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Panoramic air view, looking northeast, of the Iron 

Springs-Pinto Mining district, Utah. Iron Mountain 

is  in the foreground. Granite Mountain, the Desert 

Mound mines, and the Three Peaks intrusive can be 

seen in the distance.
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ROCK ALTERATION AND ORE GENESIS IN THE 
IRON SPRINGS-PINTO MINING DISTRICT, 

IRON COUNTY, UTAH

by

Charles A. Ratte*

ABSTRACT

The Iron Springs-Pinto Mining district in southwestern Utah 

is  located approximately 20 m iles west of the town of Cedar City in Iron 

County.

Mesozoic and Cenozoic sedimentary" rocks and Tertiary vol

canic rocks have been intruded by laccolithic or bysmalithic quartz 

monzonite porphyry intrusives. Three of the intrusives (Iron Mountain, 

Granite Mountain, and Three Peaks) have been exposed at the surface 

by erosion and form the major topographic features in the district. 

Post-Entrada and Laramide deformation determined the locus and pat

tern of these early Tertiary intrusives. Emplacement of the intrusives 

was accomplished first by roof stoping and assimilation of the Navajo 

and older formations and later by doming and upfaulting of the sedi

mentary cover rocks above the Navajo Sandstone.
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Complex structures associated with intrusive and post-intru

sive deformation of both intrusive igneous rocks and sedimentary strata 

are the loci of iron-ore mineralization. Iron ore occurs as limestone 

replacement deposits, fissure fillings, and as open-space filling in 

breccias. Special attention is  given to the occurrence of iron-ore in 

breccia zones and breccia pipe structures not heretofore described in 

the district. The origin and location of these structures are discussed  

in some detail.

The lithology of the Mesozoic strata in the immediate vicinity 

of the ore bodies is  described. The Homestake and Entrada Formations 

in the Iron Springs district are correlated with the Carmel and Entrada 

Formations of the Colorado Plateau.

The several phases of the Tertiary quartz monzonite porphyry 

are discussed. The interior and peripheral shell phases were produced 

as the result of deuteric alteration, whereas the selvage phases are at

tributed to the effects of hydrothermal alteration. Differences in min- 

eralogical, chemical, and textural characteristics are delineated so 

that each phase may be more easily identified either in outcrop or in 

thin section.

Information made available by continued mining and explora

tion drilling has been coupled with a detailed petrographic and chemical 

study of the rock alteration. This has permitted a more comprehensive
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interpretation to be made concerning the intrusive history and ore gen

esis of the district.

Introduction of significant amounts of Si, Al, Fe, Mg, and F 

early in the intrusive history produced fine-grained contact metaso- 

matic skarn rock in the limestone and siltstone members of the Home- 

stake Formation. Minerals developed during contact metasomatism in

clude diop side, tr emolite- actinolite, phlogopite, wollastonite, vesuvian- 

ite, and calcite. Garnet is  the predominant mineral developed in con

tact metasomatized limestone. The absorbing quality of the siltstone 

in contact with the intrusive rock, plus the rapid decline of the thermal 

gradient from high- to low-intensity conditions across the intrusive 

sedimentary contact impeded the development of this skarn rock.

With the influx of the ore mineralizers into the limestone a 

frontal phase of skarn minerals (predominantly garnet and calcite) de

veloped as a prelude to actual magnetite replacement. This skarn zone 

in effect increased the permeability of the limestone and made it more 

susceptible to replacement by magnetite. As mineralization progressed 

the skarn minerals were easily replaced by magnetite, while silica and 

lime were moved from the area by the hot solutions.

Two phases are proposed for the mineralizing emanations to 

better explain the different modes of occurrence for the iron ore and 

the contrasting types of alteration of the quartz monzonite porphyry. A
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late magmatic (probably vapor) phase produced rock of the selvage- 

joint and selvage-rock subphases (altered quartz monzonite porphyry), 

and it was during this early mineralization stage that the magnetite- 

apatite fissure veins formed. A later, hydrothermal (most likely hot 

ascending liquids) stage, called the major iron-ore mineralization 

phase, produced the selvage fault subphase of the quartz monzonite 

porphyry. Iron carried in these hydrothermal solutions replaced the 

Homestake limestone forming the largest and most important ore bodies 

in the district.

The iron is  believed to have been present in fluids residual 

from magmatic crystallization, which were released during the contact 

metasomatic and iron-ore mineralization phases. Iron was also leached 

from the wall rock during the hydrothermal activity.
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CHAPTER 1 
INTRODUCTION

Location and Geologic Setting

The Iron Springs and Pinto Iron Mining d istr ic ts!/ are located 

approximately 20 m iles west of Cedar City, Utah, in Iron County. Sev

eral open-pit iron-ore mines are in operation in the district which is  

easily reached by paved highway, Utah 56. Rail, bus, and air trans

portation are available to Cedar City, Utah (Fig. 1.1).

The district is  located in the Great Basin province in south

western Utah, approximately 20 m iles west of the Markagunt Plateau 

and Hurricane fault scarp which form the western boundary of the 

Colorado Plateau province in southern Utah.

Three quartz monzonite porphyry intrusives which are exposed 

at the surface form the dominant topographic features of the district. 

These are Three Peaks, Granite Mountain, and Iron Mountain (Frontis

piece or PI. I). A fourth intrusive which may represent a downfaulted 

segment of the Granite Mountain intrusive exists at a depth of 900+ feet 

below the surface between the Granite and Iron Mountain intrusives, the

1 /  Hereafter referred to as the Iron Springs district or simply 
as the district.
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area being known as the ’’N eck-of-the-D esert." The intrusives have 

tilted nearby Eocene volcanic rocks and are assigned an early Tertiary 

age.

Jurassic and Cretaceous sedimentary rocks flank the intrusive 

bodies. Concordancy of these flank rocks with the intrusive rock has 

been overemphasized (Leith and Harder, 1908). The margins of the 

Iron Mountain and Granite Mountain intrusives are complexly folded 

and faulted. Only the western margin of the Three Peaks intrusive dis

plays a concordant contact. The eastern margin of this intrusive body 

has been cut off by the large East fault, thus the condition of this flank 

is  unknown. The sedimentary rocks have been involved in a complex 

structural history that pre-dates and post-dates the intrusive activity. 

With perhaps the exception of Three Peaks, the other intrusives of the 

district should be classified as bysmaliths as suggested by Mackin (1947, 

p. 52).

The replacement ore deposits in the district are in Jurassic 

limestone peripheral to the quartz monzonite intrusives. Magnetite 

fissure veins and screens, or pendants, of replaced limestone occur 

within the intrusive m asses. The intrusives and associated ore bodies 

comprise a zone approximately 3 m iles wide and 25 m iles in length, 

trending in a northeasterly direction.

The Iron Springs district occupies a unique position in the 

metallogenetic provinces of the Cordilleran region. It is the only known
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major iron-ore metallization represented in what Lindgren (1933, p. 

891) describes as "the fourth Cordilleran epoch of metallization" dur

ing which copper, lead, and zinc metallization predominate. Areas of 

ore deposition other than the Iron Springs district representing this 

early Tertiary metallogenic epoch are Coeur dtAlene (copper, lead, 

zinc), Butte (copper, lead, zinc), Bingham (copper), Tintic (copper, 

lead, zone), Phillipsburg, Montana, and Fierro, New Mexico (iron- 

small).

Present Investigation

The purpose of this study is  to present in some detail a de

scription of the various phases of alteration of the intrusive igneous 

rock of the Iron Springs district. Alteration of the sedimentary rock 

in the immediate vicinity of the intrusive rock contacts is  also de

scribed in relation to the contact metasomatic effect of the intrusive, 

and the effect of the iron-ore mineralizers. Chemical analyses are 

presented to substantiate petrographic work.

Some views are presented concerning "breccia pipe" struc

tures, their relationship to intrusive structures and the localization of 

major ore bodies in the district.

In the light of the information gained from this investigation, 

i. e . , the mineralogy, petrography, and chemistry of the rocks associ

ated with the iron-ore bodies, and the association of the major ore
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bodies of the district with complicated structural features, a history of 

the intrusive activity, and an origin of the ore emanations are postu

lated.

Previous Work

The Iron Springs district received only passing attention by 

members of the early scientific expeditions of Powell (1875 and 1879), 

Dutton (1880 and 1882), and geologists of the Wheeler Survey, Howell 

(1875), Gilbert (1875), and Mar vine (1875).

J. S. Newberry (1880) regarded the iron ores and the intrusive 

rock as metamorphosed Silurian sediments.

Special reference to the chemistry of the ores of the Iron 

Springs district was made by Lerch (1904) from samples collected by 

C. K. Leith (1904) who visited the district in 1903.

Jennings (1905) believed the iron ore resulted from an intru

sion of ore magma which filled fissures in the igneous wall rock and 

overflowed forming sheets of ore in the sedimentary rocks above.

. The first comprehensive geological study of the Iron Springs 

district was made by Leith and Harder (1908). Regarding alteration, 

Leith and Harder describe two phases of contact metamorphism of the 

Homestake Formation as a normal contact (silicated)phase and an ex

ceptional (iron-ore replacement) phase. They recognized alteration of 

the igneous rock and have shown by comparative chemical analyses that
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altered igneous rock in contact with magnetite fissure veins shows an 

addition of soda and the development of ferric iron at the e^qpense of 

ferrous iron. In reference to other sediments that have been cut by 

intrusive rock they mention extensive bleaching and the development of 

quartzites.

Considering the origin of the iron ore, Leith and Harder (1908) 

concluded that the ore solutions were probably pneumatolytic aftereffects 

of the andesite (quartz monzonite) intrusions. They suggested a possible 

direct relationship between andesite and the ore-bearing solutions. This 

supposition is  based on the abundance of magnetite "reaction rims" 

around biotite and hornblende present in the intrusive rock.

Butler (1920), after a brief visit to the Iron Springs district, 

expressed agreement with the work of Leith and Harder, and his report 

was largely abstracted from their paper. Butler did, however, prefer 

to regard the intrusive bodies as "stocks" rather than laccoliths.

MacVichie (1926) described the known ore bodies in the Iron 

Springs district based on meager information obtained from shallow- 

development workings. The major portion of his geological informa

tion is  quoted from the Leith and Harder report of 1908.

A major contribution to the knowledge of the district was made 

by F. G. Wells (1938). The following explanation for the origin of the 

iron-ore deposits in the Iron Springs district was offered:
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During the intrusion of monzonite porphyry stocks, the 
hoods and overlying rock were fractured, causing a sudden 
release of pressure and liberating FeClg and HgO gas from 
the stocks which were still at high temperature. These 
gases found ready egress to the surface along tension f is 
sures without appreciably heating the country rock. They 
deposited magnetite and hematite in the fissures and re
placed the contiguous fractured limestone. The period of 
gas emanation was brief and the hydrothermal phase prob
ably evolved during the later magmatic history never 
reached this area.

Young (1947) described briefly the geology and iron ores from 

various mines and claims in the Iron Springs district. Alteration of 

- "caprock" is  mentioned in connection with the description of the ores. 

"Silicification and induration of the sediments'* is  mentioned by Young 

(1947, p. 19).

The works of J. H. Mackin (1947 and 1954) deal primarily with 

the revision of the stratigraphy of the Iron Springs district as set forth 

by Leith and Harder earlier, with discussion of geologic structures as 

ore controls, the tectonics of the intrusive rock, and the origin of the 

ores in the Iron Springs district. These publications deal exclusively 

with the Three Peaks and Granite Mountain intrusives.

Regarding the alteration of the Carmel Formation (Homestake 

Formation) as described by Leith and Harder (1908), Mackin (1954) 

stated: "Microscopic study indicates, however, that nearly all the rock 

mapped as altered limestone is  a siliceous siltstone that has been mod

erately hornfelsed; . . .  It is  readily separable from the overlying
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He (Mackin, 1947 and 1954) subdivided the quartz monzonite 

intrusives as follows: (1) the peripheral shell, which cooled and con

solidated rapidly before any appreciable amount of deuteric alteration 

could take place; (2) the interior phase, which remained in a "semisolid 

mush of crystals, stewing in an interstitial fluid that was progressively  

enriched in iron. . . . . and (3) the zone of selvage joints, altered tension 

joints within the interior phase. Mackin offers the following explanation 

for the origin of the iron mineralization in the Iron Springs Mining dis

trict:

Homestake limestone member where the limestone is  unaltered, but

can be distinguished from the silicated phases of the limestone only by

use of the petrographic m icroscope."

Conditions favorable for the release of iron from the 
consolidating crystal mush were brought about by a late 
surge of magma that had the effect of increasing the size  
of the intrusions. The increase in size was accommodated 
by faulting in the peripheral shell, by opening of tension 
joints in the semisolid parts of the stewing crystal mush . . .  
A sharp decrease in pressure in these distended outer parts 
of the intrusion in general, and from a few inches to a few 
feet on either side of individual tension joints in particular, 
permitted iron-rich solutions to escape from the crystal 
mush into the gaping fissures, probably in a gas phase.
The parts of the mush from which iron was released is  
now a distinctive rock, light in color and resistant to ero
sion, that occurs along the margins of the tension joints 
cutting the interior monzonite. Chemical analyses indi
cate that this rock contains about 30 percent le ss  iron than 
the interior quartz monzonite and the peripheral shell; it is  
the direct source of the mineralizing emanations of the dis
trict.

A. E. Lewis (1958) described the alteration in the district in
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more detail. Regarding the sandy member of the Carmel Formation 

(Homestake Siltstone Member) he said: "This member is  now a very 

fine-grained diopside-feldspar rock, containing beds of quartz sand

stone in which rounded detrital grains of quartz are unaffected by meta

morphism. " Alteration in the Homestake Limestone Member is  de

scribed by Lewis as follows: "Locally, a foot or two of the impure 

limestone at the base of the Homestake limestone is  metamorphosed to 

a medium-grained calcite-diopside-garnet rock ." In contrast to the 

alteration described above, Lewis also described alteration developed 

in pure limestone in contact with a quartz monzonite sill: "The chief 

minerals in the contact rock below the s ill are pale green garnet and 

olivine (forsterite); above the s ill prehnite and garnet."

A distinction between the effects of contact metamorphism and 

the alteration due to the mineralizing,emanations was made by Lewis 

(1958). The development of diopside, carbonates, and feldspar was 

associated with metamorphism, whereas iron oxides and phlogopite are 

the predominant minerals associated with mineralization. A very gen

eralized description of the alteration of minerals in the intrusive rock 

is  presented by Lewis.

Lewis (1958, p. 65) did not propose any theory of origin of the 

mineralization in the Iron Springs district but concludes: "Any hypoth

esis presented to explain the mineralization must account for the re

moval of Ca and COg from the limestone and the addition of Fe, Si, Al,
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Mg, and K. " Physical and chemical conditions which may have prevail

ed during the iron mineralization are discussed.

Young (1947, p. 7), Dahl (1959), and Slawson (1958) have per

formed trace-element studies on the ores of the Iron Springs district. 

Cook (1950) has published information concerning the magnetics of the 

area.
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CHAPTER 2 
SEDIMENTARY ROCKS

Introduction

Jurassic and Cretaceous sedimentary rocks crop out and were 

encountered during diamond-drilling operations in the immediate vicinity 

of the iron ore bodies in the.Iron Springs district. The sequence is  

composed of Jurassic marine limestones and siltstones which are over- 

lain by Jurassic and Cretaceous terrestrial clastic rocks.

Tertiary sedimentary rocks, and layered volcanic rocks of 

Tertiary and Quaternary age lie outside the present operating areas. 

They will not be described in this paper.

Quaternary gravels and conglomerates are encountered in the 

district. They may be readily distinguished from earlier clastic rocks, 

since they are composed largely of Tertiary intrusive and volcanic rock 

fragments. The Quaternary conglomerates (called ’’Desert Conglomer

ate” in local terminology) seem to be isolated in topographic lows that 

existed during the Pleistocene.

The Homestake Formation

The Homestake Formation is  divided into three distinct units

12
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recognizable in outcrop and drill core throughout the district. The 

upper 5 to 20 feet is  a thin-bedded, argillaceous and siliceous limestone. 

The middle unit is  a m assive limestone ranging from 150 to 300 feet in 

thickness. These two units are grouped together to form the Homestake 

Limestone Member which is  the host rock for the replacement iron ore. 

The third and lower unit is  the siltstone member of the Homestake For

mation. The Homestake Formation is  now known to be equivalent in 

age to the Jurassic Carmel Formation of the Colorado Plateau (Mackin, 

1954). It was earlier believed to have been of Carboniferous age (Leith 

and Harder, 1908). F ossils collected from the Homestake Limestone 

Member and identified by the author indicate the formation was probably 

deposited during Late Jurassic time (Charts 2.1 and 2.2), and more 

specifically it is  equivalent to the middle and upper portions of the 

Carmel Formation.

Homestake Limestone Member

The upper unit of the Homestake Limestone Member consists 

of 5 to 20 feet of thin-bedded, argiUaceous and siliceous limestone 

(Fig. 2 .1 , No. 1). Locally the first few feet of this unit may be com

posed of a soft, gray-green, earthy, sometimes ripple-marked and 

mud cracked limestone. A thin sedimentary breccia has been observed 

at the top of this unit locally. This breccia seem s to indicate that some 

parts at least of the formation were exposed to weathering and erosion
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Quaternary

Tertiary

Permian

Pennsylvanian

Mississippian

1

Qu

Devonian

Silurian

Ordovician

Cretaceous

Jurassic

Triassic

Cambrian

CHART 2.1
GEOLOGIC RANGE OF FOSSILS 

FOUND IN HOMESTAKE LIMESTONE
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JURASSIC CARMEL FORMATION
Iron Springs D ist. 
(Homestake Form.)

Marksgnnt Plateau 
(Shurtz Canyon)

LIMESTONE,light gray, 
gray-green,thin-bedded to 
thinnly laminated;argil.&  
s ilic e o u s;usually so ft , 
hard and platy . 0* to 20* 
thick.

LIMESTONE,gray and dark 
blue-gray; massive,hard, 
lo c a lly  carbonaceous; 
lo c a lly  shaly;sparsely  
fo ss ilife r o u s;bleaching 
commonjmay contain c a lc ite  
v e in le ts , dissem. p yrite , 
and vuggy cavaties. Aver. 
250* th ick .

SILTSTONE and/or s llic a ted  
member,gray,tan-gray,grn.- 
gray;maroon mottling and 
banding common;v.hard,fn.- 
gmd,massive,may be Tract, 
and brecelated. Thickness 
very erratic .

- O ' -a
|«  <•) c

1 1
i

1 1
1

1 1
1

1 1
i

1 1
1

1 1
l

1 1
i

1 l

«»>i

— 100' —
r

-2 CO
I

LIMESTONE,pale yellow-br. 
to l ig h t  o live-gray;v .fn -  
grn d (ca lc ilu tite ) , thin- 
bedded, hard, b r it t le ,  arg.& 
s ilic eo u s . O' to 30'.

LIMESTONE,med. gray tc  y e l l ,  
br. ; ma s s iv e ,dense,"l ith o ", 
hard,sparsely fo s s il iz e d .  
30’ to 250'.

LIMESTONE,olive-gray and 
yellov-brovn;locally  sndy 
and ripple-marked;hard, 
f o s s i l  frags and o o lite s .  
250' to 390'.

LIMESTONE, y e l . -br. and o liv .  
gray;massive,"lithographic? 
lo c a lly  sh aly;loc. sandy and 
cross-bedded;hard,brittle. 
390' to 1x80*.

LIMESTONE,brown-gray,f n. -  
grnd.,hard, massive, 
fo ss ilife r o u s . L80' to 5101

LIMESTONE, olive-gray and 
yellow-brown;fn.grnd. , th in- 
bedded, s ilic eo u s , hard and 
platy. 510' to 570'.

