and its course is marked by much breccia-
GEMINI•ORE ZONE. tion and a little mineralization. Its horizontal 

The West Cable shaft, according to Tower displacement can not be exactly determined 
and Smith, is 500 feet deep and is at the mouth but is over 300 feet; the southeast w-all has 
of Cole Canyon, west of Eu.reka. . moved relatively rrortheastward. A second 

The Herkimer shaft, 500 feet deep, is on the northeasterly fault is exposed o:o. the 400-foot 
southwest slope of Eureka Peak, north of ~e;el, ':here it dips 42° NW., but evidently it 
Mammoth. There is an outcrop of jasperoid, JOins With the first before reaching the 500-foot 
evidently along a northerly fracture, just north level. At greater depth, west of the Emerald 
of the Herkimer shaft . . The Southern Eureka shaft, the Emerald-Grand Central fault may 
shaft, just east of the Herkimer, is also 500 feet join the southern part of the main fault, or 
deep. The Annandale shaft, in the same 1 Three years after the writer's visit it was reported that 4 feet of lead~ 
vicinity, is 200 feet deep. The Tennessee silver ore had been opened on the 700-foot level (Min. and Sri. Press, 
Rebel shaft, on the lower slopes of. Eureka Peak Oct. 31, 1914, p. 702), but no shipments of ore from this mine have 

been reported. · 
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<'parting," in the lower Opex workings. near the south end of the spur, but the new 
Easterly faults, mostly with southerly dips shaft (altitude 'of collar 6,961 feet), from which 
and wi~h horizontal offsets of as much as 40 extensive prospecting has been conducted, is 
feet, are rather numerous, and a few of them about 1,500 feet farther north. The new shaft 
-carry a little vein matter. The a:rnount of is 2,200 feet deep, and drifts have been run 
<>ffset is proved by the positions of the Emerald on the 1,300, 1,500, 1,700, 1,800, 1,850, 1,925, 
dolomite member of the Ajax limestone. 2,000, and 2,147 foot levels. The bottom of 
Northerly fissures are also numerous, and some the shaft has struck ground water, which 
are marked by intense brecciation and more stands at the 2,170-foot level. 
or less vein matter, but the . amount and The workings are mostly within the Opex 
direction of faulting along theni have not been dolomite, except the lorig west drift on the 
proved. The easterly faults fail to cross either 2,000-foot level, which, when visited, W.as 
the northeasterly or the northerly fissures. · being driven to reach the quartzite and shale 

The mineralization consisted for the most contact. The strata along this and other 
part in the formation of calcite veins and drifts west of the shaft as a whole dip uni"" 
pockets accompanied by varying amounts of formly about 80° W., proving that the west 
"limonite and psilomelane or wad, but there limb of the great synCline is slightly overturned 
also occurs a considerable amount of soft red to a depth of at least 2,600 feet below the crest 
hematite, some silicified limestone, and smaU of the ridge. There is considerable irregularity 
amounts of copper and lead minerals, which of dip around the shaft; due to minor flexures. 
ill some assays have shown the presence of South and·east of the shaft the strata assume a 
arsenic and antimony. Thegreatest develop- southeast to nearly east strike, with northeast 
ment of calcite is on the 500-foot level, where or north dip, presumably forming part of the 
a zone as much as 150 feet wide has been traced same flexure that was found in the lower 
300 feet northward from a point 250 feet west workings of the Emerald, possibly indicating 
and 400 feet north from the main shaft. the flattening of the beds toward the axis of 
Where the calcite in this zone lines cavities tl{e main syncline. A large cave lined with 
it forms long, point'ed crystals (scalenohe- stalactites and stalagmites has been ~xposed 
<irons). This zone is said to have been cut on the 2,000-foot level, a little ·over 100 feet 
<>n the 700-foot level, but the workings were north-northeast pf the shaft. · 
not accessible at the time of visit. The lower levels in a north-south zone through 

The soft red iron ore lies in or close by the the shaft have exposed a dike of rhyolite par
main northeasterly fault and has been found phyry (seep. 49), faulted into two parts, which 
at several points on the 400 and 500 foot converge south of the shaft. The dike is 
levels. On the 600-foot level also the north- tongued-shaped and has a steep easterly dip and 
easterly fault carries some iron ore, analyses a southward pitch. It is highly impregnated 
of which show a little arsenic and a very little with pyrite, but the adjacent limestone is not 
though constant amount of copper. mineralized, except for a few microscopic crys-

The only other noteworthy indications of tals of pyrite and quartz which could be inter
mineralization are a small bunch of barite preted as primary constituents of the rock. 
reported from the 700-foot level, a little a anti- Another body of rhyolite porphyry of irregular 
:monial lead" reported from a winze on the but not fully known shape has been cut about 
1,000-foot level, and some silicified rock at the 300 feet west of the shaft on the 2,000 and 2,147 
·east end of the 1,100-foot level, similar to that foot levels. 
associated with the iron ore on the 400~foot The fault, which divides the dike, is lmown 
level. in the mine as the "parting." It has been 

OPEX PROPERTY. followed ±rom the shaft on the 2,147-foot level 
The Opex property, now controlled by · the for about 1,560 feet slightly west of south and 

Dpex Mines Co., one of the Knight properties, over 400 feet slightly east of north, with a 
·of Provo, Utah, is on the next spur west of the dip of 60°-80° W. Its course for the last 100 
Emerald and extends from Mammoth Gulch feet northward swings to N. 30° E. Its foot
northward to a point within 500 feet of the wall is mostly in hard dark bluish-gray dolomite 
~est of the ridge. The old shaft was sunk and is highly slickensided; its hanging wall as a 

. . 
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rule is badly shattered. The same fault has 
also been cut on the 2,000, 1,92.5, 1,700, and 
1,300 foot levels and maintains its tendency 
to swing northward and upward to a north
easterly course. Its southernmost exposure 
on the ~,147-foot level is about due west of the 
Emerald shaft and in line with the downward 
projection of the main fault in the Emerald 
workings; its northward portion is in line with 
the" east limit," a strong fis5ure of northward 
trend that · forms the east boundary of ·the 
large ore bodies in the Centennial Eureka 
mine. The horizontal displacement, as ·shown 
by the dike, is as much as 350 or 400 feet, the 
eastern wall moving relatively northward. 
The upward displacement of the eastern wall 
may be 200 feet or more. The western part of 
the dike forms the hang.ing wall of the fault for 
about 400 feet on the 2,147-foot level; the east
ern part forms the footwall for 75 feet where 
the fault is exposed on the 1,025-foot level. 

Several easterly breaks are exposed in this 
mine, but the general uniformity of the rock 
preve!lts any accurate measurement of dis
placement along them. In one place the "part
ing" or main fault is offset for about 1 foot 
at its junction with two easterly breaks, that to 
the west o~ the "parting" dipping steeply 
north and that to the east dipping steeply 
south. 

The only evidences of minerali~ation are scat
tered pockets of calcite crystals (scalenohe
drons) more or less coated with black manga
nese stains along the "parting," and one bunch 
of barite, also along the "parting," at the south 
end of the 2,147-foot level. The extensive 
prospecting operations in the Opex mine were 
undertaken in the then reasonable hope of 
finding the extension of the ore bodies of the 
Centennial Eureka mine. Later developments 
have shown, however, tha.t the ore bodies of 
the Centennial Eureka connect with those of the 
Grand Central mine instead of continuing due 
south. 

on the west to the Cole Canyon dolomite on the 
east. These strata lie nearly vertical and are 
traversed by ma.ny northerly and easterly ·fis
'sures. The workings include a south and a. 
southeast drift on the tunnel level, with some 
crosscuts, a winze 300 feet dee'p in the south
east drift about 825 feet frmn the entrance, and 
a short drift on the 300-foot level. 

The south drift lies wholly in the Ophir for
mation of argillaceous limestone and shale. It 
extends for about goo feet, and at its end there. 
are crosscuts . extending for about 600 feet 
westward and 300 feet eastward. The drift 
follows for a considerable distance a s~icken
sided fissure that strikes N. 10° W. and dips. 
80° E. to goo. The slickensiding grooves pitch. 
45 ° S. The fissure is mostly tight, or filled 
with clay gouge ("talc"), but in a few places it 
carries lenses of white quartz and calcite as. 
much as 3 inches in thickness, which are said to 
have assayed $8 to the ton in gold. In the east. ~ 

crosscut about 300 feet east of this fissure is a. 
second fissure that strikes north and dips 80° E. 
This fissure is filled with brown and white cal
cite in columnar aggregates resembling onyx 
marble or travertine and te:r:minating in long 
pointed crystals (scalenohedrons) around pock
ets. The immediate wall rock is badly shat
tered. At one place there is a vertical chimney
like cave 2 to 3 feet in diameter which extend~ 
upward along the fissure from the drift. Th~ 

east crosscut has also exposed an easterly fis
sure dipping 80°-85° s., which carries the sameo 
kind of calcite. This fissure curves southward. 
near the northerly fissure and joins it. 

The southeast drift, or main tunnel, cuts. 
diagonally across the strike of the rocks, ex
posing several open northerly to N. 10° W. 
fissures that dip parallel to the bedding. About. 
650 feet from the entrance it exposes the end 
of a small cave on aN. 85° W. fissure that dips. 
80° S. to goo. The cave is lined with calcite, 
scalenohedrons, and one bunch of ore about 1(} 
inches ·in diameter is said to have been found 
on the hanging wall of the cave. The ore 

GOLDEN RAY & WEST MAMMOTH PROPERTY. appeared to contain lead with some copper and 

The property of the Golden Ray & We~t ·probably some silver, but no assay of it was. 
Mammoth Mining Co. lies west of the Centen- made. No prospecting has yet been attempted 
nial Eureka. Its tunnel entrance is in a north- below this cave. 
westward-sloping gulch, about 2,100 feet al- Around the 300-foot winze is a great irregu-· 
most due west of the Centennial Eureka 8haft.' lar mass of white to brown calcite 20 feet or
The workings cut all the Middle Cambrian shale more. in width, in shaly limestone. The body 
and limestone strata from the Ophir formation pitches about 70°-72° SE. It disappears from 

• 
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the winze .at a depth of 100· feet, andeitherthe 
same mass or another in line with it is said to 
be cut on the 300-foot level 75 feet southeast 
{)f the winze and to spread southward and east
ward along fissures in much broken rock. The 
-calcite body was deposited in shattered rock 
at the intersection of northerly· and easterly 
.fissures, filling the f~actures with comb-struc
ture veins and replacing the rock fragments. 
Samples from the 300-foot level are said to have 
.assayed 6 to 8 ounces of silver to the ton. 

Near the end of the southeast drift, at the 
' €ast boundary of the property, a south crosscut 

follows for a short distance a strong slicken
sided fissure and is approximately in line with 
the Gem channel on the 600-'-foqt level of the 
Centennial Eureka mine that strikes N. 10° E. 
and dips 65 ° E. There are two systems of 
slickenside striations, one nearly horizontal and 
{)ne pitching steeply northward. A broad zone 
100 feet in maximum width and lying on both 
sides of the fissure is thoroughly shattered and 
filled with coarse brown to white calcite scale
nohedrons and shows a considerable amount of 
iron and manganese staining. · The zone passes 
northward, crossing the east boundary of the 
property at a very small angle. A grab sample 
ir6m this zone is said to have- yielded $1.92 in 
gold and 2~ ounces of silver to the ton. 

DAGMAR PROPERTY. 

The property of the Dagmar Northwest Min
ing Co. is on .the east slope of Teutonic Ridge, 
west of Cole Canyon and north of Eureka 
Gulch. The workings include a 350-foot shaft 
(altitude of collar 6,806 feet) with drifts at the 
200 and 350 foot levels; also two short tunnels 
.about 600 feet northeast of the shaft. 

The country rock is Middle Cambrian lime
stone and dolomite, which strike a little east 
of north and dip' 60°-80° E. The ground is 
much. faulted. The largest faults include one 
·of northeast trend in the southern part of the 
property and one of northwest trend in the 
northern part. In the angle between these are 
several faults trending nearly due east. 

Besides these faults there are three or more 
parallel fissures, or fissure zones, trending 
north to N; 20° W. and all showing smne 
evidence of mineralization. Th~ western fis
sure zone extends along the crest of the 7040-
ioot ridge and is mark3d by outcrops of iron
stained breccia, cemented in part by dolomite 

spar but mainly by scalenohedral calcite. 
The middle fissure extends along the west edge 
of the dump and is cut by the shaft at shallow 
depth. It also is iron .stained and is character
ized by small cavities lined with dolomite 
spar and by partly dolomitized walls. Grains 
of "steel" and "cube" galena and possibly of 
zinc blende are thinly scattered through both 
the dolomitized rock and the spar. In a winze 
on the 350-foot level, 80 feet southeast of the . 
shaft and in the middle fissure zone, are ex
posed a few stringers of quartz· accompanied 
by a little barite, dolomite, and a few specks 
of copper stain. The eastern fissure zone also 
contains small amounts of dolomite spar with 
a little galena. Loose sandy material from 
some of the leached fractures or stringers in 
this zone is said to have assayed 6 ounces of 
silver and a trace of gold to the ton. 

North of the Dagmar property on the east 
slope of Jenny Lind Canyon; is a prospect in the 
Ophir formation, from which a little copper has 
been reported. In the canyon south-southwest 
of the Dagmar considerable work has been done 
in fractured ground, strongly stained with 
hydrous iron and manganese oxides and full 
of secondary calcite; but no ·Jragments show
ing primary mineralization were seen on the 
dump. These two prospects may be further 
evidence of mineralization in the area west of 
Cole <Janyon, but here as in the exposed parts 
of the Dagmar property the country rock is 
not the most favorable to replacement, and the 
mineralizing solutions that reached the level of 
the present surface were of the nonsiliceous 
type and evidently weak. · 

CHIEF MINE . 

Situation.-The Chief Consolidated Mining 
Co. owns a large irregular area south of Eureka 
and controls the underground rights on the 
Eureka town site. The property' borders ·on 
the south the Victoria and Eagle and Blue Bell 
claims and on the west the Gemini and Ridge 
and Valley claims. Its development is of 
recent date, practically all the underground 
work having been done since 1909, the date of 
its incorporation. The principal office is at 
Houghton, :Mich. The co~pany also owns 
some claims on Godiva Mountain, south of the 
May Day. In general the workings are in north
ward continuations. of the ore zones worked in 
the Victoria and Eagle and Blue Bell mines. · 
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·The shaft is half a mile east-southeast of the dike of partly decomposed latite-andesite por
Gemini shaft, south of and about 170 feet phyry 10 feet wide cuts the Bluebell dolomite 
above the central part of the town of Eureka. on the 1 ,6QO-foot level about 1,200 feet N. 
The ,altitude of its collar is 6,570 feet. South 55° E. of the Gemini shaft. Its average strike 
of the shaft the slope becomes steeper and soon is about N. 7Q 0 E. Both th(} dike and the 
reaches the abr~pt outcrops of the Eureka dolomite walls are slickensided. 
Peak ridge. A glance at the geologic map (Pl. I, in pocket) 

Depelopments.-The Chief vertical shaft . is will show that the ore zones lie in the faulted 
1,815 feet deep and found ground water at that blocks of the great Eureka Gulch dislocation, ) 
depth. It is sunk in talus and rhyolite to ~ which have been thrown to the southwest by 
depth of 300 feet. Levels are turned 500, 700, at least four step faults trending northeast. 
800, 1,000, 1,200, 1,400, 1,600, 1,700, and 1,800 The workings of the mine must be partly in 
feet below the collar, and the workings ar the Bluebell dolomite and partly in the Gard
below the 800-foot level. They extend for ner dolomitic limestone, but it is extremely 
2,000 feet north-northeast and 1,300 feet difficult to distinguish between these forma
south-southeast from the shaft. Crosscuts tions in the .. underground workings, ~nd the 
have been run east and southeast on several thin intervening Victoria quartzite does not 
levels, particularly on the 1,400-foot level, seem to be well developed in the Chief ground. 
which has explored the territory far east of the It was not possible with the meager opportu..:. 
Victoria ore zone. The developments aggre- nities offered by the manager for underground 
gate 22,000 feet of drifts and 4,400 feet of examination in this mine to investigate the 
raises and winzes. structure and trace the faults that divide the 

Production.-Up to June 30, 1914, 119,927 dislocated blocks. The ore zones apparently ) . 
tons of ore from this mine had yielded 18,004 trend northward independently of the earlier 
ounces of gold, 3,081,175 ounces of silver, 6,- faults, though the ore may in places be de-
477,837 pounds of-lead, and 119,927 pounds of fleeted to some extent along these cross courses. 
copper, and the returns from the ore sales were The projection on the surface would carry 
$1,354,582. Dividends amounting to $262,838 the Victoria quartzite close to the Chief shaft, 
had been paid. and the steep easterly dip would within a short 

Geology.-The surface of the Chief ground is distance carry the shaft well into the Bluebell 
occupied by the Pac~ard rhyolite and the de- dolomite. The strike of the heavy-bedded 
bris fans from the slopes of the Eureka Peak limestone is generally N. 10° W., rarely in
ridge. The shaft is sunk to a depth of 60 feet creasing to 20°, and the dip is steadily to the 
in debris from the slopes to the south, and then east at angles of 70° to 85°. On the 1 ,600-foot 
enters rhyolite, which extends to a depth of level, however, the beds, especially near the 
300 feet. The rhyolite is more or less clayey Gemini line, have prevailingly low and undu
and decomposed, contains finely distributed lating dips. 
pyrite and .chlorite, and yields a small quantity Ore . bqdies.-The Chief shaft is sunk just 
of s~phate water, unfit to drink. Scales of west of a rectangular projection of Eagle and 
gypsum are seen in much of this altered rock. Blue Bell ground into the Chief property, and 
So far as known the pyrite carries no gold or on some levels the drifts first extend north 400 
silver. In the underlying limestone of the feet and then east. A drift on the 1,000-foot 
deep levels are several brecciated zones con- level crossed this ground and intersected a 
taining more or less rhyolitic material, espeCi- fissure with some galena 400' feet southeast of 
ally 600 or 700 feet northeast of the shaft. On the shaft; this .is clearly the extension of one 
the 800-foot level contacts of rhyolite and lime- of the Blue Bell ore zones, probably the more 
stone were observed. One place seemed to westerly of the two. 
represent the bottom of the rhyolite flow, the Two principal systems of ore bodies are 
contact dipping 30° E.; at another place ~illy worked in the·Chief mine. One centers about 
100 feet distant the rhyolite appeared as .a dike 700. feet northeast of the shaft and consists of 
20 feet wide, with mu~h clayey limestone brec- two parallel bodies 100 or 150 feet apart. The 
cia along the walls. There is a possibility, then, second is separated fTom. the first by about 
that the flow is in places 800 feet thick; A 1,200 feet of barren ground. It lies- roughly 
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1 ;200 feet south-southeast of the sh~ft and is Though little is known of the character of 
continuous with the deep ore bodies f the east- the ores in the southern ore bodies, it is certain 
el'ly ore zone of the Eagle and .,Blue Bell, with that they are more or less similar to those of 
which connections have been made o the B1ue the Eagle and Blue Bell mine. In part they are 
Bell1,350 and 1,550 foot levels. heavy lead ores, of mixed sulphide and car-

The northern ore bodie8 were the :first ones bonate; in part they are highly siliceous ores, 
discovered and according to the rep(])rts of the rich in gold and silver. To some extent this 
company have been worked on the 1,~00, 1,400, condition is reflected in the average assay 
and 1,600foot level~. The easternm~dst of these values for 30,000 tons of ore mined in 1912, 
bodies carries pr~neipally lead ore, i as much which yielded 0.2557 ounce of gold, and 29.83 
as 40 feet wide, and pitches northwa . It has ounces of silver to the ton .and 1.:36 per cent of 
been followed for at least 500 feet rorth from lead. 
the Blue Bell line and toward its orth ·end The average gross value of the ore was $25.55 
merges into lower-grade quartzose material. a ton in 1911, $24.15 in 1912, and $16.29 in 
The easterly ore zone in this vicinitTcontinues 1913. The cost of smelting, freight, and samp
for 600 feet on one of the levels a:n,d i in places ling is about $9 a ton. 
30 feet wide. A£, elsewhere in the district, the primary ore' 

The southern ore bodies, which co~nect with is a dark siliceous replacement rock," in place~ 
the Eagle and Blue Bell, extend h(])rizontally banded and containing no residuary calcite or 
for 500 feet and 'Vertically from th 750-foot dolomite but scattered prisms of barite. This 
level to the 1,400-foot level. Their idth and rock contains primary rather fine grained 
configuration can not be given. On the whole galena 'Yith a little zinc blende, enargite, and 
they are probably little different fro 1 tho?>e of pyrite. Veins of a second generation of quartz 
the Gemini and Eureka. Hill. The st pes exca- cement the brecciated siliceous rock, which 
vated a succession of podlike mas~es of ore upon being attacked by oxidation becomes cor
separated by lean, silicified limestpne. The roded and honeycombed, with the development 
pitch is distinctly but irregularly northward. of oxy-salts. Throughout the mine the ore is 

The ores.-The Chief mine produces ores of largely oxidized, but much galena remains, par
several kinds. Among them are massive ticularly along the" casings" of the ore bodies. 
galena and lead carbonate ores containing .say 
0.05 ounce of gold and 30 to 40 ounces of silver 
to the ton, with 18 per cent of lead. Such ores 
were mined from the westerly ore zone of the 
northern bodies; in the easterly zone of the 
same locality rich siliceous ores carrying horn 
silver and ruby silver, were mined, one car of 
which netted $6,000. There are also in this 
vicinity large amounts of low-grade siliceous 
ore, carrying about 10 ounces of silver to the ton 
and a small percentage of lead. The reduction 
of such ore is difficult, and attempts have been 
made to perfect a cheap process for treating it. 
Much of it is cellular and honeycombed quartz 
with coatings of lead carbonate, lead oxy
chlorides, ferric sulphates, and small amounts 
of malachite, azurite, and conichalcite. The 
average composition of the ore mined from the 
northern .ore bodies is perhaps best shown in 
the report of the company for 1911, when the 
average assay values were 0.048 ounce of gold, 
and 39.58 ounces of silver to the ton and 5.28 
per cent of lead. 

EAGLE AND :BLUE :BELL MINE. 

Developments and production.-The . property 
of the Eagle & Blue Bell Mining Co. is about 
half a mile southeast of the town of Eureka, 
in Eagle Canyon. The collar of the present 
working shaft has an altitude of 6,818 feet, or 
about 400 feet above the town. At the time 
of the earlier report (1897) this mine was 
developed only to a depth of 400 feet. During 
the last_ few years it has been opened to a 
depth of 2,019 feet (ground-water level), and 
it is now a large producer of heavy galena ore. 

The principal developments consist of an 
old tunnel opening the southern part of the 
property; of No. 2 shaft, which is 1,000 feet 
south of the tunnel portal and 1,043 feet deep, 
with levels 100 feet apart; and of the present 
No. 1 working shaft, which is close to the 
tunnel portal and has workings extending 
mainly eastward on . the 700, 1,000, 1,200, 
1,350, 1,550, 1,700, and 1,876 foot levels. The 
total openings amount to many thousand feet. 
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The 1,350-foot level of the mine connects with No igneous rocks have been found in the \ 
the 1,000-foot level of 'the Chief Consolidated workings. 
property~ . Ore bodies.-The ore bodies are mainly de- · 

The production from 1897 to 1916, inclusive, termined by the intereection of inconspicuous, 
was 220,343 tons of ore, yielding 35,385 ounces nearly vertical northerly fissures with certain 
of gold, 3,217,676 ounces of silver, 1,413,102 strata that were susceptible of rep.l.acement, 
pounds of copper, 33,796,415 pounds of lead, but they also in part follow northeasterly cross 
and 22,856 pounds of zinc, and having a total fractures. 'The trace of the northerly fissures 
value of $4,450,905. Up to November 2, 1916, is marked by more or less silicification of the 
dividends of $532,518 had been distributed. dolomite. 
In earlier years th~ ores taken out were silice- There are two ore zones. The older develop
ous and lea~ in lead; of late large bodies of ments on the west vein comprise the tunnel 
galena ore have been found in the lower levels. workings and several openings in ore below the 
There is very little copper, the principal value tunnel level near No.2 shaft, on the south side 
of the ore being in lead and silver. of the property. The newer and deeper devel-

GeoZogy.-The surface and the workings in opments lie northeast of No. 1 shaft, in the 
the vicinity of the working shaft are in the northern part of the property, and are sepa
Bluebell dolomite, which contains most of the rated from older workings by 800 feet of barren 
ore. About 700 feet south of the' working ground. The northern ore zone appears to lie 
shaft, however, the drifts must enter into about 150 feet farther east than the southern 
the striped Opohonga limestone, and much of zone and is .thus a little higher in the strati
this rock is in fact shown in the dump. Mr. graphic sequence. 
Loughlin ascertained that the· so-calle.d "white In the tunnel a pipelike. shoot was followed 
lime," which at one place on the 1,000-foot from a point near the surface to a _depth of 400 
level is faulted against the "blue lime,"- is feet. It is .vertical for 300 feet, then pitches 
really the Opohonga limestone in contact with south at an angle of 60°, evidently following a 
the Bluebell dolomite. The boundary referred cross fracture, and finally resumes its vertical 
to corresponds to a fault along which. the position. Other ore bodies were mined south 
northerly block is thrown 500 feet to the west; of the old shaft . and on the south extension of 
this is one of the oldest dislocations in the the Beecher claim, on the_ 100 and 200 foot 
broad faulted zorie underneath Eureka Gulch. levels. From the 300-foot to the 1,000-foot 
The shaft passes into the "white lime" at a level in the old shaft few ore bodies were found. 
depth of about 1,120 feet and continues in it The later developments on the 1,000 and 1,100 
to the 1,700-foot level, where a reversal of dip foot levels lie northeast of this shaft; just.north 
(65° W.) brings it again into the Bluebell dolo- of a cross break on which strong easterly fault
mite, which persists with that dip to the 2;019'- ing has taken pl&ce. This shoot is as much as 
foot leveL The direction -and continuation 20 feet wide and follows 'the bedding planes of 
of · the ·ore channels are but little affected the Bluebell dolomite for 400 feet more or less 
by the faulting, though the most northerly continuously. It is of rather low. grade but . 
cross fractures appear to have had a local in- contains both copper and lead. . 
fluence in ,guiding . the solutions that deposited The richer ore bodies lie a few hundred feet 
the ore. northeast of. No. 1 shaft on levels extending 

Cross fractures trending east, east-northeast, from 700 to 1,876 feet (1916) . . The most ex
and west-northwest are prominent; there are tensive -developments are on the 914-foot level 
at least seven of them within 1,800 feet. (equal to the 1,000-foot level in the old shaft). 
One zone about 1,000 feet south of the shaft The occurrence of the ore is in general related 
on the 900-foot level evidently corresponds to ·to the intersection of an easterly cross break 
the great fault shown on the surface. These . with the northerly fissure. The ore .begf\,n 200 
cross fractures have generally a steep southerly feet above the 914-foot level, and in 1911 the 
dip. In detail the structure is probably very workings had . disclosed it on the 1,100-foot 
complicated. The stratification extends al- level. It is in part siliceous and carries gold 
most due north to N. 15°· W., and the beds and silver with a little lead and copper; in part 
dip 65°-70° E. it is heavy lead ore, and both kinds occur sep-
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arately but in close proximity. A body of 
siliceous ore rich in gold was found 100 feet 
south of the main ore body; in one place 68 feet 
below the 1,200-foot level the stope was 100 
feet long ·and 12f) feet wide from east to west, 
~ t the time of visit, when the whole extent of 
the body had not been developed. 

In 1914 the mine was opened from No. 1 
shaft down to the 1,550-foot level, and the 
mixed siliceous and lead shoot was found to 
continue to the lowest workings; in addition a 
new and very valuable lead shoot was found 
:farther west, almost due north of the shaft. 

The shoot of mixed siliceous and lead ore has 
been followed north for 480 feet and from the 
700-foot down to the 1,500-foot level. It is 
20 to 70 feet wide, and its general trend is 
north-northwest. In its lower part heavy lead 
ore predominates. 

The new lead_ shoot lies 300 feet north
northeast of No. 1 shaft. Its top is at about 
the 1 ,450-foot level and its deepest part, so far 
~s shown at present, on the 1,550-foot level; 
here it is 140 feet long and as much as 20 feet 
wide, a magnificent body of lead ore about 
half oxidi21ed and averaging .as a whole 20 or 
25 per cent of lead. This shoot would appear 
to lie in the continuation of the West vein of 
the old workings to the south. The dolomite 
walls of the. shoots are everywhere sharply 
defined. 

During 1915 and 1916 new stopes were 
opened in continuations of ore shoots on the 
700, 1,000, and 1,550 foot levels and on the 
1 ,200-foot level of the Victoria mine. New 
stapes were also opened on the 1, 700 and 
1,876 foot levels east of the shaft. The rela
tions of these two stopes suggest that the ore 
shoot follows the local westward dip of the 
inclosing rock. The newly exposed ore on 
the 1,876-foot level consists of coarse to fine 
grained galenat partly oxidized to anglesite 
and cerusite and thinly coated in a few spots 
with an undetermined yellow powdery mineral. 
The shaft passes into low-grade ore, said to be 
-of normal character, 50 feet below the 1,876-foot 
level but is in barren rock at ground-water 
level. 

The ores.-The mine has produced ores of 
widely differing character but all carrying 
more or less lead, gold,' and silver. Some 

. copper was found in the southern workings, 
104355°--19----14 

and in 1913 a pipe of rich e:riargite ore was 
encountered in the northern siliceous shoot in 
the 1,300-foot level. It was about 34 by 20 
feet in diameter and 75 feet in vertical dimen
sion. Zinc to the amount of 2 to 3 per cent 
was found in some of the lead ores from the 
upper levels. Bodies of oxidized zinc ores 
below the lead ore should be expected under
neath the lead stopes, but none have yet 
been found. 

The siliceous ores consist mostly of ·white, 
greatly honeycombed and cellular quartz of 
fine grain, in places "chalcedonic" and show
ing delicate agate-like banding; many such 
bodies are adjoined by bluish siliceous and 
compact rock, evidently silicified dolomite, 
which borders the unaltered dolomite with 
sharp contact. The large siliceous stopes 
may have averaged 0.5 ounce of gold and 20 
ounces of silver to the ton, with 1 to 3 per cent 
of lead. The second-class ore left in the mine 
might contain $3 in gold and 5 ounces or more 
of silver to the ton. Some of the richest 
siliceous gold ore contained 4 ounces of gold 
and 130 ounces of silver to the ton, 78 per cent 
of silica, 5 per cent of iron, and 2 per cent of 
lead in a gangue of corroded quartz and barite. 

The lead ores of the lower levels consist 
mainly of carbonate with bunches of galena; 
carload shipments would average 20 per cent 
of lead and 23 ounces of silver to the ton. One 
heavy carload of 87 tons contained 74.8 per , 
cent of lead, 2.6 per cent of insoluble matter, 
11.6 per cent of sulphur, 0.4 per cent of iron, 
and 0.017 ounce of gold, and about 80 ounces 
of silver to the ton. 

In 1913 a carload of heavy lead ore was 
shipped from the new shoot north of the shaft. 
The weight of this shipment was approxi
mately 80 tons, and it consisted apparently of 
an almost · pure mass of galena, anglesite, and 
cerusite. The shipment contained 74.8 per -
cent of lead (pure galena C(j)ntains 86.6 per cent 
and pure carbonate 77.5 per cent). The ore 
carried 24.7 ounces of silver and 0.017 ounce 
of gold to the ton. The~e was only 2.6 per 
cent of insoluble matter in the ore; sulphur 
amounted to 11.6 per cent and iron to 0.4 
per cent. 

The ore carries a little "barite but no calcite 
except as · a late product of oxidation. Dark 
cherty silica with flakes 6£' gold such as was 
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seen in the Victoria mine was not observed in 
this property. 

Some of the ores have ,evidently had a long 
and complicated history of oxidation, which 
is not easy to work out in detail. In some 
of the siliceous ores a considerable concentra
tion of gold and silver has taken place, but it 
is not probable that much lead has been dis
solved· and carried away from them. Chloride 
of silver occurs in places-for instance, on the 
1 ,200-foot level-but no silver antimonides or 
native silver has been seen. · 

VICTORIA MINE. 

Developments.-The Victoria mine, owned by 
the Victoria Mining Co. until 1915, when it 
was purchased by the Eagle & _Blue Bell Min
ing Co., is on the northern slopes of Eureka 
Peak, in Eagle Canyon, about three-quarters of 
a mile south-s-outheast of the town of Eureka. 
It lies south-southeast of the Eagle and Blue 
Bell mine, and the Grand·Central property ad
joins it on the south, the Grand Central shaft 
being three-quarters · of a mile south of the 
Victoria shaft. The altitude of the collar of 
the Victoria shaft is 6,998 feet, or about 600 
feet above the town. The mine was not 
opened when the earlier examination of the 
district was made. 

The shaft is 1,200 feet deep, and dry. The 
workings extend 400 feet north and 1,100 feet 
south of the shaft, continuing northward into 
Eagle and Blue Bell ground and southward into 
Grand Central ground, the general trend being 
S. 20° E. Drifts have been turned on the 900, 
1,050, and 1,200 foot leveis; th~ 600, 700, 800, 
and 850 foot. levels are reached by raises from 
the 900-foot level. The 1,050 and 1,200 foot 
levels connect with the Eagle and Blue Bell 
workings. The 600) · 700, and 900 foot levels 
connect with the Grand Central workings, the 
900-foot level of the Victoria corresponding to 
the 1,100-foot level of the Grand Central. 

The production of the property has not been 
made public but probably amounts to about 
$1,000,-000; the order as to value of metal con
tent is silver, gold, lead, copper. Shipments 
of ore have ave~aged about 3 carloads a week. 
Much second-class ore remains in the mine 
awaiting better conditions for reduction. 

Geology.-All. the workings are in the Blue
bell dolomite, which in the northern two-thirds 
of the property strikes N. , 30_0 -35° W. and 

dips ~ostly 50°-65° NE.; at a few places the 
dip is steeper. In the southern third the strike 
curves to almost due north. The thin Victoria. 
quartzite lies a short dista~ce to the east, and 
beyond it extends the Gardner dolomite, . but 
the eastern dip of these beds carries them 
beyond the easternmost workings of the mine. 

Several easterly faults or cross breaks have 
been observed, and on these the northern 
blocks, so far as known, are consistently thrown 
west, but the amount of displacement is · not 
great; these faults represent the_ dying end-of 
the great dislocations underneath Eureka 
Gulch. One such fault has been approximately 
located south of the shaft on the surface, and 
several are to be seen in the mine, but it is 
difficult without detailed examination to con
nect them with those on the surface. One of 
them, extending N. 72° E. from the vein and 
dipping 70°-80° S., is prominent on the 900 
and 1,200 foot levels southeast of the shaft. 
Directly opposite, on the west side of the vein, 
is another, which is exposed on the 900-foot 
level and which strikes N. 72° W. and dips 
steeply to the south, approximately in line 
with the fault shown on the map about 400 
feet southwest of the shaft. There are also 
many dislocations t.rending N. 25°-60° E. and 
dipping from 80° NW. to 45° SE. 

Ore deposits.-No outcrops of ore are seen on 
the surface along the strike of the vein. In 
general the ore bodies trend N. 20° W., and 
the distance from the shaft to the most north
erly stope, at the Eagle and Blue Bell boundary, 
is 500 feet. The stopes at the shaft are below 
the 900-foot level, which corresponds to the 
1,100-foot level of the Grand Central mine, and 
are mostly on the 1 ,200-foot . level. · 

In a general wa:y the ore pitches to the north1 

but in strike and dip it follows the stratification 
planes, with local enlargements and offshoots 
along the cross breaks. The most southerly · 
and highest stopes on the 600 and 700 foot 
levels follow two parallel shoots about 100 feet 
apart which are the direct continuations of the 
ore bodies of the Grand Central mine. The 
two shoots are joined at one place along a cross 
break striking N. 50° E. 

