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Geology and Ore Deposits of Mineral Mountain, Washington County, Utah* 

STUART K. MORRIS 
C~ties Serv~ce 

P.O. Box 100 
Miami,  Arizona 81139 

ABSTRACT.-T~~ Mineral Mountain area in the Bull Valley Mountains of south- side of Mineral Mountain, Gunnel] (1943) and Crawford and 
western Utah was mapped in order to evaluate its mineral potential. Oldest 
strata are late Paleozoic Callville Limestone and Supai-Coconino Sandstone Buranek (1948) described and estimated tonnage of a halloysite 
which have been thrust over Mesozoic strata during the Sevier orogeny. Folding and alunite vein on the north side of Mineral Mountain. Cook 
that accompanied the thrusting formed the north-trending Mineral Mountain (1960) brieflv discussed the Goldstrike and Mineral Mountain 

\ ,  

Anticline. fate Oligocene and ~ i o c e n e  volcanic rocks cover the anticline geology and 'the history of the Goldstrike mining camp, ~ ~ 1 1 -  
which acted as a barrier controlling distribution of the volcanic flows. The  Min- 
eral Mountain stock, an alkali-feldspar granite porphyry, was intruded along the Ock described the iron and Occurrence of the 
axis of the anticline. Associated contact metamorphism recrystallized Callville Emma Mine area on Mineral Mountain 2nd also provided a 
Limestone and altered the volcanic rocks. Mineralogy along the contact is in- brief description of the structure and stratigraphy of Mineral 

- A .  

dicative pyroxene hornfels facies. Three zones ofualterat&n are recognized: ~ ~ ~ ~ ~ ~ i ~ ,  ' 
marble zone, tactite zone, and an endomorphic bleach zone. Extensive argilliza- 
tion and minor silicification, propylitization, and pyritization are found. The Bull Valley mining district to the northeast of Mineral 

Magnetite and copper oxides are located in the tactite zone on the west side Mountain has been the subject of several published works by 
of the stock. Bedded replacement, fissure fillings, and magnetite veinlets are of the U.S. Geological Survey and the U.S. Bureau of Mines re- 
contact metasomadc and hydrothermal origin. O n  the southwest side of the lated to the evaluation of the iron deposits, ~h~~~ deposits and 
stock, trace amounts of molybdenum and tungsten are associated with lampro- 
phyre dikes. Geochemical studies indicate that gold and copper values are high- their origin are described by 19382 1941)' Zoldok 
er on the northwest side of the stock. Molybdenum and tungsten values are and Wilson (1953) give the of a drilling program in the 
higher on the south side of Mineral Mountain. Deposits exposed on the surface district. Blank (1959) did a detailed study of the structure and 
and in the mines are of low tonnage and low grade. stratigraphy of the Bull Valley district. 

l N T R O D U C T l O N  

Mineral Mountain has had very little evaluation for mineral 
deposits. Evidence of iron, copper, gold, silver, molybdenum, 
and tungsten mineralization was found in this investigation 
and could provide a useful tool for future mineral exploration. 

Location and Accessibility 

Mineral Mountain is located in the southwestern portion 
of the Bull Valley Mountains (fig. 1) in the eastern part of the 
Basin and Range Province. Accessibility to Mineral Mountain 
is obtained by two routes, both of which require pickup trucks 
or four-wheel-drive vehicles. From U.S. 91 near Shivwits, a 
county dirt road extends northwest 30 km to Motoqua, then 
north 17 km along Slaughter Creek to Mineral Mountain. 
From near Gunlock a road extends up Tobin Wash for 3.2 km 
and then leads northwest 32 km up Grapevine Wash to the 
north side of Mineral Mountain (fig. 1). Accessibility is limited 
to the drier seasons of the year. 

The Bull Valley Mountains are known for iron deposits in 
the Bull Valley mining district, 11 km northeast of Mineral 
Mountain. The Goldstrike mining camp is 3.2 km southeast of 
the study area. Both areas have had some mining activity, but 
there are no active mines at the present time. 

Previous Work 

Geologic literature concerning Mineral Mountain is sparse. 
Leith and Harder (1908) described iron deposits of the Iron 
Springs district and compared them with iron deposits in the 
Bull Valley district. They interpreted the intrusions in the Bull 
Valley Mountains as laccoliths similar to those of the Iron 
Springs district. Butler and others (1920) briefly described ore 
occurrence at the Goldstrike mining camp and on the north FIGURE I.-index map of southwestern Utah showing study area 
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Methods of Investigation 

Fieldwork on Mineral Mountain began in May and was 
completed in October 1979; it include2 geologic' mapping, 
measurement of stratigraphic sections. and sample collection. " 1 

Geologic mapping was done on aerial photographs and on the 
Goldstrike 7%-minute quadrangle which was enlarged to 
1:12,000. Hand samples of rocks and geochemical samples were 
collected for additional study in the laboratory. Geochemical 
samples consisted of (1) soil samples from major drainages, 
tributaries, and areas of alteration; (2) rock chips of out- 
cropping veins and other mineralized areas; and (3)  dump sam- 
ples of all prospect pits and major workings. 

Petrographic thin sections and polished sections were pre- 
pared from the Tertiary igneous rocks, and their crystal compo- 
sition Dercentaees were estimated. Minerals that could not be 

(7 

identified in the field were identified by optical constraints and 
X-ray defraction (XRD). Geochemical analyses for 74 samples 
were done by Chemical and Mineralogical Services, a com- 
mercial laboratory in Salt Lake City. All samples were analyzed 
for gold, silver, copper, molybdenum, and tungsten. The results 
are discussed in the section on economic geology. 
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SEDIMENTARY ROCKS 

General Statement 

Late Paleozoic strata are the only sedimentary rocks ex- 
posed in the Mineral Mountain area. Cook (1960, p. 69) de- 
scribed these rocks as part of the Castle Cliff thrust sheet. The 
sole of this thrust sheet is not exposed in the mapped area but 
is presumed to rest on Jurassic and Cretaceous rock as it does 
in areas a few miles to the south. 

The Callville Limestone makes up the southern ridge of 
Mineral Mountain and most of the flanking contacts with the 
Mineral Mountain granite porphyry stock. The Supai-Coconino 
Sandstone is exposed only as an erosional remnant on the top 
of the Callville Limestone. An angular unconformity exists be- 
tween late Paleozoic rocks and Tertiary volcanic rocks (fig. 2).  

Pennsylvanian System 

Callville Limestone 
The Callville Limestone was named by Longwell (1921, p. 

47) from Callville Mountain, Clark County, Nevada. Reber 
(1951, p. 27) identified the Callville Limestone in the Beaver 
Dam Mountains, Utah. Cook (1960, p. 69) mapped part of a 
thrust sheet on Square Top Mountain and Mineral Mountain 
as Callville Limestone. Fossils collected from the Callville Lime- 
stone on Mineral Mountain were identified by H. J. Bissell 
(personal communication) as Fusulinella of Derryen (lower 
Middle Pennsylvanian) age. This age is compatible with ages 
assigned to the Callville Limestone in other areas. FIGURE 2.-Stratigraphic sectlon In the Mineral Mountaln area 
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N o  complete section of the Callville Limestone is exposed 
on Mineral Mountaln. Its base has been ass~milated by the In- 
trusive rock and lt is mostly altered to dolomitic marble. Unal- 
tered portions conslst of dolomite and limestone with lenses of 
chert. A partial section of Callville Limestone measured on 
Square Top Mountain is shown in appendix A. 

Pennsylvan~an and PermIan Systems 

Supaz-Coconino Sandstone 
Because of the absence of a mappable break between the 

Supai Formation and the Coconino Sandstone, both are shown 
as a single map unit in the Beaver Dam Mountains (Reber 
1952, p. 104), and Cook (1960, p. 69) mapped the Supai-Coco- 
nino as one unit on Square Top Mountain. In the thesis area 
no distinctions could be made in lithology to justify separating 
the Supai and Coconino Sandstone Formations. The undivided 
Supai-Coconino Sandstone is exposed on the south end of Min- 
eral Mountain near Potter Peak where it conslsts of 0 to 104 m 
of fine- to medium-grained, dusky yellow to yellowish gray, cal- 
careous, cross-bedded sandstone. The Leach Canyon Tuff and 
the Little Creek Breccia unconformably overlie the Supai-Coco- 
nino Sandstone. 

TERTIARY VOLCANIC ROCKS 

General Statement 

The Tertiary volcanic rocks In the Mineral Mountaln area 
are part of a long and complex hlstory of Tertiary volcanism In 
southwestern Utah and southeastern Nevada. The volcanlc 
rocks are mainly ignimbrites; however, some local andesite 
flows and tuffs are also present. 

The oldest volcanic formation recognized on Mineral 
Mountaln is the Isom Formation, a sequence of ignimbrites 
first described by Mack~n (1960, p. 89) in the Iron Springs dis- 
trict. Blank (1959, p. 38) described three members of the Isom 
Formation in the Bull Valley Mountains, only one of whlch, 
the basal vesicular flow member, IS exposed on Mineral Moun- 
tam. The Bald Hills Tuff Member and the Hole-ln-the-Wall 
Tuff Member are not present because of either erosion or non- 
deposition. 

The vesicular flow member is exposed along the west side 
of Butcher Knife Canyon, where it unconformably overlies the 
Callville Limestone. Its upper contact is with the Leach Canyon 
Formation of the Quichapa Group. 

