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FOREWORD

The accompanying bulletin is the result of a study, partially
financed by the Department, making up a part of the author's dos-
torate requirements at Cornell University. It is the Department's
poliey to assist in the conduoct of such studies to as great an ex-
tent as possible and to publish them when feasible.

Much of the State's area, particularly in eastern and south-
eastern Oregon, has had no detailed geologisal study so that all
reports of the type of the present bulletin are of especial value
to the State. They help to fill the many gaps in our knowledge of
the areal geology of the State and they supply basio information
very useful to the examining engineer, geologist, and prospector.
They also provide authentic data of use in preparation of the State
Geologic Map, This report describes the geology of an area between
the Sumpter quadrangle, mapped in 1914 by J. T. Pardee of the U.S.
Geological Survey, and the quadrangles in the John Day Valley being
mapped by T. P. Thayer also of the Survey.

P. W. Libbey

Director
July 7, 1948
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GEOLOGY AND MINERALIZATION OF THE MORNING MINE

AND ADJACENT RRGION, GRANT COUNTY, OREGON

Introdustion

Scope of work
This report embodies the results of a detailed investigation of the geology and

mineralization of the Morning and several other mines in northeastern Grant County,
Oregon, and a less detailed study of about 30 square miles of the surrounding region.

The study has revealed that the geologic setting 1s much like that in the nearby
Sumpter and Baker quadrangles where the rocks consist of late Paleozoic argillites and
greenstones, Mesozoio ultramafics (including serpentine bodies) and biotite-quartz diorite,
and perhaps early Tertiary (?) porphyritic dikes, all of which have been exhumed from
beneath a ocovering of Tertiary volecano-sedimentary rocks. The loocal study has disclosed
that emplacement of the biotite-quartz diorite was accompanied by widespread amphiboliti-
zation and that mineralization may be related genetically to early Tertiary (?) porphyritie
intrusives which have been emplaced along a me jor zone of shearing that trends west-
northwest, The ore deposits;, consisting primarily of gold-quartz veins, occur in intimate
association with the dikes and are along steep reverse faults of northeast bearing,

commonly along the underside of the dikes,

Field work

The field work was sarried on under the auspices of the Oregon State Department of
Geology and Mineral Industries. Eight weeks during the summer of 1946 were spent in the
district and another week in a review of the geology in the nearby Baker, Sumpter, and
John Day regions. Work in the district was divided between four woikl in ‘surface mapping
and four weeks in mine examinations. Mines then in operation and therefore largely acces-
sible were the Morning, Banzette, and Paramount. Other properties with semi-accessible
workings were the Bi-Metalllic, Snow Creek, Psyche, lindsor,.nnd two mines in Morris Basin.

The field work was handicapped by the lack of adequate base maps. The only maps
available were the Porest Service maps, Pederal Land Office plats, and an old reconnaissance
geologic map by Lindgren, published in 1901.* Aerial photographs were to be had, but
since they were taken during the winter of 1939 when snow covered the ground, they could
not be used exoclusively for the work. The base map used consisted of an enlargement of
the Forest Service map of the Whitman National Forest on a scale of one mile to the inch
to which were added a few topographic details from the aerial photographs, Land 0ffice
plats, and field sketches. In the limited time it was only possible tg approximate the
geologic boundaries. Where the positions of such boundaries have been made with doubtful

accuracy they are shown by dotted line on plate 1 (in pocket).

b
Bibliocgraphy in back of this bulletin.
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interpreting the losal geclogy.
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Geography

Location and accessibility

The area covered by the investigation 18 in northeastern Grant County in the very heart
of the Blue Mountains of eastern Oregon, close to the headwaters of the Middle Pork of the
John Day River (see index map opposite p, 1). It is inoluded in parts of Tps. 9, 10, and
11 s., Rs. 33, 34, and 35 E. Willamette meridian. The distriot is about 50 miles by U.S.
Highway 28 from Canyon City, oounty seat of Grant County, and about 77 miles by State Highway 7
from Baker, county seat of Baker County.

The area 1s served by U.S. Highway 28 and a connecting system of county and Forest Servioe
roads, most of whioh are usable only during dry weather., Bates and Austin, two small settle-
ments3 within the area, are each within reaoh of the highway by a good road. The road from
Canyon City to Bates is about 38 miles long. Prom Bates it 18 another 65 miles to Baker.

The roads from Bates down river to Susanville and to the Morning mine, 12 miles up Vincent

Creek, are usable only in good weather.

Population and industries

At the present time the only settlements within the district are Bates and Austin; the
former is the present, and the latter the old, mill site of the Oregon Lumber Company.
Bates has a population of several hundred and is served by a general store and postoffioe.
Austin, now reduced to a few families, still retains a combined general store and postoffice.
During the early days of mining the area was more thiokly populated than at present.

Greenhorn, now a ghost town with a few weather-beaten frame shacks, once had several thousand
inhabitants and many flourishing businesses, but can now boast of but one year-around resident.
The industries of the region are oonfined to an aotive timber-cutting program by the

Oregon Lumber oompany, small scale farming along the Middle Pork valley, grazing of sheep on

the upper mountain slopes during the summer, and a small amount of lode and placer mining.

Surface features

The district 4s in the so-called Greenhorn Mountains of the Blue Mountain group of
eastern Oregon. The Greenhorns are distinguished as a series of rounded domes that extend
for approximately 45 miles in a generally northwesterly direction across the northeastern
part of Grant County. Prom the town of Greenhorn to Boulder Butte the mountains trend
about due west but from Boulder Butte on, the trend is northwest (see pl. 1 in pocket).

As shown in plate 2, figures 1, 2, and 3; the orests of the mountains are somewhat rounded,
except where mountain glaciers have carved cirques with steep headwalls into north-facing
slopes. The highest point in the range, Vinegar Hill (pl. 3, fig. 1), has an altitude of
8,120 feet. Several other peaks reach altitudes just above 7,000 feet. The average

relief of the distriot is about 3,000 feet.
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On th; southwest border of the district is a ridge paralleling the Greenhorns which
culminates in Dixle Butte (pl. 3, fig. 2) at an elevation of 7,400 feet,

The higher parts of the distriot consist of a rolling upland surface; ﬁho lower parts
are deeply dissested by narrow valleys, On the north flank of the Greenhorns the valleys
show evidence of widening by glacial erosion, but on south slopes, except for upper Granite
Boulder Creek and Vinegar Creek, the valleys are narrow and typically V=-shaped,

Much of the distriot 1s drained by the Middle Pork of the John Day River which flows
in a northwesterly direction., However, the northwest slopes of the Greenhorns are drained
by numerous branches of Clear Creek and by the south branch of Desolation Creek, tributaries
of the North Fork of the John Day River, South of the town of Greenhorn the drainage is

to the North Pork of Burnt River (see index map opposite p. 1).

climaty and vegetation

?ﬁ@ climate of the Morning mine area varies according to the al titude, which ranges
from afbut 4,000 feet at Austin and 3,500 feet on the Middle Fork near Susanville to 8,000
feet or. more in the Vinegar Hill-Sunrise Butte region. The summers in the higher areas
are delightfully cool throughout the day, but temperatures drop to freezing at night.
Along the Middle Fork, days are somewhat hot, with a minimum of breeze, but the nights are
co0ol. Snow covers the area from November through May, but temperatures are not severely
low, Residents state that winter temperatures are much lower in the valley of the Middle
Fork than on the higher slopes,

Precipitation varies with the altitude, Although no records are available, it is
likely that the valley regions may receive no more than 15 inches of rainfall a year while
the higher slopes may receive twice as much. |

The entire area below 7,000 feet is forested. Up to approximately 5,500 feet the
slopes are covered by yellow pine, now being cut by the Oregon Lumber Company. From that
altitude to 7,000 feet the yellow pine is replaced by the smaller conifers, mainly black
pine, lodgepole pine, and tamarack. Arourd 7,000 feet the trees disappear and sagebrush
and mountain laurel flourish. Wild bgckwﬂeat covers the topmost ridges. In general, the

north slopes have more vegetation.and thicker underbrush than do those facing south.



PLATE 2

Fig.l. View northeast from Vinegar Hill looking down the glaciated valley of the East Fork of Clear Creek .

Phoo courtesy U.S. Forest Service

Fig.2. View east from Vinegar Hill looking towards Psyche Butte in middle distance.

Fig.3. Sunrise Butte from Vinegar Hill looking west.
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Physical Geology

General features

The rocks of the district are represented by a varigd assortment of sedimentary,
volcano-sedimentary, flow, and intrusive types of diverse kind and composition. These
are divisible into a group of pre-Tertiary sedimentary and igneous rocks and into a
group of Tertiary rocks, largely extrusive, which is separated from the other by a pro-
found erosional unconformity. The pre-Tertiary group consists of Paleozoic volcano-
sedimentary rocks, chiefly meta=argillites and greenstones, which are intruded by Mesozeic
ultramafics (including serpentine bodies), biotite-quartz diorite, and by early Tertiary (?)
porphyritic dikes. The Tertiary group is made up of Miooene andesite tuff-breccia, rhyolite,
Columbia River basalt, and intercalated lake and ash beds. Other deposits are of Quaternary
age and are composed of Pleistocene glacial and Recent alluvial materials. The rocks of
most éertinent interest are the older meta-argillites and greenstones, and the igneous rooks
that intrude them, for the older rocks contain the ore depesits.

Because of severe folding, faulting, and intrusion of igneous bodies, the early group of
rocks possesses complex structural relationships. In contrast, the Tertiary volcano-
sedimentary rocks have been but mildly deformed. The main deformation apparently preceded
the intrusion of the ultramafics and the biotite=-quartz diorite, but another crustal
disturbance of importance marked by shearing of the diorite and older rocks came before

and directed the intrusion of the perphyritic dikes and the flow of mineralizing solutions.

Pre-Tertiary rocks (Paleozoic volcano=-sedimentary series)

ARGILLITE

Distribution and thickness: The argillitic rocks are exposed over a broad belt

extending in a westerly direction through the center of the mapped area (pl. 1 in pocket).
These rocks are coextensive with the argillites of the Sumpter quadrangle and are reported
by Pardee (1914) to exceed 3,000 feet in thickness, and are like those of the Baker quad-
rangle, where Gilluly (1937) has reported more than 5,000 feet of strata., Accurate measure=
ment within the district could not be made, but the total thickness may reach several thousand
feet,

Lithology: The argillite has a rather hetrogeneous makeup and contains much inter-

calated tuff, chert, conglomerate, slate, crystalline limestone, and greenstone. The tuffaceous

members and greenstones (a;tered lava flows) are most abundant in the upper part., Limestone
is confined to scattered lenses in the central part, but the chert is distributed throughout,
and composes altogether a considerable part of the argillitic series. Bedding 1s not par-
ticularly pronounced in the more argillaceous facies but is conspicuous in the more siliceous
members. Much of the rook shows good fracture cleavage (pl. 3, fig. 3). Gradations of

argillite to chert, conglomerate, or tuff are not uncommon.



6 ) !grning Mine and AdJacent Ragion, Grant County, Oregon

The argillite is for the most part a dark-gray to blaok, fine-grained silicious rock
with obscure bedding. Its grains measure less than 0,01l mm in diameter, being subangular
to rounded, They are composed ot‘quartz, andesine, and finely divided mica with associated
black carbonaceous matter.

The tuffaceous argillite differs from that described above in containing more feldspar,
much of which is splintery, and also in containing material resembling finely divided glass.,
In addition it has volcanic material identical to that comprising the overlying greenstones,
but the greenish color, whioh reflects the presence of chlorite or green mica common to the
altered volcanic rooks, is masked by the carbonaceous matter, This rook is coarser grained
than the normal argillites,

The ever-abundant chert usually exhibits a '"ribbon" or bedded structure. The bedding
as shown in plate 3 figure 4 1s highly contorted wherever found, The chert is pale yellow
to pinkish in color and is always characteristically dense and fine-grained.