The second group of stopes are 3.00 feet . 
·farther north, on the 700-foot level, . and are 
bounded on the south by the N. 72° E. cross 
break. Here ore has been stoped continuously 
for 400 feet, and in this distance it curves 
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from a northerly to a N. 25° E. trend and almost cherty quartz, in places with delicate 
pitches northward, the north end of the stope agate-like banding. Extensive corrosion has 
lying on the 850-foot level. The width of the produced irregular cavities in it, which are 
stope is 60 feet in the widest part. now filled with white, coarser quartz, much of 

A small shoot lies 150 feet farther north on it drusy and clearly crystallized in open spaces. 
the 900-foot level along a series of northeasterly Bunches of coarse-grained enargite are found 
cross breaks that converge toward the south- in places, surrounded by an intergrowth of 
west. About 100 feet to. the northeast, on enargite prisms and quartz. A little galena· 
the 1 ,050-foot level, ore of the same type has occurs along the margin~ of the ore bodies and 
been found, and ~his shoot has also been in sharp contact with unaltered limestone. 
opened on the 1,200-foot level. The ore from Limonite and manganese dioxide are widely 
the south boundary to and including this distributed in the ore but nowhere 1n large 
shoot contains prominent shoots of enargite, quantities. 
but a · few small shoots of galena have ·been The principal value of the ore is in gold, 
found in the upper margins of some of the though much of the ore is of low grade and is 
stopes. for the present left in the mine; such ore runs 

Between this shoot and the shaft, about 200 from $7 to $10 to the ton. Much of the shipped 
feet southeast of the shaft, a valuable though ore contains 0.5 to 5 ounces of gold and as 
small gold shoot was found on the 1,100- much as 120 ounces of silver to the ton. 
foot level; it was 30 feet high and 6 "sets " Some shipments averaged 1.5 ounces o~ 
(24 feet) square in cross section. It was an gold and 20 ounces of silver to the ton and 
almost spherical mass of dark siliceous rock 4 per cent of copper but no lead. Others have 
replacing limestone. The ore averaged 2 had a similar gold content but only 2 to 3 
ounces of gold and 2 to 3 ounces of silver to ounces of silver to the ton. Bunches of galena 
the ton but contained no lead . or copper. ore have yielded · 20 per cent of lead and 0.20 

East of the shaft great bodies of siliceous ore ounce of gold and 23 ounces of silver to the 
were opened in 1912 and 1913, principally on ton but no copper. 
the 1 ,200-foot level, where the shoot extends, Some of the galena ore on the 900-foot level 
branching toward the northwest, for 180 feet contains much coarse spar of the ankerite 
to the boundary of the property. It evidently type, but it occurs on separate fissures or on 
fo~lows in part the stratification and in part top of the white quartz of the second period 
the northeast and northwest ·cross breaks. rather than actually intergrown with galena. 

As opened on the 1,200-foot level the first Barite is present in most of the ore, though 
lo1;1g body of siliceous ore is as much as 24 not in large amounts; it is associated 'with 
feet wide and extends 30 feet above the level. enargite. All . the ore bodi~s are partly oxi
At the north end pf the workings the ore is dized, but much galena[ and enargite r~mains. 
30 feet wide and wholly siliceous, no galena or Very little pyrite is seen, and · that mostly in 
enargite showing at the time of visit, in 1914. altered- limestone rather than in ore. Prob
Since then this large body of siliceous ore has ably some pyrite occur~ed in the ore but ha.s 
been found to continue for a considerable dis- been thoroughly oxidize~. The gold and silver 
tance below and . north of this level, in Eagle are irregularly distributed; the silver is con
and Blue Bell ground. The contact of quartz cent~ated in places as ~ilver chloride, and the 
and hard fine-grained limestone, which rarely r gold, at least in the richer ores, is largely sec
shows stratification, is irregular but every- ondary and forms little ·bright-yellow scales 
where sharply defined. At one point on the adhering to the surface of joints in the dark 
1,200-foot level was noted the unusual occur- quartz, without being accompanied by limo,
rence of a northeast fracture cutting across nite, manganese, or other gangue. (See p. 177 .) 
the quartz and thus distinctly later. 

The ore.-The Victoria mine yields in general 
a highly siliceous gold..:silver ore with bunches 
of copper ore and more rarely lead ore. 
The principal type, as shown in the deeper 
workings to the north, is a fine-grained, 

GRAND CENTRAL MINE. 

Developments and prod~ction.-The Grand 
Central mine is on the steep southeast slopes of 
Eureka Peak. The altitude of the collar is 
7,149 feet. It is owned by capitalists of 
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Provo, Utah, ·who are working it under the is N. 7·0° E. and the dip steep toward the north. 
name of the Grand Central Mining Co. The On the same level near the Butterfly stope the 
several consolidated claims extend between the beds strike N. 10° W. and dip steeply toward 
Mammoth on the south, Victoria on the north, the . west. On level 20 dips of 30°-50° NNE. 
and Centennial Eureka on the northwest, and were observed, corresponding to a similar 
connections with these properties are made on position of the strata in the deep levels of the 
several levels. Opex and Centennial Eureka mines, farther 

The mine is opened by the Grand Central west. 
shaft, which in 1914 reached a depth of 2,300 The principal ore zone follows pron1inent 
feet. A winze extends down 80 feet from .the northerly fractures, which at the Butterfly 
bottom level, the water level having been met stope are intersected by. an almost vertical 
in the bottom. Levels are turned at 100-foot fracture trending N. 30° E. The West or No.4 
intervals. The workings, which aggregate fissure also strikes N. 30° E., and west of the 
many miles in length, consist of crosscuts and shaft the Emerald-Grand Central fault zone is 
drifts on an eastern vein zone which extends intersected ·on the deepest levels, where it 
due north from the Mammoth to the Victoria, shows at least three fractures tr.ending N. 30° 
and of deep workings toward the west side E. and dipping very steeply west-northwest. 
which connect with the Centennial Eureka. Minot fractures trend northwest, N. 60° E., or 

-LevelS of the Mammoth corresponds to level 7 east. The ore follows theN. 30° E. and north
of the Grand Central. The Victoria shaft is erly fractures. No igneous rocks were seen. 
151 feet and the Centennial Eureka shaft 262 Ore bodies.-No outcrops of the ore bodies 
feet lower than the Grand Central. are .visible on this property, and the highest 

The total production is not made public, but workings are at level 4, near the Butterfly 
as the mine has been worked continuously and stope. The ore comes into the property in the 
with reasonable efficiency the total output may Silveropolis shoot, adjoining the Mammoth at 
be estimated at about five times the dividends. the southern boundary. This shoot begins 
Up to September 15, 1914, dividends of near the surface in Mammoth ground and forms 
$1,602,750 had been paid. In 1914 only about a pipe pitching 70° NW., across the stratifica-
2,000 tons of ore was shipped. The ores carry tion, probably following the intersection of two 
mainly silver, gold, and copper, with some lead. fracture planes. The dimensions, though.irreg-

At the time of the earlier report on the dis- u1ar, are about 20 by 20 feet to 60 by 40 feet 
trict the shaft was only 850 feet deep. in horizontal cross section. This shoot crosses 

Geology.-The vertical shaft is sunk in Opo- into Grand Central ground and continues, flat
honga shaly limestone and remains in this tening somewhat, to levels 8 and 9. There 
formation to a depth of about 1,900 feet it turns north, follows a steep fissure with the 
(" 1,800" level), where it enters the underlying same direction, and continues due north ap
Ajax limestone. The ' principal zone of north- proximately on the same level for 2,600 feet to 
south workings is in the Bluebell dolomite, but the boundary of the Victoria mine. At first 
some ore bodies along the West or No. 4 fissure this sht>ot forms a series of irregu1ar bodies con
are in the Opoh.onga limestone, and the lowest fined between levels 7 and 8, then widening in 
workings on levels 20 to 22 are in the Ajax the Butterfly stope t() 50 or 70 feet and extend
limestone. At a distance of 750 feet N. 15° E. ing from level 4 to level 11. 'fhe Butterfly 
of the shaft on level 7 the contact of Bluebell stope lies at the intersection of a northerly a~d 
dolomite and Opohonga limestone was cut, a north-northeasterly fissure, both of which 
and this indicates a normal easterly dip of are nearly vertical. North of the Butterfly 
about 75°. ... stope the shoot continues in a horizontal direc-

The normal strike is N. 10°-20° W. and the tion to the boundary line of the property and 
normal dip 70°-80° E., but both strike and lies mainly between levels 7 and 10. A few 
dip are in places difficult to determine on ac- hundred feet north of the Grand Central north 
count of the abundance of fractures. There boundary the ore turns north-northwestward 
are also many local irregularities. Dips of 45° into a new series of bodies in the Victoria mine. 
SW. are found in some of the upper levels. On I Figure 31 shows a generalized longitudinal sec
level 7 in the crosscut from the shaft the strike tion along this eastern and upper ore shoot 
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from the Mammoth on the south to the Victoria 
mine on the north. 

Near the bottom of the Butterfly stope on 
levels 9 and 10 a new fracture, called the West 
fissure, was encountered. This fracture strikes 
northeast or north-northeast and dips 73° 
NW. Several minor ore bodies have been 
found along this fissure, beginning at the lower 
end of the Butterfly stope and continuing down 
to level 17. On level 18 a drift was extended 
south-southwest along this fissure and encoun
tered new ore bodies apparently not connected 
with the more northerly shoot just referred 

s. 

smaller shoots were in general found between 
levels 20 and 22. 

On the whole, then, the upper ore bodies in 
the eastern part of the mine follow north
erly fractures but do not continue below level 
11. From level 11 to level 17, in this part of 
the mine, the ore descended on a north-north
westerly fracture. In the western and deeper 
part of the mine the ore occurs ~ainly in shoots 
of horizontal trend along a series of north-· 
northeasterly fractures. These shoots connect 
in a steplike manner, jumping from one fissure 
to another, and locally following stratification 
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FIGURE 31.-Longitudinal section of the Grand Centre! mine, showing approximate outline of upper ore bodies from the Mammoth mine to 
the Victoria mine. 

to. These continued down to levels 20 and 21, 
following the flattening dip of the fissure. This 
ore apparently trends northwestward and lies 
in the extension of the horizontal projection of 
the Silveropolis column. 

In the lowest levels the dip of the beds flattens 
to 40°-50° NNW. or NNE. Several smaller 
ore bodies are found here, in part following the 
stratification, in part occurring on a series of 
north-northeasterly fractures that are found 
at intervals in the same general northwesterly 
direction up to the Centennial Eureka line. 
Some of these fractures evidently form part of 
the Emerald-Grand Central fault zone which 
is so well marked on the surface. These 

planes, so that the ore as a whole trends in a 
northwesterly direction. This ore practically 
continues to . the boundary line of the Centen
nial Eureka mine. 

The upper horizontal shoots between levels 
7 and 9 were the richest in the mine. A large 
part of the siliceous ore mined now as second
class ore was left in the stopes d_}ITing earlier 
work. 

The ores.-On the whole the Grand Central 
ores contain copper, silver, and gold with a little 
lead; they are oxidized throughout, even in the 
deepest levels, and carry abundant arsenates. 
Toward the Victoria line, on the north, they are 
highly siliceous; in the deepest levels the ore 
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contains much barite and limonite . and ,is in tance of 1,600 feet. The total length of the 
general similar to the ore of the Centen:p.ial drifts amounts to at least 15 miles. · 
Eureka. . . . . . The ore bodies lie within 1,200 feet north and 
. Remains of sulphide ore are found at 'many northeast of the shaft, on the Ma~oth, Weld
.pl~ces, 1?-owever; they co~sist of enargite with a ing, Golden King, and. Silve:r;-opolis claims. 
little pyrite, galena, and chalcopyrite. Chal- Production.-The mine has· bee~ one of the 
. ~oc~te and covellite occur in s:r;nall quantities most productive in t_he district and is still ship
~hro:ugltout the mine, and the development of ping ore . . Mining ope.rations began in 1872 and 
-these_ ·s,ecmidary _copper sulphides :is usually . hl:).ve 'beeJ?, continued .almost unintern~ptedly 
attended by a concentration of silver. Horn since ~hat ·_ date. __ The t~tal production up 
siiver is ~p~~b~bly- c~mmori but ~s rarely visib.le to 1913. ani~un~ed . to appro::x:imat~ly 402,095 
to the {{a~ed ' e'ye~ ' .. ;N at!v.e sil~er ~as .s~en 'ne~r tons of or~ containi~g $6,003,614 in gold, 
the Butterfly stope. Vugs with small · quartz 6,942,314 ounces 'of silver, 17,184,124 pounds of 
crystals are common in the upper levels. Cal- copper, and 17,679,058 pounds of lead, valued 
cite in scalenohedral and flat rhombohedra.! in alL at $14,660,197. The total dividends 
forms ~as developed in the limestone and in the paid up · to · the end of 1-916 amounted to 
oxidized ore as one of the latest products. $2,529,205 . 
Silicified limestone usually surrounds the ore Recently much low-grade ore has been · 
for a variable distance, but in the deep levels shipped from the large dump of former years, 
on the west coarse limestone is found in close lessees have been working in various parts of 
proximity to some of the limonitic ore and the mine, and the underground operations by 
locally forms boulders in the ore. the company have been confined largely to the 

The ore mined is said to have averaged about new copper shoot in the Welding claim. 
$7 in gold · and 12 ounces of silver to the ton; About-3; 7 40 tons (7 48 cars) of ore was shipped 
the tenor in copper is variable, but the average to the sme1ter in 1914. From 1914 to 1916 
is probably less than 3 per cent. The lead is the total annual shipments of ore averaged 
irregularly distributed, and much of it was ·from _0.14 to 0.2 ounce of gold and 5 to 7 
found near the ''casings'' of the ore bodies. ounce~ of silver to the ton, 1.8 to 2.5 per cent 
The siliceous ore now mined from the _ upper_ qf copper, and l~ss than 1 per cent of lead. 
levels contains 1 to 2 per' cent of copper. Much .. The ores. contain chiefly copper~ gold, silver, 
low-grade ore remains in the mine. and lead. A characteristic of the mine is the 

m~rked segregation of ores into shoots of gold 
ore, lead ·ore, and copper ore, though of course MAMMOTH MINE. 

Location and develppment.-The Mammoth the ore of each kind also contains other metals. 
mine, a property of several consolidated claims, Some of the ores were rich in gold, and the pro
belongs to the Mammoth Mining Co. and has duction probably ave:r;ages not less than $15 in 
for-. many years been under th.e control of the gold and 15 ounces of silverto the ton. 
Mcintyre family. It is in the upper part of During the earlier years of the mine pan
Mammoth. Gulch, _oii ·the steep slopes leading amalgamation· was · the · process · used· for . the 
up to Qodiva Mountain, half a mile-east of the recovery' of gold and silver, but even thensome 
town of Robinson. . . .base . ores ivere shipped· to smelters. At the 

The shaft (marked "Mammoth Hoist" on pres-ent/time all the ores' produced are s'melted. 
the map) is operated from a; tunnel 211 feet Geology.-::-The shaft is sunk in the Bluebell 
below the collar, which has ari altitude of 7,052 dolomite ·and almost :ali -the wo;rkings are in 
feet. · The shaft is 2,100 fe.et deep, and a: winze this formation; som·e drifts, however, enter the 
is sunk 260 feet below the bottom level,· making Opohonga limest'one on the west. No igneous 
a total vertical depth of 2,360 feet. The lowest bodie-s were observed on the surface or 'under
level, therefore, lies at an altitud-e of 4,692 feet, gi'c>und. 
or 100 feet lower than the -bottom ·of 'tlie 'shaft - The sti-ike of' the · beds · is · north-northwest, 
of the Centennial Eureka:· -There is no wa:ter changing to more .. n{m~ly nor~h ' · tow_ard the 
in the mine . . The· uee·p~r .levels, are 100 -feet Grand Central .· mine; the dips . are _mostly 
apart,· and the workings extend mainly north 65°-85° E:,. but in places they· diminish to 35° 
·and northeast of the shaft to a greatest dis- or 40°. Ih ·some of the lower workings the 
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strike swings more to the · northwest or even larger diameter trends N. 15° E., and it con
N~ 70° W., corresponding to the easterly bend tinues to level 21, where, however, it becomes 
of the strata east and southeast of the shaft. of poorer grade. 
At the new ore body on the Welding claim, The general pitch is 70° NE. but the outline 
800 feet north-northeast of the shaft, a strike varies greatly, as shown by Plate XXXIII, 
of N. 70° :w. and a dip of 40° NNE. were adapted from Tower and Smith's - report. 
noted on level 8. On level %1, 800 feet n,orth- The shoot is evidently determined by the inter
west of the shaft, the strike is N. 60° W. and section of a system of fractures trending north, 
the dip 60° NNE. north-northeast, northeast, and east. The 

The geologic map shows that the beds south- cross section is accordingly very irregular, and 
east of the shaft are disturbed by several on some levels' the shoot extends several 
easterly faults, the general result being that hundred feet · along northeasterly fractures. 
the northerly blocks are thrown to the west by _ Its width-is in -places 100 feet. At the surface 
dislocations whose horizontal component may copper ores rich in gold were found; at middle 
amount to several hundred feet. depths of 1,500 feet a large lead shoot is 

·-The -fissures that control the ore bodies trend recpgnized, adjoined by a gold · shoot and, 
in part northward, but the most prominent lower down, by _a copper stope. On the lowest 
system strikes from 10° to f 5° east of north. level the shoot is poor, though here, as else
Two members of this faul~ system, striking where, silicified rock containing gold and silver 
northeast, are indicated onl the map. Very extends on the north-northeasterly fissures far 
few -of . t.he fractures are of ~~stmineral origin. beyond the boundaries of the ore body. Some 

The limestone of the worKings north-north- ore is also found -on · fissures extending east
west :o-f the shaft, near th¢ Silveropolis ore ward across the main direction of the body. 
body, shows a remarkab~e crushed zone, The next large ore body, called the Silver
locally: known as ''the · dike.'j' The fragments opolis shoot (fig. 32), begins near the surface 
form a -loose .breccia and may flow for· several 550 feet ·N. 109° E. from the shaft, and this 
days _ after being opened in ~he workings. On also is located on a north-northeasterly fissure, 
level 4 the ore of the Silverdpolis shoot passes which, however, dips 60°-80° NNW. and 
through this brecciated zohe or mud dike, which on level 4 intersects the fissure of the 
which in places -is as much as 100 feet wide. Apex shoot. This upper body of mixed ores, 
It is difficult to form a-conception of the form now mined out, is called the Cunningham 
-of ·this disturbed zone; it i eems to be very s.tope. It continues with a slight northerly 
irr.egular and .is doubtless a very· late post- pitch nearly to level 9, where it flattens out 
mineral structural developfent. It is not and is followed . north-northeastward about 
accompanied by much faulting. horizontally on the corresponding levels of the 

Caves are f.ound in places; one on the 1,350- Grand Central mine (fig. 31, p. 213). ' Drifts 
foot level is 50 feet lo:p.g, 25 feet wide, and 30 along fractures have been extended from a 
feet high . . They are distinctly postmineral few hundred to 1,000 feet north-northeast 
developments. ) of the Cunningham stope, but no ore bodies 

Ore bodies·.-Several ore ~odies have been have been encountered. · 
worked; all of them cross IJhe bedding and The third ·ore body is found on the :Golden 
most of them are. determine~ by the intersec- King claim about 1,200 feet dli~ north of the 
tion of two or more fractmres striking north, shaft; the stapes, which lie between; levels 5 
north-northeast, and northeJst. The principal and 8, extend along a north-northwesterly 
bodies are the Apex, .Silvero:golis, Golden King, fissure and lie close to the Grand Central 
and Welding _shoots. The ~pex shoot is the boundary line. 
largest and Wl;LS the 011-ly ore WOrked at the . The fourth group of ore bodies OCCUrs 
time of _the earlier inv_estiga~ion. It crops out entirely apart from th.e others, on the Welding 
just south · of the shaft __ a:q.d forms a large, claim. No ore crops out on the Welding 
chimney-shaped mass whicH in 1911 was well claim, but a . conside_rable body of oxidized 
exposed 100 ·feet. bel9w tihe surface. This copper ore was found . on level.8 in the southern 
shoot goes down almost· vertically and attains part of the cla~m;: the ore trends. N. _ 3n° E. and 
gr.eat dimensions -.on· levels 15 and 16. The has been followed. for .300_ feet . . It evidently 
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occupies a fissure of the same system as those it. The same fissure is apparent on levels 12, 
in the Opohonga and Gold Chain mines; the 17, 19, and 21. On level19 a transverse body 
ore is about 80 feet long and as much as 30 of gold ore follows this fissure. No ore is 
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in the Welding 
levels. 

known to occur on this. 
shoot above level 8 and 
but little b~low it. On 
level 22 some copper ore 
containing much goid in 
spots was found in a winze; 
this ore is said to follow 
the transverse fracture 
that cuts off the body on 
level 8. 

The ores.-The ores of 
the Mammoth mine vary 
so much that a brief ade
quate description is diffi
cult. In general the ore 
is siliceous and contains 
more or less limonite; the 
ore of shipping grade is 
surrounded by· a wide zone 
of fine-grained silicified 
limestone, and' much low-· 
grade ore of this kind re
mains in th·e mine. The 
ore has a leached appear
ance and a cellular, cor
roded texture, so that in 
many places, on the lower 
as well as the upper levels, 
little remains ·except a. 
honeycombed iron-stained 
material. Level 21, for 
instance, shows this tex
ture in a particularly strik
ing manner. The oxida
tion seems complete at this. 
place, and the ore body 
looks exactly as in the· 
most highly decomposed 
c r o p pings , containing 
much limonite in cavern
ous and corroded quartz. 
Bunches of enargite and 
pyrite remain, however, ill 
all the ore bodies at th& 
surface of theApex shoot, 

shoot, and in the deepest feet wide and has been stoped between levels 
7 and 8. The ore is cut off by ·a fissure trend
ing N. 60,0 W. and dipping 45? SSW., but this 
intersecting fissure is clearly premineral, for 
a fe'Y sets above the level the ore goes through 

The gangue, as usual, consists of . extremely 
fine grained silicified limestone, brecciated and 
cemented by a coarser but still fine-grained 
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white quartz that in places forms small druses. 
Barite is fairly abundant. 

All the ores contain gold, and some of them 
c~rry extremely rich spots where abundant fine
grained native gold is visible. The top of the 
Apex and the Silveropolis shoots were rich in 
gold, but the Welding shoot carries only $1 or 
$2 to the ton. Part of the Apex shoot on level 
15 was so rich in gold that it was designated 
the "gold stope''; it immediately adjoined the 
big lead stope. The gold or~s are all highly 
siliceous and associated with manganese diox
ide; in the Silveropolis shoot there was much 
manganese down to level 6, and most of it was 
rich in gold. Barite containing native gold is 
reported from level 10. The poor and highly 
siliceous ore iJ1 the lowest levels of the Apex 
shoot contains gold as its principal valuable 
constituent, with little silver and no copper or 
lead. 

Silver is present in all the ores. The Weld
ing copper ore on level8 is said to contain about 
30 ounces of silver to the ton. The silver con
tent of the Silveropolis shoot varies greatly; 
ranging from 10 to several hundred ounces to 
the ton. The great lead body of oxidized ore 
in the Apex shoot was rich in silver and also 
contained a little gold. Horn silver is, no 
doubt, the principal silver mineral; argentite 
may also be present, but it is rarely found in 
large amounts. Horn silver seems to have oc
curred mainly down to level 8 but is also found 
below that level. Some leaf or wire silver is 
also observed. On level 21, about 800 feet 
north of the shaft, toward the Grand Central 
ground, some very rich silver ore was struck in 
a flat ''talc'' seam. Some of this ore assayed 
several hundred ounces to the ton, and several 
carloads of this rich material was shipped. It 
contained very little gold. 

Lead is present in small amounts ·as galena 
or cerusite in most of the ores, but the princi
pal lead production of the mine came from a 
part of the great Apex shoot. This lead shoot 
was at its best close to the shaft on levels 13, 
14, and 15, though it extended down to level17. 
Its greatest cross section was 100 by 150 feet. 
Much of the ore contained 40 to 50 per cent of 
lead. 

Copper is widely distributed and occurs 
mainly as arsenates, enargite, and famatinite. 
The oxidation is not complete, and plentiful 
masses of enargite remain. The arsenates are 

abundant, and fine specimens of clinoclasite, 
olivenite, and tyro lite are found throughout the 
ores. The gangue consists of 1 fine-grained 
quartz and more or less abundant barit~. The 
stopes in the Apex shoot were rich in copper 
from the surface down and extended vertically 
for many hundred feet. In the deeper levels 
a new copper ore body began just west of the 
shaft on level16, but this body became poorer 
in the lowest levels; it contained mainly oxi
dized copper ores with little gold but 10 to 12 
ounces of silver to the ton. The great Silverop
olis shoot contained siliceous copper ore rich in 
gold and silver, the content ranging from 2 to 
40 per cent in. copper, $2 or $3 to several ounces 
to the ton in gold, and 10 to several hundred 
ounces to the ton in silver. During 1914 a 
stringer of rich bismuth ore, consisting mainly 
of bismuth arsenate in yellow, ochery masses, 
was found in the copper stopes of the Welding · 
claim on the 600-foot level. 

OPOHONGA MINE. 
I 

The Opohonga mine is opened on a small 
claim between the Black Jack and Gold Chain 
properties. At one time the workings 'were 
operated from the 300-foot level of the Black 
Jack, but lately the Gold Chain (Old Ajax) 
shaft has been used, from which levels 3, 7, 
and 10 open the Opohonga ground. 

The country rock is the Opohonga limestone, 
which dips 30°-45° E. and is partly meta
morphosed. The ore shoot follows one of the 
north-northeasterly fissures and was first found 
on the 300-foot level of the BlackJack near the 
boundary line, ~50 feet east of the shaft. At 
this point a winze was sunk along the steep 
west-northwest dip of the fissure and followed 
the shoot to the 700-foot level. Below this 
level the dip of the fissure changes to easterly, 
and explorations are now in progress. There 
are several para1lel shoots or narrow parallel 
northeasterly fissures; all the shoots pitch 
northeast. 

The ore is siliceous and· contains some barite, 
enargite, and several arsenates, of which oliven
ite is most abundant. The ore shipped in 1911 · 
contained 0.2 to 0.8 per cent of bismuth, 0.3 
to· 0.4 per cent of arsenic, 0.2 to 0. 7 per cent of 
antimony, 7 to 10 per cent of iron, and 52 per 
cent of silica. The principal contents of value 
were copper, silver, and gold. In 1909 the ore 
shipped contained 8 to- 15 per cent of copper 
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and 9 to 20 ounces of silver and $1 to $12 
gold to the ton. 

The Opohonga mine has been in successful 
operation since 1909 and yielded a heavy ton
nage in 1911 and 1912 . . · Up to January, 1913, 
it · had distributed · dividends amounting · to 
$72,000. 

·G:OLD CHAIN MINE. 

History · and developments.-The property of 
the Gold Chain· Mining Co. lies north of the 
Opohonga· and is worked through the old Ajax 
shaft, sunk to a depth of 1,100 feet. A part 
of this property was first· known as the ''Cop:. 
per-opolis arid the American Eagle,". later ·as 
the ·Ajax mine, · and it. is described by Tower 
and Sm.ith under the latter title. The two 
companies are reporte'd to have produced be
fore 1890 ore to the net value of $1,000,000. 

The ,Ajax Mining Co. continued its opera
tions 1 through the old Ajax shaft to the 1,000-
foot level and shipped large amounts of copper 
ore up to 1907., whe~ 8,091 . ~ons of low-grade 
ore was shipped from clean-up operations. In 
1909 the Ajax, Cleveland, Pedro·,· and Gold 
Cha~il. groups of claims were consolidated under 
the name Gold Chain mines. The shaft was 
sunk to a depth of t,100 feet; but ·up' to the end 
of the year nothing of importance had been 
found in the lower levels. In 1910 some copper 
ore containing considerable gold and· a little 
silver was produced. In 1911 shipments were 
continued and the ·property was developed to 
a ·depth of 1,250 feet. Operations and ship·
meilts continued in ·1913 and 1914 but' were 
stopped in the later. months of 1914. The 
dividends paid by the Gold Chain mines up to 
May 25, 1913, amounted to $130,0'00. 

The gross value of the total production· of the 
Ajax and Gold ·Chain op·erations since· 1899 
probably exceeds $3;000,000. The' chief value 
of the ~ore is in copper, but the ore also contains 
$5 to $10 in gold ·and as ~rule not more than 
10 ounces of silver to the tOn. 

The shaft is vertical and is sunk from the 
Ajax tunnel at a point about 400 _feet from the 
portal, the ·altitude of which is about 6;875 
feet, the 1,000-foot level thus about corre
sponding to the 1,100-foot level in the Black 
Jack shaft, which lies 850 feet to the south
southwest. "Tlie new Gold Chain workings are 

. . I 

1 The following historical notes are taken mainly from tJ:le reports of 
V. C. Heikes in U. S. Geol. Survey Mineral Resources, 1905 and later 
years. 

opened from a winze 220 feet deep from level 
10 west of the.Ajax shaft and just about ver
tically below the ·mouth of the Ajax tunnel. 

Geology.-The country rock 'is mainly the 
Ajax limestone, but the lower-workings prob
ably 'descend into the Opex ·dolomite. The 
Opohonga limestone is exposed on the upper 
slopes· above the mine. The dip of the Opo
honga on the surface · is· 15°-30° NE., · and 
Tower and Smith record a dip of 20° NE. on 
the 400-foot level. · The .Ajax limestone is 
slightly co'n tact · metamorphosed. 

The most persistent ·fractures · strike · north 
and dip 70° W. to ·goo. ' Others trend ·north
east and ·a few N: '55° W. 

·Ore bodies._:_Three ore bodies · are . opened in 
this mine-the Hungarian vein; on the west; 
the Ajax vein; · and 'the Gold Chain vein, on 
the east. · ·· 

In the earlier report 2 the following ~tate-
nietits are given·: · · · · · · 

Just west of the U. S. L. M. No. 1, ~t the north end of 
the workings [that is, on the upper 'levels above the' 400-
foot level] ' vein matter is :first noted that can be traced con
tinuously to the southern. extremity of- the mine. . * • * * 
The first _vein matter is found in a :fi_ssure striking N. 35~ E. 
A . sho~t distance southw:est it int~rsects a north-south 
fracture and _following this south 75 fee~ turns into aN. 25° 
E. fracture, which it follows south.25 feet; only to r"eturn 
to 'a north-south fracture. · · · .-. · 

The workings then split, the east " "branch 
conti.nuing s6u~h for ' 40(>" feet with ' a few off
shoots oil north->northeasterly ' fissures', and 
the wes~ branch cop.tinuing _south on northerly 
and nqrth-northeastedy fiss~es, gi;ving a gi:ni-
eral direction of N. ioo ·E. . . . 

In "the surface workings tlie mineralization 
generally · extends riorth with. offshoots on 
north..:northeaste:dy fractures. Down _·to the 
400-foot level the . bulk of the ore ' has'. been 
found along the north-northeasterly frac.tlires, 
though the ore shoot continues as · a whole on 
the northerly fractures~ · _ · 

Mineralization at the. intersections of north, 
northeast, and N. 25° E. fractures has .formed 
large _bodies of ore ' with irregUlar boundaries, 
extending in many horizontal shoots along the 
stratification for considerable distances beyond 
the main mass ' of or'e. ' ' . 

The ore bodies of . the Gold Chain workings 
lie 7oo to 8'00 feet east; of the sh~ft; they appear 
t~ foll~w a zone of fissures that trends north-

• j ••• -.. .• • ••• , .• ' • 

2 Tower, G. W., jr.,' and Smith; G. O:;op-. 'cit., pp. 744-745. 
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northeast and is probably the extension of the The lower Mammoth ground is also opened by 
Opohonga zone, 700 feet to the south. The a crosscut on the 1,300-foot level of the Black 
Gold Chain ore was first discovered on level Jack, equal to the 1 ,000-foot level of the Lower 
a along a cross break on the Dom Pedro Mammoth, the crosscut reaching both veins. 
claim that conti-nued east into the Dolly claim, Water stands a few feet deep 9n the 2,000-
where a fissure striking a little east of north foot level. 
was encountered. The ore body extended Geology.-The country rock is crystalline 
from level 3 to level 7, dipped steeply to the lrimestone or dolomite of the Ajax and Opex 
east, and is said to have been 400 feet long. :formations. In part the carbonate rock is 
The width was generally 15 feet or less but strongly contact-metamorphosed, though sili
js reported to have reached 50 feet at one cate ·minerals are rare. The metamorphism 
place. A raise connects level 7 with level io, does not everywhere seem to be proportionate 
and explorations below level 7 are in progress. to the distance from the contact. · Where 

The ores are largely oxidized in the upper bedding is visible it · dips about 20° SE. The 
levels, almost completely so, according to principal monzonite contact is crossed by the 
Tower and Smith. In the lower levels · the drifts on the lower levels. A dike 25 feet wide 
ore is partly oxidized and carries much eU:argitd was found in the tunnel300 feet from the portal, 
and olivenite; the proportion of copper t d and at' 600 feet from the portal there is a zone 
other metals is unusually large, even larger.thaJ 20 feet wide of crushed limestone, which is 
in the Mammoth mine, and in places oxidatioJ locally called ''the dike"; this has apparently 
has segregated the metals in separate bodies.{ no connection with the ore bodies. Very 

The ore shipped from the Gold Chain inl coarse crystalline limestone is found at the 
1911 showed much quartz, with some barite ~ shaft on the lower levels, especially in crosscuts 
enargite, a~d tennantite. Oxidized ~ine~alsl toward the west. 
were plentiful; among them were olivenite Production.-,-The total production from 1901 
malachite, tyrolite, conichalcite, and phart to 1916 amounted to 44,493 tons of ore, wh.ich 
macosiderite. yielded 2,046 ounces of gold, 797,022 ounces of 

Some assays of the ore yield 0.6 ounce o silver, 530,797 pounds of copper, 3,902,889 
gold and 2 to 14 ounces of silver to the tonr pounds of lead, and 2,105,958 pounds of zinc, 
2 to 8 per cent of copper, less than 1 per cent having a total gross value of $981,628. Much 
of lead, considerable arsenic, 50 to 70. pet costly exploration work has been undertaken, 
cent of silica, 5 to 11 per cent of iron, about 1 and the dividends paid to the end of 1916 
per cent of sulphur, 0.5 to 1.7 per cent of zincl

1
amounted to $75,073. The output CQmprises 

and 7 to 12 per cent -of lime. mostly silver-lead ore and only a little copper 
A . third ore-bearing fissure, thought tp b , and zinc. 

the Hungarian vein of the Lower Mammothr Ore bodies.-The operations have disclosed 
lies to the west of the shaft and the winzf two veins 150 feet apart near the shaft, both 
mentioned above is sunk on it from level 10j. striking a few degrees east of north; -so far as 
·This vein dips west, is about 5 feet wide, an<ft known they do not continue northward under-
carries lead-silver ore ~f shipping grade. neath Mammoth Basin. The deposits are dis-

LOWER MAMMOTH MINE. tinctly replacement veins, stand nearly vertical, 
and do not spread widely along other fractures 

Ltohcation anl~ develotpment.-TfhetLhowter Mam~ or along stratification planes. Outside of the 
mo mine Ies jus south o e own o[ · . . 
M th d th t d th t 

.[- ore shoots the fissures are Inconspicuous and ammo an on e eas an sou eas I~ . 
d . · d b th Bl k J k t ThL narrow, and many of them branch and Include a JOine y e ac aCt proper y. e . · 

mine was opened by tunnel only at the time o[ I horses of limestone. . : 
the earlier report, and a fissure vein has _b~ef The east or Hungarian vein has been open~d 
found 650 feet from the portal, containing 300 feet north-northea~t of t~e sh_aft by a ~Ift 
mainly lead and silver. · . - j from. the Coppe:opohs clai~, In t.he _AJaX 

The altitude of the tunnel js 6,678 feet; the [workings, but apparently without yielding a 
shaft is sunk 650 feet east-southeast from thk production. 
portal, to a depth of 2,000 feet. The drift! Old workings from· the 300-foot level down to 
.and crosscuts aggregate several thousand fee . I the 1,100-foot level disclosed long, narrow lead 

I 
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shoots from 5 to 30 feet wide, steep at the top 
and flattening out below. (See fig. 33.) This 
deposit is now worked out, and explorations 
on the 1,500 and 1,700 foot levels have shown 
little ore below it, though the vein continues 
well marked, 3 to 5 feet wide, and carries bunches 
of lead and oxidized copper ore. There are said 
to be several northerly ore-bearing veins farther 
east, toward the Black Jack line. 

On the west vein, almost opposite the shoot 
<>n the Hungarian vein, is another pipelike 
shoot of lead ore that has been followed from 
the 400-foot level to the 1 ,000-foot level, where 
it flattens out. Small bunches of ore have been 

to the ton. No payment was received for the 
small copper content. The ore in 'the monzo
nite is distinctly different; changing gradually 
at the contact. It contains much pyrite and 
zinc blende and a little galena, with some 
enargite and tetrahedrite, in a gangue of 'quartz, 
barite, and, on the 2,000-foot level, a llttle 
calcite. One shipment was made of copper 
ore from the 1,700-foot level, in monzonite, 
and 35 tons of this ore contained ~4 per cent 
of copper, 42 per cent of insoluble matter, 10 
per cent of iron, 3.5 per cent of "speiss" 
(arsenides), 5.6 per .cent of zinc, and 12 ounces 
of silver to t~e ton. 

