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Sierra Nevada, the Cascade Range, and the Coast Range. They arve
most closely related in position and structure to the Coast Range. but
the kinds of rocks of which they are made up are like those of the
Sierra Nevada.

The region under consideration lies within the Xlamath Mountain
group and extends from the crest of the Siskiyou Mountain~ north-
ward to Rogue River, where the stage road and the Southern Pacific
Railroad aflord a convenient outlet for transportation. Applegate

tiver, which heads in the Siskiyou Mountains. has carved ont an
irregular but in many places broad and fertile valley across the re-
gion. A stage mail route follows the Applegate to the crest of the
Siskivou Mountains in California, but there is no outlet to the south.

The region is mountainous and ranges in altitude from about 8§71
feet to over 7,043 feet above the sea. The fertile valleys are farmed
and the mountains are generally well forested. especially in the
southeastern portion, which belongs to the Siskiyon National Fore-t.

GEOLOGY.
GENERAL OUTLINE.

The rocks of the Applegate region include both sedimentary and
igneous rocks of various types and ages. They are arranged in
irregular elongated patches or bands running northeast and southwest
diagonally acros=s the Grant Pass quadrangle. and the igneons rocks
occupy by far the larger portion of the area.

The sedimentary rocks are mainly Paleozoic (Devonian, probably
with some Carboniferous). though there are a few of Tertiary age
and some of Cretaceous. Besides these there is a mass of miea sehicts
near the crest of the Siskiyou Mountains that appears {o be older than
the Paleozoic rocks of the same region. .

The igneous rocks are in part intrusive, but many of them. pos=ibly
the greater portion, are volcanie.

MICA SCHIST.

Mica schist appears to be among the oldest rocks of this portion
of Oregon. It occurs in a large area aboul Squaw ILake. in the
sontheast corner of the Grants Pass quadrangle, where it is nevoei-
ated with hornblende and chlorite schists. The last twao are jprob-
ably derived from the alteration of ancient igneous rock-. hmt 1le
origin and age of the mica schist here referred to are not definitely
known. Tis nearness to the large mass of granodiorite that forn-
the core of the Siskiyou Range suggests that it may he due ta the
contact metamorphism of Paleozoic sediments by the graundiorite.
However, the absence of andalusite and other characteri-tic confurt
minerals favors the view that the mica schist is older than the Pulea-

SOSIN- Bull 35000
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zoie rocks of that region and lies unconformally Leneath them. It
is typical mica schist for the most part, with numerous leaves and
veins of quartz and loéally considerable pyrite.

PALEOZOIC ROCKS.

Kinds of rocks—The Paleozeic sediments consist of clay slates,
dark, siliceous, locally banded slates, and greenish slates, interbedded
with tuffs and lentils of limestone. Near the contact with granodi-
orite they are locally metamorphosed into fine-grained-mica schist,
which usually contains characteristic minerals, such as chiastolite
and «taurolite.

Distribution of ¥imestone.~—-Limestone is one of the most important
Paleozoic sedimentary rocks of the region from an economic point of
view, especially on nceount of its relation to the cement industry, and
more of it occurs in the Grants Pass quadrangle than in any other
quadrangle of equal size in western Oregon.

Measured directly across the strike the area occupied mainly by
Paleozoic rocks, both sedimentary and igmeous, in the Applegate
region has a width of nearly 30 miles. in which there are four more
or less clearly defined belts of limestone containing about 50 masses.
most of which are located on the accompanying map as quarries or
pro=pects. The largest outerop is not over one-third of a mile in
length and 200 feet in thickness.

The first belt of limestones includes prominent ledges § miles
southeast of Xerby, as well as several on Cheney Creek. where they
occur under favorable conditions for handling and getiing to Grant=
Pass by a haul of 12 miles.

The second belt is less regular. Tt extends from the vicinity of
Gold Hill southwestward by the Oregon Bonanza mine to the Oregon
Cayves and beyond into California.

