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ABSTRACT

The Ellison mineral district is located in the 

Southern Egan Range of White Pine County, Nevada. Alteration- 

mineralization there is centered on the western side of an 
intrusive complex consisting of rhyolite autobreccia cut by a 
younger 36.2 + 1.2 m.y. quartz monzonite porphyry. A small 
exposure of quartz monzonite porphyry is surrounded by con
centric bands of silicification and silication. Small but 
high-grade quartz-calcite precious metal veins are located at 
the skam-limestone contact. In the quartz monzonite por
phyry , weakly developed quartz-chalcopyrite-pyrite veins and 
quartz-molybdenite veins are found below the stockwork. Sim
ilar features of mineralization and alteration are also 
observed in some of the core rhyolite. The extensive high- 
density fracturing characteristic of porphyry copper and 
porphyry skam deposits is not developed at Ellison.

xi



INTRODUCTION

The Ellison district lies on the west slope of the 
Egan Range of east-central Nevada aboyt 37 kilometers south 

of Ely, Nevada (Figure 1). There, many small mineral pros
pects border"an intrusive complex (Figure 2) that penetrates 
the Paleozoic section, the predominantly limestone sediments 
of Sawmill Canyon; Figures 3 and 4 are photographs of the 
canyon from the southwest rim. The intrusive complex con
tains provocative outcrops of a quartz-iron oxide stockwork 
in quartz monzonite porphyry, a rhyolite porphyry breccia 
complex containing weak disseminated sulfide mineralization, 
aureoles of silicification and silication, associated high 
grade polymetallic vein mineralization, and nearby jasperoid 
veins. Figure 5 is a photograph of the stockwork quartz 
monzonite porphyry on the south side of the canyon.

Purpose of Investigation
This study is the first detailed investigation of 

the Ellison district. In addition to being an area of metal 
lie mineralization potential, Sawmill Canyon presents 
several intriguing geologic problems. For example, the 
sequence of intrusive activity and the relationship of 
igneous rocks to alteration and mineralization has not been 

 ̂ ■ 1 '
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Figure 1. Location map for study area. X's are open pit 
mines of the Robinson district.
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Figure 3. View of Sawmill Canyon looking east from the south side of
the canyon. The intrusive complex outcrops where the canyon 
is most strongly vegetated.

Figure 4. A closer view of the intrusive complex area of Figure 3.
Drill hole DH-1 is located on the red road cut just below 
the center of the picture.



4

Figure 5. A view of the south side of Sawmill Canyon from the north 
side of the canyon. Drill hole DH-1 is located in the 
center of the picture at the end of the upper road. The 
brown outcrop is the western quartz monzonite porphyry and 
associated silicified and silicated rock.
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examined. The dominant style of mineralization has not been 
established, and no classification or model of mineralize- \ 
tion has been applied to the district. In addition, the 

Ellison district has not been considered in the context of 
known ages and trends of igneous activity and mineralization 

in Nevada and western Utah.

Organization
The results of this study are organized so that ob

servation may be separated from opinion. Chapters two 
through six present data with limited discussion. Chapters 
two and three include local stratigraphy and structure. 
Chapter four describes the two Sawmill Canyon intrusive 
suites, including the rhyolite breccias. The timing of in
trusion of the two rock types, rhyolite and quartz monzonite 
porphyry, is critical to understanding the sequence of min
eralization. Chapter five covers alteration and mineraliza
tion in the Ellison district. Chapter six deals with vein 
mineralization in the limestones and geochemical element 
distribution. Chapter seven consists of discussion and 
conclusions. Igneous rocks in the Ellison district are 
viewed in the context of local and regional igneous activity 
Style of mineralization is addressed, and features of the 
Ellison district are compared to trends of mineralization 
and ore deposits in Nevada and western Utah. Lastly, a 
Tertiary geologic history of the district is proposed.



6
; Method of Study

The Ellison district was mapped on a 1:6,000 scale 

enlargement of the Sawmill Canyon quadrangle topographic map. 
The area of the map covers 6.6 kilometers east-west and 
3.7 kilometers north-south (Figures 1 and 2). Drill core 
from three previous diamond drill holes was made available, 
and 1,093 meters of drill core were logged on a 1:100 scale 
graphic log. This information is condensed onto Figure 6, 
a 1:1,200 scale graphic log and cross section through the 
three drill holes. Thin sections were made from 64 surface 
and core samples. Results of petrographic examination are 
presented in the chapter on igneous rocks and the chapter on 

alteration and mineralization. A potassium-argon age for 
a quartz monzonite porphyry sample was performed by Geochron 
Laboratory, Cambridge, Massachusetts (Appendix A). Geochem
ical sampling resulted in collection and analysis of 133 
surface samples and 14 core samples (Appendix B). Surface 
distribution of 11 elements is presented in map overlays.

Previous Investigations

A largely stratigraphic and structural study of the 
Egan Range by Playford (1961) briefly described the intru
sive rocks in Sawmill Canyon, Playford’s map of the area 
covers Sawmill Canyon at a scale of 1:20,000, and is neces
sarily generalized. Smith (1976) mentions the Ellison 
district in his description of White Pine County mining
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districts, but his account of the Ellison district is 
limited to location information and a short history of 
production.

Local History
Seven patented claims located in Sections 7 and 18,

T. 12N., R. 63E. and numerous surrounding unpatented claims 
were originally filed and are retained by the Hendrix 
family of nearby Lund, Nevada. Lund, a small farming town 
with a population of 350, was founded at the turn of the 
century by Mormon pioneers and remains a charming and hos
pitable community. The mouth of Sawmill Canyon is 7.5 
kilometers northeast of Lund, and the center of the Sawmill 

Canyon intrusive complex is 2.7 kilometers east of the mouth 
of the canyon.

Earliest recorded production dates from 1936 to 1937, 
when a few tons of copper ore were shipped. Sporadic pro
duction from 1940 through 1948 yielded a recorded total of 
93 tons of ore containing 3 ounces (0.03 oz. per ton, 1 ppm) 
gold, 801 ounces (8.6 oz. per ton, 270 ppm) silver, 11,427 

pounds (6.1%) copper, 4,325 pounds (2.3%) lead, and 1,910 
pounds (1.0%) zinc (Smith, 1976). The largest mine in the 
district, the Hendrickson mine, also produced several tons 
of fluorspar but is now filled. Most of the prospects pur
sued small irregular sulfide or oxidized sulfide veins 
scattered in an arc about the north, west, and south sides
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of the intrusive complex in an area 0.9 kilometers long in 
the .east-west dimension by 0.6 kilometers wide. Several 
horizontal adits, 4.5 meters to approximately 15 meters in 

length, are located in the same area. Host other prospects 
are small dynamited pits up to 4 meters wide and less than 
2 meters deep. Two shafts, a filled adit, and several small 

v prospects are located on the western slope of the Egan Range 
southwest of the intrusive complex; they are the Johnson Boys 
mine and prospects 750 meters south. . Mineralization along 
the west ridge consists of north-south trending chalcopyrite 
veins, oxidized chalcopyrite veins, and gold-bearing jasper- 
oid veins.



STRATIGRAPHY

The southern Egan Range near Sawmill Canyon con

sists of a stratigraphic section of more than 7,500 meters 
of Paleozoic and Tertiary rock that forms an east-dipping 

homoclinal fault block bounded on the west by a major Basin 
and Range normal fault. This western boundary of the Egan 

Range includes a prominent cliff 335 to 460 meters in height 
that rises to an elevation of 3,000 meters east of Sawmill 
Canyon. The Sawmill Canyon intrusive complex is exposed 
entirely within Paleozoic Cordilleran miogeosynclinal sedi
ments which are carbonate strata, except for one quartzite 
unit. The Paleozoic rocks of the southern Egan Range form 

a nearly continuous, over-5,600-meter thickness of sediments 
broken by only a few disconformities.

The Cambrian Whipple Cave Formation is the oldest 
unit found in Sawmill Canyon. The upper 570 meters of this 
formation form both the west-facing cliff flanking the 
range and the lower steep-sided Sawmill Canyon gorge (Figure 
7). There, the Whipple Cave Formation is a gray, commonly 
cherty, thick-bedded calcarenite with lesser amounts of 
calcilutite and dolomite.

The Whipple Cave Formation is overlain by the Ordo
vician Pogonip Group, which has been broken into three

.9



Figure 7. The view north from the south side of the canyon. The west
facing faulted side of the range is seen with the dump from 
the Ruth Pit in the far distance. The upper 570 meters of 
Vtiiipple Cave Formation form the sparsely vegetated canyon 
wall in the left and middle foreground of the photograph.
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mapped units consisting of five formations (after Playford, 

1961). All formations of the Pogonip Group are in contact 
with the western half of the Sawmill Canyon intrusive. The 
lowest unit (Ous of Figure 2) is 321 meters thick and con
sists of the House Limestone, the Parker Spring Formation, 
and the lower two-thirds of the Shingle Limestone. The 
House Limestone is a cherty calcarenite which tops the west
ern cliff face of the Egan Range at Sawmill Canyon. The 
overlying Parker Spring Formation is a poorly exposed slope
forming limestone consisting largely of intraformational 
calcirudite. The lower member of the Shingle Limestone is a 
slope-forming calcarenite. The second unit consists of the 
upper member of the Shingle Limestone. This 66-meter-thick, 

massive, cliff-forming calcarenite is a distinctive marker 
horizon in the Pogonip Group. Overlying the Shingle Lime
stone are two more slope-forming units, the Kenosh Shale and 
the Lehman Formation, which are mapped together. The Kenosh 
Shale is a poorly exposed, usually soil-covered mixture of 
shale and fossiferous calcarenite. The Lehman Formation is 
a thin-bedded calcilutite and calcarenite copped by a thin 
layer of dolomite.

Disconformably overlying'the Pogonip Group is the 
Ordovician Eureka Quartzite, a strongly cliff-forming ortho
quartzite, "probably the most widespread Paleozoic formation 
in the Great Basin, extending from Death Valley in Cali- v 
fomia to Western Utah." (Playford, 1961) One hundred and



12
forty-seven meters thick in the Sawmill Canyon area, the 
Eureka Quartzite stands out as a distinctive white, light 
yellow, or pale pink cliff on the western face of the Egan 
Range, as seen from the White River Valley to the west.
Most of the Eureka Quartzite is a white, fine- to medium

grained, medium- to thick-bedded, vertically jointed ortho
quartzite consisting of well-rounded and well-sorted quartz 
grains. The 192 meter thick Ordovician Fish Haven Dolomite 
is a dark gray, thick-bedded to massive, fine- to medium
grained dolomitized limestone. The Fish Haven Dolomite 
completes the 1,005 meter thick Ordovician system.

The 168-meter-thick Laketown Dolomite comprises the 

Silurian System of the Egan Range. It consists of light to 
medium gray, thick- to massive-bedded dolomitized limestone 
characterized by an abundance of white, fracture-filling 
quartz stringers. The Laketown Dolomite is very erosion- 
resistant and forms steep cliffs and peaks, notably Sawmill 
Peak 2,100 meters south of Sawmill Canyon.

The uppermost sedimentary unit to contact the Saw
mill Canyon intrusive complex is the Sevy Dolomite, a light 
gray, thinly bedded, occasionally sandy dolomite that ex
hibits blocky weathering. Compared to underlying units, the 
Sevy Dolomite is a slope former, although it occasionally 
forms low cliffs.

Most of the contact between the Fish Haven Dolomite 
'and the Laketown Dolomite and all stratigraphic contacts
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above that (shown with dashed lines on Figure 2) are 
adapted from Playford (1961).



STRUCTURE

The southern Egan Range is a north-trending, east
dipping, homoclinal fault block. The major western frontal 
fault is buried under valley alluvium and is not shown in 

Figure 2. According to Playford (1961), throw on the fault 
near Sawmill Canyon is on the order of 4.6 to 6.1 km; how
ever, Hose and Blake (1976) restrict movement on high-angle 

faults in White Pine County to displacements of less than 
2.4 km. A small hump in the alluvium is encountered at the 
entrance to the canyon, indicating that recent movement has 

been about 5 meters.
Several high-angle small-displacement faults cut the 

Ellison district. Most of these faults trend N30°E; verti

cal displacements are easily seen in the walls of the canyon 
where there is little cover. Higher up, away from the can
yon, most of the small faults are difficult to trace. All 
high-angle faults appear to be normal with displacements of 
less than 30 meters. The western side of most of the high- 
angle faults is down-dropped.

All large scale faulting is considered to be "Basin 
and Range" in age, which post-dates intrusive activity in 
Sawmill Canyon, but some of the smaller high-angle faults 

are older. East of the map area, Tertiary volcanic rock
14



15
(Lower Volcanics, Chapter 7) covers previously existing 

small displacement faults (Playford, 1961)'. It is note
worthy that several of the high-angle, faults are located 
near the western edge of the intrusive complex.

The trend of most of the porphyritic rhyolite dikes 
(Chapter 4, Tpr of Figure 2), mineralized veins, and jasper- 

pid dikes (Chapter 6, jas of Figure 2) is parallel to the 
faults. It is suggested, but not proved, that previously 
existing structures could have influenced location of these 
features. The western edge of the rhyolite complex is 
truncated by a fault which has an eastern down-dropped side. 
This fault shows little displacement across the limestone 
contact, yet it cleanly truncates the rhyolite complex, 
evidence which suggests that the fault may have been an 
intrusion displacement fault. Movement on this fault was 
contemporaneous with or post-dated Sawmill Canyon intrusive 
activity.

A possible buried fault is shown in the Johnson Boys 
area of Figure 2. This structure was mapped by Playford 
(1961) in an area that is nearly covered with limestone 
debris. . The buried fault, though not observed in this study, 
was mapped as coincident with most of the mineralized veins 
in the area (Chapter 6).

• A low-angle gravity slide displaces Eureka Quartzite 
on the north side of the canyon (Oe of Figure 2). Two 
blocks of the strong, resistant quartzite have slid southeast



into a small side canyon. The largest block has moved 

nearly parallel to its lower bedding plane. The southern 

smaller block rests on a more eroded surface.
A structurally truncated small unit of Eureka Quartz

ite is found between the eastern quartz monzonite porphyry 
and the rhyolite complex on the south side of the canyon 

(Figure 2). The west side of the unit is truncated by the 
upthrown side of a fault, and the east side is cut by a 
north-south local shear zone which also cuts the overlying 
Fish Haven Dolomite (Ofh of Figure 2). Structural features 
in this area are believed to be due to collapse of the coun
try rock into underlying intrusive rock.

16



IGNEOUS ROCKS

Because the Sawmill Canyon intrusive complex rocks 
are more easily weathered than the surrounding sedimentary 
rocks, the complex forms a 150-meter-wide by 350-meter-long 

bowl within the steep-walled canyon (Figure 3). In the ab
sence of any significant east-west structures in the canyon, 
it is concluded that the canyon gorge was carved as an out
let for the watershed created by erosion of the Sawmill 
Canyon intrusive complex. The intrusive complex is composed 
of two intrusive suites; (1) the rhyolites and related brec
cias, and (2) the quartz monzonite porphyries with associ
ated silicated limestone. Each of the two intrusive suites 

has two general areas of surface outcrop (Figure 2). Rhyo
lites outcrop on both sides of the canyon. The eastern 
exposure consists of a 650-meter by 850-meter outcrop of 
unaltered and unmineralized flow-banded rhyolite, largely 
restricted to the south side of the canyon. The western 
exposure consists of a slightly smaller area of mixed rhyo
lites on both sides of the canyon. Several properties dis
tinguish the western rhyolites from the eastern rhyolites;
(1) they have a less recognizable flow-banded fabric and in 
general are more crystalline, (2) they form a contact breccia 
with surrounding limestone, and (3) the western rhyolites are

17



altered and mineralized. A series of north-.to northeast- 

trending rhyolite dikes which are tekturally similar to the 
western rhyolites cuts the entire rhyolite complex.

The eastern quartz monzonite porphyry complex is 
exposed in three outcrops on the south side of the canyon. 
There, eastern exposures of the quartz monzonite porphyry 
and granodiorite porphyry are generally unaltered and are 
characterized by sharp contacts with wall rocks. The west
ern outcrop of the quartz monzonite porphyry is small, 
approximately 75 meters by 150 meters in size. It is, how
ever, surrounded by a large halo of silicified, silicated, 
and recrystallized limestone. Several lines of evidence, 
discussed later, indicate that the quartz monzonite is 
younger than the rhyolite.

Rhyolite Complex
The intrusive rhyolites of Sawmill Canyon are di

vided into separate units based on the presence of three 
macroscopic textural features; (1) flow banding, (2) por- 
phyritic texture, and (3) breccia texture. Various combina
tions of these textures in surface outcrops would result in 
a map of superfluous complexity, so Figure 2 contains units 
labeled with two rock textures or with the more dominant of 
several textures.

18
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'Eastern Rhyolites

The eastern rhyolites are a poorly exposed, slope- 

forming unit largely covered with soil and limestone debris. 
Most mapped contacts are approximate. The most conspicuous 
feature of the eastern rhyolites is flow banding. Most 
samples of the flow-banded rhyolites (Tfr of Figure 2) are 
various shades of purple, brick red, orange, and yellow.
Flow banding originally consisted of 0.1-mm- to several- 
millimeter-wide laminar to turbulent bands of alternating 
ashy and glassy material. Subsequent devitrification and 
weathering has partially to completely obscured the original 
texture of the rock, but in many cases the relict flow 
banding is preserved even after significant devitrification. 
Figures 8 through 16 illustrate some typical rhyolite and 
rhyolite breccia textures.

