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ABSTRACT

Ore deposits of the Main Tintic mining district are 
dominantly lead-zinc-silver replacements of limestone. The 
northern part of the district is covered by pre-ore, Ter
tiary latite flows. A study of the alteration of the vol
canic cover, with the purpose of correlating the alteration 
to ore-related alteration of the underlying Paleozoic rocks, 
has resulted in the description of five separate domains of 
alteration. A large pyritic zone occurs immediately north 
of the Mammoth-Chief ore run, and another zone, cut by 
quartz veining, occurs above the Godiva ore run. Both py
ritic zones are thought to be related to the formation of 
pyritic jasperoid in the Paleozoic rocks as a precursor to 
mineralization. The quartz veining may represent leakage 
from spent ore solutions. A third zone of pyritization, 
with silicification and pebble dikes, is in an area of ap
parent structural preparation, all of which makes this area 
favorable for as yet undiscovered mineralization. A fourth 
zone, of kaolinization of latite and limestone, appears to 
be related to the shallow intrusion of an unexposed intru
sive body. A fifth zone, of opalization of latite, is 
thought to be related to an intra-volcanic hot spring 
environment.

xi.



INTRODUCTION

The ore deposits of the Main Tintic mining district, 
Utah, are dominantly lead-zinc-silver replacement bodies in 
Paleozoic carbonate rocks. The trend of these elongate ore- 
bodies is north-northeast. In the northern part of the dis
trict the Paleozoic host rocks are overlain by up to 2,200 
feet of pre-ore, Tertiary latite flows. The plan view of the 
projection of the orebodies to the surface (Fig. 1) illus- . 
trates the spatial relation of known orebodies to the volcan
ic cover rocks.

Areas of alteration of various types occur on the 
present surface of the volcanic rocks. The purpose of this 
study was to examine these alteration zones,and draw conclu
sions about the relation of alteration to possible alteration 
and mineralization in the underlying Paleozoic rocks. The 
problem is complicated by the following: 1) only surface ge
ology could be observed, with the exception of one drill 
hole; 2) the altered zones are oxidized to depths of up to 
500 feet; 3) thicknesses of volcanic cover are often over 
1,000 feet, and depth to mineralization may be even greater; 
4) alteration in volcanic rocks versus alteration in carbon
ate rocks, by the same hydrothermal fluid, is totally differ
ent; and 5) the nature of the fluids and phyBiochemical

1
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Fig. 1. General geology of the Main Tintic mining district, 
showing the vertical projection of the ore runs 
(after Morris, 1968).



3
controls that produced alteration and mineralization in lime
stone replacement bodies are only partly understood.

Previous Work
There are no published studies of alteration of the 

volcanic rocks of the Main Tintic district. Several unpub
lished company reports (Gebhart, 1952; Evans, 1955) mention 
the alteration zones north of the main orebodies, but these 
zones were not mapped until Wargo (1956) outlined the larger 
alteration zones in the volcanic rocks and surrounding Paleo
zoic rocks. Wargo (op cit) emphasized only alteration in 
the carbonate rocks, presenting very brief descriptions of 
alteration of volcanic rocks. Alteration of volcanic rocks 
was described as argillic when the rock appeared bleached, 
and as pyritic if limonite was present.

One of the first to relate alteration in volcanic 
rocks to buried mineralization in the Tintic district was 
Billingsley (1927) who discovered the North Lily ore center 
beneath a zone of pyritized latite. Alteration of both car
bonate and volcanic rocks was studied extensively in the 
East Tintic district by Billingsley (1927), Lovering (1949), 
and Bush et al. (1960). With the advantage of underground 
access and drill hole data, Lovering (1949) was able to 
study the spatial relations of mineralization to alteration 
in carbonate rocks, and the relations of alteration in car
bonate rocks to alteration in volcanic rocks. He recognized
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five stages of alteration, as follows: 1) Early Barren
stage: dolomitization of carbonates, chloritization of vol
canic rocks (thought to precede intrusion of the ore-related 
Silver City Stock); 2) Mid-Barren Stage: leaching and sand
ing of carbonates, kaolinization and other clay-mineral al
teration of both intrusive and extrusive rocks (contempora
neous with intrusion of the Silver City stock); 3) Late Bar
ren Stage: deposition of jasperoid, pyrite, and barite in
the sediments, and deposition of pyrite with minor quartz, 
calcite, and barite in the overlying volcanic rocks; 4)
Early Productive Stage: deposition of sericite, pyrite,
jasperoid, and quartz in the sediments, and, rarely, the 
same minerals in the volcanic rocks; and 5) Productive Stage: 
continued deposition of pyrite and jasperoid, with addition 
of ore mineralization. Stages 3, 4, and 5 are thought to be 
the result of a continuously flowing solution, changing in 
chemical character and composition with time (Morris and 
Mogensen, 1978). A simplified cross-section across an ore- 
body would thus be zoned, with an outer zone of dolomite, 
an intermediate zone of pyritic jasperoid, and an inner 
zone of jasperoid and sulphide mineralization.

Methods of Investigation
An area of about seven square miles of volcanic rocks, 

located to the south and east of the known orebodies of the 
Main Tintic district, were mapped at a scale of 1:12,000
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using enlargements of U. S. Geological Survey 1:24,000 to
pographic maps. Three months were spent in the field. Two 
hundred and eleven rock samples were collected. Seventy- 
six samples were analyzed by 35-element semiquantitative - 
spectrographic analysis, and whole rock analyses w.ere ob
tained for 11 samples. Forty-eight thin sections were stud
ied to determine the nature and mineralogy of alteration. 
X-ray diffraction was employed to identify alteration 
minerals.

Location
The Tintic Mining district is located about 90. 

miles south-southwest of Salt Lake City, Utah in the cen
tral part of the"East Tintic Mountains (Fig. 2). The Tin- 
tic district has two parts--the Main Tintic district and 
the East Tintic district. All of the research in this the
sis was conducted in the Main Tintic district, confined to 
an area north and east of the town of Eureka (Fig. 2).

Eureka can be reached by a major highway, U.S. 6- 
50. The margins of the thesis area are accessible by im
proved dirt road, and a few unimproved dirt roads extend 
into the area. The terrain is one of moderate relief, rang
ing from a high point at Packard Peak of 7286 feet to a low 
point of about 6400 feet in the valley in which Eureka lies.

The vegetation is dominated by sagebrush in the 
lowlands and juniper on the slopes and hilltops. The
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climate is characterized by hot dry summers and cold snowy 
winters. The area is free from snow from about May to De
cember. Exposure ranges from very poor in the valleys to 
good to excellent throughout the rest of the area.



GENERAL GEOLOGY OF THE MAIN TINTIC DISTRICT

The geology and ore deposits of the Main Tintic dis 
trict and surrounding areas have been well described and 
will only be briefly summarized here. Authors who have con 
tributed to the geology of this district include Lindgren 
and Loughlin (1919), Lindgren (1933), Kildale (1938), 
Lovering (1949), Proctor (1956), Morris (1964a,b, 1968), 
Morris and Lovering (1979), and Morris and Mogensen (1978).

The Tintic district is located on the crest of the 
East Tintic Mountains, a north-trending fault-block moun
tain range at the eastern edge of the Basin and Range Prov
ince. More than 15,000 feet of miogeosynclinal sedimentary 
rocks, ranging in age from late Precambrian to late Missis- 
sippian, occur in the district. The Paleozoic section is 
dominantly limestone, dolomite, and minor shale, with a 
thick unit of quartzite at the base (Table 1).

During the Sevier Orogeny in the late Cretaceous, 
the sedimentary rocks were folded into a series of asymmet
rical anticlines and synclines and cut by transcurrent 
faults (Armstrong, 1968). The dominant structure of the 
Tintic district is one such syncline, with a steep west 
limb, a shallow east limb, and a gentle northward plunge. 
The Sevier deformation ceased in the late Cretaceous 
(Armstrong, 1968) and a period of normal faulting occurred

8



Table 1. Rock units of the Tintic district, with production 
figures (after Morris and Mogensen, 1978).

SYSTEM SERIES FORMATION or" UNIT LITHOLOGY, THICKNESS, PRODUCTION

QUATERNARY Holocene Recent alluvium Fanglomerate, gravel, sand, silt; 
0-100 ft.

Monzonite of Silver 
City stock and related 

plutons
— intrusive contact--

Granitic to porphyritic biotite 
hornblende augite porphyry.

Pebble dikes and dikes 
of monzonite porphyry
--intrusive contact--

Intrusive breccia.

TERTIARY Oligocene Laguna Springs Volcanic 
Group

Pinyon Queen Latite; gray-red latite 
porphyry; 400 feet.

, Swansea Quartz 
Monzonite

White to gray quartz monzonite porphyry.

Packard Quartz Latite

- - unconformity - - - - 
Great Blue Fmtn.

purplish-gray, fine-medium grained, 
contorted quartz latite; vitrophyre at 
base and top; greater than 3000 feet.

Blue-gray cherty limestone with shale 
and quartzite; 2500 feet.

Upper Humbug Formation Blue limestone, buff sandstone; 600 ft.

MISSISSIPPIAN
Deseret Limestone Blue-gray, cherty, fine-grained, bioclas- 

tic limestone; 990 ft.; $45,000,000

Lower Gardison Limestone Blue-gray, bedded, cherty l.s.; 525 ft.

Fitchville Formation Limestone t cherty dolomite units; 330 ft

DEVONIAN Upper
Pinyon Peak Limestone Blue-gray silty limestone; 82 feet; 

$43,000,000 (incl. Fitchville, Pinyon 
Peak, and Victoria Fmtns,)

Victoria Formation Gray dolomite, buff quartzite;250-300 ft.
DEVONIAN, 
SILURIAN, and 
ORDIVICIAN

Bluebell Dolomite Gray, coarse-grained dolomite; 
330-600 ft.; $110,000,000.

ORDIVICIAN
Upper Fish Haven Dolomite Mottled’, gray, cherty dolomite; 200-320 ft

Lower Opohonga Limestone Blue-gray shaly-silty l.s.; 330-980 ft.

Ajax Dolomite Gray,cs.-grained cherty dolomite? 
600-656 ft.> $60,500,000.

' Upper Opex Formation Thin-bedded sandy l.s. and shale;330 ft.

Cole Canyon Dolomite Coarse, gray dolomite, white laminated 
dolomite;902 ft.

CAMBRIAN Bluebird Dolomite Coarse, gray dolomite with rod-shaped 
markings; 180 ft.

Middle
Herkimer Limestone Blue-gray shaly and silty limestone, 

green shale; 426 ft.

Dagmar Dolomite Fine-grained, white laminated dolomite; 
62 ft.

Teutonic Limestone Blue-gray silty l.s.,pisolites; 394 ft.

Ophir Formation Gray-green shale,blue oolitic l.s.; 
430 ft. $84,500,000.

Lower Tintic Quartzite Fine-grained quartzite, phyllite in upper 
part, conglomerate at base; 2300-3280 ft.

PRECAMBRIAN X 
(?)

Upper Big Cottonwood 
Formation

Phyllitic shale, quartzite, dolomite; 
greater than 1840 feet.
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after this time. The region was subjected to erosion in 
the Paleocene and Eocene, and a mature topography devel
oped with up to 5200 feet of relief (Morris and Anderson, 
1962).

Igneous activity began about 33 m.y. ago (Laugh1in 
et al., 1969) with the extrusion of more than 3000 feet of 
Packard Quartz Latite. This rock is the principal type 
studied in this thesis. It buried an earlier dissected, 
mountainous, and sedimentary terrain. Igneous activity 
continued with both extrusion of flows and intrusion of 
plugs, dikes, pebble dikes, and sills, all of monzonite 
composition, and terminated about 31.5 m.y. ago (Laugh!in 
et al., 1969) with the intrusion of the ore-related Silver 
City monzonite stock, which is found in outcrop about 3 
miles south of the presept town of Eureka.