The third belt, with several readily accessible ledges on Kane
Creek. appears to the southwest on Applegate River. on Steamboat
Creek, and in the vicinity of Whisky Peak, where the belt enters
California. '

The fourth belt of limestone appears on Little Applegate River.
and possibly also on Applegate River near Watkins, where a prom-
inent limes{one ledge occurs close to the mica schist, which it appears
to overlie. . )

dge of timestone—The limestones at a number of points are fo--
siliferous, but the fossils are too poorly preserved to permit definite
determination. In’two lots—one from the Happy Camp trail, 10
miles south of Waldo. and the other from sec. 19, T. 87 S, R. &, \T,
about 10} miles southwest of Grants Pass—corals are abundant, and
among them E. AL Kindle recognizes with doubt forms that hie com-
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pares with Furosites uitclla and Cludopura rabusto, as well as a gas-
teropod resembling Loronecuia bellu. Mr. Kindle remarks that if the
determinations are correct the beds represented are of Devonian age.
Tt thus appears that the Cheney Creek and Gold ITill belts of lime-
stone (the first and second noted above) are of Bevonian age. A
striking feature that occurs locally in some of the limestone ledges of
the second belt is the inclosure of vesicular voleanic fraguients,
which indicates that voleanic eruptions occurred in the region at the
time the limestones were forming.

In the third belt of limestone, which ontcrops along Kane and
Steamboat, creeks, the only fossils found were fragments of round
crinoid stems; the fourth belt, on Little Applegate River, contains
both round and pentagonal crinoid stems well preserved. The gen-
eral absence of other fossils from these two belts suggests a diflerence
in age from the Devonian, and it is probable that they are eitlier
Carboniferous or Triassic.

Composition of the limestones—Tor the purpose of rhowing the
adaptability of these limestones to the manufacture of cement the
following analyses were made by R. C. Wells in the chemieal labo-
ratory of the United States Geological Survey at Washington:

se

Anelyses of Himestone from Granls Pass quadrangle, Oregun.
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Tith the exception of No. 7021, these limestones are nommaghe-
sian and pure, and are well snited for the manufacture of cement.
Shales that appear to be suitable te combine with the Jimestone fo
make cement occur convenient to the railroad in the Bear Creek por-
tion of the Rogue River valley.

Relation of Paleozoic to- adjacent rocks—The succession of sedi-
ments included in the four belts of limestone and az<oeinted rocks,
to judge from their attitude and distribution. appears to be conform-
able thronghout, although these strata are apparenily unconform-
able not only with the underlying mica schistz but aleo with the
averlying Jurassic rocks.

s ook sliomeeceon i o i EnS i Sk Sk 20 Ul e it A A 1 s S i

i

8. &




e——

- . [OOSR

. b2 CONTRIBUTIONS TO ECOXOMIC GEOLOGY, 1808, PART I.

JURASSIC ROCKS.

The Jurassic rocks of this region consist mainly of shales and
thin-bedded sandstones in variable proportion. Small bedx of fine
siliceous conglomerates are rarely present. The xhales are darlk,
locally black, but weather gray, yellowish, or brown, and here and
there are decidedly slaty. The sandslones are gray and hard. Lo-
cally in the sandstones quariz veins are abundant, but usually they
are scavce or absent. The fine conglomerate of quartzose pebbles
contains, on its weathered surface, small cavities from which soluble
pebbles have disappeared. Near the. contact with granite -these
rocks are. in places, altered to mica schist. They occupy only a
small portion of the region under consideration, in the vieinity of
the stage road from Wilderville to Kerby, and their distribution
mdlcntes that they unconformably overlap the Paleezoic rocks.

CRETACEOUS ROCKS.

The Cretaceons rocks are comparatively soft conglomerates, sand-
stones, and shales that once formed a conspicuously unconformable
blankei-like covering over a large part of the region, but erosion has
removed all of it excepting a few small patches that cling on the
older rocks in the neighborhood of Jacksonville and Waldo, where
the conglomerate at the base is locally auriferous ‘md mined ax a
placer.e

That these auriferons conglomerates are Cretaceous (Horsetown
and Chico) iz cle.xrh' shown by the foaqls contained in the overlying
sandstones and shales.

TERTIARY ROCKS.

The Rogue River valley contains a mass of soft sandstone of Ter-
“tiary (Eoccne) age. m' arkose near the base and, lying
between the Cretaceous strata on thé. west. and the lavas tlmt make
up the Cascade Range on the east, it contains the beds of coal best
exposed in the vicinity of Ashland and Medford.