GYPSUM, white and red,mass, 
and c r y sta llin e .570'to 600' 
plus.

CHART 2.2 CORRELATION CHART
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for a short period of time prior to Entrada (younger Jurassic) deposi

tion. This soft, weathered zone grades downward into a hard, gray, 

thin-bedded limestone and then into the massive, hard, dark-gray and 

blue-gray, marine limestone that makes up the major portion of this 

member (Fig. 2 .1 , No. 2). Bleaching is  common in the massive lime

stone, and occurs as large patches and irregular stringers. Small vein- 

lets and vugs filled with calcite are common in the massive limestone, 

and frequently pyrite may be associated with this calcite or disseminated 

as fine crystals throughout the limestone. Locally the limestone is  in

tensely jointed, and limonite staining is  common in these joints. Fos

sils  are found in the limestone occasionally, but are usually poorly pre

served.

Homestake Siltstone Member

The siltstone member of the Homestake Formation is  typically 

a very hard, very fine grained, massive rock usually gray green or 

grayish tan in color. Maroon banding and mottling are common and 

rock coloration frequently is  spotted or splotchy due to irregular 

bleaching (Fig. 2 .1 , No. 3). A portion of the siltstone member is  

noticeably granular, and on close observation reveals very small quartz 

grains. This sandy portion does not seem to be confined to a particular 

horizon in the siltstone member.

Fracturing and brecciation within the siltstone member is  very
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common. Small fractures and breccia zones contain fillings of calcite, 

phlogopite, and magnetite. Chlorite, hematite, pyrite, tremolite, 

actinolite, and garnet may also be present in the fractures.

Color and texture variations are very common. In question

able structural situations the rock is  difficult to distinguish from silt-  

stone portions of the Entrada and Iron Springs Formations, or even 

altered portions of the limestone member of the Homestake Formation. 

The thickness of this siltstone has been considered to vary from 0 to 

100 feet.

Since the present appearance of the Homestake Siltstone Mem

ber is  a product of contact metasomatic alteration, a more detailed 

study is  presented later in the section on wall-rock alteration.

The Entrada Formation

The Entrada Formation in the Iron Springs district is  believed 

by Mackin (1954) to be equivalent in age to the Entrada Formation of 

Late Jurassic age (Gregory, 1950, p. 40) which lies  immediately above 

the Carmel Formation in the nearby Colorado (Markagunt) Plateau.

Lithologically the Entrada Formation in the Iron Springs dis

trict is  quite unlike the red and white beds of friable, gypsiferous sand

stone that make up the Entrada Formation in the plateau. This forma

tion in the mining district consists of well-cemented, tan and gray, 

quartz sandstones, and gray or gray-green, arkosic sandstones
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interbedded with thinly stratified or laminated maroon and gray-green 

shales and siltstones.

The quartz sandstones are fine to medium grained and occur 

as thin beds interbedded with variegated shale and siltstone laminae 

(Fig. 2 .2A, Nos. 1 and 2).

The arkosic sandstones are medium to coarse grained (some 

zones are actually coarse enough to be considered conglomeratic), usu

ally thick bedded, and most often are gradational, i. e . , they grade from 

a coarse-grained arkose upward into a fine-grained, feldspathic sand

stone (Fig. 2 .2B, Nos. 1 and 2). Small angular to subrounded particles 

of gray, maroon, and green shale, and white, weathered feldspar im

part a gray-green color to this rock.

The alternating beds and laminations of shale, sandstone, and 

arkose probably indicate seasonal or climatic fluctuations in a stable 

terrestrial environment.

Several marker beds occur in the Entrada Formation which are 

recognizable throughout the district. Gray and maroon shales near the 

top and bottom of the formation contain blebs of finely crystalline rose 

quartz and calcite which give the rock a pink, spotted appearance (Fig.

2 .2B, No. 3). These blebs may occur sparsely in other parts of the 

formation, but are predominantly concentrated within 30 or 40 feet of 

either the top or the bottom of the formation. More important as a 

marker bed for the Entrada Formation in the Iron Springs district is



The Entrada Formation ranges from 0 to 250 feet in thickness. 

The variation in thickness is due to local post-Entrada deformation and 

erosion. Local areas of nondeposition very likely occurred during early 

Entrada time, thus accounting for some local thinning.

The sedimentary rocks of the Entrada Formation are not easily  

distinguished from siltstones and shales of other formations in the dis

trict when they are involved in complex structural situations. The 

marker beds mentioned above are positive identification if they can be 

found and recognized. The absence of carbonate cementing material in 

rocks of the Entrada Formation is  an aid in identifying the rocks of this 

formation.
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the maroon-mottled quartz sandstone which occurs quite consistently

throughout the district (Fig. 2 .2A, No. 3).

The Marshall Creek Formation

The Marshall Creek Formation of Cretaceous age, first de

scribed by Mackin (1947, p. 9-12), is  found only in localized areas 

within the district, and has no counterpart in the Colorado Plateau sec

tion east of Cedar City, Utah. This formation owes its existence to 

post-Entrada deformation in the locality of the Iron Springs district.

This formation ranges in thickness from 0 to 100 feet. It con

sists  of angular fragments of dark-gray limestone (probably Homestake) 

in a gray limestone matrix (Fig. 2 .3). Locally the matrix is a maroon.
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calcareous siltstone which may or may not contain limestone fragments. 

Thin, irregular bands of jasper are frequently present in the matrix. A 

massive and locally crystalline limestone makes up a large part of the 

uppermost Marshall Creek Formation in the central part of the district.

Mackin (1947, p. 9-12) describes the Marshall Creek Forma

tion as a ’’fanglomerate-mudflow breccia” which spread laterally from 

centers of post-Entrada deformation. The existence of massive lim e

stone, predominantly in the central portion of the district, indicates 

that the limestone breccia was deposited (at least locally) in a large, 

fresh-water lake or lakes that were in existence through much of Cre

taceous time.

The Iron Springs Formation

The Iron Springs Formation is composed of lenses of sand

stone, siltstone, conglomerate, and impure fresh-water limestone.

The beds are irregularly distributed and are not continuous for any 

great distance.

The formation has been tentatively assigned a Late Cretaceous 

age (Mackin, 1947, p. 7-8). No attempt has been made to correlate 

this formation with the Cretaceous section of the Colorado Plateau.

The Iron Springs Formation can best be described by treating 

the individual rock types separately as follows.
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Sandstone

The sandstones are fine to coarse grained, generally hard, and 

are predominantly cemented by calcite. Poorly cemented sandstones 

have a silty siliceous cement. They are white, gray, and tan gray in 

color. Carbonized, limonitic, or pyritized wood particles are common

ly present, as well as crystalline pyrite and thin coal seams. Carbona

ceous material occurs as streaks, bands, or along the bedding and im

parts a dark-gray or black color to the rock. Crossbedding in the sand

stones is  common (Fig. 2 .4A, Nos. 1 and 2).

Shale

Maroon or red shales and black carbonaceous shales in lentic

ular beds exist throughout the Iron Springs Formation. The shales are 

hard, friable, and usually cemented by calcium carbonate.

Siltstone

A gradational zone of siltstones and sandy siltstones usually 

exists between shale and sandstone. The siltstones are very hard and 

more m assive than the shales. They are various shades of gray or 

gray green. , Calcite is  the major cementing material. Soft mud- 

cracked mudstones are common.
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Limestone

Silty fresh-water limestones are encountered occasionally in 

the formation. There is  usually question whether these should be 

classed as argillaceous limestones or as calcareous siltstones.

Conglomerate

Three types of conglomerate are recognized in the Iron Springs 

Formation. Type 1— this conglomerate is  widely distributed, and it is  

the lowermost unit of the formation wherever it is  present. Type 1 con

glomerate is composed of small (less than 1 inch in diameter) rounded 

to subangular pebbles of red jasper, quartzite, and some limestone.

The matrix is  light-gray, poorly cemented, fine- to medium-grained 

sandstone. Cementing materials are calcite and silica. Type 1 con

glomerate is  illustrated in Figure 2 .4B, No. 1. This conglomerate 

rarely exceeds 50 feet in thickness.

Type 2 conglomerate is  the most extensive and a major zone 

of this conglomerate occurs quite consistently at approximately 300 feet 

above the base of the Iron Springs Formation. It is  lenticular in habit. 

Type 2 conglomerate is  composed of large rounded pebbles (up to 2 

inches in diameter) and cobbles of gray limestone, shale, and quartzite 

(Fig. 2 .4B, No. 2). A medium- to coarse-grained, tan or gray sand

stone matrix is  strongly cemented with calcium carbonate.
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Type 3 conglomerate is  an intraformational conglomerate com

posed of angular to subrounded particles of dark-gray siltstone and black 

carbonaceous shale in a matrix of fine- to coarse-grained, light-gray 

sandstone. Type 3 conglomerate is  strongly cemented by calcite.

Figure 2 .4B, No. 3 shows a diamond-drill core sample of this con

glomerate.



FIGURE 2.1

THE HOMESTAKE FORMATION

1. Homestake Limestone Member— upper, thin- 

bedded and thinly laminated, argillaceous and 

siliceous limestone.

2. Homestake Limestone Member— massive 

blue-gray limestone showing bleached portions.

3. Homestake Siltstone Member— silicified and 

silicated portion of the siltstone member show

ing calcite and calcite-magnetite veins.

(X 0. 5)
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FIGURE 2 .2A

1. Tan sandstone bed with thin variegated shale 

laminae.

2. Same as above.

3. White sandstone with maroon spots (right-hand 

portion of the core sample) in contact with 

coarse maroon and white arkose. This is  a 

marker bed.

FIGURE 2 .2B

THE ENTRADA FORMATION

1. Coarse arkosic sandstone containing small 

particles of gray, maroon, and green shale.

2. Same as above only the particles are large 

enough to consider the rock conglomeratic.

This is  an intraformational conglomerate (or 

sedimentary breccia— angular fragments) and 

is common throughout the district.

3. Gray-green, locally maroon, shale containing 

spotty dissemination of rose quartz and calcite. 

This is a fairly consistent marker bed.

(X 0.5)

THE ENTRADA FORMATION

X
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FIGURE 2.3

THE MARSHALL CREEK FORMATION

This rock is  a sedimentary limestone breccia com

posed of angular particles of gray limestone in a 

dark-gray limestone matrix.

(X 0.5)
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FIGURE 2.4A

1. Tan sandstone with carbonaceous streaks and 

bands.

2. White, medium-grained sandstone.

FIGURE 2 .4B

THE IRON SPRINGS FORMATION

1. Basal conglomerate— Type 1.

2. Thick massive conglomerate with rounded 

water-worn pebbles and cobbles— Type 2,

. Intraformational conglomerate— Type 3.

(X 0.5)

THE IRON SPRINGS FORMATION

3
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CHAPTER 3
INTRUSIVE IGNEOUS ROCK 

Introduction

The three intrusive bodies (Iron Mountain, Granite Mountain, 

and Three Peaks) are composed of Tertiary quartz monzonite porphyry. 

J. Hoover Mackin (1947) has described three phases of the quartz mon

zonite porphyry for the Three Peaks intrusive. They are: the interior 

phase, the zone of selvage joints, and the peripheral shell phase. These 

three phases are well developed and easily discerned in the Three Peaks 

area. At Granite Mountain two phases were mapped by Mackin (1954), 

the peripheral shell phase and undifferentiated quartz monzonite. The 

major portion of the intrusive rock exposed at Granite Mountain is  now 

considered by Mackin (personal communication) to be selvaged quartz 

monzonite porphyry. Petrographic study (see Chapter 7 on the petrology 

and alteration of the quartz monzonite porphyry) confirms this premise. 

Only the marginal portions and a few of the high peaks are capped by 

the peripheral shell phase. Small exposures of interior quartz mon

zonite are present at Granite Mountain.

At Iron Mountain Lewis (1958) did not recognize three phases 

of the quartz monzonite porphyry. He did describe a subphase which

28
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he called the "border facies. ” This he distinguished from the normal 

quartz monzonite porphyry by its finer grained groundmass and abun

dance of hornblende phenocrysts.

The three phases of the quartz monzonite porphyry do exist at 

Iron Mountain. The interior phase and selvage joint rock are well ex

posed in a roadcut on the northeast side of Iron Mountain (Fig. 3 .1A). 

These two phases are probably not as extensively developed and cer

tainly not as well exposed, as they are, for example, at the Three 

Peaks intrusive which is  the type locality for all phases as described 

by Mackin (1947).

All phases of the intrusive rock at Iron Mountain and Granite 

Mountain (collected at the surface) are characterized by a finer grained 

groundmass than that found in the rock of the Three Peaks intrusive.

In order to describe the various phases of the quartz monzonite 

porphyry thoroughly and to fully realize the importance of this intrusive 

rock in relation to the origin of the iron ore, it has been necessary to 

further subdivide the selvaged phase of the quartz monzonite porphyry.

I have divided this selvaged phase into the selvage joint subphase, the 

selvage rock subphase, and the selvage fault subphase.

The Interior Phase

In the outcrop the interior phase of the quartz monzonite por

phyry has a rusty-brown color with numerous white splotches. The
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rusty-brown coloring is  due to oxidation (weathering) of altered mafic 

minerals. The white splotches are relatively fresh feldspar pheno- 

crysts. Needles of dark-green diopside and black hornblende are not 

uncommon. At the surface the rock is  friable and has a granular tex

ture. In large outcroppings the interior phase is  easily recognized be

cause of its characteristic spheroidal weathering which forms coalesc

ing knobs. Each knob is  composed of thin concentric exfoliation shells 

(Fig. 3. IB). Numerous inclusions of what is  believed to be Navajo 

Sandstone (Mackin, 1947, p. 40) were found in the interior phase at 

Three Peaks (Fig. 3 .4A).

The Peripheral Shell Phase

This phase of the quartz monzonite porphyry is  a hard, light- 

gray to medium-gray rock which appears to be relatively unaltered.

The rock has a porphyritic texture which may not always be apparent 

in hand samples. Phenocrysts of plagioclase, pyroxene, hornblende, 

and biotite can be seen in the fine-grained groundmass when studied in 

thin section.

The peripheral shell rock is  more resistant to weathering, 

and is  found capping the high peaks of all three intrusive bodies and is  

present at the margins of the intrusives, except where post-intrusive 

faulting has brought the sedimentary rocks in contact with other phases.

The rock of this phase very likely represents most closely the
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original composition of the magma that formed the three intrusive 

bodies. The peripheral shell phase developed by virtue of its compar

atively rapid solidification at the contact of the cooler sedimentary rocks 

into which the quartz monzonite was intruded. The thickness of this 

phase is  probably extremely variable. Much of the rock heretofore con

sidered to be peripheral shdll is  actually selvaged (selvage rock sub

phase) quartz monzonite porphyry.

The Selvaged Phase

I have subdivided the selvaged quartz monzonite porphyry into 

three subphases, each subphase having certain distinct characteristics 

recognizable in outcrop, or in thin section only. These three subphases 

have been generated as a result of alteration of pre-existing interior 

and peripheral shell phases. In all the selvaged rock the original por- 

phyritic texture is  preserved.

T he Selvage Joint Subphase

The zone of selvage joints is  composed of roughly parallel ribs 

(joints) of highly resistant quartz monzonite porphyry. The ribs vary 

from a fraction of an inch to a foot or more in width. The rock of the 

selvage joint subphase is  light gray or gray green, occasionally having 

a pink cast, in color. These ribs of selvage joint rock stand above the 

inter joint (interior phase) material as prominent spines (Fig. 3 .2A, B,
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and C). The center of each joint is  a smooth, planar surface, and may 

or may not contain magnetite veins. The width of the selvage joint does 

not seem to bear any relationship to the width of magnetite veins con

tained therein. Zones of selvage joints generally form resistant ridges 

and steep-faced outcrops which stand above the le ss  resistant interior 

phase of the quartz monzonite porphyry (Fig. 3 .2A).

The resistant joints die out rather suddenly as they merge with 

the interior phase of the quartz monzonite porphyry in depth (see Fig.

3 .2A). The altered joint material does not always taper to a point in

ward and downward, but rather fades away and merges with the interior 

phase, as also do the magnetite veins contained in some of the selvage 

joints.

The Selvage Rock Subphase

This subphase may best be described as selvage joint rock 

which has developed in such an extensive manner so as to produce a 

continuous layer of altered rock identical both physically and chemical

ly to the selvage joint rock. The major exposed portions of Granite 

Mountain and Iron Mountain are composed of this selvage rock subphase. 

Magnetite fissure fillings are noticeably fewer in these intrusives.

In the outcrop this subphase is  distinguished from the peripheral 

shell phase with difficulty. These phases, however, are readily dis

cernible when studied in thin section (see section on petrography and
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alteration of the quartz monzonite porphyry).

The Selvage Fault Subphase

The selvage fault subphase occurs in zones of faulting or along 

isolated faults within the quartz monzonite porphyry intrusives. This 

subphase represents the major hydrothermal phase of alteration of the 

intrusive rock. Some of the material of which this subphase is  com

posed is  altered fault gouge, but the major portion of the selvage fault 

subphase is  composed of soft, clayey, crumbly quartz monzonite por

phyry. The width of this alteration may vary from a few inches to 

several tens of feet. The altered material is  light gray to white in 

color. Late movement along these zones produced slickensides within 

the altered material.

Because of its soft nature rock of the selvage fault subphase 

is  easily eroded and does not crop out in the district, but rather forms 

topographic lows such as valleys or ravines within the intrusive bodies. 

The rock is, however, well exposed in the faces of the open-pit mines 

and is  found in all three intrusive bodies. Magnetite veins on the north 

wall of the Desert Mound pit at Granite Mountain are associated with 

the selvage fault subphase. Numerous thin veins of magnetite are 

present along the Blowout fault where it is exposed in the Blackhawk pit 

at Iron Mountain. The rock in this fault zone is  composed almost en

tirely of selvage fault material (Fig. 3 .3A and B). An excellent
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exposure may be seen on the southeast wall of the Irene workings on the 

northeast side of the Three Peaks intrusive.

Filter P ress Dikes and Brecciated Quartz Monzonite Porphyry

Several small fractures containing dikes of quartz monzonitic 

or somewhat more mafic composition occur in a very localized area 

on the east side of Iron Mountain (PI. I), The mineral constituents of 

these dikes have a strong lineation paralleling the fractures. In the 

same immediate vicinity of these dikes, and apparently associated with 

the fracturing, are small roughly circular patches of brecciated quartz 

monzonite.

I have interpreted these structures as being associated with 

late intrusive deformation that caused brecciation and granulation of 

the quartz monzonite porphyry in this area. At the same time tension 

joints opened up and allowed some of the partly solidified magma from 

depth to be squeezed into the openings, thus forming the filter press  

dikes.



FIGURE 3.1

A. Selvage joint subphase and interjoint interior 

phase of the quartz monzonite porphyry exposed 

in a roadcut in the Comstock area of the Iron 

Mountain intrusive.

B. Interior phase of the quartz monzonite porphyry 

showing the typical spheroidal weathering in the 

Three Peaks intrusive.
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FIGURE 3. 2

A. Selvage joint subphase of the quartz monzonite 

porphyry shown fading out in depth into the in

terior phase. Three Peaks intrusive area.

B. Closeup view of zone of selvage joints shown 

above.

C. Selvage joint subphase with a thin magnetite 

vein in the central portion of the joint rib. 

Three Peaks intrusive area.

..X
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FIGURE 3.3

A. Selvage fault subphase of the quartz monzonite 

porphyry as seen exposed in the Blowout fault 

zone on the northeast wall of the Blackhawk pit 

at Iron Mountain.