The eastern rhyolites and most of the rhyolites on 
the south side of the canyon contain similar amounts of 
phenocrysts but differ in percent of crystalline groundmass 
or grain size of the groundmass. Phenocrysts comprise 1% 
to 5% of the rock, usually less than 2%. Quartz is the most 
ubiquitous constituent, occurring as 0.5-mm to 2-ram crystal 
fragments, embayed resorbed crystals, and as occasional 
euhedral crystal fragments, frequently dipyramidal after P 
quartz. Other smaller, less abundant phenocrysts are 
plagioclase, sanidine, biotite, and minor amounts of hema

tite and sphene.
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All of the rhyolites which still retain a largely 

vitric groundmass are flow banded, as shown in Figure 8. 
Original flow banding consists of alternating laminar, 

wavy, or crenulated bands of ash and glass. The ashy 
layers are preferentially devitrified, sometimes resulting 
in overlapping spherulitic bands (Figure 9). Commonly, 
devitrification of the groundmass is complete with the 
groundmass consisting of gray, brown, or yellow microlites 
of alkali feldspar laths and quartz. Sodium cobaltinitrite 
staining indicates that the groundmass feldspar is potassium 
feldspar rich.

Rhyolite breccia on the south side of the canyon 
consists of rhyolite clasts in a rhyolite groundmass.
Figures 10 and 11 illustrate typical eastern rhyolite brec
cia textures. Clast size is highly variable, ranging from 
less than one millimeter to up to 5 meters in size, although 
most clasts are typically under 2 cm. The rhyolite auto
breccias usually consist of dark, angular, vitric, flow- 
banded clasts in a lighter, ashy, devitrified groundmass 
(Figure 11). Other less common textural combinations of 
clast and matrix, such as devitrified clasts in a more vit
ric groundmass, are also found. As in the flow-banded 
rhyolites, strong devitrification of both clast and matrix 
destroys any original megascopic breccia textures. Partial 
destruction of breccia texture and flow-banded texture by 
devitrification tend to emphasize the porphyritic texture
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Figure 8. A polished slab of flow-banded rhyolite which is only weakly 
devitrifled in ash-rich bands. Phenocrysts stand out only 
after staining. Spherulitic cavities are found in ashy 
clots. This sample is from the eastern rhyolite on the south 
side of Sawmill Canyon. 3.5X.

Figure 9. A flow-banded eastern rhyolite from the south side of the 
canyon with spherulites arranged in coalesced groups 
centered in ash flow bands. 4X.



22

Figure 10. A rhyolite autobreccia frctn the south side of the canyon 
with poorly developed flew banding. The sample shows 
enhanced texture with staining. Since both clasts and 
groundmass are vitric, texture is obscure. 4X.

Figure 11, A partially devitrified eastern rhyolite autobreccia which 
has a more strongly devitrified groundmass than the flcw- 
banded clasts. The right half of the picture is a large 
flow-banded clast. The coarser grained, ashy, devitrified 
matrix contrasts with the clasts to enphasize the breccia 
texture. 4%.
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of the rock. Rhyolite units which are labeled as por- 
phyritic flow banded (Tpfr,. Figures 10, 11, and 12) or 
brecciated porphyritic (Tbpr, Figure 13) are named by the 
degree to which phenocrysts stand out in hand samples. 
Phenocryst-to-groundmass ratios are actually fairly uniform 
when observed in thin section.

Western Rhyolites

The western rhyolites of the Sawmill Canyon intru
sive complex are those exposed on both sides of the canyon 
within 550 meters of the two cabins shown at the bottom of 
the canyon in Figure 2. Glassy to devitrified flow-banded 
rhyolites and rhyolite autobreccias equivalent to the east
ern rhyolites form the southern exposure of the western 
rhyolites.

A limestone breccia is found at the southern contact 
between the south-central rhyolites and the surrounding 
limestone. This breccia differs from other contact breccias 
to the north in that it consists of limestone rubble in a 
limey matrix. The surface outcrop is less than 10 meters 
across and forms a clean unsilicated contact with the 
rhyolite..

On the north side of the canyon in the vicinity of 
drill hole DH-3, the rhyolite again consists of autobrec- 
ciated flow-banded rhyolites, but the groundmass here is 
more crystalline than is that of the eastern rhyolites. The



24

Figure 12. A rhyolite autobreccia with texture-enhancing devitrifi
cation. Strong devitrification of the groundmass and weak 
devitrification of the clasts result in a common texture 
seen in the rhyolites. This sample is from the western 
rhyolite on the south side of the canyon, but this texture 
is found in both the eastern and western rhyolites. 4X.

Figure 13. Strong devitrification of a rhyolite autobreccia which 
results in a gray mottled texture. Relict flow banding 
can barely be seen in the stained rock. This texture is 
typical of the western rhyolites on the north side of the 
canyon. 4X.
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western rhyolites just north of the canyon road in some 
instances have a typical autobreccia texture consisting of 
flow-banded rhyolite matrix, as shown in Figure 12. More 
commonly, however, strong devitrification has produced a 
yellow, tan, or gray rock with a mottled to felsic texture 
containing scattered quartz and feldspar phenocrysts, as 
illustrated in Figure 13.

Approximately 150 meters north of the canyon bottom, 
the western rhyolite breccias contain fragments of silicated 
limestone. Higher up the canyon wall, the silicated clasts 
become more numerous until the rock becomes a green jumbled 
mixture of rhyolite clasts and recrystallized to silicated 
limestone clasts in a rhyolite and calc-silicate matrix. 
Further north, calcite-rich clasts become more numerous 
until the rock turns into a limestone breccia in contact 
with limestone. The contact breccia between the rhyolite 
and the limestone is broken into units in Figure 2 with a 
gradational contact indicated between them. Breccia that 
contains predominantly rhyolite clasts is included with the 
brecciated flow-banded rhyolite unit. Rock that contains a 
majority of limey clasts— recrystallized calcite or silicated 
clasts--is mapped as limestone breccia. The most intense 
silication occurs at the contact between the two rock types, 
although the degree of silication is quite variable.
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Figures 14 and 15 illustrate the variability of 

silication in the rhyolite contact breccias. Figure 14 
shows a rock consisting primarily of rhyolite clasts, con
tact altered rhyolite clasts, and lesser amounts of sili- 
cated and recrystallized limestone clasts. Rhyolite clasts 
that are most strongly altered contain a mixture of diopside, 
chlorite, and potassium feldspar and diopside. Reaction 
rims around altered clasts are common. The matrix consists 
of a jumbled mixture of quartz shards, diopside, chlorite, 
and potassium feldspar. Less than 0.05% by volume fine
grained, disseminated pyrite is scattered throughout the 
matrix. Figure 15 is a photograph of a sample obtained 
within 10 meters of the Figure 14 sample. Both were taken 
from the gradational contact between the autobreccia and 
limestone breccia. The Figure 15 sample contains calcite 
and rhyolite clasts in a rhyolitic matrix cut by thin 
calcite veins. No calc-silicates are present.

Drill hole DH-3 penetrates rhyolite breccias to a 

depth of 445 meters. Core from DH-3 contains alternating 
sequences of rhyolite-rich autobreccia, calc-silicate-rich 
mixed breccias, and rhyolite dike material. The effects of 
hydrothermal alteration and mineralization are superimposed 
upon, or combined with, brecciation and contact alteration. 
Therefore, the detailed description of contact alteration of 
the rhyolite breccias is presented in Chapter 5. The
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Figure 14. A strongly silicated rhyolite contact breccia consisting of 
diopside, potassium feldspar, chlorite, and recrystallized 
calcite. The large clast on the rigfrt is an altered rhyo
lite clast largely converted to diopside. This sample is 
from the northern edge of the western rhyolite complex. 4X.

Figure 15. A rhyolite contact breccia with little silication. The rock 
consists of rhyolite and calcite clasts in a rhyolitic 
matrix. This sanple is from the northern contact of the 
western rhyolite coup lex. 4X.
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western edge of the rhyolite complex on the north side of 
the canyon is in fault contact with the host limestones.
The nature of this contact is described in Chapter 3.

Late Rhyolite Dikes
Late rhyolite dikes intrude both the sediments and 

the rhyolite complex but do not cut any of the quartz mon- 
zonite porphyry. The rhyolite dikes are widest and most 
numerous in the western rhyolites on the north side of the 
canyon. Almost all of the dikes strike north to northeast 
and, where dips can be observed, are nearly vertical. Those 
dikes not found in and near the rhyolite complex are scat
tered with decreasing abundance to the south and west of the 
Sawmill Canyon intrusive complex up to 2.3 kilometers away. 
Most of the rhyolite dikes are 0.5 to 3 meters in width and 
average 100 meters in length. In order to emphasize the 
shape of surface outcrops, the width of the dikes portrayed 
in Figure 2 (Tpr) is larger than scale.

The late rhyolite dikes are texturally distinct from 
the rhyolite complex they intrude. Figure 16 is typical 
porphyritic rhyolite from a dike intruding the rhyolite 
breccias. Phenocrysts comprise 5% to 10% of the rock and 
consist of 2-mm plagioclase crystals and scattered, slightly 
larger, round quartz eyes. The rock may contain up to 0.5% 
of l-mm biotite; however,the biotite is in many samples re
placed by pyrite and other alteration minerals. The



groundmass is a fine-grained but holocrystalline mixture of 
alkali feldspar and quartz. Feldspar is usually more abun
dant than quartz except where the rock is silicified. Much 
of the dike rhyolite exposed within the north-west rhyolite 
complex is silicified and has the appearance of a gray 
felsite peppered with fine-grained pyrite. In thin section, 
however, the phenocrysts are easily seen.

Quartz Monzonite Porphyry and Related Rocks 
Surface exposures of quartz monzonite porphyry and 

related rocks are all located on the south side of Sawmill 
Canyon, where all three diamond drill holes terminate in 
quartz monzonite porphyry. Drill hole DH-1 penetrates the 
western quartz monzonite porphyry to a depth of only 318 
meters. Drill hole DH-2, located between the two quartz 
monzonite porphyry outcrops, cuts related tactite to a depth 
of 118 meters, then intersects quartz monzonite porphyry to 
181 meters.. Located north of drill hole DH-2 at the canyon 
bottom, drill hole DH-3 encounters rhyolite breccia complex 
rocks to 445 meters, then quartz monzonite porphyry to a 
depth of 593 meters. Based upon drilling intercepts, quartz 
monzonite porphyry underlies much, if not all, of the Sawmill 
Canyon intrusive complex.

Eastern Quartz Monzonite Porphyry and Related Rocks
Several igneous rocks of similar composition but 

differing texture comprise the eastern quartz monzonite

29
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Figure 16. Porphyritic rhyolite from a dike. This sample has more
phenocrysts than the flow-banded rhyolite. The ncLcrolitic 
groundmass is also coarser grained than that of the rhyo
lite it intrudes. 3.5X.

Figure 17. Eastern Tqnp. The rock contains vhite plagioclase, clear 
quartz, and black biotite. A rare potassium feldspar mega
cry st is in the lower left comer. This is the sample that 
was dated. 3X.
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porphyry suite. The main outcrop of quartz monzonite por
phyry is an irregular exposure 200 meters in diameter south 
of a small knoll overlooking the cabins from the south side 
of the canyon. Phenocrysts make up 45-50% of the rock and 
are composed of 25% 2-mm to 10-mm plagioclase, 3% of both 
hornblende and biotite (0.25 mm to 4 mm), 12% embayed 
quartz (<7 mm), and 2% orthoclase megacrysts (10 mm), as 
seen in Figure 17. Also included in the eastern quartz 
monzonite porphyry are local abundances of ragged clots of 
quartz up to several centimeters in diameter which are 
interpreted to be partially digested xenoliths of Eureka 
Quartzite. Quartz monzonite porphyry collected from the 
central area of the western outcrop was isotopically dated: 
a potassium/argon age of 36.4 + 1.4 m.y. was obtained from 
a biotite concentrate by Geochron Laboratories of Cambridge, 
Mass. (See Appendix for calculations). At the eastern edge 
of the main exposure of quartz monzonite porphyry, the rock 
contains abundant hornblende, and the groundmass is dark 
with fine-grained biotite. This rock (Figure 18), compo- 
sitionally a granodiorite, is a border or contact facies of 
the quartz monzonite porphyry and is also encountered near 
intrusive contacts in the drill core. Three small quartz 
monzonite porphyry outcrops are found to the east of the 
main body. One poorly exposed quartz monzonite porphyry 
outcrop is surrounded completely by rhyolite (Figure 2).



Figure 18. Contact facies, Tqmp. Note the dark groundmass, abundance 
of black biotite and hornblende, and the absence of 
potassium feldspar phenocrysts. 3.5X.
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A dark green quartz latite dike extends 300 meters to 

the north of the main eastern quartz monzonite porphyry out
crop. This rock appears to be a fine-grained equivalent of 
the quartz monzonite porphyry. To the west along the dike, 
the groundmass suddenly turns glassy black, but phenocryst 
composition remains constant. This rock, the quartz latite 
vitrophyre of Figure 2 (tv) >-contains,plagioclase.,- horn

blende, and biotite phenocrysts in a glassy black groundmass 
cut by occasional thin perlitic fractures. Except for dif
ferences in groundmass, the quartz latite vitrophyre re
sembles the border facies of the quartz monzonite porphyry. 
Quartz latite vitrophyre contacts the east and west border of 
the main eastern quartz monzonite porphyry outcrop. One 
small quartz monzonite porphyry exposure is situated within 
quartz latite vitrophyre, and another exposure is located 
adjacent to quartz latite vitrophyre. Contacts between the 
two rock types and the geometry of contact relations indicate 
that the quartz monzonite porphyry intrudes the quartz latite 
vitrophyre. None of the three diamond drill holes penetrates 
the quartz latite or the vitrophyre, suggesting that these 
rocks are more closely related to the eastern quartz monzon
ite porphyry intrusives than to the western quartz monzonite 
porphyries.



34
Western Quartz Monzonite Porphyry

The western quartz monzonite porphyry has a 100- 
meter by 150-meter outcrop on a small spur on the south side 
of the canyon. The surface outcrop is silicified and is cut 
by a quartz stockwork (Figure 19). On three sides of this 
quartz monzonite porphyry, quartz veins widen into a quartz 
shell up to 100 meters wide. Surrounding the quartz shell 
is a wide annulus of silicated limestone that is divided 
into three units. Closest to the center is a ring of dark 
green hedenbergite-rich tactite. Around that is a light- 
colored, wollastonite-rich zone of tactite. A garnet- 
scapolite-rich calc-silicate exposure of complex origin is 
located between the outermost tactite zone and the rhyolite 
complex to the northeast of the quartz monzonite porphyry 
outcrop. A detailed discussion of the silicated rocks is 
presented in Chapter 5.

Drill hole DH-1 penetrates quartz stockwork 
(Figure 19) to a depth of 46 meters and then monzonite por
phyry to a depth of 318 meters. Where the original texture 
of the quartz monzonite porphyry is still preserved in the 
stockwork, phenocryst composition is similar to that of the 
border facies of the eastern quartz monzonite porphyry.
This border facies continues for 8 meters into the unsilici- 
fied quartz monzonite porphyry. There, the rock contains 

20% 2-mm to 5-mm plagioclase (An 25-30), 25% 3-mm quartz 

eyes, 2% 1-mm and smaller biotite, and less than 3% 1.5-cm
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Figure 19.

Figure 20,

Quartz stockwork, Tsqmp. This sample is from the small 
surface exposure of quartz stockwork quartz monzonite por
phyry. The quartz veins are coated with magnetite, and 
magnetite is altered to hematite. IX.

Quartz monzonite porphyry from 557 meters deep in drill hole 
DH-3. This fresh-looking sample is from the lower zone of 
the western quartz monzonite porphyry which is without per
vasive chloritization. Note eirbayed quartz phenocrysts (blue 
ovoids), potassium feldspar overgrowth (yellow), and the 
crowded phenocryst-groundmass ratio. 3.5X.
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potassium feldspar megacrysts. The abundance of potassium 
feldspar phehocrysts increases downward so that the deep 
core contains 15% 7-mm to 15-mm megacrysts of potassium 

feldspar, while groundmass has decreased from 50% to 30% 
of rock volume (Figure 20).

Discussion of Intrusive Relationships
When taken together, several features of the two 

intrusive rock types indicate that the quartz monzonite 
porphyry intrudes the rhyolite complex. These features are 
enumerated as follows:

(1) The geometry of the contacts between the two 
rock types suggests that the quartz monzonite porphyry cuts 
the rhyolite complex. All three drill holes terminate in 
quartz monzonite porphyry and DH-3 has quartz monzonite 
porphyry beneath rhyolite. A small, largely debris-covered, 
eastern quartz monzonite porphyry outcrop is surrounded by 
flow-banded rhyolite. These contact geometries are consis

tent with a quartz monzonite porphyry that cuts the rhyolite 
at depth.

(2) The nature of the rhyolite-quartz monzonite por
phyry contact at 445 meters in DH-3 strongly suggests that 
the quartz monzonite porphyry intrudes the rhyolite. At the 
contact between the two rock types.there occur 1.5 meters
of a quartz-chlorite rock. The quartz replacement is simi
lar to the quartz shell around the intrusive upper quartz
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monzonite porphyry contact at the surface. Several 0.3- 
meter to 3-meter intervals of border facies quartz monzonite 

porphyry are found within the rhyolite breccias above the 
main rhyolite-quartz monzonite porphyry contact in DH-3. 
These intervals appear to be quartz monzonite dikes which 
cut the rhyolite above.the main contact. However, no rhyo

lite dikes or other rhyolite complex rocks are found below 
the main contact. Rhyolite dikes which cut the rhyolite- 
limestone contact are common on the surface. Several 
intervals of porphyritic rhyolite, which are interpreted to 
be dikes, are found above the quartz monzonite porphyry in 
DH-3. If the rhyolite had intruded the quartz monzonite 
porphyry, the rhyolite dikes should have cut the quartz 
monzonite porphyry, especially near the contact in DH-3.