Ore Deposits
Ore deposits of the Main Tintic district are mainly 

lead-zinc-copper sulphides with important amounts of silver 
and lesser gold. Ore is found in fissure and replacement 
veins in the Silver City stock and in large, extensive re
placement mantos and chimneys in the sedimentary rocks. To
gether the orebodies (called "ore runs") have a linear char
acter that trends north-northeast. Five zones of replace
ment orebodies are recognized (Fig. 1). The ore runs range 
from 20 to 60 feet wide and are continuous for more than 2



miles (Morris, 1968). Great vertical chimneys of ore occur 
along fault zone intersections which may have a horizontal 
diameter of as much as 200 feet and may be as high as .2400 
feet (Morris, 1968).

Stratigraphic controls are an important ore locus, 
as ore runs are often confined largely to a single strati
graphic unit. Structural control is also very important, 
as reflected by the location of chimneys at some fault in
tersections. However, although ore runs may be located 
near fissures, at other locations the ore runs will cross 
major structures without being affected by them (Morris, 
1968). The persistent linear trends of the ore runs is re
markably . similar to orebodies at other replacement deposits 
such as Santa Eulalia, Chihuahua (Prescott, 1926) and 
Gilman, Colorado (Lovering, et al. , 1978).

Mining was halted in all ore runs because of in
creasing depth to mineralization towards the north, because 
of excessive pumping and mining costs and because of zinc 
penalties in the smelters. From the unpublished mining 
records there is no indication that mineralization was ex
hausted when mining was halted.

11



EXTRUSIVE ROCKS

The volcanic rocks in the Tintic district and sur
rounding area have been mapped. and described by Morris (1964a, 
1964b) , Morris and Lovering (.1979) , and Proctor (1956) .

Two.distinct volcanic flow units occur within the 
study area; Packard Quartz Latite, and the younger Pinyon 
Queen Latite of the Laguna Springs Volcanic Group (Morris 
and Lovering, 1979). The Packard Quartz Latite is chemically 
equivalent to the Swansea Quartz Monzonite stock, found in 
outcrop south of the town of Eureka. The Laguna Springs 
Volcanic Group is chemically equivalent to the ore-related 
Silver City Monzonite dtock (Morris and Lovering, 1979).

Exposures Qf Packard.Quartz Latite cover about eighty 
percent of the thesis area, with the remaining twenty percent 
covered by the overlying Pinyon Queen Latite. Both units are 
pre-ore (Laughlin.et al, 1969).

Packard Quartz Latite
Packard Quartz Latite is present over an area of over 

500 square miles (Morris, and Lovering, 1979) . It is subdi
vided into a basal tuff, a lower vitrophyre, a porphyritic 
unit, and an upper vitrophyre (Morris and Lovering, 1979).
The white, poorly welded basal tuff was observed in only one 
small (100 square feet) area at the western edge of the latite

12
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outcrop. The black, glassy, partially agglomeratic lower 
vitrophyre was often observed at the Tertiary-Paleozoic con
tact, and was estimated to be less than fifty feet thick.
The upper vitrophyre was similar in appearance and thickness 
to the lower vitrophyre, and was observed in a few places at 
the contact between Packard Quartz Latite and Pinyon Queen 
Latite. The.basal tuff and lower and upper vitrophyres were 
not separated on the geologic map as they are volumetrically 
unimportant and are not altered within the study area.

Porphyritic Unit
The porphyritic unit is by far the thickest and most 

extensive of the four subdivisions of Packard Quartz Latite 
(Fig. 3), attaining a thickness of over 1800 feet in the 
Packard Peak area (Fig. 4, in pocket).. With the exception 
of a thin (10 feet) discontinuous agglomerate lens exposed 
on the west side of Packard Peak, the massive flow unit is 
quite uniform from outcrop to outcrop over its entire thick
ness. No flow tops, ash falls, or vitrophyres were observed 
within the porphyritic unit, which may be due to rapid, almost 
continual extrusion of the volcanic pile (Morris and Mogensen, 
1978).

Primary volcanic features such as flow-folding, cross
bedding, and shear planes are everywhere present within the 
porphyritic unit, indicating the probable viscous nature of 
the flows. Flow foliation is also everywhere present, which
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Fig. 3. Outcrop of massive porphyritic flow unit of the 
Packard Quartz Latite.



IS
seems to be due to slight differences in the amounts of crys
tals versus groundmass, and is quite noticable on weathered 
surfaces.

Petrography. Hand specimens of the porphyritic unit 
are characterized by phenocrysts, up to o.75 cm long, of 
plagioclase, biotite,.sanidine, and quartz, in a light purple 
to lavender-gray aphanitic matrix (Fig. 5). The plagioclase, 
sanidine, and quartz crystals are broken and resorbed, but 
still exhibit some euhedral faces. Biotite is euhedral and 
occurs in subparallel orientation with the foliation. Elon
gate hornblende prisms are occasionally observed. Magnetite 
is a ubiquitous accessory mineral, occurring as small (1 mm) 
grains, often surrounded by a narrow rim of iron-stained la- 
tite. The phenocrysts appear unaltered ,with the exception 
of biotite and hornblende. Biotite is often tinged brown- 
black and appears flaky. Hornblende is everywhere altered 
to brow clay and iron oxides.

Microscopically, the alteration of biotite and horn
blende appears to be a breakdown in the crystal structure to 
minerals such as hematite and rutile. All of the hornblende 
is. affected by this alteration. Up to fifty percent of a 
■given biotite crystal may be affected, but X-ray diffraction 
patterns show that the structure of biotite remains essen^ 
tially intact. The groundmass is a very fine-grained mosaic 
of interlocking crystals of plagioclase, quartz, and
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Fig. 5. Hand specimen of Packard Quartz Latite; porphyritic 
unit.
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orthoclase, determined by X-ray diffraction. The plagioclase 
in the groundmass was identified as labradorite (An-„ c_).

Magnetite, when observed in reflected light, actually 
consists of alternating lamellae of ilmenite and magnetite, 
but the magnetite layers are almost completely dissolved.
The ilmenite layers were identified by microprobe analyses, 
but the former magnetite layers consisted of some combination 
of iron, silica, aluminum, potassium, calcium, sodium, and 
titanium. This type of exsolution is common for titanomag- 
netite (Ramdohr, 1969, p. 901). Tiny magnetite/ilmenite 
grains also occur within biotite crystals.

Pinyon Queen Latite
The Pinyon Queen Latite, which overlies the Packard 

Quartz Latite, is part of the Laguna Springs Volcanic Group, 
and consists of a lower member of agglomerate, tuff, and brec
cia, and an upper porphyritic flow unit (Morris and Lovering, 
1979). Within the study area the Pinyon Queen Latite occurs 
in the vicinity of Flattop (Fig. 6, in pocket) and is 300 to 
400 feet thick at its maximum. As this unit was not altered 
within the study area, only a brief description will be given.

The lower member of the Pinyon Queen Latite is a mas
sive unit, up to 100 feet thick, containing agglomerates 
with angular fragments of the upper vitrophyre of the under
lying Packard Quartz Latite. This grade upward into the por
phyritic flow member, which is also massive. Phenocrysts of
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plagioclase, biotite, and lesser sanidine are embedded in a 
dark gray or red aphanitic matrix with fragments of the same 
rock mingled in. Viewed microscopically, pyroxene, epidote, 
and accessory magnetite, sphene, and zircon are also present, 
together with the major minerals.



INTRUSIVE ROCK UNITS

Two types of intrusive rocks occur within the study 
area--pebble dikes and hornblende monzonite porphyry. Peb
ble dikes, volumetrically small but geologically important, 
occur on the southeastern edge of the study area (Fig. 6, 
in pocket). A small exposure of hornblende monzonite por
phyry occurs in the center of the town of Eureka.but was 
not observed elsewhere.

Pebble Dikes
Several pebble dikes were observed in the southeast 

ern portion of the study area. Two were observed in out
crop, and the rest were discovered by the occurrence of 
quartzite pebbles in the soil. The surface expression of 
the pebble dikes varies widely, from thin (2 inches) silici 
fied dikelets along fractures to loose pebbles in the soil 
to thicker (2 feet) more massive outcrops of brecciated 
material.

All of the pebble dikes observed within the study 
area occur within and around the altered zones of Domain 2 
(Fig. 6). This alteration domain will be discussed in a 
later section. A thin (2 inches) silicified pebble dike 
can be traced for at least 50 feet along its strike within 
an altered area in Domain 2, and fragments from this dike

19
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are found along a strike length of 200 feet. The trend of 
the pebble dike is roughly N18°E, which is the strike of 
the Mammoth-Mayday fault, which occurs in the underlying - 
Paleozoic rocks (Morris, 1964a). Another pebble dike is 
present immediately northeast of this altered zone, as in
dicated by the presence of rounded quartzite pebbles in the 
soil above volcanic outcrop. A third pebble dike occurs in 
Paleozoic outcrop about 500 feet south of the altered zone 
in Domain 2. This dike contains fragments of igneous ma
terial in addition to fragments of shale and quartzite. 
Pebble dikes, where observed in outcrop, appear later than 
alteration, and ofteon contain fragments of altered latite 
within them where they cut altered zones. Morris and 
Lovering (1979) have observed that pebble dikes are pre
mineralization and are often themselves mineralized.

Pebble dikes are thought to be explosion breccias 
originating at depth and driven by superheated steam, forc
ing their way along pre-existing faults and fissures 
(Morris and Lovering, 1979). Because of the violent na
ture of pebble dike formation, the durable Cambrian Tintic 
quartzite is the only rock in the section likely to survive 
transport for any distance. This rock type comprises the 
characteristically rounded clasts found on the surface.
The presence of shale fragments indicates a shallow source 
or nearness to a shale unit.

r
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Pebble dikes are highly useful indicators of sub

surface geology, as first pointed out by Fannin (1934), be
cause they are directly associated with the intrusion of 
the ore-related Silver City and related monzonite bodies. 
Furthermore, the presence of quartzite pebbles proves that 
the pebble dikes cut the Cambrian Tintic quartzite, which 
would therefore be found at depth. Economically, because 
of their association with the Silver City intrusive rocks 
and association with volatiles, pebble dikes are considered 
one of the most useful guides to concealed mineralization 
(Morris and Lovering, 1979). Pebble dikes are concentrated 
largely in the East Tintic district, which extends eastward 
from the eastern boundary of the study area.

Hornblende Monzonite Porphyry 
2A small (200 ft ) outcrop of hornblende monzonite 

porphyry (Morris, 1964a) occurs in the center of Eureka 
(Fig. 6). The monzonite is massive but is cut by frac
tures that strike E-W and dip at a low angle to the north. 
The rock is composed of euhedral crystals of plagioclase, 
up to 0.75 cm long, and smaller phenocrysts of hornblende 
that are present in a dark gray aphanitic matrix. Some 
fragments which appear to be red shale occur in the matrix.

Microscopically, the monzonite has a strong tra- 
chytic texture defined by the subparallel plagioclase, bio- 
tite, and hornblende crystals in a felty-textured
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groundmass. Hornblende and biotite are completely altered 
to opaque minerals.

The source of the porphyry is unknown, although 
Morris (1964a) associates it with the Sunrise Peak Monzo- 
nite stock, which is south of Eureka. The monzonite por
phyry did not appear to be hydrothermally altered. Contact 
relations between the monzonite porphyry and Packard Quartz 
Latite were not exposed, so it is not clear whether the 
monzonite is intrusive or extrusive. However, dikes of 
monzonite porphyry are often found in the workings of the 
Mammoth-Chief ore run, and the monzonite observed on the . 
surface may be an extension of one of these dikes.