The vesicular flow member is 0 to 53 m thick where mea- 
sured in Butcher Knife Canyon. It consists of several flows of 
andesite which contain from 0 to 40 percent phenocrysts of 
which 65 percent are plagioclase, 25 percent pyroxene, 5 per- 
cent sanidine, and 5 percent magnetite. Plagioclase crystals, 4 to 
10 mm long, are common in the more crystalline flows. The 
vesicular flow member has distinctive elongated vesicles often 
filled wlth secondary calcite. The member is more vesicular to- 
ward the top, and only the lower flows are porphyritic. 

Qu~chapa Group 

The Quichapa Group was first described as three lgnlm- 
brite units in the Pine Valley Mountains by Cook (1957, p. 
53-57). It was named by Mackin (1960, p. 89, 97) from expo- 
sures in Quichapa Canyon in the Iron Sprlngs district. The 
Quichapa Group is a sequence of ignimbrites of varied lith- 
ology extending over much of southwestern Utah and south- 
eastern Nevada. In the Bull Valley Mountains, four formations 
of the Quichapa Group are recognized: (1) Leach Canyon Tuff, 

(2) Bauers Tuff Member of the Conder Canyon Formation, (3) 
Little Creek Breccia, and (4) Harmony Hills Tuff. 

Leach Canyon Tuf l  
The basal formation of the Quichapa Group IS the Leach 

Canyon Tuff. It  consists of 0 to 114 m of pale yellow and 
bluish gray moderately welded vitric crystal latite tuff. The 
Leach Canyon Tuff is 30 to 40 percent crystals of which 40 per- 
cent is quartz, 25 percent plagioclase, 25 percent sanidine, and 
10 percent biotite. Abundant red lithic fragments about 3 cm 
across are present. 

The Leach Canyon Tuff lies variously on Isom Formation, 
Supai-Coconino Sandstone, and Callville Limestone. The most 
complete section of the Leach Canyon Tuff is exposed on the 
east side of Butcher Knife Canyon. 

Bauers Tuf l  Member 
Bauers Tuff and the Sweet Hills Tuff are members of the 

Conder Canyon Formation found in southwestern Utah, but 
the Sweet Hills Tuff IS not present in the Bull Valley Moun- 
tains (Blank 1959, p. 45). Bauers Tuff is the only member 
found there. 

Bauers Tuff is the upper member of the Conder Canyon 
Formation. In the Bull Valley Mountains it overlies the Leach 
Canyon Tuff and underlies the Little Creek Breccia. It  is a red 
or pink welded vitric crystal latire ruff with eutaxitic fabric. 
The Bauers Tuff is 30 percent crystalline, of which 50 percent 
is plagioclase, 30 percent sanidine, and 20 percent biotite. Pum- 
ice fragments in the Bauers Tuff are drawn out Into schlieren 
structures. The eutaxitlc appearance and schlieren structures are 
distinctive and helpful for field identification. In Butcher Knife 
Canyon the Bauers Tuff IS 0 to 20 m thick. The basal contact 
with Leach Canyon Tuff is marked by. 5 m of dense black 
glassy rock. In some locations along Butcher Knife Canyon 
and west of Potter Peak, the Bauers Tuff is absent, and the 
Little Creek Breccia rests dlrectly on Leach Canyon Tuff 

Lzttle Creek Breccia 
Blank (1959, p. 45-48) named a thick sequence of andesite 

flows and breccla flows, overlying the Bauers Tuff, the Llttle 
Creek Breccia. It consists of 55 to 338 m of massive andesite 
flows. Flows at the base of the formation are brecciated. The 
fragments are angular to subrounded and are composed of the 
same material as the matrjx. The brecciation of the flow rock 
was probably not tectonic but rather autobrecciated. Breccia- 
tion grades vertically into unbroken rocks. The breccia is best 
exposed on the north and west sides of Mineral Mountain. Var- 
latlons of texture and color of this formation are spectacular. 
Fresh surfaces of the Little Creek Breccia are usually grayish 
purple to very dark red, but dark browns and greens are also 
common Fresh outcroppings are masslve, but weathered out- 
crops are reduced to platy chlps and fragments which are iron 
stained and earthy. 

The Little Creek Breccia ranges from porphyritic (up to 35 
percent phenocrysts) to aphanitic. Phenocrists are 60 percent 
plagioclase (labradorite), 35 percent pyroxene, and 5 percent 
magnetite. One flow contains 15 percent biotite and 10 percent 
quartz. 

Hammy Hills Tu f i  
Harmony Hills Tuff IS a biotite hornblende quartz crystal 

dacite tuff. It is 40 to 50 percent crystal of which 60 percent is 
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plag~oclase, 20 percent biotite, 15 percent quartz, and 5 percent 
sanidine. Lithic fragments of felsite are present but  not  
abundant. 

The Harmony Hills Tuff overlies Little Creek Brecc~a and 
underlies the post-Quichapa tuff. It  is exposed along the south- 
ern border of the mapped area. O n  thg northwest side of Min- 
eral Mountain the tuff is exposed between a normal fault and a 
strike-slip fault. The formation is 128  m thick on the south 
side of Mineral Mountain. 

Post-Qu~chapa Tuff 

Overlying the Harmony Hills Tuff are 114 m of moderately 
welded biotite quartz pyroclastic latite tuff. The post-Quichapa 
tuff is 40 percent crystals of which 20 percent is quartz, 30 per- 
cent plagioclase, 35 percent sanidine, and 15 percent b~otite. 
Lithic fragments of red and brown felsite are present but sparse. 
The post-Quichapa tuff 1s found north of Mineral Mountain, 
but most exposures are altered and weathered. Quartz is the 
most dist~nguishable mineral and occurs commonly as broken 
clasts. Biotite 1s altered but recognizable. Post-Quichapa tuff 1s 
stratigraph~cally where the Bull Valley suite rocks are in the 
Bull Valley district. The Bull Valley s u m  was described by 
Blank (1959, p. 51-55) as eruptlve rocks from a center in the 
Bull Valley district. The rocks are descr~bed as a quartz mon- 
zonite intrusive, quartz latites, and quartz latite tuffs. Blank 
(1959, p. 61-63) reports that although the extrusive phases are 
quartz latites and quartz latite tuff, no quartz phenocrysts are 
present. 

One of the quartz latite tuffs which outcrops over a large 
area of southwestern Utah and southeastern Nevada 1s called 
the Rencher Formation (Blank 1959, p. 51-55). The Rencher 
Formation is stratigraphically between the Harmony Hills Tuff 
and the Shoal Creek Breccla in the Bull Valley district, and the 
post-Quichapa tuff lies between the Harmony Hills and Shoal 
Creek Breccia in the thesis area. The correlation of the Rencher 
Formation with other extrusive phases of the Bull Valley suite 
IS uncertain, but the abundance of fragmental quartz In the 
post-Quichapa tuff and the absence of quartz In the Rencher 
Formation In the Bull Valley district make the correlat~on of 
the two seem unhkely. 

Shoal Creek Brecc~a 

Overlying the post-Quichapa tuff js a sequence of andesite 
and dacite flows called the Shoal Creek Breccia. Blank (1959, p 
108-10) named and described the Shoal Creek Breccia from ex- 
Dosures in Shoal Creek In the Bull Vallev district. The breccia 
is predominately a massive dark brown to dark maroon color, 
but variations are common. Breccia clasts and matrix mater~al 
are of the same general composition, but phenocrysts appear 
larger In the matrix than in the breccia clasts 

The Shoal Creek Breccia is 25 to 33 percent visible crystals, 
of which 35 percent is hornblende, 50 percent plag~oclase, and 
15 percent pyroxene. It looks similar to the Llttle Creek 
Breccia. Distingu~shing the two in the field 1s d~fficult, but the 
distinction can be made by stratigraphic positions and the pres- 
ence of hornblende in the Shoal Creek Breccia, which is absent 
In the Little Creek Breccia. The Shoal Creek Breccia is 52 m 
thick north of Mineral Mountain ana Marble Mountain and 
overlies the post-Quichapa tuff. 

TERTIARY INTRUSIVE ROCKS 

General Stacernent 

Intrusive activity postdates all the extrusive rocks in the 
area. The major intrusive events bake$, altered, and deformed 

rocks whlch were deposited earlier. The alkali-feldspar granite 
porphyry makes up the major portion of the Mineral Mountain 
Stock. An alaskite lntruslon, porphyritic granite dikes, and lam- 
prophyre d~kes cut the alkali-feldspar granlte porphyry. The al- 
kall-feldspar granite porphyry intrudes along the axls of the 
Mlneral Mountain Antlcllne which probably served as a struc- 
tural control for the emplacement of the alkali-feldspar granite 
porphyry. The other intrusive rocks resulted from the d~fferen- 
tiat~on of the alkali-feldspar granite porphyry. 

An alkali-feldspar porphyry makes up the major peaks of 
Mineral Mountaln (fig. 3). The northern portion of the intru- 
sive body is displaced laterally to the east approximately 1,280 
m, by a r ~ g h t  lateral str~ke-slip fault. Marble Mountaln has been 
partially formed on the displaced northern portlon of the stock 
If the displaced part of the stock were restored to ~ t s  or~ginal 
pos~tion, the intrusive body would be roughly elllpt~cal, elon- 
gated parallel to the axla1 trend of the Mineral Mountain Anti- 
cline. The fault has almost d~splaced the stock Into two sepa- 
rate bodles. The surface area of the Mineral Mountaln is 6.3 
km2. 