IGNEOUS ROCKS.

In the Applegate region igneous Tocks aré much more abundant
than sedimentary rocks and are of comparatively few types, embrac-
ing greenstone, serpentine, granodlorlte, dac:te porphyry. and augite
andeqte.

The rocks included under the general term 0'reen\tone are of
several different kinds, but for the most part -they agree .in being

¢ Lindgren (Am. Jour. Scl, 3d ser., vol. 48, 1894, p. 275) describes an auriferous con-

clomerate of Jurassic age in the Sierra Nevada of Californla, and Turner notes one of

Chtco age in Oregon.
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mmnch altered and greenish in color. When fresh and fully erystalline
the greenstone is commonly like a gabbro composed essentinlly of

-pyroxene and lime-soda feldspar, but it may contain hornblende anid

resemble diorite. or have ophitic structure and pass into diabase, or
be compaci like basalt. Mueh of the greenstone, tou. is locally
vesicular and this feature, occurring in rock associated with beds of
fragmental voleanic material. shows clearly that a large part of the
fine-grained greenstone is of voleanic origin, and its relation to the
{fossiliferous limestones noted above indicates that thie voleanoes from
which it came were active, some in the Paleozoice era and others in
the Alesozoic.
cut by numerous dikes and irregular masses of intrusive rocks of the
same kind, and the whole has been so crushed and veined by later
earth movements in the process of mountain building that it would
be very diflicult to map these rocks in detail separately.

A few irregular masses of serpentine cut the older greenstones.
For the mest part they have resulted from the alteration of peridotite
or pyroxenite, but some may have come from a basic phasze of the
grecenstone.

Granodierite similar to that which covers a large area in the vicin-
Ity of Grants Pass forms irregular masses and dikes at a number of
places. Tt is composed chiefly of plagiovelase feldspar. quartz. and
hornblende, generally with more or le=x mica and orthoclase feldspar.
and with the hicreaze of hornblende it varies in color.from fine grax
to greenish black.

The dazite porphyry is a light-colored rock w nch in composition
and origin is closely related to the granodiarite, Tt forms dikes, anil.
though widely distributed, is not abundant. Some of it is decidedly
porphyritic. with phenocrystz of {eldspar and quartz.

The angite andesite is a dark-colored rock that occurs in a few
small dikes cutting all the other igneons rocks as well as all the sedi-
mentary rocks up to the top of the Horsetown.

The relative age of the igneous rocks, aside from the Paleozoic and
Alesozoic greensione lavas, is fairly well established. The ereen-
stones are the oldest, followed in order by the serpentines (peri-
dotites), granodiorife. dacite porphyry, and angite andesite. Al

- though some of the greenstone lavas. and perhaps. aleo. some of the

intrusive greenstones, are Paleozoic, the bulk of the intrusive rocks.
inelnding erecnstones. granodiorite, peridotiie, and dacite pm]ﬂn.
belong abont the close of the Jurassic. The angite andesite 1< the
only igneons rock in the region under consideration that ents the

- Cretaceous sedinients.

These voleanic greenstones of various ages have been
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STRUCTURE.

The strike of the sirata older than the Cretaceous is generally
northeast and southwest, parallel to the rock belts, and their dip for
the most part is to the southeast, though in many places they are ver-
tical. To judge from the position of the strata alone it appears that
those in the northwest portion of the Grants Pass region should be
the oldest, and that they should decrease in age to the southeast.
Just the reverse, however, is the case. The youngest rocks (Jurassic)
are on the northwest, and the oldest (mica schist) on the southeast,
with the Paleozoic between. This apparenti reversal of the natural
aorder is due either to folding and overturning of the strata or to fault-
ing. by which the older rocks are made actually or apparently to
overlie the younger. It is very probable that both folding and fault-
ing have contributed to the complex structure of the region, but the
part played by each is practically unknown and can be determined
only by detailed investigation.