B. Closeup view of the center portion of the above 

photograph.
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FIGURE 3 .4

A. Navajo(?) Sandstone inclusion in the interior 

phase of the quartz monzonite porphyry. Three 

Peaks area.

B, Rounded xenolith in quartz monzonite porphyry, 

Mountain Lion area. Iron Mountain.





CHAPTER 4
STRUCTURAL HISTORY 

Pre-Intrusive Deformation

Crustal movements are known to have existed near the close of 

the Jurassic Period in the Iron Springs district (Matidn, 1947, p. 9- 

12). At this time small localized areas were punched up exposing the 

Entrada and Homestake Formations. Rapid erosion of these uplifted 

areas supplied the materials for the Marshall Creek Formation of Cre

taceous age which is  present only in the Iron Springs district. This 

post-Entrada deformation set up the northeasterly trending zone of 

crustal weakness that was important in determining the orientation of 

later deformation and the localization of the early Tertiary intrusive 

activity.

Post-Iron Springs (Laramide) deformation in the form of two 

intersecting thrust sheets is  in evidence in the Iron Springs district.

The Calumet fault (Lewis, 1958, p. 25-27) has been traced from the 

south flank of Iron Mountain along the east margin of the intrusive for 

approximately 3 m iles where it is  cut off by a tongue of quartz monzo- 

nite porphyry (PI. I). A second thrust sheet is  in evidence in the north

east Oak Springs area of Iron Mountain which post-dates the Calumet

39
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fault. Here the allochthonous block of Jurassic and Cretaceous sedi

mentary rocks lies on vertical or overturned strata of the Iron Springs 

Formation (these are Calumet structures steepened and deformed by 

later intrusive deformation). To the north and northeast in the vicinity 

of Granite Mountain and the Three Peaks areas the evidence of post- 

iron Springs deformation is  represented by isoclinal-decollement type 

folding of the Jurassic and Cretaceous strata. The tectonic glide plane 

for the Laramide structures is  shown diagrammatically to have existed 

at the base of the Homestake Formation (Mackin, 1954 and 1960).

The post-Entrada and post-iron Springs deformations undoubt

edly set the stage for the localization of later intrusive activity, and 

were influential in determining the size and shape of the Tertiary in

trusions.

Intrusive Deformation

The emplacement of quartz monzonite porphyry (above the 

Navajo Sandstone) during early Tertiary time in the district was ap

parently in two stages. The early stage was probably injected slowly 

through several feeders and served mainly to distort pre-intrusive 

structures. During this early stage the magma reached the lower 

Homestake Siltstone Member (a zone of incompetence prepared by the 

Lar amide thrusting and folding). The force of the intrusion domed and 

upfaulted the overlying sedimentary rocks. The Contact fault on the
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west side of Iron Mountain, the Clive fault on the west side of Granite 

Mountain, and the Cory-Armstrong fault on the east side of Granite 

Mountain were initiated by this movement. Along these structures the 

Iron Springs Formation of Cretaceous age is in fault contact with the in

trusive rock. Late intrusive movement on these and other faults was 

effective in opening deeply penetrating channelways that released the 

iron-ore mineralizers.

Where the intruding magma encountered the pre-intrusive struc

tures (thrust faults on the east side of Iron Mountain and isoclinal folds 

on the east side of Granite Mountain) the strata were tilted steeply or 

overturned. In the Three Peaks area where the pre-intrusive struc

tures were perhaps le ss  intense, the emplacement o f the magma here  

apparently resulted in gentle doming and less  severe upfaulting (North

west fault) of the sedimentary cover rocks. Overturned folds and thrust 

faults due to intrusive force are not in evidence here. It should be re

membered that the large post-intrusive East fault that flanks the east 

side of the Three Peaks intrusive may well have carried any complicated 

deformation associated with the intrusion of quartz monzonite porphyry 

to considerable depth.

The manner in which the intrusives of the Iron Springs district 

were emplaced played a very important role in the localization of the 

later iron-ore mineralization. The intrusive magma first reached the 

horizon of the lower Homestake Formation through a series of vents
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that penetrated the Navajo Sandstone. The magma lifted the overlying 

strata and spread laterally beneath this cover in a series of tongues 

(Figs. 4 .1A, B, and C and 4.2). Depressions that formed where adja

cent tongues of magma joined were zones of structural weakness where 

screens or pendants of sedimentary rock were trapped (S and P in Fig. 

4.1C). Examples of such structures are the Mountain Lion-Comstock- 

Blowout Canyon sedimentary rocks and ore bodies, the Rex ore body, 

the Pinto ore body, and the Blackhawk ore body. The re-entrant zones 

formed between the fronts of advancing magma tongues were also sites 

of intense structural deformation. Examples of ore bodies that are lo

cated at re-entrant sites are the Blowout ore body at Iron Mountain and 

the Lindsay ore body at Granite Mountain (PI. I).

The late stage or late surge of magma sufficed to stretch the 

peripheral solidified or semisolidified portion of the intrusions. Ten

sion joints were opened up for a short time. Relaxation of intrusive 

forces was accompanied by subsidence which tended to close the tension 

joints and to re-activate earlier intrusive structures which effectively 

penetrated deep portions of the intrusive bodies. Relaxation structures 

continued to develop on into post-intrusive time. These late magmatic 

structures are very important because it is  where they transect the 

overlying strata that access routes were opened up for the main min

eralizing emanations. Relaxation structures or antithetic faults were 

first suggested by Mackin (1960, p. 115). These structures are
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associated with the "Neck of the Desert" intrusion located between Iron 

and Granite Mountains.

Post-Intrusive Deformation

Where one draws the line between intrusive activity and the 

ore-mineralization phase is  purely arbitrary. In my mind the ore min

eralization should be considered as a continuation of the overall intru

sive process and is  closely associated with late intrusive deformation 

(relaxation structures) which was continuous during the ore-mineraliza

tion phase, thus keeping the access routes open.

Slickensides and shear zones passing through replacement ore 

bodies are certainly indicative of post-mineralization faulting. Offset 

attendant with this faulting is  not extensive and is absorbed over broad 

zones of shearing. Many of these faults are hinged and there may be 

reversal of displacement along the strike of the fault. Continued defor

mation as recently as the Quaternary Period is  in evidence in the Desert 

Mound pit at Granite Mountain. Late movement on the West (King) fault 

has thrust Quaternary gravels over Jurassic and Cretaceous strata. At 

Three Peaks the East fault is  very likely associated with late Tertiary 

Basin and Range block faulting.

Breccia Zone and Pipe Structures

Large irregular zones and crudely circular pipe-shaped areas
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of mineralized breccia occur in the immediate vicinity of the Iron Springs 

intrusive bodies and closely associated with large replacement ore bodies.

Brecciation was associated with both intrusive and post-intru

sive deformation, and in some cases was continuous into post-mineral 

time (brecciated iron ore associated with profuse pyrite and calcite was 

not uncommon in the diamond-drill core from the Rex and Desert ore 

bodies).

Breccia zones occur above and/or adjacent to screen or pendant 

structures where the rocks were brecciated by the grinding action of the 

forcefully injected magma (S and B, center of Fig. 4.1C). Breccia pipe 

structures occur on the peripheries of the intrusives in the re-entrant 

zones between tongues (as for example between tongues 2 and 3 of Fig. 

4.2). Here again the rock entrapped between advancing tongues was 

churned and brecciated. These major zones of structural weakness 

were the sites of continued movement and brecciation during the period 

of intrusive relaxation. It was during this time that much of the early 

solidified peripheral shell quartz monzonite became involved in the 

brecciation.

These breccia structures were natural channelways for the 

iron-mineralizing emanations. Most of them remained active and open 

during mineralization, and many continued to be active after mineraliza

tion ceased.



FIGURE 4.1
STRUCTURAL SEQUENCE OF THE INTRUSIVES IN 

THE IRON SPRINGS DISTRICT

A. Early emplacement of tonguelike laccoliths (Fig. 4 .2 )  

fed by several small throats penetrating the Navajo 

Sandstone (Jn).

B. Continuation of emplacement of the Tertiary quartz m on-  

zonite porphyry (Tqm). Emplacement within the m a ss iv e  

Navajo Sandstone is  accomplished by roof stoping and a s 

similation by a mafic magma producing the siliceous  

quartz monzonite porphyry. Complex structures are d e

veloping in the uplifted cover rocks, Homestake S iltstone  

Member (Jhs), Homestake Limestone Member (Jhl),

Entrada Formation (Jes), and Iron Springs Formation (K is)„

C. Late surge of magma opening large throat through the 

Navajo Sandstone and producing tension joints and f is su r e  

ore (F). The relaxation stage closely followed, opening 

up channelways by further deforming already established  

zones of weakness. Rising iron-rich emanations produced  

ore bodies as follows: R, limestone replacement; S, 

screens; P, pendants; B, breccia pipes. Note: This f ig u r e  

is  representative of any one of the three Iron Springs in -  

trusives. The figure is  diagrammatic only, no scale i s

intended.
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FIGURE 4.2

MODE OF EMPLACEMENT OF THE INTRUSIVES,
IRON SPRINGS DISTRICT, UTAH

This diagram is  used for the express purpose of helping the reader visualize 

the tonguelike emplacement of the Iron Springs intrusives as the magma is 

sued from separate vents which penetrated the massive Navajo Sandstone. 

The large central stock should be ignored, and one should envision separate 

vents feeding tongues 1, 2, and 3 and incorporate this with the structural 

picture portrayed in Figure 4 .1 . The diagram is  from Eardley (1951, p. 

403) as originally suggested by Hunt (1946).
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CHAPTER 5
OCCURRENCES OF IRON ORE

Iron ore has several modes of occurrence in the Iron Springs 

district. The occurrences of iron mineralization are referred to here 

as "ore bodies, " however, it should be realized that technically the 

deposits may or may not be considered ore, depending on the size and 

accessibility of a particular deposit. Three categories of iron-ore 

mineralization are cited. They are limestone replacement deposits, 

fissure fillings, and open-space fillings in breccia.

Limestone Replacement

By far the most important occurrences of iron ore in the dis

trict are the replacement deposits in the limestone member of the 

Homestake Formation. Iron-ore mineralization is  largely confined to 

the lower portion of this member (Fig. 5. IB); however, in places where 

the mineralizing emanations had easy access to a full section of lim e

stone, the complete section may be replaced (Fig. 5 .1A).

In general the limestone replacement deposits have a lenticular 

shape both in plan and section. The shape of these ore bodies, however, 

is  largely determined by the pre-mineralization structural shape of the

limestone horizon which has been replaced.
47
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Some of the major limestone replacement ore bodies in the 

district are the Burke, the Blackhawk, the McCahill, the Rex (portions), 

and the Mountain Lion ore bodies at Iron Mountain, the Desert Mound, 

Pioche, and Vermillion ore bodies at Granite Mountain, and the Irene 

ore body at the Three Peaks.

Fissure Fillings

Magnetite veins ranging from a few inches to several feet in 

width are common occurrences within the quartz monzonite porphyry 

intrusives. These magnetite veins occur in tension joints that developed 

during the late stage of intrusion. Encrustations of magnetite crystals 

in the veins indicate the joints were opened repeatedly during this time 

of mineralization. Inclusions of quartz monzonite fragments are pres

ent in the border zones of some magnetite veins. These fragments may 

represent pre-ore breccia or stoping of the joint walls by the iron-ore 

mineralizers.

Some of the large fissure veins in the district are the Great 

Western dike at the Three Peaks and the Chesapeake and Tip Top dikes 

at Iron Mountain (Fig. 5.1C).

Open-Space Filling in Breccias

Brecciated zones of the siltstone member of the Homestake 

Formation, the Entrada Formation, the Iron Springs Formation, and
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the quartz monzonite porphyry contain iron-ore mineralization. These 

breccia zones occur above limestone replacement ore bodies (as in the 

Entrada and Iron Springs Formations in the Rex area) and below or ad

jacent to limestone replacement deposits (as in the Homestake Siltstone 

Member below most replacement ore bodies, or the quartz monzonite 

porphyry in the Short Line or Blowout ore bodies). In some cases 

minor replacement of the breccia fragments has taken place, and where 

limestone fragments are involved complete replacement by iron ore is  

expected, but the greatest proportion of the ore apparently occurs as 

open-space filling.

Of particular importance regarding open-space iron-ore min

eralization is  its occurrence in breccia pipe or ''blowout" structures. 

These pipes are located on the periphery of the intrusives at re-entrant 

zones between tongues of the intrusive, or where major faults intersect 

and form deeply penetrating structures as adjacent to screens or pend

ants (Fig. 4.1C, item B). Large angular to rounded blocks and frag

ments of quartz monzonite porphyry are completely surrounded by iron 

ore in the pipe structure of the Blowout ore body at Iron Mountain (Fig. 

5.2). Other good examples of these breccia-pipe structures are the 

Lindsay ore body (which merges with a large limestone replacement de

posit) at Granite Mountain, and recently mining operations have exposed 

a very extensive breccia-pipe structure on the Dear claim in the Com

stock area on the northeast side of Iron Mountain. The breccia
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fragments in this structure are composed of sandstone and shale of the 

Entrada Formation and conglomerate of the Iron Springs Formation. 

Diamond drilling in the Rex ore body on the west side of Iron Mountain 

has disclosed an extensive ore-mineralized breccia zone extending 

through the main replacement ore body. Many of the Desert ore bodies 

(between Iron Mountain and Granite Mountain) are associated with these 

breccia-pipe structures, and because of their apparent circular pattern 

they have been affectionately called "mixmaster faults. " The Short Line 

ore body west of the Desert Mound pit at Granite Mountain (now being 

used as a waste dump) was associated with elongate breccia-pipe struc

tures that formed the southern limit of mineralization, and doubtless 

were the feeders for the mineralizing emanations.

The shape and size of the breccia-pipe structures are variable. 

Those that have been exposed through mining operations are shown as 

embayments of iron ore on the periphery of the intrusives (PL I,

Lindsay pit at Granite Mountain and Blowout pit at Iron Mountain). Sur

face mapping of these exposed pipes and reconstruction of geologic sec

tions based on diamond-drill information suggest a crude circular pat

tern in plan. The long dimension of the pipe structures may or may not 

be vertical, which adds confusion to the determination of their true size  

and shape. The breccia pipes that are exposed plunge nearly vertically 

into the intrusive and apparently die out in depth. The pipe structures 

are believed to be controlled entirely by pre-mineralization deformation;
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their size, shape, and attitude are quite diverse. Mineralized pipe 

structures merge with irregular breccia zones and in some instances 

with large replacement ore bodies. The form that these structures at

tained on reaching the surface is  somewhat doubtful. The only surface 

exposure of iron ore in the Rex area is  a large fissure vein that cuts 

the Iron Springs Formation, and according to photographs in the Leith 

and Harder (1908) paper, the same type of occurrence existed over what 

is  now the Blowout ore body. The brecciated quartz monzonite porphyry 

associated with the filter press dike on the southeast side of Iron Moun

tain (although it contains no iron mineralization) suggests a possible 

pipe structure below.



FIGURE 5.1

A. Limestone replacement ore body, Burke pit (looking northwest). Iron 

Mountain, Utah. This portion of the ore body represents complete re

placement of the Homestake Limestone Member (dip is  to the west).

B. Limestone replacement ore body, Duncan 

pit (looking west), Iron Mountain, Utah. 

This portion of the ore body represents 

partial replacement of the Homestake 

Limestone Member (Jhl).

C. Resistant magnetite fissure vein in 

quartz monzonite porphyry, Chesa

peake claim, Iron Mountain, Utah.
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FIGURE 5.2

A. Panoramic view (north wall) of the breccia-pipe structure in the Blowout 

pit. Iron Mountain, Utah. The main portion of the pipe is  in quartz mon- 

zonite porphyry breccia. Steeply tilted strata of Homestake Siltstone 

Member (Jhs) and Homestake Limestone Member (Jhl) may be seen on 

the right side of the photograph.

B. Large angular and rounded boulders of C. This is a photograph of zone B in which

quartz monzonite porphyry in a matrix 

of magnetite. Note the light-colored

the breccia boulders are smaller than

in zone A, and there is  a greater abun-

alteration rims on the quartz monzonite dance of magnetite.

boulders, zone A
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CHAPTER 6
MINERALOGY AND TEXTURE OF THE ORE BODIES

The most important iron-ore minerals in the district are mag

netite, FeFegO^— and hematite, F 6 2 0 3 0  Specular hematite and martite 

are present in some of the ore bodies. Hydrous iron oxide (limonite? 

and/or turgite?) is  present in relatively small amounts and is  not con

sidered an important ore mineral.

Gangue minerals found in the iron-ore deposits of the Iron 

Springs district are quite numerous. They are, however, so widely 

dispersed and exist in such relatively minor amounts that seldom do 

they present enough of a problem in the steel-making process to war

rant their extraction. Depletion of high-grade iron ores and the real

ization of the need for beneficiation of the low-grade ores have recent

ly made it necessary to learn more about the undesirable minerals 

present in the ore bodies and closely associated contact rock. The 

gangue minerals are listed below in order of their abundance:

Calcite CaCOg

Phlogopite K(Mg, Fe^CAlSigO^) (OH, F ) 2

1 / All mineral formulae are from the foUowing sources: 
Palache, et al. (1944, v. I; 1951, v. H), Hurlbut (1959, 17th Ed.), and 
Dennen (1959).

54
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Apatite, var. fluorapatite

Quartz-chalcedony

Pyrite

Marcasite

Diopside

Azurite

Malachite

Chrysocolla

Chalcopyrite

Bornite

Galena

Magnesite

Gypsum

Barite

Epidote

Garnet, var. andradite? 

Vesuvianite

Scapolite

CasfPO^gF

Si02

FeS2

FeS2

CaMg(Si2 Og)

Cu3 (oh ) 2  (c o 3 ) 2  

cu2 (o h )2 (c o 3)

CuSi0 3 *nH2 0

CuFeS2

CugFeS^

PbS 

MgC03  

CaS04* 2H20  

BaS0 4

Ca2 (Al, Fe)Al2 0 (Si0 4 )(Si2 0 7 )(0 H)

C a3F eg (8 1 0 4 ) 5

Caio(Mg, Fe)2 Al4 (Si0 4 )5 (Si2 0 7 ) 2  -
(oh ) 4

(Na, Ca)4 Al3 (Al, Si)3 Si6 0 2 4 (Cl, F , - 
CO3 , SO4 )

Tourmaline

Chlorite

Tr emolite-actinolite

(Na, Ca, Li, Mg, FelgBgAlg- 
(Al3 Si6 0 2 7 )(0H, F ) 4

Mg3 (Si4 0 1 o)(OH)2 Mg3 (OH) 6

Ca2 (Mg, Fe)5 (Si8 0 2 2 )(0H) 2
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Wollastonite Ca(SiOg)

The last seven minerals mentioned in the list are common to contact 

rock directly associated with the ore bodies and invariably incorporated 

in the ore during the mining operations.

The mineralogy of the various ore occurrences (described in 

Chapter 5) is  nearly identical. However, the relative abundance of the 

sundry minerals and the texture of the ore do vary considerably. The 

limestone replacement deposits are characterized by very finely crys

talline, granular-massive, black magnetite. Commonly disseminated 

throughout the magnetite in small amounts is  fine-grained calcite, 

quartz, and garnet. Pyrite, phlogopite, and apatite are most common 

in small veinlets cutting the ore bodies or as fillings in vugs and 

brecciated zones. Phlogopite and apatite are also abundant where the 

upper thin-bedded portion of the Homestake Limestone Member has 

been replaced.

The consistency of the ore in the replacement deposits varies 

from extremely hard to very soft crumbly ore.

