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SOME MINING DISTRICTS OF EASTERN OREGON

By James Giiory, J. C. Reep, and C. F. Parx, Jr.

ABSTRACT

This report presents the results of a reconnaissance of most of the mining
districts of Oregon east of the Cascade Range, with the exception of the dis-
tricts in the Sumpter quadrangle. The districts described are distributed
through an area roughly coincident with the Blue Mountains, which extend
over much of the northeast quarter of the State.

The geology of the Blue Mountains, except for certain small areas, is known
only in its most general outlines. The most widespread rocks are the Tertiary
volcanic rocks, which extend over a very large part of the State, They are
separated by a profound angular and erosional unconformity from the pre-
Tertiary rocks.

The pre-Tertiary rocks include representatives of all the geologic periods
from Carboniferous to Cretaceous, and earlier periocds may also be represented.

The known Carboniferous rocks include argillite, chert, greenstone, and
subordinate limestone of uncertain age and a thick series of Permian green-
stone, tuff, and limestone. The Triassic rocks include shale, slate, and lime-
stone; the Jurassic rocks are shale and slate; and the Cretaceous are conglom-
erate and sandstone. Schist and phyllite with some limestone and greenstone
of uncertain age occur along the Burnt River west of Durkee and in the
Mormon Basin.

Intrusive rocks of at least two magmatic cycles are widespread in the Blue
Mountains, and the stratigraphy suggests that several cycles may be repre-
sented., The older intrusive rocks include gabbro, pyroxenite, norite, dunite,
liornblende-quartz diorite, and albite granite and are characterized by a con-
siderable degree of shearing and both cataclastic and metasomatic meta-
morphism, The age of some of these rocks in the Canyon Range has been
fixed as Lower or Middle Triassic, and others are known to be post-Triassic.
Younger biotite-quartz diorite and granodiorite of post-Triassic (possibly post-
Jurassic) age are widespread, and the ore deposits of pre-Tertiary age are
believed to be genetically related to these rocks.

Representatives of the Tertiary period include Eocene volcanic rocks and
sediments, Oligocene fluviatile deposits, Miocene basic lavas and fluviatile and
lacustrine sediments, and Pliocene tuff and gravel. The Quaternary deposits in-
clude glacial moraines in the higher mountains, stream gravel, and volcanic ash,

The structure of the pre-Tertiary rocks is complex. Folds are character-
istically close or isoclinal and strike eastward. The post-Permian rocks
appear to be less metamorphosed and less strongly deformed than the earlier
rocks, and the Jurassic legss than the Triassic. More than one epoch of
diastrophism is therefore involved.
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The topography of the region is controlled by the structure imposed in
Tertiary time. Characteristically the structural features trend northwest-
ward in the eastern areas, but in the south and west they trend westward.
Both folding and faulting along these structural lines have continued until
relatively recent, possibly postglacial time.

Mining began in the Blue Mountaing in 1861 with the discovery of the
placer deposits at Auburn. Within a few years most of the surrounding
region had been thoroughly combed for placer gold. Lode mines were located
in these days also, but little work was done on them until the completion
of the transcontinental railroad in 1885. The most active period in lode
mining was from about 1913 to 1918, but since then there has been a rather
steady decline, due in large part, at least, to higher costs of mining. The
total production of gold and silver from the Blue Mountains has been about
$80,000,000, fully $75,000,000 of which was in gold.

Small amounts of copper have been mined in connection with the gold
for many years, and between 1915 and 1928 several properties at Homestead,
on the Snake River, were operated primarily for their copper. During these
years the copper production of Baker County amounted to over 14,000,000
pounds, valued at about $2,400,000. There has also been considerable pros-
pecting for copper and a nominal production from mines near Keating in
the lower Powder Valley.

Considerable chromite was mined during the World War and the years
immediately following in Grant County, chiefly from the Strawberry Range,
and in Baker Ceunty from deposits near Sumpter and from Connor Creek.

A few flasks of mercury have been produced from the Ochoco Mountains, at
intervals since 1906, but not until 1929 has there been widespri ad activity
in this region. '

The ore deposits other than placers in eastern Oregon include gold, gold-
silver, copper-gold, quicksilver, chromite, and manganese deposits.

Of these classes, the gold deposits are most widely represented. Gold-
silver deposits are few ; copper-gold deposits, in which the value of the copper
exceeds that of the gold, are represented by the prospects in the Keating
copper district and by those in the Homestead district on the Snake River,
neither of which is considered in this bulletin, and by the Copperopolis
property at Quartzburg. Quicksilver deposits are limited to the western

. part of the area, in the Ochoco country. Chromite deposits, not here de-
scribed, occur in the Strawberry Range and on Connor Creek, and man-
ganese deposits, all of superficial origin, are present near Durkee and Pleasant
Valley.

The deposits occur predominantly as fissure veins or replacement veins.
Stockworks and impregnation zones are represented by all the copper-gold
deposits and possibly by the Rainbow gold mine in the Mormon Basin. Some
of the chromite deposits are probably due to segregation; others to im-
pregnation. *

Mineralogically the gold deposits are generally simple, carrying pyrite,
pyrrhotite, chalcopyrite, galena, sphalerite, and arsenopyrite in a gangue of
quartz, ankerite, calcite, and locally sericite, chlorite, serpentine, scheelite,
fuchsite, barite, and clays.

Most of the copper deposits carry chalcopyrite, pyrite, galena, sphalerite,
and arsenopyrite in a quartz-barite gangue with some chlorite and epidote,
but the Copperopolis deposit carries considerable tourmaline as the principal
associate of quartz in the gangue.
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The quicksilver deposits are composed of cinnabar with pyrite in a gangue
of quartz, chalcedony, opal, chlorite, nontronite, calcite, dolomite, several
clays, and asphalt.

The mineral deposits, considered genetically, appear to fall into three
groups, each related to a different suite of igneous rocks. Two of these are
of pre-Tertiary age; the third is middle or.later Tertiary.

The chromite deposits, as is the rule elsewhere, are all directly associated
with ultrabasic rocks, dunite and pyroxenite, which have been thought to
represent the earliest of the pre-Tertiary magmatic cycles.

By far the most of the gold deposits are situated in close juxtaposition
with bodies of biotite-quartz diorite, and these deposits are therefore con-
sidered to be genetically related to the latest pre-Tertiary intrusive cycle,
or, if only one pre-Tertiary cycle should prove to be represented in the region,
to the latest intrusions of that cycle.

The quicksilver deposits of the Ochoco region and at least one gold deposit,
the Ophir-Mayflower, occur in Tertiary rocks and hence are obviously related
to much younger magmatic activity than the other deposits. No plutonic
rocks to which these deposits may be related are known in the region, but
the long volecanic history contained in the Tertiary record gives ample evidence
of the existence of intrusive rocks of Tertiary age at greater or less depths
beneath the surface of large parts of the State.

INTRODUCTION

OUTLINE OF PROJECT

In 1929 the State of Oregon made an appropriation for a coopera-
tive survey of the mineral resources of the State, to be carried out
jointly by the State mining board and the United States Geological
Survey. This bulletin presents the results of an examination, made
under this arrangement, of many of the metalliferous deposits east of
the Cascade Range. (See pl. 1.) A restudy of the mines of the
Sumpter quadrangle was made by D. F. Hewett, of the Geological
Survey, and a report on these deposits has appeared elsewhere.
Similarly, the Cornucopia district in the Wallowa Mountains had
been examined by the Geological Survey? a short time before this
work was undertaken, so that no work was done in either of these
areas. Aside from them, however, an attempt was made to cover
all the areas in the State east of the Cascade Range in which metal-
liferous deposits have been worked in recent years and in which the
mining developments are accessible. Unfortunately many of the
mines whose past production has been large were inaccessible, either
altogether or in large part, so that little information could be gained
in them. Among these are the Homestead, Bayhorse, and Connor

1Hewett, D. F\., Zonal relations of the lodes of the Sumpter quadrangle, Oreg.: Am.
Inst. Min. and Met. Eng. preprint, New York meeting, February, 1931.

2 Ross, C. P., Geology and ore deposits of the southern Wallowa Mountaing: U. S. Geol.
Survey Bull. — (in preparation).
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Creek mines, along the Snake River; the Sanger mine, near Lily
White; the Rainbow and Humboldt mines, in the Mormon, Basin;
and the Virtue mine, in Virtue Flat.

The work was severely handicapped in many districts by the lack
of available maps on an adequate scale. For this reason in some
of the heavily wooded districts little could be done beyond very
local studies in and immediately about the accessible mines.

Field work on the cooperative project was undertaken in 1929.
In that year the work was confined chiefly to a study of the copper
deposits near Keating, the results of which are presented in another
paper.® In 1930 work was resumed early in May and carried on
until October 10. The work was carried out in 1929 by James
Gilluly and Ralph B. Stewart; in 1930 by James Gilluly, J. C. Reed,
C. F. Park, jr., and H. G. Mitchell.

The writers acknowledge with gratitude the hearty cooperation
of many mining men in eastern Oregon, especially that of Messrs.
J. L. Fisher and William Phalen, of the Mormon Basin; E.
McNaughton and George Cullen, of the White Swan mine; Al
Borosky, of Medical Springs; C. J. Reuscz, of Durkee; J. L. Layden,
of the Flagstaff mine; William Wendt and J. C. Bowen, of Baker;
Norman Johnson, Robert Dougherty, B. F. Hurt, and Charles Ray,
of Susanville; A. W. Ward, J. C. Howell, G. H. Kight, R. C. Reese,
and H. W. Riley, of Prairie City; W. J. Westerling, of Johnson
Creek; and Lloyd Wiltsie and C. C. Dunham, of Bear Creek. Mr.
Frank C. McColloch, of the State mining board, was very helpful
and special acknowledgment is due to him.

GEOGRAPHY

Northeastern Oregon is largely occupled by a stragghng group of
mountains to which the name Blue Mountains is somewhat loosely
applied. The mountains extend from the vicinity of the Snake
River on the east nearly to the Deschutes Valley on the west and
include many mountain groups to which other local names have
been applied. For instance, the Wallowa Mountains, which lie
in the angle between the lower Powder Valley and the Snake River,
although somewhat isolated, are usually considered a part of the
Blue Mountains, as are the Strawberry Range, south of the East
Fork of the John Day River; the Ochoco Mountains, a westward ex-
tension of the same uplift which reaches nearly to Prineville;
Elkhorn Ridge, west of Baker Valley; and the Greenhorn or Vinegar
Mountains, north of the Middle Fork of the John Day.

3 Gilluly, James, The copper deposits near Keating, Oreg.: U. 8. (ieol. Survey Bull. 830,
pp. 1-32, 1932,
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The individual ranges constituting the Blue Mountains are very
irregular. In general, however, they trend roughly east or south-
east. In altitude they range from about 4,000 feet to over 9,000 feet.
The drainage is exceedingly irregular, although the master streams
trend generally parallel with the course of the ranges as a whole.
The principal streams are Eagle and Pine Creeks and the Grande
Ronde, Wallowa, and Powder Rivers, draining the Wallowa Moun-
tains; the Burnt, Powder, Malheur, Umatilla, and John Day Rivers
and Willow Creek, draining Elkhorn Ridge and the Granite, Straw-
berry, and other ranges; and Ochoco Creek and the Silvies and
Crooked Rivers, draining the Ochoco Mountains. All these streams
have their waters so largely diverted for irrigation during the
summer that their discharge is moderate.

The climate of the area is dry. DBaker has an average annual
precipitation of about 13 inches; Dayville, in the valley of the
South Fork of the John Day River, about 11 inches; and Prineville,
in the Crooked River Valley, about 9 inches. Undoubtedly the pre-
cipitation on the higher mountains of the region is considerably
greater, perhaps four or five times as much.

Throughout the region the lower hills and valleys below an alti-
tude of about 4,000 feet are chiefly barren or clad with sagebrush,
rabbitbrush, and grass. Above this altitude the hills are generally
clad with pine forests, chiefly with beautiful open groves of yellow
pine, although the highest peaks are commonly barren. Along the
streams in the higher country willows, alders, and aspen flourish.
Although lumbering is a major industry and has been for many
years, there still is available a huge supply of timber.

The only standard-gage railroad lines giving access to the Blue
Mountains are the Oregon-Washington Railroad & Navigation Co.’s
line between Huntington and Pendleton and the City of Prineville
Railway, which joins Prineville with the branch of the Great North-
ern Railway in the Deschutes Valley. A narrow-gage line, the Sump-
ter Valley Railway, runs from Baker to Prairie City, and a stand-
ard-gage branch of the Oregon-Washington Railroad.& Navigation
Co. runs to Medical Springs from the main line at Telocaset and
another from Huntington to Homestead, down the Snake River
Canyon. However, the region is crossed by a number of excellent
highways, notably the Oregon Trail from Huntington to Pendle-
ton, the John Day Highway from Ontario to Fossil and thence to
Arlington, and the Ochoco Highway from Redmond to Mitchell.

PREVIOUS WORK

Although there had been hasty trips by earlier explorers, mainly
directed toward collecting fossils in the John Day Basin, the earliest
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systematic investigations of the geology of the region were the
reconnaissance of Lindgren * in 1900 in the eastern Blue Mountains
and that of Merriam ® in 1899 in the John Day Valley. Detailed
information may be said to have begun with the two papers just
cited. The following list contains the other publications that have
added to geologic knowledge of the region. Brief comments have
been appended, descriptive of the contents of the several papers.

1901. Lindgren, Waldemar, Rare minerals in gold quartz veins of eastern
Oregon: Min. and Sci. Press, vol. 82, p. 252. A mineralogic
contribution. :

1902. Condon, Thomas, The Two Islands and what came of them, Portland,
Oreg. A popular account of the geology of the State, very generalized.

1902. Knowlton, F. H., Fossil flora of the John Day Basin, Oreg.: U. S. Geol.
Survey Bull. 204. Almost wholly paleobotanical studxes of the collec-
tions from the Tertiary of the John Day Basin.

1902. Calkins, F. C., A contribution to the petrography of the John Day Basin,
Oreg.: California Univ. Dept. Geology Bull,, vol. 3, pp. 109-172. De-
scribes the igneous history as determined from the petrographic char-
acter of the sediments and lava flows of the John Day Valley.

1903. Washburne, C. W., Notes on the marine sediments of eastern Oregon:
Jour. Geology, vol. 11, pp. 224-229. Gives results of a fossil collecting
expedition through theé® Blue Mountain region.

1903. Merriam, J. C., and Sinclair, W. J., The correlation of the John Day and
the Mascall: Jour. Geology, vol. 11, pp. 95-96. An abstract of the
correlations suggested.

1907. Merriam, J. C., Tertiary faunas of the John Day region: California Univ.
Dept. Geology Bull,, vol. 5, pp. 171-205. Vertebrate faunas listed and
described.

1909. Pardee, J. T., Faulting and vein structule in the Cracker Creek gold
district, Baker County, Oreg.: U. 8. Geol. Survey Bull. 380, pp. 85-94.
Discusses the relations between faults and veins in the district.

1910. Pardee, J. T., Placer gravels of Sumpter and Granite districts, eastern
Oregon: U. 8. Geol. Survey Bull. 430, pp. 59-65. Discusses the effect
of glaciation on the concentration of the placer gold.

1910. Melzer, B., North Pole mine, Baker County, Oreg.: Eng. and Min. Jour,,
vol. 89, pp. 868-869. A description of a mine in the Sumpter
quadrangle,

1912, Smith, J. P., The occurrence of coral reefs in the Triassic of North
America: Am. Jour. Sci., 4th ser., vol. 22, pp. 92-96. Describes the
Triassic limestone on Eagle Creek at Martin Bridge.

1912. Parks, H. M., The economic geological resources of Oregon: Oregon State
Bur. Mines Bull. 2, Corvallis, Oreg. A summary of the information
available at the time.

1914. Pardee, J. T.,, and Hewett, D. F., Geology and mineral resources of the
Sumpter quadrangle, Oreg.: Mineral Resources of Oregon, vol. 1,
No. 6, pp. 1-128, Oregon Bur. Mines and Geology. A summary report
on several seasons’ work in the Sumpter quadrangle.

1914. Grant, U. 8., and Cady, G. H., Preliminary report on the general and

" economic geology of the Baker district of eastern Oregon: Mineral

4 Lindgren Waldemar, The gold belt of the Blue Mountains of Oregon: U. S. Geol.
Survey Twenty-second Ann. Rept., pt. 2, pp. 551-776, 1901.

§ Merriam, J. C., A contribution to the geology of the John Day Basin : California Univ.,
Dept. Geology Bull, vol. 2, No. 9, pp. 269-314, 1901.
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Resources of Oregon, vol. 1, No. 6, pp. 129-161, Oregon Bur. Mines and
Geology. A reconnaissance report on several scattered areas in the
Baker quadrangle.

Swartley, A. M., Ore deposits of northeastern Oregon: Mineral Resources
of Oregon, vol. 1, No. 8, Oregon Bur. Mines and Geology. Summarizes
the available information on the geology of the mines of the area.

Collier, A. J.,, The geology and mineral resources of the John Day
region: Mineral Resources of Oregon, vol. 1, No. 3, Oregon Bur. Mines
and Geology. Discusses the stratigraphy, structure, and coal re-
sources of the John Day Basin,

Merriam, J. C., Stock, Chester, and Moody, C. L., An American Pliocene
bear: California Univ. Dept. Geology Bull, vol. 10, pp. 87-109. De-
scription of fossils from the Rattlesnake formation.

Merriam, J. C., Mammalian remains from a late Tertiary formation at
Ironside, Oreg.: California Univ. Dept. Geology Bull, vol. 10, pp.
129-135. Describes a Pliocene depositi in the Ironside Mountain
quadrangle.

Parks, H. M., and Swartley, A. M., Handbook of the mining industry of
Oregon : Mineral Resources of Oregon, vol. 2, No. 4, Oregon Bur. Mines
and Geology. An alphabetic list of mining properties throughout the
State, with short descriptions of most of the mines and prospects.

Smith, W. D., The Wallowa Mountains, Oreg.: Mazama, vol. §, pp. 233~
250. A popular account of a reconnaissance of the Wallowa Mountains.

Smith, W. D., and Packard, E. L., The salient features of the geology of
Oregon: Jour. Geology, vol. 27, pp. 79-120. A general account of the
geology of the State. )

Buwalda, J. P., Oil and gas possibilities of eastern Oregon: Mineral
Resources of Oregon, vol. 3, No. 2, Oregon Bur. Mines and Geology.
Deals chiefly with the Tertiary deposits.

Pardee, J. T., Deposits of manganese ore in Montana, Utah, Oregon, and
‘Washington: U. S. Geol. Survey Bull. 725, pp. 211-228. Describes
deposits near Pleasant Valley and Durkee, in the eastern part of the
Blue Mountains.

Westgate, L. G., Deposits of chromite in eastern Oregon: U. 8. Geol.
Survey Bull. 725, pp. 37-60. Describes chromite near Canyon City and
on Connor Creek.

Packard, E. L., and Nelson, R. N., Geologic occurrence of the Hardgrave
Jurassic fauna of Burns, Oreg.: Geol. Soc. America Bull, vol. 32,
p. 148. Reports the discovery of a Jurassie locality on the south
flank of the Ochoco-Strawberry Mountain uplift.

Stock, Chester, and Furlong, E. L., A marsupial from the John Day
Oligocene of Logan Butte, eastern Oregon: California Univ. Dept.
Geology Bull,, vol. 13, pp. 311-317. Paleontology only.

Chaney, R. W, Paleobotanical contributions to the stratigraphy of
central Oregon: Geol. Soc. America Bull, vol. 34, p. 129 (abstract).
A summary of results of work on the John Day section.

Chaney, R. W., Fossil floras of the John Day Basin: Carnegie Inst,
Washington Year Book, No. 22, pp. 349-350. Paleobotany of the John
Day section.

Livingston, D. C., A geologic reconnaissance of the Mineral and Cuddy
Mountain mining district, Washington and Adams Counties, Idaho:
Idaho Bur. Mines and Geology Pamphlet 138. Contains a geologic map
of the Snake River Canyon below Huntington, with a description of the
Bay Horse mine.
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1925. Merriam, J. C., Stock, Chester, and Moody, C. L., The Pliocene Rattle-
snake formation and fauna of eastern Oregon, with notes on the
geology of the Rattlesnake and Mascall deposits: Carnegie Inst. Wash-
ington Pub. 347, pp. 43-92. A brief description of the geology and
vertebrate paleontology of the upper Tertiary of the John Day region,

1925. Chaney, R. W., A comparative study of the Bridge Creek flora and the
modern Redwood forest: The Mascall flora, its distribution and cli-
matic relation: Carnegie Inst. Washington Pub. 349, pp. 1-48.