The most probable line of faulting noted in the region is one which
crosses it from northeast to southwest in the vicinity of Waldo and
Kerby, where the Jurassic strata appear to pass beneath the Devonian.
A similar line of displacement may occur in the southeastern portion
of the Applegate region, between the Paleozoic rocks and the mica
schists: but the evidence thus far observed is not conclusive. Both of
these supposed lines of fanlting have been traced by Hershey south-
ward through the Klamath \Iountfuns ‘and are shown on the geo-
morphic map of the California earthqu.lke commission.

METALLIFEROUS MINERAL RESOURCES.

- By G. F. Kavy.

INTRODUCTION.

The mineral resources of the area under consideration are chiefly

gold and copper, the former occurring in gold-quartz veins and in -

placer deposits. Small amounts of sﬂver are associated with the gold,
and from the placers some platinum is obtained. Stibnite, josephi-
nite, and cinnabar have been found, but not in sufficient quantities to
be profitably worked. The region in which these minerals occur lies

. within Jackson and Josephine counties, and covers considerably less

than half of their area. The mineral production of these two coun-
ties in 1907 had a value of $443.370. Of this amount about 75 per
cent came from the mines of the area here described. For that year

. the value of the production of the eopper mines was greater than that

of the gold-quariz mines but less than that of the placers.

.
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GOLD-QUARTZ MIXNES.
GENERAL DESCRIPTION.

The most productive gold-quartz mines which were in operation in
this area during the summer of 1908 were the Braden and the Opp.°
The Granite Hill and Mountain Lion mines, although not now being
worked, have also been fairly important producers within the last few
years. There are many mines and prospects on which work is not
now being done, some of which have never produced, some of which

~ have produced values of a few hundred dollars, and a few of which

have produced values of several thousand dollars. At present some
development is in progress on new prospects and on mines which
were until recently ¢losed. The total gold production of the gold-
quartz mines of the area in 1907 was about $70,000.

The gold-bearing quartz is widely distributed and occurs in small
veins, velnlets, and brecciated zones, in several kinds of rock. Most
of the mines and prospects are in the greenstones, but some are in the
granodiorites, some in metamorphosed sediments, and a few prospects
in peridotites or their decomposition product, serpentine. The ores
are found in several relationships in these rocks. In some places they
occur in greensiones at considerable distances from other kinds of
rock; in others, they are in the greenstones but at the contact with or
near to granodiorites and related rocks. Some veins are par.1]lel to
the schistosity in the greenstones. Again. some veinlets are in both
greenstones and sedlments and in such occurrences, it is not unusual
to find rich ores near the contact of these rocks and closely related
to dikes which cut them. This relationship of the vich ore to dikes is
also shown where the veinlets are in sediments only. In the peri-
dotites some of the veinlets are at the contact with or near to dikes
related to granodiorites. ‘

Many of the veins and veinlets have never produced important
bodies of ore but only “ pockets,” some of which, although filling but
small spaces, were remarkably rich, the gold usually having been
coarse. In general, the main part of the gold in these pockets has
been taken from depths less than 25 feet from the surface.

The veins and veinlets run in all directions. However. a com-

parison of the more persistent of them showed that more lie in an

east-west direction than in a north-south direction. The dips of the
veins vary greatly; most of them have fairly high dips, but some are
nearly flat and some are vertical. The widths of the veins are usually

-less than 1 foot; a great many are considerably less, and in some

places thev form an intricate network of stringers. On the other
hand. there are veins with widths of more than 10 feet ; in such veins

< Tue Opp mine was not examined.
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either “ horses ™ are present, separating the vein into several | parts, or
there is a decided brecciation of the matumls

The vein filling consists mainly of quartz, which is usmlls of a
milky-white co]or. In many of the veins the quartz has crystals with
perfect outlines, indicating that.the deposition took place in open
‘fissures. Culcite is frequently found with the quartz, and subordi-
nate amounts of sulphides, chiefly iron pyrites, but not uncommeonly
. chaleopyrite, and galena are also present. A few of
the veins contain pyrrhotite. The sulphides rarely exceed.3 per cent
of the ores. At the Jewett mine, near Grants Pass, and the Home-
stake prospect, on Lightning Gulch, a brflnch of Canyon Creek, gold
tellurides occur.