Where the upper thin-bedded portion of the limestone is  re

placed, the thin beds or laminations have been preserved. This type 

of ore is  called "banded o r e ." This ore is  composed of bands of black 

magnetite that alternate with whitish-brown bands of fine-grained 

phlogopite and quartz. Pyrite and apatite may be present in the banded

ore
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Magnetite in the large fissure veins and in the open-space fill

ings of pipe structures occurs as a massive inter growth of coarsely 

crystalline magnetite octahedra. Long prismatic crystals of apatite 

are commonly inter grown with the magnetite crystals. Chalcedony, 

quartz, amethyst, and pyrite commonly occur in vugs and open spaces 

that exist in the fissure veins or pipe structures. The magnetite in this 

particular ore occurrence is  extremely hard and metallic appearing. It 

is  very resistant to weathering, and the veins always stand above the 

surrounding rock which encloses them.

Mineralization in small veinlets filling fractures and much of 

the open space in brecciated zones (in rock other than the Homestake 

Limestone Member) is  usually fine- to coarse-grained crystalline ma

terial. The predominance of gangue minerals is  readily noticeable in 

this type of mineralization, and in some cases magnetite may be totally 

absent. Phlogopite and calcite often are the dominant minerals. Diop- 

side, apatite, and quartz are very abundant and on occasion may domi

nate the vein-filling material. Tremolite, actinolite, gypsum, and 

dolomite may also be present in noticeable quantities.

The Desert Mound body at Granite Mountain of the limestone 

replacement type has some peculiarities in its mineralogy. Hematite 

is  the major ore mineral. At the upper margin of this ore body, where 

unreplaced limestone and iron ore are in contact, an intervening zone 3 

to 5 feet wide of earthy brown and red limonite is  often encountered. The
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upper part of this zone is  usually composed of a mixture of limonite 

and a white powdery calcareous and argillaceous material. This zone 

I interpret as a highly weathered and oxidized skarn zone (see the fol

lowing section on alteration associated with iron-ore mineralization).

Much of the hematite in the Desert Mound ore body has been 

attributed to martitization of the original magnetite (Dahl, 1959). Lo

cally, high concentrations of copper oxide minerals are found in as

sociation with hematite. A late red siliceous vein cutting the Desert 

Mound ore body was exhumed during the mining operations. Samples 

of this vein material were analyzed spectrographically and were found 

to contain significant amounts of mercury, arsenic, antimony, and 

tellurium.

Par agenesis of the minerals of the Iron Springs district ore 

bodies is  based largely on the relationships observed in the large f is 

sure veins and open-space type of mineralization. The sequence, how

ever, is  believed to be adaptable to the large replacement ore bodies as 

well. Magnetite, apatite, phlogopite, and diopside formed early in the 

sequence of mineralization. The copper and iron sulfides, carbonates, 

and quartz were later and commonly occur in vugs. Where the lime 

silicate minerals are found they are usually formed in advance of the 

magnetite mineralization and are replaced by the magnetite. Minor 

epithermal-type mineralization occurred at Desert Mound where the 

siliceous vein containing Hg, Te, As, and Sb cuts the main ore body.



This represents the very latest stage of mineralization in the district.

Weathering and oxidation were more extensive in the Desert 

Mound ore body, thus producing the hematite and copper oxides.
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CHAPTER 7
PETROLOGY OF THE QUARTZ MONZONITE PORPHYRY

Introduction

Since the physical characteristics of the rock involved in each 

phase are determined by the degree and type of alteration to which its  

mineral constituents have been subjected, each phase of the intrusive 

rock (described earlier in Chapter 3) will be considered here individ

ually. Much of this chapter, therefore, tends to be repetitive. A 

summary with tables and graphs is  presented at the end of this chapter 

to help draw together an otherwise lengthy and descriptive study.

The Peripheral Shell Phase

This rock is  distinctly porphyritic containing phenocrysts of 

plagioclase, augite, and biotite. At Granite Mountain and Iron Moun

tain hornblende forms prominent phenocrysts, whereas it is  deficient 

or entirely lacking at Three Peaks. The phenocrysts are up to 5 mm 

in length, with plagioclase being the largest and most abundant. The 

phenocrysts comprise approximately 35 to 45 percent of the rock.

The composition of the plagioclase feldspar (determined sta

tistically by the Michel-L§vy method) indicated a possible compositional

60
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variation with concentrations at Angg -  sodic andesine and at An5 5  -  sodic 

labradorite. The An content of plagioclase taken from a little altered 

core sample was checked by X-ray diffraction methods. An Angg con

tent was indicated, which would seem to substantiate the concentration 

of low-extinction angles in the statistical analysis.

Zoned plagioclase crystals are present in this phase but not 

profuse. Both normal zoning and oscillatory zoning are present (Fig.

7 .1A, B, and C). Crystals which display oscillatory zoning usually 

have a core that shows normal, progressive zoning. Their outer shells 

are alternately calcic and sodic, and the calcic shells are generally 

relatively thin. Zoned plagioclase is  le ss  conspicuous than polysynthet- 

ically twinned plagioclase, and much of the zoned plagioclase has ap

parently been converted to twinned plagioclase.

The groundmass ranges from aphanitic (microcrystalline) to 

nearly microcryptocrystalline. Rocks with the finer grained ground- 

m ass are confined to the Granite Mountain and Iron Mountain intrusives. 

Comparison of photographs D and E of Figure 7.1 illustrates this point. 

However, the groundmass of some samples of peripheral shell quartz 

monzonite from deep drill holes at Iron Mountain has grains nearly 

equal in size to that of the phenocrysts present. The groundmass is  

composed of quartz, plagioclase, hornblende, and orthoclase (sanidine? 

in part). The grains in the groundmass average approximately 0 .5  mm 

in diameter in rocks from the Three Peaks intrusive and considerably
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less for rocks from Iron Mountain and Granite Mountain collected at the 

surface.

Accessory minerals include apatite, magnetite, and occasional

ly zircon, pyrite, and sphene. These occur chiefly in the groundmass 

and as inclusions in other minerals.

Inclusions occurring as small irregularly shaped "bundles" of 

quartz, chlorite, tremolite, and magnetite are believed to be particles 

of contact rock that was readily altered as it became incorporated in the 

magma.

Alteration of Mineral Constituents

All of the minerals of the peripheral shell phase of the quartz 

monzonite porphyry, except the quartz, have been altered to some ex

tent. The plagioclase and orthoclase feldspars are only slightly changed 

to calcite and kaolinite. Augite may or may not be altered to hornblende, 

chlorite, and magnetite, whereas biotite and hornblende are almost al

ways transformed to an aggregate containing all or part of the following 

minerals: magnetite, orthoclase, albite, quartz, chlorite, and epidote.

Plagioclase feldspar

Plagioclase crystals are relatively fresh. Alteration of plagi

oclase to calcite does occur in minor amounts in the calcic cores of 

zoned phenocrysts and in the calcic shells of oscillatory zone crystals
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(Fig. 7. IB and C). Plagioclase adjacent to microfractures in the crys

tals is  also susceptible to alteration. Calcite and microspherulites of 

chlorite and/or phlogopite and epidote are well developed in the ground- 

mass, filling miarolitic cavities or possibly completely replacing pla

gioclase feldspar. Sericite is  occasionally developed on the fringe of 

some plagioclase phenocrysts.

Orthoclase feldspar

Orthoclase is  generally fresh in this phase of the intrusive 

rock. It appears cloudy due to numerous extremely fine inclusions or 

incipient clay alteration.

Biotite

Biotite crystals in the peripheral shell rock are 10 to 60 per

cent altered to magnetite, orthoclase, quartz, albite, and chlorite. 

These minerals preferentially replace biotite along crystal boundaries 

and cleavage planes, producing a "moth eaten" appearance to the rem

nant biotite crystal (Fig. 7 .2A). A few grains of biotite may be com

pletely replaced by the alteration minerals in this phase of the quartz 

monzonite porphyry.

Augite and hornblende

Augite remains relatively fresh. Yellow-green and light-green
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fibrous, chlorite and magnetite are the most abundant alteration products 

of augite. Fibrous uralite and biotite are also formed at the expense of 

augite, but this type of alteration is not extensive and is  usually further 

altered to chlorite.

Primary hornblende phenocrysts at Iron Mountain and Granite 

Mountain, in most instances, are completely fresh. Occasionally horn

blende is  altered to chlorite and magnetite. Aggregates of biotite, epi- 

dote, and orthoclase have been observed with the crystal outline of 

hornblende preserved.

Phenocrysts of hornblende and augite which have been frac

tured or crushed are most susceptible to alteration (Fig. 7 .2B).

Chemical and Mineral Composition

Table I shows the average chemical analysis for typical sam

ples of the peripheral shell phase of the quartz monzonite porphyry. 

Samples were collected from Big Peak and Little Peak at the Three 

Peaks intrusive (PI. I). These are areas which are definitely known 

to be and originally mapped as peripheral shell by Mackin (1947). In

cluded in the averaging is  a sample collected from the Desert Mound 

pit at Granite Mountain.

Table II shows the estimated modal analysis of the Tertiary 

quartz monzonite porphyry based on the study of numerous thin sec

tions. The normative mineral composition based on the average
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chemical compositions is  presented in Table HI.

The Interior Phase

The texture of this phase.of the quartz monzonite porphyry, as 

are the other phases, is  distinctly porphyritic when observed in thin 

section, although the porphyritic nature is  not always obvious in hand 

samples. The groundmass becomes coarser with depth at Iron Moun

tain, as was the case with the peripheral shell phase, and it is  quite 

apparent that the grain size of the groundmass can be used as a measure 

of the relative depth of intrusion. The fine-grained groundmass (grain 

diameter 0 .5 mm or less) of rocks sampled at the surface is  composed 

of quartz, orthoclase, plagioclase, and magnetite.

Minor amounts of apatite and zircon are present as accessory  

minerals. Secondary apatite is  abundant in altered biotite. Sphene is  

rare.

Phenocrysts of sodic andesine (Angg), diopside, and biotite 

are generally smaller than those of the peripheral shell phase, aver

aging 3 mm or less  in length. A few crystals of orthoclase feldspar 

are also present as phenocrysts. Combination carlsbad and albite 

twinning is  common in the plagioclase but zoned crystals are few in 

number. Many of the diopside phenocrysts have been broken or 

crushed and are nearly completely altered to an aggregate of chlorite,

| tremolite, and epidote. Fresh euhedral diopside may be present in the

L
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At Iron Mountain a small outcrop of the interior phase of the 

intrusive rock is  ejqjosed in a roadcut on the east side of the mountain 

in the vicinity of the Comstock mine. This rock is  associated with the 

selvage joint subphase of the quartz monzonite porphyry. Thin sections 

were difficult to cut from this crumbly rock. The few that were studied, 

however, do reveal the characteristic textural, i. e. the smaller grain 

size of the groundmass, and mineralogical (presence of hornblende) 

changes which are peculiar to samples of quartz monzonite collected at 

the surface at Iron and Granite Mountains.

Alteration of Mineral Constituents

Alteration of the minerals in the interior phase of the quartz 

monzonite porphyry is  similar to that of the minerals of the peripheral 

shell phase. However, the character of the alteration and the extent to 

which it has progressed enable one to readily distinguish the interior 

phase from any of the other phases. This is  reflected in the manner in 

which this phase has been affected by weathering processes, and the in

terior phase is  easily identified in outcrop.

Quartz and feldspar

same thin section. Hornblende is  a prominent phenocryst in the interi

or phase at Iron Mountain and Granite Mountain.

Quartz is  unaltered. Plagioclase and orthoclase phenocrysts
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are only very slightly altered on the fringes or adjacent to microfrac

tures to clay mineral and/or sericite. The feldspar in the groundmass 

is  not affected any differently than are the phenocrysts.

Diopside

Many of the diopside phenocrysts have been fractured or 

crushed. These crushed crystals have been altered to an aggregate of 

chlorite, tremolite-actinolite, epidote, biotite, magnetite, and ortho- 

clase. The crystal outline of altered diopside is  not preserved. The 

alteration minerals plus a few disoriented fragments of unaltered diop

side produce the odd texture that is  characteristic of rock of this phase. 

The rusty-brown coloration and friable consistency of this rock in out

crop are largely the result of weathering of the fine-grained magnetite 

(to limonite) contained in the altered diopside.

Oddly enough, many completely fresh euhedral crystals of di

opside occur in the interior phase. Figure 7 .2B shows an aggregate of 

alteration minerals (after diopside) adjacent to the euhedral unaltered 

portion of probably the same crystal.

Biotite

Biotite is  altered to magnetite, orthoclase, albite, chlorite, 

and apatite, and is  the same as described earlier for biotite of the 

peripheral shell phase. The degree to which biotite is  changed in the



68

interior phase is  extremely variable. In samples of this rock collected 

from the zone between selvage joints the biotite is  completely trans

formed to aggregates of the aforementioned minerals. Other samples 

collected from rock of the interior phase display fresh biotite. It would 

be difficult to try to distinguish the interior phase of the quartz monzo- 

nite porphyry from other phases on the basis of alteration of biotite 

alone.

Hornblende

Alteration of hornblende phenocrysts is  similar to that of bio

tite. Epidote, magnetite, and biotite are the major alteration minerals. 

Much of the hornblende in this phase is  completely fresh.

At the Three Peaks minor amounts of yellow-green and pale- 

green fibrous bundles of chlorite, tr emolite- actinolite, and epidote 

which occur in the groundmass of rock of this phase are probably al-' 

teration products of hornblende.

Chemical and Mineral Composition

The average chemical analysis for rocks of the interior phase 

of the quartz monzonite porphyry is  presented in Table I. Samples for 

analysis were collected from typical interior phase rock from the Three 

Peaks intrusive as mapped by J. H. Mackin (1947) and from interior 

phase rock associated with the selvage joint subphase.
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Tables II and HI show the estimated modes and normative min

erals, respectively, for rock of the interior phase.

The Selvagedl/ Phase

The Selvage Joint and Selvage Rock Subphases

These two subphases of the quartz monzonite porphyry are the 

result of late magmatic hydrothermal alteration of the peripheral shell 

and to some extent the interior phase of the intrusive rock. Except for 

the differences in the extent to which alteration has spread, these two 

subphases are identical. The ensuing description of the mineral altera

tion is  intended to suffice for both subphases.

Alteration of mineral constituents

Quartz

Quartz remains fresh. Small amounts of quartz have been in

troduced in rocks of these subphases as alteration products of other 

minerals.

1 /  The term selvage is  used here in its original meaning: "A 
zone of altered material along a fault, joint, vein, or fissure showing 
effects of circulating solutions or vapors" (AGI Glossary, 1957, p.
261). It is  used mainly to distinguish the alteration already described 
for the peripheral shell and the interior phases, which is predominantly 
deuteric, from that which is  predominantly hydrothermal (the selvaged 
phase).
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Plagioclase feldspar

Plagioclase is  moderately altered on the fringes of grains and 

adjacent to microfractures to calcite, sericite, and clay mineral. Al

teration of plagioclase is  noticeably further advanced in most instances 

in the selvage joint and selvage rock subphases than in any of the pre

viously described phases. Many large zoned plagioclase crystals (5 to 

7 mm long and nearly as wide) are apparently due to secondary growth 

on smaller plagioclase phenocrysts. These smaller plagioclase crys

tals which are readily discerned in thin section acted as nuclei for the 

secondary growth. This overgrowth commonly grows around and in

corporates portions of other crystals.

Orthoclase feldspar

Orthoclase in the groundmass and secondary orthoclase (after 

biotite) are in part altered to fine-grained clay mineral and sericite. 

This alteration imparts a cloudy appearance and pale-brownish color 

to the groundmass in thin section.

Diopside

Diopsid^e may be seen in various stages of alteration. Euhedral 

and broken crystals alike may be altered to epidote, orthoclase, mag

netite, and uralite. Much of the euhedral diopside is  fresh and only
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altered slightly to calcite.along microfractures.

Biotite and hornblende

Rock of the selvage joint and selvage rock subphases is  dis

tinguished by the complete alteration of biotite to albite, orthoclase, 

and magnetite. These altered biotite "ghosts" (Fig. 7.2D and E) are 

the prominent feature of this rock. The crystal outline of the original 

biotite has been preserved, and the lineal arrangement of the magnetite 

and orthoclase attests to their preferential replacement along cleavage 

directions of biotite.

Primary hornblende is  not stable and alters to an aggregate 

containing all or a portion of the following minerals: quartz, epidote, 

orthoclase, magnetite, chlorite, biotite, and minor apatite (Fig. 7 .2C).

Accessory minerals

Primary magnetite and apatite which are the predominant ac

cessory minerals occurring in the groundmass in the peripheral shell 

and interior phases are le ss  abundant or absent in the selvaged sub

phases. Paradoxically, however, there has been an increase in mag

netite content, since magnetite is  one of the major products of altera

tion of biotite, hornblende, and diopside. Therefore, the total iron 

content of this subphase has decreased, while the total magnetite con

tent has increased.
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The Selvage Fault Subphase

The selvage fault subphase of the quartz monzonite porphyry 

represents the most extreme hydrothermal alteration of the intrusive 

igneous rock in the Iron Springs district. Nearly all the minerals of 

which the rock is  composed are secondary# Original crystal outlines 

are preserved and therefore the porphyritic texture of the original rock 

has not been disrupted by alteration.

Most of the rock of the selvage fault subphase which is  readily 

accessible for sampling, i. e . , in the open pit mine workings, is  soft, 

friable, and considerably leached by ground water and near-surface 

weathering. The chemical analyses, the average of which is  presented 

in Table I, were made from this weathered material. They are not be

lieved to be very reliable, especially for the easily soluble elements 

such as sodium, potassium, calcium, and magnesium. The average 

percentage composition for these elements is  undoubtedly low. The 

thin sections studied for this subphase were made from rock obtained 

from deep diamond-drill holes. Calcite is  abundant in these rocks as 

an alteration mineral and as vein and cavity fillings, thus indicating a 

much higher CaO content than is  shown by the chemical analyses.
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Alteration of mineral constituents 

Quartz

The original quartz in the groundmass of the quartz monzonite 

porphyry is  apparently stable. The low silica  content of the rock may 

be indicative of some leaching of the original quartz, but more likely it 

is  due to the removal of Si0 2  from plagioclase during its alteration (see 

feldspar below).

Feldspar

Orthoclase feldspar is  heavily flecked with clay mineral and/or 

sericite which imparts a gray, dusty, or cloudy appearance to the 

groundmass. Plagioclase feldspar phenocrysts are completely altered 

to kaolinite (determined on the basis of differential thermal analysis) 

and sericite. Cryptocrystalline quartz and calcite may also be present 

as alteration minerals. The crystal outline of plagioclase phenocrysts 

has been preserved (Fig. 7 .3A).

Diopside and hornblende

Diopside and hornblende are completely altered to calcite, 

quartz, and magnetite. In some cases the crystal outline of the diopside 

and hornblende has been preserved (Fig. 7 .3B), but in the most advanced 

stage of alteration an abundance of calcite, quartz, and magnetite
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dispersed throughout the altered rock is all that suggests the former 

presence of these minerals.

Biotite

Primary biotite is  completely altered and no trace of this min

eral remains in the selvage fault subphase. Completely fresh crystals 

and books of black biotite may be present in various portions of this 

subphase, formed from the potassium, magnesia, alumina, and iron 

released during alteration or introduced hydrothermally. Biotite was 

checked optically and found to have an Ny = Ng index -  1 . 61 for bio

tite of the selvage fault subphase, as compared to an Ny = Ng index 

-  1.64 for primary biotite from the peripheral shell phase. This low 

iron biotite is  of secondary origin in the selvage fault subphase. Minor 

chlorite has developed on the fringes of much of this secondary biotite.

