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Tertiary Morgan Ranch Formation in the east (Plate 1). The

Wheeler Fault strikes north-northwest, dips 22-25° to the

east, and has 6-7 km of normal displacement, based on the

cross sections A-A' and B-B' (Plate 2) and Figure 3. A

small, poorly defined syncline, the axis of which parallels

the Wheeler Fault, was formed in the Morgan Ranch Formation

in the hanging wall of the fault due to drag.

Other major faults are not so apparent on the surface,

but are exposed in the underground workings and from

exploration drilling (Plates 2 and 6). A second major fault

is the Stonehouse Fault that separates the mineralized rocks

in the Wheeler Mine from the non-mineralized rocks to the

west and is parallel to, and is 100 m (325 ft) below the

Wheeler Fault (Plate 2). This normal fault strikes north-

northwest and dips 25-28° to the east. The Stonehouse Fault

has placed rocks from higher in the hydrothermal system on

the east next to rocks lower in the system on the west and

has an estimated offset of more than 100 m. There are

several other large faults between the Wheeler and

Stonehouse Faults, thus forming a major fault zone 90 m (300

ft) thick (Plate 2). They strike north-northwest also, but

they dip 30-50° to the east.

The rock between the Wheeler and Stonehouse Faults has

undergone extensive brittle deformation. The granodiorite of

Lobdell Summit here has numerous small faults which

generally strike N30°W to N60°W and dip to the northeast,
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but many small faults strike and dip in seemingly random

directions. There are a few small, north to northeast

striking faults that offset the earlier north-northwest

striking faults.

The granodiorite of the Lobdell Summit between the

Wheeler and Stonehouse Faults commonly has been deformed to

the extent that it has a cataclastic texture. Plagioclase

grains are often broken or bent with twinning that is

distorted. Biotite forms a foliation that is parallel to the

Wheeler Fault and may be in part earlier Mesozoic ductile

deformation and later, re-orientated Cenozoic brittle

deformation (Plate 1). This brittle deformation decreases

westward with distance from the Wheeler Fault. West of the

Stonehouse Fault, deformation is less intense; here, in the

Wheeler granite porphyry and quartz porphyry, the

cataclastic deformation is characterized by broken and

offset feldspar phenocrysts.
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Igneous Petrography

Granodiorite of Lobdell Summit

The granodiorite of Lobdell Summit (unit Jgd, Plate 1)

is equigranular, medium-grained, light to dark depending on

the degree of alteration, and generally homogeneous except

for inclusions of fine-grained, mafic-rich, irregular blebs

up to 7 cm in diameter. All samples of the granodiorite in

the Wheeler Mine area have undergone some degree of

hydrothermal or metamorphic alteration.

The essential minerals of the granodiorite are

plagioclase, microcline, quartz, hornblende, and biotite

(Table 1). Minor and trace amounts of titanite, allanite,

epidote, apatite, zircon, and opaque minerals are also

present. Plagioclase is subhedral to euhedral, prismatic and

lath-shaped, and is commonly 2-5 mm in length. Plagioclase

has normal but oscillatory zonation, and ranges from An41 at

the core to Ann at the rim (determined by electron

microprobe). Microcline and quartz are interstitial with

respect to plagioclase. Anhedral microcline has tartan

twinning, is up to 1.75 mm in diameter, and is locally

perthitic. Anhedral quartz does not have undulose extinction

and is generally not more than 0.75 mm in diameter.

Hydrothermal or metamorphic alteration and deformation

has resulted in the partial replacement of igneous



Table 1. Modal Mineralogy of the Pine Grove District Granitic Rocks in Volume Percent
Rock Type Jgd Jgp Jmd Jm Jqp Jhp Ja
Sample DSP DSP DSP DSP DSP DSP DSP
Number 225 237 3 41 190 165 230
Mineral:
Plagioclase 41.5 24.2 67.5 31.0 7.0 19.6 17.2
Alkali Feldspar 11.8 (4.7), (55.3)1 (3.0), 38.4
Quartz 19.2 ---- 4.5 4.4 37.2
Groundmass 43.8 77.2 65.4
Alkali Feldspar (21.9), (38.6)2 (45.6)2
Quartz 21.9 38.6 19.8
Mafic minerals Tr Tr Tr