N. found underneath it on the 1,200-
:foot level. The deeper levels s. 
down to 2,000feethavenotshown '~

11

~
11
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·Of the shoot is Well defined and FIGURE 34.-Longitudinal section of stope at contact of monzonite and limestone, Lower 
Mammoth mine. 

;gtraight and is marked chiefly 
by silicification spreading from a narrow fissure; 
in .Places there are also limonite and kaolin 
.along the vein. During the writer's visit in 1911 
the ore-bearing vein was traced carefully on the 
1~ 700-footlevel across the contact and for 50 feet 
:into perfectly normal , though soft and pyritic 
monzonite. Here the vein is 4 to 6 feet wide 
and contains several heavy stringers of ore. 

The ores.-In the lead shoots, which contain 
,a trace of copper, the principal ga:ngue minerals 
:are silica and barite. Small bunches of oxi
,dized cop~r ores were seen on the east vein on 
the 1,100-foot level. The large shoot on the 
·west vein at the contact averaged $25 a ton 
and contained about 20 p.er cent of lead and 20 
-ounces of silver and at least 0.05 ounce of gold 

The lead ore in the big shoot near the con
tact was largely oxidized. It contained little 
zinc, but recent examinations have shown that 
immediately north of this shoot the altered 
and clayey limestone contains much zinc car
bonate, which in places o.arried as much as 
35 per cent of zinc. This body of secondary 
zinc ore is no doubt the result of migration 
from the big shoot under the influence of 
northward-moving surface waters. Similar 
bodies of zinc ore have been observed 
from the 1 ,300~foot to ·the 1 ,800-foot level, 
extending back along the drift from 50 to 200 
feet from the stoped body of lead ore (fig. 34). 
These bodies are up to 40 feet thick but evi
dently very irregular. Most of this ·ore 1s of -
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lower grade containing 0nly 10 to 15 per cent 
of zinc. According to E. R. Zalinski 1. this ore 
also contains 1.5 ounces of silver and 20 to 30 
cents in gold to the ton and 0.5 to 1 per cent 
of lead. Shipments of ore amounting to 900 
tons from the richer part of this ore body have 
been made. 

In the annual report of the company for 
1914 the partly developed zinc ore is estimated 
at 200,000 tons, having an average zinc con
tent of 13 per cent. 

BLACK JACK MINE. 

Development.-Extensive prospecting opera
tions have been undertaken in the Black Jack 
mine, owned by Jesse Knight and associates, 
of Provo, Utah. The shaft is at the head of the 
southern branch of Mammoth Gulch, at an 
altitude of 6,964 feet, according to surveys by 
the owners. It is 1,400 feet deep, and the bo~ 
tom is dry. A tunriel2,100 feet long extending 
north-northwestward starts from Dragon Gulch 
near the North Star tunnel at an altitude of 
6,742 feet and represents the second level of the 
shaft. The principal levels are about 200, 300, 
1,000, 1,300, and 1~400 feet below the surface, 
the exact altitude of the lowest being 5,584 feet, 
or 1,380 feet below the collar of the shaft. The 
total developments amount to 23,770 linear 
feet. 

On the 300-foot level drifts extend 1,300 feet 
east into Opohonga ground and 600 feet north. 
The 1,400-foot level extends 1,000 feet south
east and 1,500 feet e'ast. · On the 1,000-foot 
level explorations have also been carried nearly 
1,000 feet east. A winze has been sunk to the 
1,600~foot level -700 feet southeast of the shaft. 
The mine was not jn operation in 1911 nor in 
1914, so that few direct observations could be 
made. Unfortunately these extensive explora
tions have not bee·n rewarded by the discovery 
of many ore bodies. 

Geology.-Most of the workings are in the 
contact-metamorphosed zone of the Opohonga 
and Ajax: limestones, which have a fiat easterly 
dip, but some of the drifts to the west and south 
undoubtedly cross the monzonite contact. On 
the 1,400-foot level the main porphyry contact 
was reached 450 feet southwest of the shaft. 

A few cross fissures trending N. 45°-70° E. 
are exposed; the largest one, which extends 
east of the shaft on the 1,000-f~ot level, con-

1 Eng. and Min. Jour., June 21, 1913. 

tains quartz with some silver and gold. A_ 

strong northwesterly fissure containing some ore-· 
was followed on the 400, 1 ,300, and 1,400 foot . 
levels and reache9- Lower Mammoth ground . 
200 feet northwest of the shaft. This ore car- 
ries lead, silver, and a trace of gold, especially 
near the Lower Mammoth; it is also said to·" 
carry pockets of native silver on th.e ·1,300-foot . 
level. 

The most pronounced trfmd of the fissures . 
is north-northeast, with dips of 70° W. to 90°. 
These fissures form a strong zone a few hundred 
feet east of the shaft across the Black Jack, 
Trail, Phoenix, and Opohonga claims, and they 
pass in to the Gold Chain property north of" 
the Opohonga. They have been opened on the 
200, 300, 1,400, and 1,600 foot levels. Most of' 
the work is on the 1 ,400-foot level, on which the 
fissure~ have been followed for 700 feet south
southwestward from the Opohonga boundary. 
Some ore is said to occur along the fissures, and 
much of the quartz carries some gold and silver; 
both copper and lead ores are also found. 

The li1nonite deposit a f!3W hundred feet. 
south of the Black Jack shaft is evidently super
ficial, and it is said that it does not continue: 
down to the 200-foot level, which undercuts it. 

MINES OF THE GODIVA ORE ZONE. 

A series of large ore bodies extend under the 
eastern slopes of Godiva Mountain and Mam
moth Peak. They begin at the north end of 
Godiva Mountain with the deposits worked in. 
the Godiva mine; these extended 1,000 feet to
the south. A few hundred feet to the east 
another series of deposits begin in the Uncle 
Sam claim of the May Day mine 1 and continue
south into theY ankee and Old Humbug mines. 

At the north end of Godiva Mountain, which 
is made up of the Pine · Canyon limestone, the
Packard rhyolite flooded its slopes, and even 
now, after deep erosion, thick remnants of this 
flow lie up against the limestone. The entrances 
to the Godiva and May DU:y mines are gained 
through a few hundred feet of rhyolit~. 

GODIVA MINE. 

The Godiva mine is at the north end of 
Godiva Mountain, and the collar of the shaft 

1 The May Day mine contains workings in the Uncle Sam and the May· 
Day claims, and one of the working shafts was formerly called the Uncle
Sam shaft. The worldngs on the two Humbug claims have been gener-
ally known as the HUmbug mine, but this mine is now owned by thP.· 
Uncle Sam Mining Co. and has been renamed the Uncle Sam mine •. 
This is likely to cause confusion unless the facts stated are borne in mind-
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has an altitude of 7,025 feet. The . depth is 
about 900 feet, and nine levels are turn,ed; a 
tunnel intersects the shaft on. the 2DO-foot [evel. 
The working& extend almost due north and 
south, reaching 500 feet north and 700 feet 
south of the shaft_, but do not generally connect) 
with those on the Uncle Sam claim (May Day 
mine), which lie only 100 to 300 feet to the east. 
The property was not worked in 1911 nor later 
except by lessees on a small scale. The total l 
production has not been made public. 

The rhyolite and limestone contact lies close 
to the shaft, and all the lower slopes are occu
pied by· the rhyolite. In several of the work
ings, notably on the 200, 500, and 600 foot 

. levels, this contact is exposed (p. 180). The 
rest of the workings are in the Pine Canyon 
li.mestone, which strikes about N. 15° WI. and l 
dips steeply east. The principal fractures 
strike north and N. 30° W. 

The ore bodies mainly folLow the northerly 
fractures with some offsets along local cross 
fractures. On the 100-foot level the stopes 
extend almost continuously for 300 -feet north 
and 500 feet south of the shaft; they trend al 
few degrees east of north and attain a width of 
30 or 40 feet. The ore bodies are also found on 
the 200, 400, and 500 foot levels below the 
upper stopes, but they are smaller here and for 
the present devel<;>pment on the deep levels has 

• ceased. Small and irregular ore bodies were 
found on the 200 and 400 foot levels respec
tively 100 and 400feet west of the shaft. I 

The ore is largely · oxidized and consists 
mainly of cerusite, anglesite, and galena; it 
contains comparatively little ~ilver and 1s 
said to average 9 ounces to the ton. 

TETRO PROPERTY. 

The Tetro mine lies a quarter of a mile west
northwest of the Godiva shaft and is not on the 
-line of any recogniz-ed channel. It is opened 
at an altitude of 6,'743 feet by a tunnel which 
for 27 5 feet pas~es through rhyolite. (See p. 
181.) The Tetro workings connect with those 
of the Godiva on the 500-foot level by a shaft 
sunk from the Tetro trinnel. Some mineralized 
ground showing a little silver has been, found 
but no ore bodies. 

. MAY DAY MINE. 
I • 

·Development, general character, and produc-
tion.-The May Day and Uncle Sam claims are 
now operated by the May Day Mining & Milling 

Co. They are on the northeastern slope of 
Godiva Mountain a few hundred feet east of the 
Godiva mine. In 1911 . the property was 
worked both by the companies and by lessees, 
twelve sets of lessees being busy between the 
tunnel leYels and the 1,000-foot level. 

The mine is opened from the north by the 
upper and lower Uncle Sam tunnels, at alti
tudes respectively of 7,1_15 and 6,931 feet. The 
Uncle Sam shaft is sunk from the upper tunnel 
level through the lower tunnel to a depth of 800 
feet; below the bottom of this shaft the ground 
is opened by a winze 300 feet deep: The May 
Day tunnei has its portal at an altitude of 
7,142 feet, 800 feet east-southeast of the Uncle 
Sam shaft, and 780 feet from this portal the 
May Day shaft is sunk from the tunnel level to 
a depth of 500 feet. The workings have· a total 
length of many thousand feet. 

The mines are worked on the G_odiva channel, 
which enters the property at the south corner 
of the May Day claim and branches to the north 
in to the Godiva channel proper and a ''new 
channel" to the_ east. So'Uth of the May Day 
claim t:Q.e channel widens in the flat limestone 
country roc.k to 200 feet and forms a network 
of flat, eastward-dipping ·deposits. 

· The ore contains mainly lead, silver, and 
zinc, with only traces of copper . . The lead ores 
are in part oxidized and in part carry galena, 
but all the zinc ores thus far worked are 
oxidized. 

The production of the May Day from 1901 to 
1916 amounted to .95,281 tons of ore, which 
yielded 6,006 ounces of gold, 901,485 ounces 
of silver, 4,806 poun1s of copper, 25,726,743 
pounds of lead, and 5,204,632 pounds of zinc, 
having a gross value of $2,230,102.. In addi
tion to · this quantity 15,500 tons of dump 
material was shipped in 1914, yielding consid
erable gold and silver. The Uncle Sam and 
Hum bug mines between 1896 and 1916, inclusive, 
produced 109,905 tons of ore, which yielded 
8,575 ounces of gold, 1,869,009 ounces of silver, 
17,277 pounds of copper, 213,770,545 pounds 
of lead, and 384,323 pounds of zinc, having a 
gross value of $3,266,528. The dividends of 
the May Day Mining Co. up to 1916, inclusive, 
amounted to $300,000 . 

Geology.-On the nqrth and northeast -the 
Packard rhyolite is exposed and rests against 
the limestone up to an altitude of 7,150 feet, 
so t4at the lower Uncle Sam tunnel and the 



224 GEOLOGY AND ORE DEPOSITS OF TINTIC MINING DISTRICT, UTAH. 

May Day tunnel enter in rhyolite, but within 
a short distance they cross the contact. The 
Uncle Sam ·shaft is sunk through rhyolite to a 
depth of 500 feet . . The country rock consists 
chiefly of the Pine Canyon iimestone in a 
part of the Godiva syncline. The dip can not 
everyw~ere be ascertained, but it ranges gen
erally from 20°-30° E. or NE. Below the 
Pine Canyon limestone the workings enter the 
Gardner dolomite, which contains lenses of 
black shale. 

The only intrusive body thus far folind in the 
limestone in these workings is a dike of rhyolite 
along the east channel. On level 5 it lies 200 
feet west of the shaft and is 15 feet wide; it 
has been followed for 300 feet, and toward the 
south the width increases- to 100 feet. The 
same dike is found on the 200 and 300 foot 
levels. In the tunnel this dike has been fol
lowed for abou-t 800 feet. The dike dips steeply 
to the east, and the ore of the east channel lies 
in general below it. 

The mine is in gen~ral dry, even in the deep
est workings, but along the contacts of rhyolite 
and limestone there is a considerable -seepage 
of water, rich in sulphates and unfit to drink. 

Uncle Sam workings (May Day mine).-The 
upper tunnel, the portal of which is at the 
shaft, altitude 7,115 feet), is long and contains 
many of the earlier ~orkings. About 350 feet 
southwest of the Uncle Sam shaft the crosscut 

. reaches the line of the Godiva channel, which 
here trends northwest. The workings extend 
more or less continuously for 500 feet southeast 
of this point. The level extends 800 feet 
farther south into unproductive territory and 
then bends east for a few hundred feet to reach 
the flat workings in the Humbug claim, also 
on the Godiva channel. These workings are in 
part on the level of the Uncle Sam tunnel but 
mainly on · the Yankee tunnel level (altitude 
7,019 feet). 

The old workings on the west channel evi
d,ently followed fractures extending north . o·r 
north-northwesterly. One of the stopes is 
100 feet long and as much as 40 feet wide · and 
extended· at most 200 feet below the tunnel 
level. The ore bodies reached up within 60 
to 100 feet of the surface-that is, about 
200 feet above the tunnel level~where they 
were irregular, steeply dipping shoots cutting 
the. stratification and having a vertical extent 
of about 400 feet. Some galena ore was ex
tracted from the tunnel level in 1911. 

Tower and Smith 1 refer to one of the de
posits as an irregular chimney, :whose greatest 
width was 4 to 6 feet. Its course was north 
to northwest, and it pitched - southeast at 
an angle of 50°. The ore, according to these 
authors, contained little but galena, 2,000 
tons averaging 65.5 per cent of lead, 2 per cent 
of iron, and 4 per cent of zinc, the zinc prob
ably in the form of oxidized minerals. The ore 
shoots are sharply outlined, and the surround
ing limestone is little altered. 

Deeper workings.-The explorations on the 
deeper levels from the Uncle Sam shaft have 
failed to discover other ore bodies. On the 
Godiva channel small stopes are shown on the 
27 5-foot level. 

The principal workings of the lower levels 
are on the ''east channel, " which crosses the 
claim diagonally, trending north or north
northwest. The ore bodies are best seen 
on the 27 5 and 500 foot levels. A dike of 
porphyry lies along this channel; on the 500-
foot level it first appears 200 feet southwest 
of the shaft and can be traced for 300 feet. 
The dike dips east at a steep angle, and the 
ore bodies lie below it. Qn the 500-foot level 
some galena ore is found along the dike, and 
below this lies some gold ore with much oxi
dized material containing iron and manganese. 

At the Uncle Sam shaft on the 700-foot level 
the limestone is brecciated and silicified, but .. 
this fractured zone is not in line with any 
known ore channel. This wide · body of sili
ceous rock continues north-northeasterly for 
350 feet from the shaft, and a winze has been 
sunk in it to a depth of 75 feet. In places this 
material contains a little silver. 

On the 800-foot level extensive explorations 
have been carried out underneath the upper 
ore bodies. The country rock is the Gardner 
dolomite, lying underneath the Pine Canyon • 
limestone, and the prevalent dip is 25° NE.' 
About 350 feet north of the shaft a pipe of 
galena ore has · been opened, ·and similar ore 
has been picked up from a winze going down 
to the 1,100-foot level, the lowest in the mine. 
This is on the easterly branch of the Godiva 
channel. 

May Day workings.-The May Day claim 
has been worked from the May Day shaft 
(altitude of collar ·7 ,655 feet), which is 500 
feet deep, but it is now opened from theUncle 
Sam shaft. A number of eastward-dipping, 

I Tower, G. W., jr., and Smith, G. 0., op. cit.,-p. 750. 
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nearly fiat ore bodies of galena have been bodies are chiefly . fillings or partial fillings 
worked here from above the 100-foot level without any conspicuous ·amount of replace
down to the 4-00-foot level; they represent the ment, along fractures or open bedding planes, 
northward continuation of the Godiva channel. and are quite as numerous in the hard fine
On the whole the ore bodies pitch to the north. grained cherty limestone as in the coarse-

In 1911 oxidized zinc ores began to be ex- grained limestone. The cherty limestone has 
tracted in the_ May Day claim. The stopes in some places-, where numerous open bedding 
then seen were on the 300-foot level, 100 feet planes or fracti.rres made conditions favorable, 
below the lower tunnel, along the east channel. undergone distinct replacement, leaving unre
The zinc carbonate was lying below the lead placed chert nodules in the o:r:e, but such re
stopes and formed inasses of replaced lime- placement bodies are small and lie close to the 
stone 4 to 5 feet thick. The ore contained openings~ Intersections of fissures with one 
about 30 per cent of zinc and 1 ounce of silver another, with open bedding planes, or with 
to the ton; there was no gold and little galena. relatively permeable beds, as well as local 
The change from galena to oxidized zinc ore openings along bedding planes of a permeable 
took place gradually, and where lead and zinc bed, hav,e provided favorable places for the 
were mixed the ore contained more silver formation of pipes of zinc ore. The ore in 
than elsewhere. The lead shoots along the 

1 

such pipes may have so completely filled the 
east channel were from 18 to 30 feet wide and openings and replaced the adjacent rock that 
contained heavy galena ore, mostly taken out traces of the courses followed by the waters 
about 1905. The mining of oxidized zinc depositing -the ore are concealed, and, the origin 
ores has continued, and in 1.913 Mr. Loughlin of some of the pipes would be a puzzle so far 
obtained the following data bearing on their as evidence concerning them alone is concerned. 
occurrence: The larger replacement bodies are, so far as 

Zinc ores of the May Day mine.-The oxi- it has been possible to study their walls, devel
dized zinc ores of the :May Day mine thus far oped in the coarse-grained limestone. The 
worked lie both vertically beneath and also largest body, which has thus far yielded most of 
down the dip from oxidized lead stopes be- the May Day zinc ore and which is now stoped 
tween the 200 and 500 foot levels. Their gen- out, is of generally rounded outline (fig. 23, F) 
eral outlines are roughly parallel to those of and extends for a considerable distance across 
the lead stopes, but, offshoots from them extend the bedding, suggesting that practically com
for short distances along prominent cross fis- plete replacement had occurred in a place 
sures. 'fhe main stopes at these cross fissures where th~ coarse limestone was rendered espe
have greater than the average thickness. In cially permeable by fracturing and the openness 
some places the lower and only partly oxidized of bedding planes. Offshoots from this large 
margin of a lead stope merges into the upper body follow bedding planes down the dip, 
part of an oxidized zinc ore body, and galena either between coarse-grained strata or be
is mingled with smithsonite and more or less tween a thin fine-grained and a coarse-grained 
calamine. Any zinc blende originally present bed. Other replacement bodies were seen to · 
with the galena in these places has been re- end abruptly against limestone, save for a few 
moved. In fact, no zinc blende has ever been thin layers that continued along the more open 
noticed anywhere in the mine. This mixed bedding planes. . 
galena-smithsonite ore forms locally the hang- The zinc· ore was discovered on. the tunnel 
ing' wall of the (purely) zinc ore. Other bodies level in the footwall of a lead stope and was 
of high-grade zinc ore, including the most val- followed downward along pipes and irr~gular 
uable one, are found at considerable distances veinlike bodies nearly to the 400-foot level, 
from the lead .stopes, though connected with where it opened into the large body. The large 
them by fissures and by pipes.. of zinc ore. body diminished downward to a thin streak. 1 

The zinc ore is found both in numerous small foot or less thick, which · when seen., (June 5, 
bodies along fissures and bedding planes and 1913) WaS being followed along a bedding plane. 

, alsO' in larger replacement bodies of irregular Lead carbonate stopes have been worked 
outline. (See fig. 23, F, ·p. i 72.) The smaller below the 500-foot level, but no· systematic 

104S55o:_ __ :J~15 . 
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prospecting around th~m for associated zinc 
ore had been undertaken up to June, 1913. 

Three distinct varieties of the ore have been 
mined-brown, iron-stained massive ore, mostly 
limited to the· upper stapes; plack, manga
nese-stained ore, found mostly in the bottom 
of the zinc workings; and the gray, unstained 
ore that has been found throughout the. zinc 
workings. 

Gold ores.-Some of the· iron-stained soft 
material 1 to 2 feet thick:lying underneath the 
lead stopes in the May Day claim contains $30 

the intersection of a series of northerly frac
tures with limestone-beds suitable for replace
ment. From the point mentioned it has been 
traced more or less continuously through· the 
Yankee and Humbug· claims for 1,300 feet to a 
point on the easterly disloc·ation: which about 
coincides with. the westward extension of the 
Bullion Beck tunnel, and from this point the 
channel is more or less continuous southward to 
the Northern Spy, Carisa, and North Star, a 
distance of about 10,000 feet. 

The workings in the Humbug and Yankee 
claims occupy a width (in horizontal 
projection) of 100 to 300 feet and a 
leng·thof about 1~000feet. (See fig. 35.) 
They are chiefly on theY ankee tunnel 
level (altitude 7,010feet) and the Uncle 
Sam upper tunnel level of the May Day 
mine (altitude 7,105feet), though some· 
of them descend 200 feet below theY an
ke·e turinel. The individual deposits 
reach 200 or 300 feet in length in a gen
eral northerly direction and are usually 
a few feet-thick. · Their origin is un
doubtedly - connected with narrow 
northerly fissures in the limestdne, bu:t 
the deposits themselves follow the flat 
bedding. Their lateral extent is rarely 
above 50 feet. -

TheY ankee tunnel extends through 
rhyolitefor300feetfrom the portal and 
then enters the Humbu:g formation, 
which here l.s nearly flat. (See section 
A-A', Pl. V.) Beforereachingtheore 

100 

, bodies the upper members of the Pine 
·o-------5-o-u-th_b_ou-n-da_r_y -~--Co-o-ti-nu-es-in_B_e.....:c~:..-_ ,-4> Canyon formation are cut, and the ore 

0 IOOfeet ' . - tunnel ground IS probably Wholly in ·thiS formation. 
FIGURE 35.-Plan of worlqngs near the ;Humbug tunnel. 

to $70 a ton in gold and was mined in 1911; 
this ore contains only 1! per cent of lead, 
probably in oxidized form. 'rhe lead stopes are 
as much as 20 feet wide and are in general on the 
beds that dip at moderate angles to the east. 

The dip of the strata is 10°~30° E. 
The ore bodies opened by the Yankee tunnel 

have been found in three" channels"~the east, 
·west, and middle-all connected by pipes. The 
east and west channels are the same that have 
been described under the heading " ·May Day 
mine." They both follow distinct fissure-like 

GODIVA CHANNEL IN THE .HUMBUG AND YANKEE northerly courses across the greater part of the 
CLAIMS (UNCLE SAM AND YA,NKEE MINES). property, the ore 'bodies lying mostly in hori-
The Godiva channel ··leaves· the· May Day zontal position, with here and there a down

claim atitssoutheastcorner, where lead stopes ward pitch to the north-northeast (diagonally 
25 feet wide were mined on' the 100-foot level along eastward-dipping beds) between two 
from the old May -Day shaft. Undern,eath horizontal portions. This attitude continues to 
some of these bodies of galena gold ore was a pdint southeast of the M·ay Day's southea.St 
found, consisting of a red or brown oxidiz-ed coiner, where both channels :turn -northwest
material. The ore channel owes its position to ward, following gently dipping beds of coarse-
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grained limestone;· and are continuous with the Ore is confined to the easily replaceable coarse
flat stopes of the May Day. The bottom of the grained limestone. beds, where they are cut 
west channel shoot lies along the roof of the by northerly mineralized fissures. A fine-
300-foot level. At the May Day line it extends grained to dense cherty bed forms the e;xact or 
upward in pipe form, trending N. 45° E., pre- approximate footwall in places but appears to 
sumably along a cross break, and connects with have been impervious to the mineralizing solu
the middle and east channels, meeting the lat- tions~ The covering of debris on the surface 
ter at the 225-foot level. prevents an accurate determination of easterly 

_The middle channel extends southeastward or northeasterly faulting, but a fault trending 
from this northeastward-trending pipe at the N. 70°-80° E., shown on the crest of Godiva 
May Day line for 700 feet and pinches out be- Mountain by an offset of nearly 200 feet and 
fore reaching the south boundary of the Yankee approximately indicated by an offset in the 
ground. Its top is level with the bottom of the boundary of the Humbug formation, is in line 
east channel and lies 7 5 feet farther west. with a cross break in the mine. A second 

The west channel contained two rich shoots, cross break, also trending N. 70°-80° E. but 
one at the Humbug claim line (No.5 stope) and with no proved displacement, extends across 
one near -the May Day line (Jewel Box stope); the south end of the property within 20 or 30 
the latter was at the top gr upper ends of the feet of the southwest corner. Fractures· ex
ore bodies. The minerals •in these rich shoots ·posed underground trend north, east, and north
were chiefly horn silver and cerusite, with a east. 
little galena and a quartz gangue. The silver The ore lies in two main bodies, the east and 
content ran up to 50 ounces to the ton. The west channels, which may be connected along 
ends of the ore bodies, on both north and south, a cross break close to the so:uth boundary of the 
were in quartz, but the sides were in vuggy property. The west channel or· vein is a part 
limestone and w~re not sharply defined. of the mineralized zone which has been opened 

The east and middle channels· had no extra continuously from the Carisa · to the Godiva. 
rich shoots, but their good ores were practi- It enters the Uncle Sam ground about 160 feet 
cally continuous and gave higher returns. north of the southwest corner of the property 
The ore of the middle channel averaged a (Humbug No. 1 claim) and follows an average 
little better than that in the east and west course of N. 10° E. as far as the main tunnel, 
channels. · The ore in the main ore bodies was where it swings to a N. 30° E. direction and 
a mixture of galena and cerusite. Smithsonite passes into ·Yankee ground. Its dip is about 
and calamine formed a bottom casing to the 60° E. The workings throughout the greater 
lead-silver ore. part of the west channel were not accessible 

The principal workings on the Humbug at the time of visit. Ore in the west channel is 
claims consist of a main tunnel (the " lower continuous horizontally from a ·point 100 feet 
tunnel") at an altitude of 7,355 feet, which north of the property line into the Yankee 
extends into the mountain about 450 feet and workings and extends down the dip to a point 
is connected by two winzes with three sets of 60 feet below the main tunnel, a total of 100 
drifts along the ore bodies, on the tunnel level feet. The top of the shoot was discovered 
and 260 and 460 feet below the tunnel. Two close to the surface, where it is covered by 10 
short tunnels, the middle and upper, reach ore or 12 feet of cemented limestone talus. The 
above the main lower tunnel, and are con- shoot extends downward in the form of a pipe 
nected with the main tunnel by a chimney- for about 70 feet . and merges into the vein 
like stope. The surface rock is , the Humbug proper. The pipe lies approximately in line 
formation, but the ore is found wholly i:n the with the northern cross break. The upper 50 
upper beds of the underlying Pine Cal1 yon feet of the pipe contained horn silver (and 
limestone, the top of which is cut 300 feet rom ' argentite~), with lit. tie or no lead, in highly 
the mouth of the lower tunnel and 160 feet fractured limestone full of small vugs lined 
from the mouth of the middle tunnel. The with colorless flat calcite rhombs. The silver 
strike of the limestone is north; the dip i 60° was confined to a loose yellowish-brown sand 
E. or steeper along the western working~ but in or beside the vugs, the inclosing limestone 
flattens to 30° E. ·along the eastern wor!Jings. assaying no more than a trace · of silver. 
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Quartz was practically absent. This ore was 
at first thrown on the dump, but in 1911 it 
was being screened and shipped. At the 50-
foot depth lead, mostly the carbonate, with a 
little galena, became conspicuous, and farther 
down it gradually increased in quantity. At 
a depth of 70 feet the pipe merged into the 
main vein and quartz became the prominent 
gangue mineral. According to the earlier 
report 1 barite was present in the gangue, but 
there was so little copper that . no aliowance 
was made for it in the market. 

The pay· shoot in the west vein north of 
the pipe lies parallel to the strike and dip of 
the country rock and pitches N. 30° E., as 
if along the intersection of an eastward-dipping 
fissure with the coarse-grained limestone. 
South of the pipe and of the northern cross 
break the vein trends more nearly N. 10° E. 
and the pay shoot has a more nearly horizontal 
position, coinciding with the intersection of 
the fissures and the bed, whose strike is 
practically due north. The pay shoot here 
pinches 60 feet below the main (lower) tunnel 
level, presumably where the 60° · dip carries 
the bed away from the more nearly vertical 
fissure. The pay shoot in some places lies 
wholly within the coarse-grained limestone 
and in others lies against a footwall of the 
dense black cherty limestone~ but the exact 
location of these places was not learned. 

The east channel also lies parallel to the 
bedding of the coarse-grained limestone, which 
here strikes north to N. 10° W. and dips 30° 
E. Whether the west and east channels lie 
on the same bed displaced by faulting or on 
similar parallel beds could not be determined, 
but from the northward convergence of the 
two channels their location on the same bed 
seems probable. The trend of the east channel 
is about due south fro :in the Yankee workings 
as far as the northern cross break. Here it 
sends a· branch, 50 to 60 feet wide, upward to 
the west with a dip of 45°-50°· E. for a vertical 
distance of 270 feet, its highest point lying 
about 130 feet below the base of the west 
channel, which is about 150 feet farther west. 
Near . the junction of the branch with the main 
east channel was found a concentration of 
hom silver and argentite in pipe form measuring 
50 by 20 by 4 feet, which yielded $100,000. 

The trend· of the east ohannel between ·the 
north and south cross breaks, a distance of 

1 Tower, G. W., jr., and Sinith, G. 0., op. cit., p. 750. 

nearly 400 feet, is about N. 10° W. Its average 
width along the dip is over 100 feet and its 
thickness 7 or · 8 feet. · At the sou them cross 
break a second branch about 40 feet wide and 
extending upward in a S. 80° W. direction 
has been stoped for 300 feet or more and may 
join with the' west channel, which lies about 
100 feet farther west. This branch shoot has 
yielded $500,000, half of which was paid as 
dividends. The ore is said to have been chiefly 
fine steel galena with much silver in the upper 
portion and silver-bearing cerusite (lead car
bonate) in the lower portion, with · a quartz 
gangue. 

At its junction with the southern cross 
break the east channel widens to 150 feet, 
assumes a S. 63 ° E. strike along a bed dipping 
30° E., and passes through the southeast cor
ner of the Uncle Sam into the Beck Tunnel 
ground. The workings are . wholly in the 
coarse-grained limestone. 

The ore that was mined in the east channel 
during the writer's visit consisted of galena, 
rather coarsely crystallized, and cerusite in a 
gangue of mixed dark ·and white quartz. The 
white quartz is of later origin than the dark 
and appears to accompany the ore minerals. 
The dark quartz was said to be lean. 

The output has all been silver and lead. 
No zinc has been reported, but it would not 
be surprising if some were found at the bottom 
of the stopes beneath the lead ore. 

ORE IN THE MAY DAY, HUMBUG, AND YANKEE 

WORKINGS. 

The ore extracted from the May Day and 
Yankee workings consists largely of .galena, 
which is only partly oxidized. It is not very 
rich in silver, containing at most 30 ounces 
to the ton. In the workings on the Yankee 
and Uncle Sam (Humbug) ground the lead 
ore may average 30 per cent lead and 55 per 
cent of insoluble matter, largely silica. The 
ore contains only traces of copper and very 
little barite. Some barite is reported from the 
ore on the Humbug. claims. The gangue is 
fine-grained dark and white quartz. Gold ore 
has lately been found in the May Day claim 
u:q.demeath the galena. This ore is soft; red, 
and oxidized; it contains much iron and man
ganese and as much as 2 ounces of gold to the 
ton, though it averages considerably less. 

The lead ore contains but little zinc and no· 
sulphide of zinc has been found in these work-

• 
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ings. The zinc sulphides have been o . · dized, The country rocks incl_ u~e the Packard rhyo
and the easily soluble sulphate haH e1 ected lite, the Humbug formatiOn, .and the coarse
large replacements of limestone ne r the grained and de.p.se cherty beds of the Pine 
lead stopes. The zinc carbonate oreJ cntains Canyon limestone. The rhyo~ite forms the 
at most 1 ounce of silver to the ton and sually easter~ part of the surface rock, 1ts west bound-
30 per cent of zinc. ary lymg about 90 feet we~t of the shaft. The 

Exploration in the Uncle Joe claim, hich is shaft passes through rhyoh~e nearly to the 30?
owned by the Chief Consolidated Min· 

1 
g Co., foot level, and the rhyohte contact on this 

from the May Day mine has recently rksulted level is cut about 30 feet northeast of the shaft, 
· · f ·d bl b d' If I d striking N. 10° W. and dipping 50° E. Another 
1n the .diSCOVery 0 cons1 era e .0 leS r ea - " h . , d' · 70o w· · 'd t · h' h b bl f h 1 porp yry contact 1pp1ng . IS sa1 o 
silver ore w Ic pro a y orm a so t er y b d t th t d f th 600 f t 1 1 
branch of the Godiva channel. . be expos~ a ~belas den. o he .t-o~ ~v_et 

. ut was Inaccessi e ur1ng t e wn er s VISI . 
In the southern part of th.e Humbug cla1m The rhyolite, as in the neighboring mines, is 

th~ .ore of the upper workings. was ~ar~ely strongly impregnated with pyrite and, where 
oxidized and. some of the bodies col tained exposed underground, is coated with fine 
much horn silver; lowe~ do_wn coarse galena feathery crystals of iron sulphate. 
was found .. These bod~es he parallel to the The Humbug formation is the surface rock 
slope of Godiva Mountain and not far under- we$t of the rhyolite and is cut by the tunnel 
neath the surface. A little copper is contained as far as the two short crosscuts that reach 
in the Humb?g and Yanke.e ore bodi~s, and the top of the east-channel ore shoot. Its 
the ore also yields $2 or $3 In gold to the ton. dip, as exposed in the tunnel, is nearly or 

I 

quite flat (not over 20° E.) and proves it to 
YANKEE MINE. b l h lin 1 · } db h e c ose to t e sync a axis concea e eneat 

The · Yankee mine, owned by the fankee the rhyolite. The true strike could not be 
Consolidated Mining Co., is on the east lope of measured but follows _a north-northwest to 
Godiva Mountain · north of the Unc Sam northwest direction. Several open vertical 
property. Its office, tunnel adit, and sl}aftare fissures trending N. 15° E. are cut along the 
close by the wagon road about a third o a mile tunnel in the Humbug formation. The Pine 
south of Knightville. The larger stopes which Canyon limestone does not reach the surface of 
are near the surface and connect with ose of the property, but its upper portion contains all 
the Humbug claim, are now practic lly ex- the ore shoots thus far found, the shoots 
hausted. They yielded first-Glass ore unning extending from its upper contact at the tunnel 
28 to 30 ounces or rarely as high as 50 ounces level (about 100 feet below the shaft collar) to 
to the ton in silver and 25 to 30 per cent in lead the 300-foot level, an approximate vertical 
and second-class ore running 10 ounces if silver distance of 200 feet. 
and 10 to 15 per cent in lead. Besid~s these The alternating bluish-gray coarse-grained 
two grades, a low-grade _milling ore 1jlat re- and dense black cherty beds with an occasional 
mained in the dump for some years t~und a light-gray fine-grained bed persist to about the 
market in 1911. Ore 1s hauled by w gon to 1,300-foot level, where the workings expose the 
the Denver & Rio Grande Railroad at ummit black carbonaceous bed, here 100 feet thick,' 
station. In 19i2, considerable ship ents of that marks the top of the Gardner dolomite. 
zinc ore, which underlies the silver-lead stopes, A watercourse was struck along this bed, . 
were begun. yielding 2,000 gallons in 24 hours, but the water 

The underground workings_ consist of a shaft is now piped down to the bottom of the shaft, 
2,000 feet deep and a tunnel which is coFected where it disappears. Another bed of similar 
by an inclined winze with levels do~ to a character but much thinner is exposed on the 
vertical depth of 500 feet below it (600 feet J ,800-foot level. The 2,000-foot level cuts a 
below the collar of the shaft). The st~pes do coarse-grained bed, partly dolomitized, which 
not extend below this 600-foot level. IJrospect may be the same as the coarse-grained dolo
drifts from the shafts have been or a~e being mitized bed near the base of the Gardner· dolo
run on the 700, 900, 1,300, 1,400, 1,700, 1,900, mite on the flat-topped spur west of Gardner 
and 2,000 foot-levels. Canyon. 
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Fissures trending _about N. 15° E., many of 
them open or widened into small · caves, . are 
numero~, but no' conspicuous faults have been 
proved. On the 300-foot level300 feet south;. 
west of the shaft is a cave about 100 feet long 
and 20 feet high, whose major axis pitches 30° 
or more in a northerly direction. Vein quartz, 
brecciated and receml:mted, lies along its east 
wall. At the 930-foot level at the shaft is 
another large cave which pitches about 35° 
NNE. When visited it was largely filled with 
waste from the lower workings (Pl. XXXIV), 
bu.t its original depth is said to ~ave been at 
least 75 feet. Its roof is the black cherty thin
bedded blocky limestone, which evidently 
collapsed after the dissolution of some under
lying bed, leaving a jagged surface with no 
marks of corrosion. The shaft passes for 300 
feet downward from the cave through loose 
rock to a point about 60 feet above the 1,300-
foot level, where it passes into coarse-grain-ed 
gray limestone. 