1927. Goodspeed, G. E., jr., Bifects of inclusions in small porphyry dikes at
Cornucopia, Oreg.: Jour. Geology, vol. 35, pp. 653-662. Discusses
petrology of certain dikes at Cornucopia.

1927. Chaney, R. W., Geology and paleontology of the Crooked River Basin
with special reference to the Bridge Creek flora: Carnegie Inst. Wash-
ington Pub. 346, pp. 45-13S. Chiefly paleobotanic data but describes
new localities of Tertiary sediments in the Crooked River Basin.

1928. Packard, H. L., A new section of Paleozoic and Mesozoic rocks in central
Oregon: Am. Jour. Sci., 5th ser., vol. 15, pp. 221-224, Brief description
of an important discovery of pre-Tertiary rocks on the south flank of
the Ochoco uplift,

1928. Livingston, D. C., Certain topographic features of northeastern Oregon
and their relation to faulting: Jour. Geology, vol. 36, pp. 694-T708.
Discusses the relations between drainage courses and faults in the
northeastern part of the Blue Mountain area.

1928. Hewett, D. F., Shannon, E. V., and Gonyer, F. A., Zeolites from Ritter
Hot Springs, Grant County; Oreg.: U. S. Nat. Mus. Proc., vol. 73, art.
16. Mineralogic data only.

1928. Buwalda, J. P., Geological features of the John Day region, eastern
Oregon: Geol. Soc. America Bull, vol. 39, pp. 269-270. A very brief
summary of the stratigraphy and structure of the John Day Basin.

1928. Maxson, J. H., Merychippus isonesus (Cope) from the later Tertiary of
the Crooked River Basin, Oreg.: Carnegie Inst. Washington Contr.
Paleontology, Pub. 393, pp. 55-58. Describes a Mascall form from a
locality near Post, in the Crooked River Valley.

1928. Hodge, B. T., Structural features in John Day and Deschutes River Can-
yons (abstract) : Pan-Am. Geologist, vol. 49, pp. 305-306. A summary
statement of the discovery of new Oretaceous and Tertiary localities
west of Mitchell.

1929. Buwalda, J. P., A Neocene erosion surface in central Oregon: Carnegie
Inst. Washington Pub. 404 (preprint), pp. 1-10. Describes the rela-
tions of a post-Rattlesnake erosion surface, presumably of late Plio-
cene age, developed in the John Day region.

1929. Goodspeed, G. E., The mode of origin of a reaction porphyry dike at
Cornucopia, Oreg.: Jour. Geology, vol. 37, pp. 146-176. The petrology
of a porphyry dike at Cornucopia.

1930. Goodspeed, G. E. Recrystallization of xenoliths at Cornucopia, Oreg.:
Am. Jour. Sci., 5th ser., vol. 20, pp. 145-150. A petrologic study of
inclusions in the intrusive mass at Cornucopia.

1931. Hewett, D. F.,, Zonal relations of the lodes of the Sumpter quadrangle,
Oreg.: Am. Inst. Min. and Met. Eng, preprint of paper for New York
meeting. Describes the variations in mineralogy of the different quartz
lodes as the intrusion is approached.

A great deal of work bearing on the geology of this region has
been done in recent years by Prof. E. L. Packard, of the University
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of Oregon; Prof. J. P. Buwalda, of the California Institute of Tech-
nology; Dr. Ralph L. Lupher, of Washington State College; and
Clyde P. Ross, of the United States Geological Survey; but unfor-
tunately their results have not yet been published.

GENERAL GEOLOGY

GENERAL FEATURES

Tertiary volcanic rocks underlie the surface of most of the region
considered in this report. Pre-Tertiary formations are in general
exposed only within the straggling structural uplifts that form the
Blue Mountains. Extensive exposures of these older rocks are for
the most part limited to the’more notable uplifts and may be entirely
absent in some of the smaller ones. As the general altitude and the
structural relief both diminish toward the west, the exposed areas
of pre-Tertiary rock diminish in this direction -also.

The pre-Tertiary rocks include representatives of all the geologic
periods from Carboniferous to Cretaceous, and as some of the more
metamorphosed rocks have yielded no fossils, it is possible that
earlier periods are also represented.

The known Carboniferous deposits include argillite, chert, and
greenstone with subordinate limestone of uncertain age, and a thick
series of greenstone, tuff, and limestone of Permian age. Triassic
shale, slate, and limestone, Jurassic shale and slate, and Cretaceous
conglomerate and sandstone are found in the region. Schist, phyl-
lite, limestone, and greenstone of uncertain age occur along the Burnt
River west of Durkee and in the Mormon Basin, but their regional
relations are not yet well enough known to decide whether they
are Carboniferous or Triassic, as mapped by Lindgren,® or of some
other age.

Intrusive rocks of at least two magmatic cycles are widespread in
the Blue Mountains, and the stratigraphy, because of the recurrent
volcanic activity extending from Carboniferous to Jurassic time,
suggests that several cycles may be represented. The older intrusive
rocks include gabbro, pyroxenite, dunite, hornblende-quartz diorite,
and albite granite and are characterized by a considerable degree
of shearing and both cataclastic and metasomatic metamorphism.
The age of some of these rocks in the Canyon Range has been fixed
as Lower or Middle Triassic?; others are known to be post-Triassic.
Younger biotite-quartz diorite and granodiorite of post-Triassic,
possibly post-Jurassic age are widespread, and the ore deposits of
pre-Tertiary age are believed to be genetically related to these rocks.

¢ Lindgren, Waldemar, op. cit., pl. 64.
7Lupher, R. L., personal communication, Apr, 21, 1931.

164495—33——2
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Representatives of the Tertiary period include Eocene volcanic
rocks and sediments, Oligocene fluviatile deposits, Miocene basic
lavas and fluviatile and lacustrine sediments, and Pliocene tuff and
gravel. The Quaternary deposits include glacial moraines in the
higher mountains, stream gravel, fan deposits, and volcanic ash.

The structure of the pre-Tertiary rocks is complex. Folds are
characteristically close or isoclinal and strike east. The post-
Permian rocks appear to be less metamorphosed and less strongly
deformed than the earlier rocks, and the Jurassic less than the
Triassic, though this comparison is less.definite. Seemingly more
than one epoch of diastrophism is involved—possibly three or four.
Exposures of Mesozoic or earlier unconformities are not known in
the area with which the writers are acquamted but have been ob-
served in the area studied by Packard south of the Ochoco Range,?
and the profound post-Mesozoic unconformity is one of the dominant
features of eastern Oregon geology. The Tertiary rocks rest in-
differently upon representatives of all the earlier periods in utter
disregard of their structure except in so far as pre-Tertiary erosion
was guided by it.

The present aspect, of the country is dominated by the structure
imposed in Tertiary time. Characteristically the structural features
trend northwestward in the eastern areas, but in the south and west
they trend westward. The mountains stand high chiefly because
of uplifts along these lines; the valleys, for the most part, are struc-
tural. Movements along these trends have extended to very recent,
possibly postglacial time and have been effected by both folding and
faulting. Geomorphic interpretation of the topography is difficult,
especially in the eastern areas, where these movements are apparently
youngest, and deductions as to erosion cycles, either pre-Miocene or
later, must be founded upon the recognition of the recency of these
displacements.

ROCK UNITS
CARBONIFEROUS SYSTEM

Carboniferous rocks are widespread in the Blue Mountain region,
being found in the Wallowa Range? the Snake River Canyon,'°
Elkhorn Ridge,'* near Pleasant Valley, and near Supplee,'* south

8 Packard, E. L., op. cit, p. 223.

9 Ross, C. P, Geology and ore deposits of a part of the Wallowa Mountains, Oreg. :
U. 8. Geol. Survey Bull. — (in preparation). Washburne, C. W., Notes on the marine sedi-
ments of Oregon: Jour. Geology, vol. 11, p. 225, 1903. Gilluly, James, Copper deposits
near Keating, Oreg.: U. S. Geol. Survey Bull. 830, pp. 6-13, 1932.

10 Laney, F. B., personal communication to C. P. Ross.

1 Lindgren, Waldemar, The gold belt of the Blue Mountains of Oregon: U. 8. Geol.
Survey Twenty-second Ann. Rept., pt. 2, pp. 577-579, 1901. Pardee, J. T., and Hewett,
D. F.,, Geology and mineral resources of the Sumpter quadrangle: Mineral Resources of
Oregon, vol. 1, No. 6, pp. 30-35, Oregon Bur. Mines and Geology, 1914,

12 Washburne, C. W., op. cit.,, p. 225. Packard, B. L., A new section of Paleozoic and
Mesozolc rocks in central Oregon: Am. Jour. Sci., 5th ser., vol. 15, p. 222, 1928,
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of the Ochoco Mountains. Other localities, more doubtfully refer-
able to the Carboniferous, are near Prairie City and Susanville,
along the South Fork of the John Day River, on upper Beaver
Creek, and on Grindstone and Twelvemile Creeks in the Crooked
River dlamage basin. .

The Carboniferous rocks near Supplee include massive hmestone,
chert, and chert breccia approximating 3,000 feet in thickness. They
are of Mississippian age.** The rocks on Beaver Creek are pos-
sibly Devonian ** but more likely Carboniferous, and those on Grind-
stone and Twelvemile Creeks are upper Paleozoic, presumably
Carboniferous.

The great section of Carboniferous rocks in Elkhorn Ridge and
near Pleasant Valley in the eastern Blue Mountains is composed
of siliceous argillite, carbonaceous shale, chert, some interbedded
greenstone, and subordinate lenses of limestone. The thickness of
a partial section is estimated by Pardee® as about 3,000 feet; pos-
sibly it may be much greater. The age of these rocks is not fixed
closer than their reference to the Carboniferous, which rests on the
determination of Fusulina and some poorly preserved brachiopods
collected by Pardee.** Some crinoid stems found near Winterville
by Lindgren *” and crinoid stems and poorly preserved bryozoans
found near Pleasant Valley by the writers suggest but by no means
suffice to demonstrate, according to G. H Girty, that the age of the
rocks is Carboniferous.

The rocks in the Wallowa Range referred with some question to
the Carboniferous are sandstone, conglomerate, marble, quartzite,
slate, and shale, with some volcanic material and much chert, pre-
sumably several thousand feet in total thickness.®* Their reference
to the Carboniferous rests on their close association with a green-
stone series, discussed below, which they seem in part to underlie
and in part to overlie, and upon their apparent unconformable rela-
tion beneath known Triassic rocks.

In the foothills of the Wallowa Range and extending from a point
west of North Powder to and beyond the Snake River at Homestead,
as well as along the Snake River at the mouth of the Burnt River,
there is a thick series of altered volcanic flows and tuffs, minor in-
trusions, and subordinate interbedded argillite, chert, and lenticular
limestone. These greenstones are probably for the most part of
submarine origin and are composed chiefly of albite-bearing rocks,
including keratophyre, quartz keratophyre, albite diabase, and
spilite. The thickness is probably at least 3,000 feet. Their age is
established as Permian, on the basis of fossil collections from the

18 Packard, E. L., op. cit.,, p. 222, 18 Ydem, p. 35.
1 Waghburne, C. W., op. cit., p. 226. 17 Lindgren, Waldemar, op. cit., p. 578.
18 Pardee, J. T., op. cit,, p. 32, 8 Ross, C. P., op. cit.
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included limestone near Homestead,’® near Medical Springs,”® and
in the district near Keating.?* The rocks along the Snake River at
the mouth of the Burnt River have not yielded fossils, and there may
be some doubt of their correlation.

The argillite mapped by Lindgren 22 near Prairie City and the
slate of Susanville were referred by him to the Carboniferous on
the basis of their lithologic similarity to the Carboniferous of Win-
terville and Elkhorn Ridge, but this reference must be regarded as
tentative in the absence of fossil evidence. The rocks of Susanville
in particular seem to differ in lithology rather notably from the
known Carboniferous of the region.

TRIASSIC SYSTEM

Triassic rocks are well developed in the Wallowa Mountains 2
and are also present in the Snake River Canyon north of Home-
stead,?* in the Canyon Range south of Canyon City,?® and in the
region of Freeman Creek, the South Fork of the John Day River,
and Bear Valley,?® in the country between Canyon City and Supplee.
Rocks referred with some question to the Triassic occur along the
Snake River south of Robinette.?”

The Triassic rocks of the Wallowa Mountains have been named
the Martin Bridge formation. They consist of 1,000 to 3,000 feet of
limestone, limy shale, and interbedded volcanic rocks of Upper
Triassic age.?® A comparable thickness of chiefly andesitic volcanic
rock, exposed in the valley of the Cliff River, is believed by Ross to
be contemporaneous with the Martin Bridge formation.

Perhaps 20,000 feet of slate and shale with minor amounts of
rhyolite, schistose conglomerate, shaly limestone, greenstone, and
massive limestone, are exposed in the Snake River Canyon for
about 20 miles along the river from a point near Robinette nearly
to the mouth of the Burnt River. These rocks have been referred
- to the Triassic by Lindgren ** and Livingston ** but without fossil
evidence.

The Triassic rocks north of Homestead are tuff and lava, with in-
terbedded shale and limestone, and carry casts of Halobia or Daon-

1 Laney, F. B., personal communication to C, P. Ross.

20 Washburne, C. W., op. cit., p. 225.

‘2 Gilluly, James, op. cit., p. 13.

2 Lindgren, Waldemar, op. cit., pl. 64.

% Lindgren, Waldemar, op. cit.,, pp. 580-582. Ross, C. P., op. cit.

2 Lindgren, Waldemar, op. cit., p. 581.

% Lupher, R. L., personal communication to James Gilluly, Apr. 21, 1931.

® Packard, E. L., op. cit.,, p. 228,

# Livingston, D. C., A geologic reconnaissance of the Mineral and Cuddy Mountain
districts, Idaho: Idaho Bur. Mines and Geology Pamphlet 13, pp. 5-6, 1924.

B Ross, C. P, op. cit. Smith, J. P.,, The occurrence of coral reefs in the Triassic of
North America: Am. Jour. Sci., 4th ser., vol. 33, pp. 94-95, 1912,

2 Lindgren, Waldemar, op. cit., pl. 64, pp. 752-753.

% Livingston, D. C., op. cit., pp. 5-6.
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ella®* No details as to the thickness or distribution of this forma-
tion are known.

The rocks south of Canyon City that have been referred to the
Triassic on fossil evidence consist chiefly of dark fine-grained shale,
sandstone, grit, and conglomerate.®? Their thickness has not been
published, but it is known to be considerable.

JURASSIC SYSTEM

Rocks of Jurassic age have not been proved to be present in the
eastern part of the Blue Mountains, although about 3,000 feet of
unfossiliferous slate, sandstone, conglomerate, and hornfels (presum-
ably derived from the slate) have been found in the Wallowa Moun-
tains overlying the Upper Triassic and may represent the Jurassic
period.®

A great thickness of Jurassic shale, impure limestone, sandstone,
and conglomerate has been found in the Silvies River country south
of John Day.?* Jurassic rocks have been reported from the vicinity
of Supplee ** and from Red Butte, in T. 19 S., R. 30 E.* TUnfortu-
nately the results of the large amount of work done in this region
by Mr. Lupher have not yet been published, so that more detailed
information is not available, beyond the fact that Lower Jurassic
fossils like those of the Hardgrave sandstone of California occur
in one of the several formations that have been discriminated.
The occurrence of the fauna of the Hardgrave sandstone on Beaver
Creek, a tributary of the Crooked River, in the Blue Mountains of
eastern Oregon, was recorded by Hyatt " on the basis of collections
obtained by Thomas Condon.

CRETACEOUS SYSTEM

Stratified rocks representative of the Cretaceous system have not
been recognized in the eastern part of the Blue Mountains but are
found along Beaver Creek near Supplee,®® near Mitchell,*® and in
Spanish Gulch east of Mitchell.# The rocks near Mitchell are sand-
stone, conglomerate, and shale, formerly correlated, on lithologic
grounds, with the Knoxville of California. More recent studies by

% Lindgren, Waldemar, op. cit.,, p. 581,

® Packard, E. L., op. cit.,, p. 223.

33 Ross, C. P., op. cit.

# Lupher, R. L., personal communication, 1929,

3 Packard, E. L., op. cit., p. 223.

% Washburn, C. W., op. cit.,, p. 227.

% Hyatt, Alpheus, Trias and Jura in the Western States: Geol. Soc. America Bull,,
vol. 5, p. 401, 1894,

38 Packard, E. L., op. cit., pp. 223-224, Washburne, C. W., op. cit.,, pp. 228-229.

3 Merriam, J. C., A contribution to the geology of the John Day Basin : California Univ,
Dept. Geology Bull,, vol. 2, No. 9, p. 284, 1901,

40 Jdem, pp. 284-285. Washburne, C. W., op. cit., p. 228.
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Packard ** suggest that no beds of Knoxville age are present at
Mitchell, but that representatives of both Horsetown and Chico are.
They are about 3,000 or 4,000 feet thick.

The Cretaceous rocks exposed at the other localities listed are
conglomerate and sandstone of unknown thickness whose fauna
suffices to correlate them with the Chico formation of California.

STRATA OF UNKNCWN BUT PRE-TERTIARY AGE

A considerable thickness of chloritic pencil schist, quartz phyllite,
quartzitic schist, greenstone, and limestone occurs on Dooley Moun-
tain, south of Baker, extending west into the southern part of the
Sumpter quadrangle and eastward along the Burnt River Canyon
to and beyond the Mormon Basin. The series, which is not con-
spicuous in the Sumpter quadrangle, was there mapped as a part
of the Carboniferous argillite,*> whereas on Lindgren’s map * it
was shown as Carboniferous along the Burnt River Canyon west of
Durkee but as Triassic in the Mormon Basin. The series seems to
be not less than 4,000 feet thick, even after allowance is made for
probable isoclinal folding, so that it is a notable element in the
geology of the region, but owing to intrusions and Tertiary over-
laps, its relations have not yet been deciphered, and, as it has not
vielded fossils, it is not known whether the rocks underlie, are
equivalent to, or overlie the argillite. The rocks are clearly pre-
Tertiary, as they are overlain with -marked unconformity by
Tertiary sediments and volcanic rocks.

TERTIARY SYSTEM

The most widespread rocks of the Blue Mountain region are of
Tertiary age. Although many years of painstaking work, chiefly
by Merriam and his associates, #* has resulted in the establishment of
a standard section in the John Day Basin, sufficiently detailed work
has not yet been done in more easterly areas to enable confident
correlations to be made with this section.

4 Packard, E. L., Carnegie Inst. Washington Yearbook, No. 26, p. 365, 1927.

¢ Pardee, J. T.,, and Hewett, D. F., op. cit., map.

4 Lindgren, Waldemar, op. cit., pl. 64.

4 Merriam, J. C., A contribution to the geology of the John Day Basin : California Univ.
Dept. Geology Bull., vol. 2, pp. 269-314, 1901. Merriam, J. C., and Sinclair, W, J., The
correlation of the John Day and the Mascall: Jour. Geology, vol. 11, pp. 95-96, 1903.
Merriam, J. C., Tertiary fauna of the John Day region: California Univ. Dept. Geology
Bull.,, vol. 5, pp. 171-205, 1907. Merriam, J. C., Stock, Chester, and Moody, C. L., An
American Pliocene bear: California Univ. Dept. Geology Bull., vol. 10, pp. 111-127, 1916.
Merriam, J. C., Stock, Chester, and Moody, C. L., The Pliocene Rattlesnake formation and
fauna of eastern Oregon, with notes on the geology of the Rattlesnake and Mascall
deposits : Carnegie Inst. Washington Pub. 347, pp. 43-92, 1925. Calkins, F. C., A contri-
bution to the petrography of the John Day Basin: California Univ. Dept. Geology Bull,
vol. 3, pp. 109-172, 1902. Chaney, R. W., A comparative study of the Bridge Creek flora
and the modern redwood forest: The Mascall flora; its distribution and climatic relation:
Carnegie Inst, Washington Pub. 349, pp. 1--48, 1925,
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The Tertiary section in the John Day Basin includes the Clarno
formation at its base, followed by the John Day formation, Columbia
River lava, Mascall, and Rattlesnake formations, including repre-
sentatives of the Eocene, Oligocene, Miocene, and Pliocene epochs.

The Clarno, which is about 2,000 feet thick,*® consists of shale, tuff,
and andesitic rhyolitic lavas and contains two different floras. Both
of these floras were originally referred to the Eocene,**- but the
upper, whose type locality is Bridge Creek, has been thought to be of
Oligocene age,*” and Buwalda® has called the entire Clarno “ prob-
ably Oligocene.” In a manuscript submitted in July, 1924, and pub-
lished in 1926, Knowlton* revised his former opinion and stated that
the upper part of the Clarno is probably lower Miocene. Berry® also
states that the upper part of the Clarno is clearly younger than
Eocene and may well be as young as Miocene. The United States
Geological Survey assigns the Clarno to the upper Eocene and lower
Oligocene. Beds similar in lithology and flora crop out in the
Crooked River Valley®* and have been correlated with the type areas
on Bridge Creek and near Clarno Ferry, from which the formation
extends beyond Fossil to a point near Heppner.52

The John Day formation, about 2,000 feet thick,*® con51sts of
varicolored shale, tuff, conglomerate, and sandstone, a331gned by the
United States Geological Survey to the middle and upper Oligocene
and lower Miocene, resting conformably on the Clarno. It is ex-
posed in the Crooked River Valley near Post, as well as in the type
locality north of the Ochoco Range, in the John Day Valley.