Accessory minerals

Apatite is  rather abundant and is  associated with altered pla- 

gioclase, diopside, and hornblende. The late introduction of phosphorous 

and fluorine by hydrothermal activity accounts for the production of 

apatite.

Magnetite is  abundant in the selvage fault subphase (note the 

slightly higher iron content for this phase in Table I) and has been 

produced or introduced hydrothermally.

k
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Calcite veinlets cut all other alteration products (Fig. 7.3D).

Chemical and Mineral Composition

Table I shows the average chemical analysis for several sam

ples of selvage joint and selvage rock quartz monzonite porphyry. Sig

nificant differences occur, as may be seen by comparing the analysis 

for rocks of these subphases with those for the peripheral shell and the 

interior phases. Iron is  noticeably decreased, as are phosphorous and 

fluorine. Silica and soda show a slight increase.

Table I shows the average chemical analyses for selvage fault 

rocks collected from several localities. Since all samples were from 

exposures where circulating ground waters could leach many of the 

soluble elements, the analyses are probably not a completely reliable 

representation of the chemistry of this subphase. Significant trends, 

however, are indicated. They show an increase in the iron, fluorine, 

and probably phosphorous content, and a deficiency in silica, soda, 

alumina, and potash as compared with any of the previously described 

phases of the intrusive rock.

Tables II and m  show the estimated modal analysis and norms 

for rocks of the various selvaged subphases. The radical change in 

mineral composition is  attributed to the production of alteration min

erals by hydrothermal activity.
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TABLE I
AVERAGE CHEMICAL ANALYSES* OF THE QUARTZ MONZONITE

PORPHYRY

Phase PS I SJ&SR SF Ai
No. of Analyses 5 s 6 4 6 1

(B 0 o : 3.40 3.06 2 . 0 2 3.70 3.30 1.50

3102 OeOOO#e«o 60.36 59.80 62.17 53.00 61.10 65.00

oooooo** 15.92 15.92 16. 53 14.39 16. 69 16.86

C o*oc»oooo 4.46 4. 32 4.36 7.39 3.39 7.28.MgO 000**0*** .97 1.08 1 . 0 0 1 . 6 6 1.63 1 . 0 0

iP ho S 0000*00** .104 | .098 .05 .09 . 1 2 .13

S u l . . . . . . . ___ .009 .004 .005 .028 .051 . 0 0 2

oooooeoo 2.61 2.80 3.83 1.53 6.15 5.92

K2 O 0 *0 *0 0 0 * 0 4.10 2. 72 3.13 2.34 4.42 .40

n 0*0*0000**0 .053 .054 .054 . 0 1 .034 . 1 0

Cll 0*0000000*0 . 0 1 .011 . 0 1 . 0 1 . 0 1 . 0 1

o***o*oo**o . 0 1 . 0 1 . 0 1 . 0 1 . 0 1 . 0 1

a • 
i

. 1 0 . 1 0 . 1 0 . 1 0 . 1 0 . 1 0

Cr 0 *0 *0 *0 0 0 * 0 . 0 1 . 0 1 . 0 1 . 0 1 . 0 1 . 0 1

F 0*00*0000000 .043 .023 .008 .072 .030 .042

000000**0*** . 0 1 . 0 1 . 0 1 .031 . 0 1 . 0 1
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TABLE I— Continued

Phase PS I SJ&SR SF Al Ag
No. of Analyses & 1 5 6 4 8 1

L O S S O O O O O O O e e O 3.40 3.70 2 . 2 0 ”  — — — -  — — - — — —

TTOt&l 0 0 * 0 0 * * 0 0 95.57 93.72 95. 55 84.37 97.05 98,37

* Rock analyses by the Chemical Laboratory, Columbia Iron Mining 
Company, Cedar City, Utah,

PS Peripheral shell phase

I Interior phase

SJ&SR Selvage joint and selvage rock subphases 

SF Selvage fault subphase 

A  ̂ & Ag Anomalous group
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ESTIMATED MODES OF THE QUARTZ MONZONITE

PORPHYRY
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Phase PS I SJ&SR SF Ai A 2
No. of Sections 3 ; 5 1 0 2 3 1

Q uartz........... .. 16

!! 
5

!

19 1 2 15 2 0

Orthoclase . . . . . 27 30 25 17 27 5

Sanidine . . . . . . . 3 2 3 — ̂  ° j I — — — — —
Plagioclase . . . . 32 35 32 30 5

oooeooooe# 3 2 4 — — — — — 1 0 3

Pyroxene . . . . . . 3 2 2 3 4

BlOtlte ••ooeoooe 3 3 -,a”wo 5 4 tr

Amphibole . . . . . 1 1 2 2

Magnetite . . . . . . 3 3 4 2 2 5

Chlorite. . . . . . . . 1 2 1 ----- - ——= — 8

Sericite . . . . . . . . 2 tr 3 2 2 0

C&ldt© ecoeeooee 1 tr tr 25 4 3

Epidote . . . . . . . . . 1 i 1 ----- ----- 2

Clay mineral . . . 1 1 3 35 2 2 2

oeeoooeo tr tr tr 1 1 tr

ZilrCOri ooeeoooe* tr tr tr tr tr tr

k̂ pllGIlG ooeeoooe# tr tr tr tr tr

Phlogopite . . . . . tr tr tr tr tr 3

Pyr 1̂6 ooeoeoeee tr tr tr i tr
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TABLE HI
NORMATIVE COMPOSITIONS OF QUARTZ MONZONITE

PORPHYRY

Phase PS I SJ&SR SF | AlNOo of Analyses 5 5 6 4 6

eeeoeooo 20. 52 18.30 19. 08 20.16 3.18

Orthoclase . . . » 24. 46 16.12 18.35 13.90 j 26,13

ooooeoeeo 2 2 . 0 0 23,58 32.49 13.10 j 51.88

Anorthlte . . . . . 19. 46 18.63 18.62
!

25.30 5.00

Diopside . . . . . . .90 6.26
__ _ _! 6.48

Wollastonite . . . 1 ____
!:i .

Hypersthine =»» 2.40 2.70 2 . 1 0 1.30 1 . 1 0
1

Magnetite . . . . . 3,30 3.00 1.90 3.58 3.10l
Ap&tltc • 0 0 9 0 0 0 0 1 , 0 0 1 . 0 0 !

ot- 1 . 0 0 1.30

Pyrito oeooooco 9f). av

Ilmenite . . . . . . .30 CO o L, ° ,30 ,30

Fluorite . . . . . . . 35 lo 53 o 2 0



Anomalous or Transitional Types of Quartz Monzonite
Porphyry

The chemical analyses of several samples of quartz monzonite 

porphyry revealed abnormally high soda and potash content or high soda 

and lime content. A study of thin sections cut from these rocks showed 

an extensive development of perthite and micrographic texture (Fig.

7 .3C) in the groundmass of the rock with a high soda-potash content.

The high soda-lime rock disclosed an exceptionally advanced stage of 

alteration of the feldspars to sericite, clay mineral, and calcite. This 

alteration, however, is  not as advanced as in the selvage fault rock.

I have interpreted these anomalous forms of the intrusive rock 

as transitional types. Since these rocks were originally collected as 

samples of the peripheral shell phase it is  obvious that their abnormal

ities are not recognizable in the outcrop. The high soda-potash rock is  

either transitional between the peripheral shell phase and the selvage 

rock subphase, or is  selvage rock into which an abnormally high amount 

of soda and potash has been introduced and fixed as secondary perthite 

and micropegmatite.

The high soda-lime rock with a predominance of feldspar al

teration I feel is  quite satisfactorily explained as a transitional stage 

between peripheral shell rock and selvage fault rock.

Chemical analyses of these anomalous rocks are presented in 

Table I, while their mineral composition is  recorded in Table IL

80
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Summary

A brief summary of the petrology of the quartz monzonite por

phyry of the Iron Springs district is  presented below. Alteration that 

produced the peripheral shell and interior phases is  considered to be 

deuteric. The selvaged phases are the result of hydrothermal altera

tion.

None of the phases of the quartz monzonite porphyry can be 

considered to have avoided totally the effects of either deuteric or 

hydrothermal alteration. The minerals which were most unstable 

under prevailing conditions of temperature and pressure were the 

hydrous silicates, biotite and hornblende. Aggregates of orthoclase, 

magnetite, albite, epidote, chlorite, and quartz (all of these minerals 

are not always present) exist as alteration products of the hydrous 

silicates in all but the selvage fault subphase. Pyroxenes remain fresh  

in most instances; however, where crystals of diopside have been 

crushed they have been altered in a manner similar to that of hornblende. 

Plagioclase is  altered to calcite on crystal boundaries, adjacent to mi

crofractures, and in the calcic portions of zoned crystals. Orthoclase 

feldspar displays a characteristic cloudy appearance which is  very likely 

due to the incipient development of an extremely fine-grained clay min

eral. Quartz remains fresh in all phases.

Extreme hydrothermal alteration produced rock of the selvage
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fault subphase. The mafic minerals are completely altered and no trace 

of primary biotite or hornblende remains. Calcite completely replaces 

diopside, and kaolinite is  pseudomorphic after plagioclase. Only quartz 

and orthoclase of the original groundmass remain unchanged. Crypto

crystalline quartz is  abundant in the selvage fault subphase. Secondary 

biotite may be present.

The groundmass of quartz monzonite samples collected at the 

surface is  distinctly finer grained in the Iron Mountain and Granite 

Mountain intrusions than for rock collected from identical phases at 

the Three Peaks intrusive. However, samples from deep drill holes 

(over 2,000 feet below the surface) at Iron Mountain have a groundmass 

as coarse as any collected at the surface at Three Peaks.

Hornblende is  a prominent mafic mineral in the Iron Mountain 

and Granite Mountain intrusives along with biotite and diopside, but it 

is  deficient or entirely absent from the intrusive rock at Three Peaks.

Anomalous alteration was encountered in samples collected as 

peripheral shell rock. These rocks were found at Big Peak in the Three 

Peaks area and in the deep drill hole on the Nelson property on the west 

side of Iron Mountain. These rocks show abnormally high NagO, KgO, 

and CaO content for peripheral shell rock. Thin sections of the Nelson 

rock show extensive development of perthite and micrographic texture 

in the groundmass resulting from the introduction of the above-mentioned
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chemicals. This rock is  interpreted as a transitional stage between 

the peripheral shell phase and the selvage rock subphase. The Big 

Peak sample shows extensive alteration of plagioclase to sericite and 

clay mineral and is  interpreted as early stages of selvage fault altera

tion.

A summary of the distinguishing characteristics of each phase 

and subphase of the quartz monzonite porphyry is  listed in Table TV and 

may serve as an aid to the identity of the various phases microscopical

ly. Table V illustrates the compositional variations in the several 

phases of the intrusive igneous rock. These variations are expressed 

in weight percent as given in the chemical analyses.



TABLE IV
DISTINGUISHING CHARACTERISTICS OF THE PHASES OF THE QUARTZ MONZONITE PORPHYRY

BIOTITE
ALTERATION

HORNBLENDE
ALTERATION

PLAGIOCLASE PERTHITE 
& MICRO- 

PEGMA
TITE

OTHERPhenocryst
Size

Zoning Type of 
Alteration

PERIPHERAL variable, but variable, usu- large prom partial minor
SHELL not complete ally fresh 5 mm inent calcite

variable, may variable, may small pres partial
INTERIOR sericite

be complete be fresh 3 mm ent clay

SELVAGE complete complete some ex com partial primary
JOINT & pseudo- tra large sericite minor m agne

SELVAGE "ghosts" morphs w/second mon clay tite de
ROCK growth ficient

complete, no complete, no pseudo- complete complete
SELVAGE evidence re- ' evidence re clay altera

FAULT mains mains morphs sericite tion of
sec'dary bio. calcite diopside

to calcite
com extensive inANOMALOUS-1 variable variable large mon minor groundmass

extensive
ANOMALOUS-2 variable variable large clay

sericite



TABLE V

This graph shows the compositional variations 

for the various phases of the Tertiary quartz 

monzonite porphyry in the Iron Springs district. 

The left-hand column shows the materials that 

were leached during the major hydrothermal 

stage; those materials in the right-hand column

were introduced.
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FIGURE 7.1 \

)
t

A. Zoned plagioclase, calcic bands are dark, j

Crossed nicols. (X 50.)

B. Calcite alteration of a calcic band, and ad- !
!

jacent to microfractures in a zoned plagio- I
I

clase crystal. Crossed nicols. (X 50.) :-

C. Calcic core of a plagioclase crystal altered 

to calcite. Crossed nicols. (X 50.)

D. Microcrystalline groundmass typical of rocks
i

from the Three Peaks intrusive. Crossed j
nicols. (X 17.5.)  ]

E. Microcryptocrystalline groundmass typical j

of rocks collected at the surface from the

Iron Mountain and Granite Mountain in- ;

trusives. Crossed nicols. (X 17.5.)

A





FIGURE 7.2

A. Alteration of biotite to magnetite, orthoclase, 

and albite. Note the preferential replacement
>

of crystal boundaries and cleavage directions.

(X 50.)

B. Crushed and altered diopside adjacent to fresh )

euhedral diopside. (X 17. 5)

C. Pseudomorph of a hornblende crystal. (X 17. 5 .)

D. Biotite "ghost'* in section cut parallel to (010).
i

(X 17. 5.) I
I

E. Biotite "ghost" completely altered to magnetite,

orthoclase, and albite. Note the hexagonal out- j

line of the basal section still preserved. (X 17. 5 .)

i

&
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FIGURE 7.3

A. Pseudomorphs of kaolinite and sericite after 

plagioclase in the selvage fault rock. Crossed  

nicols. (X 17.5.)

B. Pseudomorph of calcite after diopside in the 

selvage fault rock. Dark mineral is  secondary 

biotite. (X 17.5.)

C. Micrographic texture developed in the ground- 

mass of the anomalous- 1 type rock showing 

high soda-potash content. Crossed nicols.

(X 17.5.)

D. Late calcite veinlet cutting altered plagioclase 

and hornblende phenocrysts. (X 50.)





CHAPTER 8
WALLROCK ALTERATION ASSOCIATED WITH 

CONTACT METASOMATISM AND IRON- 
ORE MINERALIZATION

Introduction

Contact m etasom atid / effects are largely confined to the silt-  

stone member of the Homestake Formation. Wherever this rock unit 

is found in the district, either in the mapping or in diamond-drill core, 

it is  in contact with the quartz monzonite porphyry. Exceptions occur 

where later iron ore now separates the siltstone from the intrusive 

rock. Other strata are found in fault contact with the igneous rock, as 

for example along the western margins of the Granite and Iron Moun

tain intrusives.

A review of the contact metasomatic controversy is  in order.

It seem s that the real problem is  one of identity rather than one of 

origin of the siltstone member of the Homestake Formation (referred to 

as "basal siltstone” in local terminology). The following statements 

made by Leith and Harder (1908, p. 25 and 36) show that they were 

aware of both a contact metamorphic rock and a separate sedimentary

1 / Referred to as contact metamorphism by previous authors. 
I feel that the high percentages of Si02, AI2 O3 , MgO, F, and Fe which 
have been introduced prior to the actual ore mineralization warrant the 
use of the term "contact m etasom atism ."

89



90

sandstone unit at the base of the Homestake Limestone Member.

The limestone adjacent to the andesite has been locally 
replaced by iron ore and has been generally vitrified, s ili-  
cated, and kaolinized . . .  The altered limestone is  a gray
ish, yellow, or greenish, fine-grained, argillaceous-look
ing r o c k . . .

The altered contact phases of limestone are often hard 
to distinguish from a much-fractured quartzite or clayey 
sandstone which is  locally exposed below the limestone and 
constitutes a part of the same formation.

Mackin (1954) gives the first indication of the crucial nature of the

identity problem when referring to the work of Leith and Harder (1908)

and states:

Microscopic study indicates however, that nearly all 
the rock mapped as altered limestone is  a siliceous silt-  
stone that has been moderately hornfelsed . . .  It is  readily 
separable from the overlying Homestake limestone member 
where the limestone is  unaltered, but it can be distinguished 
from silicated phases of the limestone only by use of the 
petrographic microscope.

The first microscopic description of the metamorphosed basal 

siltstone and altered limestone was presented by Lewis (1958, p. 37- 

43). He describes the basal siltstone as consisting of "a greenish- and 

brownish-gray argillaceous-looking rock, interbedded with fine-grained 

impure quartz sandstone. " This rock is composed of extremely fine

grained feldspar, diopside, and carbonate according to Lewis. "The 

sandstone consists of rounded detrital grains of quartz in a matrix that 

resem bles the non-sandy units of the Sandy member (Lewis refers to 

the basal siltstone as the Sandy m em ber)." In reference to the contact
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metamorphic effects in the Home stake Limestone Member, Lewis (1958) 

said: "Locally, a foot or two of impure limestone at the base of the 

Homestake limestone is  metamorphosed to a medium-grained calcite- 

diopside-garnet rock ."

The basic problem then is  one of being able to distinguish 

metasomatized basal siltstone from those portions of the limestone 

member of the Homestake Formation which have been altered either by 

contact metasomatism or by the mineralizing emanations. Preplexing 

situations have arisen when trying to construct intelligible geologic 

structural sections of the various ore bodies based on diamond-drill 

core information. Both altered limestone and siltstone have been logged 

as one and the same unit.

My purpose of investigating the basal siltstone was mainly in 

hopes of discovering some simple method of distinguishing the meta

somatized basal siltstone from the altered Homestake Limestone Mem

ber. No easy method short of cutting thin sections of the rock in ques

tion and studying them microscopically seem s feasible or possible. The 

rocks in many cases are so fine grained that even this method proves 

inadequate. Heavy-mineral separation has been suggested, but again 

the extremely fine-grained rock would present an almost insurmount

able grinding and separation problem, and the coarser rocks lend them

selves most easily to microscopic study. Chemical analyses are help

ful when used in conjunction with thin-section analyses but are time



consuming and expensive. Used alone the chemical analyses could 

easily be misinterpreted.

I have attempted then in this section to present a thoroughly 

descriptive, quantitative, and qualitative study of the rocks in question, 

i. e . , the altered phases of the Home stake Siltstone and Limestone Mem

bers. Of necessity then the proper interpretation of questionable struc

tural sections must await proper identification of the rocks involved.

The size of the structural problem is  such that it is  not attempted in 

this work.
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Unaltered Carmel and Homestake Formation

In order to discuss accurately the contact metasomatic effects 

on the members of the Homestake Formation it has been necessary to 

establish a standard for the unaltered rock that satisfactorily repre

sents these members. The unaltered standard then can be used as a 

base on which interpretations of subsequent chemical, mineralogical, 

and textural studies of the altered rock can be made. It was essential, 

therefore, to have access to a complete geologic section of the Home- 

stake Formation which was totally unaffected by either the intrusion of 

Tertiary quartz monzonite porphyry or the emanations that introduced 

iron-ore mineralization. Stratigraphic correlation investigations in

dicate that the requirement for such a standard is  fulfilled, at least in 

part, by the unaltered section of the Carmel Formation in the nearby
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Colorado Plateau east of Cedar City, Utah (see Correlation Chart 2.2  

of this report). Chemical analyses and microscopic descriptions of the 

Carmel lithology are presented. Chemical analyses of what is  believed 

to be representative of relatively unaltered Homestake Formation from 

the Iron Springs district were found to conform closely with the chem

ical analyses of corresponding intervals of the Carmel Formation and 

are presented along with the Carmel analyses as a standard.

Figures 8 .1  and 8.2 illustrate the various lithologies of the 

standard Carmel Formation in Shurtz Canyon, near Cedar City, Utah.