The workings or the Yankee mine on the 
Godiva cha~el are described on page 228 . The 
prospecting operations from the deep shaft had 
for their purpose the discovery of the north
ward continuation of the IronBlo5som channel. 

Prospecting on the 400, 500, ~nd 600 foot 
levels has found a few quartz veins of very low 
value but thus far nothing of commercial 
grade. The south drift on the 600-foot level 
follows a fissure containing quartz and limonite. 
This fissure is vertical for some distance, 
flattens to a dip of 45°, which it follows upward 
to the 550-foot level, and resumes a vertical 
course southward. A narrow quartz vein, 2 
to 3_inches wide, is said to follow the porphyry 
dike contact (now inaccessible) at 'the east end 
of the 500-foot level. It carries . a little gold 
and silver but . no lead. About 200 feet south 
of the vertical shaft a drift follows a nearly 
north-south fissure which carries black quartz 
with a little pyrite, copper stain, and a trace of 
Jead . . Its assays ran 40 to 60 cents in gold and 
half an ounce to 1 ~ ounces in silver to the ton. 
·What ·is probably the same vein is cut on the 
.400-foot level, 200 feet west of the shaft. - It 
dips 60° NE. ana has been followed upward for 
.roo feet. The south drift on. the 400-foot level, 
100-feet -west of the sh~ft, follows. a narrow 
vein of dark quartz which is br-ecciated and 
recemented by white milky quartz. It has 
been followed for 500 feet in a northerly. direc-

tion stopping against the soft decomposed 
porphyry contact. It assays $1 in gold, and 
l ·ounce ·(average) in silver to the ton but con
tains no lead. · Farther west brecciated quartz 
of the same type lies along the east side of the 
~ave on the 400-foot ·level. 

Since the mine was . visit~d a mineralized · 
quartz zone on the 1,900-foot level yielding low 
·assays in lead, silver, copper1 and gold, with 
iron and manganese, has been reported, and 
similar material without the copper has been 
found on the 1 ,800-foot leveU A ·prospect 
drift on the 2,000-foot level, headed for the . 
ground beneath the gulch east of the shaft, to 
cut what is locally known as the Great Eastern 
vein (Iron Blossom?), has . also exposed a vein 
of quartz, barite, and some calcite, with iron 
and manganese oxides and small quantities of 
lead, silver, gold, and copper. Assays show an 
average of 8 ounces of silver and 80 cents in 
gold to the ton; with occasionally as high as 
112 ounces of silver and $18 in gold. These 
local rich spots show prominent stains of mala
chite and azurite, but the copper content is 
said to be only 0.5 per cent. The vein ranges 
from a mere streak to 4 feet and follows an 
approximately east-west break. 

UTAH AND SIOUX MINES. 

From the Humbug tunnels southward to. the 
Northern Spy, a distance of · 2,500 feet, the 
Godiva ore zone has been followed more . or less 
continuously. It has been worked from the 
Utah tunnel (altitude 7,318 feet) and the Sioux 
tunnel (altitude 7,327 feet). Little work has 
been done along this line since the report of 
Tower and Smith was issued, and that report 
contains most of the available information. 
The beds strike north, and the average dip 
along the ore zone is 45° E.; toward the west 
the dip steepens to 90° and toward the east it 
lessens to 25° or even becomes horizontal. 
The best section is shown in the Sioux tunnel, 
which at 370 feet from the portal intersects the 
Humbug,formation of limestone and sandstone; 
beneath this it enters coarse light-blue lime
stone of the Pine Canyon formation and reaches 
the ore body about 550 feet from the portal . 

The principal fractures, which are generally 
vertical, trend north, N. 15° .E., N. 30° ' W., 
and east . 

. The ore body is a flat shoot which rises gradu
ally from the Sioux and Utah tunnels to a cui-

1 Manager's report, printed in Salt Lake Min. Rev., Feb. 15, 1913. 
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minating point 20Q feet above the tunnels and not been made public. The dividends of the 
between them. South of the Sioux tun'9~1 it · Carisa c_o. amount to $. 60,ooo_, and the last_· 
keeps on the level of that opening. It fovows distribution was made in 1906. -
generally a northerl-y direction; at .many. ~aces G·.eology.-Th·e· geo.log.ie. conditions ne. ar the 
it is offset on other fractures, but prevai gly Spy mine. are somewhat complicated. A few 
to northerly planes. Where it follows such hundred feet nor.th of t~e !'haft the . Humbug 
planes the ore body has generally a-rather low formation ceases, a,rid immedi;:ttely north and 
dip to the east, but on cross fissures it is nearly above the shaft, the Pine Canyon limestone is 
vertical. The ore bodies of low dip are m~inly exposed, dipping abqut 20° NNE. -On the 
parallel to the bedding. Presumably thf ore 500-foot level the underlying Gardner dolomite 
solutions ascended in northward-trendin~. fi.s- i.s exp~sed, the characteris. tic- black car_b.on
sures, but these have I).ot yet been found. The aceous bed of the uppermost Gardner lying 25 
ore body is . from 2 to 50 feet v.ide and . f rms feet above the level northwest of .the ~haft. 
cha~bers. or irregular m. ~sses parallel t~ the The area south ~f the shaft contains beds of 
st!at1ficatwn or the fissuring. the Bluebell dolomite. These beds have about 
. The ore is largely oxidized but contains orne the same dip as those to the north of the 
galena. The .gangue minerals are quart1 and shaft__-_20° NNE. 
barite. Some copper is present as enargitf and A ·considerable . dislocation, known as the 
oxidized minerals, also -a little gold. B~ding Sioux-Ajax fault, separates the two . areas and 
by barite and quartz is mentioned by ower ante.dates the mineralization. · The vertical 
and Smith, who also state that quartz is most downthrow on the north side IS not less than 
abundant in the centers of the ore bodieT and 1,500 feet. The fault is probably almost ver
that the metallic minerals occur mainly nJxt to tic~l, but the throw is thought . to be distrib
the walls. . . uted on several planes. . Owing to the massive 

No explorations in d~p-th appear to. hav] been bedding it is difficult to place the fault accu-
undertaken in these mines. . rately in the mine workings. There has been 

·much silicification_ at the intersection of the 
NORTHERN . SPY AND CARISA MINES. -fault with -the . ore-bearing fissures, and the 

Dev.elopments.-The Northern Spy an1 Car- fault fissures are not conspicuous . . Although 
isa mines are now worked together by the ~arisa the general course of the ore channel was not 
Mining Co. The only connection betwe1n the interrupted by the fault, the ore bodies north 

' two mines, ho~ever, is on the 700-foot level. of it present a strong contrast to those on the 
The two properties lie on the· east and sou heast south. 

- slopes of Mammoth Peak, the Northern Spy A few hundred feet eas-t of the Caris a shaft 
sh> aft at an altitude of 7,390 feet and thef

1

,arisa an irregular mass of monzonite is contained in 
of 7,530 feet. The Northern Spy shaft s due the Bluebell dolomite, which, in its vicinity, 
south of the Humbug and Utah tunne . and is strongly though irregularJy marbleized. 
3,700 feet distant from the Utah. Its d this This small monzonite stock has been reached 
900 feet and the drifts are of great agg egate by the Joseph crosscut from the Carisa shaft, 
length. Much prospecting work has been- and two southward apophyses of it are cut by 
undertaken on levels 7, 8; and 9, but n large the Carisa tunnel. A northerly offshoot of 
ore bodies have been found. · the same body has been opened by crosscuts 

The Carisa shaft lies 1,050 feet south-south- on levels 4, 6, and 7 from the Northern Spy 
west of the Northern Spy sh_ aft. The Jwater shaft; it trends north, is as much .as 80 feet 
stands knee deep in the ninth level, 8" feet wide, and lies 300 to 400 feet east or east--· 
below the surface. The long Sioux-Ajax tun- northeast of the' shaft. This dike has no spe
n~l connects with. level 7 of the N orther1 Spy cial influence on the mineralization. The 
mrne. porphyry contains finely distributed pyrite; 

Since 1911 little work has been done in t!J.ese on the contact on level 4 there has been some 
properties. In 1911 prospecting was ~ pro- mineralization, and oxidized iron and -manga
gress under the management of Grant Sfyder. nese minerals appear in considerable quan
Th~ two properties have yielded lead, !silver, tity. It is stated that this material gives 

copper, and gold, but the total producti n has maximum assays o(2 ounces of silver and 40 
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cent(:! in gold . to the ton._ On level 7 the dike in th Gardner dolomite, and the rocks are 
is 80 feet _wide and is 450 feet _northeast of the pa~tl~ m~~bh:~i?'ed to a· ~~ite co~rse-grained 
shaft. The dike is not continuous, for imm~- rock Ifnown locally as the "qarisa lime." _ The 
diat~ly below this place on level 9 no intrusive direction of the dip is difficult to ascertain. 
rock was found. A large open cave was found Shalldw wor~ings on copper ore ha~· been 
?n leve! _7 and extended about 1"50 feot below opene~ in the northern part of the. property 
~t. This cave was prohably caused by solu- near the Northern Spy boundary lme. · The 
tion following brecciation effected by faUlting. principal ore body was mined from the surface 
Oxidized copper ore was found in the vicinity down I to level 7. It follows a fissure that 
of the cave. trends N. 20° E. The shoot is vertical ~t the 

Ore bodies.-North of the shaft a flat lead surface and then pitches 45°-60° S.; at the 
stope extends for about 250 feet, or to the "old deepest level (the ninth, eq-qal to a depth of 800 

· shaft," on the 100-foot level. Beyond this feet) it crossed the Boss Tweed and Victor end 
point prospecting operations have extended lines, about at the boundary line between the 
for 350 feet toward the .Sioux workings. This two. It did not, however, continue far down 
ore body, which was mined long ago, was simi- into these properties. This shoot or pipe had a 
lar in occurre:p.ce to those found in the Hum- length of 500 feet in horizontal projection and 
bug, Utah, and Sioux properties-that is, it was at the most 50 feet wide. The ore was 
it was formed by replacement in a coarse- siliceous, containing gQld, silver, and copper, 
grained bed of the upper part of the Pine Can- and is said ·to have had a value of $60 a ton. 
yon limestone along its intersection with a ver- In part it contained unoxidized enargite. 
tical fissure, w.hich here trends about N. 20° E. Some of the rich ore is said to have contained 
The ore contained galena and cer.usite and was 3 to 4 ounces of gold and 25 ounces of silver to 
fairly rich in silver. South of the shaft and the ton and 10 per cent of copper. · 

· the fault the ore bodies follow the fissures in- Tower and Smith 1 state that above the 250-
stead of the planes of stratification. The ores foot level the normal width of the shoot was 3 
contain much copper, originally as enargite but feet, but that south of the shaJt, at the inter
now partly oxidized; they also carry much section of two fissures, it widened to 30 feet, 
barite. The fissures which carry the ore are in the outer portion consisting of rich copper ore 
themselves incons_picuous, the ore spreading and the interior mass, 20 feet wide, of almost 
from them by replacement of the dolomite. pure barite. The ore ·contained, according to 

Oxidized copper ores cropped out about 400 these authors, a little argentiferous galeria, 
feet south of the shaft along· several fissures. though copper largely pre~ominated. Oxida
These upper stopes did not continue d_own . tion was complete down to a depth of 100 feet. 
to level 4. The principal fissures trend N. 
20° E. and are nearly ~ertical. On level 
6, 540 feet below the surface, near the shaft, 
a body of copper ore was found, which con
tinued down to and below level 7; the ore 

· yielded 12 per cent of copper, much iron, 
little silver, and very little gold. In great 
part. it was oxidized and contained copper 
arsenates in honey com bed quartz with some 
copper carbonates replacing dolomite. The 
ore contained no lead, but at the north end, 
just about at the fault, 1 ton of galena ore 
was found in the shoot. Silicified dolomite or 
limestone surrounds the shoot. 

Exploratory crosscuts to the east side line, 
which is :O:ear the Iron Blossom ore shoot, dis
closed much "vein matter and ·silicified lime
stone" with low gold content. 

Oarisa mine.-The Ca_risa workings ar~ con
tained in the Bluebell dolomite, perhaps also 

I 

VICTOR MINE. 

South of the Northern Spy shaft the Godiva 
channel turns distinctly south-southwestward 
and continues as more or less interrupted 
veins down in to the North Star property. 
Little work has been done in this part of the 
district since about 1900. 

The Carisa copper shoot extended with a 
southwest pitch into the northern part · of 
the ~ictor Consolidated property but did not 
contmue much below the 700-foot level. 

The property of the Victor Consolidated 
Mining Co. consists of three narrow claims, 
the Boss Tweed, Victor, and Red Rose, ex
tending side by side along the general course 
of the veins. The Victor shaft (altitude 7,203 
feet), formerly known as the Red Rose shaft, 
is on the Red Rose claim and is 800 feet deep. 

1 Tower, G. W., jr., and Smith, G. 0 ., op. cit., p. 753 
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'_Th.e Victor tunnel (altitude 6,999 feet) con
nects with the shaft. Near by is . the Boss 
Tweed shaft, . 200 feet deep, having an alti~ 
tude at the collar of 7,104 feet. 

The country rock is metamorphosed lime
stone of t4e Bluebell dolomite and the Opo
honga limestone, the bedding of which is 
obliterated. The principal fractures strike 
N. 35° E.; another system trends north. The 
ore follows these fissures, extending perhaps 
50 feet on a northeast fissure, then 10 feet on 
a northerly one, then returning to a northeast 
fissure, and so going step by step to the north
northeast. 

The 300-foot level of the Victor was 9-riven 
on a fissure that is ore bearing in plac~s~ to 
connect with the Carisa workings, on the north, 
where the largest ore body of the mine was 
encountered, partly on Victor and partly · on 
Carisa ground. This body in p~aces was 40 
to 50 feet wide. A little work ·was done on 
the five levels below the. 300-f~~'t lev~l, ·and 
small bodies of arsenical copper ore were 
mined. On the lower levels the vein was 
from 6 inches to 5 feet wide. 

At the tunnel level on the Boss Tweed the 
ore body dips 85 ° E. At 27 feet below this 
level it assumes a vertical attitude, which 
continues 50 feet, below which it dips 85° W. 
This ore body contains three shoots of rich ore, 
all of. which pitch north at a low angle. The 
principal minerals are quartz, barite, enar
gite, tetrahedrite, bismuthite, and galena. 
The ore contains silver and gold, but copper 
is the most . valuable constituent. Barite 
occurs locally in great masses, several feet thick. 
The ores in the tunnel are completely oxidized, 
but 100 feet below the tunnel level they are 
but slightly altered. Bismuth is found as a 
yellow carbonate yielding as much as 42 per 
cent of bismuth. 

Apparently no deep exploration has been 
undertaken in this mine. 

NORTH STAR MINE. 

The workings of the North Star mine lie 
southwest of the Red Rose mine, and the ore 
bodies along this part of the vein ma.y in 
general be considered as the most southerly 
extension of the Godiva channel, reaching 
within 500 feet of the limestone-monzonite 
contact. 

The mine has been closed since 1900, and 
the workings were not accessible in 1911. 

The shaft is in a branch of Dragon Canyon 
half a mile east of Diamon·d. Pass and a quarter 
of a mile. north of the Dragon iron mine, at 
an altitude of 6,920 feet (6,938 according to 
the Iron Blossom surveys). A 900-foot tunnel 
(altitude of portal 6,745 feet) opens the mine 
from the gulch to the east of it. Six levels are 
turned, and the workings ·extend 500 feet 
north-northeasterly and 700 feet south-south
westerly from the shaft. On the 300-foot level 
a long crosscut has been driven east under the 
Dragon veins, and the drifts extend far north 
and south. On the 600-foot level much pros
pecting has also been undertaken and long 
crosscuts run east and west. . ' . 

. The dep9sit is contained in con,t~ct-meta
morphosed "limest-one of the Opohonga ·and 
Ajax formatig:iis, the contact between the 'two 
being close to the shaft. The crystalline lime
stone contains ;';{much quartz, . ,garnet, !~c,l 
wollastonite," according to Tower and Smith.1 

The limestone ·is1:intersected by · fissures; 'the 
principal ones extend·· north and N. 25° E., 
but there are also many· easterly cross fissures. 

The tunnel intersects the main contact of 
monzonite and li~estone not far ·from its portal, 
and according toM. L. Crandall, jr., a porphyry 
dike 100'feet wide is intersected 400 feet west of 
the shaft. 

On the surface an ore-bearing :fissure has 
been traced for 1,500 feet, beginning at the 
gulch above the shaft, continuing south to the 
crest of the ridge~ and thence trending south
west toward the monzonite contact. This 
fissure is said to be vertical. No ore bodies of 
value have been found on it' where intersected 
by the 300 and 400 foot ~evels. 

The principal ore bodies extend just east of 
the shaft for 1,000 feet inore or less continu
ously and apparently follow steep north-north
easterly :fissures with many local offsets on east
erly breaks. The ore bodies were irregular, 
as usual, v~rying in width from a mere seam 
up to 30 feet; the greatest thickness usually 
appeared at the intersection of several fissures. 
The ore bodies stoped do not seem to have 
extended far below the 30Q-foot level, nor more 
than · 500 feet south-southwest and north
northeast of t:P.e shaft. 

The ore contained 1 quartz, barite, galena, 
cerusite, iron oxide, and enargite and its oxi
dation products; it. also contained silver and 

1 Tower, G. W., jr., and Smith, G. 0., op. cit., p. 755. 
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unusually large ·· quantities of -gold-in fact, 
more ~han any other mine of the district. :., :. d 

The lower levels are said to show. a greater 
amount of lead and silver and less barite-than 
the upper levels. The gold is said to be clearly 
associated with the fine-grained barite; coarsely 
crystalline masses of barite occur in .the upper 
workings. The shoots are said to dip west and 
pitch north. Of these, three were distinctly 
gold bearing and one carried lead and silver. 
The copper was found at the south end of the 
ve1n. 

The total production from this small mine 
is said to have been $700,000, of which 60 per 
cent was in gold and the rest in silver, lead, and 
copper. This figure represents net value
that is, gross value less railroad and smelter 
charges. 

GODIVA OR~ ZONE SOUTH OF NORTH STAR MINE. 

The Godiva and Iron Blossom ore zones 
gradually converge near the monzonite con
tact, where they are a few hundred feet apart. 
The Godiva channel has not been traced to the 
contact, nor · is its continuation found in the 
monzonite, though this rock contains several 
small, undeveloped veins whl.ch might be con
sidered to belong to this system of fissures. 

MINES OF THE moN BLOSSOM ORE ZONE. 

PROPERTY . OF BECK TUNNEL CONSOI .. IDATED 

MINING CO. 

Location and developments.-The property of 
the Beck Tunnel Consolidated Mining Co. cov
ers the north end of.the Iron Blossom ore zone 
and consists of several claims on the steep east
ern slope of Godiva Mountain. It is controlled 
by the Knight interests. The north end of the 
Eureka Hill Railroad passes through the prop
erty. The principal ore body, extending over 
a horizontal length of 1,000 feet, is now mined 
out but exploratory work is still being con
tinued. Plates XXXV-XXXVII and figures 
36-43, illustrating the occurrence, are based on 
surveys by M. L. Crandall, jr. 

The No. 2 Beck Tunnel shaft is close to the 
railroad track at an altitude of 7,033 feet (7,039 
feet aceording to the mine surveys) and is 1,140 
feet deep. Levels are turned at 180, 300, 400, 
900, and l,lOO.feet, and the principal ore bodies 

were found on the 3QQ-foot.level. Exploratory 
crosscuts have been run east and west on sev
flJ;allevels. The other shaft, referred to as No. 
1, has an altitude of 7,079 feet and is only 300 
feet deep, .the principal level being turned at 
this depth. The old Beck Tunnel · enters the 
side of the hill at an altitude of 6,626 feet, or 
about 4.00 .feet below No. 2 shaft. The upper 
slope is explored by the Beck tunnel, which 
enters at .the level of No. 2 shaft and eonnects 
with the old Humbug (now Uncle Sam) work
ings. The La Rein~ t.unnel, in which no large 
ore bodies .have been found, enters the side of 
the hill between the two shafts and about 220 
feet above the railroad track. 

Production.-The development and aetive 
working of the . Beck. 'Tunnel property falls be
tween the years 1905 and. 1913. Aceording to 
figures compiled by V. C. Heikes, of the United 
States Geological Survey, 43,931 tons o{ ore 
was mined during that time, yielding 4,547.37 
ounces of gold, 1,191,517 ounces of silver, 1,486 
pounds of copper, and 18,741;914 pounds o.f 
lead, having a total gross value of $1,809·,986, 
corresponding to about $2 in gold and 27 ounces 
qf silver to the ton and about 21.5 per cent of 
lead. From 1914 to 1916 inclusive the pro
duction has declined. The gold and silver con
tent has remained about the same, ho~ever, 
while that of lead has decreased a:qd that of 
copper, though small, has increa:;1ed (from 
0.002 to 0.08 per cent). 

Geology.~ The principal formation exposed is 
the Pine Ca:qyon limestone, and almost. its 
whole thickness is penetrated by No. 2 shaft, 
which also at the 900-foot level enters the char
acteristic earbonaeeous shales of the uppermost 
Gardner dolomite and continues·into the under
lying beds of that formation. The Humbug 
formation is exposed above the shaft, but no 
ore occurs in it. The shaft is almost exactly 
in the vertieal axis of the main syncline of the 
district, the dips being gentle on both sides 
but becoming higher than 30° in the western 
part of the property. 

Two narrow dikes of soft, pyritic igneous 
rock, probably monzonite porphyry, were noted 
on the 300 and 400 foot levels. · 

In the vicinity of No. 2 shaft the limestone is 
intersected by many fractures trending east or 
N. 60° E. They are seen in the workings of the 
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mlne within 100 feet north · and south of No. 2 and 20 to· 7d feet wide from east to west. The 
shaft, in the workings of the upper tunnel, and form is thu~ that of a horizontal pipe, which 
in the La Reine tl.mnel. · The cross breaks was followed in this property for 1,300 feet 
trending N. 70°-80° E . . are indicated on the from north to south. It lies conformable to 
geologic map (Pl. IV, in pocket). There is a the bedding of a coarse-grained member of the 
visible horizontal throw of 25 to 75 feet along upper part of the Pine Canyon formation 200 
the fault zone passing close by the Humbug feet below the Humbug formation and parallel 
(Uncle Sam) tunnels; some dislocation has to the horizontal axis of the syncline, with 
probably also taken place along the other frac- which it ahno. s~~ corn.· cides. Cross sections of the 
tures just mentioned, but the amount is not shoot .are given in Plate XXXVII and figure 36, 
easily determined, owing to the uniform char- and the horizontal projection in Plate XXXV. 
acter of the rock exposed. · This fault zone h~s The shoot is really considerably larger than 
had an important influence on the course oft e I the dimensions above given for masses of low
ore-bearing solutions. · . grade siliceous ore and silicified limestone ad-.. 

w. 

I. 

~--!-L 
~~fi8o ,_'"_:l 

. 1 3oo-roor LEVEL . ...... ' _ 

FIGURE 36.-cross section along line A-A', ~late X!VI, tfrou~h ~eck Tunnel shaft No: 1, sh w. ing ore body (cross hatched). . . 

There are several fractures· trending noi th, fr JQlli the stopes 1n most places. A short dis
N. 20° E., but none of them seem to be very tance south of No. 21shaft the shoot meets the 
strongly marked. The ore bodies south I of t~e zo.ne of ·easterly frdctures . and ceases rather 
shaft follow a northerly fracture, but nf rth f abruptly, the mineraJlization probably continu
the fault zone, near No. 2 shaft, this fra ure is ing on these cross :tlractures to the west and 
not prominent. connecting with the flat ,shoots near the Hum-, I 

A large natural cave was found on tble 400- bug (Uncle Sam) tun:p.els. (See Pl. XXXVIII.) 
foot leveljust east of the shaft; it is 1(~0 fe~t Little exploration "'ork seems to have been 
wide, 200 feet long, and in places 150 feet higf . undertaken to asce~tain if the ore does not 

Ore bodies.-The main shoot lies alrno~t also continue on th1s zone of cross fractures 
horizontal, following the bedding, and exten s to the east. 
northward. It was first found by a crosse t Near No. 2 shaft the shoot is considerably 
east from No. 1 shaft on the 300-foot lev 1. higher than elsewhere and extends, including · 
This shoot has been mined almost continu- the silicified masses, from a point 100 feet 
ously from . a point 150 feet south of tf e below the shaft collar to the cave, or 400 feet 
shaft to the boundary line of the Colorado below the collar. Whl ether the silicified zone 
Mining Co.'s property. It lies on the wh3le on the 1,000-foot -level has any connection 
150 to 300 feet below the collar of No. 2 shaft with the upper sto[pes can not be decided, 
(Pl. XXXVI) and is from 10 ~o 40 feet hir owing to the lack of 'intervening developments. 

.. 
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There are some indications that this horizontal 
shoot follows a vertical northerly fissure, but 
they are not strongly marked. . 

The beginning of the shoot is seen on the 
180-foot level; for 100 feet from the shaft the 
drift is in coarse limestone without plain 
bedding, and beyond this is a bunch of cellular, 
low-grade siliceous ore, som.e of which has been 
stoped; there is also some ore on the 125 and 145 
foot sublevels and a little · on the 300-foot 
level immediately below the stope on the 180-
foot level. Farther south the ore on the 180-
foot level develops in flat stopes, which on the 
west gradually turn up to easterly dips of 
20°--.25°. About 3-00 feet south of the shaft 
a winze goes down in solid limestone to the 
260-foot level, and the explorations on the 400-
foot level seem to show that there is no ore 
in this vicinity below the main horizontal 
shoot. Near No. 1 shaft the ore pipe drops 
gradually to an altitude of 7,780 feet, but 
within a short distance it rises to the same 
level, 7,840 feet, which it had in the northern 
part of the shoot. In the crosscut from No. 1 
shaft to the ore coarse limestone alternates 
with fine-grained beds. 

The ore.-The ore mined in the m~in shoot 
consists of galena and lead carbonate in a sili
ceous gangue, with some limonite, manganese 
oxide, more or less barite, and films of horn 
silver. An average of the ore mined shows $2 
in gold to the ton, or much less than farther 
south on the same ore zone, 27 ounces of silver 
to the ton, and 21.5 per cent of lead; there is 
practically no copper. Some of the ore con
tains as much as $4 in gold, and 40 or 50 ounces 
of silver to the ton and 40 to 50 per cent of lead. 
Many local bunches of silver chloride were en
countered. The low-grade siliceous ore, of 
which much remains in the mine and which 
accompanies and surrounds the heavy lead 
ores, carries 4 to 5 per cent of lead and perhaps 
10 ounces of silver and $1 or $2 in gold to the 
ton. 

In general the silicified limestone is fine 
grained, more or less brecciated, and corroded. 
A later white drusy quartz with very small crys
tals fills the cavities, and this later quartz 
seems to be associated with most of the ore 
minerals. Much of it is honeycombed and cel
lular, indicating a removal of some constituent. 
Near the outside of the ore bodies there are 
greater or less amounts of oxidized iron and 

manganese minerals, and silicified limestone 
begiris along the bedding planes. Very little 
galena was seen in the old stopes. 

In the tunnel connecting with the Uncle Sam 
(Huinhug) workings the ore occurs in the bed
ding planes of the P~e Canyon lnn'estone, 500 
feet west of the main shoot but at about the 
same horizon, and also on theN. 60° E. cross 
breaks, of which many are found in this vicinity. 
There has been little silicification along these 
breaks, but they show much calcite and dolo
mite. In the ore along the beds coarse galena 
predominates, accompanied by calcite and 
some loose and cellular silicified rna terial. Ore 
from this place was shipped in 1911. 

PROPERTY OF COLORADO MINING CO. 

Location and development.-The property of 
the Colorado Mining Co. adjoins that of the 
Beck Tunnel Consolidated Co. on the south and 
lies. on the steep northeast slope of Sioux Peak. 
It contains the continuation of the Iron Blossom 
ore shoot, mined for 1 ,300_ feet in the Beck 
Tunnel property, .and the ore has been followed 
practically continuously through the property 
for 2,500 feet. The two shafts are close to the 
railroad spur, No.2 has an altitude at the collar 
of 7,102 feet (7,110 feet by the mine survey), 
and No. 1 of 7,137 feet (mine survey). No. 2 
shaft, the more northerly, is 300 feet deep; No. 
1 shaft 500 feet deep. The mining operations 
have consisted chiefly in following the well
defined ore channel, · which here lies a little 
deeper than in the Beck Tunnel property, 
averaging 300 feet below the surfa_ce. The 
-linear developments in the mine aggregate 
14,000 feet. Crosscutting east and west has 
been done from No.1 shaft on the 250 and 500 
foot levels without disclosing any ore, but no 
deeper exploration has been attempted-a fact 
which seems singular, considering the great 
production of the company. 

Production.-The Colorado Mining Co. pro
duced 108,939 tons _ of ore between 1907 
and 1913, containing 20,676.76 ounces of 
gold ($427,424), 4,889,832 ounces of silver 
($2,708,976), 15,665 pounds of copper, and 
48,171,127 pounds .of lead, the whole having a 
gross value of $5,275,085. The ore thus aver
aged about $4 in' gold, and 45 ounces of silver 
to the ton, 0.14 per cent of copper, and 45 per 
cent of lead. The production has declined 
considerably since 1913, although 19\6 showed 
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a marked increase over the t o preceding last paragraph its bottom attains a~ altitude of 
years. )The content of gold, si er, copper, 6,900 feet. Near the Sioux line the ore shoot 
and lead during the three years 1 14-1916 has again sinks to ' thy 6,850-foot level; whether or 
decreased, but zinc, first produce not there is a dislocation at this place can not 
attained considerable importance be definitely st~ted. The stopes range in 

. Geology.-The geologic conditi ns are very width from 20 tol6o feet, and their horizontal 
similar to those in the Beck Tun el prope:r;-ty. outline as seen fu Plate XXI indicates the 
Both shafts are sunk in the Hum g formation appearance of tHe ore body in cross section. 
but enter the Pine Canyon limesto eat a depth The height of th~ stopes increases toward the 
of 60 to 80 feet, and the ore horiz n lies about south. Near No./2 shaft few of them are over 
160 feet below the contact or a an altitude 20 feet high, but fn places the Horn Silver and 
about 100 feet higher than near o. 2 shaft in Spanish. Fork stopes reach 60 feet; near the 
the Beck Tunnel property. The re continues Sioux line, howe~~r, they again become lower. 
to follow the almost horizontal a ·s of ·the syn- The ore.-The bre in the Colorado mine con
cline, and the dips are generally ess tha~ 10° -tains on the aver~ge much more lead and silver 
E. or W. A small area of rhyolit rests on the than that of the Beck Tunnel property, but its 
limestone below the No.2 Colora o shaft. The general characte is very similar. It contains 

w. 
FEET 
7,300 

7,100 

6,900 

6,700 

Humbug Pine Canyon 
formation limestone,with 

chert lenses 

Rhyolite 

s,soo~-...----------t----.--_:__ _________ .:.._+-----------_J 
0~~4--L-~~~-s~oo ______ ~~~·~ooo~et 

E. 

_ FIGURE 37.-cross ection through Colorado shaft No. 2 alongline ~-B', Plate XXXVI. 

northerly fissures that are follo"fed by the ore much carbonat1, in part massive, in part 
body are a little more prominerlt than in the sandy, and some residual masses of galena. A .. 
Beck Tunnel property. Ther~ are several little copper begfus to appear in the ore. There 
cross breaks of little importanc% but 400 feet is some zinc bleide in the galena, though most 
northofNo.1 shafta brecciatedz/onecrossesthe of it is converted to calamine and smithsonite. 
ore body, and along this zone th ore body ap- A small pocket tl f oxidized ore averaging 15 to 
pears to have beendownfaultedo the northside. 30 per cent zinc was opened in 1915. The ore 
A large cave 200 feet long and 3 feet high oc- is highly siliceo/ s in places-for instance, in 
cupies the ore horizon below No. 1 shaft, but its the Horn Silver stopes-and here the per
development is a comf>arativel late feature: centage of lead ~ay be very low. 

Ore body.-The ore zone cont' ues as in the The publisheq annual report of the company 
Beck Tunnel property, formin a horizontal for 1911 giv.es .tHe following details: Ore mined, 
pipe· in the upper part of the Pine Canyon 19,210 dry tont· ; average gold per ton, 0.17 
limestone and trending almost exactly~ north ounce; average silver per ton, 31.87 ounces; 
for 2,.500 feet across the Colo ado property. lead, 10.18 per cent; gross value per ton, 
Its northerly part lies at an al itude ,of. 6,850 $25; · smeltin~ ·/ and transportation per ton, 
feet, but south of the break ref rred to In the $9.27; operating costs per ton, $3.79;· 
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Dark silicified limestone surrounds . the ·ore 
shoot; its greatest extent is in· a horizontal 
direction along the bedding· planes; in places it 
begins 30 to 50 feet away from the ore pipe. 

The large cave contained much lead carbon
ate and kidneys of galena and was evidently 
caused by the solution of part of the limestone 
surrounding the ore~ 

PROPERTY OF SIOUX CONSOLIDATED MINING CO. 

Location and· development.-The Iron Blos
som ore channel continues from the Colorado 

·mine into the property of the s· oux Consoli
dated Mining Co. and has been 'ned without 
interruption from north to sout . The total 
length in this property is only 65 feet. 

The Sioux shaft has an altit de of 7,180 
"feet at the collar and is about 5 0 feet deep. 
Developments are chiefly on he 300-foot 
level, though a crosscut 1,000 f et long has 
been extended west on the 2 0-foot level 
without finding new ore. There are shorter 
crosscuts eastward on the 300, 50, and 500 
foot levels. The mine was wo ked princi
pally between 1908 and 1912. 

Geology and ore bodies.-The geo gic features 
are very similar to those of the Co or ado mine. 
The shaft is sunk in the Humb g formation 
but rem~ins in it only for about 120 to 150 
feet, and the bottom of the ore channel lies 
about 200 feet below the contact f the Hum
bug formation and the Pine Canyo limestone. 
The beds lie nearly horizontal. T e bottom of 
the ore channel or pipe has an altitude of 
6,850 feet; the south end· is a lit le lower, or 
at about 6,830 feet. 

The ore body averaged about th same as in 
the Colorado mine but was in any places 
100 to ·150 feet wide; its height s about 20 
feet but increased to 40 feet near he southern 
boundary. The tonnage produce was large, 
though not as large as that of t e Colorado, 
and the ore averaged $3.50 in ld and 35 
ounces of silver to the ton, 0.26 per 'cent of 
copper, and 35 per cent of lead. 

Where inspected, at the nort:P. end of the 
property, the ore was flat, 30 fee . high, and 
contained a great deal of galena an carbonate 
and sulphate ore. ·An excellent pportunity 
was afforded here for studying t e processes 
of oxidation of galena. (p. 17 4). oth coarse 
and fine grained (steel) galena ccurred at 
the west edge of the lead shoot, nd at this 

place there are large mass~s of silicified lime
stone: The east ·side of the channel is 40 feet 
lower than the west ~ide, indicating the slight 
easterly dip of the beds. In this silicified 
limestone are scattered bunches of white 
crusted quartz, but the · bulk of the rock is · 
fine grained or cherty and dark gray. It 
contain~ a little silver but is not considered 
even low-grade ore. 

The ore is so similar to that of the Beck 
Tunnel and Colorado mines that no descri p
tion is neeessary. In the southern part of 
the Sioux ground the ore becomes very sili~ · 
ceous, with great amounts of white loose 
sug~ry quartz, evidently produced by leaching 
and crushing of cellular and honeycombed ore. 
Rich horn silver ore occurs in · places, also 
much breccia of dark silicified limestone 
cemented by cellular quartz, each division 
coated with late quartz crusts of small crystals. 

PROPERTY OF IRON BLOSSOM;· CONSOLIDATED 

MINING CO~ 

Location and development.~The property of 
the Iron Blossom Consolidated Mining Co. ex
tends for 3,200 feet along the Iron Blossom ore 
zone, on the steep easterly slope of Mammoth 
Peak. Ore has been mined almost continu
ously through the ground from the Sioux line 
on the north to the end line . of the Governor 
claim on the south. The direction of the~ ore 
zone is N. 20°-30° E. 