The Columbia River lava, as much as 2,500 feet thick,’® rests
unconformably on the John Day formation and constitutes the
most widespread formation in the State. This lava is thought to
extend from the Cascade Range to central Idaho and from central
Washington to the Harney Basin in southern Oregon. Some doubt
may be expressed as to the detailed correlations through the extremes
of this region, but none as to the great extent of this formation
within it.

4 Collier, A. J., The geology and mineral resources of the John Day region: Mineral
Resources of Oregon, vol. 1, No. 3, p. 13, Oregon Bur. Mines and Geology, 1914.

40 Knowlton, ¥. H., Fossil flora of the John Day Basin, Oreg.: U. 8. Geol. Survey Bull.
204, p. 113, 1902,

4 Chaney, R. W., op. cit., p. 22.

‘48 Buwalda, J. P., Geological features of the John Day region, eastern Oregon: Geol.
Soc. America Bull,, vol. 89, p. 269-270, 1928.

4 Knowlton, F. H., Flora of the Latah formation of Spokane, Wash., and Coeur d'Alene,
Idaho: U. 8. Geol. Survey Prof. Paper 140, p. 23, 1926,

5 Berry, E. W., A revision of the flora of the Latah formation: U. S. Geol. Survey Prof.
Paper 154, p. 235, 1929.

5t Chaney, R. W., op cit., p. 21.

82 Collier, A, T., op. cit., geologic map,

53 Idem, p. 10.
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Overlying the Columbia River lava with approximate conformity
is the Mascall formation, consisting of tuff and *lake beds” over
2,000 feet thick:®* These beds are classified by the United States
Geological Survey as of middle Miocene age, but they are regarded
by some geologists as upper Miocene. They are now preserved only
in a syncline at the type locality near Dayville and although formerly
more extensive, at least toward the north,*® probably did not extend
as a continuous formation over much of the country. A flora of
similar aspect has been collected from the Payette formation of
Idaho, the Ellensburg formation of central Washington, the Latah
formation of eastern Washington, Trout Creek in Malheur County,
Oreg., and several localities in Nevada and California, as well as
from Tipton, a point northeast of Austin, in the Sumpter quad-
rangle.®® The basins in which these deposits were laid down were
probably all local, however.

Unconformably overlying the Mascall formation is the Pliocene
Rattlesnake formation, consisting of gravel, tuff, and rhyolite 900
feet thick °" or less, which was presumably laid down in an old
valley of the John Day River. It was a local deposit, without doubt.

In the Sumpter quadrangle *® the Tertiary formations recognized
differ notably from those exposed in the John Day Valley 50 miles
to the west. From bottom to top they are gravel (local only),
andesitic tuff breccias (2,000 feet thick), “older basic flows” (100
to 300 feet thick), lake beds and rhyolite, and “ younger basic lavas.”
Of these only the “lake beds” have yielded fossils, which show
that they are of Miocene age, presumably correlative with the
Mascall. The tentative correlation with the section in the John Day
Valley, suggested by Pardee and Hewett,” is as follows:

Sumpter quadrangle John Day region
Younger basic lavas____________________ ().
Lake beds and rhyolite — Mascall formation.
Older basic flows Columbia River lava.
Tuff-breccia - John Day formation.
Pre-tuff-breccia gravel .. ___._______ Clarno (?) formation.

The difficulties in the way of correla:tion of these Tertiary beds
are considerable, however, as is illustrated in the comparison between

8 Merriam, J. C., Stocl;, Chester, and Moody, C. L., The Pliocene Rattlesnake forma-
tion and fauna of eastern Oregon, with notes on the geology of the Rattlesnake and
Mascall deposits: Carnegie Inst. Washington Pub. 347, p. 52, 1925.

5 Jdem, p. 49. )

5 Chaney, R. W., op. cit., p. 46.

57 Merriam, J, C., Stock, Chester, and Moody, C. L., Carnegie Inst. Washington Pub. 347,
p. 56, 1925,

68 Pardee, J. T., and Hewett, D. F., Geology and mineral resources of the Sumpter quad-
rangle: Mineral Resources of Oregon, vol. 1, No. 6, pp. 39-47, Oregon Bur. Mines and
Geology, 1914.

8 Jdem, p. 47.
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the Tertiary section established in the Sumpter quadrangle and that
in the Baker quadrangle just to the east. The section in the Baker
quadrangle, as determined by the writers, is, from bottom to top,
(1) rhyolitic breccia of Dooley Mountain, (2) porphyritic andesite,
(8) andesitic tuff-breccia, (4) Columbia River basalt and andesite
with interbedded fluviatile and lacustrine beds, (5) lacustrine and
fluviatile beds overlying the Columbia River basalt, and (6) basalt.
The topmost basalt is local only and occurs just east of the Baker
quadrangle, not in it.

The tentative correlation suggested with the Sumpter quadrangle
is as follows:

Sumpter quadrangle Baker quadrangle
Younger basic lavas__ —_— Basalt.
Lake beds and rhyolite-________________ Lake beds.
Columbia River hasalt-- .. Columbia River basalt.
Andesitic tuff-breccia.
Tuff-brecei® Porphyritic andesite.

Rhyolite breccia of Dooley Mountain,
Pre-tuff-breccia gravel.

The only fossils collected from the Tertiary rocks of the Baker
quadrangle were leaves from the lake beds interfingering with the
Columbia River lava in the lower Powder Valley, and these are
reported to be of Miocene age,’® supporting a tentative correlation
with the Mascall on the one hand and the Payette on the other.

The meager extent of many of the Tertiary formations, both
sedimentary and volcanic, is so evident from the differences in the
rock succession in the John Day Valley and in the Sumpter and
Baker quadrangles that the writers hesitate to suggest a correlation
with the John Day section in the absence of detailed work in the

intervening areas.
QUATERNARY SYSTEM

Quaternary deposits present in the Blue Mountains include fan
gravel and alluvial deposits in Baker and Grande Ronde Valleys
and along the main streams and a thin deposit of white volcanic ash,
which occurs widespread in the region, especially in alluvial cones at
the mouths of mountain streams. A few small glacial moraines
deposited by alpine glaciers occur in Elkhorn Ridge and the Wallowa

Mountains.
PLUTONIC ROCKS

General features—A great variety of intrusive rocks is present in
the Blue Mountain region, ranging in composition from serpentine,
dunite, pyroxenite, norite, and gabbro through diorite, hornblende-
quartz diorite, biotite-quartz diorite, and granodiorite to albite

% Brown, R. W., personal communication, 1930.
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granite. Structurally the intrusive rocks range from gneissic to
almost massive.

Lindgren ®* suggested that intrusive rocks of more than one age
may be present in the region, a conclusion which is supported by the
diversity of metamorphism represented in the plutonic rocks, by the
long volcanic history recorded in the stratigraphy, and most conclu-
sively by the recent work of R. L. Lupher, who has obtained definite
stratigraphic evidence in the Canyon Creek area, south of Canyon
City, that intrusives of Middle or Lower Triassic age and of probable
Upper Jurassic age (post-Callovian, pre-Horsetown) are there pres-
ent.®? In the Sumpter quadrangle a metagabbro sill is involved in
folding that is earlier than the intrusion of “ granodiorite” at Bald
Mountain.®® ~

Of the widespread plutonic rocks the granodiorite of Lindgren,
here called biotite-quartz diorite, is clearly the youngest and may be
tentatively called late Jurassic, correlative with the Idaho batholith.®
Petrographic studies by D. F. Hewett show that the Bald Mountain
mass of ¢ granodiorite ” of Lindgren contains less than 8 per cent of
orthoclase, and hence should be classed as quartz diorite. Similarly,
studies by the writers show that the so-called granodiorite at Gold
Hill, that at Pedro Mountain, and the rock at Haines are typically
quartz diorite, only locally carrying enough potash feldspar to
warrant calling them granodiorite. The question whether the biotite-
quartz diorite is merely the last intrusive of a single magmatic cycle
or the representative of a cycle distinct from the one which is repre-
sented by the gabbro, hornblende-quartz diorite, and associated rocks
must be left open, although some evidence that it represents a distinct
cycle is available.®® Indeed, several distinct cycles may be repre-
sented in the other rocks. Evidence to date them accurately is only
locally available, however, so that the descriptions here given are
based on petrography rather than age.

Serpentine—Serpentine, largely derived from dunite, pyroxenite,
and basic gabbro, occurs in large quantities near Robinsonville and
Bonanza, in the Sumpter quadrangle, near Susanville, and in the
Strawberry Mountains.®® It also occurs in smaller masses in the Mor-
mon Basin, southeast of Rye Valley, on Dooley Mountain (Baker
quadrangle), north and northeast of Prairie City, and near Pleasant
Valley. In all these localities the serpentine possesses the usual
colors, ranging from yellowish green to black, and is thoroughly

o Lindgren, Waldemar, op. cit., p. 596.

%2 Lupher, R. L., personal communication, Apr. 21, 1931.

6 Pardee, J. T., and Hewett, D. F., op. cit., pp. 34, 36-38.

¢ Ross, C. P., Mesozoic and Tertiary granitic rocks in Idaho: Jour. Geology, vol. 36,
pp. 673-693, 1928.

% Reed, J. C., and Gilluly, James, A study of the heavy mineral assemblages of some
of the plutonic rocks of eastern Oregon: Am. Mineralogist, vol. 17, pp. 201220, 1832.

% Lindgren, Waldemar, op. cit., p. 589.
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slickensided and sheared. It is soft but tough, very resistant fo
crosion, and affords a poor soil that is commonly barren of vege-
tation. Locally asbestos seams are present in the rock, and at least
one deposit, near Pine Creek, south of Dooley Mountain, in the
Baker quadrangle offers some commercial possibilities.

Other wltrabasic rocks—Dunite and closely related harzburgite
are present in the Mormon Basin and presumably were formerly
present elsewhere im the Blue Mountains but are now largely altered
to serpentine. Only small bodies of unserpentinized basic rocks
remain. Some pyroxenite occurs on Canyon Creek.%

Gabbro, diabase, and norite—Gabbro is widespread in the Blue
Mountains, being found in the Wallowa Mountains ® in the Virtue
district, in Elkhorn Ridge, in the Greenhorn Mountains, near Dixie
Butte north of Prairie City, near Canyon City,” and in the Mormon
Basin. Many of these masses of gabbro show gneissic banding and
brecciation, indicating strong compression after their consolidation.
The rocks are commonly dark gray and fairly coarse grained and
are composed of labradorite or more calcic plagioclase with augite
or hornblende derived from augite.

Diabase is found in the Quartzburg district and near Canyon City
but is not a common rock among the older intrusives. However,
dikes that are considered to be feeders for the Columbia River basalt
flows are rather common in the Wallowa Mountains, especially near
Cornucopia.” Some of these are diabase, though others are normal
basalt. '

The only norite so far recorded from this part of Oregon crops out
northeast of the Flagstaff mine, north of Virtue Flat, in the Baker
quadrangle. It is composed of labradorite and hypersthene.

Diorite—Diorite is widespread in the Blue Mountain region, in
association with the gabbros and also as local facies of the quartz
diorites. It has been found in the Mormon Basin, in Elkhorn Ridge,
on Dooley Mountain, near Keating, in the Wallowa Mountains,™ in
the Coyote Hills near Haines,” in Dixie Creek Canyon above Prairie
City, and in the Powder River Canyon near North Powder.

Commonly the diorites are sheared and recrystallized to some ex-
tent, but those associated with quartz diorite are not. The nonquartz-
ose diorites consist of andesine feldspar and augite or hornblende
as the essential minerals; some have a little orthoclase and biotite
with the usual accessory minerals.

97 Lupher, R. L., personal communication, Apr. 21, 1931.

% Ross, C. P., Geology and ore deposits of a part of the Wallowa Mountaing: U. S. Geol
Survey Bull. — (in preparation).

® Lindgren, Waldemar, op. cit., p. 588.

7 Idem, p. 598.

1 Ross, C. P., op. cit.

7 Lindgren, Waldemar, op. cit., p. 588.

5}
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Quartz diorite and granodiorite—The most widespread granitic
rock of the Blue Mountains is biotite-quartz diorite that locally
varies to granodiorite. This rock occupies large areas in the Green-
horn Mountains and Elkhorn Ridge and also occurs near Haines,
in the Wallowa Mountains, in the Virtue district, and on Lookout
and Pedro Mountains. Hornblende-quartz diorite, which differs
mineralogically from the biotite-quartz diorite only in containing
hornblende rather than biotite as the chief dark mineral, in this re-
gion differs also in being commonly somewhat more sheared or even
gneissic. It occurs in close association with gabbro near Dixie Butte,
north of Prairie City, in the Elkhorn Ridge, near Keating, and in
the Virtue district.

Albite gramite—Albite granite is present over considerable areas
in the Magpie Peak district, east of Haines, and in the Keating and
Sparta districts. It is composed of albite and quartz as essential
minerals with usually a little epidote and chlorite and rarely a little
amphibole. The rock is characterized by its high degree of breccia-
tion and by peculiar pseudophenocrysts of quartz as well as by a
very common graphic structure. It has been regarded as a replace-
ment product of the hornblende-quartz diorite.”

STRUCTURE

Pre-Tertiary structure—The dominant feature of the structure of
the pre-Tertiary rocks of the Blue Mountain country is the prevalent
east-west trend of the rocks. The Blue Mountains offer an analogy,
in the western part of the Cordillera, to the Owl Creek and Uinta
Mountains in the eastern part, in possessing structural features trans-
verse to the strike of the mountain system as a whole. Throughout
the nearly 200 miles from the Seven Devils region of Idaho to the
Deschutes Valley the principal trends are westward. Exceptions to
this trend are noted along the Snake River Canyon between Hunt-
ington and Robinette, where the supposed Triassic schist and slates
strike north-northeast, and in Elkhorn Ridge, where northwesterly
strikes are common.

Through the entire region the bedded rocks lie in closely appressed
folds, some of which are probably isoclinal. The metamorphic
character of the rocks has thus far prevented the working out of
details of structure; presumably more detailed mapping will throw
light on the character of the folding and the possibilities of fault-
ing. It seems probable that the territory embraced within the Pine
quadrangle is especially critical in this connection.

% Gilluly, James, The origin of the albite granite near Sparta, Oreg.: U. 8. Geol. Survey
Prof. Paper 175, pp. 65-81, 1933.
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The masses of intrusive rocks have clearly influenced the struc-
ture and have had a considerable effect in inducing schistosity and
local deviations in strike peripheral to them. This feature is espe-
cially marked about the Pedro Mountain mass of quartz diorite,
whose effects are described on page 36, and has also been noted in
Bald Mountain and McCully Fork,™ in the Sumpter quadrangle, al-
though there is some evidence that there has also been permissive
intrusion and engulfment of the country rock in this same general
region.” Detailed study of the interhal structure of the quartz
diorite near Haines seems to show that this body was emplaced, in
part at least, by shouldering the walls apart.

Nevertheless, inclusions of country rock in several of these intru-
sive masses have much more marked schistosity than the intrusions,
suggesting that at least some of the pressure that induced the schis-
tosity was regional in extent and earlier than the intrusion of the
plutonic masses now exposed, hence not directly attributable to
them. It is thus possible that the folding and metamorphism of the
country rock are primarily results of regional pressure and orogenic
activity whose final phases included the injection of the biotite-
quartz diorite masses. Much more detailed work will be needed to
determine these questions.

The fact that the pre-Triassic rocks of the Wallowa Range are
clearly much more metamorphosed than the Triassic rocks sug-
gests that at least two periods of orogenic activity have occurred
in the region. Another period is indicated by the strong angular
unconformity between the Triassic and Jurassic rocks south of
Canyon City " and by the fact that some of the pyroxenite of that
region is of Lower or Middle Triassic age, whereas a gabbro which
intrudes it is probably late Jurassic.”” In the mountainous region
as a whole, however, sufficient work has not been done to differentiate
the effects of these several movements. Provisionally, a post-Per-
mian pre-Upper Triassic and a post-Triassic orogeny may be con-
sidered fairly well established.

Pre-Tertiary wnconformity—Wherever the contact is exposed
in the Blue Mountain region the Tertiary rocks are seen to rest
with marked angular unconformity on the pre-Tertiary rocks.
This unconformity is one of the dominant features of the geology
of the region. The overlying rocks rest indifferently, at one place

or ;.mother, upon all the pre-Tertiary rocks, and their attitudes are
entirely discordant.

% Pardee, J. T., and Hewett, D. F
= Taa o Ty s ., op. cit.,, pp. 86-37.

:Lupher, R. L., oral communication, 1929,
Lupher, R. L., personal communication, Apr. 21, 1930.
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That the surface upon which the Tertiary rocks were deposited
was extremely irregular is demonstrated by both stratigraphic and
structural evidence. The stratigraphic evidence may be exemplified
by the relations in the valley of the East Fork of the John Day
River. At Picture Gorge, northwest of Dayville, the Columbia
River basalt is underlain by about 2,000 feet of earlier Tertiary beds,
whereas a few miles to the east the basalt rests directly upon the
pre-Tertiary basement. Similarly, in the Sumpter quadrangle the
“older basic lavas” rest directly on the pre-Tertiary rocks at Black
Mountain, whereas only about 10 miles to the south, at King’s Moun-
tain, they are separated from the pre-Tertiary by about 1,800 feet of
“tuff-breccia.” Although an unconformity exists between the John
Day and Columbia River lava at Picture Gorge, it is probably not
great, and there is apparently complete conformity between the
“andesitic tuff-breccia” at King’s Mountain and the overlying
“older basic lavas.” Numerous examples of similar though less strik-
ing stratigraphic variations in the Tertiary rocks beneath the Colum-
bia River basalt occur in the Baker quadrangle.

Structural evidence of the irregularity of the surface of uncon-
formity is no less strong. As pointed out by Lindgren,”® the Snake
River Canyon between the Wallowa Mountains and the Seven Devils
exposes an old mountainous topography whose relief exceeds 2,500
feet, abutting against which and finally overtopping its ridges rests
undisturbed Columbia River lava. Several exposures near the
mouth of Pine Creek show, by the curvature of the columnar joint-
ing of the lava, that.the steep slopes against which the flows abut
were in existence at the time of their extravasation and are not due
to later faulting. Similar exposures, showing a relief of 300 or 400
feet in a horizontal distance of less than 1,000 feet, are found at the
mouth of Big Creek in the Powder River Canyon and along Au-
hurn Canyon in the Baker quadrangle and on Goose Creek in the
Pine quadrancrle

In view of these evidences of great irregularity of the pre- -Ter-
tiary surface it has proved thus far impracticable to recognize, in the
Blue Mountain region, any representative of the old erosion surface
of central Idaho of supposed early Tertiary age.” At any rate, the
surface upon which the Columbia River lava was poured out was,
even if allowance is made for post-Miocene folding and faulting, by
no means a peneplain, or even a surface of low relief.

Tertiary folding and fauwlting—Throughout the Blue Mountain
region there has been much deformation of the Tertiary rocks, al-

"8 Lindgren, Waldemar, The gold and silver veins of Silver City, De Lamar, and other
wining districts in Idaho: U. 8. Geol. Survey Twentieth Ann. Rept., pt. 3, pp. 91-93, 1900,

" Ross. C. P., Salient features of the geology of south-central Idaho (abstract) : Wash
ington Acad. Sci. Jour., vol. 18, pp. 267-268, 1928,
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though the dips impressed upon them only locally exceed 20° or
30°. The deformation has taken place both by folding and by fault-
ing, but except locally the dominant process has been folding. In
the eastern part of the area the folding has occurred chiefly along
axes trending northwest or west-northwest, as observed by Pardee
and Hewett®*® in the Sumpter quadrangle and by the writers in the
Baker and near-by areas, but in the John Day Valley the axes trend
more nearly westward,®® and near Heppner southwestward. To a-
large extent the country owes its present configuration to these folds,
the higher country being anticlinal and the lowlands synclinal, al-
though of course the major drainage courses have modified this rela-
tionship in many places.