Conglomerate beds apparently have a restricted distribution, but are sonspicuous half
a mile west of the Morning mine and in the upper valley of Vinegar Cresk basin, where indi-
vidual beds are from 10 tc 50 feet thick, These beds are bluish gray and are somposed
largely of ohert, and suzbordinately of argillite and volcanic rook pebbles, all of which
average about half an inch in diameter. These pebbles are bound together by a dense,
siliceous cement. The beds resist erosion and oonsequently tend to stand out in relief,

Limestone lenses are not oonspicuous locally. There are three of them, however, in
upper Vinegar Creek basin, each highly siliceous and changed in part to fine-grained white
marble. A thick, white marble lens and several smaller limestone beds alsd oocur in Morris
basin, The less metamorphosed limestone 18 fine-grained, greenish to bluish-gray in color.
Marble and limestone alike are out by numerous seams of calcite. The largest of these
lenses 48 shown on the geologic map (see pl. 1 in pooket), but on an exaggerated scale.

Age and relations to other formations: The argillite is thought to be Carboniferous

on the basis of fossils, particularly Fusulina, present in some of the limestone members
of the Baker area (Gilluly, 1937). Whethar the tuffaceous beds into which the argillites
grade upward are also of the same age 18 not known, There is no sharp line of demarcation
between them. It is possible that some of the younger greenstones have been‘ineluded with
the argillites,

Conditions of deposition: The limestone lenses and bedded cherts indicats that muoh

of the argillite had a marine origin, though some parts may be continental (Gilluly, 1937).
The high proportion of tuffaceous material, however, is evidence of contemporaneous vol-
canism, during which much fragmental material was contributed to the sediments undergoing

depogition,



Fig.1. Vinegar Hill from Tiger mine. Note steep north-facing cirque headwall.

Fig.3. Bedding and fracture cleavage in argilite. Point of hammer rests on bedding,
one set of cleavage faces reader. One mile southeast of Morning Mine.

Fig.2. Dixie Butte fromm Psyche mine. Strawberry Range in far distance.
Middle Fork of John Day River in valiey this side of Oixie Butte.

Fig.4. Bedded chert outcrop on Vincent Creek. Four miles northwest of Bates.

€ 31vid
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GREENSTONE

Distribution and thickness: ¥With an increase in the number of tuffaceous beds

and altered lava flows, the argillite grades upward into massive greenstone. As mapped,
the lower part of the greenstone oontains about 100 feet of argillitio and cherty members;
the upper part is entirely altered volcanio rcok. Not less than 800 feet of these rocks
are exposed on Vinegar Hill above the Morning mine., In the Baker quadrangle the equivalent
rook may have a thickness of more than 4,000 feet (Gilluly, 1937). Good exposures of the
greenstone other than on Vinegar Hill are found on the headwaters of Dry Creek and on the
slopes extending west from Sunrise Butte to Susanville, The greenstone has poorly defined
outorops, except along craggy ridge orests.

Lithology: The greenstones are predominantly voloanic rocks that have been sheared,
folded, highly albitized, and siliocified. Much of the greenstone is light grayish-green and
aphanitic, but some is dark green and locally porphyritic, Where the greenstones have been
studied in considerable detail, as in the Baker quadrangle, they consist of quartz-keratophyre,
keratophyre, spilite, albite diabase, keratophyre and quartz keratophyre tuff and breooia,
and meta-andesite, Within the district they are composed dominantly éf keratophyre,
subordinately of meta-andesite,

The keratophyre is finely granular to aphanitic and is composed of oligcolase=-albite,
green hornblende, ohlorite, epidote, clinozoisite, and subordinate magnetite and apatite,
Much of the feldspar has been altered to sericite, but remnants of a calcic plagioolase
within the oligoclase=-albite suggests that the original feldspar was albitized and then
gericitiged. The meta-andesites are fine-grained with local porphyritic segregations and
are composed of calocite andesine, sodio oligoclase or albite, biotite, chlorite green horn-
blende, pyroxene, and minor Qpidote, olinogoisite, sericite, apatite, and magnetite., The
phenoorysts are andesine, but in general the andesine has been albitized.

Age and corralation: The greenstones on Vinegar Hill resemble those of the Baker
quadrangle which Gilluly (1937) has called the Clover Creek greenstone and in which he has
found a Permian fauna, Although no fossiliferous beds were found locally and the green-
stones could not be traced into the Baker region, they are, on lithologic resemblance and

stratigraphic suooession, probably equivalent to the Clover Creek and thefctoro Permian,

Conditions of origin: According to Gilluly (1937) the association of marine

limestones and fossiliferous tuffs in the Clover Creek greenstone in the Baker area in-
dicates that parts of the formation are of submarine origin. This 1s further supported
by the type of albitization which 18 that common to submarine extrusive rooks, Because of

similar albitio alteration, the greenstones locally may also represent submarine extrusions.
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Pre-Tertiary rocks (Mesozoic 1ntrupives)

Bodies of Jurassic (?) intrusive rock are restricted to areas of argillites and green-
stones, whioh they invade. These intrusives fall naturally into three groups in which the
rocks differ in age and composition. The first or earliest group is represented by highly
metamorphosed and serpentinized ultramafic rockn; the second, by two bodies of biotite-quartz
diorite; and the third, by numerous dikes of aplite and pegmatite which intrude the genet-

ically related biotite-quartz diorite,

ULTRAMAFIC ROCKS

Composition: The ultramafics include bodies of dunite, pyroxenite, and gabbro
which have been extensively altered to hornblendite and serpentine., Near the biotite-quartz
diorite, the dunites and pyroxenites have been changed largely to hornblende (pl. 6, fig. 1);
elsewhere they have been changed to sérpentine. Alteration of the gabbro has been less
complete., The rock is more or less completely sheared and crushed and possesses a faint
gneissic banding. 1Its feldspars have been largely altered to epidote, clinozoisite, and
albite. Adjacent to the biotite-quartz diorite the gabbro is rich in hornblende and in part
is a gneissic amphibolite,

As the ultramafics are now composed largely of serpentine, they may for the most part
be classed as serpentine bodies., Some of the bodies are rather large and two of consider-
able prominence erop out northeast of the Morning mine, one at the head of Blue Gulch near
the Psyche mine and the other at the head of Lightning Creek Jjust west of Greenhorn.

The serpentins derived from pyroxenite has a knobby surface, a relic of the rather
large pyroxens crystals; that derived from dunite has a smooth surface and a reddish-buff
color., The latter appropriately has been called "buckskin® rock. Otherwise the serpentine
is light greenish-tan ranging to almost black. o ‘

Most of the bodies are composed of antigorite in which are small seams of erysotile,
talo, and calecite. Serpentine bodies invaded by the biotite-quartz diorite have locally
been changed to massive amphibole. Those cut by early Tertiary (?) dikes have undergone

more or less general silisification.

Ags and megmatle relations: The various ultramafics and the gabbro are intimately
associated, one showing gradations into the other. Apparently, the gabbro 15‘3 somewhat
younger facies, for on the west side of Vinegar Hill 1t locally seems to ocut the serpentin-
ized dunite. However, the gabbro has there been so completely amphibolitiged that its
original character and its relations to the dunite are not entirely clear. The rocks,
however, are probably products of a single magmatic-cycle. The alteration to serpentine
is very likely a closely related phenomena, coming at the end of the cycle, and resulting

from the action of silica-risch ascending waters from the deeper magma region.
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A8 the ultramafics and related rocks intrude the argillites and greenstones they are
post-Carboniferous but they are not quite so young as the biotite-quartz diorites which

intrude and alter them.

BIOTITE-QUARTZ DIORITE

Distribution and character: There are two bodies of biotite-quartz diorite
within the area: one, about 10 miles long and 2 miles wide, extending in a westerly
direction from a point half a mile northwest of Vinegar Hill to the head of Elk Crsek;
the other, a small body in the valley of Salmon Creek. These bodies are probably cupola
‘cxtensiona of the much larger batholithic mass exposed in the Sumpter and Baker quadrangles.
They have apparently been intruded along a westerly trending zone of structural weakness
which extends through the argillites, the greenstones, and the ultramafiocs.

Except at marginal zones, the rock shows little variation in texture and mineral ocome
position and closely resembles the "granodiorite' of the Sumpter quadrangle and the biotite-
quartz diorite of the Baker area,

Petrography: Much of the rook 1s medium grained, equigranular, and 1ight gray.
It is composed largely of quartz, plagigulase, and biotite, but also contains variable
amounts of hornblende, the latter in places forming dark gray segregations., There i3 little
potash feldspar in comparison with that contained in the rock on Bald Mountain in the
Sumpter quadrangle (Pardee, 1914). The plagioclase, a zoned, calcic andesine (ranging
between Ab‘s and Abqs), normally comprises about 75 percent of the rock, the quartz 15 to
20 percent, and the biotite and hornblende together 5 to 7 percent. The hornblende is most
abundant in marginal zones (pl. 6, fig. 3). Orthoclase is rare, and apatite, sphene, zirecon,
and magnetite form microscopic accessories, The plagiosclase shows minor alteration to elino-
zoisite and aericite; the more caloio centers being most altered., Biotite occurs alone or
as irregular mantles on hornblende. The occasional grains of orthoclase generally #re‘
bordered by myrmekitic plagioclase,

Some of the dioritio rock near the northeast corner of the intrusive mass has been
.shearod and shows cataclastic textures (pl. 6, fig. 2).

Metamorphism: The intrusion of the biotite quartz diorite has provoked marked changes
on the bordering rocks. It has caused widespread formation of hornblende and, locally, of
feldspar, The most marked changes have taken place in the ultramafics, which have been
converted largely to coarse-grained amphibolites, composed mostly of actinolite and sub-
ordinately of anthophyllite. This alteration has affected the serpentinized and non-
serpentinized bodies alike, the degree ofianphtbolitization decreasing outward from the
diorite contact,

The argillites have also been highly altered, but alteration has consisted largely of

lit-par-11t injection and impregnation by grains of feldspar and quartz (pl. 4, fig. 1).
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In the outer part of the “granitized" zone the rock shows gneisqic banding with transition
to dense hornfels. Still farther out. the rosk 18 entirely hornfels which grades into un-
altered argillite.

The greenstone and tuff show an increase in feldspar and hornblende content near quartz
diorite contacts but the alteration is not conspicuous as in the case ;t the other rocks.

Age: G1lluly (1937), following Ross' (1938) analysis of the age of the Mesozoio

granitic rooks in Idaho and Lindgren's (1901) earlier work in the Blue Mountains, lists the
age of the biotite-quartz diorite in the Baker quadrangle as doubtfully post=-Jurassic. As
the granitic rock of the Greenhorn Mountains 1s essentially a westward continuation of that
in the Baker region, it must be considered as of the same doubtful age., Much work has been
done on the Idaho batholith insofar as rock types and probable age of the rock are concerned.
The biotite-quartz diorite of the Greenhorn district is very much like the early marginal

rock of the Idaho batholith (Anderson, 1942) which 18 regarded as late-Jurassic or Cretaceous.

APLITE AND PEGMATITE DIKES
Aplite dikes are scattered through the bilotite-quartz diorite, but are exsceptionally

numerous on Sunrise and Boulder Buttes. Most of the bodies are small and their thicknesses
are measured in inches, less commonly in feet. The larger bodies generally have conspicuous
outcrops along ridge lines, in places forming low ledges which may be traced from 50 to 100
feet. PFloat 18 everywhere abundant. Contacts betweeﬁ the aplitic rock and the enclosing
dioritis wall rock are usually sharp, not gradational as is the case of the closely related
pegmatites.

The aplitic rock is lighter in cclor and the grain size considerably finer than that of
the normal biotite-quartz diorite. Most of the aplites are csompesed of about esqual amounts
of quartz and oligoclase, with minor amounts of orthoclase and mussovite.

Although not as abundant as the aplites, the pegmatite dikes are fairly numerous on
Sunrise and Boulder Buttes. The dikes average about 6 insches thisk. They may seldom be
traced for more than a few score feet along their strike., Some of the dikes cross and some
occur in and along the aplites, The contacts between pegmatite dikes and the diorite and
aplite walls are poorly defined and gradational, suggesting that the pegmatite permeated
into and partly replaced the bordering rock.