The alkali-feldspar granite porphyry has intruded into the 
Pennsylvan~an Callv~lle Limestone which was arched, brec- 
ciated, and recrystallized into marble. 

The alkali-feldspar granite porphyry is leucocrat~c, com- 
monly light gray to very light gray. Weathered surfaces are pale 
grayish orange to pale yellowish orange. Generally, the finer 
the matnx, the darker the rock. Typically, the granlte porphyry 
outcrops are sphero~dally weathered Slopes around the stock 
are usually platy chips of the lntruslve rock and grus over- 
grown by dense brush 

Mlneral percentages of the granlte were determined by v~s-  
ual and th~n-section measurements. Samples were selected from 
various locations and provided an average mlneral percentage. 

K-feldspar 55% 
Quartz 30% 
Plagioclase 7% 
Hornblende 5% 
Magnetite 3% 
Apatite Trace 
UGS Class~ficat~on, alkali-feldspar granlte porphyry 
(Streke~nsen 1971, p 27) 

In the maln bodv of the Mineral Mountain Stock the alka- 
11-feldspar granite porphyry has a phanerit~c matrix. The phane- 
ritic crystals of quartz and K-feldspar have an average d~ameter 
of 0.2 mm. 

An apophysis of granlte porphyry extends into the Little 
Creek Breccia on the southwest side of the stock. Here the 
phenocryst percentages are the same as the maln stock, but the 
phaner~tic matrix 1s finer grained Crystals of the matrlx from 
this area are 0.05 mm in diameter. In Butcher K n ~ f e  Canyon 
east of the Marble Mine, samples of granite porphyry have an 
aphanitic matrix. Changes in crystal size take place over very 
short distances indicating rap~d temperature changes w~thin the 
stock during ~ t s  emplacement. The decrease In matrlx gram slze 
does not necessarily occur along the contact but usually does 
occur w~th in  300 m of it. Marginal cooling may contribute to 
decreasing crystal slze, but the drast~c changes noted are more 
likely a result of near-surface emplacement. 

K-feldspar and quartz phenocrysts are a distinctive feature 
of the granite porphyry rock and are rather un~form through- 
out the lntruslve body. Along contacts with the country rock, 
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the phenocryst percentage of the granite porphyry is less than 
near the center of the stock. It is common to find a noticeable 
decrease in phenocrysts 9 to  15 m from the contact. 

K-feldspar phenocrysts are usually elongated laths 3 to 4 
mm long. Along the contacts with the Callville Limestone and 
Tertiary volcanic rocks the K-feldspar phenocrysts are altered to 
clay minerals. Plagioclase is often observed within K-feldspar 
phenocrysts. 

Short stubby dipyramidal quartz phenocrysts about 7 mm 
across are the most easily recognized feature of the alkali- 
feldspar granite porphyry. All quartz phenocrysts are corroded 
and embayed. Quartz is most deeply embayed along contacts 
and in areas of the stock where the matrix is finer. Phenocrysts 
of quartz are often fractured with a void in the center, and sec- 
ondary magnetite and other iron oxides are often deposited in 
the voids. The short stubby nature and the fracturing of the 
quartz phenocrysts are characteristic of beta quartz inverted to 
alpha quartz. 

Alaskite Intrusion 

On the southern slope of Marble Mountain, southwest of 
the marble quarry, is an elliptical alaskite intrusion which mea- 
sures 120 m by 210 m and is completely contained within the 
alkali-feldspar granite porphyry. A narrow chill margin has 
formed along the contacts. 

The alaskite has a fine equigranular texture of K-feldspar 
and quartz. Its average mineralogical composition is as follows: 

K-feldspar 75% 
Quartz 20% 
Magnetite 4% 
Plagioclase Trace 
Hornblende Trace 
UGS Classification, alaskite (Streckeinsen 1975, p. 13) 

The alaskite looks stony in hand sample and is void of maf- 
ic minerals. It  is younger than the alkali-feldspar granite and is 
likely a late phase of the major intrusive activity. Mineral com- 
position of both alaskite and alkali-feldspar granite is similar, 

but lack of phenocrysts and absence of mafic minerals indicate 
a different petrologic history for the alaskite. 

Lamprophyre Dikes 

Augite Kersantite Dike 
On the ridge that extends southeast from the marble quar- 

ry on Marble Mountain is an augite-rich lamprophyre dike. The 
dike is completely within the stock and trends north 34" east 
and is nearly vertical. The dike runs perpendicular to the ridge 
and is exposed for 60 m across the crest before being lost under 
float and brush. The dike is 1.4 m wide at the crest, decreasing 
to .5 m down each slope. 

In hand sample the dike rock is dark green and aplitic. The 
rock is largely augite with minor plagioclase and traces of 
quartz, biotite, and hornblende (USG Classification, augite ker- 
santite [Streckeinsen 1979, p. 3311). 

Hornblende Kersantite Dike 
At the Pickadilly Mine two hornblende kersantite dikes cut 

the recrystallized Callville Limestone along relic bedding planes. 
They are exposed at the portals of the two main drifts and 
trend north 60" west, dipping 70 to 80" west. The lower drift 
follows one dike into the hill 19 m, and the upper drift follows 
the other dike 21 m where the dike swings to the north. This 
drift continues north 60" west into barren marble. The dike of 
the upper drift is exposed on the hill above the mine where 
small prospect pits appear all along the outcrop of the dike. 
The two dikes at the Pickadilly Mine are petrographically iden- 
tical and possibly join at depth. 

Plagioclase grains are subhedral phaneritic intergrowths, 
and anhedral hornblende fills spaces between. Magnetite and 
pyrite are minor minerals. The pyrite was probably introduced 
by late hydrothermal activity (UGS Classification, hornblende 
kersantite [Streckeinsen 1979, p. 331)). 

Just south of the granite porphyry-Callville Limestone con- 
tact on the south ridge of Mineral Mountain is another horn- 
blende kersantite dike. This dike is not well exposed. It  is 

FIGURE . -Minera l  Mounra~n  looking northwest from Butcher Knife Canvon, where g marks the granite porphvry which makes up  the highcst peaks of Mincral 
Mountain. The  Callville Limestone, altered t o  marble. 1s marked m. Leach Canvon Tuff is in the foreground. 
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found only In shallow prospect pits on the r~dge  and can be lateral strike-sl~p fault and covered by Ternary volcanic rocks 
traced for only a few meters. This dike is finer grained than the (fig. 4). 
two at the Pickadllly Mine but compositionally the same The oldest formation exposed in the anticline IS Callvllle 

Limestone which plunges under Tertiary volcanlc rocks south 

Along the west side of the alkali-feldspar granlte porphyry 
stock are many small (1 m to a few cm) porphyritic granite 
dikes, which are finer grained than the main intrusion. These 
dikes follow a dominant north-south joint set withln the stock. 
None could be traced into the country rock although most are 
near the margins of the stock. One dike was traced 12 to 18 m 
by discontinuous outcrops in the float. 

The dike rocks contaln phenocrysts of K-feldspar and equal 
amounts of subhedral quartz and K-feldspar in the matrix with 
minor plag~oclase and i trace of magneti;e (UGS Class~fication, 
granite [Streckeinsen 1975, p. 13-27)). 

Some leucogranite dikes cut the post-Qu~chapa tuff in the 
northwest corner of the mapped area These dikes are thin (1 
to 10 cm) and weather to foim resistant low ridges about 10 
cm high which can be traced several meters. All have a north- 
south trend and dip nearly vertically. Composition and texture 
are s~milar to dikes in the stock and may be extensions of 
them; however, correlat~on is impossible because of ground 
cover and d~splacement by the right lateral str~ke-slip fault. 

Age Relat~onsh~ps of the Igneous Rocks 

Much work has been done on the geochronology of Ter- 
tlary Igneous rocks In southwestern Utah, although no speclfic 
radiometric dating has been done on volcanic rocks in the Min- 
eral Mountain area. The same volcanic formations as in the 
Mineral Mountain area, however, have been dated radio- 
metrically from areas close by. 

Samples of the Bald Hills Tuff Member of the Isom Forma- 
tion from the Iron Springs district have been established by K- 
Ar dating to be 25.0 f 0.5 m.y Armstrong (1970) considered 
the Bald Hills Tuff to be late Oligocene or early Miocene. Al- 
though the Bald Hills Tuff 1s absent from Mlneral Mountain 
area, Blank (1959, p. 38-41) mapped it resting on the vesicular 
flow member of the Isom Formation in the Bull Valley Moun- 
tain district; hence the age of the Isom Formation's vesicular 
flow member should be late Oligocene. 

Several age dates have been obtained from the varlous for- 
mations which make up the Quichapa Group. The Bauers Tuff 
Member of the Condor Canyon Formation has been well dated 
radiometrically as early Miocene by Armstrong (1970, p. 208-9) 
and by Fleck and others (1975, p. 56-58) Armstrong obtalned 
dates of 21.3 f 0.5 and 21.6 f 0.4 m.y. from samples of 
Bauers Tuff from Nevada, and Fleck and others (1975, p. 
55-59) obtained dates of 22.1 f 0.6 m.y. near Panguitch, 
Utah. The Harmony Hills Tuff is also Miocene, dated at 19.8 
f 0.4 in Nevada and 21.3 f 0.4 m.y. at Sweet Hills, Utah 
(Armstrong 1970, p. 208-9). 