A study of the fillings of the wveins in dliferent kinds of rock sug-
gests that the nature of the country rock has not, to any apprecmble
extent, influenced the contents of the fissures. The gold is present as
free gold in the quartz and also associated with the sulphides and
tellurides, the concentrates at times being rich. '

Few values have been found in the country rocks adjacent to the
veins. These rocks are in some places only slightly altered, but in
other places they have been chloritized and in still others the products

of alteration consist of carbonates,.albite, quartz, and pyrite. .The -

presence of albite rather than sericite,-a mineral frequently found
in the wall rocks of the gold-guartz mines of California? is, no doubt,
due to the fact that the.Oregon rocks, as indicated from the an: alyses
thus far made, are consxderablv richer in sodium than in potassium.

The lower limit of the zone of oxidation is in_gencral less than 100
feet below the surface, but in places it exceeds 200 feet.

The evidence suggests that the gold-bearing veins are voun«er than
the early Cretaceous and older than the Eocene( but some of the veins

" associated with ti:e Paleozoic rocks may he pre-Cretaceous, B

DESCRIPTIONS OF THE CHIEF MINES AND PROSPECTS.
BRADEN A{INE.

- The Braden mine is in the SE.  sec. 24, T.2368..R. 3 W.. about
8 miles from Gold Hill. It is now owned by C. R. Ray, of Tolo, but
during the past year it has been leased to the Opp Mining Company,
of J acl;sonnlle. I am indebted to E. W. Liljegran, mines manager
for Mr. Ra\', for information with regard to this propertr.

This mine was located about twenty -five years ago by B. A. Enott,
of Gold Hill. He began development the ores bemg treated in an
arrastre. The ownership of the mine passed in succession to several
pef~ons one of them being Dr. James Braden, after whom the mine
is mmed e sold to '\Ir. Rar in 1‘300 The greatest productlon

. I.mdgren, “‘.Jdemar, Tmn< Am. InsL \Iin. En,., vol 30, 1901, p. GGa

~machine drills.

“direction in this part of Jackson County.
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of this mine for any one year was in 1907, when ihe value of the
output was more than £30,000.

The equipment of the mine consists of a 10- -stamp mill, one giant
crusher, four Johnston concentrating tables, one air compressor, and
The plant is eqmppu] with an electric power sy stem,
the power being brought from Tolo. on Rogue River, a distance of
about 5 miles. The property has been developed mainly by drifts

“along the vein and by winzes and upraices from these drifts. The
" vein outcrops along the southeastern slope of a hill and dips south-

eastward. The angle of dip of the vein is greater than ihe angle of
slope of the hill; hence the lower drifts on the vein are at greater
depths below the surface than those higher up on the vein. There are
four main drifts, one above another. The aggregate length of these
drifts is nearly 3,000 feet, and the grcatest depth Dbelow the sur-
face—less than 250 feet—is in a winze from the lowest of these drifts.
The longest drift is the lowest on the vein. It has a length of more
than 1.200 feet, and considerable high-grade ore has been taken
from the winzes and upraises made from it.

The rocks in which the ores are found are fine grained .md of a
dark-gray color; in hand specimens small erystals of feldspar may be

" seen. Under the microscope the rock appears distinetly porphyritic,

the groundmass being microcrystalline. The phenocrysts are mainly
plagioclase feldspar, but a few crystals of hornblende. probably
secondary from augite, are also present. This rock i« related to the
greenstones, a large area of which lies in a northeast-sonthwest
The area widens rapidly’

toward the south. The main part of this large area of greenstone is

- thought to be voleanic rocks interbedded with Paleozoic sediments.
" The evidence in favor of these rocks heing voleanie cousists of the

presence. in many plaves, of amygdaloidal and tuff-like characters.
Where such characters are absent it is difficult to distinguish those
greenstones which are of volcanic or lgm from those \\lurh ave fine-