The pegmatite is usually coarsely granitic in texture, less commonly graphic. The
fresh rock 1s milky white to light gray, with weathered surfaces appearing darker. The
characteristic minerals are sodic oligoclase and quartz with minor microcline, albite,
biotite, and muscovite., Some andesine and quartz grains are completely ensclosed in sodic
oligoclase and microcline, and frequently these grains are present as shadowlike inclusions.
These inclusions match the plagioclase and quartz grains in the adjacent diorite and

actually merge with them at contacts. These relations indicate a replacement origin for the



PLATE 4

Fig.1. Lit-par-Ilit injection of argilite. Bedding fig.2. Boulders and matrix of andesitic fuff-breccia.
inclined to right. white layers are feld- On the Middie Fork of the John Day River
spar and quartz. One-balf mile west of near Dry Creek.

Tiger Mine.

Fig.3. Moming mine from dump at ®1 level. Fig. 4. Porphyry dikes near Tempest mine at head

of Granite Boulder Creek, Light colored
areas are northeast trending dikes in biotite-
quartz diorite on Sunrise Butte.
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pegmatites and 1t is very likely that the dikes have been formed from solutions of a greater
fluidity and of a later age, and probably from a deeper source, than those which produced

the aplites,

Early Tertiary (?) intrusives

Distribution and character: Porphyritic dikes of intermediate to acid composition are

abundant in certain parts of the district, These dikes tend to aggregate in swarms, one of
which oocurs in the vicinity of the Morning mine. Other swarms are known in upper Vinegar
Creek basin, in Morris basin near the headwaters of the East Fork of Clear Creek, at the
headwaters of Granite Boulder Creek near the Tempest and Tiger mines, and in Salmon Creek
valley. The dikes out all pre-Tertiary rook, trend northeast across earlier trend lines,
and measure up to 100 feet wide and several thousand feet long., They are composed pre-
ponderantly of quartz diorite and quartz monzonite porphyry and granophyre.

Petrography: The quartz diorite porphyry-dikes, which are particularly numerous in the
vicinity of the Morning, Tempest, and Tiger mines, in Vinegar Creek and Morris basins, and
near Susanville, are composed of a grayish, porphyritic rock with sush an abundanss of
plagioclase phenocrysts as to possess virtually a granular texture. The phenosrysts con-
sist largely of white plagioclase crystals 1 to 2 mm long and lesser biotite, hornblende,
and quartz crystals of similar size in a fine-grained, granular, light-gray groundmass
oomposed largely of quartz and plagioclase and accessory magnetite, apatite, and zircon
(pl. 7, fig. 1). The plagioclase phenocrysts, which make up slightly more than 50 percent
of the rook, are zoned andesine crystals, considerably altered to serioite and clinozoisite;
the plagioclase in the groundmass is little-altered sodio andesine or oligoclase,

Quartz monzonite porphyry dikes are most numerous near the Bi-Netallic, Snow Creek,
Banzette, Paramount, and Psyche mines. fThe rook resembles the quartz diorite porphyry but
has a distinct pinkish cast, It is conspicuously porphyritic, with andesine, hornblende,
and biotite phenocrysts making up about 20 percent of the rock. The phenocrysts are embedded
in a miorogranular groundmass composed largely of orthoclase and quartz with subordinate
oligoolase, and suoh accessories as apatite, zircon, and magnetite (pl. 7, fig. 2),

The granophyrio dikes, which were noted_in the vicinity of the Paramount, Baird, Lucky
Strike-Elk, and Silver King properties at the head of the South Fork of Desolation Creek,
are composed of a fine-grained, gray to pinkish, inconspicuously porphyritic rock with small,
widely scattered oligoclase, quartz, orthodlase, and biotite phenocrysts in a groundmass of
micrographic quartz and orthoolase (pl. 6, fig., 4). These dikes are smaller than the others,
usually a few feet wide and only a few hundred feet long. Besause of their small size they

are easily overlooked and may actually be more widespread than realized.
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Age: The presise date of dike intrusion is uncertain. Workers in the Sumpter and
Baker quadrangles have related these dikes to the biotite-quartz diorite and have assigned
them a pre-Tertiary age. The local conditions, however, suggest a lack of any genetic
relationship between the dikes and the diorite. This lack of relationship is indicated by
localization of dikes along regional zones of shearing which cut the dioritic rock, by
evidence of rapid chilling against the cold diorite walls, and by consolidation at relative
shallow depth, apparently after the diorite had been exposed by erosion. This would indi-
cate a considerable time interval between the solidification of the diorite and the in-
trusion of the porphyritic dikes.

The dikes may perhaps be correlated with those of early Tertiary age which Anderson
(1939) has recognized as cutting the Idaho batholith at Atlanta and at Rocky Bar (Anderson,
1943)., Anderson (1940) has also found early Tertiary dikes cutting granite in Kootenai
County, Idaho, and in the Clark Fork (Anderson, 1937) district of Idaho. Thayer,* in his
work in the John Day region of eastern Oregon, has found a wide variety of fine-grained
dikes that are unlike anything found in the older gabbroic sequence of that area. He has
also found a series of poéphyritic intrusives in the Aldrich Mountains which he thinks
could very well be early Tertiary. Thus the dikes of the district may well be early
Tertiary (?) and therefore without direct genetic relation to the biotite-quartz diorite,
There localization may be along zones of structural weakness produced during the Laramide

orogeny which came at the close of the Mesozoic.

Tertiary rocks
The Tertiary rocks are widespread in the valley of the Middle Fork of the John Day

River and form ridge caps in many other parts of the district. These rocks formerly
blanketed the entire region, having been laid down on the eroded surface carved in pre-
Tertiary rock, and then partly removed by subsequent deep erosion. These rocks are
mostly of volcanic origin, but there are some intercalated lake and fluviatile deposits.
The basal rocks are composed of andesitic tuff-breccias and rhyolite flows which are
overlain, apparently conformably, by flows of Columbia River basalts {middle-Miocene)

and interbedded lacustrine and fluviatile deposits, some of which are diatomaceous.

ANDESITE TUFF-BRECCIA

The andesite tuff-breccia 1s widely distributed, particularly along the Middle
Fork of the John Day River. It also occurs as remanant, isolated patches on valley slopes
in other parts of the district. Good exposures are visible along US Highway 28 where 1t
passes over Dixie Mountain.
. Some of the tuffs show water stratification, but most of the tuff-breccia is an

unassorted mixture of rook fragments of diverse sizes ranging from sand grains to boulders

*
Thayer, Ts P., personal communication.
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ten feet or more in diameter., The larger fragments are imbedded in a fine tuffaceous
matrix, mostly volcanic ash composed of welded glass and in places of water-worked sands,
The boulders consist of porphyritic hornblende and pyroxene andesite. During erosion the
larger boulders tend to protect the material below and give rise to "hoodoo" forms or
perched boulder pedestals., More commonly, however, the tuff-breccia is reduced to smooth
slopes strewn with rook fragments of all sizes. The rook is predominantly gray to black,
locally reddish-brown,

The tuff-brecoia is evidently the product of local explosive eruptions, Con-
siderable rook has since been carried away by erosion but at least 1,000 feet remain in
the Dixie Mountain area. In the Sumpter quadrangle 1,800 feet of this rook is reported

by Pardee (1914).

RAYOLITE FLOWS AND TUFF

Flows of rhyolite and intercalated tuff lie above the tuff-breooia and below
the Columbia River basalt. In plaoces the rhyolite rests unconformably on the tuff-breccias
and contains a rubble of the underlying material; in other places it appears to be con-
formable with the tuff-breccias, Locally rhyolite has penetrated the older rock with sill-
like relationships.

The rhyolite flows are light colored, commonly pinkish red, and are generally
somewhat pumiceous. The flows are inconspicuously porphyritic but they contain scattered
andesine, sanidine, and quartz phenocrysts in a groundmass that is composed largely, and

in some oases entirely, of glass,

COLUMBIA RIVER BASAL?T

The Columbia River basalt forms extensive flows in the valley of the Middle Fork
of the John Day River near Bates, and along the Middle Fork in the vicinity of Susanville.
Remnant oaps on upper valley slopes remain in other parts of the district. Flows are
numerous and range from 10 to 50 feet in thickness, The flows probably blanketed the
entire region but much of the blanket has been removed by erosion. In the eastern part
of the district, however, more than 1,500 feet remain.

The basalt is of two kinds; (1) olivine basalt and (2) non-olivine basalt, the
latter being rather siliceous., Tops of individual flows are generally reddish and scoria-
oeous, but the lower parts are gray and only slightly vesicular. The olivine basalt is
dark-gray to blaokj the non-olivine basalt is a light gray. The olivine basalt, which
comprises most of the flows, contains phenocrysts of olivine in a dense matrix of labra-
dorite, augite, olivine, hypersthene, magnetite, and glass. The non-olivine basalt is
‘ composed of sodio labradorite (near andesine), augite, and glass, and rarely contains

olivine.
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The basalt rests unconformably on the older rocks, in some places direstly on the pre-
Tertiary formations. Thus considerable erosion must have intervened before the basalt
flows were extruded. These basaltic extrusives may be traced eastward into the Sumpter
region where they form a part of Pardee's younger basic lavas. They may also be correlated

mineralogically and lithologically with the Columbia River lavas of the Baker quadrangle.

LACUSTRINE AND FLUVIATILE DEPOSITS

The lacustrine and fluviatile deposits are contained beneath and between the basalt
flows. Farther east such deposits also lie above the basalt (Gilluly, 1937). These deposits
consist of lenticular beds of olay, volcanic ash, and sands and gravels derived from erosion
of older rock. The deposits also include beds of diatomite., Beds of diatomite near Austin
are well exposed along the ocuts of the Sumpter Valley Railroad and yleld a flora in which
have been noted leaves of oak, willow, maples, redwoods, and other plants similar to those
in the Miocene Mascall forQation (Pardee, 1914), Intercalated with the flows between Hunt
Gulch and Windlass Creek i1s a 30- to UO-foot bed of olay that is bluish to yellowish gray
in color and which is composed of an aggregate of small, brittle clay fragments, idenitfied

by Dr. F. R. Hunter* as montmorillonite-beidellite derived from andesitic tuff.

\

Quaternary rooks

The Quaternary rocks are represented by Pleistocene glacial deposits and Resent sireanm
alluvium. The former includes unstratified morainic material, ponded glacial lake sediments
and stratified glacio=fluvial outwash. Till or morainic material 1s contained in all the
north-facing valleys that were occupled by glaciers, in part as irregularly distributed
drift on slopes or as moraines on valley floors with valley trains extending below. Much
coarse, assorted material as well as some ponded 8ilts and sand deposits are found in cirque
basins. Glaocial debris is also contained in two tributary valleys of Granite Boulder Creek.
Two separate drift sheets have been recognized in the Sumpter area (Pardee, 1914), but no
effort was made to distinguish between them in the local area.

The Recent alluvium 1s confined to the floodplain of the Middle Fork of the John Day
and the lower parts of QIear and Dry Creeks in the northeastern part of the district. The

deposits oonsist of unoconsolidated silts, sand, and gravels,

*
Research geologist for International Minerals and Chemical Company, Mulberry, Florida.
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Structural Geology

By reason of severe folding, faulting, and penetration of igneous bodies, the Paleozoic
and Jurassio (?) rooks are complexly dofor-;d, quite in oontrast with the mildly deformed
Mesozoio diorite and the Tertiary volcano-sedimentary rocks. There have been three major
struotural disturbanoes. The earliest of these may have been assooiated with the late
Jufslni@ (Sierra Nevada) orogeny and it was responsible for much of the folding and faulting
of the older volcanic and sedimentary rocks. The intrusion by ultramafiocs and bilotite~
quartz diorite was a later phase of this deformation. The seoond may be a reflection of
the Laramide orogeny at the olose of the Mesozolc era and it produced the major zone of
shearing west of Greenhorn. The third disturbanoe ococurred during late Tertiary and

duatornary time and can be recognized in the folded and faulted Tertiary volcano-sediments.