Two shafts open the property. No. 3 shaft 
is in the northern part of the area mined and 
has' an altitude at the collar of 7,179 feet; No. 1 
shaft, 2,3'00 feet farther south...southwest, has 
an altitude of 7,275 feet (7 ,293 accordirig to the 
mine surveys). No. 2 shaft is shallow and of 
no importance. 

No. 3 shaft is vertical a:rid is 590 feet deep, 
and a winze from that level extends to the 680:.. 
foot level. The ore bodies lie mainly on the 
380 and 480 foot levels, along which the prop
erty is opened through its whole length. Sev- · 
eral crosscuts explore the country rock on the 
east for a few hundred feet. No. 1 shaft 1s also 
vertical and reaches a depth of 1,900 feet. The 
principal developments are on the 500 and 600 
foot levels. · The 600-foot level continues south 
through the Governor · claim, and a long drift 
south ·on the 1 ,900-foot level patallels the Gov
ernor side line but lies within the Iron Blossom 
property;. Crosscuts from 500 to 800 feet long 
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extend :west on the 200 and 500 foo . levels and 
east on the 700-foot level. The d velopments 
aggregate about 8 miles: 

Water stands on level 19, tho gh this is 
probably ·not the true water level but only a 
local accumulation. .. 

Production.-The Iron Blossom ine entered 
the ranks of the producers in 19 8 and has 
since continued to' be one of the h aviest ship
·pers of ore in the district. The t tal produc
tion; from 1908 to 1916, inclusive, ounted to 
359,457 tons of ore, which yie ded 66~174 
ounces of gold ($1,367,817), 10,68 ,487 ounces 
of silver ($6,055,203), 2,804,689 po nds of-cop
per, 50,284,.075 pounds of lead, nd 124,114 
pounds of zinc, making in all a gr ss value of 
$10,208,434. 

The ores comprise medium-gra e lead ore 
with gold and silver and ·siliceou gold-silver 
ore with little or no lead. The re shipped 
yielded an average of $4.45 in old and 32 
ounces of -silver to the ton, 7.5 
lead, and 0.25 per .cent of copper. 

In 1914 about 50,000 tons of ore as shipped 
and ·a great tonnage of second-class ore remains 
in the mine. Dividends of $2,1 0,000 have 
been paid by the company up to October 26, 
1914. . 

Geology near No. '3 shajt._:_The rincipal de
posit enters the Iron Blossom gro nd from the 
Sioux under condition~ entirely s· ilar to those 
in the 'Sioux mine. No. 3 shaft is unk wholly 
in · the Pine Canyon limestone, the collar being 
but a few feet below its top. T e ore body 
lies about 300 feet below the cof tact of the 
Pine C!lnyon and Humbug f~ations; and 
no~ally the bottom of th~ shaft, 590 feet be
low the ·collar, should be in the s e formation, 
its total thickness being about 1. ,ooe feet'. The 
dips near the ore body are about 2~0 E. 

L€ss than 200 feet south of t~e shaft the 
drifts . enter the. great Sioux faul. zone, h. ere 
about 300 feet wide. In this di turbed zone 
all kinds of faults abound, northe ly as well as 
easterly; the dips increase locally to· 40° and 
even 60° 1 and the carbonaCeOUS beds at the top 
of the Gardner dolomite appear in small fault 
blocks in the fault zone on the 3.00-foot level, 
also in the crosscut to ·the sou.theast · of the 
580-foot level, -indicating a vertical maximum 
throw of about 800 feet in this part of the fault 
zone.. The faulting also finds expression in the 
mineralization by extensive silicification and in 

the disposition of tlie ore bodies, although these 
are, later than .at least the · principal fault 
movements. 

South of the fault zone the ore ·body ·con
tinues in a straight line for a long distance and 
assumes more clearly the outline and charac
teristics of a replacement vein. The horizon of 
the limestone is not definitely determined. It 
is the Bluebell dolomite on the surface, which 
would indicate a total vertical displacement of 
1,500 feet across the fault zone. The end of 
the 380-foot level in 1911, 1,200 feet south
southwest of No. 3 shaft, was still in greatly 
disturbed limestone with several · northerly 
fissures. 

Several dikes of a greatly altered porphyry 
appear in the workings of No. 3 Iron Blossom. 
On the 380-foot level one dike a_bout 10 feet 
wide lies in the disturbed zone and has a 
strike parallel to that of the main faulting, or 
N. 70° E. On the 480-foot level this dike is 
not found, but a faulted block of porphyry lies 
along the main drift 100 feet south. The' con
ditions here suggest post-intrusive faulting. 
On the sallle. level a dike has been struck in a 
crosscut 550 feet east-southeast of -the shaft 
and another in a crosscut 1,200 feet south
southwest of the shaft. These intrusives are 
probably monzonite porphyries but are not 
easily recognized, as they are extensively 
replaced by ·sericite and calcite and contain 
small crystals of pyrite. They do .not contain 
ore, though in places iron-stained siliceous low
grade ore lies along the contact of dike and 
limestone. No dikes · show on the 580:-foot 
level. 1 · 

A large cave was found in the southern part 
of the No. 3 workings. It is 250 feet long, 40 
to 60 feet wide, and 10 to 20 feet high. It lies 
about · parallel to the ore bodi and just above 
it. Its outline in longitudinal section (Pl. 
XXXVI, in pocket, resembles the section of a 
bowl. At the bottom of the cave is ·some car
bonate ore showing copper stain, and this 
rna terial is in part s,toped. The walls of this 
cave were coated with snow-white botryoidal 
masses of calcite and beautiful arborescent 
growths of the same mineral. In places the 
calcite was covered by needles of aragonite. 
This secondary calcite contains no ore minerals. 
There is little doubt that the cave has been pro
duced by the oxidation and shrinkage of the ore 
body below it.'_ 
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Ore bodies and ore in No. 3 Iron Blossom.
From the Sioux ~ine the ore body continues 
for 250 feet horizontally in the Iron Blossom, 
but its width is as much as 170 feet; it is from 
20 to 60 feet thick, growing thicker toward the 
southern end. The ore (Pis. XXXV and 
XXXVI, figs. 38 and 39) lies on the west
ern limb of the syncline, and its extension 
is parallel to the beds so that the dip of 
the body is 13 °-20° E. The south end is riot 
only thicker but also has sagged 50 to 70 feet. 
This ore body is in general surrounded by the 
coarse limestone, and comparatively little silici
fied material is seen outside of it. 
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6,800 
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quartz and streaks of more compact quartz. 
In places there is much horn silver. · · 

This ore body terminates rather sharply 400 
feet south of the shaft, and beyond it the drifts 
enter a wide silicified zone in which there is 
little ore but a great deal of black silicified and 
cherty' material brecCiated by small veins of 
quartz and barite. On the 380 and 480 foot · 
levels the drifts traverse this siliceous ma
terial for 400 or 500 feet; on the 480-foot level 
600 feet southeast of the shaft the gray lime
stone is sharply cut off by what appears to be 
one of the principal fractures of the Sioux 
fault, he~e trending N. 70° E . . On the 580-foot 

E. 

level there has been much less 
silicification. 

South of the fault zone the ore 
lies mainly below the 380-foot 
level instead of above it. The 
first mass encountered, 600 feet 
south-southeast of the shaft, is 
a transverse body (Pl. XXXV) 
trending nearly east for 160 feet 
and extending 50 feet above and 
60 feet below the 480-foot level; _ 
the stopes then turn and continue 
for 1,000 feet south-southwest, 
about 20 to 30 feet wide and in
creasing in height to 100 or 150 feet 
above the 480-foot level. They 
assume more of a vein form, and 
the vein dips steeply to the west. 

In this vicinity two more veins 
appear, one of little value on 
the west side and another con
taining a good body of lead ore 

6~60o (mixed carbonate and galena) on 
FIGURE 38.-Crosssection throughlronBlossom shaft No.3 along line C-C', Plate f(XXVI. the east side. This "east vein" 

The ore in this shoot-practically the end of has indeed b~en traced a few hundred feet north 
the horizontal pipe in Pine Canyon limestone- of the section sliown in figure 39 and is of con
was on the whole of siliceous character but con- siderable value in I~on Blossom No.1 .. 
tained in places much lead carbonate with resid- The principal stopes contain sugary quartz, 
ual kernels of galena. The dark gray cherty locally with barite plates, bunches of limonite, 
silicified limestone is extensiv,ely brecciated and cerusite, and galena. The lead minerals ap
cemented by loose sugaTy quartz with druses of pear mainly in the upper parts and on the sides 
small quartz ·crystals. Much of the ore is of of the stopes. There is no dark silicified lime
this sugary character and locally contains plates stone surrounding the stopes, which are, on the 
of barite. · The ore does not contain much iron contrary, inclosed' by little altered limestone or 
or 'manganese, altliough it is stained brown in dolomite. The principal value of the ore is in 
many places. On the whole the carbonate and gold. ' · 
galena ore lies· on top of the siliceous ore. There are two main classes of ore in the 
Marked horizontal banded struoture is shown stopes of Iron Blossom No : 3.. The ·lead ores 
in places, carbonate ore alternating with sugary range from 5 to 15 per cent of lead and: 20 to -40 
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ounces of silver and $5 to $6 in gold to the ton. 
The siliceous ores contain 60 to 80 per cent of 
silica, 1 per cent of lead, and 20 to 40 ounces of 
silver and $5 to $6 in gold to the ton. 

The published report of the company for 1914 
gives the tonnage from No.3 shaft during that 
year at 24,029 tons, averaging 12.40 per cent 
of lead, 0. 7 per cent of copper, and 31.77 ounces 
of silver and 0.1195 ounce of g9ld to the ton. 

Geology at Iron . Blossom No. 1 shaft.-Al
though the two parts of the mine opened by 
No. 1 and No.· 2 shafts are now connected, it 
seems best to describe them separately. 

No. 1 shaft is sunk at 
a point near Sioux Pass 
and its collar is about 
100 feet above that of 
No. 3. It is in the crys-. 7,100 
talline and contact-meta
morphosed Bluebell dolo-
mite near its contact 
with monzonite porphyry. 
In this vicinity there 
is considerable difficulty 
in identifying the sedi
mentary formations. 
The bedding is indis-
tinct but generally 20°-
300 NE. The monzo-

s,aoo 

nite porphyry is probably 
intrusive but shows tran- e, 
sitions into rocks that 
are surely effusive. The 
shaft begins in a small 6

t
600 

outcrop of altered rhyo-
litic r·ocks, which here, 

Gardner 
dolomite 

except in the 1, 700-foot level, at the south · 
face of which, not far from the station, coarse
grained metamorphic limestone appears. The 
bedding is flat and the dip east or northeast at 
gentle angles; well-bedded limestone is shown 
on levels 5, 6, 7, 8, 11, and 17. The strata of 
the lower levels belong in part to the Opohonga 
limestone, which has indeed been definitely 
identified on lev~l5 south of stope 4 and also on 
level 7, 400 feet east of the vein. 

Dikes were observed at many places. The · 
tllimel equivalent to level 2 enters in mon
zonite porphyry, which continues up to the 

as shown on the rna p 
(Pl. IV, in pocket), 

FIGURE 39.-Cross section south of Iron Blossom shaft No.3 along line D-D', Plate XXXVI. 

separate the monzonite porphyry from the 
dolomite. 

An isolated area of monzonite, about 800 by 
500 feet, running out into dikes at its south end, 
is contained in the dolomite north and north
northeast of the shaft; the nearest outcrop 
of this rock lies 200 feet north of the shaft. 
The shaft is 1,900 feet deep and in limestone 
throughout, but the s~veral formations are 
difficult to identify; the strata show none of 
the coarse-grained limestone characteristic of 
the upper Pine Canyon, or of the carbonaceous 
shale ·of the upper Gardner. Most of the 
rock is dolomitic and fine grained. There is 
not much evidence of contact metamorphism 

104355°--19----16 

vein near the shaft. The crosscuts 200 to 400 
feet west of the shaft on levels 2, 4, 5, and 17 
cut several dikes of monzonite porphyry, most 
of which contain much calcite and scattered 
small crystals of pyrite. One of these dikes 
on level 17 extends north for 200 feet and is 8 
feet wide. Several of the dikes appear to 
have been faulted. Along the vein, both north 
and south of the shaft, a few small dikes of 
monzonite porphyry have also been observed 
and generally strike north-northeast. A long 
crosscut on level 7 encounters monzonite 
porphyry at the face, 800 feet east of the shaft, 
which ·shows that the limestone surface slopes 
below the porphyry of the surface at an angle 
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FIGURE 40.-Section S. 56° E. through Iron Blossom shaft No. 1 along line E-E', Plate XXXVI • . 
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that is not steep~r tha:n· 45o .. On l~vels 2 and but is obscured by oxidation. It giv~s small 
7 the main .porphyry contact is vertical along assays in gold and silver.· The' porphyry is 
fissures, a fact which probably indicates post- bleached and iron stained. . 
porphyry faulting. The impression gained The principal ore bodies above and below 
is that the porphyry is intrusive into the lime- level 5 are 100 'to 150 feet high and 10 to 50 
stone. feet wide, extending practically continu~usly 

Mr. Crandall writes, under date of N ovem- throughout . the ground. At tlie south end of 
her, 1914, of an interesting cave recently 
found in the ore zone on level 5 of the Iron 
Blossem No. 1. This cave lies in the ore-bear
ing zone and is 70 fe~t long, 5 to 10 feet wide, 
and 3 to 10 feet high. The roof !s incrusted 
with small calcite crystals, some oxidized cop
per minerals, · small <stalactites of . limonite, 
and masses of limonite with rhombic cavities 
(probably casts of gypsum crystals). On 
top of the loosely compacted material that 
forms the floor are several large masses of 
gypsum, both crystallized ,and mas~ive, with 
small inclusions of limonite . . One mass mea-
suring 5 by 7 by 12 feet is composed largely of 
long, slender crossing and interlocking prisms 
of gypsum; some of these crystak are 12 to 17 
inches long. 

Ore bodies and ore near No.1 shaft.-In the 
southern part of the territory opened by No. 3 
shaft the horizontal ore pipe assumes gradually 
the character of a vein. Near No. 1 shaft 
this becomes more strongly · marked, as shown 
in figure 40. Nevertheless the principal ore 
bodies lie at about the same level as farther 
north-that is, on levels 5 and 6. The figure 
also indicates by dotted lines the outline of 
the vein matter and silicified limestone. On 
the lower levels the vein contracts sharply and 
is not definitely traceable below level 11. Its 
width ranges from a few feet to 70 or 80 feet. 
The vein stands nearly vertical or dips a few 
degrees to the west. The ore is of the same 
siliceous and cellular character as in No. 3, but 
contains much more limonite and shows plen-
tiful copper stains. . 

From the shaft the ore body is reached by 
easterly crosscuts about 150 feet in length. 

The outcrop of the vein does not show on the 
. tuff ridge northeast of Sioux Pass, but silicified 
and iron-stained croppings appear in a pro
jecting tongue of limestone near the shaft. 
The vein apparently cuts across the monzonite 
porphyry but is not clearly shown. South of 
the shaft it -again enters the -limestone. On 
level 2 the vein lies at the vertical contact of 
limestone and porphyry; it is here 10 feet wide 
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FIGURE 41.-Section S. 58° E. south of Iron Blossom shaft No.1 along 
line F-F', Plate XXXVI. 

level 5 the vein loses itself in the fiat limestone 
beds. In many places the depo~it shows 
plainly its veinlike character. The walls of 
limestone are well marked, the vein consists of 
silicified limestone brecciated and cemente~ by 
sugary quartz, and a well-defined lighter streak 
where £lling no doubt has played a part indi
cates the central :fissure. 

At the south end .of level6, near the Gov.ernor 
line, are small copper stopes. In places in 
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this vicinity the -vein is only i foot wide, and a 
fine-grained porphyry dike containing pyrite 
adjoins it. _ 

On level 7 the vein shows at the end of the 
crosscut from the shaft; it is stained by limonite 
and malachite. 

On level 8, at the crosscut, the vein is only 
3 feet wide and consists of iron-stained silicifi~d 
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enargite, and covellite. This ore Is said to 
contain $2 to '$3 in gold and 9 ounces or more 
in silver to the ton an~ 2. to 3 per cent of coppe~. 
No larger bodies were found. 

On level 11, at the crosscut, the vein is t. 
limestone, is only 1 foot wide, and consists f 
limonite and quartz with copper stains. Copp r 
ore has been stoped in this level. To the sout 
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FIGURE 42.-Section S. 58° E. south of Iron Blossom shaft No.1 along FIGURE 43.-Section S. 58° E. south of Iron Blossom shaft No. 1 alon 
line G-G', Plate XXXVI. line H-H', Plate XXXVI. 

limestone with normal limestone on both sides. 
In places the vein runs out on the stratification 
planes or on cross fractures. Good ore is found 
locally, carrying both lead and copper. At the 
south face near the Governor line the vein has 
the usual appearance, but in the center there 
is an irregular streak, a few inches wide, of 
sulphide ore with pyrite, quartz, barite, galena, 

the vein enters contact-metamorphosed lime
stone. A long drift has recently been extended · 
on level,19 for 2,000 feet south; for a long dis
tance this drift penetrates limestone, which is 
cut by a tight seam carrying quartz1 galena, 
and zinc blende.-

Figures 41-43 represent sections of the 
deposits south of the shaft. 
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Mineralized rock containing quartz, limonite, 
and manganese oxide appears along many of 
tlie porphyry dikes in this mine', and much of this 
material carries a few ounces of silver to the ton. 

The ore ih Iron Blossom No. 1 is siliceous 
and contains more gold and copper but less 
silver than the ore near No. 3 shaft. Much of 
it has the loose and cellular texture already 
referred to and is made up mainly of quartz in 
crystalline crusts and barite plates, and . li
monite. For a period of three weeks in 191.5 
the ore assayed 8 p,r cent of lead, 0.75 per cent 
of copper, and 0.15 ounce of gold and 20 ounces 
of silver to the tori. Besides it contained 13 
per cent of iron and 50 per cent of insoluble 
m'atter. In the soJthern ·part of the mine and 
in the deep~ levJis it contains bunches of 
partly oxidized eJargite and in places also 
galena. On an average it may contain $5 in 
gold and 20 ouncer of silver . to the ton. As 
usual oxidation extends to the deepest levels. 
Spots. of unoxidized ore may be found in the 
deep levels, but they·occur as well near the sur
face. Water stands at level19. 

1,060 feet, and the lowest level1,025 feet below 
the collar. Water has been encountered near 
the contact of limestone and porphyry on lev
els 8 and 10. The shaft is intended to ·de
velop the ore-bearing veins south of the Iron 
Blossom, but so far these have not proved to 
be of great value. The shaft also opens a body 
of iron ore of considerable importance (p. 258). 

Vein north of the contact.-The vein enters 
the Governor claim 650 feet south of Iron Blos
som No. 1 shaft but is not visible in the 
monzonite porphyry, which here covers the 
surface. At 800 feet farther south-southwest 
the vein enters the Opohonga limestone and 
beyond that the Ajax limestone, both of which 
are made somewhat crystalline by contact meta
morphism. · The vein here shows on the surface 
in places and has been opened in the Governor, 
White Dragon, and Black Dragon shafts, all 
three of which have an altitude of about 7,050 
feet. The dip of the limestone is 25°-40° E. 

The general course of the "Vein is N. 35° E. 
and the dip is 809-85° ESE. Tower and Smith,t 
who examined the workings near the sur
face, say that From the company's published report of 1914 

it is seen tha. t the sMpes near No.1 shaft vielde<l I .J- Along this fissure occurred, in the Governor claim, 
during th~t year 16,451 tons of ore averaging quartz and barite with lead and copper minerals. In the 
5.97 per cent of lead, 0.5 per cent of copper, and Black Dragon claim (south of the Governor) larger ore 
22.77 ounces of silVi~1~r and 0.139 ounce of gold bodies were found near the surface along the vein, which 
to the ton. ' is intersected by east-west fissures on which some ore had 

· also formed. At the Black Dragon shaft on the 200-foot 
The so-called fast vein, which lies in level an ore body was found at' the intersection of fissures; 

the limestone 40 jto 80 feet from the main on the 315-foot level the ore alternates on N. 35° E. and 
vein in the workirigs south of No. 3 shaft, northeast fractures. 

I • 

has also been found lately In level 4 The vein is narrow and contains silicified 
of No. 1 shaft. Tt contains much limomte, I limestone and barite as gangue and galena, 
malachite, and azurite and very little limonite, and chrysocolla as ore minerals. 
galena in a gangpe of cellular quartz and The long Dragon tunnel has followed the vein 
barite. In 1914 the ore was stoped in both at an altitude of about 6,775 feet from a point 
mines to a width of~ to 12 feet and 30 feet above near the iron mine on the south for 1 300 feet 
the level. . Some of this ore is rich in gold. 

1 

to a point 200 feet north of . the Black Drago~ 
PROPERTY OF DRAGON CONSOLIDATED MINING CO. shaft. This nearly corresponds to the 315-

Situation.-The property of this company 
extends for about 3,000 feet along the southern 
extension of the Ilron Blossom vein, south of 
Iron Blossom No. 1 to the contact of limestone 
and monzonite por~hyry, and includes also the 
Dragon iron min b. It is owned by Jesse 
Knight and associlates and in 1911 was man
aged by L. E. Rit~r. 

· Development.-~he Dragon vertical shaft is 
sunk over 100 feet south of the contact between 
limestone and monzonite porphyry. The alti
tude of the collar is 6,817 feet, the total depth 

foot level of the Black Dragon shaft. In many 
places in the Dragon tunnel the vein is tight 
and shows little mineralization. A shipment 
of ore· from a point between the Black Dragon 
and White Dragon shafts was made, and it 
contained 7 per cent of copper and 4 ounces 
of silver and 0.4 ounce of gold to the ton .. 
Still lower, at an altitude of 6,650 feet, the vein 
is intersected by a long crosscut on the .300-
foot level of the Star mine. Finally, in the 
Governor claim it is opened.from Iron Blossom 

1 Tower, G. W., jr., and Smith, G. 0., op. cit., p. 756. 



246 GEOLOGY AND ~RE ~EPOSITS OF T'INTIC MINING DI~TRICT, UTAH. 

No.1 shaft on its level6 at an altitude of about 
6, 700 feet and on the corresponding level 3 fro·m 
the Governor shaft. It is also opened in the 
same Claim for some distance by leyel8 of Iron 
Blossom No. 1, arid, as stated above (p. 244), 
level19 follows the same vein but in Iron Blos
som ground, parall~l to the Governor side line 
for 1,500 feet south. 

Throughout these workings the vein, though 
as a rule small and tight, is well marked by 
a fissure and some evidence of silicifiQation, 
but little ore has so far been found. On level 
8 the vein is 4 feet wide and ·shows much 
limonite and copper stains on the outside and 
a narrow streak of pyrite, enargite, and barite 
in the middle. The stopes of siliceous ore on 
level 5 of Iron Blossom No. 1 have been car
ried about 100 feet into Governor ground. It 
is said that commercial gold ore has lately 
been opened at some places in the ·Governor 
claim. 

Vein near the eontact.-Deeper explorations 
have been carried on from the Dragon shaft 
close to the .contact· of limestone arid mon
zonite porphyry. The vein apparently inter
sects the body of limonite that occurs on the 
contact (p. 258), but it is not clear whether 
the fisswe continues into the porphyry. 
Close examination is difficult, because the 
porphyry for several hundred feet south of 
the contact is exceedingly altered, bleached, 
and kaolinized, as is indeed also the limestone. 
The underground workings have not reached 
the igneous rock along the vein, for the con
tact dips steeply to the south, so that lime
stone underlies monzonite porphyry. Abou.t 
800 feet south of the deep shaft is the King 
James vein, in monzonite porphyry, and as 
this lies in the general direction of the Dragon 
vein, it is probable that the vein crosses the 
contact. 

The shaft is sunk in altered porphyry but 
intersects the contact a little above the 300-
foot level. At some places the limestone is 
rather coarsely crystalline. The geologic con
ditions at the shaft are described in more 
detail on page 259. 
. Fragments of vein matter containing quartz 
and barite have been found in the iron ore 
near the surface. A raise from the 300-foot 
level to the surface has followed vein matter 

. surrounded by and stained with iron hydroxide. 
A· vein in line with the Governor vein is ex~ 

posed on the 175-foot level; it contains quartz, 
barite, and a little pyrite. The pyrite is 
.oxidized only in part, though the walls con
sist of the kaolin which surrounds the iron 
deposit~ Besides these veins several siliceous 
lenses ~arrying from 3 to 5 ounces of silver 
and from 0.01 to 0.05 ounce of gold to the 
ton have been found in the iron ore. On the 
300-foot level the vein has been followed for 
400 feet. The same ~ssure is cut on the 800.
foot level, on which it carries barite with a· 
ll.ttle lead and copper. On the 1,025-foot 
level (altitude 5,790 feet) the vein shows only 
silicified limestone. Drifts to the southeast 
on· the 800 and 1,025 foot levels have also 
disclosed a narrow fissure trending north
northeast 300 feet east of the Governor 
vein and possibly corresponding to the Turk 
vein, opened farther north, and to others that 
extend east-northeast, and show a few feet 
of altered limestone with quartz ~hd galena. 
A small shipment from the last-mentioned 
veins contained 22 per cent of .lead ~nd 9 
ounces of silver and 0.8 ounce of gold to the 
ton. All these workings are still in limestone, 
and thougp. a crosscut has been n:tade in the 
igneous rock on the 800-foot level the Governor 
vein is not found in the igneous rock in the 
place where it should have been cut. On 
the two lowest levels tbe igneous rock is not 
an· effusive porphyry but is clearly monzonite, 
though it is somewhat impregnated with · 
pyrite, sericite, and calcite. 

Much . of the ore in the narrow veins of the 
Dragon property shows a relatively high 
tenor in gold, running as high as $16 to the 
ton, and contains both copper and lead, 
though not necessarily together. High con
tents in gold locally coincide with low con-
tents in silver. · 

MINES IN THE EAST TINTIC DISTRJ:CT. 

By G. F. LOUGHLIN. 

The name East Tintic. district is here used to 
represent the area within ~he Tintic quadrangle 
east of meridian 112° 5' and south of the 
Denver & Rio Grande Railroad. Only two 
properties in this district have been productive 
since •1911. These were the property of the 
East Tintic Development Co., which was being 
operated under lease, and . that of the Tin tic 
Standard Mining Co., which was being pros
pected. 
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PROPERTY .OF EAST TINTIC DEVELOPMENT .-CO. north and the oth:er .N . . 70° -E. Both have 

Tlie .Eas.t Tintic Development ·co.'~ property 
. been influential in the concentration of the ore. 

is situated 1! miles dU:~ east of Knightvilie, The ore body, so far as developed, is a re-
. placement yein, following a general northerly 

where a wagon road crosses the narrow neck 
f 

·li t cs· ·p1· I · k' t ) Th course, with a Jew ·enlargements at the inter-o mes one. ee . , m poe e . e · sections ,of . cross - breaks or easily replaced 
Prop· erty ex.tends in a north-south · direction limestone beds. There.is a small outcrop of 
from 125. to 185 feet, and its east-west dimen-
sion is 700 feet. It lies -in the midst of several mineralized rock a short distance northeast of 

the shaft,Jn~;t ~~ · Work has been done on it in 
claims. owned by different persons in 1911, and recent'Years. ~ The highest stope (fig.44) is on 
the difficulties attending development ·work the 70_foot level. Here a strong but barren 
near the baundary lines had then caused a fissure, striking N. 30o W. and dipping 70o NE. 
suspension of systematic work pending an at-
tempt a~ con.Solidation' with the surrounding 
claims. Since the mine was studied the 
property has changed owners and a consolida
tion has been made. Development wor~ 
below the levels here described was being 
carried on in the later part of 1916. The 
company prior to . 191i had mined over 50 
carloads of lead ore averaging 42. per cent of 
lead and 2 to 4 ounces of silver to the ton. 
Oxidized zinc ore was for:r;nedy thrown. on the 
d-q.mp, but during the summer of 1912 and 
19.13 the dump a;n.d the lead. stopes were 
worked for zinc ore by ~essees. . About '1J000 
tons of zinc ore was shipped up to July 1, 1913., 
when the lease expired. · 

The surface equipment in 1911 included a small 
steam· hoist, a compressor, and a jig. The ore 
was hauled by wagon to the Iron Spur siding on 
the Denver & Rio Grande Railroad, 1 mile east 
of the base of the mountains and 6 miles from 
the mine. The und~rground workings in~luded 

w. 

' \':n 

LEVEL 

-70' " 

-130' 

-Z3o' 

-330' 

a shaft 500 feet deep (altitude of collar about \ '? \'t' 

6,000 feet), with drifts on the 70, 130, 230, 330, \\'ron:~?. tnan- -~ -soo' 
and 500 foot levels. All the levels but the v,anese ~ 

e:. 

deepest had exposed shipping ore. FIGURE 44.-Section showing changes in position and composition of the 

The· country rock is the Middle Cambrian J):ast Tintic Development Co.'s vein. 

limestone, including the Herkimer and lower . crosses the workings 30 feet east of the shaft. 
formations. The surface exposures of lime- At 8 or 10 feet farther east is a second fissure, 
stone (Pl. I) are surrounded by the Packard striking north and dipping 65° E., whose 
rhyolite, which, to judge from the altitude of formation was acco:tnpan~ed by much shattering 
rhyolite-covered summits to the north and and by mineralization. The hanging wall is a 
west, must originally have formed a cover 600 confused aggregate of blue and white limestone 
to possi'Qly 1,000 feet .t:Q.ick above the present fragments. The ore in the small stope is con
limestone surface at the mine. fined to the hanging wall a~d consists of rather 

. The limestone beds are nearly hor-izontal, fine grained galen~, accompanied by cerusite. 
forming a very fiat local anticline, or dome, It occurs in bunches and boulders, the largest 
whose ax.is is close by the mine shaft. . Fis- weighing over 1 ton, in a gangue of the white 
sures and faults have not been studied in detail limestone more or less deco_mposed to a yel
on the surface. . Those found. underground lowish-brown sandy material. The blue rock 
belong to two systems, one trending nearly is practically absent where ore is prominent 
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and has evidently been replaced. The ore has' quartz. The vein crosses the shaft 30 feet 
also filled small fractures and irregular open- above the 330-foot level and on that level lies 
ings. No quartz nor silicified rock has been 10 feet west of the shaft, striking N. 15°-20° 
found in the ore body on this lev~l. The ore W. and dipping 70° W. South of the shaft 
assays only 2 to 4 ounces in silver to the ton. its strike curves to northwest. The vein has 

The same mineralized fissure, dipping 70° been followed on the 330-foot level for 100 feet ' 
E., is cut on the 130-foot level 60 feet east and has a general width of 5 feet, though at 
of the shaft. The ore and wall rock present one place it bulges to 10 feet. The footwall is 
the same characteristics and relations as on the well slickensided, and the grooves pitch 60° N. 
70-foot level. Only one carload had been The primary ore minerals on the 330-foot 
shipped from this le~el up to the time of the level are galena and some zinc b~ende, for the 
writer's visit. This shipment yielded 58 per most part in single crystals thickly dissem
cent of lead. The ore connects downward inated, and the primary gangue is chiefly 
with a stope 35 to 40 feet long (from east to quartz with some barite and fragments oL 
west) and 10 to over 20 feet wide (from north unreplaced wall rock. The quartz is of two 
to south), which follows a cross break striking generations, as in the Iron Blossom zone, and 
N. 70° E. and dipping very steeply southward. shows the same leached character in places. 
This stope has so far yielded the richest ore. The or~ occurs in bunches and assays 10 to 15 
Its east end lies 39 feet below the 130-foot ounces in silver to the ton. Some oxidized lead 
level along a N. 15° W. fissure wall and con- and zinc ore is present, also small pockets 
nects on the east with the upper end of a barren containing flat calcite rhombs and showing 
cave, which follows a semicircular course iron and manganese stains. 
from this point down to the 230-foot level. The main bodies of oxidized zinc ore were 
The cave is lined with a white crust of fibrous mined along the walls of the lead stope be
calcite, upon which the flat calcite rhombs tween the 230 and 330 foot levels and in the 
are perched. The west end of the stope is bottom of the stope on the cross break. The 
where the downward continuation of the west- ore was evidently concentrated by leaching 
ern fissure on the 70-foot level should meet the from the upper levels, downward migration, 
cross break. . On the north side of the cross and replacement of the limestone walls. 
break the stope pitches northward in pipe form At 90 feet northeast of the shaft on the 
for about 10 feet along a fissure that strikes · 330-foot level a crosscut passed through about 
N. 35° E. and dips about 45° W., beyond 40 feet of soft ground heavily stained with iron 
which it assumes a veinlike form . . The vein and manganese oxides . . A similar occurrence 

. follows the west dip to a point 30 feet above is s·aid to have been found on the 500-foot 
the 230-foot level and there swings to an east level 180 feet east of the shaft. These two 
dip of about 50° .· On the 230-foot level the occurrences are approximately in line with 
strike of the vein is N. 15° E. an~ the dip the eastward-dipping portion of the stoped 
75° E. Ore has been stoped col)ltinuously vein on the 230-foot level, but no lead has 
from the 130-foot to the 230-foot ~evel; the been found in them. No attempt had been 
stope length along the vein range~ from 60 made to cut the main vein on the 500-foot level.1 

to 120 feet and its width from 4 to 10 feet. 
At 10 feet below the 230-foot level and about 

I 

130 feet north-northeast of the shaft a flat, 
circular shoot about 30 feet in diameter, re
placing a blue limestone bed, has been stoped. 
It spreads from the west· side of the vein and 
ranges from . horizontality to a dip of 30° W. 
Ore from the bottom of this shoot has been 
followed in a wi~e down aN. 45° W. dip to a 
point 51 feet above the north end of the 330-
foot level. The ore from the 70-foot level 
down to the bottom of this winze, a vertical 
distance of 209 feet, is practically free from 

TINTIC STANDARD MINE. 

Location and general jeatures.-The Tintic 
Standard mine lies just.east of that of the East 
Tintic Development Co. and extends about a 
mile from north to south and less than half a 
mile from east to west. The old shaft, near 
the west side of the property, is about 1,500 
feet east-southeast of that of the East Tintic 

1 A specimen received in January, 1918, from new works approxi- _ 
m.ately in line with. a downward continuation of the vein shown in 
figure 44 consists of enargite, tetrahedrite, arid pyrite with quartz and 
barite. This may indicate a further change of mineral contents in this 
-y-ein similar to that in the main ore zones of the Tintic district. 
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Development Co. It is 1,000 feet deep, with 
drifts on the 400, 700, 1,000, and "1;200" foot 
levels, and inclined winzes extending from the 
1,000-foot down to the" 1,200-foot" level, and 
from the" 1,200-foot" down to the" 1,600-foot" 
level, 1,300 feet below the cdllar of the shaft. A 
new shaft, across the gulch tb the north of the 
old shaft, was completed to a depth of 1,260 feet 
in 1917, and a connection was made with the 
principal stope on that level. This shaft will 
greatly facilitate handling of the ore and will 
improve the ventilation of the mine, which has 
heretofore been so poor as to impede working. 

At the surface the Packard rhyolite and the 
underlying bed of rhyolite tuff rest upon the 
Teutonic limestone. The underlying shale is 
either exceptionally thin at the shaft or is 
locally eliminated by obscure faulting; for 
the shaft is said to extend for about 650 
feet through limestone of prevailingly shaly 
character and then to pass through a· small 
thickness of shale and to reach at a depth 
of 670 feet the Tintic quartzite, which per
sists to the t",OOO-foot level and beyond. 
The northwest dip of the . strata brings the 
quartzite ~nd shale contact to the 1,000-
foot level along the northwest drift. There 
is a pronounced seepage of water from the 
shale, but permanent ground-water level has not 
been reached. At the 70Q-foot level the shaft 
passes through a faulted anticlinal axis of 
northeasterly trend, the strata dippmg 20°:_25° 
to the southeast and northwest. The shale 
exposed on the 700-foot level is only 20 to 
25 feet thick and is greatly kaolinized. Two 
decomposed rhyolite dikes have been cut, one 
near the shaft on the 700-foot level and the 
other near the north end of the 400-foot level. 