(3) Although none of the late rhyolite dikes cuts 
quartz monzonite porphyry, several of the dikes are located 
within the outermost silication halo around the western 
quartz monzonite porphyry northwest of the quartz monzonite 
porphyry outcrop (Figure 2). The rhyolite dikes contain 
thin wollastonite-filled veinlets within a wollastonite- 
rich tactite zone, which suggests that the veinlets were 
emplaced during quartz-monzonite-porphyry-related silica- 
tions of limestone.

A recapitulation of intrusive events follows. Flow- 

banded rhyolite penetrates the sediments in what is, '
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according to exposed surface contacts and drill hole data, 
a vertically oriented column. Much of the rhyolite has an

Vautobreccia texture which, in the northeast, grades north
ward into a limestone contact breccia. Strong mixing 
occurred on the northern contact as evidenced by inclusion 
of exogenous limestone deep within the rhyolite breccia 
complex. Rhyolite dikes cut a large area of both country 
rock and rhyolite but are centered in the strongly brecci- 
ated northwestern rhyolites. The late rhyolite dikes are 
also slightly more porphyritic than the earlier rhyolites, 
are not brecciated, and contain disseminated pyrite.

Available evidence indicates that the 36.2 + 1.4 m.y. 
monzonite porphyry complex postdates all of the rhyolites. 
Early vitrophyre and quartz latite are similar in phenocryst 
composition to the contact facies of the quartz monzonite. 
Drill core information shows that the quartz monzonite por
phyry underlies much of the Sawmill Canyon intrusive complex 
and may cut off at depth much or possibly all of the rhyolite 
complex. The presence of stockwork quartz within, and a wide 
silification-silication halo around, the western quartz mon
zonite porphyry outcrop suggest that the exposure is a small 
cupola formed above the main quartz monzonite porphyry body.



ALTERATION AND MINERALIZATION

The mineralization systems associated with the 
quartz monzonite porphyry and the rhyolite complex can be 
treated as ̂ two separate systems.

Alteration and Mineralization Associated 
with the Quartz Monzonite Porphyry

Contact Alteration Around the Western Quartz Monzonite 
Porphyry

Four samples of tactite were collected along a 
75-meter interval extending from the western outer edge of 
the silicated zone surrounding the quartz.stockwork quartz 
monzonite porphyry outcrop toward the contact with the 
igneous center. The samples (Figures 21 through 24) range 
from weakly silicated marble at the western edge of the 
silicated limestone to hedenbergite-potassium feldspar and 
garnet-rich samples in the skam unit.

Sample 1 (Figure 21) contains 80% recrystallized 
calcite cut by calc-silicate veins. The thinnest veins con
tain only calcite and wollastonite, but thicker veins up to 
5 mm wide contain garnet, wollastonite, and plagioclase. A 

few disseminated grains of pyrite are also present.
Sample 2 (Figure 22) is a greenish gray-white 

tactite containing 78% wollastonite, 20% orange-colored
39
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Figure 21. Calcite marble cut by pink garnet and gray wollastonite veins. 
This sample is from the outer edge of the silicated lime
stone unit. 3.5X.

Figure 22. A sanple typical of the silicated limestone. Gray-white wol
lastonite has mottled bands which are garnet (pink) and hed- 
enbergite (green) rich. The sis unit is located just south 
of the canyon bottom between the western quartz monzonite 
porphyry and the western rhyolite complex. 3.5X.
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garnet, and 2% hedenbergite. The rock is typical of the 
silicated limestone tactite but contains only a moderate ' 
quantity of introduced elements other than silica.

Near the contact between the silicated limestone and 
skam units, the rock is pale green and mottled. Sample 3 
(Figure 23) contains 45% wollastonite, 35% hedenbergite, .
10% garnet, and 10% potassium feldspar, with traces of 
fluorite and chlorite. The texture consists of wollastonite 
and hedenbergite cut by bands of diopside and garnet.

Sample 4 (Figure 24) from the skam unit contains 
two stages of calc-silicate minerals. In this rock, an 
early assemblage of garnet and wollastonite is cut by banded 
hedenbergite-gamet-wollastonite veins. Potassium feldspar 

in veinlet walls is seen in thin section where hedenbergite 
veins cross the early garnet. Late cross-cutting hedenber
gite veins are a common but not universal texture in the 
skam unit.

The skam unit has the darkest green color and the 
most complex suite of calc-silicate minerals in the area 
where it is in direct contact with the monzonite porphyry 
east of the quartz monzonite porphyry outcrop. There the 
rock (Figure 25) consists of a dark green diopside- 
hedenbergite matrix cut by a stockwork of white, mostly 
wollastonite veins. The composition of this rock is 40% 
hedenbergite, 25% garnet, 15% wollastonite, 10% potassium
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Figure 23. Tactite similar to that of Figure 22 but with more hedenber- 
gite (green) and garnet (beige). This sample is from near 
the contact between the two silicated units. 3.5X.

Figure 24. Skam from near the Tqmp intrusive contact. Early pink
garnet and vrtiite wollastonite are cut by dark predominantly 
hedenbergite veins. 3.5X.
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feldspar, and 10% calcite. The compositions of garnet and 
hedenbergite from this sample were determined using the 
University of Arizona microprobe facility. Garnet composi

tion based on two analyses is gr^g-an^ in the grossular- 
andradite series. Hedenbergite composition, also based on 
two measurements, is di^Q-he^Q in the diopside-hedenbergite 
series.

Another silicated unit is found between the quartz 
monzonite porphyry and the rhyolite complex near the bottom 
of the canyon. This silicated breccia unit is white, pink, 
and green tactite which shows a relict breccia texture on 
fresh, unweathered surfaces. A typical sample (Figure 26) 
consists of 40% scapolite, 30% diopside-hedenbergite, 20% 
wollastonite, and 10% pink garnet. Microprobe analyses of 
the scapolite yield a composition of 67 mole percent marial- 
ite (Na, K) and 33 percent raeionite (Ca). Pink bands of 

garnet are several centimeters wide and consist of gryg-an2 2 * 
Five- to ten-millimeter pink garnet crystals are grgg-an^y.
The silicated breccia unit is unique in comparison to the 
other Sawmill Canyon tactites because of the presence of 
scapolite.

A quartz shell up to 100 meters wide surrounds the 
south and west sides of the quartz monzonite porphyry out
crop inside the silicated limestone units. In the quartz 
monzonite porphyry near the quartz shell contact,
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Figure 25. Hedenbergite and K-feldspar-rich complex skam from near the 
Tqmp contact. Cobaltinitrite stains the K-feldspar yellow.
3.5X.

Figure 26, Silicated breccia. This is an unusual tactite at Sawmill 
Canyon because it contains scapolite as well as garnet 
(brown), diopside (green), and wollastonite. Wollastonite 
and scapolite (gray-white) are hard to distinguish in hand 
sarrple. 2X.



quartz-magnetite veins in the stockwork widen and intersect 
with increasing abundance away from the intrusive center, 
leaving only islands of quartz monzonite porphyry, until 
finally the rock consists entirely of red-brown, hematite- 
stained granular quartz at the contact. Outward from the 
outer contact of the quartz shell, a similar style of tran
sition occurs between the quartz shell and the silicated 
limestone. There, quartz contains inclusions of dark green 
hedenbergite-rich tactite which become more plentiful toward 
the skam contact until the rock acquires a stockwork 
texture. Beyond some undetermined point, perhaps where the 
rock contains more tactite than stockwork quartz, the veins 
contain wollastonite rather than quartz.

Drill hole DH-2 contains a sequence of tactites 
similar to the silicated limestone and skam units. These 
tactites are found above the quartz monzonite porphyry 
contact at 118 meters in drill hole DH-2. Marble in the 
upper 18 meters of the hole gradually gives way to quartz- 
wollastonite-rich tactite and eventually to gamet- 
hedenbergite. The rock is dominated by hedenbergite from 
88 meters down to the quartz monzonite porphyry contact.
One difference between the calc-silicate sequences of the 
core and the surface is the relative abundance of late 

quartz and quartz-calcite veins in the core. The complex 
quartz veins at 2- to 7-meter intervals in the tactite cut
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the earlier calc-silicates. The veins typcially are 2 cm 
wide with calcite centerlines and hedenbergite or chlorite 
selvages. Most veins have hematite or manganese oxide 
coatings, occasionally with traces of pyrite, chalcopyrite, 
and sphalerite. One vein sample (DH-2-295) has Cu, Mo, and 
Zn abundances in the 100-500 ppm range.

Surface calcite and calcite-quartz veins with signi
ficant Ag, Au, Cu, Zn, and F occur in prospect pits near the 
limestone-silicated limestone contact. Since most veins 
were included in the surface geochemical sampling, peri
pheral vein mineralization associated with both the quartz 
monzonite porphyry and rhyolite is discussed in Chapter 6.

Discussion of Quartz-Monzonite-Porphyry-Associated Tactites

Figure 27 diagrammatically summarizes the inferred 
tactite and contact relations between the western quartz 
monzonite porphyry and the western rhyolite breccia complex. 
A southwest-to-northeast-striking, northwest-looking cross 
section crosses the centers of both intrusive complexes.
The quartz shell surrounding the quartz monzonite porphyry 
is a continuous extension of quartz stockwork veins rooted 
in the quartz monzonite porphyry, but the quartz shell prob
ably replaces limestone. Surrounding the quartz shell is a 

sequence of pre-mineralization anhydrous tactites. The 
tactites contain varying amounts of silica, alumina, iron, 

and possibly minor magnesium components originating in the
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Figure 27. Dicigramnatic north-south cross section depicting inferred alteration and contact
relations at Sawmill Canyon. An aureole of silicified (qs) and silicated (sk, sis) 
rock is located at the contact between the western quartz monzonite porphyry and lime
stone. The contact between the limestone and the rhyolite breccia complex is silicated 
where the outer edges of the rhyolite breccia are limestone rich (Is bx). The figure is 
idealized and does not correspond exactly to Figure 2.
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quartz monzonite porphyry. Judging from the composition of 
thex silicated units, silica and alumina traveled farthest 
into the limestone while iron was restricted mainly to the ■ 
adjacent hedenbergite-rich skam.

The silicated breccia unit is unique because of the 
abundance of the sodium scapolite marialite. Commonly, 
marialite in contact altered rock originates from alteration 
of plagioclase. The silicated breccia unit is located 
between the two intrusive centers and has a weak relict 
texture. This unit is concluded to be a quartz-monzonite- 
porphyry-related, contact-altered rhyolite contact breccia. 
The original breccia consisted of limestone or altered lime
stone material mixed with rhyolite containing sodic plagio
clase. Quartz monzonite porphyry contact alteration 
converted plagioclase to marialite and other "sls-type" 
silicates.

Alteration and Mineralization Within the Quartz Monzonite 
Porphyry

Alteration and mineralization trends in the western 
quartz.monzonite"porphyry, are best seen as changes in.style . 

which vary-with depth in the three drill holes. Drill hole 
DH-1 has the largest intercept of quartz monzonite porphyry, 
318 meters. Changes in alteration and mineralization ob
served in DH-1 continue in the quartz monzonite porphyry of 
the lowest 148 meters of DH-3.
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Figure 28 pictorially summarizes alteration and 

mineralization in the quartz monzonite porphyry with an 
idealized cross section similar to that of Figure 27. Three 
depth zones are depicted in Figure 28. The uppermost zone 
consists of the quartz shell and its downward continuation 
of iron oxide-coated veins. The intermediate zone is sym
bolized by two cross-cutting quartz veins with associated 
sulfides. The deepest zone in drill hole DH-3 has thin 
fractures with traces of sulfides. There are also changes 
in pervasive alteration between the uppermost zones and the 
lowest zone.

Upper Zone. The upper 46 meters of DH-1 consist 
largely of quartz replacement, with occasional intervals 
containing quartz monzonite porphyry or skam islands. The 
quartz shell-stockwork quartz monzonite porphyry contact in 
core is quite abrupt and appears to be an intrusive contact 
with border facies quartz monzonite porphyry at the contact. . 
Only on the surface is a gradual transition from the quartz 
shell to quartz stockwork quartz monzonite porphyry seen.
The quartz shell and the quartz stockwork veins are charac
terized by selvages of magnetite and hematite up to several 
millimeters wide. Little other metal enrichment occurs in 
the quartz stockwork.

Just below the quartz shell-quartz monzonite porphyry 
contact at 46 meters in DH-1, the most prevalent form of 

alteration remains as quartz veins with magnetite or hematite
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Figure 28. A schematic diagram of alteration and mineralization relationships in the 
western quartz monzonite porphyry. Scale and orientation are the same as 
for Figure 27.

UiO



coatings. Short intervals of stockwork quartz comprise up to 
40% of the rock; however, most of the veins are solitary and 
are less than 5 mm thick.

Intermediate Zone. At intermediate levels in the 
core, from 69 to 280 meters, quartz veins morphologically 
similar to magnetite-hematite-quartz veins but with differ
ent metallic minerals show partial, often smeared, coatings 
of pyrite, and rarely trace amounts of molybdenite in quartz 
(Figure 29). Both the quartz-iron oxide of the upper zone 
and the quartz-pyrite veins usually dip steeply, at 60° or 
greater. Occasional intervals of oxidized rock in the 
intermediate zone contain iron staining and.feldspars al
tered to clay. The magnetite and hematite in quartz veins 
in the upper zone, however, contain no boxwork or other 
textural features suggesting oxidation of sulfides.

Quartz-pyrite veins, sometimes with calcite centers, 
are less than one centimeter thick and usually have shallow 
dips (s 45°). These veins often contain disseminated pyrite 
+ chalcopyrite, but they are chiefly characterized by a 
sericitic selvage. Figure 30 is a typical example of a 
well-developed selvage with intense sericitization and dis
seminated pyrite adjacent to the vein but with alteration 
intensity decreasing away from the vein contact. In the 
illustrated example, texturally destructive sericite-pyrite 

gives way to clay alteration— first montmorillonite, then 
kaolinite— of feldspar, mainly plagioclase. At a distance
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Figure 29. Quartz monzonite porphyry from 129 meters in DH-1. Steep,
dark, magnetite-coated quartz veins are cut by a clear quartz 
vein that contains a few thin flakes of molybdenite. The 
rock has weak pervasive alteration in the form of partial 
chloritization-sericitization of plagioclase. This sample 
is from the transition from the upper to the intermediate 
mineralized zones of Figure 28. 1.2X.

Figure 30. Quartz monzonite porphyry from 160 meters in DH-2. The
left side of the photo shows a quartz vein with an envelope 
of strong quartz-sericite-pyrite alteration. Alteration 
intensity decreases away from the vein with clay alteration 
of plagioclase phenocrysts and groundmass on the rigfit side. 
This sample is typical of the lew angle veins shown in the 
intermediate zone of Figure 28. 1.7X.



of 15 cm, alteration changes to a pervasive chloritic alter
ation. Of the three types of veins described in the quartz 
monzonite porphyry, the quartz seficite-pyrite veins have 
the most sulfides.

Because only a few cross-cutting relationships are 
observed between the three styles of intermediate depth 
alteration, evidence that they evolved through time in the 
order described is weak (Figure 28). Rather than consider 
the three styles of mineralization and alteration associated 
with quartz veins as separate events, it is perhaps better 
to group them together as a continuous episode that gradu
ally changed through time or distance in the rock.

Variably intense pervasive alteration is present 
throughout most of DH-1. The most prevalent form of perva
sive alteration is alteration of plagioclase and biotite to 
sericite-chlorite. Intensity of this type of alteration is 
often limited to weak sericitic alteration of the cores of 
plagioclase phenocrysts, or it may be so strong as to com
pletely replace plagioclase and biotite with sericite and 
chlorite. In thin section, strongly pervasive chlorite- 
sericite alteration results in plagioclase being completely 
replaced by sericite plus minor calcite and chlorite. Bio
tite is converted to a layered mixture of chlorite and 

sericite with lesser amounts of calcite, magnetite, pyrite, 
leticoxene, or occasionally hematite. Small grains of pyrite
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are sometimes scattered in the groundmass near altered 

biotite phenocrysts. Small stubby grains of apatite are 
also found near strongly altered biotite. In most of the 
intermediate core, however, biotite is partially converted 
to magnetite. Biotite is altered to pyrite only in areas 
of strong sericitization, usually in quartz-pyrite vein 
selvages.

A set of altered and mineralized fractures cuts all 
earlier veins. The fractures are invariably steep and con
tain a soft, "dark green, smeared mixture of chlorite and 
pyrite and may have a filling of quartz or calcite. Slick- 
ensides are usually present with rake greater than 60°. 
Pervasive chloritization is usually strong near the fracture
filling veins and, in some intervals, the rock is strongly 
sheared where the fractures are closely spaced. These 
fractures are most common in the intermediate zone of hole 
DH-1, but they are also found individually scattered or as 
rare isolated swarms elsewhere in DH-1 and DH-3.

Lower Zone. In the lowest 15 meters of drill hole 
DH-1 and throughout most of the quartz monzonite porphyry of 
drill hole DH-2, the rock has only weak pervasive chlorite 
alteration. In the lower zone, biotite is often recrystal
lized or only weakly chloritized and contains small grains 
of pyrite or pyrrhotite. In several intervals the rock is 
quite fresh. Sulfides are less abundant in the lower
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sections which contain none of the previously described vein 
mineralization. In these sections, mineralization is re
stricted to sulfides disseminated in and near biotite and 
as small grains in thin, irregular, discontinuous fractures. 
In these fractures, grains of pyrite, pyrrhotite, and chalco- 
pyrite are found where the fracture splits a biotite or 
plagioclase phenocry'st.