The alkali-feldspar granite porphyry has effectively baked, 
altered, and brecciated all ages of rocks that surround it. The 
intrusive is assumed to have been emplaced during the Miocene 
age. 

STRUCTURE 

The  M~neral  Mountam A n t ~ c l ~ n e  

The major structural feature of the mapped area is a south- 
trending antlcline, here named the Mlneral Mountain Anti- 
cline The north end of the antlcline is displaced by the right 

of Mineral ~ o u n t a i n .  Callvllle ~lrnestone has been ~ntruded by 
the granite porphyry that forms the highest peaks of Mineral 
Mountain. It  is altered to dolomitic marble around the intru- 
sion, and in some places the granite has assimilated the carbo- 
nate completely 

Evidence indicates that the anticline was present prlor to 
the deposit~on of the Tertiary volcan~c rocks and had renewed 
arching during the emplacement of the granlte porphyry. On 
the east flank of the Mlneral Mountain Antlcllne, the Isom 
Formation and the Leach Canyon Tuff are restlng on the Call- 
ville Limestone. On the west flank, Llttle Creek Breccia rests 
on Callville Limestone (fig. 4, cross sectlon B-B'). Across the 
crest of the antlcllne north of Potter Peak, Supal-Coconino 
Sandstone 1s overlaln by Leach Canyon Tuff and Llttle Creek 
Brecc~a. The Leach Canyon IS thinned from 115 m in Butcher 
Knife Canyon to 40 m just north of Potter Peak If the anti- 

cline formed a topograph~c h ~ g h  durlng Isom tlme, the deposi- 
tlon of the Isom would have been controlled bv ~ t .  The h ~ l l  
would have acted as a barrier, restricting or preventing deposl- 
tion of the Isom on the west flank. During Quichapa time, the 
topographic barrier could have been filled, allowing the Leach 
Canyon Tuff to flow across lower areas of the topograph~c 
h ~ g h  By then the topography was more or less flat, except for 
the highest portion of the hill formed on the anticline. The 
Little Creek Breccia was then able to cover the structure. If this 
model is correct, the difference of the volcanic strat~graphy 
found on the east and west flanks of the anticline would be 
explained by the existence of a topograph~c barrier formed by 
the Mineral Mountaln Anticline before the depos~t~on of the 
Isom Formation 

The Callville Limestone and Supal-Coconino Sandstone are 
segments of the Castle Cliff Thrust on Mineral Mountain 
Cook (1960, p 67) Indicates that the Castle Cl~ff Thrust 
formed during the late Cretaceous and Eocene The com- 
pressional forces which formed the Mineral Mountaln Anticline 
are cons~dered to be contemporaneous with those which caused 
the thrusting events durlng the Sev~er orogeny and would be 
prior to Isorn time, which is late Oligocene or early Miocene 
(Anderson and Rowley 1975, p. 19-20). 

Callville Limestone on the flanks of the antlcline dips from 
63 to 30' whereas the Tertiary volcanic rocks along the flank 
d ~ p  16 to 10' off the structure (fig. 4, cross section B-B') The 
angular unconformity between the Paleozoic rocks and the Ter- 
tiary volcanic rocks indicates addlt~onal arching during the Ter- 
tlary, poss~bly caused by emplacement of the Mineral Mountaln 
Stock. 

Faults 

Thrust Faults 
Pre-Tert~ary structures are mostly covered by Tert~ary vol- 

canic rocks in the Bull Valley Mountains but can be seen on 
Square Top Mounatin 10 km southeast of Mineral Mountain. 
Here the Callville Limestone and Supai-Coconino Sandstone 
have been thrust over Jurasic and Cretaceous rocks (Cook 1960, 
p. 69). Callville Limestone can be traced from Goldstrike 
on Square Top Mountaln to Mineral Mountain. T h ~ s  is the 
easternmost exposure of Paleozo~c rock in the Bull Valley 
Mountains. 

The largest segment of Dobbln's (1939, p. 129-31) Castle 
Cl~ff Thrust IS found on Square Top Mountaln On Mineral 
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Mountain the Castle Cliff Thrust appears as outcrops of Call- 
ville Limestone and Supai-Coconino Sandstone (Cook 1960, p. 
69), but the sole of the thrust is not exposed. 

Right Lateral Stde-SL$ Fault 
O n  the north side of Mineral Mountain is a right lateral 

strike-slip fault that strikes north 65" west and has approx- 
imately 1,280 m of lateral displacement. The fault can be seen 
distinctively on aerial photographs but is rather difficult to lo- 
cate on the ground. The fault is younger than any other major 
geologic feature in the thesis area. The northern part of the 
granite porphyry stock has been displaced to the east by the 
strike-slip fault until it is almost completely separated from the 
rest of the intrusion. 

In Slaughter Creek Canyon the fault is exposed where it 
crosses the stream gorge. A broad breccia and gauge zone 9 m 
wide is present where the Little Creek Breccia has been 
brought in contact with the granite porphyry intrusion. In 
Butcher Knife Canyon the fault has brought the granite por- 
phyry intrusive on the north side of the fault in contact with 
the Leach Canyon Tuff on the south side (fig. 5). 

The strike-slip fault movement displaced the north side of 
the intrusion and the mineralization on its west contact east- 
ward relative to the main intrusion. The Emma Mine is located 
on the displaced eastern segment. 

Normal Faults 
On the northwest side of Mineral Mountain, a normal 

fault and the strike-slip fault form the boundaries of a graben 
of granite porphyry, marble, and Harmony Hills Tuff. The nor- 
mal fault is south of the strike-slip fault and strikes north 86" 
west (fig. 6). It  is assumed that the normal fault joins with the 
strike-slip fault to  the east. 

The graben has dropped the Harmony Hills Tuff into con- 
tact with the Callville Limestone, granite porphyry, and the 
Little Creek Breccia. 

CONTACT METAMORPHISM A N D  METSOMATISM 

General Statement 

The alkali-feldspar granite porphyry stock is in contact with 
the Callville Limestone along 90 percent of its margin where 
the carbonate rock is altered by pyrometamorphism and me- 
tasomatism. Three zones of alteration are recognized: (1) the 
outermost zone is a broad band of dolomite and calcite marble, 
formed by recrystallized Callville Limestone; (2) directly along 
the granite porphyry-marble contact is a discontinuous zone of 
tactite-both these alteration zones are caused by exomorphic 
reactions; and ( 3 )  granite porphyry near the contact has been 
altered by endomorphism, which is not continuous but is gen- 
erally associated with areas where exomorphic alteration is most 
intense. 

FIGURE 5.-Right lateral strike-slip fault at  the head of Butcher Knife Canyon. g = granite porphyry. Ic = Leach Canyon Tuff, m = marble. 
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T h e  Marble Zone  

The marble zone is due to heat from the intrusion. On the 
south side of Mineral Mountain marmorization extends 90 to 
1,100 m into the limestone. Wider marble zones suggest the 
intrusion extends out under the Callville at depth. On the 
western and northern sides of the intrusion the marble zone is 
not so wide, grading into unaltered dolomite within 200 m 
from the stock. 

In most areas of marrnorization, relic bedding of the carbo- 
nate rocks is discernable and dips away from the granite por- 
phyry contact. Alteration in the more dolomitic beds can be 
traced hrther  from the intrusive contact than that in the lime- 
stone layers, and the dolomite marbles tend to be coarser 
grained than limestone marbles. Closer to the intrusive contact, 
where marmorization is most intense, the marble is coarser, and 
small amounts of brucite, epidote, and antigorite are present. 
The marble zone is a controlling factor of the location of the 
endomorphic bleach zone and to some extent the tactite zone. 

Tacrire Zone  

A zone of tactite occurs along the contact between the in- 
trusion and the marble zone. The tactite forms discontinuous 
bodies elongated parallel to the boundaries of the intrusion, 
usually along the contact area (fig. 7 ) ,  but also off the contact 

in the marble zone. The tactite is poorly developed on the east- 
ern and southern sides of the intrusion where it is commonly 
less than 1 m wide or completely absent. Where the tactite 
zone is absent, a coarse-grained marble rests directly in contact 
with the intrusion. The largest tactite bodies are exposed along 
Slaughter Creek, on the western and northern sides of the 
stock. Some mining has taken place in these larger bodies for 
iron and copper minerals. The tactite zone just west of Slaugh- 
ter Creek is more continuous than in other areas. The trend of 
this zone is terminated by the right lateral strike-slip fault and 
displaced some 1,280 m east on the north side of the Mineral 
Mountain. The Emma Mine is located on the displaced portion 
of the western tactite zone. The northern side of the intrusion 
which has been displaced by the strike-slip fault has a tactite 
zone, but it is not nearly so well developed as at the Emma 
Mine or along the western side of the stock. 

Mineralogy of the tactite seems to be consistent through- 
out all the areas observed. The major minerals which comprise 
the tactite are brucite (nemalite), magnetite, antigorite, calcite, 
and quartz, suggesting conditions common to a pyroxene 
hornfels facies. Minor amounts of monticellite, augite, forster- 
ite, spinel, garnet, and sphene are also present. Fractures and 
shears are filled with calcite, aragonite, antigorite, and copper 
oxides. 