Late Jurassio (?) struotural features

The argillites and greenstones of the distriot are closely folded and intensely sheared.
Beds are overturned and ;opotition of strata 1s evident in almost every outorop. Chert beds
show complicated, swirling folds within a few square feet and locally the argillitio beds
have a pseudooonglomeratio texture which is indicative of intense shearing. This deforma-
tion produced an east-west structural trend. Fraoture cleavage has broken the massive
argillite beds into polygonal blooks (pl. 3, fig. 3). Trend lines of the fracture cleavage
are generally north-northwest and east-northeast.

The ultramafic and gabbroio rooks were intruded into the argillites and greenstones
along the general east-west structural trend. These basic intrusives are less deformed
by folding and shearing than the argillites.

The biotite-quartz diorite and its satellite dikes out the earlier ultramafics and
gabbros and are therefore younger. The emplacement of the dioritic rock was also ocontrolled
by the general east-west structural trend. 1Igneous metamorphism ascompanying this intrusion
gave wide zones of gneiss and hornfels in the argillitio rooks, and extensive amphiboliti-
zation of the ultramafics and the gabbros.

From field relationships it is imposuible to fix the exact age of the deformation
responsible for the folding and faulting of the voloano~-sedimentary rocks and the somewhat
later intrusion of the ultramafios and diorite. Nolan (1943) discusses the various eycles
of deformation that were active in the neighboring Basin and Range province and especially
notes that there were recurrent periods of deformation from early Jurassic into early
Tertiary, and that these affected a considerably greater area than the Basin and Range
region. Resent studies of nearby mining districts in eastern Oregon (Gilluly, 1933)
indicate that two Mesczoio orogenies may have been active and that there is also evidence
of ultramafic intrusions in late Jurassic, It would seem that the deformation may well be cor-

related with the Sierra Nevada orogeny of California and Nevada of late Jurassic (?) time,
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Laramide (?) structural features

A zone of west-northwest shearing may be traced from the head of the South Pork of
Desolation Creek to the area between Lightning and Greenhorn Creeks west of Greenhorn,

a distance of about 7 miles. The zone outs acrogs the northeast part of the larger diorite
body and through the older sedimentary and igneous rooks; the shearing has produced fractures
particularly favorable fer the introduotion of perphyritic dikes and ore-bearing solutioens,
The shear zone and its asseciated faults are shewn in plate 1 (in pocket). In detail the
shear zone 1s compesed of a majer strike-slip fault ef west- nerthwest trend, several smaller
nerthwest strike-slip faults, nerth-nertheast high-angle reverse faults, and a few nertheast
high-angle normal faults. Along the major strike-slip fault and the smaller northwest strike-
slip faults, the southwest side has always moved relatively to the southeast and the fault
surfaces dip from 60 to 90 degrees to the northeast. Throws along these faults are about

100 feet, with horizontal displacements of from 200 to 300 feet.

The high-angle reverse faults of northenortheast trend are confined to the southwest
margin of the shear zone. These faults can be traced for some 2000 to 3000 feet and dip
northwest at variable but generally steep angles.

The northeast high-angle normal faults occur along margins of the shear zone. These
faults may be traced for 200 or 300 feet and show displacements of a few tens of feet,

The presence of a major shear zone outting the diorite and associated aplite and peg-
matite dikes is indicative of a period of deformation that has heretofore received little
notice in this general region. Ross (1938) mentions late Mesozoic orogenic disturbanoes
in the wallowa Mountains and Anderson® has recognized shearing, which he regards as Laramide,
in the Idaho batholith., As the time of intrusion (Gilluly, 1937) of the diorite has been
correlated with that of the Idaho batholith, the major shear zone may also have been oaused
by Laramide stresses. Recent studies have extended both the period of time involved and the
area affected by the Laramide orogeny. Noble (1941) suggests Laramide movements in the
Death Valley region and Merriam and Anderson (1942) have found evidence of Laramide thrusting
in the Roberts Mountain region of Nevada. Thus eastern Oregon is apparently not out of
alignment with the Laramide disturbance, and the transverse shearing therefore may be re-

garded, at least tentatively, as Laramide. .

Late Tertiary and Quaternary structural features

The Columbia River basalt and associated rocks are much less severely deformed than the
pre-Tertiary formations. The broad open folds follow earlier trend lines and strike west to
northwest, Normal faults out the folds with a north-northeast strike.

Folds: Three conspicuous folds originate near the western border of the Sumpter quad-

rangle and are traceable for some 12 miles to the northwest of Greenhorn. For convenience

*
Anderson, A. L., personal communication.
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these folds are named the Greenhorn and Dixie Butte antiolines and the Middle Fork syn-
cline (see pl. 1 in pocket).

The usual flank dips are from 20 to 30 degrees and the antiolines are steeper on
their north flanks by about 5 degrees, These folds plunge at the rate of from 20 to 30
feet per mile northwest throughout the distance mapped. The Middle Fork of the John Day
River lies in the Middle Fork syncline and is aligned with the plunge almost perfectly
for over 25 miles. .

Paults: PFour normal faults of northonortheast trend are present along the Middle
Fork of the John Day River. The faults average about one mile in length and all dip to
the southeast at angles of 60 to 70 degrees. Two of the faults, one below Little Boulder
Creek and the other below Tincup Creek, are evident on both sides of the river. The
faults at Hunt Guloch and below Granite Boulder Creek could not be traced southwest of the
river with certainty. All of the faults have throws of about 200 feet and three of them
have brought basalt flows into Jjuxtaposition with the andesitio tuff-breccia. These

faults out the Columbia River basalt and are therefore of post-Miocene age.
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Historical Geology

Many gaps occur in the geologic record of the Greenhorn Mountain area. The oldest
rocks exposed are Carboniferous argillites with interbedded tuffs and basic lavas that
have been altered to greenstone, The deposition of silts and muds with local additions
of gravels and fossiliferous limy material (Gilluly, 1937) occurred in a shallow marine
sea, Towards the close of the period of sedimentation several hundred feet of :volcanic
ash showered over the sea and was incorporated in the deposits. Basic lavas were later
extruded on the sea floor and formed a notable part of the series of rock. Triassic rocks
are not present within the district but are found 75 miles to the east in the Wallowa
Mountains (Ross, 1938) and in the Strawberry Range (Thayer, 1940), 25 miles to the south-
west,

The deposition of the cﬁrboniferous sediments 1s the last recorded invasion of the
marine sea into the immediate area and subsequent events have bsen limited to periods of
deformation, erosion, and continental sedimentation. In late Jurassic time it is prob-
able that these argillitic and interbedded volcanic materials were severely folded and
faulted. Subsequent to the deformation these rocks were 1n$ruded first by ultramafic
and gabbroic bodies and later by the biotite-quartz diorite magma. A considerable period
of erosion followed the orogeny, and apparently lasted throughout much of the Cretaceous,
At the close of that period the area was again deformed; this time by horizontal shearing
stresses, perhaps associated with the Laramide orogeny which caused the profound folding
and faulting of the Rocky Mountains far to the east., Into the faults produced by the
shearing were injected masses of partly crystalline magma, forming dikes of quartz diorite
and quartz monzonite porphyry and granophyre. Intrusion of dike magma was followed by
circulation of mineral-bearing solutions, utilizing the same zones of structural weakness.
More than likely the dike intrusion and mineralization were carried over into early Ters
tiary time.

After the late Cretaceous disturbance and the emplacement of dikes and vein material,
the region apparently underwent widespread erosion until early (?) Miocene, when large
quantities of andesitic breccia and tuffaceous material erupted from local sources, forming
a blanket over the deeply eroded basement rock. Contemporaneous with the formation of
the turr;braocias, were extrusions and local intrusions of rhyolite, with some intercalated
siliceous tuffaceous material. In middle Miocene time the country was buried beneath flow
upon flow of basalt, some of which emerged from fissures within the district. These flows
caused local damming of streams and the formation of lakes in which were deposited clays

and volcanic ash.
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At the close of the Tertiary another crustal disturbance caused folding and faulting
of the lava-formed plateau into mountains and valleys. Control by earlier trend lines is
apparent in this last period of diastrophism as the structures strike generally weste
northwest. The compressive forces formed folds and the later tensional phases were
responsible for the normal faults. |

Erosion has been active since this last disturbance. During the Pleistocene the
higher 'mountain regions were sculptured by glaciers and the valleys partly filled with
morainal and outwash material. The changes in relief brought about by glaciation and

valley filling, however, have been slight.
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Ore Deposits

History and production

Settlement of this general region began in 1862 with the discovery of gold near Auburn,
a now deserted camp west of Baker. The early miners gave their immediate attention to the
rich placers, and practically all of the streams descending the slopes from the higher ele-
vations show evidence of placer operation. These placers were,in places, highly productive,
especially in the area surrounding the now vanished camps of Winterville and Parkerville on
the headwaters of Burat River just to the southwest of Greenhorn. Several quartz claims
were located in the Sumpter area during the period 1866-1880, but the real beginning of
lode mining began with the completion of a railroad to Baker in 1886 and the advemt of the.
Sumpter Valley railroad into the immediate area in the 18390's. The peak of gold-quartsz
mining in the immediate district was probably reached during the period 1895 to 1910.

It was at this time that the town of Greenhorn was moved from its old location north of
Sunrise Butte, where a silver strike had been made, to its present site, From 1915 to 1940
mining has been desultory, with an occasional rich strike. As legislation during the last
war dealt a serious blow to the mining of gold and silver, the area has seen little activity
in recent years. However, in the past year there has been an influx of prospectors into the
district, Work at some of the larger mines, as the Morning, has besen resumed.

Produstion figures are absent or sketchy for individual districts of the Blue Mountain
region. Lindgren (1901) has given a figure of $3,258,197 for the production of gold and
silver from both lode and placers in Grant County during the period 1880 to 1899. Gilluly
(1933) has listed gold and silver lode and placer production in Grant County for the period
1903 to 1928 at $2,700,000.

Character of the deposits

The deposits may be oclassed as gold-quartz veins and lodes. They are chiefly fissure
£f1llings; a few are combined fissure fillings and replacements, The term vein is applied
to simple fillings of open fissures, whereas the term lode is applied to bodies composed
of aggregates of small seams and stringers of quartz in zones of complexly fractured rock.
Many of the deposits contain appreciable amounts of iron and most ;f them contain minor
quantities of lead, copper, zinc, and silver. The gold 18 the only metal of commercial
interest. However, there is one deposit that contains quicksilver, but the quicksilver

i3 not contained in a gold-quartz vein or lode.

Distribution of the deposits

The veins and lodes are located within a broad, east-west trending zone that extends

from Susanville eastward through Greenhorn. The gold=quartz deposits are segregated into



Ore Deposits 21

four general localities: one embracing the region around Susanville on Elk Creek; one
which inocludes the mines at the heads of Granite Boulder Creek and the East Fork of Clear
Creek; one at the heads of the tributaries of Vinegar Creek; and another which includes
the properties just to the west of Greenhorn. The area adjacent to Greenhorn contalns
the greatest number of deposits, Within this group is the only known quicksilver deposit
of the district.

Veins are contained in all pre-Tertiary rocks and are most always intimately associated
with early Tertiary (?) dikes, either within or alongside. The veins near the heads of
Granite Boulder Creek and the East Fork of Clear Creek are in the biotite=quartz diorite
as are a few in the Salmon Creek valley. Elsewhere the veins and lodes are in argillite
and greenstone or in serpentinized ultrabasics., In all cases the distribution of the
veins and lodes has apparently been controlled by the structure and not by the character

of the rock.

Structural relations

The veins and lodes are oconfined to the same zone of structural weakness as the early
Tertiary (?) dikes. They are most common and attain their greatest development on the
underside of the dikes, forming what may be called "footwall" veins. The few that lie
above the dikes might well be called "hanging wall® veins. The faults which directed the
intrusion of the dikes, and later the flow of mineralizing solutions, are the high-angle
reverse faults, Associated with these faults are minor gash frastures which also contain
ore, forming gash veins., Some veins and lodes are along strike-slip faults and some are
along minor bedding plane slips and fracture cleavage.