A verbal description of the thin section studied accompanies each figure 

on the facing page.

A chemical analysis for each of the lithologies of the Carmel 

Formation is  presented in Table VL Table VII shows the chemical 

analyses for “unaltered” Homestake Formation from the Iron Springs 

district. Several short analysis intervals were averaged for the Home- 

stake Formation so that the analysis intervals presented here would 

correspond as closely as possible to those presented for the Carmel 

Formation. Groupings for the Homestake Formation were made on the 

basis of silica  content, whereas the groupings for the Carmel Formation 

were made on visual lithology changes. Although the individual intervals 

vary in thickness for correlated portions of the two formations, the re

lationships are similar without exception. This fact lends support to 

the assumption that we are dealing with the proper horizon of the
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Carmel Formation for use as a standard for the unaltered Homestake 

Formation. The higher values for alumina, lime, magnesia, and 

fluorine (Table X) in the standard chosen from the Iron Springs district 

may well represent introduction of material during contact metasomatism.

A close inspection of the portion of the Carmel Formation (Fig.

8. ID, E, and F; Table VI, interval 390 to 480 feet) that is  correlated 

with the siltstone member of the Homestake Formation shows zones of 

varying silica  content. The zone 390 to 405 feet and Figure 8. ID are 

perhaps the best indication of the original composition of the siltstone 

prior to contact metasomatism and mineralization. Undoubtedly there 

were zones of high and low silica  present throughout the entire Home- 

stake Formation, as is  indicated by the analyses of Table VI, and the 

siltstone member actually was composed of calcareous sediments con

taining clastic material ranging in size from medium sand (1/4 to l /2  

mm) through silt (less than 1/16 mm diameter) to limestone with little 

or no clastic material.

The limestone member of the Homestake Formation, averaging 

250 feet in thickness in the Iron Springs district and having a maximum 

of approximately 12 percent SiOg and a minimum of 5 percent SiOg, 

undoubtedly corresponds to the interval 30 to 390 feet of the Carmel 

Formation showing 13 percent and 7 percent maximum and minimum 

Si02 content, respectively. The upper thin-bedded portion of both for

mations contains 15 to 18 percent SiOg.
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Contact Metasomatism

The minerals developed during contact metasomatism are nu

merous, and the mineral composition may vary considerably in thin 

sections cut from samples that were collected only a few inches or a 

few feet at most apart. The minerals are extremely fine grained and 

identifiable in thin section only.

The chemical analyses for these rocks are presented in Table 

VHL Comparing Table Vm with the standard rock of Table VI shows 

that large amounts of Si, Al, Fe, Mg, Na, Phos., and to some extent 

F have been introduced to form the contact rock (also see Table X). 

Mackin (1954) has called the rock a hornfels; I prefer to call the rock a 

fine-grained "skarn" which connotes the idea of materials having been 

introduced to form this new rock, rather than being developed by meta

morphism of a very impure limestone as is  implied by the term "horn

fels. "

Siltstone Member

The contact metasomatic minerals developed in the siltstone 

member of the Homestake Formation are diopside, tremolite-actinolite, 

phlogopite, wollastonite, vesuvianite, hedenbergite, scapolite, and 

quartz. The original quartz and feldspar grains are preserved, as is  

much of the original calcite, although the calcite has been recrystallized.
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The skarn minerals are extremely fine grained and replace the carbon

ate portions of the original rock. The high NagO percentage of some of 

the metasomatized siltstone suggests a greater abundance of scapolite 

(var. marialite) than was detected in thin section.

Limestone Member

Fine-grained andradite garnet is  the predominant skarn min

eral produced in contact metasomatized limestone. Wollastonite, 

spinel, scapolite, apatite, and sphene may be present in varying amounts 

along with an abundance of recrystallized calcite. Magnetite is  com

mon.

This rock is  difficult to distinguish from the altered siltstone, 

but an abundance of garnet and a general lack of detrital quartz and 

feldspar grains are usually sufficient to demarcate the altered limestone 

and siltstone members.

The mineral assemblages for these rocks place them in the 

upper limits of the amphibolite (hornblende hornfels) metamorphic 

facies. However, the development of wollastonite and vesuvianite in 

rocks close to the intrusive contact places them in the more intense 

pyroxene-hornfels facies. According to Turner and Verhoogen (1951), 

the physical conditions for this facies are moderate pressure and a 

temperature in the range of 700° to 750°C.

The development of these contact skarn rocks in the Iron
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Springs district is  not extensive and is  usually confined to the siltstone 

and lower limestone members of the Home stake Formation. I believe 

the absorbing action of the siltstone horizon and the rapid gradient from 

high- to low-intensity conditions at the contacts of these relatively near

surface intrusions account for the limited development and extremely 

fine-grained nature of the skarn rock. As an example of the absorbing 

qualities of the siltstone horizon note the chemical analyses in Table 

VIII. With the exception of Fe all other chemicals that were introduced 

taper off quite rapidly, going from altered siltstone (Table Vm, 8 .3D,

E, and F) to the altered limestone (Table VDI, 8 . 3A, B, and C).

In Figure 8 .3  are photomicrographs of the Homestake Forma

tion altered by contact metasomatism. A full description of each photo 

is  given on the accompanying facing page. The numbers corresponding 

to each of these alteration types are entered with the footage interval 

where they were sampled as headings for their respective chemical 

analyses in Table VIH. ... ..=% •

Iron-Ore Mineralization

, Introduction; of ore mineralizers into the limestone produced a 

progressive metasomatic alteration effect prior to the actual replace

ment of the limestone by magnetite. This metasomatism in effect in

creased the grain size of the limestone, making it more permeable to 

the mineralizing emanations and thus more susceptible to replacement.
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The minerals produced during this ore-mineralization stage do not differ 

from those developed earlier in the contact metasomatic stage. The 

process is  indeed the same, only intensified and localized. The min

erals tend to be more coarse grained, and the preponderance of mag

netite is  to be expected since the extreme stage of this type of altera

tion is  the complete replacement of the limestone by magnetite.

A bleached limestone first develops during this stage of altera

tion. This rock is  composed of recrystallized clear calcite with varying 

amounts of phlogopite, vesuvianite, and argillaceous material (Fig.

8 . 4A). This rock is  then transformed into a true skarn rock composed 

of calcite, garnet, and epidote. Wollastonite, diopside, vesuvianite, 

phlogopite, apatite, and quartz are present in small amounts (Fig. 8 . 4B). 

Prior to actual replacement by magnetite calcite and garnet increase in 

size, and epidote replaces the rim s of garnet crystals (Fig. 8 . 4D).

Where the mineralizing emanations penetrated fractured and 

brecciated (and metasomatized) siltstone and limestone coarse-grained 

magnetite, calcite, phlogopite, and apatite fill the fractures and open 

space in the breccia.

Magnetite preferentially replaces calcite and garnet. There

fore, the skarn rock associated with the large limestone replacement 

ore deposits may be non-existent or confined to relatively narrow zones 

of not more than a few feet on the fringes of these ore bodies. Figure 

8 .4  shows photomicrographs of the skarn rock developed on the fringe
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of such an ore body, with corresponding chemical analyses presented 

in Table DC.

Table X graphically represents the compositional changes with

in the chosen standard rocks (solid lines) for the intervals that most 

likely represent the composition of those portions of the Homestake For

mation that were affected by contact metasomatism and ore mineraliza

tion. The compositional changes brought about by the contact metaso- 

matic process (dotted lines) and ore mineralization (dashed lines) are 

presented to the right of each constituent for comparison. The arrows 

indicate the direction of the actual sedimentary-igneous contact or sedi

mentary rock-ore contact.
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TABLE VI
CHEMICAL ANALYSIS* OF THE VARIOUS LITHOLOGIES 

OF THE JURASSIC CARMEL FORMATION FROM 
SHURTZ CANYON, CEDAR CITY, UTAH

8 . LA 
0 »- 
301

8 . iB
30'-
250'

8 .1C 
250'- 
390’

8 . ID 
390'- 
405'

8 . 1 k
405'-
425'

8 . IF  
425’- 
480'

8 . 2A 
& B 

480'- 
500'

8.2C 
& D 

500'- 
570'

Fe 0 . 8 1 . 0 0 . 6 0 . 6 0.5 0 . 6 0.5 0.7

Si02 15.0 1 2 . 8 8.4 16.6 3.8 13.2 7.2 6 . 0

A12°3 3.70 2. 58 1 . 1 2 1.84 1.40 2.14 1 . 1 2 1.62

CaO 38.96 41.28 48.28 39. 72 49.00 41.16 47.08 40.12

MgO 2 . 2 0 2.24 . 14 3.10 1.58 4.44 1.26 3.78

Phos . 0 2 .04 .03 . 0 2 . 0 1 . 0 2 . 0 2 . 0 2

Sul .04 .034 .06 .053 .056 .048 .084 .054

NagO .06 .08 .08 . 1 2 .03 . 2 0 .09 .09

k2o 2.03 1.41 .23 .26 .36 .23 .19 .17

Mn .05 .05 .08 .05 .05 .05 .05 .05

Ti .15 . 1 0 .05 . 1 0 . 1 0 . 1 0 .05 . 1 0

F (ppm) 450 2 2 0 275 375 435 450 375 350

Loss 36.00 37.4 39.9 36.6 42.1 36.4 41.4 46.3

* Rock analyses by the Chemical Laboratory, Columbia Iron Mining 
Company, Cedar City, Utah.
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TABLE VH
CHEMICAL ANALYSES* OF THE HOMESTAKE FORMATION 

FROM DIAMOND-DRILL HOLES DE- 6  AND DE-115, 
IRON SPRINGS DISTRICT, UTAH

750'-
765'

De-
765'-
796'

6
796=-
900'

900=-
922'

689=-
706=

De-1
706'-
754'

.15
754'-
950'

950'-
964'

Fe 0 . 8 0.7 0.5 0.3 0.7 0 .4 0.4 0.5

Si02 18.3 11.5 5.9 10.3 18.7 1 2 . 2 5. 5 13.6

AI2 O3 4.40 3.17 1.70 3.65 6.07 3.92 2 . 0 2 5.28

CaO 41.10 45. 70 49. 2 0 47. 0 0 37.80 44.37 48.09 43.15

MgO 8.16 3.21 2.51 2.38 6 . 62 3.79 2.45 2 . 8 6

Phos .04 .03 .05 . 0 2 .05 . 0 2 . 0 2 .03

Sul .165 .217 . 2 1 1 .095 .033 .014 .037 .045

Na20 .14 .13 .06 .05 .05 .05 .05 .03

k2o . 8 8 1.16 .62 . 6 8 1 . 58 .72 .60 1.13

Mn . 0 2 . 0 1 1 .006 . 0 1 1 . 0 2 1 . 0 1 0 . 0 1 2 .027

Ti .097 .086 .049 .094 .140 .084 .052 .089

F (ppm) 690 740 689 600 1050 788 583 740

Loss 27.7 34.2 38.1 33.8 27.6 31.9 37.8 29.4

* Rock analyses by the Chemical Laboratory, Columbia Iron Mining

Company, Cedar City, Utah.
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TABLE Vin
CHEMICAL ANALYSES* OF THE HOMESTAKE FORMATION 

ALTERED BY CONTACT METASOMATISM, SAMPLES 
COLLECTED FROM DIAMOND-DRILL HOLE DE-5 

AT THE DEPTHS INDICATED

8.3A 8 . 3B 
-1064'

8.3C
-1067'

8 . 3D&E 
- 1 1 0 2 ' 

-1113'

8.3F
-1124'

Fe 2.70 4. 50 22.70 1 . 2 0 0.60

Si02 14.00 26.40 14.50 64.80 62.90

A12°3 4.40 9. 30 6.92 10.16 8.62

CaO 46.80 32.50 16.30 3.76 8 . 0 0

MgO 2.28 4.61 5.15 5. 58 6.48
i
Phos .04 .03 .06 .08 .05

Sulf .49 . 0 2 1 .088 .006 .003

Na20 .05 .7 .7 6 . 0 0 8 . 0 0

k2o 1.44 2 . 0 0 2 . 0 0

Mn .031 .40 .70 .06 . 1 0

Cu . 0 1 . 0 1 . 0 1 . 0 1 . 0 1

Ni . 0 1 .005 .005 .005 .005

Ti .064 . 1 0 . 1 0 . 1 0 . 1 0

Cr . 0 1 .003 .003 .003 .003

F (ppm) 800 .130 260 958 145

V . 0 1 . 0 1 .007

Loss 21.40 32.80 6 . 50 3.10
* Hock analyses by the Chemical jLaboratory, Columbia Iron Mining

Company, Cedar City, Utah,
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TABLE IX
CHEMICAL ANALYSES* OF THE HOMESTAKE LIMESTONE 

MEMBER AFFECTED BY THE ORE MINERALIZERS, 
SAMPLES COLLECTED FROM DIAMOND-DRILL 

HOLE DE-92 AT THE DEPTHS INDICATED

6.4A
-1066' -1067'

O F
-1068'

O C
-1070'

Fe 0.30 0.40 2 . 0 0 16. 60

Si0 2 18.00 28.80 35.40 26. 80

A12 0 3 6.04 10.80 11.84 8.30

CaO 41.00 40,00 30.20 23.24

MgO 3.00 5.36 5.72 5.14

Phos .37 .09 .06 .07

Sul .014 .019 . 0 1 0 .029

Na20 .03 .03 . 0 2

k2o .07 .04 .14 .25

Mn .041 . 1 1 0 .13 .180

Cu . 0 1 . 0 1 . 0 1 . 0 1

Ni . 0 1 . 0 1 . 0 1 . 0 1

Ti .094 . 1 0 0 . 1 0 0 . 1 0 0

Cr . 0 1 . 0 1 . 0 1 . 0 1

F (ppm) 940 250 680 440

V .019 . 0 1 0 , 0 1 0 . 0 1 0

* Rock analyses by the Chemical Laboratory, Columbia Iron Mining 
Company, Cedar City, Utah.



TABLE X

Compositional changes within the unaltered standard 

Carmel and Homestake Formations (solid lines). 

Dashed lines show chemical variations affecting the 

standard rock due to the ore-mineralization process. 

Dotted lines show the changes brought about by the 

contact metasomatic process. Arrows indicate 

direction of contact.
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FIGURE 8.1

CARMEL LITHOLOGY

A: 0l-30*, THINLY LAMINATED CALCILUTITE. Composed of 
silt-s ize  fragments of calcite and quartz (. 03 mm or le s s  in 
dia.) in a dense, cryptocrystalline matrix of calcite and ar
gillaceous material; limonite particles and staining on cal
cite are common; occasional slivers of gypsum and anhydrite 
are encountered. (X 80.)

B: 30t-250t, LITHOGRAPHIC LIMESTONE. Composed of ex
tremely fine-grained cryptocrystalline calcite with minor 
argillaceous and siliceous material; occasional fo ssil frag
ments and calcite veinlets are present; minor flecks of 
opaque pyrite are encountered. (X 80.)

C: 250*-390I, FOSSILIFEROUS AND OOLITIC LIMESTONE. 
Composed largely of oolites (. 1 to . 5 mm in d ia .) and fo ss il 
shell fragments cemented by moderately coarse-grained cal
cite; subangular to rounded quartz grains are abundant.

D: 390*-405t, CALCAREOUS SANDSTONE. Composed of angular 
to subrounded detrital quartz and minor feldspar grains of 
fine sand and silt size (average . 05 mm, but may be as large 
as . 1  mm in dia.); some calcareous pellets present; abundant 
calcite cement; minor particles of hornblende, biotite, and 
pyrite and/or magnetite are present. (X 80.)

E: 405M25*, LITHOGRAPHIC LIMESTONE. Like B above with 
somewhat greater abundance of calcite or dolomite(?) rhombs. 
(X 80.)

F: 425t-480t, PELLETED LIMESTONE. Very thinly laminated; 
composed of alternating siliceous (minute quartz and feldspar 
grains 0 . 1  mm or less  in d ia .) laminae and laminae of r e 
worked or small coalescing intergrowths of calcareous peUets 
surrounded by calcite cement; occasional pockets of chert are 
present. (X 80.)





FIGURE 8.2

CARMEL LITHOLOGY

A: 480*-500% OOLITIC LIMESTONE. Calcareous 

oolites (. 03 mm to . 15 mm in d ia .) in a matrix 

. of fine-grained calcite cement; angular to 

rounded fragments of quartz and feldspar are 

moderately abundant, many act as nuclei in 

oolites. (X 80.)

B: Within the same footage interval as A above; 

contains large oolites (0 .3  mm to 1 . 0  mm in 

dia.) in coarsely crystalline calcite cement.

(X 80.)

C: 500*-570% LITHOGRAPHIC LIMESTONE.

Same as Figure 8 . IB. (X 80.)

D: Within the same footage interval as C above; 

PELLETED LIMESTONE. Characterized by 

tiny ovoid pellets (average . 05 mm d ia .) in thin 

laminations; abundance of angular to subrounded 

fragments of quartz and feldspar (0 . 2  mm or le ss  

in d ia .); calcite cement. (X 80.)





FIGURE 8.3

CONTACT METASOMATISM OF THE 
HOMESTAKE FORMATION

A: HOMESTAKE LIMESTONE MEMBER. Slightly altered lim e
stone composed of very fine grained cryptocrystalline ca l- 
cite with an abundance of argillaceous material which im 
parts a cloudy appearance to the rock in thin section. Cal- 
cite veinlets and disseminated pyrite are present. (X 80.)

B: HOMESTAKE LIMESTONE MEMBER. Composed largely of 
andradite garnet (average 0.05 mm d ia.) and calcite; opaque 
magnetite, wollastonite, and spinel are present; sm all garnets 
and rims of large garnet crystals are altered to epidote. (X 
80.)

C: Coarser grained variety of B above; higher magnetite-hema
tite content. (X 80.)

D: HOMESTAKE SILTS TONE MEMBER. Composed of original 
quartz and feldspar grains (average 0 . 2  mm d ia .) of fine 
sand size in an extremely fine-grained matrix of wollastonite, 
vesuvianite(?), hedenbergite, and quartz. Feldspar grains 
are largely altered to clay mineral and sericite. (X 80.)

E: HOMESTAKE SILTSTONE MEMBER. Composed of very fine 
grained quartz fragments (average . 06 mm d ia.) predominant
ly of silt size surrounded by a matrix of exceptionally fine
grained quartz, calcite, tremolite-actinolite, scapolite, 
vesuvianite, and phlogopite. (X 80.)

F: HOMESTAKE SILTSTONE MEMBER. Composed of original 
quartz and feldspar grains of fine sand size (average 0 . 2  mm 
dia.) in a matrix of fine-grained quartz, scapolite, and gran
ular diopside. Minor opaque leucoxene is  present. (X 80.)
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FIGURE 8.4

ALTERATION OF THE HOMESTAKE 
LIMESTONE MEMBER BY 

ORE MINERALIZERS

A: BLEACHED LIMESTONE (De-92, 1066'). Composed of r e 

crystallized clear calcite with varying amounts of very fine 

grained phlogopite and minor vesuvianite. ArgiUaceous ma

terial is abundant in crudely circular aggregates dispersed  

throughout the rock rendering these portions of the rock 

nearly opaque in thin section. (X 80.) SKARN (De-92,

1067*) not shown in Figure 8 .4 . Extremely fine-grained 

aggregate of calc-silicate minerals. Garnet (andradite and 

grossularite) and epidote (0 . 1  mm or le ss  in d ia .) are pre

dominant. Calcite is  also profuse. Wollastonite, vesuvianite 

are present as are minor amounts of quartz and diopside.

B: SKARN (De-92, 1068*). Garnet (average 0 .1  mm d ia .), cal

cite, diopside, and epidote are the major minerals. Wol

lastonite, vesuvianite, phlogopite, and quartz are present in 

small amounts. (X 80.)