Faulting has- occurred along axes that characteristically trend
somewhat more northerly than the associated folds,* but the displace-
ment 1s in general such as to emphasize the structural relief due to
the folding. Probably the most noteworthy faults so far mapped
are those exposed in the Oregon Copper Co.’s mine on Balm Creek
near Keating and those determining the course of Sutton and Alder
Creeks southeast of Baker, in the Baker quadrangle. The last-
named faults continue, at least as a zone, into the line of faults that
bound Elkhorn Ridge on the northeast.

The age of the folding is known to be post-Miocene in large part,
for fossiliferous upper Miocene beds are involved, but there may
have been some folding in earlier Tertiary time. Some folding has
also occurred in post-Pliocene time, for the Rattlesnake formation, of
this age, is tilted several degrees.

The faults are probably contemporaneous with the folds, but
some, such as the one that occurs along the northeast side of Elk-
horn Ridge, are probably Pleistocene,’ or at least their latest activity
is of that age, whereas others, such as those in the Lake Creek basin
southwest of Baker, and about a mile north of Lost Basin, in the
southeastern part of the Baker quadrangle, have been active so
recently that the drainage is disrupted by them.

These recent movements have produced further irregularities in
the topography of the northeastern part of the Blue Mountains,
which already, owing to the contrasted lithology of soft lacustrine
Miocene beds and durable cherty argillite, gabbro, and quartzitic
schist, was of highly diversified character. It has been impossible

8 Pardee, J. T., and Hewett, D. F., op. cit., pp. 45—47.

8 Collier, A. T, op. cit.,, geologic map. Merriam, J. C., Stock, Chester, and Moody,
C. L., Carnegie Inst. Washington Pub. 347. pp. 49, 57-58, 1925.

8 Buwalda, J. P., Report of investigations: Carnegie Inst. Washington Yearbook 27,
p. 385, 1928, Pardee, J. T., and Hewett, D. F., op. cit,, geologic map. Gilluly, James,
Geology of the Baker quadrangle, Oreg.: U. 8. Geol. Survey Bull. — (in preparation).

8 Lindgren, Waldemar, The gold belt of the Blue Mountains of Oregon: U. 8. Geol.
Survey Twenty-second Ann. Rept., pt. 2, pp. 652-653, 1901.
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so far to recognize in this area the Ochoco erosion surface,* of
Pliocene age, which is extensively developed in the Ochoco Range
and is probably represented in the plateau surface near Condon.
Possibly more detailed work over a wider area than was possible
for the writers may permit the recognition of this surface, but it
seems equally possible that it was not so well developed here as
in the internal drainage basin of Harney Valley and the lately
-aggradational Deschutes Valley.

MINERAL DEPOSITS
HISTORY OF MINING

Although mining began in southwestern Oregon about 1852, the
discovery of gold in the Blue Mountains dates from the fall of 1861,
when a prospector named Griffin located the placer deposits in
Griffin Gulch, a few miles southwest of Baker.® The rich placers
of Auburn, near by, were discovered the following year, and a rush
to the district followed, so that within a year Auburn had a popula-
tion of 5,000. The evanescence of such placer camps is illustrated
by the fact that not a house is standing on the site of this once
flourishing city.

The great influx of miners naturally brought about intensive pros-
pecting of the surrounding territory, with the result that within
two years practically all the districts of the Blue Mountains and the
Boise Basin and Owyhee districts in Idaho were located by prospec-
tors from Auburn. Within a few years the need for increased sup-
plies of water for mining was felt, and considerable investments
were made in ditches to carry water to the placer ground. The Au-
burn Ditch, which is still used to carry the municipal supply of
Baker but no longer for mining, was completed in 1863, the Rye
Valley Ditch in 1864, the Sparta Ditch in 1873, and the El Dorado
Ditch, the longest, in 1873. The El Dorado Ditch is over 100 miles
long and carried water from a point near the head of the Burnt
River to the placer diggings at Malheur. All these ditches except
the Auburn have been long since abandoned.

As in most placer districts, the first few years marked the peak
of production. Lindgren estimated the output from Oregon during
the four years from 1862 to 1865 as probably near $50,000,000,5¢ most
of which was derived from the Blue Mountain country. Lindgren’s
compiled data show that the production fell off rapidly at first,

8 Buwalda, J. P.,, A Neocene erosion surface in central Oregon: Carnegie Inst. Wash-
ington preprint of Pub. 404, June, 1929.

% Lindgren, Waldemar, op. cit., p. 563.

& Jdem, p. 569.
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then more slowly until about 1883, when lode mining began to make
itself felt.

Although numerous lode mines were opened before 1870, trans-
portation facilities were so poor that little lode mining could be
done until 1885, when the transcontinental railroad now traversing
the district was completed. From about 1889 the quartz mines made
a rapid increase in production, resulting about 1899 and 1900 in
a considerable influx of prospectors and miners, whose influence was
felt in a “ boom ” that led to the development of many mines. The
most productive period in the history of lode mining was 1913
to 1918, but since that period until 1929, the latest year for which
statistics are available, the output has fallen off.

PRODUCTION

The following table shows the production of gold and silver in
the Blue Mountain region since 1903. Statistics for the years 1900
to 1902 are not available by counties. Figures for years up to 1899
are given by Lindgren.*

Gold and silver produced in Baker, Grant, and Malheur Counties, Oreg., from
1903 to 1929

[Compiled from annual volumes of Mineral Resources of the United States, published by the United
States Geological Survey to 1923, since 1923 by the United States Bureau of Mines. Chapters on Oregon
for 1903-1921, by C. G. Yale; for 1922-1926, by J. M. Hill; for 1927-1929, by V. C. Heikes]

Baker Grant Malheur

Year Total
Gold Silver Total Gold | Silver | Total Gold |Silver| Total

1003 $691,546 | $12,520 | $704,066 | $102,313 |$34,439 | $136, 752 |$29,227 |__.___. $29, 227 | $870, 045
1904_...] 790,828 44, 355 835,183 82,280 | 29,417 | 111,697 | 23,0069 $10 | 23,079 069, 959
1905_...| 771,607 55, 161 826, 768 88,246 | 14,952 | 103,198 | 18,495 80 | 18,575 948, 541
1906....| 695,653 35,084 731, 637 55,002 | 2,492 57,584 | 4,847 51| 4,808 704,119
1907_...| 631,045 45,929 676,974 80,645 | 7,106 87,751 | 19,127 P 87 | 19,214 783, 939
1908....| 507,929 9,273 517,202 88,636 | 9,533 08,169 | 14, 699 51 | 14,750 630, 121
1909_...| 417,538 10, 147 4217, 685 41,328 881 42,209 | 42,353 801 | 43,154 513, 048
1910...| 401,002 16,111 417,113 36,201 | 1,254 37,455 | 31,274 850 | 32,124 486, 692
1911....| 389,786 16, 400 406, 186 37,341 | 1,230 38,571 | 14,133 67 | 14;200 458, 967
1912__..| 484,041 24,071 508, 112 21,627 359 21,986 | 43,430 250 | 43,680 573,778

1913___.{ 1,373,480 47,826 | 1,421,306 63,652 | 55,361 | 119,013 | 82,041 | 2,026 | 84,067 | 1,624,386
1014____| 1,313,967 32,222 | 1,346,189 52, 328 37, %1 97,809 | 50,052 | 1,260 | 51,312 | 1,495,310
7 1

63,593 | 1,052 64,645 | 14,276 47 | 14,323 | 1,860,066
137,720 | 18,995 | 156,715 | 1,802 270 | 2,162 | 1,470,026

101,981 | 13,026 | 115,007 047 6 963 | 1,216, 001

64,495 | 22,021 86,516 | 1,285 131 1,298 | 1,026,095

69,453 | 6,526 75,979 200 2 202 | 1,049, 869

1921._..[ 605,465 39, 509 644,974 | 108,200 | 1,613 | 109,822 | 3,410 40 | 3,450 , 246
1922__..| 322,688 | 142,582 465,270 | 120,268 | 6,671 126,930 | 9,536 96 | 9,632 601, 841
1923....| 290,403 69, 094 359,407 | 157,770 | 8,885 | 166,655 | 5,159 53| 5212 531, 364
1924 __| 324,252 17,809 342,061 | 171,181 | 7,275 | 178,456 | 8,224 75 | 8,209 528,816
1925....[ 181,251 14, 085 195,336 | 111,607 | 8,008 | 119,615 | 3,336 58 | 3,394 318,345
1926, 75, 564 5,654 81,218 | 114,532 | 9,821 | 124,353 | 8,288 214 | 8,502 214,073
1927.... 82,305 4,800 87,105 | 152,049 | 20,514 | 173,463 [ 1,308 56| 1,362 261, 930
1928._.. 11, 408 826 12,234 81,862 | 14,935 96,797 | 1,076 5| 1,081 110,112
1929 ... 25, 601 249 25, 850 73,252 | 11,006 84,348 | 2,262 11| 2,273 112,471

17,679, 465 |1, 198, 873 |18, 878, 338 12, 202, 378 |346,104 |2, 638, 482 |467, 583 | 7,177 |474, 760 (21, 991, 580

87 Lindgren, Waldemar, op. cit.,, p. 573.
164495—33——3
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The great bulk of the mineral production of the Blue Mountain
country has been in gold and silver, but small amounts of copper
have been mined in connection with the gold for many years, and
between 1915 and 1928 several properties at Homestead, on the Snake
River, were operated primarily for their copper. During these
years the copper production of Baker County, derived chiefly from
the Homestead Iron Dyke mine, amounted to more than 14,000,000
pounds, valued at about $2,400,000. There has also been consider-
able prospecting for copper and a nominal production from mines
near Keating, in the lower Powder Valley.s®

Considerable chromite was mined during the World War and the
years immediately following in Grant County, chiefly from the
Strawberry Range and in Baker County from mines near Sumpter
and from Connor Creek. These deposits have been described by
Westgate.’* Under normal conditions the distance from market is
such as to preclude the use of ores of the grade here found.

A few flasks of mercury have been produced from the Ochoco
Mountains at intervals, at least since 1906, but not until 1929 was
there widespread activity in this region. The total production had
been small up to the time of this investigation.

Small amounts of manganese were mined near Pleasant Valley
and Durkee during 1917, in response to war demands. Like the
chromite deposits they are not minable under normal conditions. -
They have been described by Pardee.?

CLASSIFICATION

The ore deposits other than placers in eastern Oregon may be
classified in accordance with the metals they contain or in accordance
with their shape and other structural features or their mineralogy.
A classification based on the metals contained would list the deposits
as gold, gold-silver, copper-gold, quicksilver, chromite, and man-
ganese deposits.

Of these classes, the gold deposits are most widely represented.
Gold-silver deposits are few; among the mines described in this re-
port only the Intermountain claims in the Mormon Basin district
and the Bay Horse mine on the Snake River fall into this group.
Copper-gold deposits, in which the value of the copper exceeds that
of the gold, are represented by the prospects in the Keating copper
district and by those in the Homestead district on the Snake River,

8 (illuly, James, Copper deposits near Keating, Oreg.: U. 8. Geol. Survey Bull. 830,
pp. 1-32, 1932.

8 Westgate, L. G., Deposits of chromite in eastern Oregon: U. S. Geol. Survey Bull, 725,
pp. 37-60, 1921.

% Pardee, J. T., Deposits of manganese ore in Montana, Utah, Oregon, and Washing-
ton: U. 8. Geol. Survey Bull. 725, pp. 211-228, 1921.
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neither of which is included in the present report, and by the Cop-
peropolis property at Quartzburg. Quicksilver deposits are limifed
to the .western part of the area in the Ochoco country. Chromite
deposits, not here described, occur in the Strawberry Range and on
Connor Creek, and manganese deposits, all of superficial origin, are
present near Durkee and Pleasant Valley.

If the deposits are classified on the basis of structure the predomi-
nant mode of occurrence is as fissure veins or replacement veins.
This class includes all the deposits primarily valuable for gold,
silver, and quicksilver, except possibly that of the Rainbow mine.
Stockworks and impregnation zones are represented by all the cop-
per-gold deposits and possibly by the Rainbow mine in the Mormon
Basin. Some of the chromite deposits are probably due to segrega-
tion; others to impregnation.

Mineralogically the gold deposits are generally simple, carrying a
few sulphides, of which pyrite, pyrrhotite, chalcopyrite, galena,
sphalerite, and arsenopyrite are by far the most prominent, in a
gangue of quartz, ankerite, calcite, and locally sericite, chlorite,
serpentine, scheelite, fuchsite, barite, and clay. Metallic minerals
present locally but nowhere abundantly include magnetite, hematite,
tennantite, tetrahedrite, cobaltite, enargite, glaucodot, bornite, covel-
lite, chalcocite, bismuthinite, polybasite, native gold, native bismuth,
and hessite.

Most of the copper deposits carry chalcopyrite, pyrite, galena,
sphalerite, and arsenopyrite in a quartz-barite gangue with some
chlorite and epidote, but the Copperopolis deposit carries consider-
able tourmaline as the principal associate of quartz in the gangue.

The quicksilver deposits are composed of cinnabar and pyrite in
a gangue of quartz, chalcedony, opal, chlorite, nontronite, calcite,
dolomite, several clays, and asphalt.

MAGMATIC RELATIONSHIPS OF THE MINERAL DEPOSITS

The mineral deposits, considered genetically, appear to fall into
three groups, each related to a different suite of igneous rocks.
Two of these groups, including the chromite and most of the gold
deposits, are of pre-Tertiary age. The third, including the quick-
silver and at least one gold deposit, is of middle or late Tertiary age.

The chromite deposits, as is the rule elsewhere, are all directly
associated with ultrabasic rocks—dunites and pyroxenites—which
have been thought to represent the earliest of the pre-Tertiary
magmatic cycles.

By far the most of the gold deposits are situated in close juxta-
position with bodies of biotite-quartz diorite, and all investigators
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have agreed in assigning these deposits to an origin in the final exuda-
tions from these plutonic bodies. According to the interpretation
offered in this report, these deposits are thus related to the latest
pre-Tertiary intrusive cycle, or, if only one pre-Tertiary cycle should
prove to be represented in the region, to the latest intrusions of that
cycle.

The reference to a source in the biotite-quartz diorite is most
strongly supported by the marked increase in the value, size, and
persistence of the veins near the larger bodies of the rock, such as
those in the western Elkhorn Ridge and at the east end of the Green-
horn Mountains, in the Sumpter quadrangle. Most of the larger
mines have been developed within the masses of biotite-quartz diorite,
or not more than 2 or 3 miles from the contact. The concentration
of the larger mines near these intrusive rocks is emphasized by the
parallel concentration of the more intensely mineralized areas whose
deposits have not so far been productive in a large way. These, too,
cluster about the masses of biotite-quartz diorite in a very suggestive
manner.

The quicksilver deposits of the Ochoco region and at least one gold
deposit, the Ophir-Mayflower, are contained in Tertiary rocks and
hence are obviously related to much younger magmatic activity than
the other deposits. It is likely that the deposit of the Oregon King
mine, near Ashwood, is of the same age, but no work was done on this
deposit during this survey. No plutonic rocks to which these de-
posits may be related are known to be exposed in the region, but the
long volcanic history contained in the Tertiary record gives ample
evidence of the existence of intrusive rocks of Tertiary age at greater
or less depths beneath the surface of large parts of the State.

Mineralization connected with Tertiary intrusive rocks has been
widespread in the Cascade Mountains, 30 or 40 miles west of this re-
gion, and in Idaho but has been very slight in eastern Oregon, com-
pared with the mineralization associated with the older intrusions.
The difference in age between the two series of deposits is emphasized
by the presence of detrital gold derived from the older veins in the.
oldest Tertiary sediments, proving that these deposits, not formed at
shallow depths, had been deeply weathered and eroded before the
Tertiary deposition began.

Mineralogic contrasts between the Tertiary quicksilver deposits
and the pre-Tertiary precious-metal deposits are profound, the one
group being characterized by cinnabar, calcite, opal, chalcedony, and
clay, the other by pyrite, arsenopyrite, chalcopyrite, sphalerite,
galena, tetrahedrite, quartz, ankerite, and mica. The only Tertiary
gold deposit here described, that of the Ophir-Mayflower mine, has
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no arsenic minerals and has much chalcedony and montmorillonite,
an association which is commonly regarded as indicative of lower
temperature during deposition than that characteristic of the pre-
Tertiary deposits.

GENERAL ECONOMIC CONSIDERATIONS

The mines in eastern Oregon that have hitherto been most produc-
tive lie mainly in the Sumpter quadrangle and in the Wallowa
Mountains. Neither of these districts is here described. The mines
considered in this report have been for the most part small, and those
that had been more productive in the past were inactive at the time
of this survey. Aside from some of the quicksilver properties, none
of the mines were producing at the time of this examination, al-
though development work was in progress at several.

The notable and widespread production of placer gold in the re-
gion, however, sufficiently demonstrates the presence of mineral
deposits over very large areas in the Blue Mountains, and the ques-
tion arises why the mining industry should be dormant. The
reason is largely economic but is fundamentally geologic. The
principal economic factors have been the prohibitive costs of mining,
milling, and transportation. These costs were abnormally high
from 1915 to 1929, and although they have since substantially de-
creased they are still materially higher than in the pre-war years.
Production in many gold camps throughout the country declined
abruptly during this period, and according to the figures on page 25
the small production in Malheur County reacted similarly. That
from the larger mines declined less abruptly, and the closing of most
of the mines in Sumpter, the leading district, reflected the inability
to continue operations at a profit. A contributing factor in depress-
ing the industry was the difficulty in successfully trea:ting the com-
plex sulphide ores in the Sumpter district.” .

As regards geologic conditions, one of the most severe handlcaps
of the districts here described arises from the structure—that is,
there are few large persistent veins. Instead of the valuable min-
erals being concentrated in a regular vein system, most of the de-
posits are characterized by irregular, commonly interrupted, and
intersecting veinlets, narrow and difficult to follow. Thus an
amount of gold which, if it occurred in a single vein, would be
adequate to support a mine is scattered throughout a large body of
gangue from which it can not at present be economically recovered.
Eastern Oregon in this respect resembles large parts of Alaska
and certain areas in Idaho and Montana, from which huge sums

91 Pardee, J. T., and Hewett, D. F., op. cit., p. 34.
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have been won by placer mining without the discovery of corre-
spondingly concentrated lode deposits. A few large veins have been
found, however, and perhaps others remain to be developed. Ex-
amples of the larger veins are the Connor Creek, Rainbow, Sanger,
Virtue, and Flagstaff.

Lindgren has emphasized the similarity between the geology of
eastern Oregon and that of the Mother Lode belt of California and
has stated 2 that the ore may be expected to extend “ to the greatest
depths yet attained in gold mining.” This statement is doubtless
correct in the sense that the mineralization persists to such depths.
To the writers, however, it appears likely that very few of the veins
will be found so persistent as this statement might imply, because
only a few of them have demonstrated lengths that may be com-
mensurate with persistence to great depths. The mineralogy of the
veins may and doubtless does persist to great depths, but whether
many of the veins will prove structurally continuous and minable in
depth is doubtful. Exceptions must be made for the long veins
of the Sumpter quadrangle and possibly for some of the larger
veins here described, but on the whole it is likely that few of the
veins can be followed with fair hope of successful mining below a
few hundred feet.

These comments should not be understood as condemning the
entire region, even though mining costs continue -to be relatively
high. Several of the mines here described seem capable of profit-
able exploitation if their development is undertaken in a conserva-
tive way and with a minimum of overhead. Other deposits, such
as those at Quartzburg and Susanville, although promising intrin-
sically, are so remote from transportation that they must probably
await new developments in the technique of recovery or lower costs
before they can operate profitably on any considerable scale. Even
in these districts, however, pocket hunting on a small scale may
prove profitable.

Another factor entering into the question of profitable exploita-
tion involves the mineralogic changes that may be expected as the
veins are followed downward. In this connection it seems likely
that the primary mineralization may be assumed to be of about con-
stant character, for although it is possible that a zoning may occur,
the changes involved will probably not affect the recovery in any
one mine. More significant than primary changes are the min-
eralogic changes due to weathering. As far as was detected in this
survey of the region there has been no supergene enrichment of
gold below the oxidized zone. There has been, however, a residual
enrichment in the weathered zone, where valueless gangue has been
leached out, leaving the free gold in higher concentration. Below

%2 Lindgren, Waldemar, op. cit.,, p. 610.
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the water level the veins become of lower grade, because there has
been no such removal of the gangue, but, what is of more conse-
quence, instead of being free and readily amenable to amalgama-
tion, the gold is so thoroughly locked up in sulphides that only a
small part of it is recoverable by amalgamation, and the ore does not
lend itself readily to cyanidation. Concentrates must be brought to
very high values before they can be profitably shipped to smelters,
because of the high cost of transportation from many of the districts.

The quicksilver deposits near Prineville have a distinct advantage
in this respect, because their product is compact and can readily be
transported. Several of the prospects appear to have good possi-
bilities for profit if worked in a conservative way and with adequate
condensing apparatus on their retorts.