As stated in Chapter 4, the quartz monzonite porphyry 
is richest in potassium feldspar near the bottom of drill 
holes DH-1 and DH-3. The potassium feldspar megacrysts in 
the lowest three meters of DH-3 have a pink tint, and the 
megacrysts near the bottom of both holes have thin potassium 
feldspar overgrowths. Presence of these features suggests 
the possibility of a deep zone of weak pervasive potassium 
feldspar alteration.

Alteration and Mineralization in 
the Rhyolite Complex

Alteration and mineralization of the rhyolite and 
rhyolite breccia are confined primarily to the western 
rhyolite complex on the north side of Sawmill Canyon 
(Figure 2). The surface exposure of the mineralized north
western rhyolite complex, an area approximately 200 meters 
by 400 meters, is larger than the western quartz monzonite 

porphyry outcrop. In core, the rhyolite is found in a 445- 
meter interval at the top of drill hole DH-3. The quartz
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monzonite, however, is found in all three drill holes, 
totaling 447 meters. The surface information and vertical 
core information provide a coherent concept of three- 
dimensional contact zoning in the quartz monzonite porphyry 
(Figure 28). However, the vertical, pipe-like geometry of 
the rhyolite breccia confines drill hole DH-3 to one vertical 
zone of wallrock mixing, thus making it more difficult to 
combine surface mapping data and core logging data for the 
rhyolites. Also, because of weathering and partial covering 
of the surface outcrops, it is hard to compare the surface 
and core rhyolite and rhyolite breccia.

Surface Alteration and Mineralization
The most obvious control of basic mineralogy seen in 

the surface rhyolite complex is the calc-silicate alteration 
associated with included limestone. Chapter 4 describes the 
change from intrusion breccia to a mixture of rhyolite and 
silicated limestone, then to a limestone contact breccia. 
Despite the strong contact alteration, no trend in surface 
metallic mineralization is seen to correspond to the contact 
alteration zoning.

Two types of surface mineralization are seen in the 

northwest rhyolite complex; (1) high grade mineralized 
quartz-calcite veins, and (2) sulfide disseminations in 
rhyolite within and near the late porphyritic rhyolite dikes 

(Figure 31). The quartz-calcite-sulfide or quartz-calcite-
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Figure 31. A mixed rhyolite (grey) and calc-silicate (brown) breccia.
This surface sample was found near a porphyritic rhyolite 
dike. Notice the abundance of brassy chalcopyrite. Much 
of the matrix is brown with chlorite and calc-silicates; 
the white patches are calcite. 3X.



oxidized sulfide veins within the rhyolite complex are simi
lar to other high grade surface vein mineralization. The 
highest values of sampled Cu, Au, and Ag mineralization in 
the district occur in the northeast-trending veins which are 
found near the west and northwest edges of the northwest 
.rhyolite complex (Chapter 6). The rhyolite dikes have a 
similar north-to-northeast orientation and are also clus
tered in the western half of the northwest rhyolite complex. 
Chapter 6 describes the distribution of vein mineralization 
in the surrounding limestone.

Most rhyolite dikes exposed at the surface in the 
rhyolite complex are cream colored to tan on weathered 
surfaces, but the dikes are gray with scattered grains of 
pyrite on fresh surfaces. In thin section (Figure 32), the 
dike rhyolite is peppered with small grains of pyrite and 
chalcopyrite.

In several locations rhyolite breccia adjacent to 
porphyritic rhyolite dikes contains disseminated mineralized 
sulfides. Figure 31 shows chalcopyrite and pyrite minerali
zation of calc-silicate breccia within one meter of the dike 
contact.

Subsurface Alteration and Mineralization
Pervasive Alteration. Drill hole DH-3 is located at 

the bottom of Sawmill Canyon on the eastern half of the 

northwest rhyolite breccia complex. The core from DH-3 does
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Figure 32. Thin section of mineralized rhyolite dike, sanple 89. In 
thin section, the rhyolite dike is peppered with black 
pyrite grains which also form a halo of finely disseminated 
grains around altered biotite phenocrysts. Some brown 
biotite phenocrysts are fresh, but others are converted to 
pyrite and leucoxene, Other rhyolite (Tpr) dike samples 
contain calcite scattered throughout the groundmass. SOX.
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not show the gradual transition from flow breccia to contact 
breccia observed at the surface. Instead, the core has ran
domly alternating 0.5-meter to 17-meter intervals of 
(1) rhyolite breccia, (2) porphyritic rhyolite, or (3) calc- 
silicate- and chlorite-rich breccia. Transition from one 
type of breccia to another can be sudden or gradual. Omit
ting porphyritic rhyolite intervals, which are presumed to 
be post-breccia dikes, the breccia of DH-3 contains roughly 
equal amounts of rhyolite breccia and calc-silicate-rich and 
chlorite-rich breccia (Figure 6, DH-3). Thus each rock type 
is also characterized by a type of alteration.

Rhyolite breccia from drill hole DH-3 typically con
sists of rounded rhyolite clasts, 0.5 cm to 2 cm in diameter, 
suspended in a rhyolite groundmass. The rock is usually 
cream-gray in color with flow banding or plagioclase pheno- 
crysts occasionally recognizable in the clasts. Usually 
the texture is obscured due to silicification, and the rock 
may be light olive green near calc-silicate- or chlorite- 

rich breccia. Figure 33 shows a typical rhyolite breccia. 
Because of texture-obscuring alteration, the rhyolite 
breccias are grouped together into one unit, the rhyolite 
autobreccia (Tbrh) in the drill hole cross section (Figure 6)

In Figure 6, the calc-silicate- or chlorite-rich ' 
breccia is depicted as a separate unit, chlorite-rich brec
cia (cb). The approximate location of this unit on the
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Figure 33. Rhyolite breccia from 397 meters in DH-3. Silicificaticn 
has resulted in patchy intergrowth of microlitic groundmass 
quartz. A few small colorful sericitized biotite flakes 
can be seen. A quartz vein cuts diagonally across the 
slide. 50X.
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surface map is the hachured contact between the brecciated 
rhyolite (Tbfr) and limestone breccia (bis) units of the 
northwest rhyolite breccia complex. The chlorite-rich 

breccia is a "dirty” green chlorite- and diopside-rich rock, 
usually containing clasts of- rhyolite, silicated diopside- 
hedenbergite, and rare calcite. The most extensively al
tered rock consists of quartz eyes in a foliated chloritized 

matrix.
Figure 34 illustrates a typical chlorite-rich 

breccia containing silicated clasts in a rhyolite groundmass 
A transitional breccia (Figure 35) has a composition and 
texture that is a combination of both rhyolite breccia and 
contact breccias.

Vein Mineralization. The style of vein mineraliza
tion observed in the rhyolite breccias of drill hole DH-3 is 
strongly influenced by rock type. Because rock type changes 
occur at such frequent intervals in the core, an overall 
paragenesis of mineralization and alteration is not observed 
It should be emphasized that vein mineralization in core 
consists largely of thin sulfide fracture coatings, not the 
thick, continuous quartz-calcite-sulfide veins that are 
found on the surface.

The most common type of vein mineralization seen in 
rhyolite breccia of DH-3 consists of thin quartz, veins ac

companied by pyrite with weak molybdenite and chalcopyrite



63

Figure 34. A contact breccia from 207 meters depth in DH-3. The rigjit 
side of the picture shows a silicated limestone clast and 
the left side is rhyolitic matrix. The center of the clast 
on the extreme right contains coarse-grained diopside.
Going toward the rim are bands of fine-grained diopside, 
chlorite, and iron-stained calcite. SOX.

Figure 35. A sanple of gray-green mottled intermediate breccia from 
DH-3. The rock is distinctive in thin section because it 
contains yellow euhedral-granular clinozoisite. SOX.
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mineralization. Quartz veins less than 1 cm in width are 
found as steep, isolated, throughgoing veins in the core 
(Figure 36). Pyrite and molybdenite, the most common sul
fides, border many of the quartz veins and are smeared out 
as slickensides. Chalcopyrite is less abundant than pyrite 
and molybdenite. Fluorite or calcite is also infrequently 
present in the quartz veins.

Several intervals of rhyolite are also host to simi
lar mineralized quartz veins. Rather than increasing or 
decreasing vein abundance within a rock type in the core 
mineralization, specific intervals of rhyolite breccia or 
porphyritic rhyolite are host to the types of mineralized 
veins. Rhyolite breccias at 9 to 20 meters, 36 to 40 meters, 
244 to 256 meters, and porphyritic rhyolite at 40 to 50 
meters, 53 to 71 meters, and 90 to 93 meters in DH-3 are 
host to the strongest quartz vein mineralization, usually 
accompanied by pervasive, moderately intense, texturally 
destructive silicification.

Mineralized quartz veins are also found in the 
chlorite-rich breccia, but are much less common than in the 
porphyritic rhyolite or the rhyolite breccia. The dark 
green chlorite-rich breccia is dominated by calcite veins, 
calcite-quartz veins, and chloritized fractures. The cal
cite veins are steep, usually curved, late fracture fillings 

which cut or reopen the earlier quartz veins. Sometimes the
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Figure 36 A quartz-pyrite vein cuts a mixed rhyolite and chlorite- 
rich breccia in a core sanple from 95 meters in drill hole 
DH-3. 1.5X.
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calcite veins also contain quartz with no indication that 
the quartz is younger than the calcite. Calcite and calcite- 
quartz veins in the contact breccia have a chlorite selvage 
which is often smeared into slickensides which contain 
pyrite.

Calcite veins, especially those with pyrite, are 
most numerous in the darkest intervals containing abundant 
chlorite and diopside. Disseminated pyrite is also found 
near calcite veins in the most strongly chloritized contact 
breccia. Small amounts of molybdenite and chalcopyrite are 
found in quartz-calcite veins, but not in calcite or calcite- 
chlorite veins; the sulfides are associated with quartz, not 
calcite. In the most strongly chloritized breccia, the rock 
sometimes contains steep parallel fractures with chloritized 
or sericitized and chloritized slickensides. All of the 
chlorite-rich breccia intervals contain calcite veins and 
chloritized fractures, but the chlorite-rich breccia from 
71 meters to 90 meters in DH-3 has the greatest abundance of 
calcite veins, calcite-quartz veins, and chlorite-coated 
fractures with associated minor pyrite.

Discussion
Calc-silicate alteration is confined to the north

west rhyolite breccia. Although the precise northern bound
ary of the northwest rhyolite is obscured by brecciation, 
silicaticn of breccia clasts is restricted to breccia with a



67
predominantly rhyolitic matrix-groundmass. This eridoskam 
character of the rhyolite complex is contrasted sharply with 
the exoskam style of concentrically zoned tactites sur
rounding the western quartz monzonite porphyry. A 1.2-meter 
chlorite-quartz interval is found at the rhyolite-quartz 
monzonite porphyry contact in drill hole DH-3, but no zoned 
contact alteration is found in the rhyolite above it. The 
surface silicated breccia unit, which is interpreted to be 
a quartz-monzonite-porphyry-associated contact alteration of 
an older rhyolite-limestone breccia (Chapter 4), is devoid 
of any observable mineralization. Style of alteration and 
mineralization is generally determined by rhyolite, rhyolite 
breccia, or chlorite-rich breccia rock type within the 
rhyolite complex.

It is suggested that the core chlorite-rich breccia 
corresponds to the transitional surface contact breccia, 
since both rock types are usually characterized by silicated 
limestone clasts in a rhyolite groundmass. There is no 
observed surface contact breccia, however, that corresponds 
to the strongly chloritized breccia observed in the DH-3 
core.

The pattern in the core of alternating chlorite-rich 

breccia and rhyolite breccia cut by intervals of rhyolite 
suggests that drill hole DH-3 penetrates the length of a 

vertical contact between the two breccia types and supports 
the hypothesis that the rhyolite breccia is pipe-like.
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More sulfide mineralization is. found in the surface 
rhyolite dikes than in the surrounding rhyolite breccias. 
This trend is not observed in core. In core, the rhyolite 
dikes and the rhyolite breccia contain more chalcopyrite- 
molybderiite mineralization than the chlorite-rich breccia.



SURFACE VEINS AND GEOCHEMICAL DISTRIBUTION

Exploratory shafts, adits, and small prospects are 
scattered throughout the Ellison district. Nearly all 
visible workings within the area were located and sampled. 
These samples were analyzed for Au, Ag, Cu, Mo, Pb, Zn, Sn,
W, U, Nb, and F by Skyline Labs, Inc., Tucson, Arizona.
Atomic absorption was used for all elements, with fire 
assays for all samples with Au >3 ppm and Ag >350 ppm.

Figure 37 is an index of sample locations, and 
Figures 38 through 49 are semi-transparent map overlays for 
each element. Sampling points 30, 31, 118, 119, 120, and 
121, in the extreme southwest of the district, are placed 
in an inset in Figures 38 through 49. The true map posi
tions of these locations are shown on Figure 37. Some of 
the eastern sample locations which have no significant 
sample element concentrations are not included on Figures 38 
through 49.

Most shafts are filled or are too decrepit to explore. 
Similarly, collapse and other dangerous conditions pre
cluded exploration of most adits--one adit is littered with 
rodent nests constructed of old electric blasting caps and 
lead wires I Where observed, mineralization consisted of
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either brown or black manganese-iron-rich oxides or blue-
green copper "oxides'*— usually malachite or azurite.

-

Ocassionally, chalcopyrite, sphalerite, galena, pyrite, or 
pyrrhotite were present.

All adits, shafts, and large prospects have small 
dumps which were sampled. Each location was "high graded" 
for a variety of the most strongly mineralized material 
present. Where more than one type of mineralization or 
color and texture was present/ each type was included in the 
sample. This method resulted in some very high assays—  
silver as high as 44 ounces per ton and up to 23 percent 
copper (67% chalcopyrite). Approximately half of the rock 
samples show disseminated mineralization or copper or iron 
stains. The other half are without visible mineralization. 
Representative rock samples were collected from the eastern 
quartz monzonite porphyry and eastern rhyolite, although 
these contain no significant mineralization. This sampling 
method resulted in an extreme range of concentration for 
several elements— over five orders of magnitude for Cu, Pb, 
Zn, and F.

In Figures 38 through 49, element distribution 
locations are shown by colored dots which are used to sigr 

nify a range of values of element concentration. A quasi- 

logarithmic scale was used to condense a wide range of 
values into fairly evenly populated groups. Most element



maps have two contour lines with locations equal to or above 
a certain value enclosed within a contour. These contour 
lines enclose groups of isolated locations of mineralization, 
mostly veins. Contouring does not imply continuity of 
mineralization between locations; the contours help identify 
patterns of element distribution within the district.

Analysis of distribution of elements is presented in 
order to answer the following questions: (1) What elements
are present, and to what degree of enrichment do they occur? 

(2) What is the relative strength of structural versus igne
ous controls of surface mineralization? ' (3) Is there an 
element signature associated with either the rhyolite or the 
quartz monzonite porphyry? (4) Is there an element zoning 
relationship associated with either of the intrusive 
complexes?

The remainder of this chapter describes surface vein 
mineralization and presents an element-by-element descrip
tion of distribution followed by a discussion.

Vein Mineralization
Many of the prospected vein locations are found on 

and near igneous contacts and alteration-type contacts. 
Several unlabeled contacts are drawn on the map overlays 
(Figures 37 through 49) to emphasize the relationship be
tween contacts and vein locations and to aid positioning of 
the overlays onto the geologic map.
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Vein attitudes for nine veins are shown in Figure 

37. A majority of the veins strike north-to-northeast and 
are steeply dipping. Many of the veins are irregular and 
were pursued over a distance of two meters or less in 
shallow one or two shot-hole prospects. The richest veins 
also tend to be the most continuous. The highest grade vein 
is a 2-cm to 20-cm wide, partially oxidized chalcopyrite 
vein (samples 15, 16, 17, and 19) which was excavated by a 
30-meter adit and contains some of the highest values of Cu, 
Au, and Ag. The veins just inside the west edge of the 
northwest rhyolite complex are more regular and continuous 
than veins surrounding the quartz monzonite porphyry. Veins 
surrounding the western quartz monzonite porphyry are lo
cated in recrystallized, silicified, and silicated limestone, 

mostly cherty lower Pogonip Group limestone. In that area, 
(samples 5, 6, and 7), veins rise vertically, then become 
flat, irregular, and discontinuous in the cherty layers of 
the limestone.

It is useful to classify the vein locations into . 
three areas based on proximity to a fault or one of the two 
intrusive rock types. The quartz-monzonite-porphyry- 
associated area contains sampling locations within 200 meters 
meters to 350 meters of the western quartz monzonite por

phyry. This area includes those locations within the outer 
0.10% contour surrounding the western quartz monzonite
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porphyry on the copper geochemistry overlay (Figure 38).
The second vein area consists of veins, found near rhyolites, 
veins located principally along the western and northern 
edge of the western rhyolite complex. Veins are also found 
along the southern edge of the western rhyolite complex near 
drill hole DH-2. Sample locations in this area, however, 
are problematic with regard to rock type association, since 
the veins are located near the surface rhyolite-limestone 
contact and also near the quartz-monzonite-related tactites 
in DH-2. The third, or structural, group of veins is found 
near faults. These veins extend northward from sample 121 
in the extreme southwest to west of the Tqmp-associated 
silicated limestone. Jasperoids, as well as porphyritic 
rhyolite dikes and veins in the jasperoid area, are spa
tially associated with northeast-trending normal faults at 
and near the west edge of the Sawmill Canyon intrusive com
plex. The possible continuation southward of a buried fault 
is shown in Figure 2 and discussed in Chapter 2. The vein 
locations in and south of the Johnson Boys area are located 
both on and along the prospected trend of this structure. 
Given the probability that a weak structure does pass 
through the area, veins along the trend are associated with 

the fault. Although faults cross or truncate the west side 

of the intrusive complex, sample'.locations adjacent to 
and within the intrusive complex are assigned to the two
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intrusive rock type associations. Samples 123 through 125 
and all veins to the south are located near a fault.