FIGURE (,.-Graben in Slaughter Creek Canyon looking west. bounded bv strike-slip fault ( r ~ g h r )  and norn1:ll f i ~ i ~ l t  p = gr:lnltc porph\rv. m = m.trhlc. h = 
Harmonv Hills Tuff, and I = L~t r l e  Crrek Breccia. 
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Brucite (nemalite) is the most abundant tactite mineral. It  
is dark gray to black and fibrous, and it has a somewhat greasy 
feel. Weathered surfaces are light gray to chalk white. Fibrous 
brucite is formed quite often by hydration of periclase (Deer 
and others 1975, p. 403), and the brucite on Mineral Mountain 
is probably formed by such an alteration. The fibers of brucite 
are often oriented perpendicular to the dolomite bed it has re- 
placed. Antigorite has formed by the hydration of forsterite. 

Magnetite is found as veins, as replacement deposits, and as 
pods of isolated magnetite along shear zones. Where tactite is 
most extensive, magnetite has replaced dolomite beds, and 
stringers and veinlets of magnetite in the marbles are associated 
with these replacement deposits. 

Tactite is best developed on the west side of the intrusion 
in marble; however, some tactites are found in the Little Creek 
Breccia. 

timeters to 140 m. Along the western side of the intrusion the 
bleach zone is most continuous and averages 60 m wide. Some 
wider bleach zones, such as at the Emma Mine area, suggest 
that the contact is dipping quite shallowly. Erosion of the con- 
tact has exposed a broad zone beneath it. 

In the bleach zones the mafic minerals are absent or re- 
placed by clay minerals and sericite, and the K-feldspars and 
matrix minerals are also altered to argillic minerals. Quartz 
phenocrysts are more deeply embayed in the bleach zone than 
in the main intrusive body, and xenoliths of marble bounded 
by reaction halos are sometimes found. The halos are dark calc- 
silicate minerals and magnesium oxides such as forsterite, 
sphene, diopside or augite, and periclase. 

Along 10 percent of its exposed margin the intrusive stock 
intrudes Tertiary volcanic rocks. In Butcher Knife Canyon, on 
the east side of the stock, the Isom Formation and the Leach 
Canyon Tuff are in contact with the granite porphyry, and the 
bleach zone is absent. That only minor alteration of the mafic 
minerals occurs in the granite is evident. 

The endomorphic bleach zone is best developed where tac- 
tite is present, but it is also present where granite is in contact 
with marble. Wide bleach zones not related to tactites are pres- 
ent on the north side of the granite porphyry, suggesting ero- 

Bleach Zone 

The granite porphyry intrusion in contact with the Call- 
ville Limestone has been endomorphically altered. In areas of 
well-developed tactite, the granite is usually bleached chalky 
white, and it is difficult to distinguish marble from bleached 
granite. The width of the bleached zone varies from a few cen- 

sion of flat-lying contacts. 

HYDROTHERMAL ALTERATION 

Hydrothermal alteration occurs near the granite porphyry 
contact with both Callville Limestone and Tertiary volcanics. 
Four types of alteration are found: (1) argillization, (2)  silicifi- 
cation, (3) propylitization, and (4) pyritization. Argillic altera- 
tion is most widespread and extends farther from the intrusive 
than do the other three types. Silicification is close to the intru- 
sion contact, and propylitization and pyritization are found 
only in isolated areas. 

The Little Creek Breccia on the western and northern sides 
of Mineral Mountain is extensively altered where the argillic al- 
teration has rendered the Little Creek Breccia more susceptible 
to weathering and erosion. Outcroppings are friable and rub- 
bled with detritus containing clay minerals and iron oxides. 
Slopes on the north side of Mineral Mountain are covered with 
soft red clay soils and rock chips weathered from the altered 
breccia. 

The post-Quichapa tuff on the north side of the Mineral 
Mountain Stock is also intensely altered to argillic minerals 
with only broken quartz phenocrysts remaining unaffected. 

FIGURE 7.-Tactire resrlng ( r )  on granlte porphvry ( g )  50 m norrh of Gregerson 
Mine. 

Silicification of the Callville Limestone has occurred on the 
south ridge of Mineral Mountain. Silica replacement of the 
limestone has rendered it a dense, siliceous, dark gray outcrop. 

On the northern side of the stock narrow quartz veins ex- 
tend from the intrusion into the post-Quichapa tuff, which has 
been silicified up to 0.5 m from the veins. In one location 
many quartz veins are close together, and the entire outcrop is 
silicified. 
Butcher Knife Canyon the rocks of the Isom Formation show 
propylitic and pyritic alteration. Most of the outcrops have 
been thoroughly altered to clays, epidote, and chlorite, with 
some replacement by pyrite. In one location, pyrite has replaced 
the amygdaloidal fillings in a vesicular flow member of the 
Isom. Plagioclase phenocrysts are partially replaced by pyrite 
and epidote, and propylitic alteration halos surround the re- 
placed phenocrysts. Epidote and chlorite have replaced the fer- 
romagnesium minerals. In Butcher Knife Canyon the Leach 
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Canyon Tuff has also been altered to argillic minerals but  not  
so intensely as the Isom, and propylitic and pyritic alteration is 
absent. 

The  lamprophyre dikes on the southwest side of Mineral 
Mountain, at  the Pickadilly Mine, have pyritic, hematitic, and 
argillic alteration. Pyrite occurs primarily along a shear zone in 
the hanging wall of the dike, and veinlets and disseminations 
of pyrite are also found in the dike rock. Argillic and hematitic 
alteration has replaced breccia along the hanging wall shear 
zone between dike and marble. Calcite and quartz veins cut the 
lamprophyre dike, but  n o  wall rock alteration was observed. 

ECONOMIC GEOLOGY 

Mining History 

Mining on Mineral Mountain has been spotty and sporadic 
since i t  began in the late 1800s. Interest in the mineral poten- 
tial of Mineral Mountain was n o  doubt influenced by gold dis- 
coveries in the nearby Goldstrike camp. The three areas of the 
most extensive mining activity were the Pickadilly, Emma, and 
Gregerson Mines. Each area has several prospects and some 
drifts. 

The Pickadilly Mine was worked prior to 1899, but t o  what 
extent is not known. Around the turn of the century the 
Emma claim was located. In 1903 samples from the Emma 
Mine were reported to  run $12.90 per ton of gold and 11.5 per- 
cent copper (Salt Lake Mining Review 1903, p. 30). In 1904 a 
ledge (vein) of aluminium ore (alunite) was found cross cut- 
ting the drift. I t  was reported to assay at  50 percent aluminium 
(Salt Lake Mining Review 1904, p. 27). 

Interest in the mining on Mineral Mountain declined be- 
cause of the lack of high-grade ores and poor accessibility, and 
since that time the area has had periodic activity. Some drilling 
and mining were done in the mid-1960s in the Emma and Gre- 
gerson mines, but  n o  ore was produced (Jack Holt  personal 
communication). The area has been idle since then except for 
some marble quarrying on Marble Mountain. N o  records of ore 
production are known, and i t  is doubtful that any ore was ever 
shipped. 

Magnetite Deposits 

Be&d Replacement Bodies 
The largest magnetite deposits are of pyrometasomatic ori- 

gin. They occur as bedded replacements of marmoritized Call- 
ville Limestone. Magnetite, brucite, and antigorite are the ma- 
jor minerals with minor quartz, chlorite, spinel, periclase, and 
forsterite. Quartz and calcite veins cut the ore body. The  calcite 
veins often contain chrysocolla, malachite, and azurite. The 
presence of antigorite and brucite in the ores indicates that 
dolomitic beds of the Callville Limestone are the most favor- 
able host rocks. 

The west side of the Mineral Mountain Stock has the larg- 
est bedded replacement deposits. The  Gregerson and Emma 
Mines are both located along this side; the Emma Mine on the 
north side of the right lateral strike-slip fault is displaced to  the 
east. The  other contact areas have only minor deposits. 

The dolomite marbles along the contact of the Mineral 
Mountain Stock have been py~ometasomatically replaced by 
~ericlase and forsterite. Iron-rich hvdrothermal solutions re- 
placed the dolomitic marbles, oxides, and silicates with magne- 
tite along the bedding planes. Presumably, copper was associ- 
ated with the magnetite as chalcopyrite. Fracturing of the 
deposits by either solution pressure or intrusive activity allowed 

later solutions to  move through the deposits. The solutions 
hydrated periclase to  brucite and forsterite to antigorite. The 
fractures were filled with quartz and antigorite, forming a net- 
work of thin veinlets. 

Groundwater moving through these bedded replacement 
deposits has oxidized the chalcopyrite and relocated the copper 
along open shears and fractures as azurite, malachite, and 
chrysocolla. In the larger deposits and in some of the minor 
ones, quartz boxwork structures have formed around unre- 
placed brecciated marble. The removal of carbonate material be- 
tween the quartz framework has left open voids. Some of the 
septus retain relict rhomboheldral cleavage shapes. 

Fissnre Fi//ings 
Fissure veins within the tactite zone in volcanic rocks and 

marble are primarily magnetite and hematite with minor 
amounts of quartz. Fissures of magnetite are much smaller than 
the bedded replacement deposits and have been formed by frac- 
ture filling and some wall rock replacement. Typically fissure 
veins are less than 0.5 m wide and can be traced on the surface 
for only a few meters before they pinch out. 