STRUCTURE

The vo 1 canic'^cover rocks within the study area have 
undergone little deformation. They appear to be essentially 
flat-lying except for rare dips to the north of less than 
5°. A vertical joint set with a N3°W trend is present 
which is pervasive on a district-wide scale. Faults in the 
underlying Paleozoic rocks appear to have affected fracture 
directions locally. Fracture directions will be discussed 
in the pertinent alteration sections.

The only fault observed in the volcanic rocks was 
an extension of the Grand-Central Fault, located just north 
of Burriston Pass in the southeastern part of the study 
area (Fig. 6). This transcurrent fault, which was present 
before extrusion of the volcanic pile (Morris, 1964a) ap
pears to have been reactivated after extrusion. A zone of 
pervasive, horizontally lineated, vertically foliated la- 
tite up to 50 feet wide extends into the Packard Quartz La- 
tite along the trace of the fault for a distance of about 
2000 feet. This zone gradually dies out and is lost: in 
poor exposure. It is possible that faulting in the volcanic 
rocks is more widespread, but lack of marker beds within the 
latite or lack of observed fault breccias, slickensides, 
etc. makes identification of any faults difficult.

23



ALTERATION OF VOLCANIC ROCKS

The nature of alteration of the volcanic cover 
rocks of the Tintic district is such that it can be divid
ed into five domains, each domain having a different type 
or degree of alteration (Fig. 6). All alteration observed 
in the volcanic rocks within the study area is in the thick 
pof.phyritic flow unit of the Packard Quartz Latite. De
scriptions of each domain will be given, followed by a sec
tion on chemical gains and losses.

Domain 1: Pyritlc(?) Alteration of
Latite, North of Maiimtoth -Chief Ore Run

Directly north of the projected northern extension 
of the Mammoth-Chief ore run is a large altered zone, about 
one mile lone (E-W) and three-quarters of a mile wide (Fig. 
6). The term pyritic has been applied to the alteration in 
this domain, although pyrite no longer remains at the sur
face. The alteration, for the most part, is weak but per
vasive. Along the margins of the alteration zone at the
contact with unaltered latite, the alteration is confined

oto fractures. A small (200 ft ) zone of argillic altera
tion occurs in the center of this domain.
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General Description of 
Alteration in Domain 1

In an attempt to determine zoning present in this al
teration domain, the altered latite was mapped according to 
observable field properties such as bleaching of the nor
mally light purple-gray matrix, and extent of bleaching of 
biotite. The alteration is defined as very weak pyritic if 
the biotite phenocrysts are not bleached, and as weak pyrit
ic if the biotite crystals are bleached white. Both the

/

weak pyritic and. very weak pyritic zones have areas in 
which the. volcanic matrix is bleached white. Red-brown li- 
monite stain on fractures and as disseminations is every
where present (Fig. 7). Plagioclase is in some localities 
partially altered to montmorillonite in the weak pyritic 
zones.

X-ray diffraction studies of the volcanic matrix re
vealed no observable differences between diffraction pat
terns of the bleached matrix versus diffraction patterns of 
unaltered matrix. Biotite, although bleached and corroded 
in the weak pyritic zones, produces an identifiable biotite 
diffraction pattern. A diffraction peak in the montmoril
lonite range (about 15 X) appears for diffraction patterns 
of biotite that is extremely altered to the point that only 
a skeleton of the original mica sheets remains. This peak 
may represent small inclusions of plagioclase in the biotite 
that has altered to montmorillonite.

25
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Fig. 7. Hand specimen of weak pyritic alteration, 
Domain 1.
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Microscopically, the altered latite appears little 
changed from the unaltered rock. Quartz and sanidine are 
unaffected. The bleached volcanic matrix has the same min
eralogy as unaltered latite groundmass, with the exception 
of the loss of tiny grains of an opaque mineral. This opaque 
mineral may be an iron mineral such as hematite (Titley, 
pers. comm.) which may be responsible for the purple-gray 
color of the original unaltered rock matrix. Biotite, rather 
than altering to new minerals, appears to have more or less 
"faded out", until all that is visible in thin section are 
tiny opaque iron oxide grains that are also visible in unal
tered biotite. These opaque grains leave an outline of where 
the biotite crystal once was, Plagioclase is occasionally 
partially altered, in,the centers of crystais, to montmoril- 
lonite. . Magnetite/ilmenite grains are not observed in thin 
section, presumably having been destroyed. Limonite stain 
often permeates broken feldspar and quartz phenocrysts along 

^tiny factures.
There is some question as to whether this alteration' 

in Domain 1 is the result of weak pyritic alteration or of 
weak argillic alteration. Pyrite is no longer present on the 
surface of the altered zones; furthermore, pyrite boxworks 
and jarosite are not observed in outcrop. However, in se
veral of the larger prospect pits in this domain, the rock 
recently excavated from below the present surface is covered
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with coatings of natrojarosite, NaFe3 (S04)2 (OH)6, which in
dicates the presence of sulfur in the area. The lack of ar- 
gillie minerals in the altered zones suggests something other 
than argillic alteration, as Lovering (1949) stated that 
plagioclase was the first mineral to be altered in argillic 
zones of this district. Plagioclase in Domain 1 is only oc
casionally altered. Finally, the alteration in Domain 1 is 
virtually identical in appearance to pyritic zones mapped by 
Lovering (1949) in the East Tintic district, where pyrite
was known to occur in the less-weathered latite at depth.

2One small zone (200 ft ) of what is described in the 
field as moderate argillic alteration occurs roughly in the 
center of Domain 1 (Fig. 6, in pocket)* The normally light- 
purple-gray' matrix of the latite has been bleached to a bright 
white, and X-ray diffraction studies indicate that the ground- 
mass has been altered almost entirely to low-cristobalite. 
Quartz and sanidine phenocrysts are unaltered, but plagioclase 
and biotite are rarely visible. Plagioclase, where observed, 
is altered to montmorillonite. The latite is brecciated, 
with the angular, non-rotated fragments surrounded by thick 
coatings and open-space fillings of dark brown limonite and 
jasperoid (Fig. 8). Up to fifty percent of the altered la
tite matrix is dense, brown, fine-grained quartz, as opposed 
to the cristobalite-rich matrix found in the rest of the ar
gillic zone. Fine-grained heulandite (identified by X-ray 
diffraction) fills some fractures as a late mineral. The
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Fig. 8. Hand specimen of moderate argillic alteration, 
Domain 1.
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alteration observed in the moderate argillic zone is unique, 
and is not observed elsewhere in the study area.

Fracture Data
Within Domain 1 are several linear structures that 

are visibly more iron-stained and often slightly more al
tered than the surrounding rock. These structures are char
acterized by irregular, subparallel fractures, usually less 
than 0.5 inches wide and only a few feet long, that occur in 
linear zones up to 10 ft wide and 1500 ft long. Thin coat
ings of limonite often occur along these fractures, in con
trast with just iron-staining that is found on fractures in 
the rest of the area. These zones may represent faults, al
though no evidence for displacement was observed. Some of 
these fracture zones have controlled the drainage in small 
areas. Some of the structures trend roughly north-south, 
and another set trends roughtly N60-75oE.

In contrast to the generally dominant north-south 
joint set present in the unaltered volcanic cover rocks of 
the study area, the fractures in Domain 1 show a strong 
E-NE trend (Fig. 9). This trend matches many of the trends 
of the large normal and transcurrent faults that occur in 
the underlying Paleozoic rocks just to the south of Domain 
1 (Morris, 1964a). In addition, the projected trace of the
Dead Horse and HomansviHe faults, also in Paleozoic rocks,

v
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FRACTURE S  IN MAIN 
P Y R I T I C  Z O N E

PY R I T I Z E D  F R A C T U R E S
ON MARGI N OF MAIN 
P Y R I T I C  Z O N E

OF O B S E R V A T I O N S

Fig. 9. Fracture orientations, Domain 1.
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runs through the north-central part of the domain, and these 
faults have an easterly trend (Fig. 6, in pocket).

Subsurface Data
Subsurface data are of great value in comparing sur

face alteration in the volcanic rocks to alteration in the 
underlying Paleozoic rocks. One hole was drilled by the 
Longyear Company in 1949, roughly in the center of Domain 1. 
(Fig. 6, in pocket). Unfortunately, the volcanic rocks were 
churn-drilled, and no data for alteration in the volcanics 
is available.. Immediately beneath the volcanics, at a depth 
of 987 feet, this hole encountered a sixty-foot section of  

pyritic jasperoid at the top of the Paleozoic rocks, through 
which the hole continued for 1600 feet in unaltered Paleozoic 
rocks. A 300 foot section of pyritic jasperoid was then en
countered, at a depth of about 2657 feet, and the hole then 
continued for 700 feet in unaltered carbonate rocks. The 
drill log reports a partial repetitiion of section in the 
upper part of the Paleozoic rocks encountered by the hole.
It is not known why the hole was stopped at this point, but 
it appears that the hole would have encountered the favorable 
Bluebell Dolomite if it would have continued for another 
+ 400 feet (Fig. 10, in pocket). The Bluebell dolomite hosts 
virtually all of the ore of the Mammoth-Chief ore run, whose 
last-mined extension is only about 1500 feet to the south, as 
shown in the cross-section on Fig. 11 (in pocket).
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Domain 2: Pyritization, Silicification,
Brecciation; Eastern Boundary

Domain 2 consists of four zones of pyritic alteration 
on the southeastern edge of the study area: the large, main
zone, about 1200 feet in diameter; two smaller zones, each 
about 25 feet in diameterabout 2000 feet to the north of 
the main zone; and a fourth zone, about 200 feet in diameter, 
1500 feet to the south-southwest of the main zone (Fig. 6, 
in pocket). These four zones are grouped together because 
of apparently similar types of alteration, but with some im
portant differences.

Description of Alteration in Domain 2
The Packard Quartz Latite in these zones is bleached, 

crumbly, and heavily stained with yellow-green jarosite. 
Phenocrysts are difficult to recognize. X-ray diffraction 
studies indicate that the plagioclase is almost entirely al
tered t o montmorillonite, in both the phenocrysts and ground- 
mass. Small amounts of dickite were also identified in the 
altered groundmass. Biotite, as in Domain 1, is bleached, 
and X-ray diffraction patterns showed a montmorillonite peak 
for the bleached biotite. It appears that the zones are 
silicified, though only small outcrops of silicified latite, 
surrounded by the bleached, crumbly rock; remain at the sur
face (Fig. 12). The silicified latite was observed only in 
the main zone of this domain.
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Fig. 12. Hand specimen of moderately pyritized and 
silicified latite, Domain 2.
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Microscopically, the silicified latite in:this zone 

appears to be slightly brecciated, as small, irregular 
cracks throughout the rock are filled with very fine grained 
quartz. Small fragments of quartz-rich material are also 
present in the matrix. Pyrite occurs as tiny, disseminated 
clusters of cubes, and as very small disseminated grains in 
biotite crystals. Pyrite apparently replaced magnetite/il- 
menite, as magnetite/ilmenite is no longer present. Plagio- 
clase, quartz, and sanidine appear unaltered in the silici- 
fied latite, and biotite appears only slightly altered from 
its appearance in fresh latite. Pyrite is on the order of 
1 to 2% in these silicified zones. Silicification in the 
altered zones of Domain 2 appears to have hindered the weath 
ering process, as jarosite is still present as opposed to 
brown limonite, probably hematite and goethite, in Domain 1. 
Because the pyritization appears stronger in this domain as 
opposed to Domain 1, the term moderate pyritization has been 
applied to Domain 2.