An easterly fault zone with down slip to 
the north extends along the gulch just north 
of the shaft. A strong gossan-stained quartz 
outcrop lies in or closely parallel to this fault 
zone on the north wall of the gulch. A few 
prospect holes have been dug along it, but no 
promising quantities of ore have been found. 
L~J/r workings.-The principal ore zone is 

along'the contact of quartzite and shale, from 
the 1 ,000-foot down to the "1 ,600-foot" level, 
about 1,300 feet below the collar of the shaft. 
The northeast drift of the 1 ,000-foot level, 

. reached by a northwest crosscut from the shaft, 
follows the quartzite and shale contact, which at 
short intervals is offset froni a few inches to 3 

.I 
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or 4 feet by vertical slips of northward trend. 
The shale is soft and partly kaolinized, re
sembling decomposed rhyolite porphyry. The 
ore forms small pockets or bunches along the 
contact, mostly replacing the quartzite but 
also replacing shale to some extent. The first 
shipping ore was found late in 1913 on the 
1,000-foot level about 950 feet north of the old 
shaft. About 40 tons was shipped, netting 
over $40 a ton. The silver ·content, which was 
low elsewhere on . this level, was high at this 
place, but thorough alteration of the rocks pre
vented recognition of any fissures in connec
tion with the higher-grade ore. 

The ore on the 1,000-foot level is principally 
galena, accompanied by minor amounts of very 
fine grained pyrite, zinc blende, and tetra
hedrite. The galena consists of fine irregular 
to cubic grains and around small vugs forms 
cubes with truncated corners. Specimens of 
galena in shale show a finely · streaked or 
feathery texture resembling that of the sulph
antimonite jamesonite, but blowpipe tests 
failed to detect any antimony. The pyrite 
occurs in minute scattered grains and in small 
linear streaks. The zinc blende forms scat
tered grains inclosed in galena or pyrite. It 
is so fine .as to escape detection in most speci-· 
mens but is readily found in thin section. 
Tetrahedrite mixed with galena and pyrite is 
prominent here and there, especially along the 
southwestern part ·of the drift, where it .forms 
a streak 2 to 6 inches thick and is said to assay 
as high as 80 ounces of silver to the ton and 22 
per cent of copper. The gangue is chiefly 
quartz with varying amounts of barite. The 
barite appears to be most abundant where the 
copper minerals are conspicuous. The quartz 
is not prominent in the highest-grade ore 
specimens but in thin section is seen to coni
prise over 50 per cent (by volume) of the whole. 
In character the quartz ranges from quartzite 
with the original sand grains showing secondary 
enlargement to recrystallized quartz with dis
tinct prismatic outline. The ore minerals occur 
largely as a continuous network in the ip.ter
stices among the sand grains and in places as 
small solid · masses completely replacing the 
rock. In the shale the ore and gangue minerals 
lie mostly in openings along the lamination 
planes and minute cross fractures, but they 
replace the rock to some extent. Where it is 
replaced the ·shale, originally composed for 
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tp.e ~ost part 9~ micro~e<)p~c quartz and ~eri- walls . of the stope, the smithsonite had . been 
cite, _ has ~hanged . to .. a mass of . y~ry ~e forme4 by the replacement of a sm,aU: lens of 
gT~ined, ·:practically . b~rreJ). q11~rtz.. The ~~c lime~tone just abQve the quartzite_ . . 
bl~nde,_ galen~, and parite are cqnfined to I the Fro.m this !3tope the ': 1,200-foot" level was 
fr~ctu:r;es or,, th.~ ro~k im~ediately adjacpnt. extended east~ard for about 1.50 feet along 
The py;rite, ;4owever, is scattered all throfgh the ~eralized contact of quartzite and shale, 
the shale, · .as single granules and as minute which consisted, as· elsewher~, of yellow and 
fracture fillings. . . \ brown stained quartz, with a. low content of 

·Partial o~d-ation has developed cerusite nd galena- and cerusite. .Wl;lere indications were 
.locally mala~hite and azurite, also. more .or , ess most promising along a mtl-rked fissure zone 
limonite and ~ · little ~alcite. Some bunche of trending about N. 25°. E. another winze was 
lea'd ore are entirely changed to cerusite. e sunk along the dip fo.r 380' feet to the "1,600-
winze, which follows the contact down to the foot" level (1,300 feet below the collar of the 
" 1 ,200-foot" level, has shown the ore bunche to shaft), and an east drift, the " 1 ,550-foot" 
c~ntinue to that depth, but none large eno gh level, was run from it 330 feet down the incline 
to constitute shippmg ore have been found. A from the "1,200-foot '' level. At the top of 
showing of zinc ore is said to have been fo nd this winze, called the lower winze, . a small 
in this winze. shoot . of copper minerals, similar to those on 

The high-grade ore on the 1,000-foot 1 vel the 1,000-foot level, was mined, the ore con
was ' followed by an. inclined winze down he taining 0.025 ounce of gold a:p.d 17.6 ounces .of 
dip for about 70 feet to the" 1,100-foot" le el, silver to the ton, 10.1~· per cent of copper, 50.0 
where short drifts were driven in ore for 4 to per cent of insoluble matter, . and J3.2 per cent 
50 fe~t on each side of the winze, yielding t~ee of iron. Small bun.ches. of coppe~ minerals 
carload shipJ;Ilents. About 70 feet far~~er were found for some distance. along the incline. 
down the winze and 15 feet above the "1,200- ' A s}lort distance above the "1,550-foot" 
foot" level another shoot, 50 feet long and 10 level the dip steepen~, taking the quartzite 
to 15 feet .wide, was mined, t\1-e stope tren · g below the floor of the .winze~ On the "1,550-
about N. 25° E., or about parallel to the re- foot" . level silicified -shale and perhaps shaly 
vailing system of .. D;ortherly fissures. re lin;1estone, more o:r; less brecciated and iron 
shlpped from this stope and the "1,100-fo 1 t" stained, are. prominent along fractures: This 
level was considerably oxidized. It contault~d material was mined along the drift for about 
0~06 _to.· O.H~5. ounce of gold and 5.05 to .7 100 -feet and eontained 0.01 to 0.02 ounce of 
ounces of silver to the ton; 18.7 to ·35.65 er gold and -8.80 to 17.05 ounces of silver to the 
cent of lead, 26: 75' to 52.5 per cent of insolu le ton, 2.65 to 16.90 per cent of lead, and 0.20 to 
ID:atter, 1.2 to 4.55 per cent of sulphuJ.:, and _.9 0.37· per cent of copper~ . Ret;urns on one ship
to 14.7 per cent of iron. The gold content in ment having average lead and silver content 
this ore is con~iderably higher than that in re showed 64.6 pe;r cent of silica, 3.10 per cent of 
at lower levels and may signify a small deg ee sulphur, 9.8 per cent of iron, and 1 per cent of 
of enrichment. The ratio ounces of silver to zinc. In thoroughly oxidized material along 
per cent . of lead i~ lo~' ranging from 0.19 to northerly fissures and minor . fractures as high 
0.27, _ the qua:p.tity of silve:r; varying direc y, as 400 ounces of silver to the ton, partly in the 
though not uniformly,-with that of lead. form of wire silver, was reported. The silver 

At the " 1 ,200-foot" level the winze ente ed in this ore is most abundant whe.re lead is least, 
a small shoot of oxidized zinc ore, which ha a and th~ wire ~ilver in oxidized material ~igni
maximum thickness of 6 feet, thinning both to fies enrichment. 
the east: and ~o the west, ~nd which yield.eq a This siliceous ore as a whole consists of dark
carload shipJD.ent. The ore still shown in the gray dense quartz, with _ very fine, evenly 
east faee o.f the ~tope is br~wn fine-grained scattered , grains of pyrite .and with ·thin 
s~i~hso;n_te that contains ili~sy vugs and is streaks of galena and cerusite along original 
similar to. t:P,e "brown ~inc" ore of the May bedding planes. Microscopic sericite is in 
Day~ Yankee, and Gemini mines .. It is said to places sufficiently ablilld~nt to lender the rock 
~ontain an average of. 3.3 per cent of zin.c. So a little softer than steel. In . thin sections it 
far as , co~ld be det~rmined in the iron-stained appears as a :f4le-grained felt like mass of quartz 
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and .sericite, with thickly disseminated pyrite, 
~ontaining parallel bands of, galena and rela
tively coarse prismatic grains of qua:r;tz. The 
galena is i.n ,part replaced by cerusite, which is 
accompanied by a little kaolin. _The quartz 
and shale of the pyJ.itic portion may · be in
terpreted as· mostly a recrystallization of the 
constituents of s}lale or shaly limestone, but 
the predominance of quartz also indicates an 
ad-dition of silica. A specimen of the brecci
ated rock consists of inclusions of silicified shale 
as muoh as. half an inch in diameter slightly 
impregnated with extremely fine grained py
rite, in a siliceous rna trix of less fine grain con
taining pyrite, galena, and a little barite. In 
thin sections the inclusions consisted mainly 
of very fine grained q-q.artz, sericite, and pyrite, 
with here and. there a relatively large; partly 
.developed crystal of quartz. The matrix con
sisted mainly of coarser grains of the same 
miner~ls, _ the quartz mostly in rather well 
developed crystals and the sericite partly 
segregated into tuftlike aggregates. Pyrite 
as a whole presents distinct crystal boundaries 
but incloses and.is intergroWli to some extent 
with quartz and sericite. . The galena s4ows 
similar relations to quartz · and sericite, b~t 
has only irregular outlines. The barite · foi;'Ills 
typical tabular crystals of synchronous growth 
with so.me of the quartz, but also cut and re
plaoed by veinlets · of q~a:rtz and se:ricite. 
These ,relations of the minerals to one another 
are generally similar to those in the main ore 
zones of the Tintic district. 

The siliceous body just described in part 
overlies the pr.mcipal stope of the miife, opened 
just west of the bottom of the winze on the 
"1,600-foot" leveL This stope when visited 
(Dec. 11,' 1916) was of rectangular outline, ex
tending 110 feet in a northerly and 60 feet in a 
w~sterly direction, and was 12 to 14 feet high, 
with ore still showing in the roof and on the 
east, ·west, and south sides. Its southeastern 
part · had been extended beneath the winze. 

The north f~tee of . the , stope consisted of 
silicified shale beds dipping southward at a low 
angle and indicating a local shallow trough
like structure. No trace of quartzite was 
found, even at the south end of the stope, and 
it is therefore inferred that a cross break or 
easterly fault exists between the south end of 
the stope and the point where the quart_zite 
disappears below the floor of the winze, · its 

exact position concealed by silicification. Such 
a fault in the quartzite may be r~pre~ented by a 
flexure or ''roll'" in the shale. Besides this 
fault and the iwrthe!lY fissure zone followed by 
the winze, two other northerly fissures were 
noted in the stope. The ore shoot appears to 
owe its existence, therefore, to the opening up 
of the strata whe:re tl}.e northerly fissures inter
sect the easterly fault. , 

The orein the main stope consists of alter
nating layers of hig. -grade and low-grade 
galena. A little high grade cerusite was ex
posed in the roof of th stope. The h~gh-grade 
layers evidently replac d shale along the more 
open bedding planes nd doubtless replaced 
any beds or lenses of · estone that were pres
ent in the shale. No emnants of unreplaced 
limestone were found. The high-grade galena 
consists of aggregates f grains 3 millimeters or 
less in diameter, in w ich are scattered lenses 
from half an inch to 2 i ches long of fine-grained 
galena. There is not ing to indicate that the 
fine-grained galena w s deposited later than 
the_ .coarse. The fine grained galena is also 
associated with small crystals of barite and 
pyrite at. the ~orders f the high-grade layers. 
Only. a very little pyri e and gangue are found 
within the high-grad g1,1lena. Polished sur
faces of the g1,1lena a seen under the micro
scope to inclose scat ered minute -crystals of 
pyrite and droplike or rregular grains of argen
tite, none of which s owed indications of _sec
ondary origin. A few specks of an unidentified 
mineral with lighter- ay surface than argen
tite were also noted. 

A thin section of e gangue showed it to 
consist of barite in t ical crystals, with fine 
fringes of sericite, hich separated it from 
galena. A little seri ite was. inclosed in the 
galena, but quartz w s inconspicuous. 

The lower-grade lay rs represent the less per
meable beds of shale. In places these layers 
consist of thin parall 1 streaks of galena and 
cerusite along beddin planes in a partly de
composed pyritic sh e showing small white 
spots of kaolin. Th se spots have some re
semblance to phenocr sts of feldspar in altered 
porphyry, and this v riety of the ore has ac
cordingly been term d "porphyry ore. " No 
true porp4yry has b en found in or near this 
stope. Thin section of this shale or '' por
phyry" show it to consist of fine-grained quartz 
and sericite accompanied by very fine grained 
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pyrite and partly developed crystals of quartz. with little galena. A little zinc blende is 
These quartz crystals form the greater. part of also present. The tetrah~drite and barite are 
the "porphyry ore" and are accompanied by said to disappear and galena and pyrite to be
pyrite and layers of galena. Sericite is con- come more prominent at a dept~ of 1,220 feet. 2 

fined to the less silicified remnants of shale. The ore in the lower workings of the Tintic 
Weathering processes have changed pyrite to Standard mine is generally similar in metal 
hematite and limonite, galena to cerusite, and content to the silver-lead ore in the Iron 
the remnants of shale to kaolin. Blossom zone between the Spy fault and the 

The principal metal content of ore shipped Yankee mine, and in the Eagle and Blue Bell, 
from this stope up to December 8, 1916, ranged Chief Consolidated, and Gemini mines of the 
as follows: Gold, 0.01 to 0.016 ounce to the western ore zones of the Tin tic district. The 
ton; silver, 8.4 to 33.25 ounces to the ton; and relatively higher silver-lead ratios in the ore 
lead, 9.60 to 37.35 per cent. Other constit- on the "1,600 foot" level indicate that it is 
uents determined in a few shipments ranged in or near a main. channel of ore deposition, 
as follows: Copper, 0.15 to 0.20 per cent; zinc; whereas the lower ratios on the "1,100-foot" 
0.40 to 1.30 per cent; insoluble matter, 38.20 and" 1,200-foot" levels suggest a _more remote 
to 61.5 per cent; sulphur, 0.45 to 9 per cent; position. The site of intense ore deposition in 
and iron, 9.05 to 16.3 per cent. this part of the mine is evidently the intersec-

The ratio ounces of silver to per cent of lead tion of the easterly fault with the quartzite
varies widely, from 0.41 -to 1.38. The silver shale contact and with associated northerly 
content up to 20 ounces to the ton varies for fissures. The ore solutions doubtless rose 
the most part directly, though not uniformly, through the quartzite along northerly fissures 
with that of lead. As the silver content rises .in this vicinity, as in the Tintic district to the 
above 20 ounces to the ton the lead content west, and spread where these fissures were in
tends to decrease, though not uniformly. terrupted or tightened at the quartzite-shale 
These data suggest that a silver content in contact; but the opportunity to deposit com
excess of 20 ounces to the ton may be due in mercial quantities of ore in these relatively 
part to enrichment, but no proof of enrichment, unfavorable rocks was afforded only wher,e 
either megascopic or microscopic, could be es- disturbance along the easterly fault had ren:. 
tablished•in the ore available for examination dered the rocks more permeable. The ore 
by the writer.1 body found in the new shaft is presumably, 

Since the writer's last visit to this mine, in like that in the East Tintic Development vein, 
December, 1916, the new or northern shaft, a replacement vein deposited where solutions 
having three compartments, has been com- worked their way through a muc;h shattered 
pleted to a depth of 1,300 feet. According to part of the shale into the overlying limestone. 
Mr. ·E. J. Raddatz, manager of the mine, the Further developments in this part of the mine 
upper 525 feet of this shaft is in porphyry (rhy- should afford interesting data regarding the 
olite), and the remainder in "Mammoth" occurrence and distribution of ore shoots. 
(doubtless Middle Cambrian) limestone. Ore Upper workings. -A small bunch of ore is 
was struck in this shaft at a depth of 1,174 feet said to have been found along the quartzite 
and continued beyond the. bottom of the shaft. and shale contact on the 7oo-foot level. The 
This ore is associated with a fissure striking 
about N. 10o E. and dipping 80o E. A suite of southeast drift on this level passes obliquely 
ore samples from the shaft were sent to the across an easterly fissure, probably a fault, 
writer by Mr. Raddatz. One from a depth -of along which small pockets have been dissolved 
1,180 feet consisted of fine-grained galena and in the quar~zite. The pockets are imperfectly 
tetrahedrite with a little pyrite in a gangue of lined with small, poorly formed quartz crystals, · 
barite and cherty replacement · quartz. Four 21n January, 1918, a new ore body had been opened on the 1,260-foot 

. specimens from a depth of 1,250 feet range level, close by the new shaft, for a length of 60 feet. It has yielded 
from fine-grained massive galena with very· some very rich ore, 2 carloads averaging 90cents in gold and 333 ounces 

of silver to the ton, 10 per cent of copper, and 4 per cent of lead. 
little pyrite to fine-grained massive pyrite Picked samples have assayed over 1 ounce of gold and 2,000 ounces of 
------------------- -silver to the ton. In specimens sent to the writer the primary ore 

1 The value of shipments from this stope was sufficient to put this minerals are tetrahedrite, enargite, pyrite, and galena; the secondary 
mine in the group of dividend payers in 1917. minerals are native silver and copper, malachite, azurite, and chalcocite. 
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and some · are said to have contained a little FUTURE OF THE EAST TIN-TIC DISTRICT. 

copper mineral. _ 
0 h f 

. . By G. F. LoUGHLIN. 

n t e 400- oot level a northerly fissure in 
shaly limestone has been cut about 375 feet Work in the Tintic Standard and East Tintic 
due southeast of the shaft. Where followed it Development mines has proved that ore has 
is slickensided and generally tight but contains ?een deposite~ there in considerable quantity 
small streaks of galena mixed with an incon- In rocks that Ill the Tintic district proper lie 
spicuous quartz gangue. west of the four ore zones and are regarded as . 

On the north drift of the 400-foot level, 50 to 90 relatively unfavorable for ore deposition. J£he 
feet north of the eastward-trending gulch and mild degree of metamorphism in the limest0ne 
under the quartz outcrop, is a considerable body le~s than a mile south of these mines-, together 
of brown iron and black manganese oxides mixed ~Ith ~he presence of dikes and small irregular 
with kaolin. It has replaced the sh~ly lime- 'intrusiOns of monzonite porphyry, indicates a 
stone along a fissure. It extends on both sides minor intrusive center there as the most 
of the rhyolite dike, which is cut by the fissure. probable source of the ores in the East Tintic 
The dike, though kaolinized, has not been con- district. The solutions from this source, how
spicuously stained by iron or manganese oxides. ever, had to ascend through the Cambrian 
A little qua~tz ?r silicified limestone along the quartzite before reaching the limestone, whereas 
fissure remams unreplaced. The replacing min- In the Tin tic district proper they passed from 
erals are not sufficiently separated to make ore the main monzonite mass directly into the 
of shipping grade. In other respects the body limestone. Owing to the nearly horizontal 
~s of the same general character as the Dragon position of the sedimentary rocks in the East 
iron deposit. Tintic district, the shale formed an effective 

A striking feature of the mine is the high barrier to the ore solutions that rose through 
temperature (93° F.) of the lower workings and the quartzite, and owing to the low degree of 
the presence there of a gas of more or less sul- permeability of both these rocks the solutions 
phurous .odor. The level to which this gas tises . spread along the quartzite-shale contact, form
ill the rome fluctuates with the barometric pres- ing fo: the most part thin layers of low-grade 
sure. Air is forced into the mine for ventilation. ore, With local small bunches of high-grade ore. 
~en the barometric pressure is high thel gas Only where the rock was sufficiently shattered 
Is kept at the floor of the 1,000-foot level but at the intersection of northerly fissures with 
when it is low the gas may rise as far a~ the ~asterly faults or cross breaks was ore deposited 
collar of the shaft and prevent working! for m large shoots along or near the contact. 
hours or even days. No gas was struck Nntil ~ere fissuring was sufficiently strong to 
the ·shaft was sunk into the quartzite. 1The afford passage upward through the shale the 
only reasonable explanation based on available solutions reached the limestone; but the llme
data seems to be that oxidation of the pyrite stones ·above the shale are not· so favorable for 
which is disseminated through th~ shale, ~up- ore deposition as the limestones that contain 
plemented by the sulphide minerals in ore the main ore zones in the Tintic district. Ore 
bunches, has left an exc~ss of nitrogen and has in commercial quantity, however, as shown by 
generat~d he~t and .sulphurous anhydride.,. I also the East Tintic Development vein, and perhaps 
s.ulphuriC aCid, ~hich would react with any also by the ore in the new Tintic Standard 
limestone layers m the shale and generate car- shaft, was deposited along pronounced fissures 
bon dioxide. The impervious character of the especially at their intersections with eros~ 
shale would tend to ~eep these heavy gases breaks and local replaceable beds, and detailed 
fro~ ascending and would force the~. to ac- work with a view to locating the principal fis
?umula~e in th~ quartzite. The presence of sure z?nes an~ the purest limestone beds may 
rron oXIde deposited by water seeping from the result ill the discovery of additional ore bodies. 
shale, the corrosion of pipes ·and rails in! the The solutions on passing through the shale 
dr~ft, and effior~scence on the walls and on were not only depleted of part of their metal 
dried shale specrmens of iron, aluminum,l cal- content but were cooled and diluted with waters 
cium, and alkali sulphates all lend support to already in the limestone, factors which lessened 
this explanation. th · _ err power to form extens~ve replacement 
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deposits: . ·-such solutions m'ay travel con8.ider- through :thE; South Swansea shaft. ~~ p~ig
able distances ~thout finding a favorable inal Swansea mine, . according tp the earlier 
place t_o deposit ore and may therefore give . report,1 was productive fro~ the earlies't ti,mes 
rise to small scattered shoo.ts remote from the up to 1896 in a more or less satisfactory manner 
source of mineralization instead of continuous and since 1896 has yielded a large .amol!llt of 
ore bodies. Such scattered deposits · are char- · argentiferous . galena. The earliest work was 
acteristic of other parts of Utah where similar .done in the oxidized zone, which wa8 rich in 
conditions existed and may be expected in the silver and lead carbonate to a .depth of250 feet. 
limestones of .the East Tin tic district .. for some The mining was carried on1 for the most part, in 
miles northward from the present . productive· the turniels and winzes north of the shaft. _At a 
mines. Ore. characteristic of such solutions depth of 250 feet barren pyrite was met, and 
is comparatively low in silver, arid its deposi- practicaUy all work ceased. In the spring of 
ti_on is accompanied by relatively little silicifi- 1896, however, at a depth of 350 feet, argentif
cation. erous galena and lead· carbonate were found 

The finding of new ore bodies obviously de- which; to judge from the mine map, lead to the 
pends in large part on a detailed study of the largest shoot (see. fig. 45) in 'th~ entire workings 
district . to locate the principal miner-alized of the consolidated J;llines. The histqry of. the 
northerly fissures and cross breaks, the quartz- original So 11th Swansea · ~ine follows closely 
ite-shale contact, and .. the more replaceable that of the Swan~ea. There . _was an early 
limestone beds. It should be-borne in --mind, pm;iod when ores of con~iderable value .were 
however, that mineralized fissures in outcrops taken from the oxidized zone, th(m ·.a 'period of 
of limestone, and especially in the rhyolite area, idleness covermg many years, and. finally the 
may be a long way _from depm~its of commercial striking of rich ores below the barren pyrite 
size . and not directly connected · with . such soon after they were found in. the Swansea. 
deposits. Reference to. the geologic map (Pl. I , Thellll:derground workings (fig. 45) consist of a 
in pocket) ·shows that the sedimentary rocks shaft 940 feet ' deep, with north,' and south drifts 
are disl~cated by easterly and northerly faults at various levels, , but the only · accessible work~ 
of considerable size_ and older than the rhyo- ings during the 'writer's v:istt 'were on the 700-
lite. There are strong chances, therefore, . of foot level, :which was beP,lg ope:rated under the 
miscalculating the depth of the quartzite-shale leasing system: A. station wa~ then being cut 
contact. · on the 940-foot level, and <:!rifting on that level 

When the .distribution of known ore zones in has · since been carri~d ,on. Data from other 
the Tintic . and East Tintic-districts and their workings are taken fr~m the . ea~lie:r: report.2 

relations to monzonite intrusions t;tre consid- Water was struck at. a depth o~ .650 f~et and in 
ered, it is reasonable to expect that at· least 19l'~ was raised by _·a steam pump instfl,lled on 
one more zone . may exist- between the East the 700-foot level. · 
Tin tic Development vein and the· Iron Blos- The wall rock is 'S~ansea rhy~lite down ap
som zone, but results of prospecting at shal., pro~ately to a depth. of 990 feet, below which 

Jow depths in this ar~a have thus far be~n the shaft ~s in monzonit~. :The ,contact dips 
negative. The existence of ore zones beneath . steeply westward. '. . 
the rhyolite east of the Tintic Standard zone . The vein has been worked through a hori
is also a possibility; but no evidence of min- zontal distance of 2,000 feet, from the Four 
eralization of the rhyolite sufficient -to serve as Aces shaft northward almost to the summit of 
a guide in prospecting has been noted. the ridge~ Its general trend, in the old Swansea 

MINES IN THE IGNEOus· ROCKS. grop.nd is N. 10°-15~ W., _but it .bends in places 
' to due north. Its dip as a rule 1s 70° W. to 90° 

SWANSEA MINES. but in places swings steeply eastward. In the 
1be Swansea mines, owned by the Swansea South Swansea ground it follows for the most 

Consolidated Mining Co., are just north of Silver part a northerly fissure dipping 85° W. to 90°. 
City, in the s~uthern part .of the quartz por- This fissure near its north end curves ·slightly 
phyry area . . The former _.Swansea. and. South eastward and joins aN. 55° ,W. fissure dipping 
Swansea, with the Four Aces and some smaller 
properties, are now consolidated and worked 

1 Tower, G .. W., jr., and Smith, G. 0., op. cit., p. 757. 
I Idem, pp. 757-759. 
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70 9 or· less 'to the northeast, along which the places·· sharp ·a1fd·in oth~ i 'p·oorly'. de:ffu.e.d,' ' t]):~ ' 
vein ·f3xtends ·and · connects with the ·Swansea vein matter grading hit · the . couritry rock. 
fissure. The · two main · portions of the vein The vein · matter consist of quiutz/ pyrite, 
overlap only slightly arid die out within a short galena, a little zinc blende; and . a vei-y 1ittle 
distance' beyond the cross fissure, leaving a bar- arsenopyrite, besides the. oxidation · products, 
ren clay seam. which are mostly limited to · the · 6oo:..fodt ·and 

Two short spur veins have been found 41 · higher levels~ ; The vein ininerais where;. seen 
the old Swansea ground. One is a vertical on the 700-foot level, and . elsewh~re, as de
vein on the 300-foot level 25 feet west of scribed in the earlier · report, 2_. are arranged 
the main vein, which· here dips east but which in hands. Some bands consist of quartz and 
before reaching the level above bends and fol- pyrite, massive or in well-formed crystals 
lows the spur vein fissure. The other is on the aroun<1: small vugs; others . are narrow bands or 
100-foot level, east of and parallel to the main lenses of almost solid pyrite. The well-formed 
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FIGURE 45.-Longitudinal section of Swansea vein. By :M. L. Crandall, jr. 

vein. A third spur vein, much larger than the 
other two, has been followed by the Four Aces 
inclined shaft. It leaves the main vein at the 
South Swansea 600-foot level and extends up
ward to the east ~t a 60° dip, the main vein 
sloping upward to the west at ~n 80° dip. The 
main vein below the junction dips 80°-:-85° W. 
to _ the lowest workings. Recent fractures 
trending N. 55° W. and N. 70° W. seen during 
the earlier survey 1 have ·faulted the vein 
slightly on the 400 and 450 foot levels. 

The vein thus. follows. a zone of linked and 
branching,fiss\[res. . Its average width is about 
3 feet, but it varies greatly, from a mere streak 
to as much as 10 feet. Its walls ·are . in some 

1 idem~ p. 759. 

·pyrite crystals are all pyritohedrons. Little 
or no galena is present in these strongly pyritic 
hands. Galena is concentrated into relatively 
few lenticular bands, some mingled with con
siderable pyrite and others nearly pure. 
Quartz as a rule is not conspicuous in the ga
lena bands. These bands, especially where 
marked by rows of central vugs, appear to lie 
along original fractures separated by vertical 
sheets of quartz porphyry now· .. partly or . com
pleteiy replaced by quartz and pyrite, but the 
broader bands have both filled open fractures 
and replaced intervening slabs · of wall rock. 
The bands seen on the 700.,.foot level were 
mostly only 1 inch to 3 or 4 inches wide, but at 

,., 
2 Idem, p. 758. 
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I 

the north end a body of ore (pyrite and galena) extended almost continuously along the sur-
2 feet thick and 20 feet long (vertical extent face for 600 feet or more and reached a maxi
not known) was being mined. A section made mum depth of 130 feet. The other shoot has 
across the vein on the 500-foot level of the old been stoped continuously from a point within · 
Swansea mine during jihe: earlier survey showed 40 feet of the surface to a maximum depth of 
18inchesofpyriteandgalena;18mc:qesofgalena 790 feet and through a maximum horizontal 
and quartz, 30 inches of ~yrite and quartz, 6! distance of 900 feet· between points 100 feet 
inches of galena, 3 inches of pyrite, and 3 inches north of the present South Swansea shaft and· 
of gal(ma. The only other minerals seen in the 500 feet north of the old Swansea shaft. The 
ore from the 700-foot level ·were · a few very general shape of the stope is that of a T, with 
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FIGURE 46 . .,--Cross sections of Swansea vein. By M. L. Crandall, jr. 

small crystals of arsenopyrite ( ~) and irregular 
grains of chalcopyrite. A little sphalerite was 
found during the earlier survey. No barite has 
ever been reported. Coatings of blue melan
terite crystals are now forming along the drift 
walls. 

The whole vein, according to the mine maps 
furnished by the company, consisted of two 
main shoots with several small ones. (See 
figs. 45_ and 46.) The northern of the two 
main shoots on the upper slope of the ridge 

the stem pitching 35° N. The smaller stopes 
in part lie just to the north. but mostly to the 
south of the second large stope. The northern 
stope and the upper portions of the southern 
stope yielded lead carbonate ore carrying con
siderable silver. The southern stope below 
the 350-foot level yielded mixed carbonate and 
sulphide ore, the carbonate diminishing down
ward and disappearing at ground-water level. 

The ores were originally sorted into three 
classes-galena and pyrite, pyrite, and carbon-
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ate; the last is now exhausted. The galena 
and pyrite ore, as stated in the earlier report, 
averaged 50 ounces of silver to the ton, 20 
per cent of lead, 30 per cent of iron, and 15 
per cent of silica; the pyrite ore, 25 ounces of 
silver, 7 per cent of lead, 38 per cent of iron, 
and 13 per cent of silica; and the carbonate ore, 
90 ounces of silyer, 40 per cent of lead, 20 per 
cent of .iron, and 12 per cent of silica. Smelter 
returns furnished by the company during the 
recent survey give the following figures: 

A shaft on the Iron Duke is 370 feet deep, with 
water level at 100 feet and a heavy fto.w of 
water, amounting to 4,000 gallons a day, on 
the 350-foot level. The Yankee Girl is under
stood to have yielded a considerable amount of 
oxidized ore. 

Farther east are the Cleveland, Murray Hill, 
Rabbit's Foot, and Primrose claims. The 
Primrose has a shaft 230 feet deep: 

About a .mile east. of Silver City are the Sun
beam, Undine, Lucky Boy, Joe Daly, and Tri-

Smelter returns on ore from Swansea mines. 

Lead. 

Gold. Silver. Copper. Speiss. Silica. Iron. Sui- Zinc. Lime. 
Wet as- Fire phur. 

say. assay. 

--- ---. 
Uunce. Ounces. P er cent. Per cent .'Per cent. Per cent. Per cent. Per cent. Per cent. Per cent. Per cent. 

Minimum ........ 0.01 12.4 0.0 2. 5 4.8 0. 9 10.8 23.5 19.0 0.0 0.0 
Maximum. __ .. _ ... . 08 48. 6 . 6 23. 6 21. 8 5.4 28.2 37.8 - 41.7 2.5 1.0 
Average of 15. _ ... . 03 30. 7 . 26 11. 6 13.5 2. 9 19.0 31.0 31.4 . 9 . 5 

The practical absence of gold in the presence umph claims, and a quarter of a mile southwest 
of so much pyrite is noteworthy. The silver of these lies the Shoebridge Bonanza. Several 
varies in quantity with the lead as a rule, but of this group have yielded ore during late years. 
some pyrite bodi~s are said to carry enough sil- The Sunbeam is the oldest mine in the· dis
ver to make ore. Of this class is evidently the trict and has been opened to a depth of 490 feet. 
ore mined on the 940-foot level since the writ- A strong vein has been followed for 4,000 feet, 
er's visit, which is reported (an .average for 60 the strike. being N. 2·5° E. and the dip steep or 
days' production) to run 0.03 ounce of gold ·and vertical. Just below the Sunbeam shaft the 
12.2 ounces of silver to the ton, 37 per cent of vein sends off a strong branch to the south. 
iron, and 12 per cent of insoluble matter. The_ The greatest width is 10 feet. The Sunbeam 
negligible amount of copper is striking, in con- vein has been productive throughout its length, 
trast to its abundance in other mines. The but no ores of high grade have been found below 
speiss evidently repr~sents the arsenic from the water level. · It is reported that the Sun
arsenopyrite, as no en~rgite has been recorded, beam mine alone, representing only about one
and its absence is confirmed by the almost total sixth of the length of ·the vein, has yielded over 
absence .of copper. The zinc, in sphalerite, is $500,000 in oxidized ore. Such a vein would 
irregularly distributed, but even its maximum ·seem to have possibilities in depth, but a very 
quantity is negligible . commercially. Calcite heavy flow of water, encountered at 490 feet 
and dolomite are practically absent in the stopped operations. 
gangue. 

OTHER PROPERTIES. 

In the earlier report mention is made of a 
number of properties which now are mostly idle 
and the workings of which are largely caved. 
The following notes are taken largely from that 
report. 

South and east of the Swansea are the Four 
Aces, Park, Silver Bow, Monterey, Iron Duke, 
and Yankee Girl properties. The veins are dis
tinct, but so far little ore has been extracted. 

104355°--19----17 

The Undine vein has been developed to a 
depth of 350 feet and is traceable on the surface 
for nearly 2,000 feet. The vein strikes north
east and-dips 50°-80° NW. 

The M·artha Washington, King James, and 
Brooklyn are situated north-northeast of the 
Sunbeam, just south of the contact. From the 
Brooklyn claim mainly limonite had been 
shipped, occurring on the contact (p. 258). The 
Martha Washington and a number of parallel 
veins are traceable almost up to the contact, 
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but none of them have been followed across it. 
The Martha Washington vein is traceable with 
interruptions for 3,000 feet south-southwest to 
the Triumph. The Martha Washington shaft is 
350 feet deep, and the ore, to judge from the 
dump, contains much massive pyrite and some 
enargite. 

Near Ruby Hollow, in the southeast corner 
of the area shown on Plate IV (in pocket), are 
several prospects on veins in the white altered 
monzonite porphyry. The N~w State prop
erty has four veins, none of them over 2 feet in 
width, which strike northeast and dip 60° W. 
The ore is siliceous and contains tetrahedrite 
and chalcopyrite. 

In the Diamond district, south of the area 
shown on Plate IV and about 2! miles south
east of Silver City there are a considerable num
ber of prospects, but few of them are worked at 
present. The veins contain pyrite, enargite, 
and some galena in a siliceous gangue; they 
trend north or north-northeast. At the Treas
ure Hill mine, which is said to have produced 
large· amounts of ore in the past, the sulphide 
zone was found 250 feet below the collar of the 
shaft. Below this not much·progrGSS was made 
on account of heavy water. The Homestake 
mine has likewise produced much ore during the 
early history of the district. Its ores carry 
both gold and silver, with enargite and galena. 
The oxidation extends to a depth of about 200 
feet. 

The Treasure Hill mine has a shaft 225 feet 
deep. The vein has the unusual strike of N. 
30° W., dips northeast, and is 2 to 4 feet wide. 

The Old Susan mine, owned by the Old 
Susan Mining Co., is on a low westward-sloping 
spur about 2 miles south-southwest of Diamond 
and 1 mile S. 53° W. from the western summit 
of Sunrise Peak The mine has been worked 
intermittently for several years, and. from 1909 
to 1911 was operated under a "lease. · The ore 
shipped has contained lead and silver and occa
sionally some gold. The work has evidently 
been carried on wholly by hand. The under
ground workings include, besides an old open 
cut, a shaft, a tunnel trending S. 40° E. and 
cuttmg the vein at a depth of 317 feet, two 
crosscuts, and stopes in the vein above the 
tunnel level. No ·water has been met. The 
ore mined, which at present is sandy lead car
bonate, is sent down to the tunnel level through 
a chute, trammed to the surface, screened, and 

hauled by wagon to the railroad at Silver City, 
4 miles away. The shipping ore has run 8 to 
17 ounces of silver· to the ton and 25 to 40 per 
cent of lead. 

The country rock is the monzonite porphyry, 
which is intrusive into the tuff and agglomerate 
of the Volcano Ridge mass. The intrusive con
tacts exposed in the tunnel are vertical. The 
vein, so far as mined, lies wholly in the mon
zonite porphyry. 