At one location north of the Pickadilly Mine, a magnetite 
vein is exposed in the roadcut (fig. 8). The vein strikes north 
5' east and dips near vertically. Slickensides along the vein in- 
dicate ground movement since deposition of the ores. The 
magnetite has replaced part of the Little Creek Breccia along 
the vein. The  prospect on the southeast side of Mineral Moun- 
tain is located on a small magnetite vein in the marble zone. 
These are small shoots of magnetite extending along the bed- 
ding planes or shears from the bedded replacement deposit. 
Magnetite fissure fillings are usually associated with areas of 
brecciation close to  the intrusive contact. Fissure fillings are 
typically associated with the bedded replacement deposits. Fis- 
sure-filling veins exposed near the surface may indicate bedded 
replacement deposits near by. 

Magnetite Veinlets 
Along the western side of the Mineral Mountain Stock in 

the endomorphic bleached zone are sheeted veinlets of magne- 
tite less than 3 cm wide which can be traced for several meters 
(fig. 9). These veinlets are nearly pure magnetite and are paral- 

FIGURE 8.-Magnetite vein exposed along road cut in the Little Creek Breccia 
north of Pickadillv hline. 
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leled by veinlets of quartz. Both magnetite and quartz veinlets 
closely parallel a dominant joint direction of the granite por- 
ohvrv which strikes north 15' west and dios 75" east. The 
I l i  

quartz veinlets are younger, crosscut, and parallel, and they in- 
tertwine with the magnetite veinlets. Just south of the Emma 
Mine are similar magnetite and quartz veinlets in the recrys- 
tallized dolomites and marbles of the Callville Limestone. The 
magnetite and quartz veinlets strike north 80' east and dip 
near vertically. In both the granite porphyry and marble where 
the quartz veinlet crosses or joins with a magnetite veinlet, the 
magnetite is replaced by quartz. 

Mineralization Associated with the Lamprophyre Dikes 

Lamprophyre dikes at the Pickadilly (Humbug) Mine con- 
tain veins of magnetite, limonite, pyrite, and disseminated py- 
rite. The magnetite veins are 4 to 8 cm wide and cut across the 
dike. Along the hanging wall contact between dike rock and 
marble are veins of magnetite and pyrite, with secondary limo- 
nite. Traces of tungsten and molybdenum are present but are 
detected only by assay. One sample collected from the dump of 
the lower drift of the Pickadilly Mine assayed at one-half ounce 
per ton of silver. 

Paragenesis o f  Ores 

Mineralization is localized along the contact zone, between 
carbonate rocks and the Mineral Mountain Stock. The Callville 
Limestone was recrystallized to dolomite marble along the con- 
tact and continued interaction with the intrusion-altered 
marble to periclase and forsterite. Iron-rich solutions from the 
intrusion metasomatically replaced marble and skarn minerals 
with magnetite. Deposited with the magnetite were chalcopy- 
rite, gold, silver, and molybdenum. This period of metalization 
produced bedded replacement bodies, fissure-filling veins, and 
magnetite veinlets. Following metalization, the mineralized 
areas were shattered and sheared by either solution pressure or 
additional intrusive activity. Thermal solutions moved along 
fractures and shears, hydrating periclase to brucite (nemalite) 
and forsterite to antigorite. Quartz and an tigorite were depos- 
ited along fractures within the brucite and magnetite bodies in 
the bedded replacement deposits. Solutions have removed unre- 
placed brecciated marbles, leaving an open boxwork structure. 
Quartz forms the thin septus of the boxworks. 

Magnetite veinlets in granite porphyry and marble zone 
parallel, join, and intertwine with quartz veinlets. Segments of 
the quartz veinlets which cross or join magnetite veinlets have 
replaced the magnetite. The presence of quartz in sheared bed- 
ded replacement deposits and of quartz veinlets replacing mag- 
netite indicates addition of quartz in the mineralized areas fol- 
lowing metalization. 

Groundwater moving through the magnetite deposits oxi- 
dized chalcopyrite and relocated the copper in shears as chryso- 
colla, azurite, and malachite. One vein at the Emma Mine con- 
tained mainly calcite, chrysocolla, and malachite and assayed 
1.42 percent copper, 21.0 ppm silver, and 4.2 ppm gold. The 
unusually high values for copper, gold, and silver indicate relo- 
cation of these metals. 

Geochemistry 

Areas of alteration and suspected mineralization were sam- 
pled for geochemical analysis. Dump samples were taken from 
mines and prospect dumps. Rock chip samples were collected 
from outcroppings of veins and altered rocks. Soil samples were 
collected from drainages and soil-covered surfaces in areas of 
possible mineralization. Figure 10 shows the location and types 
of samples collected. Each sample was analyzed for gold, silver, 
copper, molybdenum, and tungsten by Chemical and Miner- 
alogical Services (CMS) in Salt Lake City, Utah. Samples col- 
lected from areas that were influenced by the same geologic 
conditions, such as soil samples, collected from the same area 
were plotted as log,, mean ppm (part per million) for the gold, 
silver, copper, and molybdenum values in the histograms in fig- 
ure 11. Tungsten values were nor shown in figure 11 but are 
covered briefly in this section. All geochemical data is shown in 
appendix B. 

Samples represented in histograms A-D (fig. 11) are lo- 
cated along the west side of Mineral Mountain in the major 
mineralized areas. Histograms A-C (fig. 11) show the result of 
geochemistry values obtained from samples collected along the 
west side of the Mineral Mountain Stock on the major trend of 
the magnetite deposits. Histograms D-F (fig. 11) show results 
from Pickadilly Mine (histogram D) south to Potter Peak. 
Comparison of mean values shown on histograms A-D in- 
dicate the following: (1) gold and copper values are higher in 
the north, (2)  molybdenum values are higher in the south, and 
(3) silver values show no detectable pattern. Of the three major 
mines, the Emma Mine showed the highest values for gold and 

FIGURE 9.-Magnetite veinlets ( m )  and quartz vcinlcts (q)  in granite porphyry. copper. The Pickadilly Mine showed ;he highest molfbdenum 
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FIGURE 10.-Location map of geochemical samples. Block letters correspond to histograms in figure 11 
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FIGURE 11.-Histogram of geochemical results. Block letters on the upper left of histograms correspond to block letters in figure 10, indicating area from which 
samples were collected. The  log,, ppm for the mean of each type sample in areas designated on sample location map, figure 10. Each bar represents the log,,, 
mean ppm for either dump samples, rock chip samples, or soil samples. Each is designated by D, R, or S, respectively, for the type sample. A dash mark 
indicates that the average ppm for that element is below its detection l i m ~ r  N o  bar indicates n o  samples were taken of that type in that area. 
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values and traces of tungsten. The areas sampled from the Pick- 
adilly Mine south to Potter Peak showed higher molybdenum 
values than samples collected elsewhere. Traces of tungsten are 
also present. 

Samples represented in histograms G-J (fig. 11) came from 
the north and east side of Mineral Mountain where only trace 
amounts of gold were detected. The trend of copper values is 
not as uniform as on the western side of Mineral Mountain; 
however, copper values are high on the northern side (histo- 
gram G) and on the eastern side (histogram J) of the moun- 
tain. Samples from the northeast side of the stock (histograms 
H-I) are slightly lower. N o  significant differences in silver and 
molybdenum are shown in histograms G-J. 

MINES AND PROSPECTS 

Emma Mine 

The Emma Mine is located on the north side of Mineral 
Mountain. Claims covering the Emma Mine and surrounding 
area are currently held by LeRoy Holt of St. George, Utah. 
Several prospect pits on the ridge above the main drift have un- 
covered a magnetite replacement deposit traceable for 46 m. 
The deposit is brucite, magnetite, and antigorite. The ore body 
and surrounding wall rock are broken and shattered because of 
~ostmineralization tectonic movement. Secondarv calcite. 
chrysocolla, and malachite cover fracture and shear surfaces. 
The ore body dips between 75' and 56' to the west. The mag- 
netite has metasomatically replaced the marble along bedding 
planes. 

On the west slope below the exposed lode deposits are the 
main workings of the Emma Mine (fig. 12), where a drift ex- 

tends 77 m into the mountain. The drift runs almost due east 
perpendicular to the strike of the replacement body and cross- 
cuts several brecciated shears and fissures, separating wedges of 
marble and massive brucite and antigorite replacements. Sixty- 
four meters into the drift, a 2.4-m-wide body of magnetite is 
encountered. The footwall of this deposit is a brecciated shear 
zone with blocks and fragments of serpentine and marble, and 
the hanging wall is a massive brucite replacement. 

Along the walls of the drift, copper oxides in fractures are 
common. Twenty-nine meters into the drift, a shallow winze 
7.3 m deep follows some of the calcite-copper-filled fractures. 
The winze is flooded, making access to deeper workings, if any, 
impossible. 

At the time of my visit to the Emma Mine, the first 15.2-m 
section of the drift was caved. Access to the workings was 
reached by a small opening behind the caved portion. 

The Emma ~ i ' e  hashad no record of bre production al- 
though reports of rich gold and silver exist. Assayed samples 
from the dumps indicate only trace amounts of gold and silver; 
however, the Emma has the largest iron deposits on Mineral 
Mountain. A magnetometer survey across the magnetite body 
(Bullock 1970, p. 95) revealed only a small anomaly and in- 
dicated that the ore body is shallow and dipping steeply. Bul- 
lock concluded from geology and geophysical data that the iron 
ore reserves are less than 1,000 tons. 