In general, the veins ococupying the high-angle reverse faults trend about N. 40° E.
and dip steeply northwest. There is, however, considerable variation in the strike and
dip of individual veins and lodes, the strike showing deviations up to 20 degrees and the
dip up to 50 degrees. Veins in Morris Basin strike in a more northerly direction (N. 10-
15° E.). They ococur in gash fractures along the footwall of porphyry dikes. Some veins
at the head of Snow Creek have a westerly trend and a steep northerly dip. These veins
are cut and displaced by the northeast fissure veins. Lodes in argillitic roock at the head

of Blackeye Creek trend due west and dip steeply north,

Mineralogy

The deposits contain both primary and secondary minerals, but those of secondary
origin are of little consequence or interest, In the gold-quartz veins and lodes the
primary minerals are apparently the product of two stages of mineral deposition, the
minerals of each stage being much the same, Quartz i1s the predominant mineral. It 1is
accompanied by variable quantities of sulphides, which may comprise 10 to 40 percent of

the filling, and locally by considerable carbonates, The mineralogy of the quicksilver
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deposits 1s notably different from that of the gold-quartz veins and lodes, the predominant
minerals being chalcedony and cinnabar.

In the gold-quartz veins and lodes the primary minerals are quartz, pyrite, arseno-
pyrite, sphalerite, pyrrhotite, chalcopyrite, galena, specular hematite, tetrahedrite,
calcite or dolomite, and gold. The minerals, except quartz, pyrite, and arsenopyrite,
are present in small but variable quantities, The pyrrhotite, galena, specular hematite,
and gold appear but once; all other minerals appear twice, marking two main stages of
mineral deposition.

In the quicksilver veins the minerals are quartz, chalcedony, pyrite, and cinnabar,

Quartz: The quartz comprises 60 to 90 percent of the vein and lode fi1llings. It
exhibits considerable variation in grain size and in textural and structural relations,
reflecting 1ts deposition in two stages, the later quartz cementing breccias and filling
fractures in the earlier., In general the early quartz is not as abundant as the later;
in places 1t 1s retained in the younger as shadowy inelusions.

The early quartz 1s distinguished by its coarse grain, its milky-white color, and
its content of coarse=-grained sulphides in fractures. The later quartz is distinguished
by its much finer grain, its bluish-gray color, and by its content of minutely dissem-
inated and intimately associated sulphides whieh also fill fractures and cement breccias.

Chalcedony: The chalcedony 1s present in only a few deposits, occurring in appre=
ciable quantities only at the Paramount quicksilver mine. It possesses a distinct
pinkish-gray color and occurs as a breccia cement and as narrow veinlets in earlier
fillings.

Pyrite: The pyrite is present in all veins, usually comprising 60 to 80 percent
of the metallic minerals, It is particularly abundant in the veins found in'and along
the quartz diorite porphyry dikes and 18 less gbundent in veins assoclated with ser-
pentinized rock. The pyrite occurs with both the older and younger quartz and 1s also
found as scattered erystals in chalcedony.

The pyrite, in the older quartz, is coarse-grained and usually forms aggregates
of ocublc crystals which average a quarter of an inch across. The pyrite in the younger
quartz is wepy fiush finer grained, and appears massive or compact. It is much more
abundant than the early pyrite, the ratio being about 2 to 1.

The early pyrite is commonly fractured and cut by veinlets containing arsenopyrite,
pyrrhotite, sphalerite, and chalcopyrite., Remnants of pyrite are also contained as
inclusions within these minerals, The younger pyrite also is fractured and ‘penetrated
by 1ts more or less closely assoclated arsenopyrite, sphalerite, and chalcopyrite.

This pyrite 13 auriferous, the older contains little, if any, gold.
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Arsenopyrite: The arsenopyrite, which 1s present in nearly all veins, is most abundant
in the central part of the district. Locally it may comprise as much as 10 percent of the
wein £f11ling. Like the pyrite it is present in two generations; the earlier, which is the
more abundant, forms fine-grained, steel-gray masses in the early quartz; the later ocours
as sparsely disseminated microscopic orystals in the younger quartz.

The arsenopyrite generally acoompanies pyrite, but in places it penetrates and holds
inclusions of pyrite. Other sulphides present with 1t, however, usually vein 1t along
fractures and hold it as engulfed, often somewhat corroded, inclusions. These relations
are typical of both generations of arsenopyrite and associated sulphides.

Pyrrhotite: Pyrrhotite appears only in the veins in the Snow Creek area where it
locally may comprise as much as 50 percent of the sulphides. It is irregularly distributed,
forming fine-grained, bronge-colored orystalline aggregates in the earlier quartz. 1In
addition to filling fractures in the quartz it also forms mantles on arsenopyrite grains.

In places the pyrrhotite is penetrated by and is contained as remnant inclusions in ir-
regular veinlets of sphalerite and chalcopyrite (pl. 8, fig. 3). Masses are also engulfed
in the younger quarte.

Sphalerite: Sphalerite 1s present sparingly in most veins. It 18 most abundant
in Morris Basin and 18 least abundant in the Snow Creek area, It oocurs with both genera-
tions of qﬁartz, in the older as fine, dark-gray to black grains, and in the younger, as
small, dark-brown grains,

The sphalerite is one of the minerals that forms irregular veinlets in fractur;d pyrite
and arsonqpyrito, and 18 also one that contains the two as remnant inclusions (pl. 8, fig. 1).
The sphalerite, similarly, 4is cut by and held as engulfed inclusions in veinlets of other
sulphides. These relations pertain to both generations of sphalerite.

Chalcopyrite: In some veins the chalcopyrite occurs sparingly as isclated grains;
in other veéins it ocsurs as massive aggregates making up 10 percent of the filling.

That ocourring with the early quartz forms small, fine-grained masses; that with the
later quartz is coarsely orystalline and fills fractures, The younger chalcopyrite 18
not nearly so abundant as the earlier. .

The older chalcopyrite cuts and corrodes pyrrhotite and sphalerite and is in turn
irregularly penetrated by small stringers of tetrahedrite. Most of the younger ohalcopyrite
is contained in the late quartz, but some also forms small blebs aligned along ¢leavage
fractures in sphalerite. Supergene covellite penetrates chalcopyrite along fractures and
along galena=chalcopyrite contacts (pl. 8, figs. 2 and 4).

Tetrahedrite: The tetrahedrite is present in small quantities in most veins and lodes,
but is relatively abundant only at the Morris and Bi<Metallic mines where it is the only
sulphide in some veins. In places the tetrahedrite contains up to 10 percent silver and

locally may be classed as freibergite.
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The tetrahedrite is contained in both generations of quartz., In the early quartz it
forms small, isolated grains and masses, which commonly penetrate accompanying grains of
sphalerite and chalcopyrite. In the younger quartz it occurs as minute, irregular veinlets
in sphalerite (pl. 7, figs. 3 and 4).

Galena: The galena 18 most abundant in the veins in the eastern part of the district
where it comprises as much as 2 ar 3 percent of the sulphide filling. Grains of galena
are usually small and scattered, but locally, as in the veins on the south fork of Desola-
tion Creek, the galena may form small masses. It oocurs only with the younger quartz,
commonly a8 fillings of fractures, and locally 1s accompanied by sphalerite and chaloo-
pyrite which are sontained as remnant inclusions (pl. 8, fig. 2).

Specular hematite: The specular hematite oocurs sparingly in a few mines but nowhere

accounts for more than a fraction of one percent of the vein filling. It forms small,
steel-gray, bladed grains in the younger quartz and mioroscopic mantles on pyrite. It
also appears as minute laths along cleavage cracks in galena in the Snow Creek veins,

Cinnabar: Cinnabar has teen found only at the P;ranount mine where it has provided
a small quicksilver production. It is distributed as small vermilion-red grains and
aggregates in stringers of chalcedony and as thin coatings on bedding planes and cleavage
surfaces of bordering argillite. The cinnabar is accompanied by a little pyrite whose
grains are small and rounded.

Gold: The gold 18 contained in small but variable amounts in all veins throughout
the district., 1Its distribution is erratic; it accompanies the second stage quartz,
usually as microscopic grains associated with the young pyrite, being viasible as free
grains in the oxidized ore where it constitutes the "free-milling gold"™ of the early
operators, The gold is not confined entirely to fractures in the young quartz or to
the pyrite; it is found also with the other minerals, particularly in fractures, 1Its
preferential association with pyrite would indicate, however, that it found this mineral
a more favorable host than the other sulphides. The gold also shows a tendency to favor
the more highly brecciated parts of the fine-grained, second-stage quartz.

Calcite and delomite: In the eastern part of the district, calcite and dolomite

may comprise as much as 50 percent of the gangue. The carbonates are especially abundant
in the veins in serpentinized, basic igneous rocks, but the content is low in other kinds
of roek.

The calcite and dolomite form white, coarsely corystalline masses, with grains measuring
as much as half an inch across. They compose lenticular bodies and cement breccias of the
earlier fillings. A8 observed in polished sections, thin calcite veinlets cut indisorim-
inately across all sulphides, filling fraotures, The more massive bodies contain included
fragments of earlier minerals. At, and near, the Paramount mine the carbonate minerals

are cut by small veinlets of chalcedony.
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Minerals of secondary origin formed by supergene processes are not abundant. Supergene
covellite irregularly penetrates chalcopyrite and also forms thin seams between chalcopyrite
and galena. Anglesite, lead sulphate, fills cleavage cracks in galena where that mineral
is associated with covellite. Outcrops of many veins are stained by scattered films of
greenish scorodite, hydrous iron arsenite, which has formed by oxidation of contained arseno-
pyrite. Because of the relatively large quantities of pyrite, the outcrops of most veins
generally contain an abundance of limonitic oxides. Manganese oxides were not observed on
outcrops or in underground workings, except in the upper stopes of the Morning mine where
they are present in minute quantities, Malachite and azurite, hydrous copper carbonates,

are usually present in the outocrops of chalcopyrite=bearing veins.

Paragenesis

From the description of the relations and associations of the minerals in the gold-
quartz veins and lodes it is evident that there are two stages of mineral deposition,
each stage represented by 1ts own characteristic form of quartz and easch also by its own
partioular assemblage of sulphides. The coarse, milky-white quartz was deposited during
the first stage, and then, after minor fracturing, the sulphides - pyrite, arsenopyrite,
pyrrhotite, sphalerite, chalocopyrite, and tetrahedrite - were deposited in the order
ingicated, by filling and replacement.

Reopening of the veins and lodes as a consequence of renewed faulting permitted the
entrance of the bluish-gray, fine-grained qﬁartz and its associated pyrite, arsenopyrite,
sphalerite, chalcopyrite, galena, and calcite. Minor quantities of specular hematite were
also deposited but its place in the sequence 1s not known, Gold apparently was a late
introduction, being younger than the sulphides.

In both the first and second stages of deposition, much of the quartz was deposited
before the sulphides, but, as quariz crystals are contained in the sulphides and as some
quartz occurs in fractures in these minerals, the period of quartz deposition in both
cycles must have been in part contemporaneous with, and must have outlasted, the sulphides.
Deposition of calcite and dolomite ended the mineralization in most of the veins.

The order of deposition in the gold=quartz veins and lodes is shown diagrammatically
in table 1 opposite p. 27.

Field and microscopic evidence argues against classing the fine-grained chalcedonic
quartz and its associated pyrite and cinnabar with the early Tertiar& (2) mineralization.
It 1s very likely that the chalcedonic quartz is the product of an entirely different,

and much younger, period of mineralization.