The vein crops out along the top of the spur, 
with a N. 52° E. strike and vertical to very 
steep northwest dip. It has been stoped con
tinuously from close to the surface down to a · 
depth of 100 feet or more and in its widest 
part is from 15 to 30 feet wide. The walls in 
the few places that could be examined closely 
were stripped clean of ore, and the. only un
oxidized materials found were a few fragments 
of galena-pyrite-quartz ore of the Swansea · 
type. The relation of the vein to wall rock, 
whether sharply defined or gradual, could not 
be studied. The ore thus far mined, to judge 
from the ore pile, is thoroughly oxidized to 
sandy lead carbonate and limonite. Lumps of 
low-grade or barren quartz are removed by 
screening. The vein !llatter exposed in the 
tunnel consists of kaolinized porphyry and 
quartz, both sprinkled .with pyrite and both 
brecciated. No galena was seen on the tunnel 
level. 

IRON-ORE DEPOSITS ALONG THE CONTACT. 

DRAGON moN MINE. 

Along the contact qf limestone and mon
zonite south and southeast of Mammoth there 
is a great deal · pf surface oxidation, and. the 
limestone contains irregular bodies of limonite, 
kaolin, and jasperoid. Some such small de
posits are found near the Black Jack shaft, bu,t 
the largest mass is on the property of the 
Dragon Consolidated Mining Co., usually 
termed the Dragon iron mine. 

The mine, which is described in part in cop.
nection with the Iron Blossom ore channel 
(p. 245), lies along the railroad track 2! miles 
east-southeast of Mammoth, at an altitude of 
6,800 feet. At the surface the mine is an open 
pit about 200 . by 7 5 feet. Tower and Smith · 
state that it was being worked in 1897 as an 
open cut 200 feet deep, the ore being loaded on 
teams and hauled out of the open cut to the 
surface through large tunnels. In 1911 the 
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pit was really deeper,'in part, for on the 300-
foot level of the shaft a drift opens to daylight 
into the pit. A vertical shaft has been sunk 
since 1897 to a depth of 1,065 feet for the 
development of both iron-ore and vein deposits 
of the property. 

The country rocks are altered latite and mon
zonite porphyries and metamorphic limestone, 
including the Ajax and Opohonga. The lime
stone surface pitches steeply southward be
neath the ble~ched, altered porphyry. No cer
tainly intrusive contact at or near the surface 
is known east of the northward-trending monzo
nite contact that lies 750 feet west of the shaft. 

The eastward-trending contact of limestone 
and monzonite, which is here difficult to trace, 
appears to extend directly across the pit. · It 
dips southward and goes below the 300-foot 

·level, though the shaft passes into the limestone, 
which continues downward. A vertical drill 
hole that extends 996 feet from the bottom of 
the shaft is almost wholly in limestone, passing 
into monzonite 6 feet from its bottom. An
other vertical drill hole 726 feet deep in the 
gulch east of the Brooklyn shaft passes through 
the porphyry into limestone that is cut by three 
apophyses of monzonite porphyry. A horizon
tal drill hole on the 600-foot level has proved 
altered limestone to extend at least as far as a 
point 540 feet east and 225 feet south from the 
shaft. Another hole on the 600-foot level has 
proved it to extend at least as far as a point 
590 feet east and 500 feet south from the shaft. 
East and south drifts on the 800 and 1,000 foot 
levels pass out of the altered limestone into mon
zonite identical with that of the main stock. 

The great body of iron ore occurs in shoots 
which are of irregular shape but whose largest 
dimensions run approximately -east or north. 
They stand nearly vertical and are completely 
surrounded by a mass of hard kaolin (locally 
called ''talc'') which may contain consider
able free silica. The boundaries of the shoots 
are marked by minute branching cracks 
stained with brown iron oxide, which pene
trate for a short distance into kaolin, and by 
specks or small spots of the oxide, which im
pregnate the kaolin. 

The ore body of the pit is said to end just 
below the 300-foot level. On the 400-foot 
level was encountered another body of iron ore 
which appears to be a flat mass, ending ~ short 
distance below that level. The iron ore of 

both bodies is a compact limonite (perhaps 
with some hematite) with 55 to 57 per cent . 
iron and 4 5 per cent silica. · 

Much of ~he ore contains a trace of gold; the 
silver content is irregular, at most 2 ounces to 
the ton. Copper stains are rarely observed. 
Pharmacosiderite, an arsenate of iron, may be 
seen in places, but the quantity is insignificant. 

The ore bodies are surrounded by white 
masses of kaolin, which gradually becomes 
ferruginous and silicified and finally passes 
into limonite and j asperoid. The surveyors of 
the company state that the ore body is no,t 
magnetic, and the surrounding limestone cer
tainly contains no magnetite other than a f~w 
microscopic grains. 

Tower and Smith observed that the ore 
bodies in the pit stand nearly vertical and fol
low both northerly and easterly fissures, but 
from present exposures their attitude seemed 
difficult to ascertain with certainty. The same 
authors state that in the pit were also found 
isolated masses of copper-lead ore rich in 
silver, with a quartz and barite gangue. This 
statement confirms the observation that the 
Dragon vein crosses the open pit, and as these 
ore masses ''are almost invariably found in the 
plane of projection of this vein'' a justified 
conclusion is that they are simply parts of this 
vein which have later been surrounded by 
limonite. 

"The limonite [of the pit] is either in cavern
ous masses, having horizontally banded bot
ryoidal structure or in dustlike particles 
through the jasperoid."1 

An analysis of the iron ore by George Steiger 2 

runs as follows: 

Analysis of ore from Dragon iron mine. 

Si02··----·· ·~ -- - -~ 3.25 Ti02····------·· · ·· 
Al20 3 ••• • • • • • . • . • . . • 76 H 20 100- ........ . 
Fe20 3 ••••••••••••. - 80. 02 H20 100+ ........ . 
FeO.......... . ..... .·24 803 ••••••••••••••• 

Ca0 •..... : ........ 1 .42 8 .................. . 
MgO ............... I .30 P205···-··-------·-
Cu0. . . . . . . . . . . . . . . None. 
BaO •............. ·f None. 
MnO ............... Trace. 

None. 
1.71 

12.30 
. 47 
.10 
. 78 

100.35 

Under the as~umption that the impurities 
exist as free silica, silicates, phosphates, and 
sulphates, recalculation indicates an iron 
hydroxide conip?sed of 86.6 per cent Fe20 3 and 

1 Tower, G. W J, jr., and Smith, G. 0., op. cit., p. 766. 
2 Idem, p. 767. 
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13 per cent H20. Pure li'monite contains 85.5 
per cent Fe20 3 and· 14.5 per cent H 20. Con
sidering that a small part of the ferricoxide is 
.almost certainly combined with silica and sul
phuric acid, there is small probability of the 
presence of hematite, turgite, or goethite in the 
material represented by this analysis. 

The N. 72° E. drift on the 175-foot level, 
starting just north of the shaft, passes through 
white or nearly white kaolin to a point about 
140 feet from the large open cut. Here it 
passes through a zone full of stringers and 
patches of iron ore, which gradually gives way 
to a body of iron ore, with a minor amount of 
black manganese ore and a few large inclusions 
of kaolin. The iron ore is continuous to the 
bottom of the open cut. Similar large inclu
sions of kaolin are exposed in the north and 
northeast walls of the open · cut, and their ex
posed long dimensions as a rule are vertical. 
The north crosscut from the N. 72 ° E. drift 
passes through kaolin for most of the distance 
but also cuts a large block of impure crystal
line dolomite that closely resembles the meta
morphic portion of . the Opohonga limestone. 
It is bounded on the north by kaolin strongly 
impregnated with black manganese oxide 
(wad), and on the south, along a joint plane, 
by a mixture of kaolin and the iron and manga
nese oxides. The iron and manganese show a 
tendency to concentrate between the dolomite 
and kaolin. The dolomite block is brecciated 
in places, and cracks near its edges in the roof 
of the drift are streaked with the iron and 
manganese oxides. . 

Kat>lin seams in iron ore on the 400-foot 
level are said to be parallel to -the bedding. A 
similar structure is exposed on the surface in a 
railroad cut just northeast of the open cut
that is, near the edge of the iron-bearing 
ground-where certain beds of crystalline dolo
mite or limestone are partly replaced by brown 
iron ore. On the 600-foot level a horizontal 
drill hole has proved iron ore and kaolin in 
more or less altered limestone (or dolomite?) to 
extend southward for at least 125 feet from a 
point 540 feet east of the shaft. Another drill 

· hole on the same level has passed through seams 
of iron-stained kaolin from a point 330 feet 
south and 230 feet east to a point 500 feet 
south and 590 feet east from the shaft. The 
rock containing the kaolin is altered limestone 
which in places carrie's. much pyrite. These 

drill records appear to mark the lower ex
tremity of the ore body, whieh seems as a whole 
to follow the limestone contact beneath the 
porphyry. 

On the 800 and 1,000 foot levels the lime
stone is for the most part coarsely crystallized 
without metamorphic silicates or spinel.. The 
dips are low to the east, as shown on the maps, 
and as a whole are uniform. The original 
characters by which limestones were distin
guished on the surface are all obliterated by 
metamorphism. According to a calculation of 
thickness the limestones of these two levels 
should both be in the Cole Canyon dolomite, 
although certain specimens collected on these 
levels have a relatively high calcium contact. 

The co:q.tacts between limestone and igneous 
rock on these levels are all intrusive, and the 
igneous rock is monzonite of the type in the 
main stock, none of the possibly effusive types 
shown on the surface to the south and east of 
the Dragon shaft being represented. The con
tacts to the west end of the 800-foot level, in
cluding the south crosscut from the west end, 
are sharp and nearly vertic.al. The monzonite 
is somewhat impregnated with pyrite and con
tains considerable sericite accompanied by cal
cite and silica in microscopic grains. The con
tact in the south drift of the 800-foot level is a 
complex of monzonite apophyses and meta
morphic limestone inclusions for a distance of 
over 100 feet. Monzonite was struck on the 
1,000-foot level southeast of the shaft, as shown 
on the maps, one or two days after the visit in 
1914. The contact is s~arp and showed little 
evidence of kaolin and limonite.. The monzo
nite contains sdme disseminated pyrite. 

An interesting feature is the discovery of 
smaller masses of kaolin and limonite in west 
drifts on the 800-foot and 1 ,025-foot levels in 
the vicinity of the Brooklyn shaft, where 
bodies of the same minerals also appear on the 
surface. These bodies are still above the water 
level. This material is of the same character 
as the ·general run in the Dragon iron mine. It 
replaces the marbleized limestone, and the· . 
smaller exposures lie along distinct fracture 
lines. 

The Huntington tunnel, a short distance 
east of the James tunnel, extends for 45 feet 
through altered monzonite porphyry and then 
passes across a nearly vertical contact into 
white. kaolin, which for a few inches from the 
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contact is specked with brown iron oxide. A 
specimen of the kaolin from the contact gave, 
on drying, a small efflorescence of soluble white 
salt with the taste of alum. The kaolin con
:tinues to the end of the tunnel, at one place 
cutting across the bottom of a limonite body 
(fig. 4 7), which pinches downward about half
way from the roof to the floor of the tunnel. 
Irregular fractures, branching and crisscross
ing in all directions around the limonite, are 

FIGURE 47 .-Stringers of limonite replacing kaolin, Huntington tunnel. 

stained with the iron and manganese oxides 
which spread from the fractures into the kao
lin. A few · remnants of unreplaced kaolin 
still remain surrounded by iron ore, dupli
cating on a small scale the inclosed kaolin 
masses in the large open cut. 

BLACK JACK IRON MINE. 

The Black Jack iron mine, owned by the 
Black Jack Consolidated Mining Co., lies in 
metamorphic limestone about 500 feet due 
north of Diamond Pass, along the north end of 
an altered northerly dike extending from the 
monzonite mass. The ore is of the same char
acter as that of the Dragon iron mine and is 
mined mostly by open cut. A tunnel from 
the road west of the dike, 100 feet below the 
open cut, also penetrates iron ore; but the 

, deposit pinches out within the next 100 feet 
downward, as the 200-foot level from the 
Black Jack shaft, cut to prospect the iron-ore 
body, failed to find either iron ore or quart~, 
thua proving that the iron ore is a super
ficial deposit and not the gossan of a siliceous 
vein deposit. The open cut lies along the 
east wall of the dike. The dike is altered 
along the wall of the open cut to a kaolinized 

mass, which gradually changes into the ore. 
On the surface, at the top of the iron-ore 
outcrop, is a breccia composed of silicified lime-· 
stone fragments in an iron-stained matrix. 

At one of the small prospects about 450 
feet up the slope east of the open cut a bed, of 
the silicified rock forms a cap over a body · of 
yellow to red low-grade soft iron ore.. This 
ore, a mixture of iron oxide and white kaolin,. 
is replacing metamorphic limestone and has 
in places preserved the structure of the original 
rock. The metamorphic limestone below the
deposit and southward to the monzonite con
tact is the brown-weathering pyroxene-spinel 
rock crisscrossed by veinletspf white calcite. 
A thin section of this rock shows it to consist. 
of . enstatite, more or less completely replaced 
by serpentine and a little calcite, and green 
spinel, . replaced by ·brown iron oxide and 
kaolin. A little garnet, magnetite, and prob-· 
ably pyrite are also present, more or less. 
replaced by brown iron oxide. The weathered 
surface of the rock is well sprinkled with iron
oxide specks, which must represent for the 
most part spinel and also the garnet, mag
netite, and pyrite. The total iron present, 
however, is small and could scarcely account 
for even the small Black Jack deposit, not to 
mention the great Dragon deposit, without a 
vast amount of concentration. 

OTHER OCCURRENCES OF IRON ORE IN THE 
TIN TIC DISTRICT. 

' 
Other iron and manganese deposits of the 

Dragon type have been worked at the Iron 
King mine, and sinall deposits have been found 
in the East Tintic Development Co.'s mine, 
in the Tintic Standard mine, and on a claim of 
the Chief · Consolidated Mining Co. near Ho
mansville. · 

The Iron King mine is over half a mile east 
of the Colorado mine. The immediate wall rock 
is the Bluebell dolomite, which slopes southward 
beneath the bleached silicified early rhyolite. 
A little float marks the former presence of the 
Packard rhyolite, which once overlay the site 
of the mine. No intrusive rocks were recog
nized, although a few dikes may be present 
and c~oncealed by the general bleaching. 

The occurrence in the Tin tic Standard work~ 
ings is along the northwest drift on the 400-
foot level. The inclosing rock is dark-bluish 
limeatone. The ·iron-manganese-kaolin de-
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posit, of the Dragon type, lies along a north
westerly break. Here, as at the Iron King 
mine, the limestone was once overlain by the 
Packard rhyolite, but in this locality the near
est rhyolite outcrops show no widespread 

· bleaching. · The only surface indications of 
mineralization in the vicinity of the property 
are a few outcrops of silicified limestone. 

The East Tintic Development Co.'s works 
have exposed a similar deposit on the· 330 and 
500 foot levels. 

According to the earlier report 1 iron ore of 
the same kind occurs in the Sacramento work
ings, in lower Cole Canyon, but no description 
is given, and the mine is now idle. The same 
report also mentioned the iron ore of the 
Emerald property in this connection. (See 
p. 203.) 

The Chief Consolidated Mining Co. in 1916 
and 1917 made a few shipments aggregating 
897 long tons from a newly opened manganese 
deposit near Homansville. The ore contained 
from 38 to 42 per cent of manganese, 0.5 to 1.5 
per cent of iron, and 7 to 12 per cent of silica. 

GENESIS OF THE LIMONITE DEPOSITS. 

The . question of the origin of the limonite 
deposits described above is at :first glance 
puzzling. Several hypotheses might be con
sidered. The deposits are assuredly not 
residual, caused by the weathering of lime
stone, for the erosion has been vigorous and the 
bare calcareous rock is everywhere exposed. 
They are not caused by the weathering and 
oxidation in place of large pyritic bodies 
connected with the veins, for the veins appar
ently pass through the iron deposits and are 
not difficult to recognize. · The deposits are 
not oxidized contact-metamorphic ores, for 
although the Dragon iron mine is on or close 
to the contact there is no evidence in the 
adjoining limestone of anything more in the 
way of contact metamorphism than .a coarsen
ing of the grain or the development of ensta
tite and spinel, neither of which yields a note
worthy amount of iron on weathering. The 
contact of monzonite and limestone has evi
dently something to do with the deposits, but 
a different explanation from. those mentioned 
above must be adopted. 

The accessible portions of the iron mines 
are almost wholly in rock so . thoroughly de~ 

1 Tower, G. W., jr., and Smith, G. 0., op. cit., p. 689. 

com posed or replaced by iron ore and -kaolin 
that there is no opportunity to see the rela
tions of the ore to the surrounding· rock. 
Deposition by ascending waters was the view 
favored by Tower and Smith, 2 who suggested 
that iron leached from 'the bleached igneous 
rocks had migrated downward and risen again 
in thermal springs . that reached the surf ace 
along the limestone contact and deposited 
the iron in the form of limonite. They 
further stated that the structure of the ore, 
together . with the fact that it was limonite, 
showed that the deposit was made compara
tively near the surface by thermaJ springs; 
but deeper workings made since their report 
was written have- penetrated beneath the ore 
and found bodies of it to pinch out downward 
and to be underlain by altered limestone, 
impregnated in places by pyrite and cut by 
seams of iron-stained kaolin. They also 
suggested that the iron ore was possibly de
rived from the oxidation of pyrite, as indi
cated by the sulphur recorded in the analysis, 
but no evidence favoring the existence of so 
great a deposit of pyrite has been found. 

The limestone in the vicinity of the Dragon 
and Black Jack deposits is made· crystalline 
by cmitact metamorphism, but that near the 
others is not . . Only at the Black Jack deposit 
are contact-metamorphic minerals present. 
In the lower levels of the Dragon mine some 
of the limestone, however, contains sparsely 
disseminated pyrite. 

The field relations show with considerable 
certainty that th,e limestone is replaced by 
kaolin and limonite and that possibly in part · 
kaolin is replaced by limonite. A thin section 
of an altered limestone near the iron ore on 
the 400-foot level of the Dragon iron mine 
shows clear evidence of the replacement ~f 
calcite by kaolin.· · 

The igneous rocks also vary in composition 
and structure. That at the Black Jack is an 
altered monzonite porphyry dike; that at the 
surface of the Dragon is mostly altered latite 
or monzonite porphyry of probable effusive 
origin, which in the lower levels is replaced by 
intrusive monzonite; that at the Iron King 
is altered earlier rhyolite partly covered by a 
little Packard rhyolite, both effusive. At the 
other minor deposits the igneous rpck is 
effusive Packard rhyolite, not highly altered. 

: Idem, pp. 663, 690, 722. 
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In the discussion of the igneous rocks (p. 
65) it was shown that the effusive latites 
erupted "from the Sunrise Peak neck and per
haps from a vent over the present monzonite 
stock must originally have stood at a much 
higher level than now, completely covering 
the limestone areas, and that a possible maxi
mum · thickness of 3,000 feet had been eroded 
from the volcanic centers. The present main 
area and small outliers of the Packard r~yolite 
show that it, too, once formed a continuous 
cover, which, because it · has lain in a lower 
position than the latite and andesite series, 
has suffered relatively little erosion. The one 
original structural relation, therefore, common 
to all the iron deposits is that of a body of 
dolomite or limestone; altered or unaltered, 
overlain by volcanic rocks. 

During the period of vein formation the 
ore-forming solutions ascended through the 
limestone into the volcanic rock along certain 
main fissure zones, spread along minor frac
tures, and impregnated_ the rock for a great 
distance from the fissures, altering it to a 
quartz-sericite-pyrite aggregate. This-impreg
nation of the overlying volcanic rocks is shown 
reasonably well just south of the Dragon open 
cut, in the bleached outcrops which have been 
proved by mining and drilling to overlie the 
limestone and occupy a considerable area. 
The bleached character of the volcanic rocks 
is also continuous over an area. extending for 
half a mile northeastward from the Iron Blos
som mine to the Iron King, __ where these clearly 
effusive rocks overlie limestone. 

In all the places cited the altered volcanic 
rocks contain either disseminated pyrite or 
small cubic and irregular cavities marking its 
former presence, and, as indicated above, 
much of the volcanic rock had been removed 
by· erosion. 
· The monzonite porphyry adjoining the 
contact at the Dragon iron mine is a bleached 
light-gray or yellowish soft and earthy rock, 
but the grain of the porphyry and the dull
white feldspar crystals are clearly to be rec
ognized. Good examples of this rock are 
found in the new railroad cuts near the mine. 

Tower and Smith noted the alteration, de
scribed the rock, gave an analysis of it, com
pared it with the fresh monzonite, and found 
that silica was greatly increased, while lime, 
Iron oxides, and soda were largely removed. 

Potash, on the other hand, had been somewhat 
increased and the water above 100° more 
than doubled. The rock contained no sul
phides and no carbonates, but 0.25 per cent 
of sulphuric anhydride present in a sulphate. 
These authors noted that a great removal of 
iron had taken place. The fresh monzonite 
contained 7.07 percent of Fe20 3 +Fe0, and the 
altered rock only 1.10 ·per cent. They justly 
attributed the alteration of the rock to hydro
thermal action, concluded that the ''universal 
remoyal of iron from the igneous rocks in the 
vicinity of these deposits indicates a possible 
source of their iron," 1 and held that the de-_ 
posits were made near the surface by thermal 
springs either as limonite or perhaps as 
pyrite. 

Tower and Smith 2 presented the following 
analysis of the altered and · bleached "mon
zonite'': 

Analysis of altered "monzonite" near Dragon mine. 

[H. N. Stokes, analyst.] 

Si02 • ~ •••••••••••••• 71. 14 
Ti02•••••••••••••••• • 75 
Al20 3 • • • • • • • • • • • • • • • 16. 24 
Fe20 3••••••••••••••• • 94 
FeO................. .16 
MnO ...... ·.· ....... Trace. 
CaO. ........... .... . 25 
SrO ................ Trace. 
BaO....... .. . . . .... . 05 
MgO................ 1.12 
K 20................. 4. 96 

Na20 .......... :.... 0. 07 
Li20 ............... Trace. 
H 20 at 110° C....... . 49 
n;o above 110° c.... 2. 74 
P20 5•••••••••••••••• • 32 
v2o3............... . o2 
C02 •• -••••••••••••••• None. 
803 •••••••••••••••• • :6 

99. 51 

This analysis shows conditions character
istic of rock alteration by hydrothermal proc
esses. The leaching of sodium, calcium, and 
magnesium, the silicification and the concen
tration of potassium are characteristic. The 
rock contains roughly 50 per cent of sericite 
and 50 per cent of quartz. 

The absence of pyrite and the strong leach
ing of iron are, however, unusual features. . In 
an alteration process. of this kind in a heavily 
mineralized district the solutions almost always 
contain hydrogen sulphide which would con
vert the iron in the silicates to pyrite. The 
looseness of the material and its proximity to 
the surface in a region of deep oxidation justify 
the inference that the hydrothermally altered 
rock has been leached by oxidizing solutions 
which removed the pyrite but were unable ~0 
affect other constituents to a great extent. 

1 Tower, G. W.,jr., and Smith, G. 0., op. cit., p. 722. 
2 Idem, p. 661. 

/ 
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After exposure. at the surface these pyritic kaolin to be itself replaced by iron oxide, pre
volcanic rocks were oxidized by surface waters. sumably by a reaction with any iron sulphate 
The pyrite oxidized to iron sulphate (ferrous, still available or by a simultaneous oxidation 
ferric, or both), setting free sulphuric acid, 'of iron sulphate and solution of kaolin by the 
which reacted with sericite and converted it resulting sulphuric acid. By this process the 
in part to soluble alum and soluble silica, leav- iron ore and kaolin tended to concentrate into 
ing a residue of insoluble-kaolin and unattacked distinct bodies, the kaolin precedirig the iron 
quartz. The ferric sulphate in part oxidized ore downward and laterally, or away from the 
to limonite and was in part carried slowly . main sources of supply. The manganese ore 
downward with ferrous sulphate, alum, and was formed by reactions of the same kind as 
any unused sulphuric acid; or, in the presence the iron ore; .but owing to its greater solubility 
of a sufficient supply of oxygen, all the iron it also tended to precede the iron ore down
sulphates may have . become converted into ward, and in the great Dragon deposit it forms 
limonite, with a corresponding renewal of sul- small bodies outside of the large bodies of 
phuric acid. To a minor extent arsenat-es and iron ore. The ~anganese ore also has evi
phosphates were formed. The small amount dently been concentrated by the replacement 

· of silver in the pyritic igneous rock was oxi- of kaolin. 
dized to sulphate and precipitated by waters The accumulation of ore would naturally be 
containing chlorine as cerargyrite. The mi- greatest where the amount of pyritization was 
nute amount of gold became dissolved in chlo- greatest-that is, near the principal vein 
rine generated by manganese, sulphuric acid, zones. The downward migration of materials 
and sodium chloride in the water and partici- would tend to localize along the more persistent 
pated in the downward migration. open fissures and in shattered rock along the 

The slow advance of this process of migration intersections or junctions of different fissures, . 
downward to the contact with the underlying thus concentrating the ore into bodies which, 
limestone would thus bring an increasing sup- though irregular in detail, stand in generally 
ply of sulphuric acid, aluminum sulphate, vertical positions parallel to the directions of 
silica, and iron sulphate in solution. The fissures in the adjacent areas. As the water 
finely divided kaolin and newly precipitated level stands much higher in the monzonite and 
iron oxide may also have been to some extent porphyry than in the limestone the flow of 
carried downward in suspension by water solutions would be mainly in the direction of 
percolating through the porous residual mass. the contact. · 

In the underlying limestone or dolomite ·the _It is impossible to give more than a rough 
calcium and magnesium . carbonates were in estimate of the volume of volcanic rock that 
part dissolved by sulphuric acid and removed must have been leached to supply the limonite 
in solution, leaving only a small residue of in the iron-ore bodies. The total amount of 
kaolin, and in part they were replaced by ore, already mined and in reserve, has been 
kaolin; interaction between iron sulphate and estimated by L. ·E. Riter/ the manager of the 
calcite also produced a precipitate of limonite. mine in 1911, to be between 750,000 and 
The final result of the process would be in part 1,000,000 tons. The pyritized volcanic rock 
the metasomatic replacement of the limestone may be reasonably assumed to ' have had an 
or dolomite by limonite or kaolin or both. The 
total amount of iron ore and kaolin thus formed ·average specific gravity of 2.70 (the mean 
would depend upon the thickness of the overly- between quartz and sericite), not allowing for 
ing volcanic rock and its percentage of pyrite. pore space, which would imply a weight of 

The sulphuric acid and sulphates involved 168.75 pounds to the cubic foot. If pyrite 2 

in this explanation would have no appreciable 
solvent action upon the vein quartz and barite 
which are present in the Dragon iron mine and 
distinctly older than the iron ore. 

After the country rock was replaced, there 
was evidently a tendency for the newly formed 

1 Letter to G. F. Loughlin. 
2 The omission of pyrite in estimating the assumed specific gravity 

will tend to compensate any overestimate of sericite. If the pyritized 
rock consists of 50 per cent silica (volumetric) with a specific gravity of 
2.63, 45 per cent sericite with a specific gravity of2. 75, and 5 per cent pyrite 
with a specific gravity of 5.0, the specific gravity of the rock would be 
2.80 instead of 2. 70, and the available quantity of pyrite correspond
ingly greater. 
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is assumed to average 5 per cent of the rock, 
as in the drill samples mentioned on page 154, 
1 cubic foot of the rock will contain 8.4 pounds 
of pyrite, equivalent to-.6.5 pounds of limonite. 
A block of pyritized porphyry 100 feet square 
and 1,000 feet high, containing 10,000,000 
cubic feet, could thus account for about 29,018 
long tons of limonite, or from 2.9 to 4 percent 
of the total estimated quantity. A block 
1,000 feet long, 1,000 feet high, and 250 feet wide 
could furnish all the minimum or three-fourths 
of the maximum estimated quantity of ore. 

There are, .of course, many uncertainties in 
this rough estimate: The average content of 
pyrite may have been more or less than 5 per 
cent; pyritization may have extended less or 
much more than 1,000 feet above the present 
surface; not all the iron derived from a given 
volume of the eroded porphyry was concen
trated into this one limonite body; . pyritized 
zones in the limestone, now replaced by the ore, 
must have added materially to the available 
supply of pyrite. There seems to be no reason
able doubt, however, that there was en~gh 
pyrite in the former overlying rocks of the vi
cinity to supply all the limonite, even for the 
largest of the iron deposits. 

The accumulation of the iron ore is doubtless 
still going on, as shown in the Huntington tun
nel (p. 261), where kaolin is being impregnated 
by limonite derived from oxidizing pyrite in 
the adjacent porphyry, and alum is being 
formed. The present mass of pyritized por
phyry from the lower: levels, according to the 
drill cores obtained beneath Dragon Canyon 
(p. 154), has not undergone much oxidation as a 
whole, but considerable oxidation has taken 
place along fissures, as shown by the oxidized 
ore developed in veins down to water level-a 
depth of 400 to more than 650 feet in different 
places. Where these fissures reach the lime
stone the formation of iron ore and kaolin 
should be going on, beginning new deposits or 
augmenting the lowest portions of the great 
Dragon deposits, which have migrated down
ward along the contact beneath the porphyry 
at least as far as the 600-foot level. Bodies of 
iron ore may be found as far down as the water 
level, but any below the great body should be 
expected to be small and to become smaller 
with depth. There rna y, however, be SQme con
centration of copper beneath the main deposit, 
if the eroded part of the porphyry contained an 
appreciable amount of copper. The drill core 

in Dragon Canyon (p. 154) shows that some of 
the pyritic monzonite contains as much as 0.5 
per cent of copper. 

NORTH TINTIC DISTRICT. 

By G. F. LouGHLIN . 

TOPOGRAPHY. 

The North Tin tic district includes all the 
country in the East Tintic Range north of the 
Tint!c and East Tintic districts. It is divided 
topographically into three nearly parallel 
mountain ranges of northerly trend. The 
western and central ranges are forks · of the 
main East Tintic Range, which splits just be
yond the northwest corner of the Tintic quad
rangle, and are separated by a prominent valley 
known as Broad Canyon. They are charac
terized by somewhat opposite symmetry. The 
western range has a sinuous divide with several 
rounded peaks, a short and steep though irregu
lar eastern slope, and a western slope composed 
of long spurs that extend westward for about 3 
miles with very gently sloping crests and end 
abruptly along the east edge of Rush Valley. 
It terminates on the north in a cluster of foot
hills which are separated from the south end of 
the Oquirrh Mountains by · the narrow pass 
which connects Rush and Cedar valleys. The 
central range has a straighter and more regular 
divide, a steep, more regular western slope, and 
moderately sloping eastern spurs that terminate 
along the west edge of Cedar Valley, a broad, 
flat closed basin, partly covered by dry farms. 
The eastern or sou theaste~n range extends north
northeastward from Pinyon Peak, forming the 
southeast boundary of Cedar Valley, and is 
practically continuous with the Lake Moun
tains, which separate Cedar and Utah Lake 
valleys. 

There are no towns or villages in the North 
Tintic district, owing to the scattered distri
bution of the mines. Water is obtained in the 
western part of the district from wells driven in 
the alluvium of Rush Valley; in the central and 
eastern parts from springs, the largest of which 
is Greeley Spring, at the south end of Cedar 
Valley. 

GEOLOGY AND ORE DEPOSITS. 

WESTERN ·RANGE. 

GEOLOGY. 

Only' a hasty reconnaissance of the geology of -· 
the district has been made. The western range 
coincides with. the principal anticline of the 
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region, the anticlinal axis passing north-north
eastward through the northwest corner of the 
Tintic quadrf:Lngle and pitching northward be
neath Broad Canyon . . The same sequence of 
strata is-represented on the west limb as on the 
east, save for the presence of a prominent bed 
of quartzite which lies at the approximate hori
zon of the Herkimer limestone in the west fork 
of Broad Canyon, near the Hot Stuff prospec.t. 
This quartzite bed has not been carefully traced 
but appears to have pinched out eastward, as it 
was not seen in corresponding position on the 
east limb of the anticline near the head of the 
east fork of Broad Canyon. There is said to be 
an outcrop of quartzite farther north along the 
crest of the central range, but it has n~t been 
visited by the writer. Such a bed should cor
respond closely in stratigraphic position with 
the quartzite at the Hot Stuff prop~rty. It is 
not likely that this quartzite is an ·upfaulted 
part of the Tin tic quartzite, as there is no repe
tition of shale and limestone (Ophir and Teu
tonic formations) above it; on the other hand, 
these two and the Dagmar limestone lie below 
it, and poor exposures of the Herkimer lime
stone and Bluebird dolomite followed by good 
exposures of the Cole Canyon dolomite and still 
higher strata lie above it. 

The members above the Cole Canyon dolo
mite, including the Opohonga limestone, form 
the divide that separates Broad Canyon from 
Rush Valley. The Opohonga limestone is the 
most conspicuously exposed formation along 
the Eureka-Scranton trail and forms the sum
mits of all the peaks from the head of Black 
Rock Canyon to the head of the north fork of 
Barlow Canyon. It has not been followed 
north or south of these places. 

West of the divide the Ordovician and Mis
sissippian strata of the Tintic section lie across 
the long westward-sloping ridges between the 
wide canyons (Miner's, Black Rock, Barlow, 
and .others) that enter Rush Valley. They 
strike for the most part north-northeast and 
dip 20°-30° W., but a mile north of the Scran
ton mine they curve eastward and cross the 
northward-pitching anticlinal axis. The lower 
northern hills of the range are, so far as seen, 
composed wholly of the Humbug formation, 
which there as a whole dips gently northward 
but is marked by several undulations. The 
Humbug also forms the west face of the range 
southward to Miner's Canyon and beyond, pos-

sibly as far south as the low hills that extend 
westward and separate Tin tic and Rush valleys. 
Southeast of these low- hills the front of the 
main range turns abruptly eastward, cutting 
across the different limestone formations and 
the west limb of the Tintic quartzite. The 
topography of the range front here strongly . 
suggests fault scraps, or typical Basin Range 
structure. 

Igneous rocks in the western part of the 
North Tin tic district are limited, so far as 
known, to two dikes or sills of monzonite por
phyry and a few remnants of surface flows. 
Specimens from the dikes have been shown to 
the writer, but neither dike has been seen ill 
place. A patch of dark, weathered latite was 
found half a mile northeast of the Eagle Eye 
prospect, on the lower west slope of Broad Can
yon. A rhyolite patch was found in the head 
of the east fork of Broad Canyon, south of 
the W asa prospect, and other small areas were 
seen farther ·to the southeast; one of these 
small areas is partly shown on Plate I (in 
poc~et) crossing the north boundary of the 
Tintic quadrangle, northwest of Fremont 
Canyon. _ 

The fissuring and faulting that are char
acteristic of the Tintic district persist north
ward, and faults of considerable offset may 
be seen even on a brief reco:Imaissance trip; 
but no attempt has been made to -trace any 
of them. - Of the two mines that have shipped 
ore, the Scranton and the New Bullion (Bal
hinch), the ore bodies of the former are associ
ated with northerly to N. 15° E. fissures and 
oblique cross fissures, ~nd those of the latter 
with northerly and easterly fissures. 

ORE DEPOSITS. 

The ore bodies thus far worked in the west
ern part of the North Tintic district resemble 
those · of the Colorado channel or north half 
of the Ir:on Blossom zone and neighboring mines 
in the Godiva zone more or less closely in form 
and mineralization but differ from most of 
them in their extremely low content of silver 
and silic;a, and in these respects they recall the 
upper workings of the East Tintic Develop
ment Co.'s mine. The deposits studied are 
so thoroughly oxidized that data bearing on 
the genesis of the ore are rather unsatisfactory. 
From the evidence at hand the ore-forming 
solutions appear to haye ascended along 
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I northerly fissures, branched along certain 
cross fissures (east, southeast, and northeast), 
and spread more or less extensively along 
easily replaceable beds of limestone. De
position along or near the trunk fissures has 
given a siliceous lead or lead-zinc ore, and at 
greater distances from the fissure a lead-zinc 
ore with a dolomite-calcite gangue. The 
d9lomite forms white granular aggregates and, 
where open space affords, small curved rhom
bohedrons. The calcite is present in two forms
narrow pointed crystals (scalenohedrons) the 
largest an inch or more in length, which 
mark eit\her the closing stages of primary ore 
deposition or deposition from primary solu
tions at some distance from ore bodies, and 
fiat rhombs or scaly crystals, which are the 
result of secondary changes in the ore and 
whose formation accompanied or closely fol
lowed the deposition of the secondary ore 
minerals. I?escending waters have oxidized 
the original lead and zinc sulp!J.ides and con
centrated the metals, especially the zinc, down
ward along both bedding planes and fissures. 
In some places a mixture of calcite and the 
hydrous oxides of iron and manganese bas 
been left to mark the original position of the 
ore body. The zinc has moved as a rule faster 
than the lead, and this has given rise in some 
places to separate though adjacent bodies of 
le.ad ore and zinc ore; but in other 'places the 
migration has been less and both metals occur 
together. The cause of this difference in 
mode of occurrence is . concealed by the com
pleteness of oxidation, but it is believed that 
the separate shoots of lead ore and zinc ore 
were de~ived from practically solid mixed sul
phide bodies, the zinc content descending and 
replacing the limestone walls, whereas the 
mixed lead-zinc ore was derived from sul
phides thickly disse:q).inated in limestone, the 
calcium carbonate reacting with the oxidized 
zinc solutions and causing precipitation prac
tically in place. These features are all illus
trated in the description of the Scranton mines. 