A small block of silicated limestone is found at the 
southwest corner of the western rhyolite complex. This unit 
is the only unit containing pervasive wollastonitic silica- 
tion "adjacent to rhyolite and is probably a block foundered 
into the rhyolite during intrusion. It lies within 30 
meters of some of the most-mineralized veins in the district 
These veins are also located near the fault that bounds the 
west side of the rhyolite complex. Thus the veins in this 
area may be following the fault or may be localized by the 
only known strong, extensive silication associated with 
rhyolite.

The remaining samples not included in the three vein 
groups are either isolated veins or weakly mineralized rock 
samples from rhyolite dikes, the eastern rhyolite complex, 
or the eastern vitric porphyry-quartz monzonite porphyry 
complex.

Jasperoids and Rhyolite Dikes 
As stated in Chapter 4, rhyolite dikes are most 

abundant in the western rhyolite breccia complex and are 

also found to the south and west of the intrusive complex. 
Most dikes strike northeast, are 10 to 30 meters in length, 
and are only a few meters wide. Texture and phenocryst 

composition of the porphyritic rhyolite dikes are uniform.
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The porphyritic rhyolite dikes on the south side of the 
canyon west of the western quartz monzonite porphyry are 
weakly mineralized with disseminated oxidized iron and 
copper stains.

Jasperoid dikes are also located south and west of 
the rhyolite complex. Most of the jasperoid dikes are 
located just north of the Johnson Boys mine (Figure 2).
The jasperoid consists of red and brown hematite-stained 
cryptocrystalline to sugary-granular textured quartz.

Other than iron stains, no signs of metallic mineralization 
are found in the jasperoids. The thickest veins are massive 
and stand as vertical ridges -up to 3 meters high (Figure 50) 
The resistant jasperoids help form a westward facing promon
tory that provides a beautiful vista of the White River 
Valley. Two other small outcrops of jasperoid are located 
at the canyon bottom one kilometer west of the intrusive 
complex and just west of the western rhyolite complex.

Element Distribution

Copper

The range of copper concentration among samples 
collected in the Ellison district is quite large. The high

est value is 23.4% (Figure 38, sample 22) near the western 
edge of the rhyolite complex. Most rock samples from the 
eastern rhyolite and eastern quartz monzonite porphyry have



76

Figure 50. A 3-meter jasperoid dike from the Johnson Boys area.
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less than the detection limit of 5 ppm Cu. Nearly all those 
samples which have over a few percent Cu contain chalco- 
pyrite. The only exceptions are samples from the southwest 
area (samples 30, 31, and 118 through 121, Figure 37) which 
contain primarily azurite and malachite. The 0.10% to 0.49% 
Cu samples, mostly from porphyritic rhyolite dikes, contain 
disseminated chalcopyrite. The highest-grade veins of 
chalcopyrite are clustered around the foundered roof pendant 
at the edge of the rhyolite complex. The greatest number of 
copper-bearing veins are found in a doughnut-shaped aureole 
surrounding the western quartz monzonite porphyry. Of these 
veins, the highest grade are located near the outer edge of 
the silicated limestone unit, while veins of lower Cu con
centration are found closer to the quartz monzonite porphyry. 
With minor exceptions, the quartz monzonite and surrounding 
quartz replacement shell are poorly enriched in Cu. A small 
area of enrichment near the southern border of the western 
rhyolite complex could be associated with the surface rhyo
lite contact or a subsurface quartz monzonite porphyry 
contact as discussed above.

An area of copper veins is found near the fault in 
the southwest area. In addition, samples 4, 6, and 7 are 
located near a fault although they are also found near the 
sample locations surrounding the quartz monzonite porphyry. 
The strongest rock-type association is judged to be the



western quartz monzonite porphyry, with the greatest number 
of Cu veins located at a distance of about 250 meters from 
the intrusive center.

Molybdenum
Molybdenum concentrations range from a high of 240 

ppm to less than the detection limit of 2 ppm. One of the 
highest assays, 220 ppm, was obtained from a core sample in 
DH-2 (Figure 6). No molybdenum minerals were identified in 
surface samples. The most anomalous molybdeniferous

areas are scattered in rock types surrounded by the western 
two-thirds of the silicated limestone (Figure 39). Thus Mo 
is found both in and around western quartz monzonite por
phyry. As with Cu, three samples are found near the fault 
just west of the silicated limestone. Samples from the west 
edge of the rhyolite and from the southwest area are also 
anomalously high in Mo. The latter two areas have Mo dis
tribution similar to that of Cu.

Figure 40 is a plot of the element assay ratio log 
Mo/Cu. The reasons for plotting the Mo/Cu element assay 
ratios are twofold. First, the plot emphasizes any vein 
type and zoning differences between the two elements.
Second, plotting the ratio helps to eliminate sampling 
errors. The most common metallic vein element other than 
iron is copper; thus high copper assays tend to reflect the 
thickness of veins, the availability of rich dump material,
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and the lack of leaching of metals from the samples. Plot
ting Mo/Cu, then, can be used to assess the abundance of 

molybdenum with copper used as a "standard” to eliminate 
error caused by "high grading". At first glance, Figure 40 
is a bit confusing. Several irregular contoured areas of 
high Mo/Cu are found on the map. However, only the one high 
Mo/Cu area centered on the western quartz monzonite porphyry 
contains more than one or two sample locations equal to or 
greater than 5 ppm. In fact, all the points inside the 
blue Mo/Cu >0.01 Tqmp-associated contour have Mo — 50 ppm. 
The high Mo/Cu centered on the Tqmp outcrop therefore empha
sizes both the strong association of molybdenum with the 
western quartz monzonite porphyry and the element zonation 
between the two elements around the Tqmp.

Gold
Gold assays of Ellison district rock samples ranged 

from a high of 5.8 ppm to a low below the detection limit 
of 0.02 ppm. Distribution of significant gold assays 

in a halo around the western quartz monzonite porphyry is 
quite similar to that of copper (Figure 41). Similarly, 
gold is found in veins along the western edge of the 
western quartz monzonite porphyry. Gold is the only 
assayed metallic element which is strongly associated with 
jasperoids (Johnson Boys area, Figure 2). The fault associ

ation of gold is less than that for copper and silver.
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Silver

Many of the veins in the Ellison district are argen
tiferous , as can be seen in the assay distribution chart 
(Figure 42). Thirty-six percent of the samples contain over 
31 ppm Ag. The distribution pattern for Ag is quite similar 
to that of Cu. Figure 51 is a plot of log Ag ppm versus log 
Cu ppm. Ag mineralization carries a minimum Ag/Cu of 
1/1,000, with most silver mineralization having Ag/Cu of 
1/1,000 to 1/100. The strong Ag-Cu association, especially 
in terms of a minimum Ag-Cu ratio, requires that silver is 
in a copper mineral, probably chalcopyrite.'•

Au/Ag, Au/Cu, Au/Pb, Cu/Pb, Mo/Cu, Mo/F, and Sn/F 
were also plotted, but none of the element pairs showed 
distinctive linear association.

Lead

Lead enrichment at Ellison ranges from a singularly 
anomalous high of 36.8% to a low of less than 5 ppm. In 
comparison to Cu, there are fewer samples in the — 1.0% 
range, but Pb is as common as Cu in the number of samples 
greater than or equal to 10 ppm, 50 ppm, and 100 ppm. Lead
bearing sample locations are disposed along the south and 
west sides of the silicated limestone unit surrounding the 
western quartz monzonite porphyry, as well as within and 
adjacent to the north end of the Tsqmp outcrop. Lead is 

also found in.veins around the foundered limestone unit on
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Figure 51. Log Ag/Cu ratios for the 122 surface samples. Ag assay is a 
nariirnum 1/1,000 of the copper assay. Dashed lines represent 
the detection limit of 0.2 ppm Ag and 5 ppm Cu.



the west side of the western rhyolite, as well as in veins 
near the northwest edge of* the rhyolite complex. Strong, 
consistent Pb mineralization (1.3% to 4.6%) is found in the 
southwestern fault-associated veins.

Galena was observed in samples 9 and 55, but most 
vein samples did not contain recognizable Pb minerals. The 
high values of Pb in so many samples are surprising. Lead 
is believed to be present as oxides in the brown and black 
gossan collected from many of the vein dumps.

Zinc"
Abundant sphalerite is found in the dumps at loca

tions 27 and 55, which have the highest assays of 16.8% and 
6.8% Zn respectively. Boxworks after sphalerite are found 
in several of the sampling sites in the same area. Zinc is 
found in most of the same locations as lead but at slightly 
lower concentrations. The southwest veins have the uni
formly high values of 0.54% to 2.05% Zn.

Tin

Seven sample locations have Sn assays of 500 ppm or 
greater, with a high of 0.15%. A majority of the sample 
locations have less than the detection limit of 10 ppm Sn. 
The best areas for Sn enrichment are two northeast-trending 
belts in the silicated limestone unit northwest and south
west of the western quartz monzonite porphyry. The veins
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around the silicated limestone unit on the west side of the 
rhyolite and the southwest veins also contain Sn. No tin 
minerals were observed.

Tungsten
Veins and rock in the Ellison district are only 

weakly enriched in tungsten. All the locations contain 75 
ppm or less with the exception of sample 17, which has 220 
ppm W. The majority of the sample areas have less than 5 
ppm W. Enriched areas are in and around the western quartz 
monzonite porphyry and in veins near the foundered limestone 
block in the western rhyolite.

Niobium

Niobium was detected at only the 20 ppm and 30 ppm 
levels in samples from the Ellison district. A majority of 
the samples had 20 ppm Nb, and the difference in concentra
tion between 20 ppm and 30 ppm is insufficient for trend 
analysis.

Uranium

Nearly all the samples from Sawmill Canyon have 15 
ppm or less of uranium (Figure 48). One sample stands out 
with 0.10% U. It was collected near an adit that penetrates 
the eastern quartz monzonite porphyry, an area otherwise 
devoid of mineralization.
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Fluorine

Fluorine is fairly abundant but erratically distrib
uted at the Ellison district. Most of the sample locations 
containing over 1% fluorine are in silicated units around the 
western quartz monzonite porphyry. Purple fluorite is a 
common constituent in many of the high fluorine samples.
The filled shaft at location 23, the site of the Hendrickson 
mine, has an 8-cm calcite-fluorite-sulfide vein. The 
Hendrickson mine was the source of most of the recorded 
copper, silver, and fluorite production in the district 
(Smith, 1976). Three locations with over 1% F are found 
southwest of the main jasperoid outcrop, an area not associ
ated with strong mineralization. Most samples, even 
unmineralized rock samples, have at least 500 ppm fluorine. 
Fluorite and F-bearing apatite are common accessory minerals 
in both the quartz monzonites and rhyolites.

Iron
Although no iron analyses were obtained for Ellison 

samples, iron minerals are common. Most of the western 
rhyolite samples contain disseminated pyrite or leached 
pyrite cavities. Disseminated pyrrhotite is observed in the 
rhyolite dikes near the west edge of the west rhyolite com
plex. Siderite is found with sphalerite at locations 27 and 
55. Just west of that area at locations 41 and 42, specular 
hematite is found in. the vein gossan. Red hematite and



various shades of brown, orange, and dark yellow limonitic 
iron oxides are observed at most surface vein locations. 
Occasionally, vein boxwork is found, usually cubical 
cavities after pyrite.
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Discussion
The most striking trend observed in element distribu

tion of the Ellison district is a polymetallic halo of vein 
mineralization containing Cu-Ag-Pb-Zn-Au and minor Sn 
which surrounds the western stockwork-silicated quartz 
monzonite porphyry. Metallic elements are most strongly 
concentrated in veins found near the outer edge of the 
wollastonite-rich silicated limestone unit, particularly 
veins in prospects concentrated along the south and south
west side of this unit. Molybdenum, however, is concen
trated more toward the central quartz monzonite porphyry and 
the inner edge of the silicified and silicated zone. In 

contrast with the polymetallic vein mineralization, molyb
denum is abundant in rock samples as well as vein samples.

A small but occasionally high-grade center of veins 
is located around the partially silicated, foundered re
entrant of limestone into the rhyolite, complex at the west 
edge of the western rhyolite breccia complex. The veins, 
however, are in limestone or rhyolite adjacent to, but not 
in, the silicated rock. The western edge of the rhyolite 
complex west of the silicated block is truncated by a fault;
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the block therefore contains the only igneous contact along 
the western edge of the rhyolite. This block is interpreted 
to be a roof pendant that formed tactite and possibly 
tactite-associated veins when it settled into the rhyolite 
and was engulfed by rhyolite on at least three sides.
Several elements, principally Pb, Zn^ and Ag, are enriched 
in samples collected along the west edge and north of the 
western rhyolite complex.

The samples from the center of the western rhyolite 
breccia complex on the north side of the canyon, chiefly 
from late porphyritic rhyolite dikes, are only weakly 
mineralized. Most samples contain green copper stains. 
Samples that are not oxidized or leached contain dissemin
ated pyrite, with disseminated chalcopyrite found in two of 
the samples.

Sample locations near the filled shaft at location 
73 are in an area adjacent to both rhyolite on the surface 
and quartz-monzonite-porphyry-associated silicated limestone 
below surface. Since the shaft penetrated thick silicated 
rock, the mineralized samples in that area south of the 
rhyolite are judged to be associated with the quartz monzon- 
ite porphyry silication. Metals enriched in that area are 
the same as those found in the halo around the quartz 
monzonite porphyry outcrop.
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The fault"associated group of locations stretching 

north from sample 121 to sample 125 are enriched in Pb, Zn, 
Ag, Au, Cu, and Ho. The southwestern area contains the 
strongest vein mineralization of the fault-grouped loca
tions. The highest consistent values of Pb and Zn are 
located there along with high concentrations of Ag and Cu. 
Compared to other sample locations, this area also has 
relatively high values of Mo, Au, and Sn. Except perhaps 
for high Pb-Zn values, the fault-grouped samples do not
have an element signature distinct from the locations aroundo
the quartz monzonite porphyry outcrop. It is concluded that 
the mineralized veins located along known and inferred 
structures southwest of the Sawmill Canyon intrusive complex 
are distal veins associated with similar veins in and near 
the quartz monzonite porphyry tactite.



Mid-Tertiary igneous rocks and contemporaneous 

metallic mineralization are common throughout central 
and eastern Nevada and west-central Utah. In this 
chapter, the rocks of Sawmill Canyon will be compared to 
other local and regional intrusive and extrusive equiva
lents. Mineralization is discussed in the context of the 

Battle Mountain-Eureka mineralized zone of Shawe and Stewart 
(1976) and others. Lastly, a geologic history of mid- 
Tertiary igneous activity, alteration, and mineralization 
is given.

DISCUSSION AND CONCLUSIONS

Igneous Rocks

Local Igneous Rocks

Briefly summarizing Chapter 5, Sawmill Canyon 
contains two igneous suites, a rhyolite-rhyolite breccia 
complex and a quartz monzonite porphyry-granodiorite 
porphyry intrusion. Evidence indicates that the monzonite 
porphyry intrudes the rhyolite. Drill core data implies 

that the western part of the rhyolite is pipe-like.

The quartz monzonite porphyry in the western expo

sure forms a cupola with a quartz cap under mildly domed
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silicated limestone. The eas.tern 3.6.2 m,y, quartz monzdnite 
porphyry~granodiorite porphyry has clean, largely unaltered 

contacts. It is not known how close the two suites are in 
age or whether they are co-magmatic.

In his detailed mapping of the Southern Egan Range, 
Playford (1961) suggested that the quartz monzonite porphyry 
of Sawmill Canyon is the only known local intrusive equiva
lent of the widespread Tertiary Lower Volcanics. Playford* s 
Lower Volcanics, named "older volcanic rocks" in county and 

state reports, are the oldest Tertiary volcanic rocks. They 
consist?locally of unwelded, light-colored crystal-vitric 
tuffs and tuffaceous sediments. The tuffs contain quartz

crystals, plagioclase, sanidine, biotite, and glass lapilli 
in a glass shard matrix (Playford, 1961). This material is 
compositionally a biotite quartz latite similar to the 
quartz monzonite porphyry at Sawmill Canyon. Older volcanic 
tuffaceous conglomerates contain pebbles and boulders of 
obsidian, presumably similar to the vitrophyre at Sawmill 
Canyon.

Potassium-argon ages of older volcanic rocks 
throughout White Pine County yield isotopic ages from 38 
m,y. to 32 m.y,, with most older than 34 m.y. The most 
extensive volcanic activity centered around 35 m.y. Several 

shallow intrusive Tertiary bodies, some of which have been 
traced directly to extrusive volcanics, are located in
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adjacent ranges to the north and east of the Egan Range. 
These rocks, largely hiotite quartz monzonites, vary in age 
from 45 m.y. to 32 m.y. According to Hose and Blake (1976), 
"Many of the plutons we have mapped as Tertiary appear to be 
deep-seated equivalents of the older Tertiary volcanic 
rocks."