Hornblende 2.8 ---- (8.8)3
Estimated Original (7.6)4 (9.8)4
Igneous Hornblende
Igneous Biotite 5.8 2.0 6.8 0.6 7.0
Secondary Biotite 14.4 15.7 27.0 4.0 Tr
Chlorite 1.4 4.3 Tr 1.3 Tr 1.2 Tr
Sericite Tr Tr ---- 3.8
Epidote 2.1 2.7 Tr
Titanite Tr 1.6 Tr
allanite Tr Tr Tr Tr Tr Tr
Zircon Tr ---- Tr
Apatite Tr Tr Tr Tr 1.0
Igneous Magnetite 1.0 1.0 Tr 4.0
Secondary Magnetite 5.5 ---- 3.0
Ilmenite Tr Tr
Rutile Tr Tr Tr Tr
Pyrite ---- Tr
Points 540 463 400 525 525 500 500
1. Estimated original content. Consists now of igneous K-Feldspar + secondary albite
2. Estimated original content. Consists now of secondary albite
3. Estimated original content. Consists now of secondary actinolite
4. Estimated original content. Consists now of igneous hornblende + (secondary biotite
+ chlorite + epidote + titanite in hornblende sites) w
Tr = trace amounts H
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hornblende and has aligned biotite into a weak foliation.

Euhedral igneous hornblende has light brown to green

pleochroism and is as long 5 mm (Table 2 for electron

microprobe analyses). Hornblende grains are commonly

surrounded with reaction rims of secondary biotite, and in

many cases, the igneous hornblende is completely replaced by

secondary biotite (or chlorite), epidote, and titanite.

Igneous biotite is subhedral to euhedral, up to 2 mm in

length, and has yellowish brown to green pleochroism

(Appendix 5). Igneous biotite is commonly rimmed by rutile,

and has rutile needles in cleavages which are orientated in

a hexagonal pattern producing a sagenitic texture. The

rutile needles of exsolution origin formed from the

titaniferous igneous mica and precipitated within the

crystal structure under the influence of hydrothermal fluids

(Lanier and others, 1978). Rutile needles maybe up to

0.02 mm in diameter and 0.12 mm in length.

Apatite, allanite, zircon, magnetite, and ilmenite only

occur in trace amounts. Apatite forms euhedral rods up to

0.13 mm in length that are typically found in plagioclase

grains. Anhedral allanite is up to 1.75 mm in diameter and

has strong red to reddish brown pleochroism. Allanite in the

granodiorite tends to have a higher cerium content in its

core than in its rims (Appendix 2). Allanite occurs

interstitially with respect to plagioclase grains. Zircon is

very rare and occurs as euhedral grains up to 0.2 mm in
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diameter. Igneous magnetite (Xusp=0.001, Appendix 3) is

euhedral, up to 0.25 mm in diameter, and often occurs in 

mafic mineral clusters. Igneous ilmenite (Xiim=0.969; 

Appendix 3) is subhedral to euhedral, up to 0.15 mm in 

diameter, and has titanite halos up to 0.04 mm wide. 

Ilmenite grains also have apatite grains as inclusions or

along margins.

The secondary biotite has brownish green to green

pleochroism, is generally not over 0.15 mm in length, and

has a shreddy texture (Appendix 5). Shreddy texture is

defined as randomly oriented aggregates of fine-grained,

subhedral flakes. Only about 30% of the secondary biotite

occurs in hornblende sites, the rest occurs along grain

boundaries (50%) and in plagioclase (20%). Chlorite has pale

green pleochroism with dark green to blue-green

birefringence. Chlorite has replaced up to 10% of the

secondary biotite in the least altered samples of

granodiorite. This replacement chlorite still retains the

shreddy texture of secondary biotite. Sericite is anhedral,

up to 0.05 mm in length, and occurs as scattered grains

lightly dusting plagioclase grains. Secondary epidote occurs

as scattered, anhedral grains up to 1.25 mm in diameter in

plagioclase grains or with secondary biotite replacing

hornblende grains. Epidote also occurs as 1-10 mm wide veins

that occasionally has selvages in which mafic minerals are

destroyed. Titanite occurs as subhedral grains up to 0.5 mm
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in diameter that replace hornblende grains together with

secondary biotite and epidote, or as rims up 0.04 mm wide on

ilmenite grains. Titanite in the granodiorite has a very

small amount of rare earth elements (REEs) compared to

titanite in the Wheeler granite porphyry (Appendix 1).