THE DISTRICTS
MORMON BASIN

GEOGRAPHY

The Mormon Basin district lies in T. 13 S., R. 42 E., Willamette
base and meridian. The boundary between Baker and Malheur
Counties passes through the district. The Mormon Basin, the valley
which has given its name to the district, is an oval depression about
8 by 2 miles in extent, formed by the headwaters of Basin Creek, a
tributary of Willow Creek. Altitudes in the basin range from about
4,500 feet to about 6,000 feet. The climate is dry, with moderate
snowfall, which rarely interferes seriously with travel.

The district is reached by a wagon road about 12 miles long from
Brogan, the railhead on Willow Creek of a branch line connecting
with the Oregon Short Line at Ontario, but most of the travel to and
from the district goes by way of Durkee or Huntington, 22 and 25
miles, respectively, distant by road.

FIELD WORK

No base map of the area was available, so that it was necessary to
make the accompanying topographic map (pl. 2) concurrently with
the geologic map. An approximate elevation obtained by aneroids
was used for an initial point, a base line measured by stadia, and the
map developed by triangulation and stadia. The topographic
sketching is the work of C. F. Park, jr. About two weeks was spent
in the district.

GEOLOGY
GENERAL FEATURES

The dominant-and also the oldest geologic formation of the dis-
trict is composed of quartzite, quartz schist, slate, greenstone, and
chlorite schist with a few small limestone lenses of unknown age.
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Lindgren *¢ referred them with some doubt to the Triassic, but in
the absence of fossil evidence their lithology does not appear so con-
vincingly like that of the known Triassic of the Wallowa Mountains
as to justify any confident correlation with these rocks.

Intrusive into these rocks are many basic and ultrabasic igneous
rocks, now represented for the most part by greenstone, serpentine,
amphibolite, and talc rocks, highly sheared and deformed to a degree
comparable to that of the accompanying schist, although locally
masses of gabbro, pyroxenite, dunite, and harzburgite are still recog-
nizable as such.

Along the north edge of the mapped area is the large quartz diorite
mass of Pedro Mountain, and apophyses of this mass occur in bosses
and sills elsewhere in the basin. Several aplite and pegmatite dikes,
presumably related to this intrusive mass, were also observed. These
rocks have not undergone the intense shearing to which the previously
described rocks have been subjected. Lindgren’s map shows another
“ granite ” area just southwest of the basin, but the mapping of this
report did not extend so far. No evidence bearing on the age of
these intrusions has been obtained in this survey, and there is ap-
parently no reason to question the post-Jurassic and pre-Chico age
assigned to them by Lindgren.

The lower part of the basin is largely occupied by stream gravel
and sand, with boulder deposits of Tertiary age. These deposits
contain interbedded dacite flows and are capped by andesite. Their
former extent was considerably greater, as is shown by remnants on
the divide at the head of California Gulch. The present streams are
actively removing these old gravel deposits from the basin.

The schist is steeply folded, with the schistosity (which is for the
most part parallel to the bedding) striking roughly parallel to the
periphery of the quartz diorite of Pedro Mountain, or about
N. 45°-80° E. in the eastern part of the area and N. 25°~70° W. in
the western part. Dips are chiefly steep toward the north, but locally
a few southward dips were observed. The Tertiary rocks, which are
strongly discordant with the schists, are tilted at moderate angles, the
steepest observed dip being 18°.

SCHIST SERIES

The schist series in the district is composed chiefly of metamor-
phosed sediments. The dominant rock of the series is quartz-mica
schist, with both muscovite and biotite developed along the shear
surfaces. Locally there are masses of nonschistose quartzite, pos-
sibly similar to the original rock from which the schist was derived
or representing less shaly, hence less readily altered interbeds in the
sediments. N

9 Lindgren, Waldemar, op. cit., pl. 64.
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Along the divide southeast of California Gulch there is a con-
siderable belt of black carbonaceous slate interbedded in the schist
series. Similar slate also occurs north of the Rainbow mine. Else-
where in the basin similar slate and, locally, carbonaceous phyllite
are intercalated in the schist series, but these rocks, doubtless because
of their weakness, are ordinarily poorly exposed. They may be
much more widespread than appears from the sparse outcrops. In
places these rocks are altered to andalusite hornfels.

Half a dozen or more limestone lenses were observed in the schist
series. All are small, none being more than 300 or 400 feet long and
75 feet wide and most of them much smaller. These lenses were
carefully searched for fossils but without success. Most of them are
coarsely crystalline carbonaceous limestone with a little quartz, but
one or two show some alteration to diopside and tremolite hornfels.

In the southern half of the mapped area there are large tracts
in which chlorite schist is the dominant rock. It conforms in struc-
ture with the associated quartz-mica schist and slate. Locally these
rocks are associated with recognizable igneous rocks, and they are
accordingly interpreted as the sheared and metamorphosed equiva-
lents of these andesitic or diabasic rocks. Some pyroclastic rocks are
also represented. Their mineralogy, as revealed by the microscope,
is in accordance with such an origin, for the dominant minerals are
chlorite, serpentine, actinolite, and tale, with .subordinate bronzite
and biotite. The less sheared altered igneous rocks shown as green-
stone on Plate 1, of which the largest area occurs on the ridge
between Emigrant and Glengarry Gulches, appear to be altered
andesites or possibly diabases. They have both brown and green
amphiboles, feldspars ranging from labradorite to andesine in com-
position, and much titanite and magnetite.

BASIC INTRUSIVE ROCKS

Basic and ultrabasic intrusive masses, chiefly of moderate dimen-
sions, are distributed around much of the southern periphery of
the basin. The largest body is that on the hillside south of French
Gulch, but a considerable mass occurs at the head of Emigrant
Gulch, a smaller one near the Humboldt mine, and a great many
smaller bodies on the ridge south of California Gulch.

The rocks composing all these bodies are highly sheared and have
clearly undergone substantially as severe metamorphism as the sur-
rounding schists. The shearing is reflected in the mineral composi-
tion of the rocks. The gabbro mass forming the hill between Emi-
grant and Glengarry Gulches, in the NE. 14 sec. 18, is saussuritized
and albitized. A few relict feldspars can be recognized as labra-
dorite, but most have gone over to albite-zoisite aggregates or even
unmixed albite. Hornblende, pleochroic in green and brown, is the
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dominant dark mineral in the less altered specimens, but tremolite,
actinolite, and talc replace it in the more altered rocks.

The larger mass south of French Gulch is of more basic character,
and but few specimens carry recognizable feldspars or their deriv-
atives. Tremolite, talc, serpentine, and bronzite are the chief minerals
present, although a little diallage and brown hornblende remain in
some specimens. Where feldspar occurs it is labradorite. This rock
mass seems to pass by gradation into the more sheared bodies shown
on the map as greenstone and is believed to be the parent rock from
which the greenstone was derived. The unmetamorphosed facies
was probably a pyroxenite.

On the upper slopes of the hills south of California Gulch are
several altered basic intrusive bodies. Some appear to be sheared
dunite, having been originally composed almost wholly of olivine,
of which a few relicts remain in rocks now made up chiefly of tale,
serpentine, actinolite, and chlorite. Porphyroblasts of bronzite,
in part altered to serpentine, are common in these rocks. The large
bodies of talc schist associated with these ultrabasic intrusive bodies
are doubtless derived from them, and the irregular interpolations
of talc rocks in the dominant chlorite schists of the hillside down to
California Gulch may represent metamorphosed sills of related rocks.

A small body of ultrabasic rock occurs on the ridge 2,000 feet
northeast of the Rainbow mine. It is a sheared harzburgite, com-
posed chiefly of olivine and enstatite, which are partly altered to
talc, tremolite, chlorite, and serpentine. Much titanite and magnet-
ite also occur. Along the borders this mass is altered to horn-
blende schist. )

A great many small masses of talc schist, tremolite-anthophyllite-
tale rock, and amphibolite are intercalated in the quartz-mica schist
and chlorite schist of the area. These rocks probably represent
metamorphosed basic sills or plugs related to the gabbro and ultra-
basic masses just described.

QUARTZ DIORITE AND RELATED ROCKS

The economically most important intrusive rock of the Mormon
Basin is rather basic quartz diorite. The large mass of Pedro
Mountain, about 6 miles in diameter, borders the mapped area on
the northeast, and the smaller bodies distributed through the rest
of the basin are probably apophyses of this mass. Though some of
these rocks show crushing, their alteration is negligible compared
with that of the more basic rocks. Some show a mild mineral paral-
lelism near their contacts.

The Pedro Mountain body is composed of rather light-colored
coarse-grained granitic rock. In composition it is a calcic quartz
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diorite; its plagioclase, which is strongly zoned, ranges from Ans,
to An,; in composition. Both biotite and hornblende occur in large
splendent crystals. Quartz is plentiful, but orthoclase is negligible
in amount, if present at all. '

Many of the smaller intrusive masses, such as the mass just west
of the Rainbow mine and some of the dikes in the Rainbow mine, to
judge from specimens on the dump, are really quartz gabbro if clas-
sified rigorously on the basis of their feldspars, which are labra-
dorite. Other masses are true quartz diorites, however, with oligo-
clase or andesine feldspars. Among these rocks are the small mass
at the Hice tunnel and the dominantly sill-like intrusions in Sunday
Hill. A few dikes of quartz diorite porphyry occur, with some
albitic aplites and, in the Pedro Mountain mass, a few pegmatites.

TERTIARY ROCKS (MIOCENE?)

A belt of poorly consolidated gravel and sand of Tertiary age ex-
tends across the basin from a point just south of the Rainbow mine
to the head of Glengarry Gulch. Remnants of these gravel deposits
and associated hillside wash too slight to mask the bedrock and
hence not shown on Plate 2, are found over much of the more gently
sloping part of the rest of the basin, even on the ridge between Cali-
fornia Gulch and Puget Sound Gulch, proving a much wider extent
in the past. Indeed, these remnants are in many places so thick that
the bedrock is locally concealed, although on the accompanying map
only continuous areas are shown. Owing to the softness of the
gravel it forms gently rolling topography.

This Tertiary gravel rests on a dissected surface developed upon
the steeply tilted schist series and its intruding quartz diorite and
basic rocks, a surface of profound unconformity. The gravel that
makes up the lower part of the formation is commonly clearly
derived from the adjacent hillsides, being dominantly made up of
quartz schist, gabbro, or chlorite schist, according to the neighboring
bedrock. Toward the upper part of the formation bedding and
sorting are clearly seen and the rocks no longer show the close rela-
tionship to the near-by bedrock. A few thin dacite flows are inter-
bedded in the formation, and it is capped by andesite flows. Locally
these andesite flows overlap the transported material and rest di-
rectly upon only slightly reworked Tertiary soil.

The formation, exclusive of the capping andesite, attains a thick-
ness between 300 and 400 feet; the overlying andesite is nearly 200
feet thick in places.

No fossils were obtained from these beds, so that their age must
be determined on other, less precise grounds. The association with
the volcanic rocks and the unconsolidated nature of the deposits
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combine to render a Tertiary age practically certain. The rocks may
be Miocene or Pliocene; the fact that all the fossil plants found in
similar rocks in the Baker quadrangle are of Miocene age somewhat
favors the reference to the Miocene, although in this area of local
basins there is no certainty that they may not be younger.

QUATERNARY ROCKS

The only Quaternary rocks of the area are the hillside talus
deposits and the gravel along the present streams. Most of this
gravel is derived from the Tertiary deposits by reworking, although
of course there is some contribution from the bedrock series.

STRUCTURE

The structural discordance between the Tertiary and pre-Tertiary
rocks is profound; it is doubtful if they have any structural sim-
ilarities beyond that given by the structural control of erosion in the
pre-Tertiary rocks, which has governed, in part, the areas of de-
position of the Tertiary rocks.

The pre-Tertiary rocks enter the area on the east with strikes
of N. 45°-80° E. Toward the west the strikes swing first to eastward
trends and then to N. 70° W., N. 50° W., and finally about N.
25°-35° W. on the west edge of the mapped area. Unfortunately
the area mapped is not large enough to show the relations of these
rocks to the quartz diorite mass of Pedro Mountain. If it were, it
could be clearly seen that these changes in strike reflect the curva-
ture of the outline of that intrusive body. This parallelism of the
strikes of the country rock with the intrusive contact of the quartz
diorite of Pedro Mountain is seen farther northwest and north, in
the southeast corner of the Baker quadrangle, and is known to extend
about three sides of the Pedro Mountain mass. Although the central
part of the Pedro Mountain mass is nearly or quite free from direc-
tional features, near the borders the rock shows a strong mineral
parallelism, locally approaching a gneissic character. Because of
this internal structure and the evident profound effect on trends of
the inclosing rock, the Pedro Mountain body is believed to have had
a notable part in the metamorphism of the pre-Tertiary rocks.
Nevertheless, inclusions in the mass have schistosity fully developed,
as if the batholith had invaded an already metamorphosed series.

The schistosity of the pre-Tertiary rocks only locally dips at
angles flatter than 60°; dips of 80° are much more common. With
very few exceptions the dips are toward the north, so that the rocks
of the Mormon Basin seem to dip under the edge of the Pedro Moun-
tain intrusion. Stretching in the rocks, where determinable, is very
steep in the plane of schistosity, pointing to the same relation.
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The Tertiary rocks have been only slightly deformed, except along
the fault that bounds their outcrop on the south at the head of
Basin Creek Canyon. Here they have been reduced to gouge along
a narrow zone, close to which dips as high as 18° have been imposed
on them. Other faults doubtless occur in the Tertiary rocks, but
none could be traced for any considerable distance. From observa-
tions in near-by areas it is known that Tertiary and even Quaternary
faulting is general throughout this part of eastern Oregon and
probably has occurred here in some places wholly within the pre-
Tertiary rocks as well as cutting the Tertiary.

ORE DEPOSITS

The ore deposits of the Mormon Basin include quartz lodes, veins,
and replacement masses of irregular shape. They occur in all the
pre-Tertiary rocks, especially in or near the quartz diorite masses.
The minerals were probably introduced in emanations from the
Pedro Mountain intrusion of quartz diorite and its smaller satellites.

The veins consist of quartz, with ankerite and fuchsite as the
chief gangue minerals and carry as metallic minerals pyrite,
arsenopyrite, galena, sphalerite, polybasite, hessite, and tetrahedrite.
Of these, pyrite and arsenopyrite are by far the most plentiful.
About 45 per cent of the gold is free-milling, according to the experi-
ence of the Rainbow mine.** Figures for the other mines are not
available.

The veins are irregular, both in trend and thickness. So few are
known that it is probably premature to generalize, but there seems
to be a rough tendency for the veins to follow the strike of the
inclosing rocks, or to cut it at a narrow angle. Thus the Cleveland
and Rainbow veins strike N. 60°-75° E., the Humboldt about east,
and the Randall N. 60°-70° W., whereas the Phalen vein in the
Sunday Mill mine strikes N. 40° W. These trends are roughly
parallel to the border of the intrusive body of Pedro Mountain,
but this parallelism is not so marked as to serve as a guide to pros-
pecting. ‘The divergent strike (N. 5° E.) of one of the veins in
the Randall mine gives cause for caution in this regard.

THE MINES
RAINBOW
Location—~The Rainbow mine is just north of the divide between

California Gulch and a southern tributary of the south fork of .
Dixie Creek, locally known as Rainbow Gulch.

% Swartley, A. M., Ore deposits of northeastern Oregon: Mineral Resources of Oregon,
vol. 1, p. 224, Oregon Bur. Mines and Geology, 1914,



38 CONTRIBUTIONS TO ECONOMIC GEOLOGY, 1933, PART 1

History and production—The deposit of the Rainbow mine was
discovered about 1901, and the Commercial Mining Co. was organi-
zed to develop it. By 1907 the mine was a large producer, with a
mill of 19 stamps. The capacity of the mill and concentrator was
50 tons a day in 1909. In 1911 no ore was raised, although develop-
ment work went forward, and a fair production was made from
cyaniding tailings. In 1911 the mine was sold under option to the
United States Smelting, Refining & Mining Co., of Boston, Mass.
This company operated the mine for 32 months until December,
1915, when, by failing to take up the option, it permitted the mine
to revert to the original company.”® In 1916 the mine had a 400-
foot shaft, a 1,500-foot adit, and 3,700 feet of drifts and crosscuts.
A 100-ton mill and cyanide plant was on the property. A 100-foot
winze was sunk from the 400-foot level.® In 1918 the mine was
closed and dismantled. A small production was made in 1922 and
again in 1925 from dump rock worked in a 10-ton mill. In 1926
the mine was sold to the present owners, the Rainbow & Sunday
Hill Mining Co.

The production prior to 1911 was $242,000. The United States
Smelting, Refining & Mining Co. produced $1,083,360 from 95,747
tons of ore, saving $11.40 a ton from $12 mill heads. During 1913
to 1915 the mine was the largest producer in the State, but the
production since December, 1915, has been small.

The mine buildings and shaft timbers have been destroyed by fire,
and many of the old stopes have caved to the surface, so that the
mine was entirely inaccessible at the time of this survey.

Geology~—The geology of the Rainbow mine has been described
by Swartley ** as follows:

The geology of the Rainbow mine is comparatively simple; the country
rocks are chiefly slate with some granitic intrusives on the hanging-wall side
and some limestones and greenstones on the footwall side. The greenstone
[shown on pl. 2 as gabbro and related ultrabasic rock] is an intensely altered
rock with an excessive development of secondary hornblende; its original
character is hard to make out.

The vein fissure has a strike of N. 60° E. and in the upper levels a dip of
66° N., while in the loyver levels a dip of 54° N. Before the period of vein
formation the fissure was filled with a porphyry dike [not mapped on pl. 2]
locally known as the ‘““ spotted dike.” * * * This rock is a porphyry genet-
ically related to an intrusive magma that is probably a basic granodiorite or
quartz diorite or perhaps even a diorite in composition. * * * The Rain-
bow vein is not of the fissure type but of the brecciated vein type. The frac-
tured zone varies from a few feet in width in some places to over 50 feet in

% Parks, H. M., and Swartley, A. M., Handbook of the mining industry of Oregon:
Mineral Resources of Oregon, vol. 2, No. 4, p. 66, Oregon Bur. Mines and Geology, 1916,

% yale, C. G., Gold, silver, copper, lead, and zinec in Olegon U. S. Geol. Survey Min-
eral Resources, 1916, pt, 1, p. 264, 1919.

9 Swartley, A. M., Ore deposits of northeastern Oregon: Mineral Resources of Oregon,
vol, 1, pp. 222-224, Oregon Bur. Mines and Geology, 1914,
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others. It is made up of fragments of country rock cemented by quartz. The
porphyry dike is included in the brecciated zone to a large extent. On both
walls of the lode there is a quartz vein. The footwall of the lode is the best
developed and has been most worked. The vein quartz is fine grained and
contains but a very small amount of arsenopyrite and pyrite in which there
is some gold. Some of the free gold in the vein is large enough to be dis-
tinctly visible, but for the most part it can not be seen. A small amount of
actinolite and a little chlorite occur with the quartz, and when these minerals
are present the gold values are said to be greater. This is noteworthy as it
points toward the precipitating action of the ferromagnesian silicates.

There has been some movement since ore deposition, as is shown by the
gouge and slickensides. The quartz, however, is not fractured to any great
extent.

The genesis of this vein is simple, that of ascending solutions from the under-
lying magma. The presence of the porphyry dike shows that the vein fissure
followed this line of weakness.

The mine ig worked through a shaft about 500 feet deep, but most of the de-
velopment has been done on the 200 level, where the vein has been drifted upon
for 1,700 feet. Mine and mill are operated by electricity with power furnished
by the Idaho-Oregon Light & Power Co.

SUNDAY HILL

Location and development—~—The Sunday Hill mine is on Sunday
Hill, near the west side of the Mormon Basin, southwest of the head
of Live Oak Gulch. It is owned by the Rainbow & Sunday Hill
Consolidated Mining Co. J. L. Fisher was manager at the time
of the survey. _

The mine is opened by an adit on the 200 level and by a vertical
shaft, 75 feet deep, from which a short level, called the 100 level,
is turned. This level is connected by an incline with the main or
200 level, which is 79 feet below, a total of 154 feet below the collar
of the shaft. The accessible workings consist, in addition to the
shaft and connecting raises, of 110 feet on the 100 level, 31 feet on
an intermediate 150 level, and about 1,625 feet on the 200 level. A
50-foot raise and a 80-foot winze have been driven from the 200
level. Other than this winze, which is full of water, no work has
been done below the 200 level.