" grained intrusives. -

The vein in which the ores are found strikes about N. 80° E. The

average width of the vein is not more than 2 feet; in places it

pinches entirely; in other places, instead of one distinet vein with
definite walls, there is a brecciated zone, which varies from a few
feet to more than 15 feet in width. Within this zone the aggregate
width of the quartz veinlets does not exceed 3 feet. In general. the
dip of the vein'is about 25° SE., but in some places it iz nearly fiat
and in others the angle of dip is hwh There are several fault<. hut
they are of small throw—usually from 1 foot to 3 feet, rarely as much
as 20 feet. These faults are approximately parallel to one another.
The vein filling consists chiefly of quartz and sulphides; a very
subordinate amount of calcite is present. The most abundant sul-
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———phide-is pyrite, but arsenopyrite, chaleopyrite, and galena occur in The mine is equipped with a 20-stamp mill. whieh has a capaeiiy

small quantities. The best values are found in those parts of ihe
vein which are richest in sulphides; where the quartz is compara-
tively free from sulphides. ihe gold content is low.

During 1907 the average yield of concentrates was 1 ton from every
12.2 tons of crude ore; these concentrates had an average value of $26

of 100 tons a day; a crusher, concentrating tables, engines, com-
pressors, hoists, machine drills. and a Worthington mine pump.
Electric power was used. When the mine was in operation as mauy
as 50 men were emploved.

The mine was developed by workings which aggregate nearhr 3,000

a ton. The average gold and silver content of more than 3.700 tons of g feet. A verfical shaft of 420 feet inlersects the vein at a depth of
ore treated in 1907 was worth about €0 a ton: the silver content was . about 120 feet. From depths of 200, 300. and 400 feet on the shaft
worth only about 22 cents a ton. About 65 per cent of the values of crosscnts were run to the vein nnd drifts made along the vein. The
the ores was saved by amalgamation and about 25 per cent by con- profitable ore between the levels was stoped out and raised through
centration; the remaining values were lost in the tailings. The con- the shaft to the surface.
centrates were shipped to Selby and to Tacoma. The country rocks are related to the granodiorites, a narrow tongue

The main part of the PI‘OdUCﬁOD..Of the mine has come from two of which extends sonthward into the Grants Pase quadrangle from
shoots. which are nearly 600 feet apart on the lowest drift of the mine. a larger area of these rocks in the Riddles quadrangle. To the cust
One of the shoots extended along the vein in this drift for about 55 of the granodiorites is greenstone: to the west, serpentine. At v
feet. but in a winze its width increased to about 80 feet, below which Granite Hill mine the values have been found only in the granodio-
it narrowed rapidly. The direction of the shoot was the same as that rite, but at the Red Jacket and Ida mines they occur in the green-
of the dip of the vein. The other shoot had a length along the strike stone.
of the vein of 73 feet; in a winze from it the leng(h increased to 125 The vein runs in an east-west dlrectlon and has an average iclth
feet: at the botiom of the winze, which was run 200 feet below the : of about 5 feet. In p]qce,a the vein is brecciated, the fractured zone
drifi. the valnes were low. The direction of this shoot was about having a maximum width of about 20 feet. The dip of the vein i~
S. 50° E. - Usually the best values were found along the foot wall of about 70°'S. The vein filling consists of quartz, pyrite. chalcopyrite.
this <hoot, although in places the values were uniformly distributed and galena, carrving gold. The snlphides comprise about one-half of
across the vein, which here had an average width of abont 1S inches. 1 per cent of the orex, and as concentrates they yield about £75 ta the

The zone of oxidation does not extend to a depth areater than about ton. The average gold value of all {he ores treated in 1907 was ahout
100 feet below the surface, and in parts of the vein sulphide ores are 85 a ton. '
found at depths considerably less. .Along the fault planes the ores Mr. Morphy siated that the richest ores were found in shaot=. of
show enrichment. ' which there were three, each having a length along the vein of about

GRANITE 1IILL MINE. 150 feet. and a direction of dip to the west of south.
The zone of oxidation extends to a depth of more than 200 feet

The Granite ITill mine i« in sec. 29 , T 33 S, R 53 Wnear the north from the surface. and from the oxi(ﬁzedl ores the best values wvere
boundary of the Grants Pass quadrangle. _\ good wagon road runs obtained ’
from Grants Pass to the mine, n distance of nbout 9 miles. At the o e . -

s MOUNTAIN LIOX MINE

time of my visit (July, 1908) this mine had been closed for several
months and all the workings were filled with water. From Mr. C. M.
Morphy, the former superinfendent, many of the following facts were
obtained. The -mine is now owned by the American Goldfields Com-
pany, which also owns the property in the vicinity, including the
Red Jacket and Ida mines, on which several hundred feet of develop-
ment work has been done. The present owners obtained the Granite
Hill property in 1801, and almost all the development work has heen
done since that time. During the years 1004 to 1907 the value of the

production was more than Qso 000. the largest output having Leen in

1905.