Based on texture and mineralogy, the protolith was a

biotite-hornblende granodiorite using the IUGS

classification system (Streckeisen, 1976). The original

mafic mineral content was estimated to be 7-8% hornblende,

based on relict igneous hornblende grains plus alteration

biotite, chlorite, epidote, and titanite, and 5-6% igneous

biotite based on relict igneous grains.

Wheeler Granite Porphyry

The Wheeler granite porphyry is pink to light grey with

large pink, white, and green phenocrysts (unit Jgp, Plate

1). This porphyry has been altered, and occasionally

displays a weak foliation marked by biotite. Phenocrysts of

plagioclase, orthoclase, biotite, titanite, allanite, and

opaque minerals make up 55-60 volume percent of the granite

porphyry (Table 1). The rest of the porphyry consists of a

groundmass (40-45 volume percent) consisting of quartz,

alkali feldspar, and trace amounts of biotite. The

groundmass is 0.02-0.06 mm in grain size and has a

granophyric texture.

http:0.02-0.06
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Subhedral plagioclase is albite (An2 to An9 composition

determined by electron microprobe), is prismatic and lath

shaped, and is up to 5 mm in length. Plagioclase phenocrysts

are commonly dusted with sericite, biotite, and epidote, are

embayed, and have a myrmekitic texture on the margins.

Orthoclase phenocrysts are subhedral to euhedral and are up

to 8 mm in length. The interiors of some orthoclase

phenocrysts contain numerous euhedral plagioclase inclusions

that are 0.12-0.35 mm in length and make up 60-65 volume

percent of the phenocrysts. Orthoclase is optically

continuous between the plagioclase inclusions and forms a

0.4-0.8 mm wide inclusion free rim. Hydrothermal albite

partially replaces orthoclase phenocrysts, typically along

the rims of phenocrysts. This hydrothermal albite has the

characteristic short, irregular twins as described elsewhere

(Gilluly, 1933; Carten, 1986).

Subhedral igneous biotite has light brown to green

pleochroism, is up to 3 mm in length, and has some rutile in

cleavages (Appendix 5). Secondary biotite has brownish green

to green pleochroism, a shreddy texture, and is generally

not over 0.12 mm in length (Appendix 5). Only a trace amount

of secondary biotite replaces plagioclase phenocrysts,

whereas 35% of the secondary biotite is in aggregates

replacing hornblende phenocrysts and 65% of the secondary

biotite occurs as scattered grains in the groundmass.

Chlorite has pale green pleochroism with dark green to blue

http:0.12-0.35
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green birefringence and retains the shreddy texture of the

replaced secondary biotite. Sericite is anhedral, up to 0.05

mm in length, and replaces plagioclase phenocrysts.

Titanite, epidote, apatite, allanite, and opaque

minerals occur in minor and trace amounts. Igneous titanite

forms subhedral rhombohedrons that are up to 0.9 mm in

length. Igneous titanite in the granite porphyry has varying

amounts of oxides of cerium (0.01 to 0.94 wt%), neodymium

(0.0 to 0.58 wt%), samarium (0.01 to 0.14 wt%), and

gadolinium (0.02 to 0.24 wt%), dysprosium (0.01 to 0.12

wt%), and ytterbium (0.0 to 0.1 wt%) (Appendix I). Titanite

also occurs with epidote and secondary biotite in replacing

hornblende phenocrysts. The secondary titanite is anhedral,

up to 0.05 mm in diameter, and occurs in secondary biotite

aggregates. Secondary epidote is anhedral, up to 1.25 mm in

diameter, and occurs in secondary biotite aggregates and

plagioclase phenocrysts. Anhedral allanite has strong red to

reddish brown pleochroism, is up to 0.4 mm in diameter, and

occurs interstitially. Apatite occurs as euhedral rods up to

0.1 mm in length in plagioclase phenocrysts. Subhedral

igneous magnetite is up to 0.5 mm in diameter, and cubic

pyrite is up to 0.1 mm on a side. Commonly magnetite and

pyrite are partially rimmed by hematite.