The development work on the property has been done, in 1920
and following years, chiefly by W. C. Phalen, the discoverer of
the vein. But little work has been done by the present owners. In
1922 a 5-ton amalgamating mill was built and test runs made. In
1923 the mine was equipped with electric power, and in 1929 about
560 tons of $10 gold ore was mined and treated. Development work
proceeded in 1925, but water level was reached, and the base ore
found was not amenable to treatment in the available mill, so no
production was made. A small output was made in 1926, however.%

% Mineral Resources of the United States, 1922-1928.
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Geology—The country rock consists of quartz-mica schist, strik-
ing N. 30°-70° W. and dipping 45°-70° N. Numerous dikes of
quartz diorite and related rocks are present in the mine, and a few
basaltic dikes occur. (See fig. 1.)

Quartz stringers are numerous, and one strong vein, the Phalen,
has been opened for 230 feet. On the east, the Phalen vein, which
strikes N. 40°-50° W. and dips 50° N., is cut off on the 200 level by
a normal fault, called the Roberts fault, striking N. 50°-60° E. and
dipping 50°-60° SE. This fault is also exposed on the 150 level and
in the incline between the 150 and 100 levels. On the 100 level the
downthrown segment of the Phalen vein has been followed for about
60 feet from the Roberts fault. The segment of the Phalen vein in
the footwall of the Roberts fault on the 200 level ranges from a few
inches to 5 feet in thickness but finally pinches out on the west into a
few minor quartz stringers and some gouge. The vein is accom-
panied by gouge almost throughout its length, especially on the
hanging wall. The quartz itself is considerably brecciated. In the
area regarded as minable the vein averages about 2% feet thick.

The Noon vein consists of about 8 inches to 1 foot of quartz and
gouge. It appears to be a hanging-wall fissure branching from the
Phalen vein. Where exposed, it is near or along the contact of
quartz-mica schist and a dike of fine-grained diorite. A few other
veins, the Kendall and the King especially, have been exposed, but
very little work has been done on them. In several places, espe-
cially in the King crosscut, the country rock, both schist and diorite,
has been intensely silicified and impregnated. with pyrite. It is
reported to carry gold, averaging between $10 and $11 a ton.

The vein material consists chiefly of quartz and gouge. Some
ankerite is present and considerable green mica, which is locally
called roscoelite but actually is fuchsite, as determined by W. T.
Schaller. Some sericite also occurs. Pyrite is the commonest sul-
phide, but arsenopyrite, galena, and sphalerite are also present.
Galena is regarded as a sign of especial richness in gold. Some of
the gold occurs free from visible sulphides and is free-milling.

The ore is very spotty in tenor. According to the assay map of
the company there are considerable areas of ore averaging more
than $10 to the ton in gold. Some individual samples run above

$50 to the ton.
RANDALL

The Randall tunnel is at the south end of Sunday Hill, in the
northwestern part of the Mormon Basin. It was under the manage-
ment of William Phalen at the time of the survey. Little but assess-
ment work was being done. No production has been recorded.

164495—33——4
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There are about 1,200 feet of workings. Two tunnels have been
driven, the upper one 24 feet above the lower, and a quartz vein has

been drifted on for about 300 feet on the lower level.
The mine is in quartz diorite and schist, as shown on Figure 2.

The quartz diorite is part of a body about 1,500 feet long, which,
though locally crosscutting, is of a general sill-like shape.

Two quartz veins are penetrated by the lower adit, one at 245 feet
from the portal and the other near the face. The first strikes about

N. 60° W. and dips about 32° SW. and has been drifted on for 100 feet
cast of the tunnel. It has also been followed westward for nearly 175
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feet, curving slightly northward. At this point it is intersected by
a much larger vein, which strikes nearly north, perhaps a little east
of north, and dips about 35° E. This northward-trending vein has
been obliquely penetrated by the drift for about 50 feet. It is fully
The footwall, poorly

8 feet thick, but no wall is exposed at the face.

exposed, seems to be schist.
The northwestward-trending vein ranges from somewhat less than
It has a hanging wall of sericitic

2 feet to over 5 feet in thickness.
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gouge, apparently a fault. Several small southeastward-trending
footwall branches occur along this vein. None are over 6 inches
thick, and they are apparently not persistent.

A second northwestward-trending vein is penetrated by the lower
adit near the face. This vein is much thinner, being only about
6 inches thick at the floor of the tunnel, and has not been found on
the upper tunnel level. It strikes N. 70° W. and dips 45° NE.

The first northwestward-trending vein is also narrow on the upper
level, and only about 10 feet of drifting has been done on it. The
northward-trending vein has not been cut cn this level nor in any of
the several surface cuts, most of which are too far east to intersect it
if the vein has a constant attitude.

The veins consist largely of quartz, with some ankerite, fuchsite,
and sericite. Small amounts of sulphides, chiefly pyrite and arseno-
pyrite with smaller amounts of hessite, galena, and sphalerite are
present. Much of the gold is free, as all the workings are in the
oxidation zone. Oxidation products include cerusite and jarosite.

The assays, reported by Mr. Phalen, show from from $10 to $15 a
ton in free gold, with some gold also in the sulphides.

Further drifting on the wide vein at the face of the west drift on
the lower tunnel is contemplated.
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OVERSHOT

The Overshot group of claims, owned by Charles McNamara, are
near the head of the north fork of Glengarry Gulch. Tunnels aggre-
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gating a few hundred feet
have been driven, the longest
about 300 feet in length. (See
fig. 3.)

The country rock is chiefly
slate and quartz-mica schist
striking about N. 45° W. and
dipping stee ply northeast-
ward. The schist and slate
have been intruded, for the
most part concordantly, by
small sheets and sills of altered
quartz diorite, with a few
dikes—all too small to be
shown on Plate 2.

No veins are cut by the
workings. A few very thin
quartz-filled fissures are pres-
ent, but these are small and
discontinuous. According to
Mr. McNamara, the gold is
found in the altered diorite
or near its contact with the
schists. No production has

" been reported.

SUMMIT

The Summit mine, owned
by the Summit Mining & Mill-
ing Co., Charles Miller, mana-
ger, is on the hillside south of
the South Fork of Dixie Creek,
west of Rainbow Gulch.

Several tunnels have been
driven. The largest, 1,400
feet long, driven back of the
old mill near the creek level,
was caved and inaccessible at
the time of this survey, but
the next higher and longest
accessible tunnel (see fig. 4)
contained about 750 feet of
workings.
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The tunnel is in slate and schist for about 500 feet from the portal
and then penetrates the quartz diorite mass that crops out on top of
the hill. Some intersecting faults have brought an additional seg-
ment of altered country rock within the diorite. Near and within
the quartz diorite intrusion the quartz-mica schist is considerably
altered and carries garnet, biotite, chlorite, actinolite, and sericite,
with local masses of quartz and sulphides. Some small fissures,
trending nearly parallel with the contact and close to it, carry some
quartz and sulphides and have been drifted on for a few feet.

Although some production has been reported from this mine in
1914 and 1915, when a 5-stamp amalgamating mill was operated,
there has been none in recent years.

HUMBOLDT

The Humboldt mine is in the southwestern part of the basin.
The mine, which had been idle for 15 years at the time of this survey,
was full of water, badly caved, and inaccessible. It was operated
for several years prior to 1916 by the Oregon-Idaho Investment Co.
In 1909 it was the most productive mine in the district. In 1910 it
had a 200-foot vertical shaft, 2,000 feet of tunnels, and a 10-stamp
mill. Electric power was brought to the property in 1912, and 20
stamps were dropping in 1914, but in 1916 it was closed down. In
1930 the property was owned by R. L. Gorman. No definite figures
could be obtained on the production of the mine, but it is known to
have been moderate.

The mine has been described by Swartley * as follows:

Formerly the mine had four levels and was worked by means of a vertical
shaft. Recently the shaft has been sunk 100 feet deeper and a crosscut driven
to the vein, upon which drifting has been started.

There is a 20-stamp mill upon the property in which recovery is by amalga-
mation and concentration with Wilfleys and vanners. A considerable percentage
of the gold is free milling. The concentrates are shipped to smelters, but it is
proposed to install a cyanide plant to treat the tailings.

The many movements that have taken place in this immediate vicinity have
caused the geology to be confusing. The chief country rock is slate with
diorite porphyry in the footwall. In the upper levels trachyte is said to form
a large part of the hanging wall. This trachyte was probably a feeder to some
of the recent acidic lava flows.? :

The lode has an east-west strike and a dip of 75° N. in the upper levels but
with a steeper dip below. In some places the lode is as much as 40 feet wide,
but the actual quartz veins are rarely more than a few feet thick.

® Swartley, A. M., op. cit.,, pp. 224-227,

1The only rocks that crop out close to the mine are Tertiary gravel and Mesozoic (7)
metagabbro, so that it is probable that the ‘ slate,” probably chlorite schist of Plate 2, is
covered by the Tertiary rocks. The diorite porphyry is probably a dike and could not be
found on the surface.—J. G.
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The chief gangue mineral is quartz, and much of it is in a sugary condition,
due to crushing by later movements. Some calcite is present in the vein, The
ore, especially in the upper levels, is free gold, and many fine specimens have
been taken from the mine. In the lower levels more sulphides are to be found.
They are chiefly arsenopyrite, pyrite, galena, and sphalerite. The galena and
sphalerite are said to contain high values in gold.

The Humboldt lode is situated in a zone of weakness, where fracturing and
movement have taken place many times. The first break allowed the injection
of the diorite porphyry that is found on the footwall. Then came the fracturing
that made the opportunity for the hot ascending silica solutions to deposit their
burden of quartz and metallic sulphides. Movement took place during the
period of vein formation, as is evidenced by the recementing of broken quartz
fragments. Considerable postmineral movement has taken place, as is shown
by the sugary quartz, the gouge, and the actual faulting of the vein in the lode.
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F1GURE 5.—Tunnel on Hice prospect, Mormon Basin, Oreg.
HICE

The Hice tunnel is on the hillside about 2,000 feet south of the
Humboldt. There are about 400 feet of workings, consisting of a
tunnel about 250 feet long with several short branches. (See fig. 5.)

The principal country rock is partly albitized diorite, a local
variant of the widespread quartz diorite of the district, with some
included hornfels and a few thin dikes of albite aplite. A good
many thin quartz veins ranging between one-fourth inch and 4 inches
in thickness are present; the most prominent strike nearly north and
dip east at flat angles. Considerable sericite accompanies these veins,
and locally the diorite is silicified and impregnated with sulphides.
Ankerite is a prominent constituent of the quartz veins.

No production has been reported from this prospect.
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BLUE MUD

The Blue Mud prospect, owned by R. L. Gorman, is about 1,500
feet southeast of the Humboldt mine.

The property is developed by means of several tunnels, now caved,
and a shaft about 200 feet deep. This work is in Tertiary gravel and
pre-Tertiary greenstone, chloritic schist, and gabbro. It has been
carried on in search of the bedrock source of very rich float found in
the Tertiary gravel just down the hill to the north.

The shaft, whose mouth is in Tertiary gravel and which pene-
trates greenstone and metagabbro below a depth of about 100 feet,
was full of water at the time of visit, but a lower tunnel, whose adit
is just north of the contact between the Tertiary and pre-Tertiary
rocks on the west side of Basin Creek, at the head of the canyon, was
being driven to tap it at a lower level and drain it for working. In
this tunnel, which was less than 100 feet long at the time of visit, is
an excellent exposure of the fault contact between the Tertiary gravel
and the pre-Tertiary rocks. Considerable water was coming into
the drift at this contact. According to William Phalen, the water in
the shaft was also derived either from this fault or immediately
below it. An excellent vein is reported to have been cut in this shaft,
and it is hoped that completion of the drain tunnel will permit its
further development.

INTERMOUNTAIN

The Intermountain property is just west of the confluence of Rain-
bow Gulch and the South Fork of Dixie Creek. It is opened by a
tunnel about 1,000 feet long, the inner part of which was caved and
inaccessible at the time of visit. The accessible portion of the
workings was entirely in quartz-mica schist, slate, and limestone of
the “schist series.” A few small calcite stringers were cut, and
according to Mr. Smith, of Baker, a few tons of silver ore had been
obtained from one of these veins. Specimens from one of these veins
contain polybasite in a calcite-quartz gangue. No work had been
done in this tunnel for several years, the present endeavors of the
owners being concentrated on a new tunnel, higher up the hill.

CLEVELAND DEVELOPMENT CO.

The Cleveland Development Co. has 15 claims on the south side
of California Gulch above the confluence with Basin Creek.

The workings were all inaccessible at the time of this survey, but
according to Parks and Swartley 2 they originally consisted of two
tunnels and several pits. The lower tunnel penetrated Tertiary sedi-
ments and then schist and greenstone, finally following a porphyry

3 Parks, H. M., and Swartley, A. M,, op. cit,, p. 56.
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dike that contained a few quartz seams. The dike is a few feet wide,
strikes N. 75° E., and dips steeply south.

No production has been reported from the property, and ‘appar-
ently no work had been done for many years prior to this survey.

GIRAFFE

The Giraffe claims were not visited during the present survey
but have been described as follows:?

This company consists of seven claims on the east slope of Clark’s Creek,
in sec. 31, T. 12 8., R. 42 E,, about 1% miles 4 north of the Humboldt mine.
The ore is a narrow mineralized granodiorite porphyry dike in a country which
is largely argillite but also has serpentine and dikes of basalt. A considerable
body of lime is a short distance to the north of the property and granodiorite
to the east.

On the Giraffe claim No. 1 a drift upon the dike was made from which 200
tons were milled and $7.50 per ton was recovered on the plates. A recent
independent sampling of this drift gave an average of $4.20 per ton. About 750
feet north of the above drift, on the Giraffe No. 2, a crosscut tunnel cuts the
dike at a depth of 85 feet, where the values are about the same as above. A
crosscut is being driven on this claim to cut the dike at a depth of 300 feet.
This crosscut will be about 500 feet long and is now about halfway in.

This - information was furnished by officers of the company.

MORTON

The Morton prospect, owned by the Morton brothers, of Vale,
Oreg., is on the divide between Glengarry and French Gulches near
the west side of the Mormon Basin. The prospect is entirely in an
old soil of Tertiary age made up of decomposed quartz diorite débris,
which the shaft, reported to be 96 feet deep, has failed to penetrate.
This decomposed diorite contains considerable very rich quartz float,
but the parent vein has not been found.

OTHER PROSPECTS

A great many other prospect tunnels have been driven in the de-
composed quartz diorite on the north side of French Gulch, beneath
the andesite capping of the ridge between Glengarry and French
Gulches, also in search of the source of the rich quartz float that is
so common in the area, but without success.

PLACER MINES

Placer mining in the basin has gone on intermittently since 1863,
but owing to shortage of water the output has never been very great,
although exact figures are not available. An attempt to operate a
dredge on the north side of Basin Creek just east of the Humboldt

3 Parks, H. M., and Swartley, A. M., op. cit., p. 99.
4 Sec. 81 18 31 miles north of the Humboldt mine.—J. G.
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mine was unsuccessful for the same reason. At.the time of this sur-
vey some work was being done in the gravel of French Creek, but
returns were hardly more than day wages for the few men engaged
in it.

Most of the production has come from the stream gravel, which
includes not only concentrations from the bedrock series but reworked
gravel from the Tertiary formation, which itself carries considerable
auriferous quartz. The effect of this reconcentration has been to
produce some rather rich though small deposits.

OUTLOOK FOR THE DISTRICT '

The Mormon Basin district contains much mineralized ground,
as has been proved from the work done. Surface exposures are not
good, owing to Tertiary gravel and forest cover in places, so that
other veins than those known-are probably present in the district.
The fact that the Rainbow mine was profitable for several years
demonstrates that the area has merit. Disadvantages of the district
include the considerable distance to a railroad and the more impor-
tant fact that although veins are numerous, as a rule they do not
appear to be persistent over long distances. The tenor of the ore is
sufficient, if considerable tonnage could be developed, to make mining
profitable. At the time of this survey such tonnage had not been
developed, although more work might well prove it to be present.
Some of the small veins might prove profitable if worked in the
oxidized zone by a few men in a small way, but the fact that the ore
becomes base at a relatively shallow depth seems to set a limit to
this kind of work. Larger tonnages than were developed in 1930
would be needed to justify a mill to work the base ores.

CONNOR CREEK DISTRICT
GEOGRAPHY

The Connor Creek district is in Ts. 11, 12, and 13 S., R. 45 E., on
Connor Creek, a tributary of the Snake River, which enters the can-
yon about 14 miles north of Huntington, Oreg.

The post office of Home, on the Robinette branch of the Oregon
Short Line, serves the district. The principal workings are about
3 miles by road from this station. The topography of the district
is extremely rugged, altitudes ranging from about 2,000 feet on the
Snake River to nearly 7,000 feet on the ridges a few miles to the west.
The climate in the lower canyon is hot in summer and mild in winter.

FIELD WORK

Owing to the inactivity in the district, field work was confined
to a two day’s visit. Only small amounts of workings were accessi-
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ble, so that no mapping was attempted. Little can be added to the
descriptions of Lindgren ® and Swartley.®

GEOLOGY

The dominant rock formation is a series that ranges from black
carbonaceous slate to quartz phyllite. A little greenstone and chlo-
ritic schist also occur and, toward the top of the formation, some
considerable masses of limestone. These rocks have been referred
to the Triassic by Lindgren, though without fossil evidence. They
strike N. 20°-45° E. and dip steeply northwest. West of the district
they are intruded by granitic rocks. A few porphyry dikes occur
within the district.

The ore deposits are quartz veins that trend northwest and dip
steeply southwest.

THE MINES
CONNOR CREEK

The Connor Creek mine is on the hillside west of the North Fork
of Connor Creek, about 214 miles above the Snake River. At the
time of visit the mine was closed and the workings caved and almost
wholly inaccessible. The following account is in large part sum-
marized from Lindgren’s report.

The vein was discovered in 1871 by Wood and Edelmann. In 1872
a 5-stamp mill was operating on $23 gold ore. In 1876 a 15-stamp
mill was erected. The mine was worked almost continuously until
about 1901, but the greatest productivity was between 1880 and 1890.
In 1884 the Connor Creek Mine & Mill Co. bought the property for
$60,000. In 1900 there was a 35-stamp mill in operation with plate
amalgamation and concentrators. A little ore was mined each year
until 1910, when the mine closed. In 1915 the property was turned
over to the Connor Creek Mines Co. on a lease,” but it reverted
after three years to the Connor Creek Mine & Mill Co., although a
small production had been made and a 10-stamp mill erected in 1917.

The production of the mine is not accurately known but was
estimated by Lindgren in 1901 at not over $2,000,000. A small pro-
duction was made in 1915-1918, but this was probably not over
$20,000. '

The mine was developed by six tunnels over a vertical interval of
1,000 feet. The lowest, the Connor Creek, included 38,700 feet of
workings. The Dry Creek level, 150 feet higher, was 1,400 feet
long. Above this were the Bulger, 1,200 feet; the Lower, 610 feet;
the Middle, 577 feet; and the Upper, 486 feet long. With the raises
there was well over 8,000 feet of development work.

S Lindgren, Waldemar, op. cit. (1901), pp. 756-758.
¢ Swartley, A. M., op. cit.,, pp. 213-217.
7 Personal communication from Albert Geiser, Baker, Oreg., 1930.
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The mine is entirely in slate and greenstone. The vein strikes
N. 40° W. and dips 70°-75° SW. The vein has been stoped from
the Dry Creek level practically to the outcrop, but between the Dry
Creck and Connor Creek levels it was much crushed and was mined
only in part. The stopes were bounded on the west by a break or
fault called the “final cut-off,” which strikes N. 31° E. and dips
45°-60° SE. Along this break a shear zone of chloritic puckered
clay slate about 130 feet wide occurs. Only on the Connor Creek
level was the vein found west of this zone.

The vein is cut by several minor faults. Along its entire course

“ it follows the footwall of a greenish, highly altered and pyritic dike

rock. The slate is likewise highly pyritic along the vein. The vein
ranges in width from a narrow seam to 8 feet, but the average is
between 114 and 4 feet. The filling is white coarse quartz that
contains coarse gold, almost entirely native, with some argentite
and pyrite. The gold was worth $19 to $20 an ounce, being' un-
usually fine. The quartz was partly massive, partly ribboned.
‘Where large masses of pyrite occurred the amount of gold decreased.

The highest assays of the vein were obtained where it was 3 to 4
feet thick. The main pay shoot, which was irregular in outline,
was 1,400 feet long on the Dry Creek level and extended to the
surface. The milling ore of this mass ran between $3 and $10 in
gold to the ton. Within the shoot smaller and richer bodies carrying
coarse gold occurred. One of them pitched 60° NW. in the vein
and was about 60 feet in pitch length by 10 feet along the level.
From this body $120,000 was recovered, some argentite being associ-
ated with the gold. The rich ore was locally concentrated in a 1-foot
thickness of quartz, along either the footwall or the hanging wall;
elsewhere it was irregularly distributed through the entire thickness
of the vein. There was little evidence of enrichment.