-

The Mountain Lion mine is in the western part of sec. 1, T. 38 8.,
R.5W. It was discovered in 1859 by the Messrs. Bailey, whe, with
Messrs. Davidson, Jewell, and Harmon, are the present owners. No
work has been done on the property for several months. The equip-

. ment consists of a &-stamp mill, with concenirating tables. com-

pressor, and engines. TWhen the mine was in operation, as many as
25 men were employed.

- The property has been extensively de\'eloped there being about
8 000 feet of crosscuts, drifts, and other workings. Work 11:\: been

b b B =
done on two veins, which are in greenstone and «lates andl which are
bl t=

close to the contact of these rocks. with an area of granodiorite.  Tle
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slates oceur as narrow lenses in the greenstones, and the best values
of the veins have been obtained near the contacls of the greenstones
and the slates.  The better-defined vein of the two has a directivn of
N. 807 W. and dips 65° S. It averages about 1 foot in width and is
faulted at many places. The vein filling consists chiefly of quaxtz,
calcite. and sulphides, the sulphides constituting about 1 per cent of

the whole. Owing to the prevalence of faults the vein has been diffi-

cult to follow. )
TIN PAX MINE.

The Tin Pan mine is in the 8E. { sec. 31. T. 86 S., R. 3 W, on the
_divide between Galls Creck and Foots Creelk. The property was
located many years ago. It is now owned by the Pacific American
Gold-Mining Company. T. T. Barnard was superintendent during
the summer of 1908. '

The mine iz equipped with a 10-stamp mill, a Blake erusher, and
two concentrating tables. No large body of profitable ore has been
found, alihough more than 1,200 feet of drifts, shafts, and other
workings have been made on the vein.

The couniry rocks in which the ores occur are slates, limestones,
and greenstones, the greenstones apparently Deing intrusive in.the
sedimentary rocks. although some of them may be voleanie. The
direction of strike of the sediments is abo t N, 13° E.  The strike of
the vein is between northeast and east. and the dip is nearly vertical.
The width of the vein varies from less than 18 inches to more than
6 feet of solid quartz between definite walls, which ave usually but
slightly altered. In places there is a gouge from 1 to 3 inches in
width. This material is clay like, but it contains carbonates and sul-
phides. The chief values of the vein are in the sulphides, which run
about $60 to the ton. The sulphides are pryrite and galena. which
together constitute less than 2 per cent of the ores. Some faulting
"has oceurred. - R , B

The zone of oxidation reaclies a depth of more than 100 feet.

_ STAR MINE.

The Star mine is in cec. 6, T. 39 S., R. 4 W, west of Thompson
Creek and zbout 4 miles from Applegate post-office. This property
was located in 1896 by J. J. Kunutzen. Very little development work
was done until 1964, when E. B. Hawkins and Harry X. Morse became
the owners. They spent about $20,000 in development. Thus far
only about 800 tons of ore has been milled. The gold content was
low, running only from $2 to €4 a ton.

The ore was quarried from an area of fine-grained greenstone in
which there were numerous small stringers of gold quariz running in
- various directions. Xo distinet vein was found.
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MAID OF TIHE MIST MINE,

The Maid of the Mist mine ix in sec. 4. T, 39 S, R 4 W, It is
owned by William Wiight. who did considerable work on the prop-
erty during 1906, but suspended operations in May, 1907, During
the summer of 1908 it was bonded by the South Oregon Mines Com-
pany, and preparations were being made to conducet extensive devel-
opments. More than 500 feet of work, mainly in ~hafts and drifts.
had already been done, and compressors and hoists were being

‘installed.