This intrusion is classified as a biotite-bearing

hornblende granite porphyry using the IUGS classification

system (Streckeisen, 1976). The basis for this is that the



37 

groundmass is estimated to contain equal amounts of alkali

feldspar and quartz, and that all igneous hornblende has

been replaced by secondary biotite, epidote, and titanite.

Considering the alteration mineral aggregates, there may

have been originally 9-10 volume percent igneous hornblende.

Microdiorite Dikes

The microdiorite dikes are light grey in color and are

generally strongly magnetic (unit Jmd, Plate 1). This unit

also is hydrothermally altered. The microdiorite is composed

largely of anhedral to euhedral plagioclase grains from 0.1

0.7 mm in length (Table 1). The larger grains are more

euhedral and are occasionally lightly dusted with secondary

biotite. Hydrothermal magnetite and biotite occur

interstitially between the plagioclase laths. Magnetite

forms equant octahedra generally not more than 0.02 mm in

diameter, but rare grains are up to 0.05 mm in diameter.

Secondary biotite has brownish green to green pleochroism, a

shreddy texture, and is not over 0.15 mm in length. A trace

amount of secondary biotite has been replaced by chlorite.

The chlorite retains the shreddy texture of the secondary

biotite and has pale green pleochroism with dark green to

blue-green birefringence.

Based on mineralogy and texture, the original protolith

was a diorite that originally had 15-25% igneous mafic
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minerals. Secondary biotite and magnetite have completely

replaced the pyroxene, or possibly amphibole, originally

present.

Monzonite

Monzonite is hydrothermally altered and has undergone

much deformation (unit Jm, Plate 2). It is equigranular,

medium-grained, and white to light green in color. The

monzonite is largely composed of secondary albite,

plagioclase, microcline, and secondary biotite, with minor

amounts of quartz, chlorite, sericite, apatite, titanite,

epidote, and calcite as described later (Table 1).

Anhedral microcline is tartan twinned and is up to 3.5

mm in diameter. Plagioclase is anhedral to subhedral, up to

1.5 mm in length, and commonly has broken and distorted

twins. The plagioclase grains are often dusted with fine-

grained sericite. Anhedral quartz is up to 1.0 mm in

diameter (generally much less) and occurs interstitially

with respect to microcline and plagioclase.

Titanite and apatite occur only in trace amounts.

Igneous titanite forms subhedral rhombohedrons that are up

to 0.2 mm in length. Apatite forms euhedral rods that are up

to 0.1 mm in length and are commonly found in plagioclase

grains.
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The secondary minerals occur in minor and trace

amounts. Over two thirds of the microcline has been

partially or totally replaced by hydrothermal albite. This

secondary albite has the characteristic short, irregular

twins as described elsewhere (Gilluly, 1933; Carten, 1986).

Secondary biotite has brownish green to green pleochroism,

is up to 0.14 mm in length, and has a shreddy texture. The

secondary biotite occurs along grain boundaries. Chlorite

has pale green pleochroism with dark green to blue-green

birefringence. Chlorite replaces about 15% of the secondary

biotite, and this replacement chlorite still retains the

shreddy texture of the secondary biotite. Sericite is

anhedral and is generally not more than 0.05 mm in length,

but sericite in veinlets can be up to 0.5 mm in length. Most

sericite occurs in plagioclase grains where it dusts the

grains. About 35-40% of secondary biotite has been partially

or totally replaced by sericite. This sericite retains the

shreddy texture of the secondary biotite and is coarser

grained than most sericite present. There are also rare

sericite veinlets that are up to 0.1 mm wide. Calcite occurs

as scattered grains up to 0.15 mm in diameter in microcline

grains, or as rare 0.15 mm wide veinlets.

Based on mineralogy and texture, the protolith was a

monzonite using IUGS classification system (Streckeisen,

1976). The original igneous alkali feldspar content is

estimated to have been 45-46%.
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Quartz Porphyry