Gregerson Prospects 

The Gregerson prospects are located on the west side of 
Mneral Mountain. Claims covering the Gregerson prospects 
are also held by LeRoy Holt of St. George, Utah. Several pros- 

Crass Section showing the Geology and Workings of the Emma Mine 

j 11Ik.I i e l d r ~ a r  Grante Porphyry 

FIGURE 12.-Geology map and workings of the Emma Mine. 
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pect pits, a bulldozer cut, and two short drifts represent all 
work done on the property. Mineralization at the Gregerson is 
similar to that of the Emma Mine but less extensive. N o  mag- 
netite deposit can be traced on the surface as a continuous 
body, and magnetite appears only as discontinuous pods along 
bedding planes. Copper oxides occur with calcite in fractures in 
the tactites. 

Both drifts at the Gregerson property are caved, but the 
northernmost drift can be entered by a small opening behind 
the caved portal. The northern drift extends east 24.4 m, and 

.the entire drift is in brecciated brucite, serpentine, and marble. 
Magnetite appears on the dump, but none was found in the 
mine. Assayed samples from the dumps show traces of gold, sil- 
ver, and molybdenum. 

LeRoy Holt (personal communication), owner of the Gre- 
gerson prospects, recalls that drilling in the 1960s encountered 
granite porphyry beneath the property. N o  record or log data 
of the drilling was kept, and no ore production has been re- 
corded from the Gregerson prospects. 

Pickadilly (Humbug) Mine 

The Pickadilly (Humbug) Mine is on the southwest side of 
Mineral Mountain. The property has several prospect pits, two 
drifts, and two shafts. All the workings are grouped around the 
two lamprophyre dikes exposed on the hillside. The dikes are 
approximately parallel and strike north 30' west. The western 
dike is exposed only at the portal of the lower drift. The east 
dike is exposed at the lower drift and can be traced up  the hill 
76 m. On the hill, north of the two drifts, are several prospects 
and two shafts following the trend of the dike. One shaft is 
inclined and connects with workings of the upper drift. 

The only accessible workings are two drifts into the lam- 
prophyre dikes. The lower drift extends 19 m along the strike 
of the smaller western dike. Along the hanging wall of the dike 
is a magnetite and pyrite fissure vein. Disseminated pyrite is 
found all through the dike rock. 

u 

The upper drift follows the other lamprophyre dike along 
strike 21 m then swings out into the unmineralized marble. At 
31 m the drift intercepts a natural cavern which has formed 
along a bedding plane shear in the marble. Some minor drip- 
stone deposits line vugs and walls of the cavern. At the cavern 
the drift forks, the left fork leading to an inclined shaft from 
the surface and the right fork following minor iron stains 
along a shear zone. 

The Pickadilly Mine has had no known production of ore. 
Dump and rock chip samples from the mine show only traces 
of gold, silver, molybdenum, and tungsten. 

The  Marble Mine 

A marble quarry on top of Marble Mountain, opened by 
Milton Holt of Gunlock, Utah, is mined for white, green, and 
red marbled stone. N o  economic minerals are found in the 
quarry, and the mine has produced less than 10 tons of marble 
(Milton Holt personal communication). Marble is the only eco- 
nomic commodity currently being mined from the Mineral 
Mountain area. 

Other Prospects 

Between the Emma Mine and Marble Mountain several 
small prospects are located on minor showings of chrysocolla 
and malachite in the fractured marble. O n  the south ridge of 

Mineral Mountain on the west flank of the Mineral Mountain 
Anticline are three prospects located on areas of limonite stains 
and argillic alteration. 

SUMMARY 

Stratigraphy of the Mineral Mountain area consists of Late 
Paleozoic rocks from the Callville Limestone and Supai-Coco- 
nino Sandstone Formation and Tertiary volcanic rock. Late Pa- 
leozoic rocks are part of an allochthon of the Late Cretaceous 
Sevier orogeny. The Mineral Mountain Anticline is the major 
structure in the mapped area and acted as a topographic barrier 
during deposition of the Tertiary volcanics. The volcanic tuffs 
and flows thin and lap on the crest and flanks of the Mineral 
Mountain An ticline. Intrusion of alkali-feldspar granite por- 
phyry along the axis of the anticline causes renewed arching 
and brecciation of the country rock. Alkali-feldspar granite por- 
phyry forms the bulk of the rock in the Mineral Mountain 
Stock which makes up the major part of Mineral Mountain. 

Along contacts of the ~ i n e i a l  Mountain Stock the rocks 
are altered by pyrometamorphism and metasomatism, produc- 
ing a contact metamorphic aureole that contains an exomor- 
phic bleach zone in the granite porphyry. Mineralogy of the 
rock along the contact suggests conditions common to a 
pyroxene hornfels facies. 

Mineral deposits are in the tactite zone along the west side 
of the Mineral Mountain Stock. Magnetite is the most com- 
mon ore mineral and is found in three types of deposits: (1) 
bedded replacements, (2) fissure fillings, and (3) magnetite 
veinlets. Bedded replacement deposits are the largest type of 
magnetite deposit and have replaced the marbles along relict 
bedding planes. Fissure-filling veins are associated with and ex- 
tend from the bedded replacement deposits. Small magnetite 
veinlets in the granite porphyry and marble are also associated 
with the other types of magnetite deposits. Chalcopyrite associ- 
ated with the magnetite has been oxidized by meteoric waters 
and mobilized and deposited as azurite, malachite, and chryso- 
colla in fractures in the tactite and marble zone. 

Minor amounts of pyrite and magnetite and traces of tung- 
sten and molybdenum are found in fissures along the hanging 
wall contact of the lamprophyre dikes at the Pickadilly (Hum- 
bug) Mine. 

Paragenesis of ores involved first the marmorization of the 
dolomite beds of the Callville Limestone and later continued 
alteration to periclase and forsterite. Iron-rich solutions from 
the intrusion metasomatically replaced the marbles and other 
minerals with magnetite. Deposited with the magnetite were 
chalcopyrite, gold, and silver. Solution pressure or additional 
intrusive activity shattered the tactites, allowing solutions to 
hydrate the periclase and forsterite and deposit quartz and an- 
tigorite. Groundwaters oxidized the chalcopyrite and relocated 
the copper as copper oxides. After the mineralization and met- 
alization, the north end of the Mineral Mountain Stock was 
displaced by the right lateral strike-slip fault. 

Geochemistry indicates that gold and copper mineralization 
is more pervasive on the northern end of the tactite zone on 
the west side of Mineral Mountain Stock. Molybdenum and 
tungsten values are generally higher at the Pickadilly Mine area 
and on the south side of the Mineral Mountain Stock. 

ECONOMIC POTENTIAL 

Mineral deposits on Mineral Mountain are small and near 
the surface. N o  exploration has been done at any significant 
depth. Patterns from the geochemical investigation indicate 



that copper and gold mineralization IS associated with magne- 
tlte deoosits on the west side of the Mineral Mountain Stock. 

D o l o m ~ t e  L~ghr  gray to white, fine 
grained 

D o l o m ~ t e  M e d ~ u m  l ~ g h t  grav, me- 
d ~ u m  gralned, lnterbedded l ~ g h r  
yellow cherr 

Dolom~re  L~ghr  gray, fine gralned 

Covered slope L~ghr  gray so11 and 
dolom~re  float 

Dolomite W h ~ t e  to  very l ~ g h t  
gray, fine gralned 

D o l o m ~ t e  L~ghr  blush gray. finr 
to  m e d ~ u m  g r a ~ n e d ,  ~nrerbedded 
chert beds 

L~mesrone Gray~sh  yellow, me- 
dium gralned, sandy 

Dolom~re  L~ghr  grav to m e d ~ u m  
gray alternat~ng beds, fine gralned 

D o l n m ~ r e  W h ~ t e  to very l ~ g h r  
gray, fine to m e d ~ u m  gralned 

D o l o m ~ r e  L ~ g h t  gray to m e d ~ u m  
gray beds, fine gra~ned ,  some Inter- 
bedded dolom~te  brecc~a 

Dolom~re  L~ghr gray, fine gralned 
w ~ t h  mlnor amounts of cherr 

Dolom~re  W h ~ t e  to I ~ g h r  gray, fine 
gralned w ~ t h  some lnterbedded 
brecc~a 

D o l o m ~ t e  W h ~ t e  ro m e d ~ u m  gray, 
fine to m e d ~ u m  grained, fossll frag- 
ments and mlnor amounts of cherr 

Dolom~re  and limestone Dark grav 
to m e d ~ u m  gray, coarse-gra~ned 
d o l o m ~ t e  gradlng to m e d ~ u m -  
gralned very l ~ g h t  gray l~mesrone 

L~mesrone  L ~ g h r  gray ro w h ~ t e .  
r n e d ~ u m  ro coarse g r a ~ n e d ,  some 
foss~l fragments 

Covered slope L~ghr  gray so11 and 
dolom~re  float 

D o l o m ~ r e  Verv 11ght gray, finr 
gralned 

Covered slope L~ght  gray so11 and 
dolom~te  float 

D o l o m ~ t e  dnd l~mesrone Inter- 
bedded l ~ g h r  gray d o l o m ~ t e  and 
l ~ g h t  b l u ~ s h  gray Ilmesrone. the 
do lom~re  beds are partlv shattered 

Covered slope L ~ g h t  gray and red 
5011s w ~ t h  limestone and dolom~te  
float 

L~mesrone L~ghr gray, fine gralned, 
masslve bed 

L~mestone L~ghr grav fine to me- 
d ~ u m  gra~ned ,  mlnor chert nodules 
and fossil fragments 

Covered slope L~ghr  gray and vel- 
low~sh  sods 

Llmestone Lghr  blue, fine gra~ned,  
mlnor beds and nodules of chert, 
some thln light brown, fine-gra~ned 
sandy beds 

L~mestones Rrecc~ated and de- 
formed l~mestones 

Thrust fidult 

The  part~al sectlon of the Callv~lle 
Llmehrone measures 319 5 m (1048 

ft ) The rest of r h ~ s  sectlon IS  not 
present because of thmsnng of parr 
of the Callv~lle L~mestone over the 
Mesozo~c Navajo Sandstone 

1 

The highest molybdenum and tungsten values came from the 
lamprophyre dikes at the Pickadilly (Humbug) Mlne on the 
south side of Mineral Mountain. 