The main altered zone of Domain 2 lies at the inter
section of the projected traces of two large faults, the 
Addle and Mammoth-Mayday faults, which are exposed in the 
Paleozoic rocks to the south and southwest of this domain 
(Fig. 6, in pocket). The three smaller zones, to both the 
north and south of the main zone, all lie on the projected 
trace of the Mammoth-Mayday fault. The main altered zone 
of Domain 2 is brecciated, with clasts of rounded, altered
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latite, up to 12 inches in diameter, observed in outcrop 
(Fig. 13). The contact of this brecciated zone with unal
tered latite is not sharp, as the margins of the altered 
zone show decreasing evidence of brecciation, over a few 
tens of feet, towards unaltered latite. Some evidence for 
brecciation occurs in the smaller zones, as fragments of 
rounded latite were observed in outcrop, but the breccia
tion is less obvious than in the main altered zone.

Fractures in Domain 2
Fractures in Domain 2 are difficult to document be

cause of the brecciated nature of the zone, and because of 
the extreme weathered state of most outcrops. The large, 
main alteration zone of Domain 2 is crossed by numerous, 
discontinuous, thin (less than 0.25 inches) shears, the ma
jor trends of which are approximately north-south and N60- 
70°E, with a third set, with fewer fractures, trending about 
N15°E. Fractures in the altered zone southwest of the main 
zone have trends of approximately N42°E.

Domain 3: Pyritic(?) Alteration,
Quartz Veihihg; above Godiva Ore Hun

oAn altered zone about 1/8 mi in area occurs approx
imately 400 ft vertically above the northern projection of 
the Godiva ore run, located immediately south and east of 
the Chief #2 shaft (Fig. 6). The alteration is exactly as 
that described for Domain 1, so the alteration in this zone
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Fig. 13. Outcrop in brecciated zone, Domain 2, showing 
rounded latite clast in a moderately pyritized 
area.
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has been called very weak pyritic and weak pyritlc, again 
based on the field properties of bleached biotite and 
bleached groundmass. The same lack of identifiable altera
tion minerals is present in this domain as for Domain 1, 
with minor alteration of plagiocla.se to montmorillonite, 
red-brown limonite stain on fractures and as disseminations, 
absence of magnetite, and biotite that is bleached but only 
rarely altered to montmorillonite.

A zone of quartz veining, about 400 x 700 ft in size, 
occurs immediately southeast of the Chief #2 shaft. The 
quartz veins cut the pyritic alteration in the la tit e', but 
veins also cut unaltered, densely welded Packard Quartz La- 
tite (Fig. 14). The. veins of clear quartz are up to 0.25 
inches thick, with siliceous alteration envelopes up to one 
inch thick. Vugs occasionally occur along these veins, and 
quartz crystals, sometimes intergrown with stilbite (identi
fied by X-ray diffraction) are found in these vugs. Fluid 
inclusions from the quartz crystals in these vugs were stud
ied (Fig. 15) and two peaks of temperatures were observed; 
one at 150°C, which appeared to be secondary inclusions, and 
a smaller peak at aboug 250°C. Salinities for both peaks 
were in the range of 7-11 wt. % (NaCl equivalent) although 
the secondary inclusions had a wider range. The inclusions 
observed had no daughter minerals. Preliminary data on 
fluid inclusions from fissure ore in the Tintic district, 
reported in Morris and Mogensen (1978) had homogenization
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b)

Fig. 14. Hand specimens of quart-veining cutting both 
pyritized latite (a), and fresh, densely 
welded latite (b), Domain 3.
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temperatures of 150-300°C and salinities of less than 3.1 
wt % (NaCl equivalent).

Domain 4: Fracture-controlled Kaolinization
" of Latit’e;' West' End of Study Area

Alteration in Domain 4 is distinctly different from 
alteration in the rest of the study area. Domain 4 is on 
the western edge of the volcanic cover rocks west and north 
of Packard Peak (Fig. 6). This is the only alteration do
main in which altered Paleozoic carbonate rocks are ob
served adjacent to alteration in volcanic rocks. Two areas 
of carbonates within this domain exhibit total replacement 
by white, massive, disordered kaolinite, identified by x-ray 
diffraction. The two areas of altered limestone occur to 
the north and south of the "prong" of Packard Quartz Latite 
that extends to the western part of.the study area (Fig. 6). 
Limestone, in both cases, is completely kaolinized right up 
to the volcanic contact (Fig. 16).

Replacement of limestone by kaolinite-group clays is 
described for a strikingly similar occurrence in the south
ern part of the Tintic district, at the Dragon Halloysite 
deposit. At the Dragon Mine, the limestone was "trapped" 
between the overlying igneous rocks and the underlying in
trusion of the ore-related Silver City Monzonite stock. Re
placement of limestone by halloysite was a contact effect of 
the shallow intrusion (Kildale and Thomas, 1957).
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Fig. 16. Outcrop of kaolinized limestone, Domain 4.
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The alteration of Packard Quartz Latite within Do

main 4 occurs in several irregular patches, ranging in size 
from 300 feet to 1000 feet in diameter, the patches occurring 
over an area of about one square mile (Fig. 6, in pocket). 
Altered patches occur immediately adjacent to the outcrops 
of kaolihized limestone. Alteration in this domain is char
acterized by fracture-controlled argillic alteration, in 
which disordered kaolinite is the only alteration mineral 
identified by X-ray diffraction.

Fractures, ranging in character from thin (less than 
0.1 inches) irregular cracks filled with kaolinite, to larger 
vertical fractures up to one foot in diameter occur in the 
domain, Angular, matrix-supported fragments of kaolinized 
latite, with a matrix of iron-stained kaolinite occur in 
these larger vertical fractures (Fig. 17). These breccia 
zones often trend N-S, and may represent faults that occurred 
along the pre-existing N-S joint set.

Alteration envelopes up to several inches wide are 
present along the breccia zones and fractures. Within these 
alteration envelopes plagioclase is totally replaced by ka
olinite. Quartz, sanidine, biotite, and magnetite did not 
appear to be affected. The latite groundmass is altered in 
appearance from a normal light-purple-gray, to a mottled pur
ple and tan. . X-ray diffraction indicates that the plagio
clase in the groundmass is replaced by kaolinite, but ortho- 
clase and quartz are unaffected. A typical outcrop in this
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Fig. 17. Outcrop of brecciated, kaolinized zones, 
Domain 4.
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domain might at first appear to be pervasively kaolinized, 
but closer examination reveals that the coalescing of alter
ation envelopes from numerous small fractures has resulted 
in the pervasive appearance of alteration in the outcrop.

Within Domain 4 are rare, thin (two inches) irregu
lar "dikelets" that are composed of abundant white kaolinite 
fragments in a dark red-brown, iron-rich, oxidized matrix 
(Fig. 18). These dikelets occur within the kaolinized 
zones. The oxidized material has high values of arsenic, 
vanadium, nickel, and zinc relative to background values.
The full spectrographic analyses and some microprobe analy
ses of the anomalous clay dikelets are given in Table 2. 
Again, the clay in the dikelets is disordered kaolinite.
The iron-rich oxidized material produced no pattern on the

X
diffractometer and is apparently amorphous.

Doma in 5 : Op a1iza tion o f Latite;
Central Part of Study Area

Two areas of replacement of latite by opaline silica 
occur in the upper portion of the Packard Quartz Latite, on 
the ridge between Packard Peak, Flattop, and Homansville 
Pass (Fig. 6). The two areas are separated by the overlying 
Pinyon Queen Latite. The replacement is characterized by 
small, irregular exposures of latite whose matrix is totally 
replaced by light gray, brittle, opaline silica (Fig. 19).
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Fig. 18. Hand specimens of both brecciated, kaolinized
zone (a) and clay dikelets cutting this zone (b), 
Domain 4.



Table 2. Geochemical analyses of clay dikelets, Domain 4.

Sample 
No.

SEMIQUANTITATIVE 

Cu Pb Zn

SPECTROGRAPHIC 

Fe As

ANALYSES

V

(PPM)

Ti Mn Ni
70 50 50 500 5.0 10000 1000 50 300 30
71 200 L 200 20.0 1000 1500 50 700 300

*Background 16 53 N 0.7 N N 1500 222 8

ELECTRON MICROPROBE DATA
Sample
No. Na20 k 2o Ti02 MgO Si02 MnO A12°3 FeO CaO SO3 As

70a 0.0 .085 .065 .138 4.59 .069 3.45 55.01 .799 .215 .69
70b 0.0 .087 .124 .279 7.33 0.0 4.38 53.12 .906 .095 1.0
70c 0.0 0.0 0.0 .291 7.27 .083 4.33 51.89 ,825 .152 .88

Average of rocks in Domain 4
L = detected but below limit of determination 
N = not detected

•^i



Fig. 19. Hand specimen of opalization of latite, 
Domain 5.
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The areal extent of silicification in this domain is 

difficult to determine, as the brittle nature of the altered 
rock results in. poor outcrop. Characteristic exposures are 
small, irregular knobs of silicified latite. These knobs 
are roughly circular or slightly elongate in appearance, but 
the opalized zones are usually surrounded .by colluvium, so 
that trends or shapes of the altered rocks are difficult to 
determine. The exposures of opalized latite are usually less 
that 5 square feet in size, but one 40-ft adit followed an 
opalized zone into the hillside on the ridgetop east of 
Packard Peak, and the opalization was continuous along that 
length of the adit. .

One of the larger bodies of opalized latite, just 
east of Homansville Pass (Fig. 6, in pocket) replaced, in 
part, brecciated Packard Quartz Latite, and also replaces a 
portion of the agglomerate layer from the overlying Pinyon 
Queen Latite. In another exposure, the opalization appears 
to have spread out beneath the upper vitrophyre of the Pack
ard Quartz Latite. All of the exposures of the opalized la
tite occur along the upper ridges of the study area, in the 
upper portion of the remaining thickness of the Packard 
Quartz Latite flow, and where overlain by Pinyon Queen La
tite, the opalized zones seem to occur near but below this
contact.
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The Packard Quartz Latite in the opalized zones is 

characterized by total replacement of the volcanic matrix 
with light gray, brittle, opaline silica. Quartz and sani- 
dine phenocrysts appear to have been unaffected, but pla- 
gioclase and biotite are bleached and replaced by quartz and 
cristobalite, as identified by X-ray diffraction. Micro
scopically, the latite matrix is converted from an original 
felty texture to a mass of colloform shapes, defined by ra
diating needles of silica (cristobalite?). Tiny open spaces 
are present in the matrix, in between the colloform masses.



GEOCHEMICAL ANALYSES OF ALTERATION ZONES

Seventy-three samples were analyzed by 35-element, 
semiquantitative whole rock spectography. In addition, 
eleven whole rock oxide analyses were obtained to check on 
the accuracy of the semiquantitative data. The rock analy
ses were obtained to look for "leakage" from the ore system 
of elements such as zinc, lead, magnesium, calcium, and si
lica and to determine general chemical gains and losses in 
the alteration zones. Descriptions of samples that were 
analyzed and tables of results are given in Appendix A. 
Sample locations are given in Figure 20 (in pocket). The 
rock analyses are reported in weight percent. These weight 
percents of a particular element were converted into grams

_ O *■per cubic centimeter (gm/cm- ) by the following procedure:
1) A representative sample of a particular alteration 

zone was ground to ^200 mesh and weighed.
2) The mass of a dry 250 ml volumetric flask was 

measured.
3) The mass of the flask + 250 ml water was measured.
4) The mass of the flask plus the sample plus water up 

to the 250 ml fill-line was measured.
5) The density of the sample was then determined by 

the following method:
51
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M , sample

 ̂̂ sample + flask + H2  0̂  ^sample^ 

= Density (gm cm= Msample
Mdisplaced H^O

The densities thus calculated are given in Table 3. 
Once the density was calculated the weight percent of a par-

Chemical gains and losses could then be determined 
and compared between alteration zones. Manganese, lead, and 
copper are reported only as ppm because of the low concen
trations.