Mineral First Stage Second Stage

Quartz m W

Calcite

Pyrite 9 U

Arsenopyrite —
Pyrrhotite —
Sphalerite -—
Chalcopyrite -
Tetrahedrite
Galena

Specular hematite

Gold

Table 1. Mineral sequence in the golld-quartz veins and lodes,
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Mineral zoning
Mineral zoning 18 suggested by the distribution of minerals, particularly with

reference to the porphyry dikes. Arsenopyrite 18 most abundant in the veins associated
with the cluster of quartz diorite porphyry dikes near the biotite-quartz diorite and
becomes less abundant outward therefrom. Galena, on the other hand, is more abundant
remote from this area, a roiation which suggests that the local area of quartz diorite

porphyry dikes represents a thermal center with temperatures declining outward,

Distribution and oscurrence of ore

As the gold was introduced with the second stage solutions, it is invariably found
with the younger quartz and associated sulphides. The ore therefore is limited to those
veins and to those parts of the veins that contain these younger minerals, the quantity
of which depends entirely on the extent of intramineralization faulting which took place
between the first and second stages of mineralization. Repeated movement and brecciation
of vein material, which kept channels open and permitted free upward movement of solutions,
created favorable sites for deposition of ore. Veins of early quartz that were only
slightly reopened ocontain practically no ore - only barren, early vein quartz and sulphides;
veins greatly brecciated after deposition of the early minerals comprise the auriferous
bodies,

The ore oscurs as small pods and lentiocular masses distributed erratically within the
tabular velns of early quartz. Locally the lenses of late quartz and its associated sul-
phides may make up as much as 60 percent of the vein filling, but usually the ore occurs
as scattered stringers and small lenses in the early quartz. The footwall veins contain
the greatest concantration of second-stage minerals, consequently they have been the most
productive. The veins along the hanging walls of the dikes are composed essentially of
first-stage quart: and associated sulphides, having been but slightly brecciated by intra-

mineralization movement, and little enriched by younger minerals,

Localization of ore shoots

As the veins are chiefly fissure fillings, the ore 1s confined to favorable rock
openings. These openings depend, in the case of the high-angle reverse faults, on local
flattening of dip and to a lesser extent on minor changes in strike, Along the flatter
parts, upward movement of the hanging wall has tended to separate the walls and hence has
ocreated openings favorable for the circulation of the mineralizing solutions and for the
deposition of ore, In the steeper parts, the walls have been forced tightly together
leaving no space for.ore. Reverse faults that have subsequently suffered a reversal of

movement also contain ore bodies along local flats, but the ore bodies are small.
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The ore shoots are fillings of the second-stage minerals and generally form irregular
pods or masses that may be traced along the fault as long as the fault maintains its local
flattening. Shoots seldom measure more than 10 or 1§ feet long nor more than a few feet
wide., Some of these shoots contain pockets of relatively high concentrations of gold, but
distribution of these pockets is so erratic that they cannot be found except by hit-or-miss
mining methods,

Small pockets of ore are contained in gash fractures which extend from the footwall
veins upward into the overlying rock, usually a porphyritio dike. The gash frastures, which
are assoclated with the major reverse faults, rarely extend more than 10 to 15 feet from the
footwall vein. In Morris basin, small, less-rich bodies of ore are also found in gash
fractures of the major west-northwest shear zone,

The nature of the country rock apparently had little control in localizing ore shoots.
Minor variations in trend and dip of faults were noted in passing from one type of roock to
another, but the changes were not of sufficient magnitude to influence ore deposition,
Favorable guiding strustures and the quantity of ore carried and deposited by the mineral-
bearing sclutions =aem to have been the factors controlling the localization of ore shoots

and in governing their size.

Size of ore bodies

The lack of extensive underground workings, exzept at the Morning, Morris, and Bi-Metallic
mines, made 1t difficult, and in most cases impossible, to determine the general size of the
ore bodies. In the Morning mine, the main ore shoot is about 160 feet long and 5 feet wide.

A shoot in the upper workings was stoped 90 feet to a height of 10 feet. In the Morris No. 1
mine, a north-striking vein was stoped for 60 feet horizontally and 1§ feet vertically. Ore
bodies along the Psyche, Big Johnny, and ¥Windsor veins have been reported to be as much as

200 feet long and 4 to 6 feet wide.

Tenor of the ore

Because assay records were not available, little reli#blo data could be obtained re-
garding the richness or tenor of the ore mined either recently or in the early days,
Samples were taken systematically at a number of properties during the present investigation.
These were taken underground where the workings were open, otherwise from the dump. Results
of this sampling are given in the deseription of individual properties,

According to the Oregon Metal Mines Handbook,* the values in the footwall shoot at the

Morning mine are spotty, ranging from $15 to $50 per ton; along the hanging-wall vein the
values range from $4 to $20 per ton. It is also reported in the Handbook that hand-picked
ore at the Bi-Metallic mine assayed $75 to $300 per ton, that the Psyche mine grossed
$90,000 in 1905 and that an 87,000-ton block of ore at the Ben Harrison mine averaged about
$10 per ton.

e s G e e e me e W MO WE GR WD G MR D G WE MG Ww e e Gm e A e G e e e e e e e e mm e e

*Oregon metal mines handbook - Grant, Morrow, and Umatilla counties: Oregon Dept. Geology
and Min. Industries Bull. 14-B, 1941.
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Samples taken by the writer at the Morning mine and assayed by the Oregon Department
of Geology and Mineral Industries indicate that ore is spotty in distribution, with small
but rich pockets interspersed with barren zones, Some high-grade pockets assay as high as
several hundred dollars per ton, but the pockets are small and scattered., Assays taken
along the stope in the footwall vein ranged from 2.02 ounces of gold and 4,00 ounces of
silver to 0,56 ounce of gold and 1,10 ounces of silver per ton. An average for the entire

stope (about 160 feet long, 65 feet high, 4 feet wide) was 0.33 ounce of gold per ton.

Wall-rock alteration

The rock bordering the mineralized faults has been more or less extensively altered.
The porphyritic‘dikes assoclated with the veins have been thoroughly bleached. Inclusions
within the veins and lodes retain nothing of their original appearance. The usual alter-
ation involves tﬁe conversion of the hornblende to biotite, and the bilotite, along with
the feldspar;,‘to coarse sericite. Pyrite also is formed in the rock. The alteration of
the bilotite-quartz diorite has not been conspicuous, but some quartz, sericite, and pyrite
have formed along ihe whlls, extending outward for several feet from the veins., Alteration
is most conspioubus in the serpentine and gabbroic rocks where the ferromagnesian minerals
bordering the veins and lodes have been converted to biotite and chlorite, and the plagio-
clase to saussurite, Much calocite, dolomite, and quartz have also been added. Serpentine
has generally been extehsivoly silicified.

The main processes of alteration have been saussuritization, pyritization, sericitiza-

tlon, slllclflcatvlon, and carbonatlzaldlon.

Oxidation and enrichment

Oxidation 1s shallow; as revealed in underground workings it rarely extends down for
more than 100 feet., In many places the primary sulphides appear among the oxidation
products within a few feet of the surface.

Rich ore mined in the early days came from the oxidized zone where the gold had been
partly or completely released from associated sulphides and therefore was readily amenable
to stamp amalgamation. As soon as sulphides were encountered, gold recovery dropped.

Supergene enrichment apparently has been negligible. The absence of manganese oxides
in most deposits and the small amount in those deposits whioch do contain it explain the

‘laok of enrichment by solution of the gold and its deposition and conscentration at lower
levels., Such secondary enrichment as has ocourred has been residual enrichment by me-
chanical concentration at the surface through removal of sulphides and other material
during weathering. Rich pockets of gold in the unoxidized as well as in the oxidized

gzone probably represent primary deposition,
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Origin of the dsposits

were ﬁrobably formed by hydrothermal gsolutions of deep magmatic origin which found the high-
angle reverse faults favorable as ohannels and as sites for ore deposition. The mineral-
ization followed soon after the intrusion of early Tertiary (7} dikes, and the close accord
in structural relations between the dikes and the veins suggests a genetio oconnection
between them. This close relationship further suggests that the dikes and mineral-bearing
solutions have & common origin in a deeper magma. This magma was undergoing differentiation
and was tapped at intervals by faults allowing fractions of the progressively changing

magma and the end products of differentiation, or ore solutions, to move upward into the
rocks above, Inasmuch as the structural data indicate a relatively short time interval
between the intrusion of the early Tertiary (?) dikes and the formation of the voinl and
lodes, mineralization like the dike intrusions probably took place during the declining
stages of igneous activity attendant upon the Laramide orogeny.

The ore solutions probably lefit their maghatic source at a high temperature, but by
the time they had reached depositionel levels they had apparently cooled to more moderate
temperature. Although the pressnce of pyrrhotite and arsenopyrite suggests that temperatures
were moderately high during early stages of deposition, the other sulphides are those more
typical of moderate-temperature solutions and hence the ore was formed mostly within the
mesothermal range. A considerable time interval must have existed between the two main
stages of deposition, for when the younger solutions were introduced, after structural
reopening of the earlier filling, they were ehiilcd against cold walls and the minerals
deposited were of fine grain. The presence of a small amount of arsenopyrite in the
younger filling indicates that the solutions were about as hot as they had been before,
differences being accountable only by more rapid cooling and eorystallization.

The fine grain of most of the sulphides, particularly those of the second-stage ore,
suggests rapid cooling such as usually takes place in cold rock relatively near the surface.
A fairly shallow depth of deposition is salso indicated by the extent of brecciation which
all veins show, a depth probably within several thousand feet of the surface. Association
vith porphyritic (hypabyssal) dikes alse indicates moderate depth relationships. The
deposits could probably be classed as mesothermal, or deposits formed at moderate tempera-

ture and at moderately shallow depth {Lindgren, 1933).



PLATE

Fig.l. Fault zone at Morning mine. Hammer rests on sheared argillite.

Fig.2. Mines on the west side of Morris B8astn,
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Conslusions

The limited opportunity for underground study renders it difficult to make a satis-
‘factory appraisal of the district, There are many old workings in the district, very few
of which have made noteworthy production. The deposits are small and of moderate grade,
but rich pockets did and do exist. The ore apparently has been localized along the less
steeply dipping parts of the high-angle reverse faults and in assoociation with, or close
by, porphyry dikes. Ore may continue below the present deepest workings along the flatter
parts of the guliding faults, However, where arsenopyrite in the younger quartz ocours in
ralative abundance, temperatures may have been too high for the deposition of much gold,
the gold apparently favoring lower temperatures for its precipitation.

Exploration should be limited to areas containing porphyritic dikes., In thosse areas
prospecting should be directed along northeast-trending fault zones. The presence of fine-
grained sulphides, notably pyrite, in a fine-grained, bluishegray quartz, seems to offer a
more favorable situation for a high gold content than does the sulphide-free, early milky-

white, coarse=-grained quartz.
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Mines and Prospects

Morning mine (1)*

Location and history: The Morning mine (pl. 4, fig. 3, opposite p. 10), the largest

gold producer in the western Greenhorn district, is about 9 miles north and slightly west
of Bates and 5 miles by road northwest of Greenhorn in the SE} sec, 13, T. 10 S., R. 34 E.,
at an elevation of 6,400 feet (pl. 1 in pocket). The property comprises 8 unpatented
claims which were located in 1893. The present operator, Mr, William Gardner, acquired

the property in 1937 and, except during World War II, has kept the mine in virtually con-
tinuous operation.

Development: The development consists of two adits and an intermediate level con-
nected with the lower adit by a raise, The workings and their extent are shown in plan,
longitudinal, and transverse section in fig. 2 opposite p. 35 and fig. 3 opposite p. 37.

Geology: The rocks at and near the mine consist of highly altered argillites, green-
stones, and serpentine intruded by quartz diorite porphyry dikes (fig. 1 on opposite page).
The veins are closely associated with the porphyry dikes, and those which are being worked
at the present time are contained within and along the footwall and hanging wall of a dike
100 feet wide. The dike, aligned along a high-angle reverse fault, strikes about N. Yse E,
and dips 35° NW to 75° NW. Geologic relations underground are shown on the map of lower
no, 2 adit level (fig. 2 opposite p. 35) and in the block diagram (fig. 4 opposite p. 39).