C: REPLACEMENT BY IRON-ORE MINERALS (De-92, 1070*). 

Preferential replacement of calcite-garnet zones of skarn 

rocks by magnetite and hematite. (X 80.)

D: (De-92, 1070*). Different position on slide showing increased  

size of garnet crystals under crossed nicols. (X 80.)
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CHAPTER 9
INTERPRETATION OF THE INTRUSIVE HISTORY 

AND ORE MINERALIZATION IN 
THE IRON SPRINGS DISTRICT

Emplacement of Intrusive Bodies into the 
Massive Navajo Sandstone

Post-Entrada and post-Iron Springs deformation in the Iron 

Springs district set the stage for the Tertiary intrusive activity. Deep

ly penetrating post-Entrada faults and fractures prepared the ground 

and predetermined the localization of the intrusive bodies. Yielding of 

the roof rocks in the district was controlled largely by the structural 

features produced during the post-iron Springs (Laramide) deformation. 

The incompetent, possibly gypsiferous horizon (Chart 2.2) between the 

massive Navajo Sandstone and the overlying Homestake Formation 

served as a zone of tectonic (d§coUement) gliding. The preweakened 

rocks of the Iron Springs district (deformed by the localized post- 

Entrada deformation) were further distorted at the intersection of 

Lar amide thrust plates (see diagrams by Mackin, 1954, or Mackin, 

1960, p. 117).

The fact that deep diamond drilling on the flanks of the Iron 

Springs intrusives in recent years has nowhere cut through the quartz
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monzonite porphyry revealing a definite sedimentary floor, plus the 

existence of strong sharp magnetic anomalies outlining known and hid

den intrusives, suggests that the igneous bodies may in reality (al

though surface contacts are in part concordant) be discordant in depth 

and for the most part bottomless.

I feel that the mode of emplacement of the intrusive rock by 

yielding of the older roof rock above the Navajo Sandstone has been 

adequately explained by Mackin (1947, 1954, 1960) and Lewis (1958); 

however, the mode of emplacement of magma in or penetration of 

magma through the massive Navajo Sandstone has been left pretty much 

to conjecture.

One reason Mackin (1947, 1954) and later Mackin and Ingerson 

(1960) have proposed the "deuteric release" (of iron from biotite and 

hornblende) hypothesis for the origin of the iron ores in the Iron Springs 

district is  based on the assumption that ore bodies on the flanks of a 

true laccolithic intrusive would have nowhere to go for a "deep-seated 

source" of iron-rich fluids. Present-day information gained from deep 

diamond-drill holes in the Iron Springs district would indicate that if 

the intrusive bodies are truly floored laccoliths that they are sufficient

ly thick to produce ample residual fluids rich in iron during the solidifi

cation of the magma.

Evidence based on chemical analyses from this report plus 

those obtained from Leith and Harder (1908) and mineralogical data
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presented by Cook (1957) for igneous rocks of the region have been used 

to construct the ensuing diagrams. The following lines of evidence are 

used in support of a possible mode of emplacement of magma into the 

Navajo Sandstone by means of underground cauldron subsidence (sim

ilar to the process described by Billings, 1954, p. 316) accompanied 

by sloping and some assimilation of the country rocks.

1. Abnormal compositional variation of the regional 

magma suite.

2. Abnormal trends in the mafic mineral constituents 

of the magma suite.

3. Oscillatory zoning of plagioclase feldspars.

4. Presence of sandstone inclusions and cognate 

xenoliths in the intrusive rock.

Compositional Variations

Introduction

Chemical analyses of the least altered phase of the quartz 

monzonite porphyry (peripheral shell), the average of which is  pre

sented in Table I of this paper, are used in conjunction with analyses 

of Leith and Harder (1908, p. 58) for pre-intrusive ignimbrites recent

ly dated by Mackin (1960, p. 98) which are believed to be derived from 

the same magma source as the Iron Springs intrusives (Mackin and
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Ingerson, I960). Chart 9. 1  shows the comparative nomenclature of the 

units involved and the succession in which they left the magma chamber. 

The Roman numerals I to XtV in the right-hand column of Chart 9. 1  are 

used in the following diagrams to represent the chemical analyses or 

mineral composition of the respective formations.

Table XI shows the compositional variation of the regional 

magma suite. Weight percents for the various oxides are plotted on the 

ordinate, and absolute time, in order of decreasing age, on the abscissa.

Interpretation of variation diagram Table XI

From I to V the normal progression of magma differentiation 

is  followed by the mafic constituents Fe, MgO, and CaO showing a grad

ual decrease (for comparison see inset variation diagram for Daly*s 

average basalt to rhyolite, from Barth, 1952, p. 165). SiC>2 also is  in

creasing, but at an abnormally rapid rate and high silica magmas re

sult. Could the excess silica be attributed to assimilation of the 

quartzose Navajo Sandstone!/? From V to VI there is  a definite drop 

in the SiOg content of the magma accompanied by a noticeable increase 

in AlgOg and the mafic constituents. Such a situation might be achieved

V  Describing the mineralogy of the Navajo Sandstone Gregory 
(1950, p. 38) writes: ”. . .  in addition to the dominant quartz, the rock 
contains fragmentary feldspar, mica, magnetite, more rarely zircon 
and tourmaline."
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TABLE XI

COMPOSITIONAL VARIATION OF THE REGIONAL
MAGMA SUITE

The weight percents of the various oxides are 

plotted on the ordinate vs. the igneous sequence 

plotted according to their absolute age (Chart 9.1). 

The variation diagram for average basalt to rhyolite 

compositional change is  inserted for aid of com

parison. The dotted and queried interpretation is  

based on rock type and mineralogical data of Cook, 

(1957) and Mackin, (1960). Asterisks on Roman 

numerals refer to rocks with absolute dates pre

sented in Chart 9.1.
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during underground cauldron subsidence with large blocks of the Navajo 

Sandstone sinking into the magma chamber allowing a charge of pos

sibly more mafic magma from below to migrate to a higher position 

with some of the magma actually reaching the surface through a system  

of feeders. Between VI and VII the magma has apparently stabilized 

once again with mafic constituents on the decrease and SiOg, AlgOg, 

and NagO beginning to pick up normal trends.

Lack of chemical analyses for igneous rocks younger than the 

Iron Springs intrusives does not permit continuance of these chemical 

data, but apparently the trend toward more highly siliceous magmas 

continues through the emplacement of the Pine Valley Mountain intru

sive (XII). This high silica  peak is  again followed by a sharp mafic 

swing to the late dacite (XHI) and basalt (XTV). The dotted portion of 

Table XI is  an interpretation of these last trends based on rock type 

only. This trend may be accounted for by continued assimilation of the 

Navajo Sandstone, followed by a final breakthrough of the main magma 

chamber to the lower Homestake horizon. This last surge of magma 

brought to a close the magmatic stage of the Iron Springs intrusives, 

while intrusive activity continued to the south in the Pine Valley Moun

tains.

We shall now see how the mineralogical data of the regional 

magma suite substantiates the above reasoning.
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Trend of Mafic Mineral Change

The mafic mineral constituents are essentially the same but 

associated in different proportions. Diagrams A and B of Table XU 

show changes in the mafic constituents. The mafic mineral compositions 

are taken from Cook (1957) and this paper and recalculated to 100 per

cent for plotting the ternary diagrams. The trend proceeds in a direc

tion which is  reverse to the normal Bowen*s reaction series (Barth,

1952, p. 117). Such a series, b io tite—*■ hornblende —> augite, may 

be explained as one which develops in a magma which is  being pro

gressively impoverished in water (Barth, 1952, p. 230-234). From HI 

to VI (Table XU) there is  a sharp increase in the mafic constituents of 

the rock from 7 percent to 30 percent of which 95 percent is  the hydrous 

silicates hornblende and biotite. This increase in the percentage of 

hydrous minerals can be attributed to an increase in the water content 

of the magma. From whence came the water ? Would this increase in 

hydrous silicates not correspond to the partial assimilation of a water- 

rich sediment such as may have existed in the Navajo Sandstone? Might 

this not account for the high fluidity and widespread nature of these 

highly siliceous ignimbrites?

From VI to VEH there is  an apparent tendency for the magma 

to develop hornblende in preference to biotite, probably in response to 

an increasing Fe, Mg, Ca content and decreasing K content in the magma



TABLE XII

MAFIC MINERAL TRENDS

Diagram A. Trend of the mafic mineral con

stituents of the regional extrusive 

sequence. Roman numerals refer 

to stratigraphy of Chart 9.1.

Diagram B. Trend of the mafic mineral con

stituents of the regional intrusive 

sequence. Symbols as follows:

PP, Pinto Peak intrusive; D, Dairy 

intrusive; S, Stoddard intrusive; P, 

Paradise intrusive; I (VII% Iron 

Springs intrusives; PV (XII), Pine 

Valley Mountains intrusive.
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as is  indicated in Table XL

The magma shows a definite drying trend between Vm and XI, 

as is  evidenced by the development of augite in preference to biotite 

and hornblende. Later augite and olivine are the dominant mafic min

erals in the basalt (XIV).

Diagram B of Table XII indicates a similar trend for the mafic 

constituents of the intrusive rocks of the region.

Significance of Oscillatory Zoning 
of Plagioclase Feldspar

An abundance of oscillatory zoned plagioclase feldspar crys

tals occurs in the intrusive bodies of the Iron Springs district. Emmons 

and Mann (1953) have concluded that the presence of oscillatory zoned 

plagioclase is  indicative of crystallization from a true igneous fluid. 

They (Emmons and Mann, 1953) have also sought some simple mecha

nism to explain the thin oscillatory zoning of plagioclase feldspar, and 

have suggested such factors as "the pulsational pressure release con

sequent on the escape of lava above, the pulsational upward movement 

of crystallizing liquid to successively cooler environments, and the 

dilatant introduction of surface materials by the structural activity a s

sociated with volcanism ."

Certainly the magmatic history of the Iron Springs district is  

one of several pulsations of escaping lavas, and if underground cauldron
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subsidence is  an active mechanism, as I have suggested, pulsations of 

the crystallizing magma to higher and cooler levels are to be expected.

Is it  not logical to assume that during underground cauldron 

subsidence fragments of the older country rock would be incorporated 

in and reacted upon by the liquid magma? It is  not possible to say 

definitely what the composition of the magma was at the time it reached 

the horizon of the Navajo.Sandstone, but very likely it was decidedly 

more mafic than the siliceous sandstone. Anthony (1960, p. 101) has 

pointed put: "If the rock were invaded by a magma whose bulk composi

tion was more mafic than itself, the reaction would be endothermic. 

Melting of constituents of the country rock would ensue. The process 

would tend to run down rapidly and there would be few marginal effects. 

Indications of melting and chill zones might be present. " What better 

evidence of melting of a quartzose rock is  there than the rapid rise in 

silica  content in the magma between I and V in Table XI? The oscil

latory zoning of plagioclase feldspar might certainly be indicative of 

pulsational endothermic cooling of the magma. Further indication of 

rapid rundown of the assimilation process and development of chill 

zones may be seen in the inclusions found in the intrusive rock.

Sandstone Inclusions and Other Xenoliths

Sandstone inclusions are found in the interior phase of the 

quartz monzonite porphyry at the Three Peaks intrusive (Fig. 3 .4A).
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The original character of these inclusions is  little changed, and they 

probably represent inclusions that were incorporated late in the intru

sive history when the temperature of the melt was insufficient to initi

ate a change.

Of particular interest are the fine-grained xenoliths of quartz 

monzonitic composition (Fig. 3 .4B) that are especially noticeable in the 

Mountain Lion pit at the Iron Mountain intrusive. These xenoliths could 

very well represent cognate xenoliths of an early chill border phase pro

duced in a deeper zone during endothermic assimilation of the highly 

siliceous Navajo Sandstone. These xenoliths are usually well rounded, 

and have apparently reacted with the magma during movement to upper 

levels of the intrusive body.

Emplacement of the Intrusives Above the Navajo 
~ Sandstone —

When the viscous igneous melt reached the horizon of the low

er Homestake Formation it encountered the zone of Laramide tectonic 

gliding. This structurally weakened zone and the possible presence of 

an incompetent gypsiferous bed which is  present at this same horizon 

in the Markagunt Plateau east of Cedar City, Utah (Chart 2.2) allowed 

the intrusive magma to spread laterally making room for itself by 

forcefully lifting and faulting the overlying Mesozoic strata. The 

lateral movement of the viscous magma was accompanied by sharp
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folding, overturning, and thrust faulting in the sedimentary rocks on 

the flanks of the advancing intrusive.

Not all magma reached the base of the Ho me stake Formation 

simultaneously. Instead the magma spread (at least at first) from dif

ferent feeders, not widely separated, and at different intervals sending 

out tongues of magma which in most cases coalesced and raised the 

overlying strata more or le ss  uniformly (Figs. 4 . 1  and 4.2). In some 

instances, however, screen s!/ of sedimentary roof rock were caught 

between the tongues of magma issuing from adjacent feeders and were 

surrounded by the intrusive magma as it continued to lift the roof. On 

the flanks the tongues advanced at differing rates. Sedimentary rocks 

caught in the re-entrant zones between advancing tongues were highly 

contorted. The Blowout ore body at Iron Mountain and the Lindsay ore 

body at Granite Mountain are examples of ore bodies that are situated 

in re-entrant zones.

By this time the initial force of the intrusion ebbed and, al

though circulation and churning of the upward-moving magma continued, 

a crust of varying thickness (peripheral shell) began to form at the outer 

margins of the intrusive bodies.

Based on the reconstructed thickness of the domed cover rocks.

1 /  Used in a sense to indicate older country rock caught be
tween two advancing tongues of magma, not between two ring-dikes as 
described by Billings (1954, p. 316).
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structural relationships, and the texture of the quartz monzonite por

phyry (vesicular near the high peaks at Iron Mountain) the depth of em

placement of the intrusions was estimated to have been between 1 , 0 0 0  

and 8 ,000 feet at Iron Mountain (Lewis, 1958), and between 3,000 and 

6 ,000 feet in depth at Three Peaks (Mackin, 1954). Comparing textures 

of peripheral shell rock from the three intrusives shows that the size  

of the groundmass of samples collected from Three Peaks is  consistent

ly coarser than that of Granite Mountain and Iron Mountain. This seem s 

to indicate that the Three Peaks intrusive was emplaced more deeply 

than the other two intrusives. The severity of the deformation associ

ated with the Granite and Iron Mountain intrusives as compared to the 

relatively mild deformation accompanying the Three Peaks intrusive 

(PI. I) would seem to lend support to the idea of a deeper more confined 

emplacement of the Three Peaks intrusive. The reason why the Three 

Peaks intrusion occurred at a greater depth, yet was emplaced along 

the same stratigraphic horizon as the other intrusives, may be ex

plained by assuming that the regional dip of the Mesozoic strata at the 

time of the intrusive activity was to the northeast, thus placing the 

Navajo-Homestake contact at a greater depth in the Three Peaks area.

A second forceful surge of magma, possibly the result of the 

magma finally breaking through the last thin layer of nonassimilated 

Navajo Sandstone (note the sandstone inclusions in the interior phase 

found at Three Peaks, Fig. 3 .4A), opened up tension joints in the
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peripheral shell. These joints penetrated the partly solidified interior 

phase, especially where the shell had not attained a very great thick

ness.

At this time the first important mineralization phase ensued. 

This initial hydrothermal phase immediately followed or was contiguous 

with the deuteric stage of alteration of the peripheral shell and to a 

greater extent the interior phase of the quartz monzonite porphyry.

This first mineralization was a result of tie sudden release of late 

magmatic residual solutions and produced the selvage joint and selvage 

rock subphases and the magnetite-apatite fissure veins in the quartz 

monzonite porphyry. Perhaps minor replacement ore bodies were 

formed at this time, but the amount of iron released was small and 

widespread.

Deuteric Alteration

Now we must look back for a moment at the intrusive sequence 

and visualize a peripheral shell phase developing quite rapidly, thick in 

some places, very thin in other places, thickening and thinning in re

sponse to variations in thickness of cover rock above and to the heat 

supplied from below by the churning circulating magma. The moderate 

ly rapid cooling allowed only minor accumulation of residual solutions, 

and in general only a small amount of deuteric alteration accompanied 

the formation of the peripheral shell (see alteration in the peripheral
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shell phase, Chapter 7). Some of the residual fluids moved outward 

permeating the limestone-siltstone wallrock thus producing the contact 

metasomatic rock. At Three Peaks, because the intrusion was emplaced 

at a greater depth and retained its heat for a longer period of time, a 

much thinner peripheral shell developed than at either Granite Mountain 

or Iron Mountain. This also resulted in a more extensive development 

of metasomatized contact rock.

The peripheral shell grades into and is  continuous with the in

terior phase of the quartz monzonite porphyry. But here in the interior 

phase gradual cooling and slow crystallization were more conducive to 

the formation and accumulation of residual fluids. The interior phase 

is  especially well developed in the Three Peaks intrusive where the con

ditions associated with deep emplacement and slow crystallization were 

optimum. Here deuteric alteration proceeded for a sufficient length of 

time to allow the magmatic stage minerals to react with the residual 

fluids. Amphibole (if present) is  altered to magnetite, biotite, chlorite, 

and epidote (see alteration of hornblende, Chapter 7). Magmatic biotite 

is  partly or completely converted to an aggregate of orthoclase, albite, 

magnetite, chlorite, and apatite (see alteration of biotite. Chapter 7). 

Pyroxene, especially when crushed, is  altered to uralite, biotite, epi

dote, and chlorite.

That the complete alteration of biotite to "ghosts" of magnetite, 

orthoclase, etc. in the selvaged phases should be attributed to deuteric
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alteration alone, as has been suggested by Mackin (1947, 1954, 1960), 

is  not a valid conclusion. Deuteric alteration is  accomplished by the 

reaction of magmatic minerals with late residual fluids. Therefore, 

those zones in which residual fluids have been active for the longest 

time, i. e . , crystallized most slowly, such as the interior phase of 

the quartz monzonite porphyry in the Iron Springs district, would be 

expected to show the greatest degree of alteration of the hydrous s ili

cates, biotite and hornblende if deuteric alteration were singularly re

sponsible. Such is  not the case, rather it is  the special and somewhat 

localized subphases (selvage joint, selvage fault) that show the greatest 

alteration of the minerals in question. Such a phenomenon I feel is  

best explained as a product of a later hydrothermal stage that carried 

the earlier deuteric alteration to completion. As we shall see next, a 

continuance of the hydrothermal stage completely alters magmatic min

erals that were stable during deuteric alteration.

Hydrothermal Alteration

Late magmatic phase

As cooling progressed from the shell inward residual liquids 

accumulated in greater abundance beneath the impervious peripheral 

shell. At the moment of the second forceful surge of magma tension 

joints were opened in the peripheral shell. These joints were quite



126

numerous where the peripheral shell was thin and relatively incom

petent (as at Three Peaks), but were few and widely spaced for the 

most part at both Iron and Granite Mountains where a thicker more 

competent shell had developed. The joints penetrated the partly solid

ified portions of the interior phase and provided escape channels for 

residual liquids or vapors trapped here and in the semisolid deeper 

portions of the interior. These escaping solutions introduced silica, 

soda, lime, and alumina to the rock adjacent to the joints, and at the 

same time leached phosphorous, fluorine, and iron (see Table V).

When the temperature, pressure, and concentration of fluids were such 

that precipitation of iron, phosphorous, fluorine, silica, and lime could 

take place magnetite, apatite, and chalcedony formed in the open joints. 