LIDDY

J. J. Liddy has done considerable prospecting on the east fork of
Connor Creek in sec. 34, T. 11 S., R. 45 E. The country rock is
chiefly limestone, interbedded with black slate and greenstone, with
a few dioritic dikes. Several tunnels have been driven. In the
longest one, about 800 feet long, no veins were cut, but one of the
shorter tunnels cuts a short thick lens of low-grade quartz fully 20
feet thick but faulted off on both ends. It is reported by Mr. Liddy
to run about $10 to the ton in gold. The vein is much crushed and
the quartz sugary.

MULLIN

The deposit known as the Mullin prospect, discovered in 1914, is
on the north side of the district, near Soda Creek. It is about 114



52  CONTRIBUTIONS TO ECONOMIC GEOLOGY, 1933, PART 1

miles from the railroad. The claim was not visited, and the follow-
ing description is summarized from Swartley’s report.®

The country rocks are limestone and schist of obscure bedding, but
the schistosity strikes N. 70° E. and dips 80°-90°. These rocks are
cut by two veins. One 2-foot vein of milky quartz containing native
gold: and tetrahedrite strikes N. 40°-45° W. and dips 60° SW. and
has been traced about 800 feet; the other vein consists of barren
quartz and calcite, strikes N. 55° E., and dips 80° NW. to 90°. The
auriferous vein is supposed to cut this barren vein and near the top
of the ridge is itself cut and displaced by a 30-foot basalt dike.

Development work at the time of Swartley’s visit was confined to °
open cuts in which variable assays as high as $60 to the ton were

obtained.
RUNNER

Swartley’s description® of the Runner claims, which were not
visited in the present survey, may be summarized as follows:

The group is about a mile southwest of the Mullin property The
country rock is schist cut by numerous reticulated qualtz veins that
impregnate the schist. The rock cut by these veinlets is all aurif-
erous. Two crosscuts were driven on the property. Channel sam-
pling is reported to have yielded $3.26 a ton over a width of 90 feet,
with no samples below $1.

No further information was obtained about this property.

PLACER MINES

Placer mining in the area dates from the early days, at least as
long ago as 1870. The old gravel of Connor Creek has been partly
buried by landslide and talus material, so that considerable drift
mining has been done in the placer deposits along this stream. In
1930 there were several small placer operations in this gravel.
Swartley * reports that the total placer gold production to 1914 was
about $125,000. The current production is small, and no large re-
turns are made, but the mining is cheap, and presumably wages
earned are sufficient to justify the work.

BAY HORSE

The Bay Horse mine is just west of the Snake River, about 7 miles
below the mouth of the Burnt River and close to the Robinette
branch of the Oregon Short Line.

The mine, which was first opened many years ago, was most
active from 1920 to 1925 and made some shipments_of silver and

8 Swartley, A. M., op. cit.,, pp. 218-215. . 10 Idem, p. 213.
9 Idem, pp. 215-216.
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copper ore to the smelter at Tacoma. The total production has not
.been great. The mine was abandoned and inaccessible at the time
of visit.

It has been described by Livingston ** as follows:

Silver-bearing tetrahedrite, or rather the arsenical variety tennantite, is gen-
erally the sole ore mineral, but it is associated in places with rather small
quantities of other sulphides. The ore occurs in a fractured zone close to
the contact between the Permian andesite and the rhyolite fiow and probably
does not extend into the overlying Triassic sediments. It occurs both as an
impregnation in the rhyolite and as replacement of the andesite. In the im-
pregnations mineralization extends some distance into the rhyolite and forms
a low-grade ore. The replacements in andesite are somewhat irregular in out-
line but appear to be persistent in strike and dip westward into the mountain.
They are highly silicified masses, which are similar in appearance to the over-
lying rhyolite and contain numerous equispaced veinlets or stringers of ten-
nantite. The general strike of the ore bodies is about N. 70° W., parallel
to the stratified rock and the rhyolite. The ore body on which most of the
mining has been done has a maximum width between 40 and 50 feet. It is
badly faulted on the main tunnel level, and much of the ore mined during 1922
was drag ore, lying in a flat fault plane which dipped to the south; this fault
obscured the nature of the ore occurrence to a considerable extent. A good
deal of the ore was shipped as it came from the stopes, though sorting was
practiced to a considerable extent., The westward limit of the ore body has
not yet been reached and the present development is outlined to follow it into
the mountain. Recent developments indicate that the ore shoot occurs at the
junction of two faults, that it strikes roughly west, and dips into the mountain
on a grade of 10 feet in every hundred. ’

The jnine is opened by two tunnels, both of which were started years ago.
The present operators have pursued development in the upper one, which has
been driven into the mountain about 800 feet. A number of crosscuts and
stopes connect with it. A winze from a level about 60 feet below this tunnel
is now opening up a body of excellent ore in the andesite below the fault on
the upper tunnel level. The lowest tunnel, which is about 130 feet below the
uppermost, has not as yet been reopened by the present company, although
work in the tunne] is contemplated in the near future. The property is owned
by the U. S. Metals Co. of Portland, Oreg. .

The outcrop is very small and its only indication of mineral is an azurite
stain. As the ore zone contains practically no vein quartz, it is impossible
to distinguish the weathered outcrop from the country rock except by the
copper stain. This fact should be borne in mind when prospecting in other
places along this mineralized horizon. Copper staining occurs opposite the Bay
Horse on the Idaho side of the Snake near the andesite-rhyolite contact, but no
extensive development has been carried on at this point. Similar evidence of
mineralization is reported to occur on Rock Creek, also in Idaho, but time
was not available to investigate the geology of this area.

According to a published note *? the ore body outside of a high-
grade streak whose tenor is not recorded, ran 15 ounces to the ton

1 Livingston, D. C., A geologic reconnaissance of the Mineral and Cuddy Mountain min-
ing district, Washington and Adams Counties, Idaho: Idaho Bur. Mines and Geology
Pamphlet 13, pp. 17-18, 1925(?).

12 Eng, and Min. Jour.-Press, vol. 115, p. 291, 1923,
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in silver. Flotation experiments were conducted, but it is not known
whether a mill was ever built. If so, its operations were not long
continued.
OUTLOOK FOR THE DISTRICT

The district is readily accessible to the railroad, but so few mine
workings were accessible in 1930 that no adequate basis was avail-
able for a judgment as to its prospects. The long and fairly pros-
perous activity of the Connor Creek mine and of the placers along
the creek are encouraging features, but nothing was learned that
would give any guide in the search for further deposits.

GOLD HILL DISTRICT
LOCATION AND GEOLOGY

Gold Hill forms the northeast wall at the entrance of the lower
canyon of the Burnt River, about 4 miles southeast of Durkee. The
main line of the Oregon-Washington Railroad & Navigation Co.
passes through this canyon, so that transportation facilities are
excellent.

The dominant rocks are schists with some limestone lenses, refer-
red by Lindgren *® to the Triassic, into which is intruded a stock of
quartz diorite. Diorite porphyry dikes related to this stock are
NUMeErous.

THE MINES
GOLD HILL

The Gold Hill mine is in the SW. 14 sec. 1, T. 12 S., R. 43 E., on
the north side of Gold Hill. It is reached from Durkee by a wagon
road 334 miles long. In 1930 the property was under control of the
Sawbridge interests of Spokane, Wash., with C. J. Reuscz as man-
ager. The property consists of 20 lode claims, 1 mill claim, and
about 80 acres of deeded land. No work had been done for many
years prior to 1930, but plans were under way at that time to re-
open the mine. In 1914 Al Geiser, of Baker, did some work on the
vein nearest the tunnel portal and recovered about $1,000 in gold.

The mine is opened by about 4,200 feet of drifts on the main level,
three shafts, inaccessible at the time of visit, and numerous small
prospect cuts on ‘the surface. No data on production are available,
but the output of the mine has been small.

The country rock of the mine is almost wholly quartz diorite, al-
though a short drift has been run on a fault contact between the
quartz diorite and slate. Small quartz outcrops are numerous from
top to bottom of Gold Hill, above the mine. Eight different veins
have been cut in the workings. (See fig. 6.)

18 Lindgren, Waldemar, op. cit., pl. 64.
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The first vein intersected by the main adit is the Spring Gulch
vein, about 2 feet thick. About 600 feet of drifting has been done
on this vein, which strikes about N. 60° W. and dips steeply south.
Farther south are four other parallel veins, the Judas, Bonanza, Gone
Goose, and Panting. The last two were not visited because of bad
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FIGURE 6.—Map of workings of the Gold Hill mine, near Durkee, Oreg.

The strike of these veins is about N. 65° W. and the dip

30°—45° S.” Another vein, the Weatherby, is exposed to the south,

on top of the hill, in some prospect pits.

The exposures are so

poor that no information can be given about this vein.
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The “contact vein,” followed by the “contact drift,” is a fault
containing some vein matter and separates a footwall of slate from a
quartz diorite hanging wall. Its strike is N. 60° E. and its dip
30°-45° SE. Owing to bad air it was impossible to map the work-
ings in detail. ,

The veins consist chiefly of quartz and sericite with some calcite.
The wall rocks are intensely sericitized adjacent to the veins. The
average thickness of the veins is less than 6 inches, but locally a width
of 2 feet or even more may be attained. Considerable pyrite and
small amounts of sphalerite and galena were seen. Serpentine is
present in the faulted contact.

Assays made by D. W. C. Nelson, of Baker, which were made
available through the kindness of Mr. Reuscz, showed that the- Spring
Gulch vein averaged $14.66 over a width of 3 feet and the Bonanza
$15.70 over a width of 18 inches. Surface cuts on the Anzinger
claim yielded quartz averaging $34.14 to the ton, whereas the same
vein yielded an average of $60 to the ton over a width of 3 feet in
the Porcupine tunnel. All the value in these assays was in gold.
A sample from the surface on the Judas claim assayed a trace of
2old and 82 ounces of silver to the ton. '

DURKEE DEVELOPMENT CO.

The Durkee Development Co.’s property is half a mile southeast
of the Rye Valley road at an altitude of about 4,000 feet and is
about 5 miles by road from Durkee. It is under the management of
C. L. Deerdort and is owned by Deerdorf & Graves, of Durkee.
Development work was going forward at the time of visit.

The vein seems to be associated with a diorite porphyry dike,
but exposures are too inadequate to demonstrate this relation.
Some arkose in the slate series was observed on the hillside to the
east of the veins. One shaft about 30 feet deep has been sunk
but was caved at the time of visit. A short crosscut driven below
to connect with this shaft penetrates slate and a basaltic dike.

The vein is composed of quartz and strikes north and dips about
45° W. Pieces of vein material about a foot in diameter are present
on the surface, but the greatest thickness exposed in any of the
workings is 8 to 10 inches. Nothing is known of the assay value
of this quartz.

GOLD RIDGE

The Gold Ridge mine is about half a mile west of the Rye Val-

ley road, about 4 miles south of Durkee. The workings were all
.abandoned, caved, and inaccessible in 1930. According to Lind-
gren, the mine is opened on an old discovery and was doubtless

1 Lindgren, Waldemar, op. cit., pp. 765-766.
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located soon after the placers below it. In 1881 a 10-stamp mill
was built, and it was operated till 1886, when work was stopped. In
1896 a brief period of activity ensued, but the mine was again
quiescent until 1900, when a 250-foot vertical shaft was sunk. At
the time of Lindgren’s visit the crosscut from this shaft had not
reached the veins, and information was not obtained as to whether
the veins were ever cut at this level. THere were 2,000 feet of
tunnels in 1900. The production was given by H. R. Nichols as
$210,000, practically all extracted between 1881 and 1886.

The country rock is diorite. Three veins cut this diorite; two
strike N. 50° W. and dip 65° SW.; the third strikes more nearly
west and dips south. The veins are sharply defined, consist of
quartz, and are 2 to 3 feet wide. Several branch veins occur. The
ore above the tunnel level, 275 feet below the croppings, was all
oxidized and ran between $12 and $15 to the ton, chiefly in free
gold of a fineness of $18 an ounce. The concentrates were rich,
containing 8 ounces of gold and 134 ounces of silver to the ton.
The pay shoots on the two easterly veins were reported to be 780
feet long, whereas that on the third was considerably shorter.

The writers are-able to add nothing to the information obtained
by Lindgren.

OUTLOOK FOR THE DISTRICT

The accessible mine workings were too scant to give any adequate
basis for an estimate of the possibilities of the Gold Hill district.
The veins so far found, although of good tenor, appear too small
to justify work on a large scale, but they may prove profitable if
worked in a small way with a minimum of overhead. Larger veins
may be found by further exploration.

SPARTA DISTRICT
GEOGRAPHY

The Sparta district is in Ts. 7, 8, and 9 S., R. 44 E., on the south-
ern foothills of the Wallowa Range, where they slope down to the
lower Powder Valley. Altitudes range from about 2,300 feet to
nearly 5,000 feet. The district is reached by an excellent automo-
bile highway from Baker to the lower Powder River Valley, from
which somewhat inferior but still fairly good roads run into the
foothills. The distance from Baker to Sparta is about 40 miles by

these roads.
GEOLOGY

The principal rocks underlying the district are quartz diorite
and albite granite of presumable Mesozoic age, intrusive into Per-
164495—33——5
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mian greenstone, which is only locally represented. Overlying these
rocks and separated from them by a profound structural and ero-
sional unconformity is basalt of the Columbia River lava. A few
basalt and diabase dikes, possibly feeders for these flows, cut the
older rocks.

From the regional distribution of the Permian greenstone it is
supposed to strike slightly north of west, but local observations to:
confirm this inference are lacking, owing to the scanty exposures and
considerable metamorphism of these rocks. The granitic rocks,
which constitute a much more abundant unit in the district, are
almost massive—that is, free from gneissic banding—although they
are considerably sheared and broken. The Columbia River lavas
lie with gentle south dips across the older structure.

The mineral deposits of the district, aside from the long inactive
placer workings on the plateau near Sparta, are all gold quartz
veins in quartz diorite and albite granite. Some of these veins are
very rich, but those so far found are mostly natrow and non-
persistent. ‘

THE MINES

GEM

The Gem mine, owned by Al Geiser, of Baker, is in gently rolling
country about 2 miles west of Sparta. According to Lindgren-®
from whose report the following description is largely taken, the
mine was located in the early days, a 10-stamp mill being erected in
1873. The mill was removed to Connor Creek in 1875, and the mine
was idle for a long time. Just prior to 1900 there was renewed
activity, but this lasted for only a short time. In 1919 a nominal
production was reported. The mine had been closed down for many
years before 1930 and was inaccessible at the time of visit. A plan
and section of the mine have been published by Swartley.®

No data on the production of the mine are available, but the out-
put was undoubtedly moderate.

The mine was developed by a vertical shaft 500 feet deep, several
inclines, and eight drifts on different levels.

The country rock is albite granite, with some aplite. The normal
rock is pseudoporphyritic with large blebs of bluish quartz, locally
attaining 1 inch in diameter, in & coarsely crystalline groundmass:
of albite, quartz, and epidote. The vein, which strikes north and.
dips 40° E., shows well-defined walls 1 to 4 feet apart and consists.
of sheared granite horses in coarse vein quartz. The minerals:
present include free gold, pyrite, and zinc blende. Near the shaft

18 Lindgren, Waldemar, op. cit.,, p. 737. 16 Swartley, A. M., op. cit., p. 127.
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the vein cuts a granite porphyry dike without change in character,
but on the second level south it is cut off by a basalt dike which
strikes east and dips 60° S. and along which faulting has occurred.

CRYSTAL PALACE

The Crystal Palace mine, controlled by S. A. Work, of Boise,
Idaho, is about 214 miles west-southwest of Sparta. Its production
- has doubtless been small, but figures are not available.

The property is developed by two tunnels 80 feet apart vertically
and by inclined raises and winzes from them. The workings aggre-
gate-about 2,000 feet. (See fig. 7.)

The country rock is albite granite, cut by diorite porphyry dikes
(not separately mapped) and by several much younger basaltic
and diabasic dikes that range in thickness from less than an inch
to 20 feet.

The granite is sheared and locally silicified along these shear
planes. Quartz veins follow several of these shear surfaces and
probably are chiefly replacement veins localized by them.

The vein is much more continuous and uniform in the upper
tunnel than in the lower tunnel, where the most recent work has
been done. In the upper tunnel its average strike is about N. 35°
W. and its dip about 27° E., whereas in the lower tunnel it ranges
in strike from N. 30° W. to N. 60° E., with a peculiar S-shaped
curve. This curve may be due either to postmineral or premineral
movement; the exposures are insufficient for clear decision. The
vein quartz is more or less crushed, showing clearly that there
has been postmineral movement, but the amount 1s difficult to judge.
In places the fissures contain no quartz and are marked by sericitic
and ankeritic crush zones. The vein ranges in thickness from a
knife-edge to about 7 feet, and the average is about a foot. .

The mineralogy of the veins is simple. The sulphides are pyrite
and arsenopyrite in a gangue of quartz, sericite, chlorite, and

ankerite.
MACY

The Macy mine is in the northwest wall of Maiden Gulch about
a quarter of a mile above the junction with the Powder River.
The mine was located about 1920 by the Macy brothers, of Sparta,
and in 1930 was being developed under bond by the Mines Devel-
opment Co., W. J. Geer, manager.

The property is developed by three tunnels and two short inclines.
The lower tunnel includes about 200 feet of crosscuts and 400 feet
of drifts; 26 feet higher is a 200-foot drift; and 40 feet above this
is the upper level, on which a drift has been run for about 100 feet.
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Farther up the hill to the north are two short inclines. Altogether
about 1,000 feet of development work has been done. (See fig. 8.)

The production has been small, but some has been reported for
1922, 1923, and 1926. At the time of visit a small mill was being
installed and was expected to be in operation in the fall of 1930.

The country rock of the mine is albite granite, which grades into
quartz diorite. Higher slopes to the north and east are capped by
diabase and basalt flows of the Columbia River lava.
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Fi1cURE 8.—Map of the Macy mine, Sparta district, Oreg.

The mine develops a quartz vein with several branches. The
trend of the main vein is about N. 50° W., and its dip ranges from
about 75° to 40° S. Branches toward the north, northwest, and west-
southwest are seen on the lowest level. The two inclines above the
main workings follow separate veins; the lower strikes north-
northeast and dips 45° W.; the upper strikes nearly east and dips
40°-63° N.
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The veins exposed range in width from about an inch to about
4 feet, with an average, where worked, of about 1 to 114 feet. For
the most part the walls are well defined, in many places demon-
strably fault surfaces. The vein quartz itself is commonly brec-
ciated, and most of the sulphides are localized in these brecciated
places. Locally the veins are vuggy, elsewhere they are massive,
and at still other places the space between the walls is filled with
gouge and only subordinate amounts of quartz. "Stoping has been
carried through between the two lower levels just west of the lower
crosscut and from the lowest to the upper level, about 20 feet from
the upper portal. The stope length of each of these shoots is about
20 to 25 feet, the veins pinching down to unminable thinness in
both directions.

The veins are composed chiefly of quartz, with sericite, chlorite,
and calcite, containing pyrite, sphalerite, and free gold. Clay and
limonitic material are the weathering products. Assays were not
available, but it is evident from the visible free gold that some of
the material is extremely rich. However, the veins so far exposed
are not regular nor persistent enough to establish a confident ex-
pectation of continuing to great depths.

PLACER MINES

The placer mines of Sparta have long been inactive, and the old
Sparta Ditch, which supplied water from Eagle Creek for many
years, beginning in 1873, has long been withdrawn from mining use.
In fact, no water is now brought in it for irrigation. The gold was
found in the residual soil of the deeply weathered granite near
Sparta and doub:less was derived from the numerous small but rich
veins similar to those seen in the mines of the district. The topog-
raphy is not suited to other than sluicing methods of recovery, so
that a revival of placer mining is unlikely.

THOMAS

H. C. Thomas has three and one-fourth claims in the Sparta
district, about 2 miles south of Lily White. They lie on a side road
a mile west of the road from Sparta to Lily White and are a short
distance east of Goose Creek, on the hill above the Daddy Lode mine.
The claims are the Coin, the Eclipse, and the Sovereign.

Most of the development work has been done on the Coin claim.
There are two tunnels now accessible on this claim, one of which
extends for a distance of approximately 600 feet and the other for
150 feet. In addition, a small shaft about 40 feet deep has been
- sunk, as well as several small prospect holes. The Eclipse claim
has a 30-foot shaft, now inaccessible, as is the 80-foot shaft on the
Sovereign claim. A considerable proportion of the work has been
done under bond by John Arthur, of Baker.
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The country rock of the region appears to be a highly silicified,
probably originally dioritic intrusive igneous rock. In the larger
tunnel on the Coin -claim several faults were noticed which trend
about S.25° W. and dip at various low angles, about 30° W. Gouge
is developed along these slips, and they appear to be centers of
ssericitization.