Depth of Intrusion
The older volcanic rocks were deposited on an ir

regular early Oligocene erosional surface. In the Southern 
Egan Range, Lower Volcanics rest conformably on local Terti
ary sediments or drape over strong angular unconformities in 
Paleozoic limestones. Local outcrops of Lower Volcanics lie 
within 7 km of the Sawmill Canyon intrusive complex. If the 
Sawmill Canyon quartz monzonite porphyry and the Lower Vol
canics are not consanguineous, they are at least very close 
in age, so the stratigraphic distance between the Sawmill 
Canyon intrusive rocks and the base of the Lower Volcanics 
can be used to calculate depth of emplacement of the quartz 

monzonite porphyry. The nearby older volcanic rocks lie 
with angular unconformity upon three upper Paleozoic lime
stone units, the Mississippian Joana Limestone, the Penn
sylvanian Ely Limestone, and the Lower Permian Arcturns 

Formation. The contact with the Arcturus Formation is 
found in a block suspected of having been faulted before 
deposition of the Oligocene sedimentary and volcanic units
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(Playford, 1961). Therefore, only the "two lower strati
graphic contacts are used to calculate depth of intrusion. 
The angle of the unconformity between older volcanic rocks 
and the subjacent limestone is quite variable, but the 
average angle is estimated to be 18 degrees. Assuming an 
18 degree dip as the attitude of the limestone, the depth 
of intrusion was between 2,100 and 3,700 meters at the pres

ent western stockwork quartz monzonite porphyry outcrop.
The deepest known part of the quartz monzonite porphyry 
complex is at the bottom of drill hole DH-3 and yields a 
depth of intrusion 590 meters deeper than the western quartz 
monzonite porphyry outcrop. The stratigraphically highest 
quartz monzonite porphyry at the easternmost exposure of the 
eastern quartz monzonite porphyry would have a depth of in
trusion 900 meters higher than the western stockwork quartz 
monzonite porphyry outcrop.

The abundance of intrusive and extrusive equivalents 
of the quartz monzonite porphyry is contrasted sharply with 
the absence of any nearby rocks which correlate with the 
Sawmill Canyon intrusive rhyolites. Rhyolitic ash-flow 
tuffs found in the older Tertiary ash-flow tuffs range in 
age from 34 m.y, to 28 m,y, and overlie the older volcanic 
rocks (Hose, and Blake, 1976), If tbe Sawmill Canyon rhyo
lite is intruded by the 36 m.y, quartz monzonite at Sawmill 
Canyon, and if the quartz monzonite porphyry is correlative
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to the Lower Volcatiics, then the Sawmill Canyon rhyolites 
are too old to correlate with the known local rhyolitic 
volcanic rocks.

The "flow texture of the rhyolite-points - to a shallow 
depth of intrusion, so the rhyolites are believed to be Ter
tiary in age, probably close to that of the quartz monzonite 
porphyry. The autobreccia and ashy flow band structures of 
the eastern rhyolite complex are similar to textures seen 
in surface flows. Based on stratigraphic reconstructions, 
however, it is unlikely that Sawmill Canyon was incised at 
the time the rhyolite was emplaced prior to 36 m.y. ago. 
Since there are no large faults between the Sawmill Canyon 
intrusive complex and the mouth of the canyon, elevation of 
the Egan Range in that area is due solely to displacement on 
the main frontal fault along the west side of the range. 
Playford (1961) states that although Paleozoic rocks had 
been tilted and eroded prior to deposition of the Sheep Pass 
Formation, there is no change in thickness of the formation 
across the fault. The Sheep Pass Formation is a lakebed 
sedimentary unit deposited in early Oligocene time before 
extrusion of the older volcanic rocks. The difference in 
elevation between the mouth of Sawmill Canyon and the west
ern rhyolite complex surface outcrop is 275 meters. In 
order for the Sawmill Canyon rhyolites to be extrusive, all 

of the ‘displacement of the frontal fault, except for
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275 meters, must.have "occurred in the interval between^ 

deposition of the Sheep' Pass Formation and extrusion of the 
rhyolite," a practically impossible scenario since there are 
approximately 500.meters of. valley, fill overlying the Ter
tiary volcanics west of the frontal fault.

Regional Igneous Rocks
Cenozoic igneous rocks in Nevada and western Utah 

have been divided into partially overlapping, generally 
east-trending belts based on age and style of igneous 
activity (Silberman and others, 1976; Stewart and others, 
1977; Stewart, 1980). Although small differences exist in 
the classification of trends of younger Tertiary igneous 

rocks, a belt of 43-34 m.y. older Tertiary igneous rocks is 
recognized which extends from central Nevada to western 
Utah (Figure 52). The east-trending belt consists of inter
mediate calc-alkaline igneous rocks, chiefly andesite flows 
and rhyolitic flows. A northern extension of the axis con
sists largely of silicic ash-flow tuffs (Figure 52).
Similar-age intrusive rocks of mafic to rhyolitic composi
tion are scattered throughout the area. The 36.2+1.2 m.y. 
quartz monzonite porphyry of Sawmill Canyon is a part of the 
43-34 m.y. igneous belt of central Nevada and western Utah.
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Figure 52, Distribution of mid-Tertiary igneous rocks and selected 
mineral districts in Nevada and Utah, The outlined area 
encloses the 4304 m.y, igneous rocks of Nevada and western 
Utah (after Shawe and others, 1978; Stewart, 1980). Mineral 
districts of similar age and mineral districts of the Eureka 
mineral belt are labeled, The Eureka mineral belt is shown 
in red (Stewart and others, 1977), Isolated intrusions 
southeast of the main area of mid-Tertiary volcanic rock 
activity are shown connected with a dashed line.
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Alteration.-Mineralization

Comparison to Regional Ore Deposits
Several ore deposits are associated with igneous 

rocks within the 43-34 m.y. trend of central Nevada and 
western Utah. Bingham Canyon and Battle Mountain (Copper 
Canyon) are porphyry-style ore deposits which anchor the 
east and west ends of the older Tertiary igneous belt 
(Figure 52). Other contemporaneous deposits are found at 
Tintic and Park City, Utah, and Tuscarora, Lewis, Hilltop, 
Bullion, Cortez, Buckhom, Mt. Hope, Ward, and Taylor, 
Nevada. The style of mineralization in these deposits is 
briefly described in order to compare them later to the 
Ellison district.

The Bingham mining district contains the largest 
known porphyry copper deposit in North America. Alteration- 
mineralization is centered on the 39 m.y. quartz monzonite 
porphyry phase of a composite stock hosted in Carboniferous 
quartzite and interbedded limestone (Einaudi, 1982). The 
intrusive rocks contain- chalcopyrite, bornite, and molyb
denite, with molybdenite restricted to the central part of 
the igneous rocks, Chalcopyrite skam ore is contained in 
adjacent gametized limestones, Pb-Zn-Ag replacement and 
fissure ores are located outside the zone of skam minerals.

Other Ag-Pb-Zn-Cu vein and replacement ores are 

located at Park City and Tintic, Utah. At Park City,
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mineralization is spatially and temporally associated with 
two 36-33 m.y. composite stocks (Bromfield and others, 1977). 
Mineralization at Tintic is related to a 33-31 m.y. volcanic- 
intrusive complex (Proffet, 1979).

In a structurally complex area, largely Paleozoic 
sediments host the two porphyry ore deposits of Copper

X

Canyon, Nevada. These deposits are astride a small 38 m.y. 
porphyritic granodiorite intrusion. The west Cu-Au-Ag body 
is located in a gametite exoskam just north of the intru
sion (Theodore and others, 1982). The east Cu-Au-Ag ore 
body is a hypogene replacement deposit in the conglomeratic 
Battle Formation. Another deposit within the Battle Moun
tain district, Copper Basin, is a secondarily enriched and 
oxidized copper replacement deposit. Fault-controlled Pb- 
Zn-Ag veins are located peripherally to the replacement 
bodies. Small gold-silver veins and placer gold also occur 
in the district.

The Buckingham (Copper Basin) stockwork molybdenum 
deposit is located 1.5 km west of the Copper Basin mine. 
Probable Tertiary leucocratic monzonite and younger rhyo
litic to quartz monzonitic dikes are spatially associated 
with quartz stockwork molybdenite mineralization. Blake and 
others (1978) consider the base-precious metal deposit at 
Copper Basin to be slightly younger peripheral mineraliza
tion genetically related to Buckingham.
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The Tuscarora epithermal Au-Ag vein deposit of 

Nevada has an age of mineralization of 38.4 m.y., coincident 
with the age of a granodiorite "pluton 11 km away (McKee and 
Coats, 1975).

The Bullion district is a source of gold, silver, 
barite, and turquoise spatially associated with 35 m.y. 
intrusive rocks (Silberman and others, 1976). The Lewis 
and Hilltop districts are aligned in a northwest direction 
next to the Bullion district. Mineralization in these 
districts is similar to that of the Bullion district, con
sisting of fault- and stratigraphically-controlled precious- 
metal-bearing quartz veins. In both areas, a few of the 
veins have been related to intrusive rock of possible 38-34 
m.y. age.

At Cortez and Buckhorn, Nevada, precious metals are 
found in primary sulfides occurring as veins, replacement 
bodies, and disseminations in sediments. Possible ages are 
150 m.y., 35-33 m.y., and 15 m.y., and single or multiple 
age models are reasonable (Wells and others, 1971; Wells and 
Silberman, 1973; Rye and others, 1974).

The Mt. Hope stockwork molybdenum deposit contains 
two overlapping quartz stockwork ore shells. Molybdenite 

mineralization in centered on two lobes' of a 37,7 m.y. 
quartz porphyry which intrudes the slightly older Mt. Hope

tuff. The deposit has a strong base metal, F, and Ag halo- 
(Westra, 1983).



The Taylor district, southeast of Ely, Nevada, con
tains silver chloride and cerrusite in silicified limestone 
and fault breccia (Smith, 1976). The nearby Ward district 
consists of replacement bodies near dikes and quartz veins 
(Smith, 1976). Mineralization consists of oxidized ore and 
primary sphalerite, galena, chalcopyrite,•and silver sul
fides and tellurides. Stewart and others (1977) consider 
the mineralization to be Tertiary, probably related to in
trusive equivalents of the 38-32 m:y. older Tertiary . " 
volcanic rocks.

Other epithermal precious metal deposits in northern 
Nevada do not fit in the 43-34 m.y. age bracket. Most are 
Miocene and younger in age.

As already shown, the Ellison district is found in 
an area containing 43-34 m.y., largely volcanic igneous rock. 
Strongly zoned porphyry style, replacement, and vein de- 
posits containing base and precious metals are associated 
with the intrusive porphyritic intrusive phases of similar 
age rock.

Shawe and Stewart (1976) have recognized that the 
mineral deposits in Nevada and western Utah are confined to 
narrow northwest-:and east-northwest-trending zones 
(Figure 52), Evidence for the presence of mineralized zones 
is based on aligned patterns of ore deposits, igneous rocks, 

and aeromagnetic anomalies. Deep-seated conjugate shear
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zones are suggested to have channeled ore-related intrusions 
of Mesozoic and Ceriozoic age. One of the most distinctly 
developed zones is the northwest-trending Eureka mineral 
belt (Shawe and Stewart, 1976) or the Battle Mountain-Eureka 

mineral belt (Roberts, 1966). The Eureka mineralized zone 
(Figure 52) is terminated by the Battle Mountain district 
in the northwest and the Robinson district at Ely, Nevada, 
in the southeast. Aligned and en echelon northwest high 
angle faults which interrupt the north-northeast grain of 
Basin and Range faulting are found between Battle Mountain 
and Eureka. Intrusive rocks of Cretaceous and Tertiary age 
occur along the belt.

Mineral districts found within the Eureka mineral 
belt, listed from northwest to southeastare Battle 
Mountain, Lewis, Hilltop, Bullion, Buckhom, Cortez, Mt. 
Hope, Eureka, Hamilton, Robinson (Ely), and Ward (Figure 
52). Districts of known or possible mid-Tertiary age have 
been discussed above.

The Eureka district has produced silver, gold, lead, 
and minor zinc and copper, mostly from oxidized fissure and 
bedded replacement deposits. Although ore is hosted in 
Cambrian dolomite, alteration-mineralization can be traced 
to a small Cretaceous granodiorite porphyry-andesite por- .. 
phyry intrusion (Langlois, 1971; Nolan, 1978). The grano
diorite porphyry contains molybdenite in veins with potassic 
and seficitic alteration envelopes.
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The White Pine (Hamilton) district consists primar

ily of lead-silver replacement bodies. The area, however, 

contains three north-south mineralization '’belts'1 which are 
zoned eastward away from Cretaceous granitic stocks. The 
"copper belt" contains chalcopyrite and molybdenite miner
alization in and adjacent to a quartz monzonite stock. The 
"lead belt" is composed of lead-silver replacement ore 
bodies in limestone. The "silver belt" was mined largely 
for high grade disseminated and vein cerargyrite.

The porphyry copper deposits of the Robinson dis
trict are centered on a narrow 110 m.y. pluton that outcrops 
intermittently over 9.5 km in an east-west direction at Ely, 
Nevada. Stewart and others (1977) use the intrusive outcrop 
pattern as evidence to suggest that intrusion was guided 
along a deep-seated structural zone coinciding with the 
Eureka mineral belt. Disseminated chalcopyrite and molyb
denite were mined from the quartz monzonite porphyries, and 
disseminated chalcopyrite is also localized in certain ad
jacent sediments. Small replacement deposits in favorable 
beds erratically surround the porphyry ores. Many types of 
replacement occur, including copper, zinc, lead-silver, and 
manganese ores. Fault-localized lead-silver and quartz-gold 
veins cut the porphyry and favorable stratigraphic horizons.
Secondary enrichment and oxidation affects all the ore types 
Most of the copper in the district has been mined from
enriched chalcocite deposits.
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According to Shave and Stewart (1976), Tertiary 

intrusive rock characterizes the northwest part of the 

Eureka mineral belt, while the deposits in the southeast of 
the Eureka district are associated with Cretaceous intrusive 
rock. Possible exceptions would be the Ward and Taylor dis
tricts , if they are mid-Tertiary in age.

The Ellison district lies approximately 30 km south 
of the center of the 40-km -wide Eureka mineral belt as 
defined by Shave and Stewart (1976), and Sawmill Canyon is 
10 km south of the edge of the belt. However, because the 
Ellison district lies on a straight line projected through 
the districts northwest of Ely, :’,it is considered to be a 
part of the Eureka mineral belt, and style of alteration- 
mineralization at Ellison can best be compared to the 
deposits within that belt.

Many of the features of deposits in the Eureka 
mineral belt and the 43-34 m.y. deposits of Nevada and 
eastern Utah are present at the Ellison district, gawmill 
Canyon has a porphyry intrusion with Mo/Cu zoning similar 
to that of Bingham, Copper Canyon, and Ely. The presence 
of intrusive porphyritic rhyolite and a quartz stockwork 
suggests that Ellison may be a zoned stockwork molybdenum

w

system similar to Mt* Hope or Buckingham, Surface molyb

denum mineralization and the "quartz stockwork are, however, 
centered over the calc-alkaline western quartz monzdnite
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porphyry at Ellison1not the more alkaline rhyolite. The 
weak mineralization at depth in the quartz monzonite 
porphyry consists of both chalcopyrite and molybdenite. It 
is concluded, therefore, ;that mineralization at Ellison is 
more akin to the porphyry copper deposits than the stockwork 
molybdenum deposits of the Great Basin.

Both the skarns and element zoning are telescoped 
over short distances at Sawmill Canyon. Even the surface 
outcrop of stockwork quartz monzonite porphyry is small.
The distance to surrounding Pb-Zn-Ag quartz-carbonate veins 
is extremely telescoped. Normal distance to such veins 
is up to 2 km away; at Bingham it is 2.6 km (Einaudi, 1982). 
Many of the aspects of other deposits of similar age or 
deposits in the Eureka mineral belt are telescoped or super
imposed at Sawmill Canyon. Sawmill Canyon has Mo/Cu zoning 
as at Bingham, Copper Canyon, and Ely. Quartz replacement 
is present as at Ely. Fissure veins with base and precious 
metals similar to those of the vein deposits and replacement 
deposits are found at Ellison. It should be noted that 
fault-guided veins on the southwest ridge are a moderate 
distance from the intrusion,

"Causative Intrusion"

Alteration-mineralization at Sawmill Canyon is 
found in and around both the western stockwork quartz mon

zonite porphyry and the western edge of the rhyolite



complex. Three possibilities exist for the timing of 
alteration-mineralization in that alteration-mineralization 

may have accompanied intrusion of either or both of the 
two rock suites. Each hypothesis must be considered 
separately.

If the rhyolite is the sole mineralizing intrusion, 
several features at Sawmill Canyon are hard to explain.
Many surface base and precious metal veins are. distributed 
around the outermost silication zone surrounding the western 
quartz monzonite porphyry. Surface molybdenite mineraliza
tion is centered on the quartz monzonite porphyry and 
associated altered limestone. Mo/Cu is zoned toward the 
western quartz monzonite porphyry center. Molybdenite 
occurs in the central intrusion at the porphyry, skam, and 

replacement deposits at Ely, Copper Canyon, and Bingham.
It would be necessary for the rhyolite to intrude the quartz 
monzonite porphyry in order to mineralize it; however, 

available evidence indicates that the quartz monzonite 
porphyry cuts the rhyolite. That the rhyolite is the sole 
"causative intrusion" is therefore rejected.

The aforementioned characteristics of surface ele
ment zoning are evidence that the.quartz monzonite porphyry 
was a mineralizer. Certainly the concentric zones of 
silicification and silication are tied directly to western 

quartz monzonite porphyry. Many of the base and precious



metal veins are located at the contact between the outer
most zone of silication and the limestone." Drill hole DH-1 
originates in quartz-iron oxide stockwork at the surface and 

then penetrates several types of .vein^and fracture .con
trolled alteration-mineralization and pervasive alteration. 

Alteration-mineralization„is„less extensive and less perva
sive in the quartz monzonite porphyry of drill holes DH-2 
and DH-3 than that of DH-1. (See Figure 6). Subsurface 
quartz monzonite porphyry alteration-mineralization is, 
therefore, centered on the same area as are the surface 
effects, not toward the rhyolite complex near DH-2 and DH-3.