Where numerous joints developed the escape of the residual fluids was 

rapid and only narrow magnetite veins formed. Where only a few joints 

developed, the pent up fluids apparently pulsated sufficiently to reopen 

the joints several times forming numerous encrustations of magnetite- 

apatite, and thus produced the wide fissure veins. This reopening of 

the joints allowed recharge by fluids originating from deeper and deeper 

portions of the interior phase.

The addition of soda and lime may well account for the zonal 

growth and the extra large size of some of the plagioclase crystals in 

the selvage joint rock. Very likely this additional growth of plagioclase 

feldspar tended to strengthen the rock and thus explains the highly
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resistant nature of the selvage joint and selvage rock subphases. The 

most notable change brought about by the passage of hot fluids is  the 

complete alteration of biotite to aggregates of magnetite, orthoclase, 

albite, and chlorite (see biotite "ghosts" in Fig. 7.2D and E).

Where the peripheral shell was thick and strong enough to with

stand the force of the late surge of magma only a few widely spaced ten

sion joints developed. The late magmatic fluid, however, permeated 

the peripheral shell rock. A minor introduction of 8102 and K2 O was 

sufficient to produce a rock similar to the selvage joint subphase, which 

I have called the selvage rock subphase. Both subphases are distin

guished in thin section by the complete alteration of biotite (described 

above) during this hydrothermal process. Where this selvage rock sub

phase has been exposed by erosion it forms a very resistant capping not 

easily distinguished from peripheral shell rock (see Table IV for list of 

helpful distinguishing characteristics).

Major iron-ore mineralization phase

Cessation of intrusive forces was succeeded by subsidence 

which tended to close the earlier formed tension joints and bring to an 

end the late magmatic mineralization phase. The more outstanding hi- 

trusive structures were reactivated by the subsidence forming pervious 

breccia zones that penetrated deep portions of the intrusive bodies tapping 

a greater supply of residual solutions. Subsidence structures were best
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developed (1) adjacent to screen and pendant structures (Short Line, 

Blackhawk, and Comstock-Mt. Lion ore bodies), (2 ) on the peripheries 

of the intrusives where they reopened older thrust faults (Calumet and 

Cory-Armstrong faults), high-angle reverse faults (King fault and Con

tact fault), and produced many cross faults that were important to the 

localization of ore bodies (Armstrong, Desert Mound, and Burke ore 

bodies), (3) along join areas of intrusive tongues (Lindsay and Blowout 

ore bodies), and (4) where tension joints became active faults during 

this phase.

These structures acted as channelways for the passage of iron 

ore-bearing fluids into the overlying sedimentary rocks. They remained 

open sufficiently long to allow the passage of enough fluid capable of pro

ducing the large ore bodies of the limestone replacement type. Brec- 

ciated ore, slickensided ore, slickensides in the altered quartz monzo- 

nite porphyry (selvage fault subphase), and the presence of late epi

thermal mineralization cutting the Desert Mound ore body provide suf

ficient evidence to indicate these structures were continually active 

during and after the major iron-ore mineralization. The fluids hydro- 

thermally altered the quartz monzonite porphyry adjacent to these sub

sidence structures.

Mineralization took place where ample open space was avail

able and precipitation of iron ore and gangue minerals could take place. 

The ore-bearing breccia zones and pipe structures came into existence
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at this time.

The spherical shape of many of the breccia fragments in the pipe 

structures and the fact that the majority of the breccia fragments are 

completely surrounded by iron ore suggest there was a forceful passage 

of fluids during which time attrition of breccia fragments took place 

while many may actually have been suspended in the fluid medium. The 

forceful passage of fluids actually produced additional room for deposi

tion of ore minerals. Where breccia structures transect the overlying 

sediments similar phenomena occurred, producing low-grade breccia 

ore in the Entrada and Iron Springs Formations (Rex, Comstock, and 

Desert ore bodies).

Where subsidence structures cut across the Homestake Forma

tion and admitted the ore-bearing emanations the very fine-grained con- 

tact-metasomatized limestone and siltstone were not replaced (some 

low-grade siliceous ores do exist at or near the base of many replace

ment ore bodies; these may be the result of replacement of the contact- 

metasomatized limestone). Brecciation is  common in the metasomatized 

siltstone and iron-ore minerals fill the open space.

The heat of the mineralizing fluids plus the introduction of some 

silica  (leached by the hydrothermal fluids from the quartz monzonite 

porphyry, see Table V, SiOg leached from selvage fault rock) produced 

coarse-grained skarn minerals which rendered the dense limestone 

permeable to the advancing ore emanations (Fig. 8 .4 ). Replacement



proceeded so long as the temperature and concentration of the ore fluids 

were adequate to transform dense limestone into more coarse skarn 

rock.

The skarn minerals were readily replaced by magnetite, and 

therefore were removed or only narrow fringes of skarn minerals re

mained when replacement ceased. The different textures of many of 

the ore bodies may be directly related to the coarseness of the skarn 

minerals developed during this rapid alteration-replacement stage.

Changing Character of the Mineralizers 

Introduction

The chemistry of the contact metasomatic and actual iron-ore 

mineralization stages is  very sim ilar, suggesting that both were pro

duced by a kindred source. Fluctuations in the proportions of alkali 

oxides, volatile constituents and metallic oxides associated with the 

sundry altered rocks may be explained by the changing character (tem

perature and acidity) of the m ineralizers.

The ideas presented here concerning the possible variations in 

the conditions that prevailed during chemical transport are based en

tirely on the mineral assemblages and chemical variations found in (1 ) 

the metasomatized contact (skarn) rock, (2 ) the hy dr other mally altered 

selvage joint rock, and (3) the hydrothermally altered selvage fault rock.

130
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Contact Metasomatic Phase

Mineral assemblages of the skarn rock (see contact metaso

matism, Chapter 8 ) include tremolite-actinolite, wollastonite, and di- 

opside in the rocks nearest the contact, and garnet, wollastonite, and, 

calcite in the contact zone farthest from the intrusive-sedimentary con

tact. The transition takes place within a few feet to a few tens of feet, 

and the extent of the fine-grained skarn development is  usually less  than 

100 feet. This constitutes a very rapid change from the more intense 

pyroxene hornfels metamorphic facies of moderate pressure and high 

temperature (approximately 700°C, Turner and Verhoogen, 1951, p„

441) to the less  intense conditions of the amphibolite facies (hornblende 

hornfels facies of Fyfe, Turner, and Verhoogen, 1958, p. 205).

Figure 9.1A (adapted from Fyfe, et a l., 1958, p. 237) shows 

the possible pressure-temperature fields of the metamorphic facies 

represented in the contact aureoles of the Iron Springs intrusives. Ap-
I

parently high temperatures in excess of 600°C and moderately high 

pressures existed for a brief time span during the contact metasomatic 

phase (note shaded area of Fig. 9 .1A).

A good description of the contact metasomatic process that 

certainly seem s to fit the Iron Springs district is  offered by Barth (1952, 

p. 276-277) and included here as the proposed metasomatic mechanism: 

"Igneous intrusion is  regularly accompanied by a magmatic gas phase



FIGURE 9.1

Diagram A.

Diagram B.

Schematic representation of possible 

pressure-temperature fields of the 

metamorphic facies in the Iron Springs 

district, Utah (shaded zone). (Adapted 

from Fyfe, Turner, and Verhoogen, 

1958L) Explanation of symbols: HH, 

hornblende hornfels facies; PH, 

pyroxene hornfels facies; G, granulite 

facies.

Hypothetical curve for the thermal 

gradient existing across the intru

sive-sedimentary contacts in the 

Iron Springs district at time of con

tact metasomatism
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of high temperature and high penetrating power supplying the surround

ing rocks not only with heat but also with water and other volatile com

pounds o » c "

That volatile compounds were important during the metasoma

tism of the contact rock is  evidenced in the presence of numerous min

erals that have fixed such volatile constituents as OH, F, Cl, and Phos. 

The minerals being vesuvianite, scapolite, apatite, phlogopite, etc.

Barth (1952) continues:

The primary magmatic gases are acid and show in con
sequence high reactivity. If the contact rock is  basic, es
pecially limestone, the acid gases will react effectively 
with i t . . .  Reaction rocks at the contact of limestone and 
composed of lime silicates form mainly garnet and pyrox
ene, often accompanied with fluorite and phlogopite . . .

Magmatic gases often contain appreciable amounts 
of heavy metals (usually as chlorides, fluorides, or sul
fides). The metals are then captured by the limestone 
and retained in the skarn rock . . .  As an example, let 
us consider what happens when gases rich in iron fluo
ride meet with limestone.

If silica  is  present in the limestone, andradite garnet 
will form . . .

2FeFg + SSiOg + GCaCOg —*■ CagFegSigOig.+ 3CaFg + GCOg

Similar equations can be drawn for the formation of many 
other of the pneumatolytic minerals . . .

Such was the case in the Iron Springs district. Andradite 

formed, however, the excess Ca and F was fixed in apatite, vesuvianite, 

etc. Fluorite was not detected in the thin sections studied.

Figure 9. IB is  a hypothetical curve showing the rapid decrease
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in temperature across the intrusive-sedimentary rock contact that likely 

existed during intrusion, thus restricting the development of skarn min

erals to a narrow zone. Optimum conditions were brief and must have 

existed during the incipient stage of intrusion into the Homestake hori

zon while an essentially closed system prevailed.

Late Magmatic Phase Associated With Selvage
Joint Rock

Feldspar in the selvage joint and selvage rock subphases of the 

quartz monzonite porphyry is  reasonably fresh. Additional growth on 

zoned plagioclase is  not uncommon. Minor calcite, sericite, and clay 

mineral have developed. Quartz is  unaltered. Biotite and hornblende 

are completely altered to essentially magnetite and orthoclase with 

chlorite, epidote, albite, and apatite present in varying amounts.

SiOg, AlgOg, and NagO were apparently introduced or con

centrated in this rock, while fluorine, iron, and phosphorous were 

leached. KgO and CaO do not show a pronounced change from the 

peripheral shell or interior phases (Table V).

Magnetite associated with moderate amounts of apatite and 

minor chalcedony are the major constituents of the iron-ore veins con

tained within the selvage joint and selvage rock subphases.

By using the diagrams in Figure 9 .2  (after Folk, 1947) showing 

the stability fields of feldspar and its alteration products it  is  possible
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to place certain lim its on the temperature and acidity of the emanations 

that have yielded the above results.

1. The introduction of SiOg and NagO is  consistent with 

the production of secondary growth on plagioclase 

feldspar; therefore, conditions coincident with the 

stability field of the feldspars are expected.

2. The development of small amounts of sericite and 

clay minerals suggests rising temperatures as ore 

fluids transgress and perhaps permeate the rock.

3. Development of calcite is  indicative of conditions 

near neutral.

4. The fluctuations of AlgOg and KgO (Table V) are 

not sufficient to warrant changes in the stability 

field boundaries of diagrams A and B (Fig. 9 .2).

Based on this information the emanations that produced the 

selvage joint rock and the iron-ore fissure fillings contained therein 

were neutral to slightly acid in character and reached a temperature

in the vicinity of 200°C (see point X in diagrams A and B, Fig. 9.2).
z -

The alteration of biotite and hornblende to magnetite, e tc ., is  

an oxidation reaction:

(1) 4Fe++ — » Fe++Fe2+++
Biotite Magnetite

The heat of the emanations was apparently sufficient to volatize and



move the fluorine and phosphorous content of the adjacent rock thus 

leaching these constituents. Fluorine may have further oxidized mag

netite moving, iron from the selvage joint-selvage rock subphases as 

FeFg:

(2) 2Fe++ + 3F§ —» 2Fe+++Fg

In equation (2) it is  obvious that the release of F provides a strong ox

idizing agent to bring about this reaction. In equation (1) the reaction 

involves the combination of Fe ions with oxygen obtained from (OH) in 

biotite or from HgO (hydrothermal) permeating the rock. In either case 

the combination of the oxidizing agent (oxygen) with Fe ions releases 

hydrogen ions thus increasing the acidity of the environment.

It is  logical to assume therefore that, in addition to the infor

mation regarding the temperature and acidity of the emanations obtained 

from Figure 9.2, the emanations are oxidizing in character and become 

progressively more acid. The last factor (progressive acidity) becomes 

quite important during the major hydrothermal mineralization stage.

The strong association of magnetite and apatite containing 

easily volatized elements like fluorine-phosphorous suggests a vapor 

phase may have been important during this first (late magmatic) phase 

of the mineralization.

137
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Major Iron-Ore Mineralization Phase Associated 
With Selvage Fault Rock

Quartz is  apparently stable in the selvage fault subphases. 

Plagioclase feldspar is  completely altered to kaolinite and sericite, 

whereas orthoclase feldspar shows only slight alteration forming the 

same minerals. Diopside and hornblende alter to calcite, quartz, and 

magnetite. Magmatic biotite is  completely altered with no trace remain

ing. Late calcite veinlets are common. Garnet, wollastonite, and 

vesuvianite are developed in the limestone as a frontal phase of the iron- 

ore replacement process.

Table V indicates a low content of Si0 2 , NagO, KgO, and 

AlgOg (leaching) and a substantially higher content of F, Fe, CaO, and 

Phos. in the selvage fault subphase as compared to most other phases.

It is  typical of the replacement ore bodies of the Iron Springs 

district to show a somewhat higher F and phosphorous content in the 

upper portion of the mineralized horizon, and in some cases where 

low-grade ore occurs near the base of the ore body the F and phospho

rous content may also be comparatively high.

Using Figure 9 .2 as a starting place for analyzing the nature 

of the main ore-bearing emanations it may be seen that in order to pro

duce kaolin and sericite from feldspar an increase in the temperature 

(to 300°C) and acidity of the emanations is  required (see circle O in 

diagrams A and B transgressing the kaolin-sericite stability fields).
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Such a situation would be expected if mineralizers derived from deeper 

portions of the intrusives (thus hotter) continue to react with the wall- 

rock. The increase in acidity may be explained by the release of 

hydrogen ions during alteration of biotite (both deuterically and hydro- 

thermally) as mentioned earlier, plus the release of the volatile con

stituents fluorine and phosphorous. The late magmatic stage (described 

above) of mineralization which was cut short by relaxation of magmatic 

forces resulted in the production of the selvage joint subphase altera

tion type whereas the mineralizers continued to be active along sub

sidence structures during the major iron mineralization phase, thus an 

entirely different rock type, the selvage fault subphase, was produced.

The development of calcite after diopside and hornblende and 

the presence of late calcite veinlets (Fig. 7 .3B and D) indicate that the 

acid environment did not continue into the last chapter of the alteration 

otherwise the carbonates would have been destroyed. Gruner (1944, p. 

588) states: "This would, of course, depend on the partial pressure of 

CC>2 in such a system, as well as the concentration of the metallic ions 

which usually are found in carbonates in hydrothermally altered ro ck s." 

A very high COg confining pressure would allow the production of calcite 

in a slightly acid system. However, the leaching of alkalis (NagO, K2 O, 

see Table V) during the alteration of feldspar would be expected to neu

tralize the acid solutions, and allow the production of calcite, whereas 

the development of kaolinite would be decreased as alkali content
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increased. Thus the acid character of the solutions was not long pre

served. Sodium, potassium, e tc ., were leached from the adjacent 

rock increasing the pH of the hydrothermal fluids markedly. This in

creased alkalinity of the mineralizers may account for the conspicuous 

leaching of silica  in the selvage fault subphase of the quartz monzonite 

porphyry (Table V).

T. G. Lovering (1962) has analyzed the work of Okamoto and 

others (1957) concerning the effect of pH on the solubility of silica  in 

water at high temperatures. Although temperatures above 200°C are 

not presented the trend is  significant. Above 100°C the solubility of 

silica is  increased with an increase in temperature or pH or both. The 

temperature of the hydrothermal solutions during the iron-ore mineral

ization stages in the Iron Springs district probably exceeded 200°C, 

therefore, the ability of the solutions to leach and transport silica is  

apparently not totally dependent on the alkalinity of the solutions. A 

fair estimate of the acid-alkaline nature of the late solutions based on
I

their capacity to carry silica  would be in the vicinity of pH9 to pH 11.

A similar scheme as that presented above (i. e . , one of fluc

tuating acidity) is  supported by information presented by. Korzhinsky 

(1959). He believes the post-magmatic solutions increase in acidity on 

condensation from gaseous to liquid state, the gaseous phase being en

riched in volatile acidic components which are continuaUy added to the 

liquid as condensation proceeds.
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Korzhinsky (1959) attributes post-magmatic leaching and sub

sequent precipitation of bases, including ore, to the passage of an 

"advancing wave of acid components." The more mobile and volatile 

acid components percolate through the rock or ascend the channelways 

more swiftly, perhaps in a gaseous phase, than the basic components. 

During the advance of the acid wave, bases (including iron, aluminum, 

e tc .) are leached from the wallrock. As the acid components pass, the 

solution grows oversaturated with bases. An "acid-base differentiation" 

takes place in the open channelways during which " . . .  bases, leached 

from the wallrocks, the magmatogeneous bases, including ores, may 

precipitate as well, because their solubility is  lowered by the enrich

ment of the solutions in the strong bases of the wallrocks. ”

The greater concentration of fluorine and phosphorous in the 

upper portions of many limestone replacement ore bodies of the Iron 

Springs district may be the result of the greater diffusibility of these 

constituents in an "advancing acid wave” as proposed by Korzhinsky 

(1959). Fluorine-bearing phlogopite and apatite are the minerals com

mon to these low-grade ore zones. The high fluorine and phosphorous 

content in the low-grade ore at or near the base of replacement ore 

bodies may be attributed to replacement of, or presence of, unreplaced 

skarn minerals in the contact metasomatized rock.

The relative simplicity of the mineralogy of the ore bodies
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themselves^ which contain an overwhelming predominance of magnetite 

and hematite with only minor amounts of silicate gangue minerals, 

strongly suggests high-intensity conditions of formation. Lindgren 

(1933, p. 637) points out that magnetite and specularite may be present 

in small quantities in epithermal and mesothermal deposits. "It is  be

lieved, however, that these two minerals only appear in quantity in de

posits formed at high temperature." The temperature range of Lindgrens 

(1933, p. 212) hypothermal deposits is  from 300° to 500°C, which cor

roborates the evidence provided by the alteration minerals developed in 

the Iron Springs district.

Summary

The mineralizers emanating from the Iron Springs intrusives 

produced (1) the contact metasomatic rock in the Homestake Limestone 

and Siltstone Members, (2) the hydrothermally altered selvage joint 

and selvage rock subphases of the quartz monzonite porphyry, and the 

associated fissure ore, and (3) the hydrothermally altered selvage fault 

subphase of the quartz monzonite porphyry, and associated replacement 

ore bodies.

Variations in the proportions of the mineralizing constituents 

may be attributed to the fluctuations of the temperature and acidity of 

the emanations.

The contact metasomatic phase took place in a brief time span
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when an essentially closed system prevailed that produced high tem

perature (up to 700°C) and reasonably high-pressure conditions. The 

acid character of the mineralizers was controlled by the concentration 

of volatile constituents.

By the late magmatic stage the mineralizing emanations that

were active in producing the selvage joint rock were substantially cooled

to approximately 200°C and were of a neutral to slightly acid character,

the acidity increasing with the release of hydrogen ions and volatiles /
during the alteration of biotite and hornblende.

The major iron-ore mineralization phase was characterized at 

first by increasing temperature (probably in excess of 300°C) as the 

emanations were derived from deeper and deeper sources. Acidity in

creased with the complete destruction of biotite and the production of 

kaolinite (alteration of plagioclase feldspar). The leaching power of 

the mineralizers was sufficient to bring about a high alkali content and 

neutral to somewhat basic conditions during the last phases of altera

tion.
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