Most of the ore found has been as chunks and boulders in the
fault zones. The ore is chalcopyrite, in part altered to malachite
. and limonite. The gangue is either quartz or barite or both. No
bodies of minable size have been found. Galena and .sphalerite are
also found in boulders and locally in small veins in the country
rock. These minerals have the same gangue as the chalcopyrite,
syith which they are locally associated.

OUTLOOK FOR THE DISTRICT

The occurrence of rich placer ground on the plateau near Sparta
gives evidence of considerable mineralization. The veins that have
been developed have given very encouraging assays, but nevertheless
there have been no developments sufficient to justify large mining
activity, doubtless because of the lack of persistence in the individual
veins. The considerable amount of gold undoubtedly present has not
been concentrated in a few large veins but has been deposited in
numerous narrow and discontinuous ones. Several of the properties
show developments encouraging to work in a small way; mining
oon a large scale must await the discovery of more persistent and
larger veins than were accessible in 1930.

EAST EAGLE DISTRICT
LOCATION AND GENERAL FEATURES

The East Eagle district lies on the southwest flanks of the Wallowa
Mountains, in Ts. 6 and 7 S., R. 44 E. It is accessible by good
mountain roads from the Powder Valley and is about 45 miles by
road from Baker. The district lies on the hills near the junction
of East Eagle Creek with the main stream.

The country rock is chiefly Triassic limestone and greenstone, cut
by dikes of both granitic and diabasic rocks.

THE MINES
AMALGAMATED MINES CO.

The Amalgamated Mines Co. controls 21 unpatented claims near
the head of Paddy Creek, in the southern part of the Wallowa
Mountains. Most of the claims lie in sec. 35, T. 6 S., R. 44 E. Mrs.
‘G. J. Burnham is mine manager at the property, and W. Burnham,
box 1928, Spokane, Wash., is secretary of the company.
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In addition to numerous prospect pits and small open cuts there
is considerable underground work, much of which was inaccessible
at the time of this survey. The accessible workings consist of two
adits aggregating about 1,500 feet, including short crosscuts, as
shown in Plate 8. The lower and upper adits are connecfed by a
40-foot raise. )

A small Chile mill, situated below the portal of the lower adit,
had been in operation for only a few days at the time of this survey,
and no clean-up had been made. It was milling ore that had been
stored from a previous period of activity. No assays were available.
The mine foreman estimates the capacity of the mill at 25 tons a
day. Water power is used, the water coming from the head of Little

" Eagle Creek.

The principal country rock of the vicinity is fine-grained green-
stone. Locally the rock is a coarser breccia; some conglomeratic
beds are present and carry pebbles as much as 2 inches in diameter.
The rocks are excessively jointed in several directions, so that hand
specimens are usually bounded by joint planes. These rocks have
been assigned to the Triassic by Lindgren ** and to the Carbonifer-
ous (?) by Ross.®8

At least two systems of faults are present. The representatives
of the more prominent system trend northwest and dip northeast.
Those of the other set also trend northwest but dip steeply south-
west. _

Gouge is developed along the slips. The greenstone is in most
places crushed along both walls of a fault, locally for a width of 20
to 30 feet. This condition is especially well seen at the places where
the two crosscuts are turned from the main lower adit.

Mineralization and alteration have taken place along some of the
faults, and the rock is bleached in many places, locally on both sides
of the fault and elsewhere on only one side. Sericite, fuchsite,
limonite, and quartz were recognized in these zones. The mineral-
ization has been variable, and any or all of the above minerals may
be present or absent at any one place.

SUMMIT MINING CO.

The Summit Mining Co., of which W. H. Strayer, of Baker, is
secretary, controls a group of claims on the west side of East Eagle
Creek, about 3 miles above the confluence of that stream with
Eagle Creek. A few of the claims extend over the divide west of
East Eagle Creek into the drainage of Bradley Gulch, a tributary
of Eagle Creek. Originally the claims now controlled by the Sum-
mit Mining Co. belonged in two groups—the M. R. Woodard group
~and the Dunham Miles group.

17 Lindgren, Waldemar, op. cit., pl. 64. 8 Ross, C. P., unpublished map.
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A caved tunnel on the Summit claim is reported to have produced
$30,000 at a time when most of the claims were controlled by a Mr.
McGee. :

The property is only partly developed. Besides numerous pros-
pect pits, three adits, each between 100 and 200 feet long, were
examined.

The predominant country rock of the vicinity is greenstone,
mapped as Triassic by Lindgren and Ross. Some limestone; shale,
and conglomerate are present in the greenstone series. The green-
stone is gray, brick-red, or dark green. The regional strike may
average about N. 10° W., and the dips are uniformly steep to the west.

The Triassic rocks are cut by much later basic dikes, which may be
feeders for the Tertiary basalt blanket that still partly covers the

area.
Midway—The Midway claim of the Woodard group lies on the
west side of East Eagle Creek about two thirds of the way to the
divide above the creek. The rock is red shale and greenstone that
strikes N. 12° W. and dips 60° W. The vein is exposed in a small
prospect pit and may be traced by float for several hundred feet. It
is about 6 inches thick, strikes N. 85° E., and dips 50° N. The con-
tacts against the basic dike hanging wall and greenstone footwall
are sharp.
The vein material is white quartz. Other minerals seen were
chalcopyrite, limonite, malachite, and a minute flake of native gold.
Apex—The Apex claim, belonging in the Miles group, is on the
ridge above the Midway claim. There are several prospect pits on
the claim, the southernmost of which exposes a quartz vein 1 foot
thick, which strikes N. 10° E. and dips 25° E. The footwall appears
to be a basic dike similar to that on the Midway claim, and the hang-
ing wall is dark-green greenstone. Two quartz stringers, 1 inch to
114 inches thick, run from the vein into the footwall dike, thus indi-
cating that the dike is older than the vein. However, the stringers
may not be of the same age as the main vein, as they are not min-
eralized. The metallic minerals seen in this pit were chalcopyrite
and enargite, with chrysocolla and limonite as oxidation products.
In another pit on the Apex claim, about 200 feet north of the one
above described, a series of small quartz stringers, ranging from the
thinness of paper to several inches in thickness is exposed.
Zenith.—The Zenith claim of the Miles group lies just north of the
Apex claim and is opened by a 150-foot adit running N. 65° E. along
a 2 to 4 foot quartz vein that dips 20°-40° NW. Near the face the
vein appears to be cut off by a northward-trending fault, which dips
steeply east. The fault appears to have the downthrow on the east,
and it may be related to a larger fault that is believed to pass through
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the saddle between the Apex and Zenith claims. The country rock of
the Zenith claim is greenstone.

North of the Zenith claim the ridge is blanketed by a basalt cover
that attains a thickness of several hundred feet.

Woodrow—The Woodrow claim of the Miles group is about two
thirds of the way up the west wall of East Eagle Creek Valley and
about a mile north of the Zenith claim. The claim is developed
by a 100-foot adit and a 10-foot incline, both of which follow the
vein. One of the basic dikes forms the hanging wall, and greenstone
the footwall. The vein strikes north and dips 50° W. Near the
south face the vein disappears, but it was not determined whether
this was a result of faulting or whether the vein pinched out.

The mineralogy is similar to that of the veins already described
in this region.

The dike is well exposed a little to the north of the adit portal and
across a small gulch. At this place a quartz stringer, unmineralized,
occurs in the dike. The stringer trends N. 75° W. and dips 50° NE.

Summit—~The Summit claim lies north of the Woodrow claim.
An old adit on this claim was inaccessible at the time of this survey.
The portal is in conglomerate and greenstone. The vein material
on the dump appears to be the same as that from the Woodrow claim.

OUTLOOK FOR THE DISTRICT

The East Eagle district is handicapped by its distance from trans-
portation facilities but more seriously by the irregularity of the min-
eralization. There is little doubt that gold is present in considerable
aggregate amount, but, as in many others of the eastern Oregon
districts, it is in small, irregular veins, search for which is a sort
of “ pocket hunting.” Several properties in the district may prove
profitable in a small way, if their exploitation is undertaken with full
regard to this irregularity, but such mining must be done with a
small overhead expense.

SANGER DISTRICT

The Sanger district is in the foothills of the Wallowa Range, on
the divide between Eagle Creek and the Powder River, between 5 and
10 miles northwest of Sparta. The district is reached from Sparta
by fairly good forest roads; it is about 12 miles east-southeast of
Medical Springs, the nearest railroad point, and is accessible by
fairly good roads.

The production of the district has been derived chiefly from the old
Sanger mine, long since inactive, but in 1930 mining was going on at.
the Basin mine, and there was some prospecting in the neighbor-
hood of Sanger and Lily White.
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The pre-Tertiary rocks of the area are exposed only where the
formerly continuous cover of Columbia River lava has-been removed
by erosion. About 2 miles west of the Sanger mine fossiliferous
Triassic sediments crop out beneath the basalt. Although no fossils
have been found near by, it is likely that the rocks in the vicinity
of the Sanger mine are also Triassic, but Permian greenstone oc-
curs in Goose Creek and Sawmill Gulch just west and southwest of
Lily White. Diorite porphyry dikes and some larger diorite intru-
sions are present in the area. '

SANGER

The Sanger mine, formerly the largest producer in the district, is
in sec. 2, T. 7 S., R. 43 E., about half a mile east of Goose Creek,
just north of the road between Medical Springs and Lily White.

The mine has been inactive since about 1900 and was inaccessible at
the time of visit. A little surface trenching was going on, as appar-
ently it has been nearly every year since the mine became inactive.
Little can be added to the account given by Lindgren,'® summarized
below.

The vicinity of the mine constituted the old placer camp of
Hog’em, with a reported production of about $500,000. - The princi-
pal vein, the Summit lode, was discovered in 1870 and actively
worked in following years. In 1874 the production was $60,000 from
ore containing $16 to the ton. The production to 1887 is unknown,
though probably small, but a mill was then built, and in 1889 produc-
tion began to increase rapidly. The Mint reports for the four years
1889-1892 give $813,000 as the production of the mine. The mine
was closed in 1897 but became active again about 1900. Since that
time little work other than surface trenching has been done, although
some underground work was reported in 1907, 1908, and 1921. The
probable value of the output is about $1,500,000.

The mine is developed by several tunnels and a 400-foot shaft. An
old map of the mine seems to show that work was done on two
intersecting veins, but no unmistakable evidence of this was obtained.

The country rock is black slate, somewhat pyritic near the veins,
which are gently dipping, well-defined quartz veins with clay sel-
vages. The gangue was coarse quartz and a little calcite, containing
about 3 per cent of sulphides, consisting of pyrite, chalcopyrite,
sphalerite, and a little galena, and free gold. The principal vein is
reported to have contained three pay shoots. The upper stopes were
worked for 600 feet along the vein to a depth of 50 to 100 feet. The
average width of the vein in these stopes was 15 inches, and its con-
tent $20 to $25 to the ton. Below the zone of weathering the vein was

1 Lindgren, Waldemar, op. cit.,, p. 788.
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2 to 4 feet wide and carried $12 to the ton in gold. This relation
possibly signified residual enrichment of the vein by leaching out of
valueless gangue near the surface.

BASIN

The Basin mine, owned by Dean & Sturgill, of Baker, is an old
property but has been actively exploited only in the last few years.
It is about 3 miles north of the road between Medical Springs and the
Sanger mine, just over the divide, on the Eagle Creek side.

Production statistics were not available, but the output must have
been moderate despite the very high grade of the ores.
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FIGURE 9.—Map of the Basin mine, Sanger district, Oreg.

In 1930 the development work consisted of somewhat more than
600 feet of drifts, with some winzes, raises, and stopes. Most of the
workings were on the adit level, with an inclined shaft reaching the
surface about 30 feet higher. (See fig. 9.)

The country rock is quartz diorite throughout. It is cut by many
joints and shear planes, the most prominent of which strike N.
10°-15° W. and dip 25°-30° W., strike N. 60° W. and dip 35° S.,
strike N. 70° W. and dip 15° N., and strike N. 35° E. and dip 20°
NW. Quartz veins and veinlets follow all these directions and many
others. Most of the veins are narrow and discontinuous, though
many are very rich, showing specks of gold in the hand specimen.

Three stopes are visible in the accessible workings. One is on a
vein followed by an incline from the surface. This vein has been
stoped for a distance of about 20 feet for a pitch length of about 40
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feet above the tunnel level, along the inclination of the vein. The
thickness of the vein in this stope is not known; to judge from the
exposures in the walls, however, it did not exceed a foot, probably
averaging between 4 and 8 inches. This ore shoot is evidently the
objective of the winze below the tunnel level, but the winze was full
of water and could not be examined.

The other stopes are above the tunnel level, along a vein striking
N. 60° W. and dipping 35° S. This vein has been mined just above
the drift for a stope length of about 30 feet. The western stope
1s about 40 feet high along the dip of the vein; the eastern is some-
what smaller. The quartz vein was evidently somewhat thicker
than the first one described but probably did not exceed 2 feet im
thickness anywhere.

The veins are all simple quartz-filled fissures along joints. Most
of them show a little shearing, dominantly in the hanging wall,
but can hardly be classed as faulti fissures. Considerable replacement
of the wall rock has occurred. Sericite is rather common, especially
along the shears. The vein matter is chiefly quartz and some chlorite
and calcite, together with hematite, chrysocolla, and limonite, the
oxidation products of the sulphides formerly present. A few relict
sulphides occur, chiefly pyrite, chalcopyrite, and sphalerite. The
quartz shows moderate brecciation.

The gold is free, within the depths obtained in the mine. The ore
is variable in tenor but is locally of very high grade, wire and shot
gold being common. As the veins are very narrow, this high tenor
is a necessity for workability; nevertheless, the mine appears to
have good prospects if worked in a small way, the lack of persistence
of the veins being taken into account.

MEDICAL SPRINGS DISTRICT

LOCATION AND GEOLOGY

Near Medical Springs, Union County, sporadic work has gone on
for a long time, although no production has ever been reported
from the district. Medical Springs is about 18 miles by a good road
northeast of Baker. A standard-gage branch extends from the main
line of the Union Pacific system at Telocaset to the sawmill of the
Stoddard Lumber Co. at Pondosa, a new town about half a mile
south of Medical Springs.

Most of the country north of Medical Springs is covered by the
Columbia River lava, but owing to the irregular topography of
the surface upon which these flows were poured out and to subsequent
erosion, the underlying pre-Tertiary rocks are exposed in some places.
Such exposures, so far as seen in this survey, are of siliceous green-
stone, apparently identical with the Permian greenstone in the
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valley of Big Creek, to the south. Exposures are poor, however,
and no fossiliferous limestone such as occur sporadically in the
Permian greenstones of the copper belt near Keating were seen,
so that the identity of the series may not be considered established.

THE MINES
TWIN BABY

The Twin Baby prospect is about 214 miles northeast of Medical
Springs, on the divide between two tributaries of Big Creek. From
Medical Springs it is reached by a good wagon road 31, miles long.

The property was in charge of Al Borosky at the time of the
visit. He reported that no work other than assessment work had
been done on it for several years.

The property was opened by an inclined shaft 110 feet deep,
now inaccessible, and a vertical shaft 247 feet deep, which at the
time of visit was partly full of water and in the upper levels inac-
cessible because of bad air. Short drifts are reported to have been
cut on the 100 and 150 foot levels.

The country rock is greenstone, probably a part of the Permian
series exposed 2 miles to the south in the Baker quadrangle. The
" vein trends N. 5° W. and dips 80° E. Where exposed in several -
trenches it attains a maximum thickness of 2 feet and consists of
brecciated quartz, stained in part with hematite, jarosite, and mala-
chite, the decomposition products of the primary pyrite and chal-
copyrite, of which remnants occur in some specimens on the dumps.
The vein is said to persist on the bottom levels and to be quite regular

in the workings so far driven.

Some very high grade ore has been obtained in the upper work-
ings of this mine, wire and sheet gold being rather common. Noth-
ing is known of the average tenor of the ore, which must have been
rather spotty, although Mr. Borosky states that assays of $10 or $12
in gold to the ton are not uncommon. A little silver is also reported.

GRULL

Andy Grull has done considerable work in developing a prospect
in the gulch southeast of the Twin Baby mine, in sec. 20, T. 6 S.,
R. 42 E., about 2 miles northeast of Medical Springs.

The principal work, aside from trenches and shallow prospect
shafts, has been done in a tunnel about 300 feet long, driven to cut
a quartz vein that crops out on the hill north of the gulch. This
tunnel exposes Teritary sediments, closely associated with an andes-
ite flow, for about 200 feet, then continues in greenstone, which is
highly siliceous and very hard. The vein that is the objective of
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the tunnel is supposed to lie about 70 feet ahead of the face of the
drift. Mr. Grull reports no assays but very high grade pans of free
gold from the vein.

The greenstone carries minute veinlets of chalcopyrite and pyrrho-
tite, with some scapolite (dipyre), epidote and andradite. Oxida-
tion minerals include hematite, nontronite, gypsum, and limonite.

OUTLOOK FOR THE DISTRICT

The developments in the Medical Springs district in 1930 were
not adequate to permit any estimate of its potential output. The
cover of Tertiary rocks masks much of the possible mineralized
area. More development work would have to be done and a better
basis thus obtained for evaluation of the possibilities before mining
would be justified. N
VIRTUE DISTRICT

GEOGRAPHY

The Virtue district includes T. 9 S., R. 41 E., and immediately
adjacent territory to the north and south. The district lies about
4 miles east of Baker, from which it is reached by an excellent high-
way. The Oregon Trail of pioneer days passed through the district
by way of the pass just south of the Flagstaff mine.

The central topographic feature of the district is Virtue Flat, a
wide, gently sloping, basinlike area, nearly surrounded by rolling
hills. The district is drained by Ruckles Creek, which joins the
lower Powder Valley at Keating. Altitudes in the district range
from about 3,100 feet at the head of Ruckles Creek Canyon to 5,077
feet on the top of Lone Pine Mountain. The climate.is very dry,
and most of the land is utilized only for sheep range, but a few
dry farms are situated in Virtue Flat.

FIELD WORK

The Virtue district is included in the Baker quadrangle, on the
topographic map of which it was possible to indicate the principal
geologic formations present. (See pl. 4) About three weeks in
June and July, 1930, was spent in mapping the areal geology and
studying the mines. -

GEOLOGY

GENERAL FEATURES

The oldest formation in the Virtue district is composed of argillite
and chert, of Carboniferous age, which is exposed in the hills south
of Virtue Flat and in a small area north of the fault forming the
north boundary of the flat. Into this formation are intruded two
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igneous series—the earlier a gneissic gabbroic series accompanied by
norite and amphibolite facies and a sodic quartz diorite; and the
later a nearly massive biotite-quartz diorite.

There are no rocks present in the district to record the long interval
between the intrusion of these rocks, probably in the Mesozoic era,
and the outpouring of the Columbia River lava in Neocene time.
An erosion surface of considerable relief, perhaps comparable to
that of the present surface, was developed upon the pre-Tertiary
rocks in this interval. The Columbia River lava and the fluviatile
and lacustrine deposits interbedded with it almost completely sur-
round the Virtue district and without doubt extended over the entire
area before they were removed by erosion. Gravel terraces pre-
sumably of Quaternary age are developed in Virtue Flat across the
edges of the fluviatile deposits. Presumably it was gravel corre-
lative with these terraces that yielded the mammoth tooth mentioned
by Lindgren.?®

The structure of the argillite is complicated in detail, but its areal
distribution in the Baker quadrangle is such as to indicate a domi-
nantly eastward strike through the district. The Tertiary rocks in
the vicinity of Lone Pine Mountain dip southwest, and north of Vir-
tue Flat they dip northeast. Virtue Flat itself is in part of graben
structure, bounded by northwestward-trending faults, but it is in
major part due to erosion. There is, indeed, a possibility that the
valley is in part an exhumed valley in the surface antedating the
extrusion of the Columbia River lava.

ORE DEPOSITS

The ore deposits of the Virtue district are contained in quartz veins
in the pre-Tertiary rocks. They were probably formed by emana-
tions from the biotite-quartz diorite exposed south of the Flagstaff
mine or from related masses at greater depth.

The veins consist of quartz, calcite, and scheelite, with a little
sericite, and.carry small amounts of pyrite and chalcopyrite and
free gold. The veins are commonly brecciated, and the breccia zones
are favored sites for the sulphides.

THE MINES
VIRTUE

Location—The Virtue mine, which has given its name to the
district and has hitherto been the greatest producer in it, is in
sec. 21, T. 9 S., R. 41 E., at the foot of the hills bounding Virtue
Flat on the south. It is about 3 miles south of the Baker-Robinette
highway and about 12 miles by road from Baker.

2 Lindgren, Waldemar, op. cit.,, p. 722.
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