The most important conclusion to emerge from the 
rock analyses is the general lack of significant chemical 
gains or losses of ore-related elements (Zn, Pb, Ca, Mg, Si) 
at the limits of detection for these analyses (Appendix A). 
Leakage from the ore system, if it occurred, was in most 
cases not significant enough to be detected. In fact, zinc 
was rarely detected at all in fresh or altered latite, with 
a lower detection limit of 200 ppm.

-3ticular element was converted to gm cm :
(Density sample (gm cm’3)) X (wt. percent

= Y (gm cm 3)



Table 3. Densities of Rocks in Alteration Zones.

Domain Description. -1gm cc
Unaltered Packard Qtz. Latite 2.44
latite

1 a) weak pyritic alteration 2.47 \
b) moderate argillic alteration 2.11

2 a) weak pyritic alteration,
cut by quartz veins 2.50

3 a) moderate pyritic, weathered 2.35
b) silicified, pyritic latite

(unweathered) 2.60
4 a) kaolinized latite 2.41
5 a) opalized latite 2.17
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Semiquantitative Spectrographic Analyses

Domain 1: Pyritic(?) Alteration
of Latite, North of Mammoth- 
Chief Ore Run

A series of four histograms (Fig. 21) of chemical 
gains and losses in the pyritization directly north of the 
Mammoth-Chief ore run shows results for the four major map 
units within the area. Data for four rock units are pre
sented as follows: 1) very weak pyritic alteration; 2) very
weak pyritic alteration along linear zones; 3) weak pyriti
zation; and 4) moderate argillic alteration (see Fig. 6, in 
pocket, for explanation of alteration units). The altera
tion mineralogy identified in the pyrite zones is scarce, 
with biotite merely "leached" and plagioclase partially al
tered to montmorillonite. Magnetite/ilmenite is destroyed. 
Iron oxides are present as stains on fractures and through
out the rock.

It can be seen from the diagrams in Figs. 21a-21c 
that, in general, a weak subtraction for most elements ana
lyzed is present, with the supposed stronger alteration 
(i.e., weak pyritic) showing slightly greater amounts of 
subtraction than weakest alteration (i.e., very weak pyrit
ic) . Part of this chemical subtraction apparently reflects 
the partial alteration of plagioclase to montmorillonite.
One possible reaction is
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2 NaAlSi30g-3 CaAl2Si208 + 10 H+ + 12 H20 + Mg+2 = 

Al6Mg1Ca1(Si4010) (OH)10 * 12 H20 + 2 Na+ +

2 C a ^  + 2A14+4'

Leaching of biotite could supply the magnesium to the above 
reaction, and leaching could also reduce the iron, magnesi
um, and potassium in the rock. Biotite is capable of leach
ing its cations while the basic structure remains intact 
(Anthony, pers. comm. , 1981). The fact that the iron oxides 
in hand specimen appear largely transported may be due to • 
the leaching of iron-bearing minerals such as biotite, mag
netite, fine-grained hematite, and pyrite with redeposition
of hematite and goethite. Titanium did not appear to be

> *
lost when magnetite/ilmenite was destroyed, and apparently
formed rutile. The environment necessary to produce this

c 3. t iontype of alteration requires acidic or low — =̂f=—  ratios. 
Since pyrite is not now observed in outcrop, it is not cer
tain if the hydrogen ions were produced through supergene 
reactions (Park and MacDiarmid, 1975), such as:

1) 4 FeS2 + 4 H20 + 14 02 = 4 FeSO^ + 4 H2504
2) 4 H2S04 = 4 H+ + 4 HS04" = 8 H+ + S042"

or if the source of the hydrogen ions was a hypogene hydro- 
thermal fluid. It is clear that sulfur was present, though, 
by the abundant natrojarosite in many of the prospect dumps 
in Domain 1. The following reaction is one possibility for
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the formation of natrojarosite:
2 Na+ + .4 S042™ + .6 Fe2+ +. .12 EgO =
2 NaFe3 („S04)2 COE) 6 +. 6H+

The sulfate and iron could be provided by the supergene 
weathering of pyrite, and sodium may be provided by the 
alteration of plagioclase.

It was stated earlier that pyritic jasperoid was 
encountered in a drill hole that was drilled Into Domain 1. 
If one considers the dissolution of dolomitized limestone by 
hydrothermal fluids to form pyritic jasperoid, the following 
reaction may apply:

(Ca,Mg)(C03)2 + 2 H+ + Si02(ag) + Fe2+ + H2S = 
Si°2 (g) + Ca++ + Mg++ + 2C02 + 2H20 + FeS2

It can be seen that the fluid contains both hydrogen ions 
and sulfur gas, so it is not clear whether the hydrogen ions 
from the fluid reacted directly with the latite, or if the 
sulfur gas produced pyrite in the volcanic rocks, whose sub
sequent weathering could have produced the observed alter
ation in Domain 1.

2Chemical gains and losses for the small (200 ft ) 
moderate argillic zone within the pyritic alteration of 
Domain 1 are given in Fig. 2Id. The severe leaching of the 
rock to produce a low density groundmass of almost entirely 
cristobalite has produced predictable losses in virtually 
all elements. The original values for silica, in weight



percent, have such wide error bars (i.e., 30 wt % means 68% 
confident that the value is between 20 and 50 wt. %) that thd 
difference now recorded for grams per cubic centimeter is a 
function of the density difference and is not a real value.

Whole rock analyses (Fig. 22) in general support the 
lack of large chemical gains or losses in the zone of pyrit- 
ic alteration north of the Mammoth-Chief ore run. Partial 
alteration of plagioclase to montmorilIonite is reflected by 
losses in calcium and sodium. A loss in magnesium, but not 
iron, reflects the leaching of biotite with subsequent re
deposition of goethite and hematite.

Domain 2: Moderate Pyritic Alteration,
Silicification: Eastern Boundary of Study Area

Semiquantitative rock analyses of the main moderate 
pyritic zone (Fig. 23a) on the eastern boundary of the study 
area, and for two smaller similar zones (Fig. 23b) located 
to the northeast and southwest of the main zone, follow the 
general pattern of alteration in pyritic zones of Domain 1. 
Again, the loss of potassium, aluminum, + calcium, reflects 
the leaching of biotite, and alteration of plagioclase and, 
to a lesser extent, biotite to montmorillonite. If the si
licif ied, pyritized latite represents the unweathered state 
of alteration then again in these zones the clay minerals 
may be largely the result of supergene alteration. The 
same reactions apply here as for Domain 1, but the supergene
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EXPLANATION

|  Fresh quortz lotite

Pyrite (?) zone, north of Mommoth-Chief 
Ore Run,Domoin I

Breccia zones, pyritic alteration,east 
boundary, Domain 2

S1O2 AI2O3 K20 N02O CaO FeO FezOs MgO MnO T1O2
(xlO) (x IO ) (xlOO) (xIO)

Fig. 22. Chemical gains and losses, whole rock analyses, 
Domain 1 (cross-hatch) and Domain 2 (white).



0.1-

T 0.0
o

ECT>O - 0 .1-

- 0.2-

-0 .3 -

Si Ai K No Co Fe
xIO x IO  x IO  x 10

Mg Ti i Mn Cu Pb Moo
xlOO x look ppm) (ppm) (ppm)

Number of Somples - 6

- -50

Og
3

--100

-150

a) main altered zone
Si AI

~  0.0- 
o

Eo»o -0.1 -

-0 .3 -

Mg
K No Co Fe i Ti
xIO xIO  xIO x 10 | xlOO

LJ

Mn Cu Pb
(ppm) (ppm) (ppm)

-100

Number of Sam ples-2

—50

- -100

- -150

b) smaller altered zones northeast and southwest of the 
main zone

Fig. 23. Chemical gains and losses, Domain 2.

A
 ppm



61
alteration in Domain 2 appears more complete, which presum
ably reflects an original higher pyrite content .in Domain 2.

Magnesium shows an increase in both histograms for 
alteration in Domain 2 (Fig. 23) and calcium shows an in
crease in the smaller pyrite zones. It is possible that re
moval of calcium ions from the Paleozoic carbonates during 
dolomitization has resulted in the increase in calcium and 
magnesium in the overlying volcanic rocks. However, a 
calcium-magnesium-rich mineral phase is not recognized in 
the altered zones of Domain 2, and it is not clear to what 
mineral phase this additional magnesium and calcium would 
have gone. One possible reaction might be from a magnesium- 
rich fluid, dolomitizing the limestone:

2H+ + xMg+2 + CaC03 = (Ca,Mg) (CQ3>2 -+ Ca+2 + xMg+2

Subsequent fluids caused pyritization and silicification of 
the limestone:

(CaMg) (C03)2 + Si02(aq) + Fe2+ + 2H+ + H2S =

FeS2 + Si02 + Ca2+ + 2C02 + Mg2+ + 2H20

This same fluid could produce the pyritic alteration and si
licif ication now observed in the volcanic rocks of Domain 2 
and may have caused the increase in calcium and magnesium in 
these rocks.

Whole rock analyses (Fig. 22) for the main pyritic 
zone of Domain 2 support the semiquantitative data, showing
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losses in sodium and calcium, reflecting alteration of pla- 
gioclase to montmorillonite and an increase in magnesium.
The possibility of addition of magnesium, possibly during 
dolomitization of the Paleozoic rocks, is enhanced by this 
data.

Domain 3: Weak Pyritization,
Quartz Veining, North of Godiva 
Ore Run

Two histograms--one for very weak pyritization (Fig. 
24a) and one for weak pyritization (Fig. 24b)--are given for 
the zone of pyritic alteration located above the northern 
projection of the Godiva ore run. The histograms for these 
pyritic zones are somewhat obscure with regard to definite 
trends, but the weak nature of the alteration is reflected 
in the lack of large gains or losses in the major elements. 
The only minerals that were altered in these pyritic zones 
were biotite and, rarely, plagioclase. Leaching iron and 
magnesium from biotite apparently produced a loss in mag
nesium, while the iron was redistributed as limonite. Some 
of the Packard Quartz Latite in this area is much more 
densely welded than is typical for the porphyritic unit in 
the rest of the study area, which has confused the picture 
of chemical gains and losses, as the densely welded and ty
pical moderately welded latite analyses were not separated. 
Manganese and magnesium were high in the densely welded
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portion of the latite, and this resulted in an apparent de
crease in those elements for the analyses of the altered 
rocks.

Domain 4: Kaolinization of
Latite: Western Side of Area

The chemical gains and losses for the zones of kao
linization of latite in the west, end of the study area are 
given in Figure 25.

The replacement of plagioclase by kaolinite has re
sulted in a loss in sodium'and calcium. Biotite is only 
slightly altered in this zone, and it is not clear what the 
losses in potassium and magnesium reflect. Perhaps a minor 
amount of leaching of biotite has occurred in this domain.