The quartz porphyry is white to pink in appearance and

has characteristic distinct large quartz phenocrysts (unit

Jqp, Plate 1). This porphyry also has been altered and

deformed to some degree: there is no foliation present, but

quartz phenocrysts commonly have undulose extinction and

feldspar phenocrysts are broken and offset. Over 75 volume

percent of the quartz porphyry is composed of 0.02-0.05 mm

groundmass with a granophyric texture. The groundmass is

estimated to have been originally about equal amounts of

quartz and alkali feldspar (Table 1). Secondary albite has

totally replaced the alkali feldspar in the groundmass. This

secondary albite has the characteristic short, irregular

twins of hydrothermal albite as described elsewhere

(Gilluly, 1933; Carten, 1986). The other 25 volume percent

is composed of phenocrysts of albite, quartz, biotite,

apatite, zircon, chlorite, and pyrite, as follows. Euhedral

plagioclase ranges from An05 to An14 (determined by electron

microprobe), is up to 2.25 mm in length, and has a

myrmekitic texture with quartz on the margins. Quartz is

clear to grey, rounded, and ranges from 0.5 to 3 mm in

diameter. Igneous biotite has brownish green to green

pleochroism, is up to 0.3 mm in length, and has rutile in

the cleavages (Appendix 5). Secondary albite has totally

replaced euhedral alkali feldspar that was up to 3.75 mm in

http:0.02-0.05
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length. This albite has the characteristic short, irregular

twins of hydrothermal albite as described elsewhere

(Gilluly, 1933; Carten, 1986). The secondary albite has rare

inclusions of euhedral plagioclase up to 0.75 mm in length

and very rare inclusions of anhedral quartz up to 0.05 mm in

diameter also suggesting it replaced magmatic potassium

feldspar crystals. Secondary biotite occurs as rare

scattered grains or veinlets in the groundmass. Trace

amounts of secondary biotite have been replaced by chlorite

that retains the shreddy texture of the biotite. The

chlorite has pale green pleochroism with dark green to blue-

green birefringence. Cubic pyrite is up to 0.5 mm in

diameter and is often partly or totally altered to hematite.

Apatite occurs as euhedral rods up to 0.2 mm in length in

plagioclase phenocrysts. Euhedral zircon is very rare and is

up to 0.15 mm in diameter.

This rock is classified as a granite porphyry on the

basis of the IUGS classification system (Streckeisen, 1976).

Hornblende Granite Porphyry

The hornblende granite porphyry dikes are grey in

color, fine-grained, and contain numerous green actinolite

phenocrysts (unit Jhp, Plate 1). These dikes have also been

hydrothermally altered. The groundmass makes up 67 volume

percent of the porphyry dikes with the rest of the volume
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consisting of phenocrysts of plagioclase, amphibole,

biotite, chlorite, allanite, and opaque minerals (Table 1).

The equigranular groundmass is from 0.02-0.05 mm in diameter

and is composed of irregular quartz (33 volume percent) and

albite (66 volume percent) and euhedral apatite (1 volume

percent). This groundmass albite has the characteristic

short, irregular twins of hydrothermal albite as described

elsewhere (Gilluly, 1933; Carten, 1986). Apatite occurs as

rods that are 0.01 to 0.05 mm in length.

Euhedral plagioclase phenocrysts are up to 2 mm in

length and range from An1 to An16 (determined by electron

microprobe). These albite compositions are the result of

hydrothermal alteration. Plagioclase has a myrmekitic

texture at its margins. Amphibole phenocrysts are subhedral

to euhedral, up to 1.25 mm in length, and have clear to

light green pleochroism (Table 2). The amphibole originally

was hornblende and has been altered to actinolite. Igneous

biotite is subhedral, up to 0.5 mm in length, and has

brownish green to green pleochroism. Chlorite retains the

shape of the biotite it replaces. Chlorite has pale green

pleochroism and dark green to blue-green birefringence.

Allanite is anhedral and has strong red to brownish-red

pleochroism. Igneous magnetite forms equant octahedra up to

0.3 mm in diameter. Hydrothermal magnetite is anhedral and

is up to 0.1 mm in diameter, but is generally much less.

Secondary magnetite is associated with actinolite

http:0.02-0.05
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phenocrysts where it found on the margins or inside of the

phenocrysts. Hematite occurs as rims on some magnetite

phenocrysts.

Based on mineralogy and texture, the original protolith

was a biotite-magnetite bearing hornblende granite porphyry

using IUGS classification system (Streckeisen, 1976). There

originally may have been 1-2 volume percent biotite and 46

47 volume percent alkali feldspar. The groundmass albite is

thought to have replaced alkali feldspar because it has the

short, irregular twinning common to hydrothermal albite.