The most productive vein follows the underside of the dike for an explored distance
of 440 feet and varies from 1 to 4 fe;t thick., It has a lenticular habit and pinches and
swells along its trend, thickening where the dip flattens., Several smaller veins, 6 inshes
to 1 foot thick, lie above and parallel the vein for its entire exposed length. From the
main vein two branch veins extend N. 25° E. through the dike and into the hanging wall for
a distance of about 200 feet. These branch veins were drifted on and some stoping was
done on the intermediate level along the more easterly of the two veins, Eut little ore was
recovered., The vein along the underside of the dike has been stoped for a horizontal
distance of 200 feet and upward for 65 feet, the stope width ranging from 3 to 6 feet.

Most of the ore has come from lenticular shoots along the flatter parts of the vein.
Small gash fractures, which here and there enter the overlying dike, contain early-stage
quartz and sulphides,

The most productive veins are composed of breccias of‘early sulphides in a matrix of
later quartz and associated minerals, The vein filling 1is about 80 percent quartz, with
the younger variety making up nearly 55 percent of the total mineral assemblage, The earlier

*Numbers after mine names are the same as key numbers on pl., 1 in pocket.
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sulphides make up about 5 percent of the vein material and consist mainly of pyrite with
minor amounts of arsenopyrite, sphalerite, and chalcopyrite. The minerals ascompanying
the younger quart: are gold, fine-grained pyrite, sphalerite, chalcopyrite, specular
hematite, and caleite. Pyrite is again the most widespread mineral of the group and also
has the distinction of being ihe most favorable host for the gold.

Much surface prospecsting has been done north and northeast of the main workings
especially along porphyry dikes similar to the one in the mine. It is possible that
rich pockets of ore may occur in fractures within and along the dikes, but it is doubtful
that the ore obtained would be in sufficient quantity to meet the exploitation costs,

Samples taken by the writer from the stope above the No, 2 level showed an average
of 0.33 ounce of gold per ton over a horizontal distance of 200 feet and a height of
65 feet., Average stope width was 4 feet. Samples from hanging wall veins assayed only
a trace of gold, except for small, widely scattered pockets of fine-grained sulphides,
notably pyrite. Some of these pockets carry as much as 0,70 ounce of gold per ton.
Assays were made by the State Department of Geology and Mineral Industries.

Smelter returns® show that a shipment of 111,920 pounds of concentrates in 1941
ylelded 67.781 ounces of gold and 240 ounces of silver. The concentrates carried 0.7
percent zino, 0.98 percent arsenic, and 0.94 percent copper. Another shipment of 112,760
pounds of concentrates the same year contained 60,830 ounces of gold and 218 ounces of
silver. A shipment of 55,000 pounds of concentrates in January 1942 had 42,688 ounces

of gold and 119 ounces of silver.

Tempest mine (2

Location and history: The Tempest mine consists of four unpatented claims located
near the head of Granite Boulder Creek in sec. 3, T. 10 S., R. 34 E., about 3 miles
northwest of the Morning mine (see pl. 1 in pocket): This 18 one of the older mines of

the district and is known for its silver produstion rather than for its gold.

Geology: The country rock is gneissic bilotite-quartz diorite which is cut by several
northeast=trending quartz diorite porphyry dikes (see pl. U4, fig., U, opposlte'p. 10).
The underground workings are caved, but quartz veins in and adjacent to the dikes are
visible on the steep, northeast flank of Sunrise Butte.

The ore on the dumps has been hand-picked. It eéonsists of veinlets and stringers
of second-stage, bluish-gray quartz 3 to 4 inches wide with fine-grained pyrite and
sphalerite in fractured and brecciated masses of white, coarse-grained quartz, pyrite,
and arsenopyrite. Accompanying the early sulphides are minor amounts of tetrahedrite

and sphalerite., In the hand-picked ore, sulphides make up/to 75 percent of the vein material,
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Tacoma smelter returns in possession of Mr, William Gardner, operator, Morning mine.
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with the early sulphides comprising 75 percent of the total of all metallic minerals,
Early quartz 18 twice as abundant as the late, fine-grained quartz.

Figures are not available for the production of the Tempest mine. Lindgren (1901)
reports that shipments aggregating 180 tons of ore were made prior to 1901, Grab samples,
which the author collected from the dump, assayed a trace of gold and about 4.00 ounces

of silver per ton.

Tiger mine {2}

Location: The Tiger property of six unpatented claims is also located near the
headwaters of Granite Boulder Creek in sec. 2, T. 10 S., R. 34 E., about one mile west
of the Tempest mine (see pl. 1 in peocket).

Development: The workings consist of two adits driven in gneissic blotite quartz-
diorite. The adits cut quartz diorite porphyry dikes which strike N. 30° E., and dip
steeply northwest,

Geology: Coarse-grained, milky-white quartz stringers 3 to 5 inches wide are con-
spicuous in the dikes and in the country rock contiguous to the dikes, Some of the quartz
stringers are cut by veinlets of the fine-grained, second-stage quartz. Arsenopyrite and
pyrite occur as massive aggregates; sphalerite, tetrahedrite, and chalcopyrite, as dis-
seminated grains and small masses in the later quartz. Calcite veinlets cut all the other
minerals. Sulphides of both stages‘make up about 5 persent of the vein material.

A representative sample of the sulphide ore, collected by the author and quartered down

for assay, contained 0,38 ounce of gold and 4,00 ounces of silver per ton.

Morris Basin (4)

Location and history: The Morris Basin property lies at the head of the west branch

of the East Fork of Clear Creek in the SWi sec. 1, T. 10 S., R. 34 E., (see pl. 1 in pocket).
It consists of one patented and 8 unpatented claims (including one fraction), and is ac-
cessible by road from Granite, 13 miles to the east. This property i1s also one of the

older silver properties and was visited by Lindgren in 1900.

Development: Workings consist of aprroximately 1,000 feet of adits, eross-cuts, and
stopes, most of which are accessible., The property is at an elevation of about 7,400 feat.

The area receives heavy falls of snow and i3 subject to snow slides during the winter months.

Geology: The geology of the immediate area 1s complex (see fig. 3 om opposite page).
Gneissic biotite=quartz diorite and early Tertiary (?) porphyry dikes intrude highly meta-
morphosed argillite, greenstone, and serpentinized ultrabasic rocks. The dikes, composed
of quartz diorite porphyry and subordinately of quartz monzonite porphyry, occupy fractures
which trend at right angles to the west-northwest shear zone which passes just to the south

of the mines,
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The group of workings on the west side of the basin, Morris No. 2 mins (see pl. 5,
fig 2, opposite p. 30, and fig. 3 opposite p. 37), follow narrow gash fractures in the
footwall of a quartz diorite porphyry dike. The frastures trend N. 35° E., dip steeply
southeast, and are filled with brecciated quarts of two periods, each with 1ts associated
sulphides. The sulphides consist of pyrite, arsenopyrite, sphalerite, tetrahedrite, and
galena, and constitute about 5§ to 10 percent of the vein filling. The main vein averages
about 15 inches thick and contains sulphides in lentisular masses and stringers,

The Morris No. 1 mine adit on the south side of the basin (fig. 3 opposite p. 37),
whish has been driven §. 50° ¥., cuts three well-defined, north-trending veins ranging from
6 to 12 inches thick. The most easterly vein has been stoped for a length of 60 feet to
an average height of 15 feet. The minerals are similar to those noted in the No. 2 mine.

The Morris is credited in the mint report of 1891 with a production of $15,000 in
silver and $3,400 in gold (Lindgren, 1901). Assays of sulphide-rish samples from the
No. 2 mine average 0.l14 ounce of gold and 1.15 ounces of silver per ton. Samples by the
author of tetrahedrite-rich ore from the No. 1 adit assayed 0.10 ounce of gold and 39.18

ounces of silver per ton.

Bi-Metallic mine (5)

Loocation and history: The Bi-Metallic mine is located on the steep north slope of

Salmon Creek valley in ses. 7, T. 10 S., R. 35 E., about 3 miles by wagon road from
Greenhorn (see pl. 1 in pocket). There are several old adits on the property, but only
one was open, and because of fallen rock, dislodged timbers, and bad air, only 300 feet
of it could be examined.

Geology: The country rock consists of bilotite-quartz diorite, serpentinized ultra-
mafics (exposed across Salmon Creek), and dikes of quartz diorite and quartz monzonite
porphyry. Most of the veins tend to follow the dikes, which trend north to north#ast and
dip steeply west, but some are in the highly sheared and frastured diorite, The latter
strike easterly, average less than 6 inches thick, and are somposed of both early and late
quartz and minor amounts of pyrite, arsencpyrite, chalcopyrite, sphalerite, tetrahedrite,
and galena. Quartz comprises from 80 to 90 percent of the vein filling, the older being
mucsh the more abundant of the two varieties. The veins have not been drifted on as the

adits explore the dikes,
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Windsor (7) - Psyche (6) = Big Johnny mines

Location: The Windsor-Psyche-Big Johnny mines comprise what is known as the Harrison
éroup and 1ie at the head of Blue Gulch 3 miles west of Greenhorn in secs. 8 and 17, T. 10
S., R. 35 E. (see pl. 1 in posket). The group consists of 16 unpatented claims.

The three mines are located along a north-northeast-trending zone of fractured rock,
the Windsor mine at the southwest end at an elevation of about 6,800 feet, and the Big Johnny
at the northeast end at an elevation near 7,500 feet.

Development: At the Windsor mine, a 50-foot inclined shaft and about 100 feet of
tunnels are ﬁccessible, but bad air and water in the shaft prevented a detailed examination
of the property.

The Psyche mine has been opened by two adits; both were caved at the time of examination.
However, the large amount of dump material indicates that a considerable amount of work has
been done on this property. Formerly a custom mill was operated in conjunction with the mine.

. The one adit on the Big Johnny property was inaccessible at the time of examination,
but Mr, William Gardner,* who had worked in tho'mlne, reported over 1,000 feet of workings
and that ore had been stoped from a short drift on a northeast-trending vein of flat to
steep dip.

Geology: The country rock 1s almost exclusively serpentine with some silicified gab-
broic facies. There are several, closely spaced quartz monzonite and quartz diorite por-
phyry dikes along the north-northeast fracture zone and a number of quartz veins are contained
in or lie close to the dikes. The veins measure 3 to 8 inches wide and can be traced for
several hundred feet. The Windsor vein strikes N. 22° E. and dips-75° to 50° NW. It lies
within a highly crushed and fraetured quartz monzonite porphyry dike which is highly
seriocitized. The véins at the Psychs and Big Johnny mines trend northeast and can be traced
for several hundred feet. Theses veins are discontinuous and pinch and swell along their
strike.

The ore from these mines shows the usual two stages of quartz, the early milky-white
quartz and the younger fine-grained, bluish-gray variety; each has associated pyrite and
chalcopyrite. The sulphides average about 10 percent of the vein filling; the remainder
consists of younger quartz (60 persent), early quartz (20 percent), and calcite or dolomite
(10 percent). At the Psyche mine the veins contain, in addition, small, lenticular masses
of sphalerite and fine-grained veinlets of specular hematite. Calcite seams, 3 to 4 inches
thick, are common in all veins.

A sample of sulphide-rich ore taken by the author from the lower adit dump at the Psyche
assayed 1.40 ounces of gold and 5.80 ounces of silver per ton and 1065 percent copper. A

sample of oxidized carbonate ore, with sulphide inclusions, taken by the author from the dump

*Plrsonal communication,
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at the upper adit assayed 0.64 ounce of gold and 3.90 ounces of silver per ton, and 1,27
percent copper. At the Windsor, a sample taken by the authpr across 4 feet of altered

dike containing quartz veinlets gave 0,02 ounce of gold per ton and a trace of silver.,

Snow Creek mine (10)

Location and development: The Snow Creek mine is in the valley of Snow Creek in

sec, 16, T. 10 S., R. 35 E., about 2 miles southwest of Greenhorn (see pl. 1 in pocket).
The property has numerous adits and prospect pits. The largest adit is driven N. 37° W,
and explores a zone of northeast-trending dikes and quartz veins. Workings are caved,
but the size of the dumps indicates extensive underground development.