If one considers the replacement of limestone by 
kaolinite, the following reaction may be written:

2 Si02(aq) +. CaC03 + 2A1+3 + 4H20 =

Al2Si205 (0H)4 + C02 + Ca2+ + 4H+

This reaction produces hydrogen ions in addition to carbon 
dioxide, calcium ions, and kaolinite. The next step in
volves reaction of plagioclase with hydrogen ions to produce 
kaolinite:

2 NaAlSigOg + 4.CaAl2Si20g + 10 H+ =

5 Al2Si205(OH)4 + 4 Si02(aq) + 2 Na+ + 4 Ca++
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The kaolinite matrix in the breccia zones is sometimes sili- 
cified, which may be the result of saturation and precipita
tion of quartz, produced during kaolinization of plagioclse 
plagioclase. -

Domain 5: Opalization of Latite
The chemical gains and losses for the zones in which 

the matrix is replaced by opaline silica are given in Figure 
26. As would be expected, alteration of plagioclase and 
biotite to montmorilIonite and cristobalite and opalization 
of the matrix is reflected by losses in virtually all ele
ments, and an increase in silica (reported only as greater 
than 30%). This alteration may be produced by a solution 
saturated with respect to opaline silica:

xSi02 + 15H+ + NaAlSi308 + ZCaAl^^Og + KAlSigOg +

K(Mg,Fe)3(AlSi3010)(OH)2 + xH20 = xSi02 ' H20 +

(Ca,Mg,Al)g(Si4010)3(OH)10 • 12H20 + 2k+ + 3Fe+2 +

Na+ + 2Mg+2 + Ca+2
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INTERPRETATION OF ALTERATION DOMAINS

Domain 1: Pyritization of Latite,
North of Mammoth-Chief Ore Run

Domain 1 is for the most part a large weakly al
tered zone of variable states of bleaching of both the vol
canic matrix and biotite phenocrysts with occasional alter
ation of plagioclase to montmorillonite. Geochemical and 
petrographic data attest to the weak nature of alteration. 
Alteration in this domain could be probuced by acidic hy
drothermal solutions or by supergene alteration caused by 
weathering of pyrite. Because of the abundant jarosite in 
the prospect pits, the lack of argillic alteration minerals 
in the majority of the alteration domains, and the similar
ity in appearance to pyrite areas mapped by Lovering (1949), 
I believe this domain to be a weakly pyritized area, the 
pyrite having been weathered out. As magnetite/ilmenite 
disappeared in these zones, it appears that a H^S-bearing 
fluid permeated the volcanic rocks, increasing sulfur fuga- 
city sufficiently to effect replacement of magnetite/ 
ilmenite by pyrite.

Relation of Alteration in Volcanic Rocks 
to Alteration in Paleozoic Rocks

Unfortunately, neither mineralogy nor geochemical 
analyses gave strong clues as to the type of alteration 
that may be found beneath the volcanic rocks, or the
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relation of alteration to the ore system. The only evidence 
available is spatial, as pyritic jasperoid was found at the 
base of the volcanics and again in a breccia zone in the Pa
leozoic rocks at a depth of 2700 ft. This breccia zone is 
probably a fault zone, as part of the Paleozoic section is 
repeated above this zone. This fault and other major faults 
located to the south and north of Domain 1, which cut the 
Paleozoic rocks and whose late movement would cause fractur
ing in the overlying volcanic rocks, are the conduits for 
hydrothermal solutions.

The solutions that replaced limestone with pyritic 
jasperoid were a precursor to mineralization. These solu
tions passed upwards along the fault zones, silicifying the 
carbonates along the fault and spreading out beneath the 
contact with the basal vitrophyre of the volcanic rocks, 
which acted as a permeability barrier. Some remnant of this 
hydrothermal fluid permeated the latite in Domain 1, causing 
weak but pervasive pyritization.

2The origin of the small (200 ft ) moderate-argillic 
zone that occurs within Domain 1 is unclear. The presence 
of finely banded layers of limonite, extreme leaching of la
tite, brecciation, and occurrence of cristobalite and heu- 
landite all reflect a hot spring environment. The fact that 
a calcium zeolite (heulanditd) is present tempts one to tie 
this alteration to the release of calcium ions from lime
stone during dolomitization or silicification of the
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carbonates, but no other evidence exists to support this 
possibility.

Domain 1 is located just north of the northern ex
tension of the Mammoth-Chief ore run. Mining in this ore- 
body was halted in ore, so that the ore run continues for an 
unknown distance to the north. I believe that the large, 
weakly pyritic zone of Domain 1 is evidence that the jasper- 
oid zone, which is a precursor to mineralization, is present 
beneath Domain 1.

Domain 2: Pyritization, Silicificatioh,
Bfecciation, Eastern Boundary

Alteration in Domain 2 is moderate pyritization with 
silicification and is more intense than the pyritic alter
ation of Domain 1. Pyrite is still present in the main zone 
of this domain, apparently replacing grains of magnetite/ 
ilmenite. Although the alteration is more intense than in 
Domain 1, the alteration mineralogy is the same as in Domain 
1 (i.e., bleached biotite and groundmass, montmorillonite 
after plagioclase). One factor in apparent intensity of al
teration is thickness of volcanic cover through which solu
tions must pass, and the thickness in Domain 2 ranges from 
less than 100 ft to 600 ft or more, as opposed to Domain 1 
which has a thickness of volcanic cover of greater than 
1000 ft (Fig. 4). This factor could, in part, explain the 
increase in intensity of pyritic alteration.
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Domain 2 occurs in an area of as yet undiscovered 

mineralization. The main zone of Domain 2 is at the inter
section of the traces of two large faults., the Mammoth- 
Mayday Fault and the Addie Fault, and the smaller zones of 
the domain are all located on the fault trace of the 
Mammoth-Mayday Fault. Latite above the intersection of the 
two faults is brecciated, possibly the result of post-lava 
movement of the underlying faults.

Geochemical analyses show a slight increase in mag
nesium for the volcanic rocks within the altered zones.
This increase may be the result of magnesium-rich solutions 
that caused dolomitization in the underlying Paleozoic rocks 
and subsequently introduced magnesium to the volcanic cover 
rocks.

Because of the similarity in alteration in Domain 2 
to that in Domain 1, I believe that the silicification and 
pyritic alteration in Domain 2 are related to the replace
ment of limestone by pyritic jasperoid in the underlying Pa
leozoic rocks. The Mammoth-Mayday Fault has apparently 
served as a conduit for the hydrothermal solutions, as the 
volcanic rocks are altered in several places along its fault 
trace. Where the Mammoth-Mayday Fault intersects the Addie 
Fault, an area of brecciated rock occurs and is a large per
meable zone for the hydrothermal solutions. It is the two 
factors of thinner volcanic cover (as compared to Domain 1)
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and brecciated (i.e. , more permeable) ground that probably- 
resulted in the more intense alteration of the main zone of 
Domain 2, as compared to the pyritic alteration in Domain 1.

In terms of mineral exploration, although no alter
ation directly related to the mineralizing stage was recog
nized, the main zone in Domain 2 is a favorable spot to look 
for concealed mineralization. Pebble dikes occur in the 
area, which are considered favorable indicators of minerali
zation at depth in the presence of other favorable features 
such as alteration and structural preparation. The apparent 
structural preparation and alteration is present in this 
area.

Domain 3: Pyfitization, Quartz Veining
of Latite above Godiva Ore Run

Weak pyritization occurs several hundred feet above 
the northern extension of the Godiva ore run south of the 
Chief #2 shaft. Part of this pyritic zone and adjacent un
altered latite is cut by sparse, discontinuous quartz veins. 
The pyritic alteration is apparently identical to that in 
Domain 1 north of the Mammoth-Chief ore run, and it too is 
thought to be related to formation of pyritic jasperoid in 
the underlying Paleozoic rocks.

An isopach map of the thickness of volcanic cover in 
the Tintic district (Fig. 4) shows that a thinner section of 
volcanic rock exists over this area than in Domain 1. One - 
might therefore expect to see more evidence of the ore
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system than one would see in the thick section that occurs 
in Domain 1. Perhaps quartz veining is one such piece of 
evidence. Fluid inclusion data are within the range of tem
peratures reported for fissure ore (Morris and Mogenson, 
1978), but as yet no data have been reported for the re
placement bodies in the area of the Godiva ore run. Miner
alization has not been reported within the volcanic rocks 
in the Tintic district, so perhaps the quartz veins repre
sent ore solutions that had exhausted their metals and so 
deposited only quartz and stilbite. A calcium-sodium zeo
lite such as stilbite is a mineral one might expect at the 
outlet zone of a replacement body in dolomitized limestone.

It is interesting that two different zeolites were 
observed in the study area--heulandite (Ca^CAl^Si^^Og^) • 
I2H2O) in the moderate argillic zone of Domain 1, and stil
bite (NaCaCAl^SI^Og^) ’ lA^O) . These two zeolites are 
almost identical in chemical formulas, although stilbite 
may contain more sodium. The main difference is a slightly 
greater amount of water in stilbite as compared to heulan- 
dite. Perhaps a slight difference in temperature of forma
tion for the two zeolites is responsible for the different
minerals.



Domain 4: Kao1inization of Latite
arid Limestone; Western Edge of Study Area

The total replacement of limestone by kaolinite on 
the western edge of the study area is nearly identical to 
the occurrence of massive halloysite in the Dragon Mine in 
the southern part of the district. The same formations--the 
Cambrian Ajax Dolomite and the Ordovician Opohonga Lime
stone- -are replaced by clay in both"the study area and the 
Dragon Mine. The halloysite deposit was the result of the 
intrusion of the ore-related Silver City monzonite stock 
(Kildale and Thomas, 1957). A zone of iron oxides occurs 
at the limestone-intrusive contact in this deposit, with 
an outer zone of massive, irregular replacement of lime
stone by halloysite. The Dragon Halloysite Mine is located 
between the intrusive rocks (on the bottom) and other igne
ous rocks, which overlie the altered limestone.

In light of the Dragon halloysite deposit, it seems 
likely that a "cupola" of an intrusive body, possibly of 
monzonite composition, is located at a shallow depth below, 
the present surface in Domain 4 (Fig. 26, in pocket). Flu
ids from this intrusive replaced the Ajax Dolomite and Opo
honga Limestone with kaolinite; furthermore, kaolinizing 
solutions from this system appear to have travelled along 
fractures in the Packard Quartz Latite, altering the latite 
and causing vertical brecciated zones of kaolinization 
(along faults?). Part of the driving force of this
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"fumarolic" system may have been carbon dioxide, which would 
be produced during the dissolution of limestone. The origin 
of the clay "dikelets" with high iron,' arsenic, vanadium, 
and nickel is unclear, but these elements are common in fum
arolic or hot spring-type systems. These dikelets were not 
altered by the kaolinizing solutions because they were in 
equilibrium with them. These dikelets may have been the re
sult of the initial high volatile-bearing solutions and 
would be expected to contain these elements in high amounts.

Domain 5: Opalization of Latite
Small discontinuous bodies, in which opaline silica 

(+ cristobalite) has replaced the matrix of Packard Quartz 
Latite, are located high up in the volcanic section in an 
area in which the Packard flow is about 2000 ft thick (Fig. 
4). There is little evidence that these opalized bodies 
extend downward for any depth. Opalization replaces the 
lower part of the Pinyon Queen Latite in one occurrence, and 
so alteration occurred either during or after extrusion of 
this unit.

Because of its local position in the volcanic sec
tion and size, opalization of latite does not appear to be 
related to alteration (i.e., jasperoidization) in the Pale
ozoic section. Rather, it appears to be a local phenomenon, 
possibly the remains of a".hot spring system that may have 
developed within the volcanic pile as a result of the rapid
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extrusion of the Packard Quartz Latite. Opaline silica and 
cristobalite are common in relatively high temperature, low 
pressure, hot-spring environments (White et al. , 1964.) .



I

CONCLUSIONS

The purpose of this study was to make conclusions 
about the relation of alteration in the volcanic cover rocks 
to alteration and mineralization in the underlying Paleozoic 
rocks. The conclusions for each domain of alteration are as 
follows:

1) Domain 1 (weak pyrltic alteration). Pyritiza- 
tion is thought to be related to replacement of limestone by 
pyritic jasperpid in the underlying Paleozoic rocks, which 
was a precursor to mineralization of the Mammoth-Chief ore 
run. This study indicates that the jasperoid zone extends 
for 1000 ft or more past the last-mined extension of the ore 
run.