Aplite Dikes

Aplite dikes are medium-grained, pink to white, and

have a micrographic texture (unit Ja, Plate 1). Essential

minerals are plagioclase, microcline, quartz, biotite, and

epidote (Table 1). Minor and trace amounts of sericite,

chlorite, titanite, allanite, and opaque minerals occur.

Plagioclase is euhedral, up to 1.5 mm in length, and is

commonly partly replaced by epidote and sericite. Anhedral

microcline and quartz form the micrographic texture present

in the dike. Microcline is up to 1 mm in diameter, and

quartz is up to 0.4 mm in diameter. Igneous biotite is

subhedral, up to 0.2 mm in length, and has light brown to

green pleochroism. Chlorite replaces trace amounts of

biotite. Chlorite has pale green pleochroism and dark green
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to blue-green birefringence. Igneous titanite is subhedral

and up to 0.4 mm in length. Anhedral allanite is up to 0.45

mm in diameter and has strong red to brownish red

pleochroism. Anhedral epidote is up to 0.2 mm in diameter.

Epidote also forms veinlets that are up to 0.25 mm wide and

contain trace amounts of hematite. This hematite is up to

0.04 mm on a side and has replaced cubic pyrite. Anhedral

sericite is up to 0.03 mm in length. About 50% of the

plagioclase grains is lightly dusted with sericite.

Based on mineralogy and texture, the dikes are

classified as biotite granites.

Tertiary Rhyolite

Tertiary rhyolite is pale pifik to white, flow-banded,

and occasionally has a 0.3 - 1.3 m wide, black vitrophyre

exposed at the margins (unit Tr, Plate 1). The rhyolite is

about 99 volume percent glass with the rest consisting of

phenocrysts of sanidine, biotite, quartz, and plagioclase.

Sanidine phenocrysts make up about 1 volume percent of the

rhyolite, whereas the other minerals occur in only trace

amounts. Sanidine phenocrysts are subhedral to euhedral,

Carlsbad twinned, and are from 0.25-1.0 mm in length.

Subhedral quartz phenocrysts are up to 1.5 mm in diameter,

and igneous brown biotite is up to 1.5 mm in length.

Plagioclase is euhedral and is up to 0.8 mm in length.
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Igneous Geochemistry

The Mesozoic granitic rocks in the Pine Grove District

all have undergone some degree of hydrothermal or

metamorphic alteration. This causes difficulties in

describing and characterizing the original igneous

composition of the host rocks. Analyses in Table 2 and

Appendix 4 give the major and trace element compositions of

rock and alteration types from the Wheeler Mine area. Most

of the major elements contents ( i.e., K, Na, Fe, Ti, Al,

Mn, Mg, and Ca) have been effected by hydrothermal

alteration. Figure 4a and 4b are plots of total alkali

content and K20 content versus Si02 content for one sample

of the granodiorite of Lobdell Summit (DSP 6) and two

samples of the Wheeler granite porphyry (DSP 16 and 53).

These samples were chosen because they were not strongly

altered. The granodiorite of Lobdell Summit plots in the

High K Dacite field of Ewart (1979) on the K20 versus silica

diagram and in the High Al field of Kuno (1959) on a plot of

total alkalies versus silica diagram. The Wheeler granite

porphyry samples plot in the alkalic field of Kuno (1959) on

a plot of total alkalies versus silica diagram. The two

porphyry samples plot in the High K Dacite field of Ewart

(1979) near its upper boundary where Ewart's fields are

undefined. Figure 5a and 5b are plots of P205 content and Zr

content versus Si02 content for the Mesozoic granitic rocks
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Table 2. Major Element Compositions of the Mesozoic Rocks
in the Pine Grove District, Lyon County Nevada.
Rock Jgd Jgd Jgd Jgd Jgd Jgd Jgd 
Type 
Sample DSP DSP DSP DSP DSP DSP DSP 
Number 6 8 39 55 57 60A 60AS 
Unnormalized Results (wt.%): 