A wlde marble zone, hydrothermal alteration, and higher 
molybdenum and tungsten values to the south suggest that the 
Mineral Mountaln Stock extends along the Mlneral Mountaln 
Antlcllne at depth. Detailed geologic mapping, close-spaced 
geochemical sampling, and a shallow drilling program in areas 
of alteration along the anticline would be useful for determin- 
ing possible ore targets. 

Deposits currently exposed on the surface and in the mines 
are low tonnage and low grade. Difficult accessibil~ty makes 
these deposits impractical to mine. 

APPENDIX A 
Strat~graph~c Sect~on of [he Callvllle Llmestone 

Measured by Stuart K Morr~s  and Lee Perry In rhe northwesr corner of sectlon 
6, Townsh~p 40 sourh and Range 18 west, on November 2 3 ,  1979 

U n ~ t  
Number 

U n ~ r  
Th~ckness 
In Merers 

Cumulanve 
Th~ckness 
In Meters Descr~pt~on  

Supal-Cocon~no Sandstone dusky 
yellow to yellow~sh gray, fine- 
gralned, cross-bedded, sl~ghtly cal. 
careous sandsrone 

Conformable and gradat~onal con- 
tact 

Callvllle Lmestone 

Covered slope Yellow sandstone 
and dolom~te  floar 

Dolom~re  L g h t  gray, fine grained 
w ~ t h  mlnor amounts of lnterbedded 
chert 

Dolom~te  M e d ~ u m  dark gray w ~ t h  
rhln beds, gray sandstone, slope for- 
mer 

Dolom~re  L g h t  b lu~sh  gray, fine 
gralned 

Dolom~re  and sandstone Yellow~sh 
gray and w h ~ r e  sandy dolom~te  and 
calcareous sandstone 

Sandstone L ~ g h t  o l ~ v e  brown to 
dusky yellow, fine graln and cal- 
careous, mlnor lnterbedded I ~ m e -  
scone 

Dolorn~te Lghr  gray, fine ro me- 
dium gram 

Covered slope Float of sandstones 
and dolom~te  

Dolom~te  Lghr  gray, fine gralned, 
mlnor amounts of chert 

Sandstone Lighr red to l ~ g h t  
brown, fine grained, rhlnly bedded 
and calcareous, mlnor amounts of 
chert 

Dolomite and sandsrone L ~ g h t  
gray, fine-gra~ned w ~ r h  I-m bed of 
l ~ g h t  brown, fine- to  m e d ~ u m -  
gralned calcareous sandstone 

Covered slope Float of 11ght gray 
dolom~re 

Dolom~te  L ~ g h t  gray, fine grained 

Covered slope Float of l ~ g h t  gray 
dolom~te  
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APPENDIX R Graph G . . . . -. . - . . . - 
Methods of Geochemical Sampling 34 1,200 3,300 ~ $ n ~  0.01 0.6 50 1 

1,100 3,800 0.01 4.1 3200 1 
All mine dumps were sampled by taking fines from small (0.2 m)  pits dug  ,, 1,300 3,900 " 0.01 0.8 400 9 

at  one-meter intervals just below (0.5 m) the crest of the dump. Stockpiles of ,, 300 2,900 Soil 0.01 0.3 20 1 
high grade ores were not sampled, so the sample would be representative of the ,, 1,500 3,400 " 0.01 0.3 16 2 
wall rock mineralization 

Rock chip samples. 
Several (more than two) rock chips were taken from around the outcrop of 

interest. Weathered surfaces were chipped away from the samples, if possible. 

Soil samples. 
Two types of soil samples were taken: (1) soil samples and (2) drainage 

samples. Soil samples were taken from the "B" soil horizon, ~f present, and if 
not  present samples were taken from deeper parts of horizon "A". Drainage 
samples were taken from the fine silts in the stream bottom above major bifur- 
cations. 

Geochemical Results 
The geochemical results are listed in ppm. The  location of the samples 1s 

shown by section number and feet east of the west section line and feet south of 
the north section line. Results are also grouped under the graph area. 

Feet east 
from west 

Section section line 

Feet south 
from north Sample 
section line type Au Ag Cu Mo 

Graph A 
4,900 Dump 0.08 0.6 375 1 
5.000 " 2.25 8.0 4020 1 
5,000 " 1.50 3.2 3060 1 
5,000 " 0.81 5.5 3040 1 
4,200 Chip 0.01 0.5 65 3 
5,100 " 0.15 0.8 325 1 

Graph B 
Dump 0.31 1.4 1050 

" 0.17 1.2 295 
" 0.35 0.8 385 
" 1.38 1.7 880 
" 1.38 3.4 3320 

Chip 0.01 0.3 11 
" 0.01 0.3 25 
" 0.01 0.3 50 

Graph C 
4 0 3,900 D u m p  0.30 3.2 415 9 

0 3,800 Chip 0.02 22.8 650 4 
5 4.300 1,700 " 0.02 0.3 25 9 

4.4 00 3,200 Soil 0.04 0.8 20 4 

Graph D 
D u m p  0.23 1.2 220 7 

" 0.01 2.0 25 1 
" 0.01 2.0 17 1 
" 0.01 0.8 50 17 
" 0.02 1.5 215 20 
" 001 1.5 13 1 
" 0.10 14.0 40 310 

25 W 
Chip 0.01 1.8 330 45 
" 0.01 0.3 4 14 
" 0.01 0.3 4 1 
" 0.01 1.5 10 1 

Soil 0.35 1.0 110 5 

Graph E 
9 2,400 4,300 So11 0.01 0.4 14 13 

2,100 4,200 " 0.01 0.5 25 1 

2,300 4,200 " 0.01 0.9 18 1 
3,200 4,900 " 0.01 1.2 10 1 
3,100 4,800 " 0.01 2.2 7 1 

Graph F 
I5 4,100 2,100 Chip 0.01 0.3 25 2 

600 3,300 " 0.03 0.3 4 15 
700 4,100 " 0.01 0.3 10 2 

600 3.600 Soil 0.01 0.4 35 30 
300 2,900 " 0.01 0.3 17 35 

2 W 

Graph H 
D u m p  0.01 1.0 40 8 

" 0.01 0.3 13 3 
Chip 0.01 0.3 6 1 
" 0.03 0.9 11 1 
" 0.01 0.3 30 1 
" 0.01 0.8 35 30 
" 0.02 0.8 16 2 

Soil 0.01 0.3 40 1 

Graph I 
34 4,800 4,900 Chip 0.01 0.3 25 3 
35 '1,100 4,800 Chip 0.02 0.8 20 3 

0 2,100 " 0.01 0.3 50 1 
700 3.200 " 0.01 0.3 35 1 

1,300 5,200 " 0.01 0.3 65 3 
1,300 5,200 Soil 0.01 0.3 25 1 

3 4,700 1,400 " 0.01 0.3 15 1 

Graph J 
9 4,700 1,800 D u m p  0.01 1.0 30 13 
4 0 3,900 " 0.30 3.2 415 9 

10 200 1,200 Chip 0.01 0.3 8 2 
4 5,100 3,200 Soil 0.01 0.4 13 1 
3 900 3.500 " 001 0.3 40 1 

900 4.000 " 0.03 0.4 45 1 

APPENDIX C 
Uranium Mineralization Investigation 

A scintillometer survey was made over the north, west, and south sides of 
Mineral Mountain, including the Emma, Gregerson, and Pickadilly mining 
areas. The  investigation was done to determine if any uranium mineralization 1s 
present. 

The results obtained from the investigation are listed below: 

Location Rock type or formarlon Counr/minute 

Marble Mountain 
Northeast of Emma Mine 
Northeast of Emma Mine 
Emma Mine area 
Emma Mine 
West side of Mineral 
Mountain Stock (North of 
Gregerson Mine) 
Gregerson Mine 
Area south of 
Gregerson Mine 
Pickadilly Mine area 
Pickadilly Mine 
South ridge of 
Mineral Mountain 
Potter Peak area 

Marble 
Post-Quichapa tuff 
Marble 
Marble-granite porpt 
Tactite 
Marble-granite 
polphyry contact 

Marble and tactite 
Little Creek Breccia 

Marble 
Lamprophyre dike 
Callville Limestone 

Little Creek Breccia 

N o  high anomalies were encountered during the survey. The  scintillometer 
readings did indicate a uniform count for each formation or rock type. The  uni- 
form readings obtained from the volcan~c formations could be a useful tool in 
determining the local stratigraphy. The information from this brief study 
indicates that no  near-surface uranium mineralization is present in the areas 
investigated. 
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