2) Domain 2 (pyritization, silicification, brecci- 
ation). Again the alteration appears to be related to sili
cif ication and pyritic alteration in the underlying Paleo
zoic rocks. The alteration is stronger here than in the 
other pyritic zones because of structural preparation and 
thinner volcanic cover. The main zone in Domain 2 is a fa
vorable location to search for concealed mineralization.

3) Domain 3 (pyritic alteration, quartz veihing). 
Pyritic alteration is concluded to be related to pyritic si
licif ication of the Paleozoic host rocks, which is a precur
sor to mineralization of the Godiva ore run. Quartz veining
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may be related to the late, mineralizing-stage fluids, some 
of which may have leaked into the fractured volcanic rocks, 
and deposited quartz and stilbite.

4) Domain' 4 (kaolinization of latite) . An intru
sive cupola of unknown size probably exists at fairly shal
low depths (several hundred feet?) in this area. Therefore, 
this alteration is not related directly to mineralization in 
the Paleozoic rocks. However, the intrusive produced alter
ation nearly identical to that produced by the intrusion of 
the ore-related Silver City monzonite stock. It is pos
sible, then, that mineralization may have occurred at depth 
in the study area. A re-examination of any alteration pres
ent in the Paleozoic rocks adjacent to the inferred intru
sive may be useful in discovering mineralization.

5) Domain 5 (bpalization of latite). Opalization 
is not thought to be related to alteration in the Paleozoic 
rocks but is rather the product of a local hot spring en
vironment, possibly related to cooling of the volcanic pile.

A basic problem throughout the study has been to se
parate supergene alteration from hypogene alteration. Do
mains 1, 2, and 3 are all fundamentally related in terms of 
style and mineralogy of alteration, although intensity var
ies. I believe the alteration now observed on the surface 
of these zones to be largely supergene, the result of the 
weathering of pyrite. In all the alteration observed in the 
volcanic cover rocks of the Main Tintic District, only the
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sparse, hypogene quartz veins in Domain 3 are thought to be 
related to the mineralizing stage. Domain 4 (kaolinization 
of latite) is the result of hypogene alteration of plagio- 
clase, although the formation of the oxidized, iron-rich 
clay dikelets is not clear. Domain 5 (opalization of la
tite) is a local hypogene alteration.

It is clear that the size of a given jasperoid zone 
that forms a shell around ore zones in Paleozoic rocks is 
quite small (about 50 ft across) compared to the large py- 
ritic zones that overlie them (up to 1 mile wide). No con
clusions were reached that allow one to narrow this large 
area down to the point where a jasperoid zone may be pre
dicted to be found. The problem remains one of depth to 
jasperoid alteration. The favorable zone in Paleozoic rocks 
for mineralization in Domain 1, for example, is about 3000 
ft below the present surface, and only a large, diffuse py- 
ritic zone is observed at the surface. Therefore, the use
fulness of the pyritic alteration in exploration remains to 
be in defining areas only, not in finding specific drill 
targets.

In terms of the relations of alteration domains to 
each other, conclusions are difficult because of the lack of 
crosscutting relationships. However, if the conclusions are 
correct concerning the cause of alteration in each domain, 
then the following sequence of events is envisioned:
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1) Extrusion of Packard Quartz Latite. Cooling of

this unit produces hot spring-type systems, producing the 
alteration in Domain 5 (opalization). The Pinyon Queen La
tite was deposited while this system was operating and was 
then also altered at its base: Fluids from this system
would be locally derived (meteoric).

2) Intrusion of the Silver City stock, with cupola 
of this intrusive in Domain 4, causing kaolinization of both 
the carbonates and volcanic rocks. Fluids from this system 
would be largely magmatic, having collected in the HgO- 
saturated "carapace" of the cupola.

3) A hydrothermal system develops adjacent to the 
Silver City stock as a consequence of the cooling stock.
The fluids from this system evolve as they react with the\ .

country rock, producing the pyritic alteration in Domains 1, 
2, and 3 and j asperoid-pyrite alteration in the carbonates. 
Sometime during this period of alteration pressure from the 
volatile build-up in the monzpnite bodies produces pebble 
dikes, injected into the area around Domain 2. Late stages 
from this evolving system produce mineralization, and ex
hausted fluids from this late-stage deposit barren quartz 
veins in the altered zone of Domain 3. The fluids frotn this 
hydrothermal system would thus be dominantly meteoric, with 
an unknown percentage of magmatic fluids.

/



APPENDIX A

SPECTROGRAPHIC AND WHOLE ROCK ANALYSIS DATA

Sample I) e s cr ip t ion s
The samples will be described according to domain of 

alteration, and the descriptions that pertain to that group 
will be given following the sample numbers. All descrip
tions refer to the massive porphyritic unit of the Packard 
Quartz Latite unless otherwise specified. Location of sam
ples is given on Figure 21 (in pocket).

1) Fresh Packard Quartz Latite: Ue-1, 10,14,15,23,42,
48,53,54,55,60,65,67. Pink to purple-pink ground-
mass, fresh to slightly corroded biotite, broken
phenocrysts of plagioelase, quartz, and sanidine.
Accessory magnetite, sphene.

2) Domain 1, just north of Mammoth-Chief ore run:
a) Very weak pyritic alteration of latite: Ue-9

16,18,21,56,57,58. Bleached groundmass, dis
seminations and coatings of red-brown limonite 
on fractures, bronze-black biotite (corroded),

. magnetite is destroyed, plagioelase, quartz, 
and sanidine appear unaltered.

b) Very weak pyritic alteration of latite: Ue-12,
22,59. As agove, but in linear zones of visib
ly higher iron staining by red-brown limonite.

c) Weak pyritization of latite: Ue-8,19,20,24,
25. Bleached groundmass, bleached biotite, red- 
brown limonite as fracture coatings and dissem
inations, magnetite is destroyed, plagioelase 
slightly argillized.

d) Moderate argillic alteration of latite: Ue-11.
Bleached groundmass, argillized plagioelase and 
biotite, partially silicified. Slightly
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brecciated, with laminar thicknesses of dark 
brown limonite on fractures.

3) Domain 2, eastern boundary of study area.
a) Main breccia zone: Ue-44,45,46,50,103,104.

Bleached groundmass and biotite, partially to 
wholly argillized plagioclase, silicified tiny 
disseminated.pyrite cubes present, yellow-green 
limonite stain.

b) ' Small breccia zones northeast of main zone: Ue-
51,52,102. As above, with less evidence of 
brecciation.

c) Altered zones southwest of main zone: Ue-101.
As above, with less evidence of brecciation.

4) Domain 3, vicinity of Chief #2 shaft.
a) Fresh, densely welded, Packard Quartz Latite; 

Ue-27,31,32. Red-brown, densely welded matrix, 
fresh to slightly corroded biotite, fresh crys
tals of plagioclase, quartz, and sanidine; ac
cessory magnetite. Discontinuous black sili
ceous seams run through hand specimen.

b) Very weak pyritic alteration of latite: Ue-26,
33,34,35. Slightly discolored red-brown ground- 
mass, grey-black corroded biotite, red-brown 
limonite stain on fractures and as dissemina
tions. Magnetite is destroyed.

c) Weak pyritic alteration of latite: Ue-36,37m
38,39. Bleached groundmass, bleached biotite, 
small discontinuous quartz veins, red-brown li
monite stain on fractures and as disseminations, 
magnetite is destroyed.

d) Quartz veins in latite: Ue-28,29. Sample of
weak pyritization cut by thin discontinuous 
quartz veins which have siliceous alteration 
envelopes.

e) Quartz-vein samples: Ue-30.
5) Domain 4, west side of thesis area.

a) Argillized latite: Ue-41,64,66. Latite is
fractured, and fractures are filled with white
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and brown kaoUnite and argillized latite frag
ments. Kaolinized envelope around altered zone.

b) Clay-iron oxide dikelets: Ue-70,71. Black
shiney iron oxides with abundant fragments of 
white kaolin!te, as narrow "dikelets."

6) Domain 5, opalized zones.
a) Opalized latite: Ue-61,74. Highly silicified,

opaline replacement of the matrix by opaline si
lica. Texture is preserved, biotite and plagio- 
clase are argillized and partially silicified.

7) Miscellaneous samples.
a) Limonite samples to test for leakage of ore met

als: Ue-2,3,4,5,6,7,13,43,47,59*62,63.
b) Pebble dike sample: Ue-49. Dark gray, fine

grained siliceous-appearing material, clasts of 
bleached latite, quartzite, and shale.

c) Packard Quartz Latite (lower vitrophyre): Ue-
40,72. Black glassy groundmass, pristine pheno- 
crysts of biotite, broken plagioclase, quartz, 
and sanidine; magnetite accessory.

d) Weathered Packard Quartz Latite: Ue-17. Weath
ered to a sandy material but not altered.

e) Argillized latite, N%, W%, sec. 1, Tintic Junc
tion quadrangle: Ue-91. Argillized latite,
introduction of white and brown kaolinite to 
latite. Groundmass is altered to a purple-pink 
color, argillized plagioclase.

f) N%, NE%, sec. 28, Allens Ranch Quadrangle: Ue-
100. Red-brown, densely welded latite, cut by a 
clear quartz vein (1 cm) with an alteration en
velope of a red, siliceous opaline(?) silica.

Spectrographic Analyses
Table 4 lists data for 35-element, semiquantitative 

spectrographic whole rock analyses. The instrument used is 
a Wadsworth mounted, Jarrell-Ash, 1.5 m, DC Arc Emission
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Spectrograph. Lower limits of detection are given at the 
bottom .of the table. "Values are reported in parts per 
million, except where noted, to the nearest number in the 
series 1, 1.5, 2, 3, 5, 7, 10, etc. within each order of 
magnitude. These numbers represent the approximate bounda
ries and midpoints of arbitrary ranges of concentration 
differing by the reciprocal cube root of 10. The accepted 
value is considered to be within + or - one step of range 
reported at the 68% confidence level and within + or - two 
steps at the 95% confidence level" (Lehmbeck, personal 
communication).
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Table 4. Semiguantitative spectrographic analyses.

Sample
No. Gu Pb Zn Fe Mn Ca Mg Ti Na K Si A1
1 20 . 30 N 0.5 500 0.5 0.1 0.2 2.0 3.0 30.0 7.02 20 30 N 0.5 150 .0.2 0.1 .15 2.0 3.0 30.0 7.03 20 70 N . 3.0 100 L L .02 1.0 3.0 2.0 0.54 20 20 L 7.0 100 .15 .03 .02 0.3 1.0 5.0 2.05 20 2 0 200 5.0 100. 0.1 L .01 1.0 1.0 7.0 1.06 20 20 200 2.0 1000 0.2 .05 0.1 1.5 1.0 20.0 3.07 20 50 L 5.0 200 .05 .02 .05 0.7 2.0 5.0 1.08 15 30 N 0.5 150 0.2 .02 .15 1.5 1.0 20.0 5.09 15 30 N 0.3 100 0.2 .02 .15 1.5 1.0 20, 0 5.010 20 30 N .0.7 200 0.5 .05 .15 2.0 2.0 30.0 5.011 10 30 N 0.2 100 0.1 .02 .15 1.0 1.0 30.0 3.012 15 30 N 0.5 100 0.2 .05 .15 2.0 2.0 30.0 5.013 . 10 . 30 N 1.5 100 0.2 .05 0.1 1.0 2.0 30.0 5.0 .