SI0, 66.35 74.92 65.40 66.40 75.42 65.08 64.23 
A1203 15.31 11.66 15.36 15.39 8.75 15.58 16.53 
TiO2 0.489 0.427 0.532 0.541 0.389 0.555 0.572 
FeO. 4.24 4.11 4.36 3.92 5.35 5.10 5.26 
MnO 0.087 0.094 0.140 0.066 0.007 0.124 0.144 
CaO 4.18 1.34 3.66 2.12 0.12 2.17 2.25 
MgO 1.52 1.50 2.15 2.19 0.20 2.36 2.59 
K2O 3.01 3.20 0.64 2.77 3.25 2.35 2.89 
Na2O 3.28 0.58 6.25 4.45 0.64 4.62 3.59 
P2O5 0.117 0.079 0.119 0.127 0.051 0.131 0.133 

Total 98.58 97.73 98.61 97.97 94.18 98.07 98.19 

Rock Jgd Jgp Jgp Jmd Jm Jqp Jhp 
Type 
Sample DSP DSP DSP DSP DSP DSP DSP 
Number 111 16 53 3 41 2 165 
Unnormalized Results (wt.%): 

SiO2 66.89 68.54 67.99 59.08 62.02 75.11 64.07 
A1203 15.89 14.71 14.82 18.02 19.15 13.86 16.69 
TiO2 0.454 0.332 0.361 0.712 0.169 0.188 0.560 
FeO' 3.83 2.84 2.96 6.00 1.22 1.34 3.76 
MnO 0.089 0.022 0.025 0.050 0.038 0.006 0.028 
CaO 1.44 1.56 2.34 1.24 2.33 0.29 1.62 
MgO 1.60 0.96 1.05 1.73 0.80 0.23 1.43 
K2O 2.52 4.75 4.61 3.94 4.86 0.32 0.15 
Na2O 5.91 4.12 3.55 7.61 6.93 8.18 10.01 
P2O5 0.112 0.112 0.121 0.403 0.013 0.051 0.259 

Total 98.73 97.95 97.83 98.82 97.53 99.58 98.58 

FeO' is where Fe is calculated as Fee'
Samples DSP 6, DSP 8, 39, 55, 57, 60A, 60AS, and 111 are samples of granodiorite of Lobdell
Summit. DSP 6 has been metamorphically altered. DSP 55, DSP 60A, and DSP 111 are altered
to a Potassic-Sodic 4 assemblage. DSP 60AS is a sample of a quartz-sulfide vein selvage in
granodiorite altered to Potassic - Sodic 4 assemblage. DSP 57 is altered to a quartz-sericite
assemblage. DSP 8 is altered to a moderate sericitic assemblage.
DSP 3 is a sample of microdiorite altered to Potassic-Sodic 4 assemblage.
DSP 41 is a sample of monzonite altered to Potassic-Sodic 3 assemblage.
DSP 16 and 53 are samples of Wheeler granite porphyry altered to Potassic-Sodic 2
assemblage.
DSP 2 is a sample of quartz porphyry altered to Sodic 1 assemblage.
DSP 165 is a sample of hornblende granite porphyry altered to Sodic 2 assemblage.
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Figure 4a.
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Figure 4. Plots of K20 and K20 + Na20 content versus Si02
content for the least hydrothermally altered samples of
Mesozoic granitic rocks.
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Figure 5a.
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Figure 5b.
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Figure 5. Plots of P205 content and Zr content versus Si02
content for the Mesozoic granitic rocks.
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in the Wheeler Mine area. These diagrams indicate that with

increasing silica content there is a decrease in the P2O5

content and possibly a slight decrease in Zr contents of the

granitic rocks. Two samples (DSP 8 and 57) of the

granodiorite of Lobdell Summit were not plotted because they

have been altered so strongly that silica has been added to

the samples; however, the remaining samples probably had

little addition or loss of P, Zr, and SiO2, particularly

since P2O5 and Zr are relatively immobile during alteration.

Chondrite-normalized trace element plots for the

Mesozoic granitic rocks and alteration types are shown on

Figures 6a and 6b. C1 chondrite values from Anders and

Ebihara (1982) were used with the mass of carbon and water

subtracted. Figure 6a is a plot of least altered samples of

granodiorite of Lobdell Summit, Wheeler granite porphyry,

and monzonite from the Wheeler Mine area. Figure 6b is a

plot of all granitic rock types for the Wheeler Mine area.