Several styles of core alteration-mineralization are 
common to both the quartz monzonite porphyry and the rhyo
lite complex. Steep, throughgoing quartz veins accompanied 
by pyrite and small amounts of molybdenite are observed in 
the core of both rock types (Figure 28, Intermediate Zone). 
Late calcite or quartz-calcite fracture fillings with 
smeared chlorite-pyrite coatings are found in the quartz 
monzonite porphyry but are more abundant in the rhyolite, 
especially the chlorite-rich breccia. Chloritization is 
common to both rock types, but chloritization is most 
strongly developed.in the chlorite-rich rhyolite breccias 
(Figure 6). High grade veins found at the northwest

side of the rhyolite complex have approximately the same 
ratios of element abundances (Au/Ag, Cu/Pb, Pb/Zn, etc.) as 

do the veins scattered along the "silicated limestone and .
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limestone contact around the western quartz monzonite por
phyry . The common styles of alteration-mineralization 
found in and around both intrusive rock types are evidence 
of a single mineralizing episode assoicated with the quartz 

monzonite porphyry.
Alteration and mineralization emanating from the 

quartz monzonite porphyry could penetrate broadly into the 
rhyolite breccia complex yet still be restricted to a 
narrow exoskam aureole in the limestone. In porphyry 
copper systems, mineralization and alteration can penetrate 
distances measured in hundreds to thousands of meters into 
igneous host rocks (Titley, 1982), while skarns can be 
restricted to intervals on the order of tens of meters wide 
when the host is a massive pure limestone (Einaudi, 1982). 
Subsurface alteration-mineralization characteristics in 
the rhyolite are consistent with a hypothesis that the 
quartz monzonite porphyry was the sole mineralizer, con
sidering differences in composition of the two rock types.

Pyrite and chalcopyrite are disseminated in and 
adjacent to late porphyritic rhyolite dikes at the surface 
which cut rhyolite breccia, although metal enrichment in 
the dikes is weak compared to the veins. It is difficult 
to imagine that mineralization emanating, from the quartz
monzonite porphyry would selectively enrich only the 
rhyolite dikes, so the existence "of a late rhyolite, pre-
quartz monzonite porphyry mineralizing episode is feasible.



The Ellison district has several characteristics of 
the porphyry copper environment as defined by Titley (1982) 
such as selectively pervasive chlorite alteration, selective 
alteration of feldspar.quartz-sulfide precipitation-in and 
along veins, quartz-sericite-pyrite vein selvages, and per
vasive calc-silicate alteration (Figure 28). Features that 
have not been recognized at the Ellison district are perva
sive biotite or orthoclase alteration, potassium silicate + 
sulfide veins, and other styles of vein-veinlet alteration. 
Very weak, sporadic pervasive K-feldspar alteration may be 
present deep in the quartz monzonite porphyry. Although 
several types of vein alteration-mineralization are present 
at Ellison, the high fracture density that strongly charac
terizes all porphyry copper deposits (Titley, 1982) is 
missing. The only strongly developed fracturing at Ellison 
is the small quartz-iron oxide stockwork at the top of the 
western quartz monzonite porphyry.

. The Ellison district has several characteristics of 
a skarn deposit, as defined by Einaudi (1982) and Einaudi 
and others (1981), who recognize three major processes in 
skarn formation. The first is metamorphic recrystallization 
which accompanies intrusion and crystallization of magma.
At Ellison, this metamorphism resulted in recrystallization 
of limestone into marble in a narrow, irregular, bleached 

zone outside the outermost silication zone (not shown on
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Figure 2) surrounding the western quartz monzonite porphyry. 
The second characteristic stage is the metasomatic stage, 
which yields massive skam replacing" marble, coincident with 

potassic alteration of the intrusion. In calcic skams, 
prograde metasomatism results in an inner zone of andraditic 
gamet-clinopyroxerie surrounded by a wollastonite-rich outer 
zone. This trend of skam formation is observed at Sawmill, 
Canyon. In calcic skams, garnet to clinopyroxene ratios 
decrease away from the intrusion and clinopyroxene is 
diopside rich." Neither of these trends is found at Ellison. 
The last stage of porphyry-related skam formation is retro
grade alteration which is associated with sericitic altera
tion of the intrusion. This stage may be variably expressed 
or not present at all; it is not present in the annulus of 
calc-silicates around the western quartz monzonite por
phyries. According to Einaudi and others (1981), a stage 
that may accompany sulfide deposition "consists of various 
forms of silica accompanied by abundant pyrite or iron 
oxides." Iron oxide is abundant in the quartz stockwork 
and quartz replacement zone at-.Sawmill Canyon, but except 
for molybdenite, sulfides are "absent from most of the 
silication and silicification zones around the western 

quartz monzonite porphyry.
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Mid-Tertiary Geologic History
Intrusion and mineralization at Sawmill Canyon is 

broadly bracketed between deposition of the Sheep Pass 
Formation in Early Oligocene time• and the- end of regional - 
calc-alkaline volcanism at 34 m.y. It is suspected but not 
proved that the rhyolite complex is only slightly older 
than the quartz monzonite porphyry. The following proposed 

history covers the period 38-36 m.y.
(1) Rhyolite forcefully intruded the Sawmill Canyon 

area in mid-Tertiary time. The rhyolite was auto-brecciated 
at the time of intrusion and formed a contact breccia on the 
western side.

(2) Northwest-trending rhyolite dikes cut the rhyo
lite complex and surrounding limestones.

(3) An episode of disseminated pyrite-chalcopyrite 
mineralization may have followed dike emplacement.

(4) Intrusion of the quartz monzonite porphyry and 
related rocks occurred at 36.2 + 1.2 m.y. Depth of emplace
ment is estimated to be 2-3.7 km.

(5) An episode of alteration-mineralization that 
followed intrusion of the western quartz monzonite porphyry 
included the formation of a sllicification halo and rings . 
of prograde silication around the quartz monzonite porphyry. 
Fracture density necessary to develop elements of porphyry



style alteration-mineralization were not realized, and 
full porphyry system did not ensue.



APPENDIX A

POTASSIUM-ARGON'.AGE DATE

Potassium-argon analyses and constants used for 
dating the western quartz monzonite porphyry at Sawmill 
Canyon. The sample was analyzed by Krueger Enterprises, 
Inc., Geochron Laboratories Division, Cambridge, Mass.
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Table '1. Potassium-Argon Age Date for the Eastern Quartz 
Monzdnite Porphyry* Concentrate is from 
biotite phehocrysts.

Material Analyzed: Biotite concentrate, -40/+100 mesh.

Ai,e*/K,° • .003139 AGE- 3 6 .3 * 1 .4 M.Y.
Argon A m iv s t:

Ar,0*,ppm. Ar40*/Total Ar 40 Ave. Ar46*, ppm,
.01 749 - .6 8 9 .0 1 770

.01 791 .7 3 5

Potassium Analyses:
%K Ave. %K K4e,ppm
6.78€ 6 .7 8 3 8 .3 7 5
6 .7 8 1

Constants Used:
- 4.72 x 10*1#/ year 

N-0.585 *1G’,e/year K,e/K-1.22x10*4g./g.
Note: Ar ** * refen to radiogenic Ar 41. M.Y. refers to millions of years.

__ 1 _ A r 44* , 1
G L XT̂  * K4o + ’J



APPENDIX B

GEOCHEMICAL ANALYSES ..OF. .ROCK SAMPLES

Geochemical analyses for 11 elements in 147 samples 

are shown in Table 2. Samples 1 through 133 are surface 
samples, and samples 134 through 147 are from the three 
diamond drill holes. The work was performed by Skyline 
Labs, Inc., Tucson, Arizona. Atomic absorption was used 
for all elements, with fire assays for samples having 
Au >3 ppm and Ag > 350 ppm. Values less than the detection 
limits are blank in the table. Minimum detectable ppm for 
the elements are: Au-0.02, Ag-0.2, Cu-5, Pb-5, Zn-5, Mo-2,
Nb-20, Sn-10, U-2, and W-2 . A brief description of. each 
sample is given. For vein samples, the host rock is the 
rock type that is cut by the vein. For rock samples, the 

host rock is sampled.
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Table 2. Geochemical analyses of samples from the Ellison district (ppm) . 
See page 120 for explanation of abbreviations.

Sample HostNumber AU CU Pi H HO NB SN U U F Rock Description
1 .05 40.0 7200 1400 14100 24 20 100 - 8 4900 Ohs Small ox. vn. w/ CuOx stains, from small dump.
2 .62 55.0 44000 20 700 6 20 300 2 - 27000 Ohs Bleached, recrystallized Is w/ spots of CuOx.
3 .73 280.0 169000 70 700 240 20 150 3 30 4800 Ohs S.p., tr gn, si.
4 • - 1.2 1000 20 80 4 - - 3 3 1000 Tpr Dike In is w/ fine gr dlss py.
5 1.10 270.0 135000 170 800 125 20 150 7 12 14000 sis Small sh and pros near outer edge of sis, ankerits.
6 ,43 829.0 122000 2700 7300 160 30 200 2 10 30000 sis Small s.p. w/ CuOx and br FeOx.
7 1.70 718.0 35000 54500 15000 44 30 1000 10 9 1600 Ohs 2 small adits 1.5 and 3 m long samples from dump FeOx and CuOx.
8 .02 25.0 4000 710 900 4 30 10 2 4 1600 bis Samples from dump and vn in 9 m adit that terminates at bottom of sh.
9 .02 1414.0 5300 368000 6300 2 30 150 10 - 1400 bis CuOx and FeOx dump from sh, similar 

to above.
10 - 4.8 580 420 160 2 - - 2 3 700 Tpr Rock sample w/ red stain.
11 - 105.0 495 30800 570 2 20 - 3 - 450 Tpr Rock sample w/ red stain.
12 - .8 85 30 20 2 - - 2 - 680 Tpr Rock sample w/ FeOx after dlss sulfides.
13 - 5.0 3500 1000 290 2 - 15 2 2 440 Tpr Small s.p., rock w/ CuOx stain.
14 - .4 85 20 50 2 - - 2 3 360 Tpr Rock sample w/ red stain.
15 .72 595.0 105000 155 200 12 20 100 2 - 1000 Tbfr Vn and pros adjacent to dike, CuOx, 

bl gos, minor cpy.16 .19 55.0 50000 10 800 - - 150 5 7 2200 Tbfr Same as above.
17 1.80 1513.0 175000 1300 800 6 30 700 - 220 44000 Tbfr Same as above.
18 .64 115.0 11600 20 1500 18 20 5 8 2100 sis & Rock sample, FeOx stain, tr CuOx

Tpr stain.19 .21 453.0 90500 110 300 2 20 200 4 4 3100 Tbfr Cal vn in pros w/ bl gos and
Gu O k  .
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Table 2 Continued. Geochemical analyses

Sample
Number AU AG SH m ZN MO NB SN U
20 .18 105.0 2600 44200 9300 65 30 500 11
21 .05 310.0 104000 325 1000 12 20 500 6
22 1.50 1186.0 234000 1900 1200 18 20 300 5
23 3.10 425.0 47000 265 1900 4 20 100 6
24 *09 18.0 4000 150 245 ■ 2 20 10 2
25 .07 7.6 1050 20 680 4 20 20 2
26 - 3.4 1750 205 1050 2 20 20 4
27 .02 80.0 14600 4000 168000 28 20 150 -
28 - 9.4 7800 600 3200 145 20 500 13
29 .50 210.0 370 4400 3900 2 20 50 -
30 - 50.0 26100 13100 19100 4 20 100 10
31 .60 240.0 18600 46000 10000 12 20 1000 3
32 *35 24.0 17200 1200 1200 55 20 100 3
33 .04 8.2 510 1200 475 44 20 10 -
34 - 1.0 520 70 240 16 20 - -
35 .02 .8 70 65 335 18 20 - 2
36 .60 14.0 5500 200 195 6 20 200 -
37 2.60 330.0 140000 1000 1500 12 20 70 4
38 ,76 759.0 180000 4500 5200 10 - 8
39 .23 115.0 37000 5300 3000 2 - - -
40 1.80 270.0 91000 600 1400 2 20 150 ' 4
41* 2.00 135.0 65500 6700 4600 12 20 150 2
42 1.70 320.0 151000 500 700 44 20 200 3
43 2.10 170.0 77500 1200 1600 36 20 200 3

samples from the Ellison district (ppm).

HostF R°ck Description
1200 Tbfr Vn in pros. bl and red gos.
2500 Tbfr Cal vn w/ bl ox ahd CuOx stain.
24000 Tbfr Small pros and vn w/ CuOx.
15000 Tbfr & Ohs Sh w/ vertical fl vn and bl-br ox.
8800 Tbfr 15 m adit w/ dump, cpy.
800 Tbfr 9 m adit, dump w/ yellow and br gos..1100 Tbfr 5 m adit, small amt yellow and br gos on dump.1100 sis 3 m adit, dump w/ br gos abun gn. minor cpy and si.1400 sis 9 m adit, vn and dump w/ red and bl gos.1200 Okl Br stained Is#
1800 Ous Vn in 5 m sh, qtz-mal and br-bl FeOx.92000 Ous S.p., brsbl FeOx w/ az and mal.
5300 sis Vn w/ red and bl ox and CuOx stain.
15000 sk Rock sample w/ ox stain.
2200 qs Rock sample w/ hematite stain.
.640 qs Rock sample w/ hematite and bl ox 

stain.12000 sis Pros w/ cal vn and CuOx stain.
14000 sis Small pros and dump, CuOx and red 

stain.24000 Ohs Pros w/ CuOx, red ox, and 
specularite.150000 Ohs Same as above.

22000 sis 3 pros w/ CuOx, br gos and 
specularite.23000 sis 3 pros w/ CuOx.

2100 sis Pros w/ CuOx and bl ox.
5200 sis Pros w/ CuOx, bl ox, and specularite.

of

w
4
5
14
13
9
2

13
40

50

13
5

2

6

2

5

2
2
30
42

i
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Table•2 Continued. Geochemical analyses

SampleNumber AU AG CU PB ZN MO NB SN U
44 .22 18.0 8900 200 195 28 20
45 - .8 240 5 100 20 - - 2
46 .04 4.0 2200 200 165 60 20 - -
47 - 9.6 65 25 230 125 20 - -
48 - .8 195 15 300 32 *- - 2
49 .30 27.0 11900 900 1100 100 20 50 -
50 - .6 180 300 155 46 20 - 11
51 .04 .2 210 15 60 - - 50 -
52 1.90 518.0 113000 600 1200 14 20 700 9
53 .27 110.0 17100 3600 1100 44 20 1500 2
54 .51 48.0 18100 110 600 2 20 50 2
55 .60 145.0 21000 68000 50500 12 20 100 -
56 .09 200.0 1100 1200 430 34 - 200 4
57 2.20 220.0 90000 2500 1900 - 20 200 2
58 .47 115.0 43000 1200 8600 48 20 100 3

. 59 2.20 240.0 74000 255 400 - 20 ' 100 2
60 3.80 195.0 82500 70 1500 - 20 200 10
61 .26 19.0 7500 60 600 - 20 100 -
62 .96 5.4 2500 75 215 - - 100 2
63 2.80 250.0 41000 1400 750 4 20 200 5
64 2.40 260.0 58000 130 1300 2 20 500 6
65 8.90 598.0 89500 120 400 - 20 300 3
66 .22 38.0 6400 20 175 2 - 50 2
67 .28 16.0 3200 5 ' 80 4 - 50 5

samples from the Ellison district (ppm) .

F HostRock Description
720 qs Rock sample, red stain.
360 Tsqmp Rock sample, least qtz stockwork
500 Tsqmp found.*

Rock sample w/ red and bl ox, abun
18000 sk qtz stockwork, same location as above Rock sample, dark w/ FeOx.
540 Tsqmp Rock sample, darkly stained w/

18000 sk
FeOx.
Pros, CuOx.

410 Tsqmp Rock sample, typical Tsqmp.
7400 sbr Rock sample, no visible
3,5000 sis mineralization.Rock sample w/ CuOx, red and
1,6000 sis bl ox and specularlte.Small pros w/ CuOx and br ox.
1700 Ous Vn w/ CuOx and bl ox.

20000 Ous Small pros w/ br gos, CuOx, and
1500 sis bl ox.Rock sample, red stain.
9600 sis Pros, small pod CuOx and bl ox.
4100 sis 3 pros, poddy w/ br and bl gos,
!2600 . sis

CuOx.Small pros w/ CuOx and bl ox.
16000 sis Small pros w/ CuOx and bl ox.
12000 . sis Blade cut w/ tr CuOx and bl ox.
6000 sbr Rock sample, tr CuOx w/ yellow
15000 sis

and br ox.Pros w/ CuOx and br gos.
7800 sis 12* adit, CuOx.
2300 sis CuOx w/ gos., cpy.
4900 sis 2 s.p., tr CuOx w/ gos.
15000 sbr Rock sample; unmlnerallzed, '

of

w
9
3
5
2
2

5
5

3
10
75
6

9

10

2

2

4
7
7
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Table 2 Continued Geochemical analyses of samples from the Ellison district (ppm) .