14 15 30 N 0.5 150 0.3 .05 .15 2.0 2.0 30.0 7.0
15 15 30 N: 0.3 150 0.3 .07 .15 2.0 2.0 30.0 7.0
16 . 15 30 N 0.5 200 0.3 .05 .15 2.0 2.0 30.0 7.0
17 15 30 N 0.2 100 0.2 .02 .15 2.0 2.0 30.0 5.0
18 15 30 N 0.5 150 0.2 .05 .15 2.0 2.0 30.0 3.0
19 20 30 N 0.5 150 0.2 . 02 .15 2.0 2.0 30.0 5.0
20 30 30 N . 1.0 200 0.3 .05 .15 1.5 2.0 30.0 3.0
21 20 30 N 0.5 150 0.3 .05 .15 1.5 2.0 30.0 3.0
22 20 30 N 0.5 200 0.3 .05 .15 2.0 2.0 30.0 5.0
23 15 30 N 0.5 150 0.3 .05 .15 2.0 2.0 30.0 5.0
24 20 30 N 0.5 200 0.5 .02 .15 2.0 2.0 30.0 5.0
25 10 30 N 0.5 10.0 0.5 .05 .15 2.0 2.0 30.0 5.0
26 15 30 N 0.7 200 0.7 .07 0.2 2.0 2.0 30.0 7.0
27 20 50 N 0.7 700 0.5 0.1 0.1 2.0 1.0 30.0 5.0
28 20 50 N 0.7 500 0.5 0.1 .15 2.0 3.0 30.0 5.0
29 20 50 N - 0.7 500 0.5 .15 .is 2.0 2.0 30.0 5.0
30 20 50 N 0.5 200 0.2 .05 .15 1.5 3.0 30.0 5.0
31 20 30 N 0.7 300 0.7 0.1 0.2 2.0 3.0 30.0 5.0
32 30 30 N 0.5 500 0.7 .15 .15 2.0 3.0 30.0 5.0
33 20 50 N 0.5 200 0.5 .05 .15 2.0 3.0 30.0 5.0
34 20 30 N 0.3 200 0.5 .05 .15 1.5 1.0 30.0 5.0
35 20 30 N 1.5 150 .05 .05 .05 L .1.0 30.0 1.0
36 20 30 N 0.5 150 0.5 .05 .15 2.0 2.0 30.0 5.0
37 20 30 N 0.7 150 0.3 .05 0.2 1.5 3.0 30.0 5.0
38 15 30 N 0.5 100 0.5 .05 .15 2.0 3.0 30.0 3.0
39 20 30 N 0.5 100 0.5 .05 .15 3:0 3.0 30.0 5.0
lower 5 10 200 0.5 10 .05 .02 .001 .2 ino 1.0 0.5limit (%) (%) (%) (%) (%) (%) (%) (%)
N- not detected
G- greater than value shown
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Table 4--Continued

Sample
No.

Cu Pb Zn Fe Mn Ca Mg Ti Na K Si Al
40 20 50 L 1.0 700 1.0 0.3 0.2 3.0 2.0 30.0 7.041 20 50 N 1.0 500 0.2 0.2 0.2 3.0 3.0 30.0 7.042 20 50 N 0.7 200 0.5 0.1 0.2 3.0 3.0 G 7.043 20 50 N 1.0 200 0.3 0.1 .15 2.0 3.0 G 7,044 20 30 N 0.5 100 0.3 0.7 0.2 2.0 2.0 G 7.045 15 30 N 0.7 100 0.1 0.2 .15 2.0 3.0 G 7.046 20 50 N 0.5 100 .15 0.1 .15 2.0 2.0 G 5.0
47 30 50 N 0.5 100 0.1 .07 .05 0.7 2.0 20.0 2.048 20 50 N 0.7 200 0.5 0.1 0.2 3.0 5.0 G 7.0
49 30 10 N 1.0 100 .07 .05 0.1 2.0 L G 1.050 20 50 N 0.7 100 0.2 0.2 .15 2.0 2.0 G 5.0
51 20 30 N 0.7 100 .07 0.1 .15 1.0 2.0 G 2.052 20 30 N ■ 0.5 100 0.1 0.2 .15 1.0 2.0 . G 5.0
53 30 50 N 0.7 300 0.5 0.2 .15 2.0 2.0 G. 5.0
54 30 50 N 0.5 200 0.3 0.1 .15 2.0 2.0 G 5.055 20 50 N 0.7 200 0.5 0.1 .15 2.0 2.0 G 7.0
56 20 50 N 0.7 300 0.5 0.1 0.2 3.0 3.0 G 7.057 20 50 N 0.5 200 0.5 0.1 .15 5.0 3.0 G 7.0
58 30 50 N 5.0 200 0.3 .15 .15 1.5 3.0 30.0 2.0
59 30 50 N 2.0 200 0.2 .05 .15 2.0 3.0 G 3.0
60 20 50 N 0.7 200 0.5 0.1 0.2 3.0 3.0 G 5.0
61 20 10 N 0.2 150 .05 .02 .15 L N G 0.5
62 20 30 N 2.0 150 .07 .05 0.1 2.0 3.0 30.0 5.0
63 20 30 N 7.0 10.0 .15 L . 05 0.7 5.0 5.0 5.0
64 20 70 N 2.0 300 0.2 .05 0.2 2.0 2.0 30.0 5.0
65 20 50 N 1,0 300 0.2 .07 0.2 1.5 1.0 30.0 7.0
66 15 30 N 0.7 200 .15 .07 0.1 2.0 1.0 30.0 7.0
67 15 70 N 0.7 200 0.2 .15 0.2 3.0 3.0 G :LO.O
74 20 30 N 1.0 200 .15 .03 .15 1.0 1.0 G 3.0
91 20 30 N 1.5 500 1.5 .07 0.3 5.0 2.0 30.0 7.. 0
100 70 200 N 3.0 200 0.3 .02 .07 N N 30.0 L
101 20 50 N 1.0 100 0.3 .05 .15" 2.0 1,0 G 3.0
102 20 50 N 0.5 200 0.5 .15 .15 2.0 1.0 G 5.0
103 15 30 N 2.0 70 0.1 .02 .07 1.0 1.0 30.0 1.0
104 20 70 N 1.0 200 0.3 0.2 0.2 2.0 1.0 G 5.0
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Whole Rock Oxide Analyses

Table 5 lists the data for 11 whole rock analyses./
/

The values are given in weight percent.



Table 5. Whole rock analyses (in weight percents).
Sample
No. si02 K2° NagO CaO a 12°3 . MgO. . Ee^Og FeO . MnO. . t.io2

Ue-8 69.8 4.6 2.5 1.2 14,6 0.21 2.5 0.19 0.01 0.36
Ue-10 73.0 . 4.6 3.0 1.6 14.7 0.33 1.8 0.10 0.02 0.36
Ue-14 71.4 4.6 2.9 1.7 14.6 0.39 . 2.3 0.13 0.02 0.36
Ue-19 71.2 4.7 2.4 0.94 14.7 0.12 1.5 0.10 0.01 0.36
Ue-20 71.1 4.7 2.8 1.40 14.3 0.26 2.2 0.13 0.01 0.36
Ue-23 71.0 4.7 2.9 1.60 14.6 0.41 1.7 0.19 0.02 0.37
Ue-45 66.5 5.3 1.7 0.58 14.9 0.65 3:1 0.03 .01 0.43
Ue-46 72.0 4.8 2.0 0.80 13.3 . 0.53 1.5 0.19 .01 0.39
Ue-48 72.8 4.5 3.2 1.60 14.4 0.32 2.3 0.13 0.03 0.38
Ue-50 64.9 4.2 1.7 0.85 14.0 0.77 3.1 0.16 0.01 0.37
Ue-53 67.5 4.4 2.6 1.7 14". 3 0.56 . 2.4 . . .0.16 0.03 .. 0.37

oo
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EXPLANATION

Tertiary volcanic rocks-includes Packard 
Latite and Laguna Springs Latite.

Paleozoic rocks

NOTE' Compiled from data from Morrison 8  Anderson,1962, 
U.S.G.S.topographic maps, 8  drill hole data.Assumption 
is made that recent alluvium occupies eroded portion of 
volcanic sheet.
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limestone at depth.
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Figure 10 EAST-WEST CROSS SECTION THROUGH DOMAINS I & 2
TINTIC DISTRICT, JUAB S UTAH COUNTIES,UTAH
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EXPLANATION

Qol

Thm

Tpqf

Tp

Quaternary alluvium

Tertiary hornblende monzonite porphyry: dark grey aphanitic matrix, 
phenocrysts of plagioclase 3  deuterically altered hornblende. 
Trachytic texture.

Tertiary Pinyon Queen Latite of the Laguna Springs Volcanic Group. 
Massive flow unit,agglomerate at base. Black or red aphanitic matrix, 
phenocrysts of plagioclase,sanidine,biotite,3 pyroxene.

Tertiary Packard Quartz Latite- unaltered. Light purple-gray aphanitic 
matrix  ̂fresh to partially oxidized biotite 3 hornblende; fresh,broken, 
resorbed crystals of plagioclase,quartz,3 sanidme;accessory 
magnetite Vitrophyre of base 3 top of massive flow unit.

+  _i

Ti + Tertiary intrusive, (on sections)

Paleozoic rocks-Cambrian to Mississippian,quartzite,limestone,dolomite, 
shale.(€tq,€o,€te,€d,€h,€b,€cc,€op,€aj,Oo,Ofh, DSOb,Dv,Dp,MDf,Mg, 
Md,Mh,3 Mgbon sections)

A lteration In The Porphyritic Unit Of The Packard Quartz Latite
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Very weakpyritic a Iteration magnetite is destroyed; red-brown limonite 
—Stginon fractures 3as disseminations; iron stained biotite-, discolored 

grourdmass.

Very weakpyriticalteration as above,but with visible bleaching of 
groundmass to white.

Very weak pyritic alteration along elongate structure,with more pronounced 
limonite-stain than in ambient rock

Weak pyritic alteration-magnetite is destroyed; biotite is bleached 
plagioclase is partiallyaltered to montmorilfonite;red-brown limonite 
stain on fractures 3 as disseminations; discolored groundmass.

Weak pyritic a Iteration-as above, but matrix is beached to white.

Moderate argillic alteration-magnetite is destroyed;biotite,plagioclase 
are altered tomontmorillonite;brecciated rock,heulanditeas fracture 
fillingsjhecvy coating of red-brown limonite; bleached matrix.

Moderate pyritic alteration-bleached biotite,magnetite is destroyed, 
plagioclase 3 matrix are partiallyaltered to montmorillonite;'brumbly" 
rock-,yellow-green jarosite stains Bcoatings on fractures.Partially 
silicified.

Moderate pyritic alteration,silicification,-as above, but appears brecciated 
with clasts of latite in latite observed in outcrop.

Quartz veins with siliceous alteration envelopes;vugs of quartz 8  
stilbite crystals along veins.

Kaolinization of Latite adjacent to fractures 8 brecciated, clay-rich zones. 
Alteration of plagioclase to kaolinite,in fragments 8 on edges of fractures. 
Sparse dikelets of white kaolinite fragments in a matrix of block,shiny iron 
oxides. Alteration affects up to 50 %  of outcrop within this zone.

As above but alteration affects up to 25 %  of outcrop within this zone. 
Also refers to replacement of limestone by kaolinite. (12)

T- -r- . Outline of area that contains small zones in which latite matrix is replaced 
( 13 ) by brittle,light grey.opailine silica. Biotite 3  plagioclase are altered to

kaolinite-group clays.Volcanic texture is preserved.

Pyritic alteration 8 silicification of limestone (on sections)

X

Pebble dike-rounded clasts of quartzite, shale,8  igneous rock in 
variable matrix,in linear breccia zones

Possible pebble dike-one quartzite pebble found in area

T

/
Z

/
Fault, showing relative displacement;dashed where inferred. 

T - Movement toward viewer 
A - Movement away from viewer

Figure 6

GEOLOGIC MAP, SHOWING ALTERATION IN 
VOLCANIC COVER ROCKS

MAIN TINTIC DISTRICT 
Juab 8  Utah Counties,Utah
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