SCRANTON MINES. 

GENERAL F EATURES. 

The Scranton mines, owned by the Scranton 
Mining & Smelting Co., are on the north and 
·south sides of Barlow Canyon, about 1 t miles 
from its mouth, about 9 miles northwest of 
Eureka. (See fig. 48.) They have produc~d 

zinc and lead ore. A gasoline compressor for
merly furnished power for running two whims, 
but electric power is now used. Water is 
hauled from the company's well in Rush Val
ley, 4 miles away. The ore, after sorting, is 
hauled by wagon (6 tons to a 4-horse team) 4 
miles down an ·easy grade to the Los Angeles . 
& Salt Lake Railroad at Del Monte station. 

The underground workings include four dis
tinct mines-the South Essex Nos. 1 and 2, the 
Magazine tunnel, and the Del Monte. .These 
lie in a north-south zone which extends across 
Barlow Canyon for 3,000 feet or more. (See 
Pl. XXXIX.) All are (:}ntered by tunnels, and 
different levels · are reached by inclined raises 
.and winzes. 

The immediate country rock is the Pine Can
yon limestone, which strikes northeast and dips 
25 °-45 ° NW. t The dip undulates somewhat, 
and local vari tions of horizontal and also of 
nearly vertica dip are found in a few places, 
both on the surface and underground. The ore 
bodies, as in the Iron Blossom zone, ha:ve been 
formed by replacement of a certain member or 
members of the coarse-grained limestone. The 
nearest reported occurrences of igneous rock 
are two small dikes or sills of monzonite por
phyry, one on the same ridge as the Del Monte 
mine and about a mile west of it, the other in 
the first small canyon south of Black Rock Can
yon, about 2 or 2t miles southwest of the South 
Essex workings. 

Fissuring and faulting are pronounced in cer
tain places underground but are so concealed 
beneath float at the surface that ·the size and 
directions of the principal faults can be deter
mined only by a detailed study. The most 
pronounced fissuring underground is along the 
fault zone known as the "Scranton fissure," a 
series of breaks, mostly open, which converge 
at low angles both along strike and dip. Its 
strike is N. 18°-20° E. and its dip as a rule is 
vertical to 80° W., with 6_3° W. in the northern 
Del Monte workings as the greatest variation 
from vertical. A few minor branch fissures in 
this zone have easterly dips. The meager evi- · 
dence at present available indicates _that the 
"Scranton fissure" was formed· after the ·min
eralization, as it cuts off a thin bed of leached 
mineralized rock in the northern Del Monte 
workings; but no attempt has been made to 
determine the amount and exact direction of 
displacement. Easterly faulting, also later 
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than mine~alization, may have occurred along 
the course of Barlow Canyon and along its 
branch between the portals of South Essex 
tunnels Nos. 1 and 2, but the apparent offsets 
in these places may be due to local variations 
in strike and dip concealed beneath alluvium. 

Other fissures, directly connected with the 
formation of ore bodies, lie in three or four 
~ystems; one of these strikes N. 30° E. and 
dips steeply eastward in the southern Del 
Monte and other mines, and curves to due 
north with a 60° W. dip in the middle and 
northern Del Monte. A second strikes N. 
60°-80° E. and dips 70°-80° N. where the first 
-strikes N. 30° E.; and the same or a third sys
tem strikes N. 50°-55° E. and dips 70° S. where 
the first system strikes north. Another system 
:strikes N. 35° W. and dips steeply northwest. 
_As the ore bodies lie along the course of the 
first of these systems, this system ·appears to 
have been the trunk channel along which the 
ore-forming solutions ascended. The ore bod
ies, however, are all so thoroughly oxidized and 
the w:alls of the stopes and most of the pros
:pecting tunnels are so thoroughly decomposed 
that evidence is at best obs~ure. The change 
in the strike and dip of this system is similar 
to the changes in strike of the Uncle Sam 
""'west channel" and the East Tintic Deve}op
:ment Co.'s vein (pp. 227 and 247), but in this 
locality the place where the strike changes has 
not been well exposed and an intersection with 
a cross break can only be conjectured . . Fis
~ures or cross breaks of the other systems appear 
to have determined the location of some of the 
ore bodies ,.along favorable limestone beds. 

ORE BODIES. 

The ore bodies all lie parallel to the bedding, 
replacing beds of medium to coarse grained, 
more or less dolomitic limestone. Seven bodies 
have been worked, besides a few small pock
ets-two in the South Essex No. 2, one in the 
Maga~ine tunnel, a:nd four in the Del Monte 
mine. 

South Essex No. 2.-The two ore bodies 
in South Essex No. 2 have been worked out. 
The southern one lies at the intersection of a 
N. 30° E. fissure and aN. 35° W. fissure, with 
three nearly parallel N. 70°-80° E. fissures 
and is only 20 feet or less beneath the surface. 
Its outline is nearly square save for two 
branches which extend along the N. 30° E. 
and N. 35 ° W. fissures. Its total length in 

these directions is about 90 feet. The thick
ness between the N. 70°-80° E . breaks is 10 
feet or more; but at the northern of these 
fiss~es, a small fault with downthrow on the 
north, ·the ore follows in a thin streak down 
the fault plane for 4 feet . and then continues 
northward along the bedding with a few 
"gopher holes" where ore has been stoped. 
The northwest end of the ore body extends 
down for 20 feet along the N. 35° W. fissure 
at its junction with a spar-filled fissure, proba
bly of the "Scranton fissure" zone. The ore 
mined was all sandy lead carbonate vrith little 
or no zinc. Toward the southern N. 80° E. 
break and up the dip of the bedding the ore is 
bounded by red iron oxide, with some quartz, 
calcite, and kaolin, which has been followed 
in a raise to the surface. These same minerals 
form a more or less continuous cover or "cas
ing" over the ore body and along its sides. 

The second ore body, also of sandy lead car
bonate, lies a little more than 100 feet farther 
north, probably on the same limestone bed con
tinued obliquely down the dip. The area of 
ore is roughly elliptical, measuring 20 by 30 
feet, but the "casing'' has been followed S. 35 ° 
E. beyond it for 45 feet, where the drift cuts 
the surface on the. west slope of a small gulch. 
About 25 feet west of the stope a little sec
ondary zinc ore with caJci te and iron and 
manganese hydroxides has been found in the 
Scranton fissure, evidently leached from the 
ore body. No prospecting west of the Scran
ton fissure has been attempted at shallow 
depths, and the possible westward continua
tion of these ore bodies has not been tested. 

South Essex .No. 1.-The workings of the 
South Essex No. 1 lie 115 and 175 feet below 
those of the South Essex No.2 but are wholly 
in or east of the Scranton fissure zone and in 
the fine-grained blooky limestone that under
lies the coarse-grained limestone. The only 
ore found in South Essex No. 1 was a small 
bunch of secondary zinc ore in a fissure. Its 
source can not be determined. · 

Magazi~e tunneZ.- The Magazine tunnel 
workings have opened up two beds of miner
alized ground. One is a rather low grade 
deposit formed by the impregnation of a 
medium-grained dolomitic limestone bed ex
posed in the upper south dr.ift and along part 
of an incline that connects the upper drift 
with the main tunnel level. The ore is only 
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partly oxidized and in the upper drift con- stope forms the upper 50 feet and the zinc 
sists of galena, dark-brown microcrystalline stope the lower 140 feet. The stopes .when 
zinc blende, and lead carbonate, closely asso- visited were inaccessible for close study, but 
ciated with dolomite spar and a very little the following feature$ are of interest if con
microscopic quartz and pyrite. In. one place sidered with the data from the other ore bodies. 
a small vug was found lined with small twinned The N. 40° W. trend nearly parallels the N. 
calcite scalenohedrons of later growth than 35° W. fissure system. The separation of zinc 
the dolomite. In the incline below a large from l~ad marks the completion of oxidation 
pocket of zinc carbonate and silicate with red and secondary downward concentration. The 
iron oxide. and flat rhombs of calcite was great scarcity of unoxidized ore throughout 
found along the bedding, and below this on the the Scranton group prevents any statement as 
main tunnel level some secondary zinc ore to the average ratio of original galena to zinc 
with iron oxide and calcite was found in aN. 10° blende, and accordingly of the amount of 
E. fissure. This ore body, th~ugh not of much downward concentration. A . representative 
commercial importance, has afforded the best analysis of the zinc ore shipped gives 0.5 

=3 l 
10 

...._ ""'-Cri5s-cross fractures 
1 exposed at end of zinc 

stope along east side 
of fault 

ounce of silver to the ton, 2.5 per 
cent of lead, 14.1 per cent of in
soluble matter, 32 per cent of 
zinc, 0.4 per cent of sulphur, no 
speiss, and 5.9 _per cent of irori. 
The highest-grade ore shipped 
carried 52 per cent of zinc. No 
figures repres~nting the character 
of the lead ore were obtained. 

Del Monte.-The Del Monte 
mine, the largest of the group, 
is opened by three tun;nels-the 
Biddlecom, Cole, and Del Monte 
(Pl. XXXIX)-all of which run 
northward and are connected by 
drifts and inclines. To the east 
of these three is the Grand Cross 
tunnel, now abandoned, which 

FIGURE 49.-Cross section of Magazine tunnel stopes, Scranton mines. 
extends a short distance to an 
old stope. 

chance to study the original ore and the 
relation of zinc to lead. 

The . second ·Magazine tunnel ore body, now 
worked out, lies 130 feet or more stratigraph
ically above the first. Its upper part (fig. 49) 
consists of lead carbonate stope 110 feet long, 
70 to 80 feet wide, and 10 to 15 feet thick. Its 
lower part is a zinc-ore stope (carbonate and 
silicate) 190 feet long, 40 to 140 feet wide, and 
6 to 24 feet thick. The whole body extends 
down the 30° dip of the bedding in a N. 40° 
W. direction from the uppermost level, near 
the surface, to the Scranton fissure zone on 
the main -- tunnel level, where it turns against 
a west wall of shaly dense limestone and fol
lows down along the nearly vertical fissure 
zone for 50 feet. The total vertical height of 
the ore body is 190 feet, of which the lead 

Of the three principal tunnels the Biddle
com follows a fissure that strikes N. 45° E. 
and dips 60° SE., along which two · small 
bodies of lead carbonate have been stoped. 
These stopes lie on the hanging-wall side of the 
fissure and are incased in a mixture composed 
principally of the hydrous oxides of iron and 
manganese accompanied by calcite. Beyond 
these stopes the main course of fissuring changes 
toN. 20° E. Mineralized rock persists, and at 
one place, about 130 feet from the stopes just 
mentioned, a small body of lead carbonate 
with a gangue of quartz (silicified limestone) 
has been stoped. This body occurs at the 
junction of two fissures of parallel strike, one 
dipping 60° W. and one 25°-50° E., and also 
replaces a limestone bed for a short distance. 
The replaced bed is faulted for 6 or 7 feet ver-
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tically by a third fissure of steep easterly di~, graph. This zinc ore may prove to be com
whi~h is itself silicified bet\veen the offs) t p_lementary to the lea~ car~onate ore just ~en
portions of the bed. · boned. Other stopes In this area are of typical 

The Cole tunnel, 150 feet northwest of tlle combination ore and need no special descrip
Biddlecom tunnel, also starts 1.n an ore outcrop tion. The area, as shown by drifts at the time 
and extends N. 20° E. for 190 feet along tile of visit, was roughly 200 feet square, and the 
east edge of an irregular bedded stope intet- ore stoped ranged from 7 feet down to 1 foot in 
rupted by three large pillars and now large~ thickness, forming pinches and swells with 
filled with waste. The ore in this stope clo]e no apparent . regularity . . Two fairly repre
by the portal was principally lead carbona~e sentative analyses of " combination" ore from 
with "iron oxide; elsewhere it was a mixtule this area are as follows: 
composed chiefly of lead and zinc carbonates, I ·A l if" b · t' , f: D z 1r te t z 
1 ll kn b 1 

na yses o com ~na wn ore rom e .1.u0n unne .. 
oca y own as "com ination" ore. THe 

north end of the Cole tunnel stope lies 23 fe t Silver ________________ __ _____ ounceperton .. 0· 45 0.50 f Lead ............................ percent .. 8.1 2.5 
above the southwest extremity of the prilfl- Insoluble matter __________ . ____ .... do ..... 14. 9 14. 1 
cipal mineralized area in the mine, and tlie Zinc .............................. do ..... 33.58 32.00 
intervening ground is heavily stained wi~h Sulphur .. ----- : ----- .. ------- .. -- .do.--.- . 4 . 4 

iront ?x
1
ides and closely associated gang1e ~~~~~~~~ ~ ~ ---------~~ ~ ·_ ·_ ~ -_ ·_-_·-_-_ -_-_ ~ ~: ~ _- _- ~~~~ ~ ~:: 7: ~ 5: ~9 rna ena s. . / 

The principal mineralized area lies north of The zinc is said to range as a rule between 20 
the Biddlecom and Cole tunnels and is workJd and 40 per cent; the lead between 2 and 12 per 
from the Del Monte tunnel, whose portal is ~0 cent. 
feet west of th~ Cole. Mineralization in t~is The next ore body to the north, the Wolf 
area has been proved by a network of drifts to winze stope, begins 45 feet below and 25 feet 
be continuous, and the deposit has been workJd. beyond the northwest limit of the principal ore 
in several different stopes. The two eastert - body. This stope has yielded a lead carbonate 
most (highest) stopes lie due north of the Bi~- ore, high in iron with a gangue of quartz (silici
dlecom tunneL The southern one yields chiefly fied limestone). Its area is roughly 40 by 60 
the ''combination" ore, which is bounded dn feet, and it is bounded by two sets of parallel 
the east by the typical mixture of limonitb, fissures, one trending north and the other N. 
psilomelane, and calcite. Downward, along tlke 40° E. The northerly fissure, which passes 
dip, the "combination" ore is followed by / a along the east boundary, dips 60° W. and bears 
sinaU body of zinc ore, largely calamine, and much the same relation to this body as the N. 
directly beneath this is limestone impregnatkd 20° E. fissures bear to the siliceous lead ore 
by a mixture of galena and cerusite and cut Thy body in the Biddlecom tunnel. Assays of ore 
a fracture. filled with concentrated cerusi~e. from the Wolf winze stope give as a rule from 
This reversal of relation, zinc ore below lead o~e, 0. 5 to 1.5 ounces of silver to the ton, 21 to 33 
which is ~so marked in the -Magazine tunnel as per cent of lead, 8 to 24 per cent of silica, 2 to 3 
well as in certain mines in the Tin tic distridt, per cent of zinc, and 23 to 32 per cent. of iron. 
is evidently the result of incomplete downwat d The highest assay on record at the time of visit 
concentration, the underlying partly oxidized was 43.2 per cent of lead, 35 per cent of silica, 
lead ore having lost much of its originally ass~- and 6 per cent of iron. 
ciated zinc blende by downward leaching, and The northernmost and deepest stope at the 
the overlying oxidized zinc _pre having nh- time of visit, that around the Knap incline, 
grated down the dip from a higher positiof . lies 50 feet north of the Wolf winze stope and 
The northern of the two stopes has yielded about 25 feet below it. The ore here, too, is 
a1ong its eastern (upper) edge a small amou~t siliceous lead carbonate with a silver content 
of lead carbonate ore, which merges down the as high as 3 ounces to the ton. A few copper 

. dip into "combination" ,ore. A little fart~er stains are also present. The stope as a whole 
i10rth a third stope has exposed another occ~r- follows the bedding, which here has a northerly 
renee of oxidized. zinc ore over a galena amd dip. It is bounded on the east by. a northerly 
cerusite mixture that may be accounted for by fissure dipping 59° W., which is doubtless the 
the explanation ·given in the preceding pa a- one that extends along the east side of the Wolf 
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winze stope. East of this fissure is a thin the ore bodies. These ore bodies lie so close to 
layer of iron oxide and calcite "casing," which the surface that any direct connections with 
extends westward along the bedding for about . this silicified zone are now probably removed 
40 feet and. is cut off by the Scranton fissure. by erosion. Silicification took place in two 

Genesis of the ore.-Although single details stages, as in the Tin tic district. 
of evidence are not ·convincing, the evidence as NORTH scRANTON PROSPEcTs.· 

a whole around the two northernmost stopes 
The North Scranton property is on a westindicates that the mineralizing solutions were 

ward-sloping spur about 1! miles north of the 
introduced through one or more northerly £is-

Scranton mines. The country rock is the Pine sures and deposited the ore along the intersec-
Canyon limestone, of the same character .as at 

tion of these fissures with an easily replaceable 
the Scranton mine, consisting of alternating 

limestone bed. Cross :fissures, trending N. 40° 
bands of medium to coarse gray limestone and 

E., appear in some places to have served as 
darker fine-grained cherty limestone, which dip 

branch channels which permitted a more ex-
gently northward. The workings include a tensive replacement of the bed, but no constant 

relations between these cross :fissures and the shaft, 100 feet or less deep, sunk near the crest 
of the ridge, three short tunnels driven in the 

mineralized areas have yet been determined. If 
upper south side, and a long tunnel driven in the intersection between the main northerly 
the north side. A little galena and minute crys-

:fissure and the replaced limestone bed at the tals of zinc blende associated with white dolo
Wolf winze stope is continued upward 'to the 

mite spar are present in a bed of medium-
south, it will pass just east of the eastern edge grained magnesian limestone along a small fault 
of the principal mineralized area and may there- :fissure of N. 17o E. trend which lies close to the 
fore be interpreted here too as the trunk fissure 

·shaft collar and has been followed by a tunnel 
supplying the ore-forming solutions, which for a short distance. About 300 feet east of the 
spread down the dip along the limestone bed, 

shaft and a li Cle down the slope another short 
silica being deposited with some galena and tunnel follows a zone of cemented breccia in a 
zinc blende close by the :fissure, .and the re-
mainder of the ore minerals with dolomite anrl .fine-g:ruined sandy (disintegrated) dolomite. 

A f r .v hard fragments of dolomite and some of 
calcite replacing the bed at a greater distance. tht.: cement iri. the breccia have a lean sprink-
The extreme permeability of the limesto~e bed ling of galena (and zinc blende ~) and white 
in the large mineralized area can not, for lack of 

dolomite spar.. The long tunnel, which had 
definite evidence, be explained. It may have 

been driven for a distance of 700 feet in July, 
been due to extensive shattering or to a abun-
dance of minor fractures that have since been 1913, was. headed toward a. point beneath a 

small prospect pit, a sample from which was 
obliterated· by the thorough decomposition of said to have contained a little zinc. The rna
the ground. Absence of siliceous ground with-

terial consists principally of soft red iron oxide 
in the area tends to disprove the existence of 

and calcite in a :fissure that strikes ~· 17° E. 
additional northerly trunk fissures, although the 

and dips 80° E. 
shape of the Cole tunnel stope and its align-
ment with the large area suggest fissuring in a NEW BULLION MINE. 

northerly to N. 20° E. direction. The N. 20° The New Bullion mine, formerly called the 
E. fissure associated with the siliceous ore body Balhinch, is owned by the New Bullion Min
in the Biddlecom tunnel may be a southward ing Co., and lies on the south slope of Miner's 
continuation of the main northerly :fissure or a. (Bullion) Canyon, between 3 and 4 miles east 
branch from it. of Doremus station on the Los Angeles & 

From the absence of pronounced evidence of Salt Lake Railroad. The mine had been worked 
silicification in the Magazine tunnel and South in recent years under the leasing system but 
Essex ore bodies, it may be concluded that the was idle when visited by the writer in 1912. 
trunk Ghannel with which these bodies are asso- The production has been chiefly lead, with 
ciated has not been exposed underground. considerable zinc and a little silver. Returns 
There are, however, outcrops of silicified rock a from five assays give a trace to 0.015 ounce of 
little south of the South Essex No. 2 which, if j. gold and 3.55 to 7.1 ounces of silver to the · 
continued northward, would pass just east of ton, 20.33 to 40.2 per cent ·of lead, 7.2 to 9.8 
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per cent of insoluble ma.tter, 14.5 to 22.8 per 
cent of zinc, 0.6 to 2.4 per. cent of sulphur, no 
speiss, and 6.5 to 13.45 per cent of iron. · A 
100-ton shipment in 1911 ran 0.003 ounce of 
gold and- 4. 71 ounces of silver to the ton_ and 
28.69 per cent o£ lead. The zinc percentage 
was not given but was sufficiently . high for 
penalizing. The ore is oxidized, but small 
quantities of the . original sulphides remain; 
th.e gangue contains little quartz, the insoluble 
matter recorded in the .assays probably con~ 
sisting chiefly of silica from calamine. This 
charaeter agrees with what was seen in the 
small worked-out stopes on the tunnel level. 

The underground workings . are reached 
through a tunnel that extends for 250 feet 
S. 80° E. and for about 120 feet S. 80° W. 
An old shaft started on the -hill in the outcrop 
of the main ore body reaches the tunnel at 
a depth of 110 feet, where the tunnel turns to 
a westerly course. A winze about 80 feet 
west of the bottom of the shaft extends for 
200 feet below the tunnel level. A drift on the 
tunnel level, with short crosscuts, extends for 
180 feet north and west of the winze. Drifts 
have been run from the 100 an,d 200 foot• levels 
of the winze. 

The country rock is Mississippian limestone, 
striking N. 10° E. and dipping, 30°-35° W., 
arid appears to include parts of the Gardner 
and Pine Canyon members of the Tin tic sec
tion. Black cherty beds, characteristic of the 
Pine Canyon limestone crop out along the 
slBpe north and west of the shaft, but the 
underground workings are in beds of a fine 
to rather coarse grained dolomitic limestone, 
,which are prominent in the Gardner formation. 
A few thin beds of quartzite . and shale are 
cut by the main. tunnel. Fissuring is pro
nounced in a general northerly direction and 
·one prominent N. 70° E. fissure is exposed. 
The main ore body, which was inaGcessible at 
the time of visit, is said to be a pipe extending 
downward from the shaft collar to a point a 
little below tb~ tunnel level; its upper part 
is vertical and its lower part has a distinct 
northerly pitch. The ore for the most part has 
been lead or lead-zinc ore, but a concentration 
of zin_c ore is said to have been found along 
the fo_otwall of the northward-pitching portion. 
Small amounts of ore haye also been found in 
bunches along northerly fissures on th~ tunnel 

104355°--19----18 

level northwest of the winze. These attain 15 
or 20 feet in length and 5 to 10 feet in . width, 
but those on the tunnel level (the only ones 
accessible) b.ave been so thoroughly cleaned 
out and the surrounding walls ar_e so decom
posed that an exact idea of the mode of occur
rence can not be gained. These bunches of 
ore lie north of the N. 70° E. fissure, which 
is also said to be mineralized. The ore· bunches 
are closely associated with veins and pockets 
of calcite, which is also present .along the out
crop at the old shaft; calcite likewise fills other 
northerly fissures as - much as 100 feet or 
more away from any known ore occurrence. 

Fragments of partly oxidized sulphide ore 
coated with iron oxide were found on the shaft 
dump. The sulphides are a fine-grained mix
ture of galena and zinc blende. The galena is 
of the fine-grained variety and shows some 
development ·of the feathery banding noted in 
the galena of the Scranton mine. The zinc 
blende is mostly of the dark-brown fine
grained variety, also found at Scranton. Both 
sulphides are associated with white granular 
dolomite spar. The secondary lead and zinc 
minerals are irregularly scattered through the 
sulphides and gangue. Small rusty pits among 
the sulpp.ide grains may mark the former pres
ence of pyrite. A part of the iron may also 
have been originally present as carbonate iso
morphous with the dolomite. 

On account of the absence or scarcity of 
silicification the New Bullion ore contrasts 
strongly with the ore along the trunk fissures 
in ·the Scranton property, and it may be 
inferred that the tunnel-level ore' bodies in the 
New Bullion are either above the siliceous ore, 
as in the East Tintic Development Co.'s mine, 
or else are offshoots from a trunk fissure. , On 
the other hand, the silver content.is distinctly 
higher than in the Scranton ore; but here, as 
at Scranton, oxidation and possible secondary 
concentration have destroyed the reliability of 
the data. 

PROPERTY OF TINTIC ZINC CO. 

Between the New Bullion on the south and 
the Scranton on the north there are several 
small prospects~ These have recently been 
taken over by the Tintic Zinc Co., which has 
begun a campaign of systematic prospecting. 
Surface indications include mineralized out
crops and closely related calcite veins, of the 
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s-ame . ·gener·al character as those on the ·· New 
Bullion and ·Scranton ground. 

(.;' ~ : 

CENTRAL RANGE. 
.. ~ ' .,. " < 

of the Gemini ground to the south base of the 
high mountain on the divide between Fremont 
and Broad canyons, beyond the limits of the 
Tintic quadrangle. r.rhe ·workings are at the 

_ _ . . GEOLOG~. bend· in Fremont Canyon at. the ·west edge of 
The mouritain.s between Broad Canyon and the small area of the Humbug formation. _(See 

Cedar Valley lie along the east limb of the ·Pl. I,. in pocket.) They include a . tunnel with 
North Tintic anticline, which corresponds to several irregular branches and a shaJt 260 feet 
the west limb - of the Tin tic syncline. The deep with a 44-foot winze from the bottom level, 
strata as a whole have steep to ver~ical and which are all within the Pine Canyon limestone 
~wen slightly overturned dips, save along the and are confined mostly to quartz -bodies that 
foothills at the.head of Cedar Valley, where the crop out very prominently. The property was 
dip .is very irregular and there are sever~ local idle when visited in 1912,. and only the tunnel 
anticlines and synclines. These local folds was· examined. The quartz in the -tunnel-:-level 
·evidently mark the approach to the principal ·workings ranges from light to dark in color, is 
synclinal axis, which lies beneath Cedar Valley more or less leached, and is associated with a fer
and is the northward continuation of that in ruginous clay material in decomposing lime
the Tintic district. The structure, however, stone. Assays of the quartz at different places 
as thus outlined is complicated by faults of are said to have yielded $1 to $7 a ton in gold, 
considerable d1splacerp.ent, which follow . ge_n- 5 to -25 ounces a ton in silver, as much as 3.5 pet 
erally northerly and easterly directions, as _well cent in copp~r, and as much . as 11 per cent in 
as by numerous other faults formed at ~erent lead; but no attempt has yet been made to de
times during and since the folding of the strata. velop or bl~ck out bodies -of ore. Indications 
All the strata in the Tin tic section a!e rep- of ore in limestone are said to have been found 
resented here, from the Tin tie quartzite, :which ~t .the b~~tom of the shaft. 
is present in the upper part of Broad .Canyon, 
through the series of Middle (and Upper~) · 
Cambrian, Ordovician, and Missis~ippian lime
stones to the basal beds of the Humbug (upper 
Mississippian) formation. Patches of rhyo~te 
are scattered along the foothills bordering 
Cedar Valley. 

DEPREZIN. .. 
The Deprezin property, named after the late 

Capt. H. Deprezin, ·of Eureka, lies north of 
the Farragut, near the mouth of a west branch . 
of Fremont Canyon. It consists of ·six claims. 
The shalt is beside a conspicuous quartz out
crop that trends N. 10° W., apparently along a 

M:IN;ES AND PROSPECTS. d d f b h 
nearly vertical fissilre, an sen s a ew ranc es 

Little or no ore has been produced in. this along the geritly eastward or northeastward dip-
part of the North Tintic district, ·but several ping beds .of Pine Canyon limestm~e. The 
outcrops of promise, both of siliceous a~d non.:. shaft is ·about 100 feet deep, and tw.o drifts have · 
siliceous character, have been prospected to been :nin from the bottom, one for 35 feet west
some extent. · · · ward and one · for 145 feet eastward. These 

The· most striking siliceous . deposits, of workings were not examined but are said to be 
which the Farragut and Deprezin are exam- all in leached ~quartz. At 15 feet below the 
pies, are -the large quartz outc:rops .along Fre- surface in the shaft som'e material -assaying 7 
mont Canyon, which is virtually a southwest per cent of bismuth was folind in a ·shoot dip
fork of Cedar Valley and heads just ~~orth of ping northeast. Assays of the quartz 'thus far 
Packard Peak. Outcrops of quartz or silicified have yielded a trace of gold 'and at ·most 2 
limestone are said to extend northward from ounces . of silver-· to -the . ton, but " no leatl or 
Fremont Canyon along the. east slope <?f the 

f 
copper. 

mountain.s, but they were not followed ~orth o _, TINTIC-.HUMBOLT. . · .. 

the D~prezin shaft. , .. , The ·only prospect -visited · in this section 
... . · FARRAGuT. ·' · that represents · the nonsiliceou~ . type· is the 

The Farragut ·mine, owned by the Admiral Tintic+Huinbolt, ·whi.ch ·is ·~n tha ·lower ·east 
Farragut Mining Co~, includes a· group of 29 slope of the r~n~e m :a~. canron-, that ' ma~ks 
claims extending· from · the northern boundary the· · northern · limit of · the .· highes~ summita. 
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It is about 7 miles due north of Packard Peak. 
The immedi~te country rock is the upper part 
of the Pine Cany~:m limestone, which consists 
of alternating bands of the. black cherty and 
the coarse.;.gramed Jiffies tone of the Iron Blos
som zone. The dip is ve~tical to very steep 
westward (w~ere slightly overturned). Two 
shafts have been sunk, one 100 feet and one 
20 feet de~p. Both are in cherty dolomitic 
limeston~. The outcrop at the collar of the 
100-foot shaft is of cherty limestone cut by 
veinlets of white to brownish calcite of colum
nar to· coarse granular character, containiilg a 
few small· lumps and grains of "steel" and 
"cube" galena with a little zinc blende. The 
chert lenses may ·be mistaken for quartz 
similar to that of the low-grade siliceous ores 
in the Tintic district, but it is a significant fact 
that the ore minerals were found only in the 
calcite . vemlets or the immediately adjacent 
lime~tone and . not in the chert, also that the 
chert is equally abl1Ildant where there is no 
evidence whatever of mineralization. The 
ore minerals were followed for 15 feet down 
the shaft, and, ~picked sample is said to have 
assayed 26 ounces of silver to the ton and 44 
per cent of lead. The sh,aft contin11:es · do~
ward along an iron-sta~ed .fissure, and a short 
crosscut from its base is said to pass through 
8 feet of kaolfu. Into · some siliceous material, 
full of' iron and manganese oxides, which 
assays traces of gold and silver'. Just south 
of the 1 00-foot shaft is an easterly fault or 
cross break, and fractur~s parallel to it are 
filled with white and locally yellowish calcite. 
The facts observed suggest that in this direc
tion mineralization at the surface has nearly 
reached its northern limit. · 

SOUTHEASTERN AREA. 

stones and the Bluebell dolomite; the Ajax and 
Opohonga were noted along the lower eastern 
slopes of Pinyon Peak, a,nd the Bluebell from 
Homansville Canyon .northward · along the 
upper eastern and northern slopes of Pinyon 
Peak. The . upper part of the strata mapped 
as Bluebell along Pinyon Peak may include 
beds of Silurian or Devonian age. Devonian 
shaly limestone about 150 feet thick-here 
designated the Pinyon Peak limestonec-has 
been traced along the top of the Bluebell 
dolomite from the nose of the blunt eastern 
spur of Pinyon Peak southwestward to the 
south base of the peak. It is absent on the 
northern slope of Pinyon Peak and in Romans
ville Canyon, Mississippian beds resting upon 
the Bluebell dolomite at both :places. Tlie 
lower Mississippian limestones (Gardner and 
Pine Canyon) form the western slopes and 
summits of Pinyon Peak and the lower peak 
to the south. They have also been noted at 
different points along the range toward the · 
north and with a few overlying patches of the 
Humbug formation they form the low ridges 
to the west. 

The area consists for the most part of the 
east limb of the main syncline of .the region, 
the prevailing dip being about 20° W. The 
synclinal axis extends along the east side of 
Fremont Canyon and beneath Cedar Valley. 
Faulting is conspicuous in places and both 
northerly and easterly systems are doubtless 
present, but as in the Tintic district only the 
easterly faults are clearly expressed on the 
surface. , Fissuring without conspicuous fault-
ing is abundant in the few places where any 
extensive underground wor~ has been done 

PROSPECTS WEST OF PINYON PEAK. 

There are only a few small prospects in the 
GEOLOGY. ridges west of Pinyon Peak. The Eureka-

The southeastern area includes the range Comstock, which is at the southwest base of the 
extending north-northeastward from Pinyon 6, 725-foot peak, has a shaft 50 feet deep, fol
Peak ·and the lower ridges just west of Pinyon lowing a narrow vertical silicified zone. The 
Peak. The country rocks are nearly all lime- outcrop of the zone is oxidized to a red color. 
stones, cut by a few rhyolite dikes and in part A little gold and silver have been reported. 
covered by a veneer of effusive rhyolite. The The North Colorado shaft lies just south of the 
formations exposed range from Cambrian to Eureka-Comstock but was not accessible. · On 

. upper Mississippian Limestone of probable the Davis group, to the north, a shaft was 
Cambrian age has been noted on a low knob being sunk at the time of visit along an 18-inch 
east of Pinyon Peak. The Ordovician is rep- . vein of iron and manganese oxides that assayed 
resented ·by the Ajax and Opohonga lime- a trace of gold. 
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KINES AND PROSPECTS NORTH AND NORTHEAST OF 
PINYON PEAK. 

Considerable work !las been done along the 
ridge east of Cedar Valley and north of Pinyon 
Peak, but only three. properties, the Lehi
Tintic, Selma, and the Tintic-Delmar, were 
being worked when visited by .the writer. 

LEm-TiNTIC. 

The Lehi-Tintic mine is on the west slope of 
the ridge, nearly due east of Greely Springs, 
which furnishes a water supply to different 
properties in its vicinity. The mine formerly 
produced a good grade of oxidized silver-lead 
ore from workings near the top of the ridge. 
The ore is said to have followed a N. 50° E. 
fissure (in Mississippian 0) limestone), but to 
have pinched out downward. At the time of 
the writer's hasty visit (July, 1912) a tunnel 
was being driven along a strongly undulating 
fissure zone that strikes generally N. 60° E. 
and dips 45° NW. to 90°, with the intention of 
prospecting beneath the old ore body. A few 
small indications of ore, but none of conse
quence, were said to have been found along 
this fissure zone. In March, 1913, it was 
reported in several mining journals that ore 
containing lead, silver, and a little gold had 
been found on the tunnel level. 

SELMA. 

The Selma property is at the northwest base 
of Pinyon Peak, a short distance beyond · the 
northern boundary of the Tintic quadrangle. 
The surface country rock is the Bluebell 
dolomite, much fissured and cut by a few 

rhyolite dikes. The principal workings consist 
of a long tunnel and a shaft 210 feet deep. 
The. tunnel was run to explore the "cave 
fissure," a large caverno~s pipe of low-grade 
iron ore, with small quantities of lead and pre
cious metals, which is said to be continuous 
from the · surface downward. Other evidences 
of mineralization along fissures have been un
covered in small prospects, but none have ·been 
developed. At the time of visit (July, 1914) 
the only activity was at the shaft, which was 
being equipped with new machinery prepara
tory to running a drift eastward from the shaft 
bottom to cu.t certain of the mineralized fis
sures and to teach the "cave fissure" at 
greater depth. 

TINTIC-DELMAR; 

The Tintic-Delmar property is on the east 
slope of the ridge, northeast of Pinyon Peak 
and southeast of the Lehi-Tintic workings. 
When it was visited (July, 1912) a tunnel had 
been run in a N . . 37° E~ direction through the 
Pine Canyon limestone for 450 feet, and two 
winzes 50 and 25 feet deep had been sunk 
from it. The 25-foot winze close to the tunnel 
face was beiiig sunk along the junction of a 
N. 25° E. fissure with an easterly fissure and 
had exposed a few small calcite veinlets. No 
ore was seen. A little network of calcite 
veinlets was found in silicified limestone about 
125 feet from the mouth of the tunnel, and an 
assay of the silicified rock was said to have 
yielded encouraging quantities of silver and 
gold; but no development of this rock had 
been attempted. 
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