SampleNumber AU AG CU PB
68 - 5.0 4400 80
69 .08 2.4 370 315
70 - .4 145 30
71 - .2 85 20
72 - 7.8 435 6200
73 - 38.0 23300 65
74 .65 100.0 94500 6400
75 - .8 630 20
76 .03 9.0 6300 255
77 - .2 65 15
78 - .2 130 365
79 - - 15 15
80 - - 10 5
81 - .2 40 15
82 - .2 20 10
83 .23 6.4 65 15
84 - .2 80 30
85 .03 .2 15 20
86 - .2 10 20
87 - .2 55 20
88 - - 25 5
89 - - 50 5
90 - .2 140 5
91 - .2 520 15

ZN MO NB SK u W F HostRock
1700 2 20 6 11000 Okl
4400 2 20 - - - 540 Okl
210 20 - - - 940 Okl
275 - - - 2 - 860 Tv

5000 2 20 30 - 5 1400 Okl
260 2 20 30 4 2 2600 Isb

37500 36 20 150 10 4 38000 Isb
445 2 20 - 3 - 4800 Tbfr
1600 2 20 10 2 - 2400 Tbfr
185 2 20 - 2 - 940 Tbfr
1200 2 20 - - - 640 Tbfr
110 2 20 - 2 2 700 Tql
5 2 20 - - - 830 Tbfr
60 2 20 - - - 940 Tbfr
25 2 - - - - 650 Tbfr
740 2 - - - 3 480 s is

125 2 20 - - - 440 prh
80 2 20 , - - 2 800 prh

- 2 - - - 2 980 Tbfr
130 2 1200 Isb

5 2 20 - 2 - 500
TbfrTpr

10 2 20 - - - 1100 Tpr
35 2 - - 2 - 1000 Tbfr
205 2 20 - 2 - 1300 Tpr

Description
Cut, CuOx and gbs.
Cut, pale green cal.
Rock sample, dirty stained Is.
Rock sample, unmineralized.
Rock sample, FeOx stains, unmineralized.Rock sample, br stain, light 
green stain.Vn in sh, cpy vn, CuOx, br gos.
Most vitric rock sample, non- mineralized.
S.p., CuOx stain, bl and br spots, .
Rock sample, tr py.
Cut, green and br stain.
Rock sample, no mineralization.
Rock sample, br at, no mineralization.Same as above.
Same as above.
Jasperoid, unmineralized.
S.p., no mineralization. ,
Rock sample, br stain^
Rock sample w/ ox st, no 
mineralization.& Rock sample.
Rock sample.
Rock sample w/ diss bornite, unox. 
Rock sample.
Rock sample, weak diss sulfide.
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Table 2 Continued . Geochemical analyses

SampleHumber AU AC CU PB ZH HO HB SN «
92 .16 .2 235 5 20 2 - - -'
93 .17 1.0 850 30 55 2 - - -
94 .39 5.2 2500 25 5 2 - - -
95 - 3.6 360 1200 1500 2 20 - 2
96 - .8 540 45 520 2 20 10 2
97 .04 2.0 1450 295 3500 2 20 10 -
98 - - 5 - 45 - 20 - -
99 - - 10 5 15 . - - - -
100 - - 155 5 1900 8 20 - 1000
101 - - 35 20 1350 65 20 - 40
102 - - - - 50 2 20 - 6
103 - - - - 70 2 20 - -
104 - - - 25 35 - 20 - 2
105 - - 5 - 5 2 20 - 3
106 - 1.8 3800 50 222 - . - 3
107 - - 5 - 5 - - - 2
108 - - 5 5 35 - - - 2
109 - - - 5 50 - - - -
110 - - - - 45 - - - 3
111 - - - - 30 2 - - 2
112 - - - 5 35 - - -
113 - - - - 50 - - - 3
114 - - - - 60 - - - -
115 - - _ 50 _

samples from the Ellison district (ppm) .

Host
F Rock Description

3400 Tpr Silicified, weak tr CuOx.
2200 TPr Rock sample, tr CuOx stain, tr diss mineralization.2100 Tpr Same as above.
1300 Tbfr Pros, br ox stain, no mineralization.
1400 Tpr Rock sample, diss py or cpy in Tpr dike.
5200 Tpr 2 pros w/ red ox.
1300 Tql Rock sample.
350 Oe Rock sample from adit dump, weak FeOx stain.
340 Ofh Bedded vn, br gos.
340 Ofh Vn, faint CuOx stain.
920 Tqmp Rock sample.
840 Tv Rock sample.

, 770 Tpr Rock sample, FeOx stain, no 
mineralization.700 Tpr Rock sample.

840 Tpr Pros w/ CuOx stain.
560 Tpr S.p., FeOx stain.
440 Tbfr Same as above.
460 Tpr Same as above.
330 Tbfr Rock sample.
630 Tbfr Rock sample, red stain.
1000 Tpr Green-yellow powdery dike rock.
1100 Tqmp Rock sample w/ Oe xenocrysts.
720 Tv Rock sample.
900 Tv Rock sample.

of

H

2

3
3

3
7

0
2

2

2
3
2
2

2
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Table 2 Continued . Geochemical analyses

SampleHumber AU AG cy PB ZN HO NB SN y
116 - - - 5 40 - . - • -
117 ~ - - - 50 - - - 2
118 .38 330.0 69000 29000 16300 8 20 100 6
119 .11 145.0 109000 41000 13100 6 20 20 7
120 ' .03 35.0 4300 46000 20500 10 30 100 -
121 .04 7.4 2000 20300 5400 10 30 70 180
122 .07 4.2 210 1800 730 2 20 10 50
123 - - 20 25 95 - - - 2
124 - 30.0 9400 85 570 - 20 15 . -
125 1.70 608.0 240000 145 880 30 - 15 90
126 .13 3.4 6300 280 • 1100 8 - - 4
127 .05 220.0 42000 640 6200 50 50 20 3
128 .63 1.4 100 5 35 - - - -
129 .06 2.0 730 - 20 - - - 3
130 .11 .6 - - 20 - - - 3
131 .83 3.0 70 - 80 4 - - 12
132 .49 8.8 - - 25 - - 3
133 .16 13.0 275 5 365 - - - 3
134 - - *- - 25 85 - - 2
135 .02 - 35 5 20 12 - - 2
136 - - 65 5 440 - - - -
137 - - 30 5 135 22 - - 2
138 - - 5 - 70 12 - - 3
139 - 15 5 165 6 20 _ 3

of

y
3
4
3
4
3
3
2

2

20
22

13
6
3
5
4
3
2
8
5
2
5
5
3

samples from the Ellison district (ppm)

HostF Rock Description
860 Tv Rock Sample.
1100 Tqmp Rock sample w/ hornblende.
4100 Ouu Sh and adit, mal and az, CuOx and gos.1900 Ous Sh and vn, mal and az, CuOx and gos.
1700 Ous Adit, br and bl gos.
520 Ous Adit, br, red, and bl gos.
1200 Ous Qtz-jasperoid vns w/ gos. ,
380 Tpr Dike in Is w/ tr CuOx.

68000 Tpr Similar to above w/ recrystallized cal adj to dike.
1100 TprOhs & Vn near Tpr dike w/ strong CuOx and bl gos.
500 Tpr S.p. in Tpr dike w/ weak CuOx and FeOx stains.

12000 Okl Shaley Is homfels near jasperoid.
13000 Okl Jaeperoid dike.
8400 Ous Jasperoid dike.
13000 Ous Jasperoid dike w/ green fluorite.
640 Okl Jasperoid dike.
580 Okl Jasperoid dike.
8000 Ous Jasperoid dike.
920 Mixed DH-3, 81 m; mixed chlorite-rich 

and rhyolite breccia.
520 Tpr Dll-3, 335 a; silicified and chloritized'py & chi on fractures.
1200 Tbr DH-3, 371 m; rhy breccia, qtz-cal vns w/ py.
360 Tpr DH-3, 392 m; For rhy w/ abun qtz- py vns..
820 Tpr DH-3, 416 m; silicated and chloritized w/ abun qtz-cal-py vns.
800 Mixed DH-3, 441 m; sample across Tbr- Tqmp contact, includes qtz shell
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Table 2 Continued. Geochemical analyses of samples from the Ellison district (ppm) .

Sample Number AU AG CU PB ZN HO m sn U W F HostRock
140 - 40 - 35 - - - - 2 310 Tqmp
141 - 5 20 65 12 - - 3 6 1300 Tqmp
142 .6 155 160 1200 2 - 20 5 6 1100 Tqmp
143 .2 50 75 220 6 - - 10 4 580 Tqmp
144 .2 115 25 55 14 - - 7 7 960 Tqmp

145 .2 475 - 105 220 - 15 4 22 7800 cm
146 .4 50 10 490 26 - - 6 5 2800 Tqmp
147 .2 60 100 140 46 4 - 6 8 2100 Mixed

Description
DH-3, 458 m; Tqmp w/ weak clay alt and diss py.
DH-3, 572 m; weak chloritization, py diss and on fractures.
DH-1, 115 m; chloritized Tqmp w/ py in fractures.
DH-1, 160 m; chloritized Tqmp w/ diss py.
DH-1, 276 m; weak chloritization w/ dis py and me after biotite.
DH-2, 89 m; mt mostly after biotite gar-wol-diop-cal vn w/ tr CuOx.DH-3, 242 m; weak chlorite, clay.
DH-3, 250 m; Tpr, Tbr, and chlorite- 
rich breccia, chloritized w/ py on fractures.
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Abbreviations for Table 2

Rocks* Minerals Miscellaneous
bis brecciated limestone as azurite abun abundant
cm marble cal calcite adj adj acent
Is limestone CuOx oxidized copper, alt alteration
Isb limestone breccia usually green bl black
Ohs Lower Pogonip Group ; stain br brown
Okl Kanosh Shale and cpy chalcopyrite cut road cut

Lehman Formation diop diopside diss disseminated
Ous Upper Shingle Limestone fl fluorite . Sr grained
qs quartz shell FeOx iron oxide m meters
sbr silicated breccia gar garnet ox oxidized
sk skarn, hedenbergite rich . gn galena pros prospect
sis silicated limestone gos gossan s.p. shot hole
Tbfr flow-banded rhyolite mal malachite prospect

breccia mt magnetite sh shaft
Tbr rhyolite breccia qtz quartz tr trace
Tpr. porphyritic rhyolite py pyrite vn vein
Tql . quartz latite si sphalerite
Tsqmp stockwork quartz wol wollastonite

monzonite
Tv vitrophyre
*See Figure 2 for a complete explanation of rock names.

t
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Lithologic contact 

/ Contact, position approximate
/
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D/
Fault, high angle

D-downthrown, U-upthrown

/  Fault, high angle 
y position approximate

/
/  Probable high angle fault

/
/ Fault, high angle, covered
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/
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Guilmette Formation 

Sirnson Dololmite 

Sevy Dolomite 
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Fish Haven Dolomite

Eureka Quartzite

Lehman Fomation 
& Kanosh Shale

Shingle Limestone, 
upper member

Shingle Ls., lower member, 
Parker Spring Fm. & House Ls.

Whipple Cave Formation

Figure 2. Sawmill Canyon Geologic Map
Figure 2, Lawrence C. Johnson 
Geosciences M S. Thesis, 1983 
U/iiversify Ariz.cr\o,
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THE ELLISON DISTRICT: ALTERATION-MINERALIZATION
ASSOCIATED WITH A MID-TERTIARY INTRUSIVE COMPLEX 

AT SAWMILL CANYON, WHITE PINE COUNTY, NEVADA

Lawrence Clinton Johnson
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Explanation

Figure 37. Geochemical Sample Locations

Adit

Attitude of sampled vein 
w/ dip indicated

Rock type or alteration c 
as shown on figure 2

Possible buried contact

120
x

/
Uni versify o f n ntono-
Figure 37, Lawrence C. Johnson 

Geosciences M.S. Thesis, 1983
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The above sample locations are 
shown 2 km. north of true location. 
See figure 37 for actual map 
position.

Explanation

o Rock sample 

x Prospect pit» S 50%
* 1.0 -4.9%

# 0 .5 0 -0 .9 9 %  
»  0.10 - 0.49% B Shaft

y  Rock type or alteration contact 
as shown on figure 2

Possible buried contact

(Joi ver̂ i-k) of ftr/toM
Figure 38. Lawrence C. Johnson 
Geosciences M.S. Thesis, 1983

Figure 38. Ellison district Cu distribution



The above sample locations are 
shown 2 km. north of true location. 
See figure 37 for actual map 
position.

Explanation

o Rock sample 

x Prospect pit
Mo

* — 100 ppm 
50 - 99 ppm

# 10 * 49 ppm
•  5 - 9  nnm PI Shaft

y  Rock type or alteration contact 
as shown on figure 2

Possible buried contact

Uni verify  of friiontx.
Figure 39. Lawrence C. Johnson 
Geosciences M S. Thesis, 1983

Figure 39. Ellison district Mo distribution



A(( sayyipics except 2 6*3 M o ^  50ppM

The above sample locations are 
shown 2 km. north of true location. 
See figure 37 for actual map 
position.

Explanation

o Rock sample 

x Prospect pit

- Mo/Cu 
* £ 0.1 
I  0.01 - 0 .09  

#  0 0 0 1 -0 .0 0 9

AM 5<M«p

H Shaft
Rock type or alteration contact 

as shown on figure 2

.•-'x Possible buried contact

Umvdrs i-hj o f  A rizo n a
Figure 40. Lawrence C. Johnson 
Geosciences M S. Thesis, 1983

Figure40. Ellison district Mo/Cu distribution
\



The above sample locations are 
shown 2 km. north of true location. 
See figure 37 for actual map 
position.

o *

Explanation

o Rock sample 

x Prospect pit 

^  Adit 

3 Shaft

___ Au
[♦ — 1 ppm

[0.029 oz/ton)
► 0 .3 4 -0 .9 9  ppm

(0.01 - 0 .028 oz/ton] y  Rock type or alteration contact
0.1 *0 .3 4  ppm as shown on figure 2

[0.0028 - 0.01 oz/ton] /"P oss ib le  buried contact

Figure 41. Ellison district Au distribution Universe of ftriiorto.
Figure 41. Lawrence C. Johnson 
Geosciences M S. Thesis, 1983 
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The above sample locations are 
shown 2 km. north of true location. 
See figure 37 for actual map 
position.

o \ J  0

* VX ̂
T  —  :

1

ff. Ag

# 5  340 ppm 
110 oz/ton)
34 - 333 ppm 
ll - 9.9 oz/ton I

0  10 33 ppm
10.29 * 0 99 oz/ton)

#  3.4 - 9.9 ppm
L- 10.1-0 28 oz/ton I

Explanation

o Rock sample 

x Prospect pit 

^— Adit 

H Shaft

y  Rock type or alteration contact 
as shown on figure 2

Possible buried contact

Figure 42. Ellison district Ag distribution UniNjexMhj o-f Ariiono-
Figure 42. Lawrence C. Johnson
Geosciences M S. Thesis, 1983



The above sample locations are 
shown 2 km. north of true location. 
See figure 37 for actual map 
position.

Explanation

o Rock sample 

x Prospect pit> 1.0 %
0.1 -  0.99%

# 1 0 0 -9 9 9  ppm
B Shaft

Rock type or alteration contact 
as shown on figure 2

' Possible buried contact

Uni versify of A mono.
Figure 43. Lawrence C. Johnson 
Geosciences M S. Thesis, 1983

Figure 43. Ellison district Pb distribution
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The above sample locations are 
shown 2 km. north of true location. 
See figure 37 for actual map 
position.

Explanation

o Rock sample 

x Prospect pit# £  0 .5  % 
0.10-0 .49%

# 0.05 -  0 09%
a  Shaft

y  Rock type or alteration contact 
as shown on figure 2

Possible buried contact

University of Ari'Lorvx-
Figure 44. Lawrence C. Johnson 
Geosciences M S. Thesis, 1983

Figure 44. Ellison district Zn distribution
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The above sample locations are 
shown 2 km. north of true location. 
See figure 37 for actual map 
position.

Explanation

o Rock sample 

x Prospect pit(# £  500 ppm 
100 -  499 ppm 

•_ 5 0 -  99 ppm
a Shaft

y/ Rock type or alteration contact 
as shown on figure 2

" Possible buried contact

UnWersL-i:^ of Anz:ovicL
Figure 45. Lawrence C. Johnson 
Geosciences M.S. Thesis, 1983

Figure 45. Ellison district Sn distribution



The above sample locations are 
shown 2 km. north of true location. 
See figure 37 for actual map 
position.

Explanation

o Rock sample 

x Prospect pit, & 10 ppm 
# 5 - 9  ppm

a Shaft

y  Rock type or alteration contact 
as shown on figure 2

Possible buried contact

VLmv<Lr5i.4-̂  ftrizortcx
Figure 46 Lawrence C. Johnson 
Geosciences M.S. Thesis, 1983

Figure 46. Ellison district W distribution
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fa

The above sample locations are 
shown 2 km. north of true location. 
See figure 37 for actual map 
position.

x

o
X

»
o

\x SOppvm

6 a

Explanation

o Rock sample 

x Prospect pit#  30 ppm

a  Shaft

y  Rock type or alteration contact 
as shown on figure 2

Possible buried contact

UjfuviLifSi"  ̂ o f Rriz.ovux
Figure 47. Ellison district Nb distribution Figure 47. Lawrence C. Johnson

Geosciences M.S. Thesis, 1983
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The above sample locations are 
shown 2 km north of true location. 
See figure 37 for actual map 
position.

Ôpp

>

. o

\

Explanation

o Rock sample

* 1 0 - 1 5  ppm x Prospect pit
[4 exceptions noted)

# 5 - 9  ppm
H Shaft

Adit

y  Rock type or alteration contact 
as shown on figure 2

/  Possible buried contact

Figure 48. Ellison district U distribution Univejrsvk  ̂ of- ffri zLova<x
Figure 48. Lawrence C. Johnson
Geosciences M S. Thesis, 1983 t
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The above sample locations are 
shown 2 km. north of true location. 
See figure 37 for actual map 
position.

o
*

o

Figure 49. Ellison district

Explanation

o Rock sample 

x Prospect pit 

Adit

H Shaft

y  Rock type or alteration contact 
as shown on figure 2

Possible tjuried contact

F distribution U/tiv<Lre>'( of- ffnioina.
Figure 49. Lawrence C. Johnson
Geosciences M.S. Thesis, 1983