Geology: The country rocks are serpentinized pyroxenite, dunite, highly altered
argillite, and greenstone. These rocks have been intruded by a quartz monzonite porphyry
dike., The quartz veins, 1 to 6 inches thick, lie in or adjacent tokthe dike. Parts of
the veins are made up of dolomitic calcite; other parts of quartz and sulphides. Exocept
for a small amount of drusy and chalcedonic quartz, the carbonates seem to be the youngest
minerals of the veins, Specimens of hagd-sorted dump ore show pyrite, chalcopyrite, and
minor amounts of pyrrhotite, sphalerite, galena, and covellite. A sample by the author

containing these sulphides and brecciated, grayish quartz assayed a trace of gold, 7.30

ounses of silver per ton, and 3.97 percent copper.

Bangzatts (12

\ -

Location and history: The Banzette property, one of the oldest in the district, is

located in see. 9, T. 10 S.;, R. 35 E., about 1} miles southwest of Graenhorn (ses pl., 1
in pocket). This property has been operated by Mr. Van E. Hallberg of Bakey for many years.
The Banzette, a consolidation of several of the district's early mines, has a considerable
amount of underground workings, but only a few resent cuts are available for examination,
Geology: The country rocks, consisting of argillite, serpentine, and remnants of
greenstone, are cut by a northeast fracture zone along whish quartz monzonite porphyry
dikes similar to those in the Snow Creek area have been intruded. The mineralization is
largely confined to the fractured dikes and the rock immediately adjacent thereto, It
consists of small veilnlets of coarse-gralned, milky-white quartz with associated pyrite,
chalcopyrito; and sphalerite, which have been brecciated and cemented by fine-grained,
grayish quartz and pyrite, chalcopyrite,and galena, The sulphides are generally sparsely
distributed in the quartzose vein filling. Mr. Hallberg reports he has found free gold in

oxidized ore,

Paramount mine (13)

Location and history: The Paramount mine, the only quicksilver mine of the distrioct,

is located on a ridge above the head of Snow and Greenhorn creeks in sec. 9, T. 10 S.,

R. 35 E. (see pl. 1 in pocket). It is about one mile by road southwest of Greenhorn.
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The workings consist of an adit, which has been driven in a northerly direction, and
several open cuts along the slope of the ridge. Numerous prospect pits have been dug
in an effort to develop the property. The mine is equipped with a modern mill and was

being operated in 1945 by its owner, Mr. I. Helmer of Greenhorn.

Geology: The ore consists of chalcedony stringers averaging a quarter of an inch
thick which contain scattered grains and masses of cinnabar and pyrite. These stringers
are confined to a northeast-trending shear gzone some 30 feet or more wide and of unknown
length in argillitic and serpentized rock, The argillite has been highly fractured and
brecciated and has served as a favorable host for the chalcedony and cinnabar. Thin

films of cinnabar occur on bedding planes and on cleavage surfaces of the argillite.

Vinegar Basin (16)

Development: The basin at the head of Vinegar Creek (see pl. 1 in pocket) has a
number of old workings which haye had 1ittle if any production. Several adits and shallow
shafts have explored those‘dikel, but all shafts are caved and only a few adits are ac~
cessible, and these for only a few tens of feet.

Geology: These workings are along a discontinuous northeast zone of faulting in
which ‘there are many quartz diorite porphyry dikes identical to those in the vicinity
of the Morning mine. The rock intruded by the dikes is argillite with conglomerate and
limestone lenses, and serpentine. The dikes are only slightly fractured or altered.

Quartz stringers in the dikes and in the adjascent country roock are from 1 to 3 inches
thick, pinching and swelling along their strike. Some stringers contain sporadically
distributed grains of pyrite, which seldom make up more than 1 to 2 percent of the filling.

Most of the veins are barren.

South Pork of Desolation Creek

A few small quartz veins oceur on the ridge northeast of, and overlooking, the south
fork of Desolation Creek in secs. 33 and 34, T. 9 S., R. 34 E. These veins trend N. 28° E.
and are grouped along a zone of sheared argillite. At the time of the field examination,

Messrs. Sayko and Laing had leased the Portland Consolidated (17) or Silver King group

of claims and were driving a crosscut to explore the veins at depth (see pl. 1 in pocket).,
The veins are associated with and cut granophyrie dikes, the dikes being less than 5 inches
wide and 20 feet long. On the surface the veins form small lenticular masses that pinch
and swell along the strike, reaching a maximum thickness of 3 or 4 inches., The quartz is
largely the fine-grained, grayish variety that contains appreciable amounts of isolated

podlike masses of galena. The quartz stringers appear but little fractured or brecciated.
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An assay of the galena-bearing quartz by the State Department of Geology and Mineral
Industries revealed 0 065 ounee of gold and 26.40 ounces of silver per ton; 25.65 percent

lead and 1,10 percent zino.

R
22 )

Other properties

There are:a'number’ dof other properties scattered throughout the district; a few of
them are reported to have produced some ore, but most of them are little more than prospects.
Some have a few tens of feet of accessible workings, but generally adits and shafts are
caved. host of the mineralization 1s confined to fracture zones that strike N. 20° E. to
N. 60° E. Many of them eontain only occasional stbingers or lenses of quartz in llttle-
altered argillite or in serpentinized rock. Much of the quartz is the coarse, milky-white
variety. )

The Banner (11) at the head of Snow Creek is one of the larger properties alohg the
Snow Creek-Banzette mineralized zone. Some 600 feet of workings are reported, but there
has been no production. The Kit.Carson (18) 1is located a few hundred yards east of the
Windsor (7) mine in serpentinized rock. Platinum has been reported on this property, and
a specimen of the ore is on display in the Baker office of the State Department ef Geology
and Mineral Industries. The Stalter mine (8) is near the head of Beaver Creek 1n‘gneissie
biotite-quartz diorite, which loeally is highly fractured and is cut by quartz diorite and
quartz monzonite porphyry dikes and quartz veins. The Baird property (14) just west of
Greenhorn at the head of Greenhorn Crsek (see pl. 1 in pocket) is in serpentinized rock
which 18 cut by small northeast=-trending stringers of bluish-gray, chalcedonic quartz
containing a liﬁt;e pyrite and galena. In the early days many acres of surface debris on
this property were placeredj the gold recovery is reported to have been high. A group of

claims known as the Lucky Strike-Elk property (15) is located at the headwaters of Blackeye

Creek. The argillite there is cut by many east-northeast granophyric dikes and quartz

stringers, but no metallic mineralization was observed.
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Fig.l. Photomicrograph of amphibolitized dunite. Fibrous masses
of actinolite CA) replacing olivine (O). Magnetite (M) is formed
in the amphibolitization process. Crossed nicols x 20.

Fig.3. Photomicrograph of biotite—quartz diorite. Segregation of
homblende crystals C(H) mantied by biotite (B). Andesite (An) and
quartz (Q) make up majority of the rock.Uncrossed nicols x 45.

Fig.2. Photomicrograph of sheared biotite-quartz diorite. A large
crystal of andesine (An) crushed and sheared. Crossed nicols x 45.

# s y =

Fig.4. Photomicrograph of altered granophyric dike. Sericite (S)
and small orthoclase laths CO) surround rosettelike inter—
growths of quartz (Q) and orthoclase. Crossed nicols x 45,
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Fig.1. Photomicrograph of quartz diori’ré porphyry. Quartz (Q) and
andesine CAn) phenocrysts in a fine-granular groundmass of
quartz and plagioclase (Q-p). Crossed nicols x 20.

Fig.3. Photomicrograph of ore from the Morris Basin mine. Brecciated
arsenopyrite  (As) with early sphalerite (S), cemented and
penetrated by tetrahedrite CT). x 100.

Fig.2. Photomicrograph of quartz monzonite porphyry. Andesine (ArD,
biofite (B), and altered homblende (H) phenocrysts in a fine —
grained groundmass of quartz and orthoclase (Q-0). Orthoclase
has been sericitized. Crossed nicols x 20.

Fig. 4. Photomicrograph of ore from Morris Basin mine. Tetrahedrite CT)
surrounding crystal of sphalerite (S) which contains minute
blebs of chalcopyrite (Ch) x 100.
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Fig.1. Photomicrograph of ore from the Tiger mine. Sphalerite(S)
cutting and containing inclusions of arsenopyrite (As). Small
tetrahedrite (T) veinlets irregularly penetrate sphalerite
and arsenopyrite. x 100.

Fig.3. Photomicrograph of ore from the Snow Creek mine.Remnants
of pyrrhotite (P in chalcopyrite (Ch) and with mantles of
sphalerite (S). Galena (3 penetrates sphalerite. x 100.

Fig. 2.

Fig. 4.
_irregularly penetrates pyrrhotite (P). Covellite CCo) is a
supergene replacement of chalcopyrite. Galena (G) fills
fractures in the gangue and mantles pyrrhotite. x 100.

Photomicrograph of ore from the Snow Creek mine. Veins
of galena (Q) irregularly penetrate chalcopyrite (Ch) along fractures .

Supergene covellite (Ca) between galena and chalcopyrite. x 100.

Photomicrograph of ore from Snow Creek mine. Chalcopyrite (Ch)
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GEOLOGICAL SYMBOLS

_/———_————

Faults

Dashed where approximately located Or indefinite.

———

Contacts
Dashed where approximatcly located, dotted
where concealed;

Approximate strike and dip of beds or flows.
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EXPLANAT!ON

Alfuvivm

Mainly veiley $ill consisting of silt, sand: ond gravet
Dredged for gold eford the Middle Fork of the John
Doy River below Gronite Boulder Creek ond Elk Creek

Landslide debris

where known. underlyins formation i indicoted by symbol
n parentheses.

Glacial moraine

Strawberry volcanics Columbia River Group undivided

je-gray basoltic andesite. Basait flows. some contorningd otivine: range
ted in columns: Includes from pole 9roY: porous. and platy teo dork
loid osh beds inler‘uyered groy ond massive with columnar jointing:
nity of Botes ond Austin.

UNCONFORM\TY

Clarno formation
Love flows ronging from fresh olivine bosel! to
andesite ond docite: volconic breccic ond con=
g‘omlra'e with thin lenses of Ieof-beuring,-aler-
lord Osh Conglomeratic beds in lower poarts,
os in Bear Creek (secs.10, PS.T.|054.R.32 £.}, con™
toin plocer gold.

UNCONFORM!TY

Sandstone and :onglomercﬂe
Yellow orkosici?) sondsione @nd conglomerote
comprising S ll-rounded pebbles of chert ond
volconic socks and lying of diorite.-

Dioritic intrusive rocks

Massive, medium = 10 toorse-gro.ngd diorite and

quartz diorite

Sedimentary rocks. undivided

Coorse=to medium=groined graywacke and shole.
commonly showing groded bedding’ schistose ond
mlta—beuring where me'umorphOsed neor contlocts
with quortz diorite. l“hologiCo”y similar to Trigssic
and Jurassic rocks in the Aldrich Mountoins (Brown
ond Thaver. 19660, 1966b: Thoyer ond Brown. 1966).

UNCONFORM\TY

igneous and metamorphic rocks

Rpr. portly to completely serpgnnngd pevido'ile.

extensively oltered to tremolite neor quartz diorite.

®kgb, gebbro ond metogobbro:

Rsv, serpentinite: metagabbro. metovoleanic rocks:
ond argillite ond cherh undivided-

Sedimentary. volcanic. and intrusive rocks

MzPzy yndivided sedimentary ond volcanic rocks.

and scattered small masses of serpentinite.

MzPza segimentory rocks mostly orgillitic: with much
chert in ploces; complexly folded ond commonly
slaty-

Mz Pzv metovolcanic rock: ranging from bosolt to
kerotophyre ©F rhyolite. with some cherty interbeds.

Mgy fonge in oge from Devonion to Lote Permion
(Kieweno ond Jeffords. 196%: Bostwick ond Koch, 1962).
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