All samples of the microdiorite, quartz porphyry, and

hornblende granite porphyry in the Wheeler Mine area have

undergone strong alteration. The least altered Mesozoic

granitic rocks have essentially the same pattern for trace

elements. The samples have the typical pattern of calc

alkaline rocks from island arcs (Jakes and Gill, 1970). All

the rocks show a moderate enrichment (up to 100X chondrite

values) of light rare earth element (REEs) with a pattern

sloped towards lower abundances at higher atomic numbers.
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Figure 6a.
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Figure 6b. 
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Figure 6. Cl chondrite normalized trace element plots for
the Mesozoic granitic rocks (C1 chondrite values of Anders
and Ebihara, 1982). Figure 6a is a plot of least
hydrothermally altered samples and Figure 6b is a plot of
each rock type from the Mesozoic rocks.
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The heavy REEs are not as enriched (10X chondrite values)

and have nearly a flat pattern. All samples are very

enriched in Th and U, and are depleted in Sc and Sr. The

Mesozoic rocks also have similar concentrations of high

field strength, incompatible elements (i.e. Zr, Hf, Ta).

Some of the more significant differences, particularly in

the Quartz Porphyry and Hornblende Granite Porphyry, are due

to the strong hydrothermal alteration. These two porphyries

have undergone strong sodic alteration which has removed Cs,

Rb, K, Sr, and Ba (Figure 6b).

The main minerals of the granodiorite of Lobdell Summit

and the later granitic intrusions are plagioclase,

microcline or orthoclase, quartz, hornblende, and biotite

with minor and trace amounts of apatite, titanite,

magnetite, and allanite. The presence of hornblende

indicates that there was >4 weight percent water in the

magma (Burnham, 1979).

Electron microprobe analyses of allanite and titanite

(Appendices 2 and 3) and a instrumental neutron activation

analysis of a whole rock from the granodiorite of Lobdell

Summit are normalized to C1 chondrite values (Anders and

Ebihara, 1982) and are plotted on Figure 7. Allanite is more

enriched in light REEs, and titanite is more enriched in the

heavier REEs than the whole rock. The allanite has 200-300X

the concentrations of Th and Sm as the whole rock, and it

has 1000X the concentrations of La, Ce, and Nd as the whole
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Figure 7.
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Figure 7. Cl chondrite normalized trace element plot of
allanite, titanite, and the granodiorite of Lobdell Summit
(C1 chondrite values of Anders and Ebihara, 1982).



Appendix 1
Electron Microprobe Analyses of Titanite

Rock Granodiorite of Wheeler Granite
Type Lobdell Summit Porphyry

Sample DSP 201 DSP 16
Number

Location core core core rim core core core rim
Wt. %

Si02 30.66 29.92 29.46 28.71 28.99 29.10 28.88 30.92 
TiO2 38.85 38.15 36.70 36.64 35.83 35.93 36.38 36.34 
A1203 0.86 1.13 1.51 1.42 1.17 1.27 1.22 1.80 
Y 0 0.05 0.09 0.88 0.69 0.53 0.44 0.44 0.25 
Ce

2 3
03 

0.00 0.00 0.00 0.02 1.03 1.11 0.97 0.04 
Nd

2
0 0.00 0.00 0.01 0.07 0.67 0.73 0.68 0.05 

2 3 
Sm203 0.00 0.01 0.01 0.06 0.16 0.17 0.16 0.02 
Gd 0.01 0.03 0.08 0.12 0.28 0.21 0.19 0.03 

203 
Dy203 0.04 0.03 0.14 0.11 0.06 0.06 0.10 0.02 
Yb203 

0.00 0.03 0.12 0.04 0.04 0.05 0.00 0.01 
MgO 0.03 0.00 0.00 0.00 0.02 0.04 0.02 0.02 
CaO 28.26 28.05 26.91 27.35 26.12 26.37 26.47 27.75 
MnO 0.10 0.10 0.00 0.02 0.11 0.10 0.08 0.00 
FeO 0.67 0.79 1.06 0.83 1.66 1.72 1.60 1.00 
H2O* 3.79 0.75 1.64 5.26 2.42 1.01 2.63 1.07 
F 0.13 0.20 0.15 0.01 0.02 0.03 0.05 0.17 
Cl 0.01 0.01 0.17 0.01 0.00 0.01 0.00 0.00 

Total 103.46 99.20 98.93 101.36 99.11 98.25 99.87 99.58

* calculated by Stoichiometry assuming the E cations equals 20 with 4 cations of Si.
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