The country rock is greenstone. The gold-bearing aquartz oceurs
in veinlets, which run in various directions. One of the most per-
sistent of these runs N. 85° W.and dips 55° 8. The values are irregu-
larly distributed through tl:e quartz. which is fairly free from =ul-
phides. Of the sulphides. arsenopyrite appears (o be more prevalent
than pyrite. Calcite is subordinate.

JEWETT MIXNE.

The Jewett mine is close to the boundary between sees. 27 and 34,

T. 36 S.R. 5 W, about 4 miles from Grants Pass. It was discovered

about 1880 by Thomas Jeweit. It now belongs to the estate of Ben-
jamin Healy, of San Francisco. During the summer of 180s no waork
was being done, but J. T. Hoare. the superintendent. stated that de-
velopment was =oon to be resumed. A short distance from the mine
is a 3-stamp mill.  There are seven ¢laims, on which more than 1,500
feet of work has been done.

The country rocks are intrusive greenstones closely related to gab-

bro. Near the workings a dike of granodiorite cutting ihe gabbro

was-observed. The ores do not oceur in a vein with definite walls,
but in small stringers in a brecciated zone. which is irregular Loth in
direction and in width. The mo-st pronounced directien is about N.
20° W. In placesthe width of the zone of brecciation is move than 20

. feet. The filling between the fragments of the breceia consists chiefly

-of quartz and calcite, the latter being subordinate. Irregularly dis-
tributed through the quartz is a small amougt of pyrite. prrrhotite.
and a glistening steel-gray mineral, which when boiled with con-
centrated sulphuric acid gives the purplish-colored veaction char-
acteristic of a telluride. The properties of the mineral correspond to
those of sylvanite. It was found without diffienlty in several tons of
ore on the dump.

HOMESTAKE IPROSPECT.

The Homestake prospect is on the main branch of Lightning Gulel.
a tributary of Canyon Creek. which flows into Josephine Creels abont

— 4 miles above its junction with 1llinois River. Tt was formerly owned

e



by the Lewis and Clark Gold Mining Company. but 1s now owned by
the Homestake Mining Company. of which E. A. MePlerson,. of
Kerby. is manager.

The chief development on this property is a tunnel abont 180 feet
long. The country rock is a somewhat siliceous greensione, which is
in places decidedly schistose.  Veinlets parallel to the schistosity con-
tain quartz and calcile, :ith which are assoviated native gold, gold
telluride. and iron pyrites. The valnes are irregularly distributed,
some of the ores being rich. The strike of the schistosity is north and
south: the dip is 63° E. ‘

N OTHER MINES AND PPROSPECTS.

Not far from the Homestake are other prospects from which gold

tellurides are reported. Of theze the Booth prospect, on the west:

fork of Lightning Gulch, and the Challin & Finch prospect about
12 miles from the Lead of Canyon Creek, are the most important.
There are several other mines and prospeets which might be de-
seribed. but they would present no new features. Among such may
be mentioned the Michigan mine, Bill Nye mine, Lawrence mine,
MeMurtry mine, Alice group, Gold Pick mine, Gardner prospect,
Pratt prospeet, Millionaire mine, Oregon Bonanza mine. Oregon
Belle mine. Gray Eagle prospect. and Owl Hollow prospect. On
“the first seven of these no work has been done for some time: on each
of the others a small amount of develepment is being done. Chief

among the * pockets™ of ore that have been found within the area

“are the Gold Hill, the Roaring Gimlet, the Ilevenue, the Steamboat,
~and the Harrison. The Jocations of these are shown on the map.

CONCLUSIONS.

. The gold-quartz veins and veinlets of this area are in all important
* features similar to those of the Riddles quadrangle. which were de-
geribed in Bulletin 340 of the Survey. Of the many veins and vein-
lets on which work has been done few have developed into profitable
mines, and the outlook for profitable gold-quartz mining in the region
is not encouraging. This unpromising condition is due to the strue-
tural features of the rocks of the area. . These rocks, previous to the

mineralization, had been so fractured and fissured by earth move- -

ments that later, when precipitation took place from the gold-bearing
solutions passing tlirough the rocks, the gold was widely dissemi-
nated and not concentrated into definite lodes sucli as are favorable
‘to gold-quartz mining. Moreover, the, difficulties of mining have

been increased by faulting subsequent to the formation of the veins.-

To the widespread distribution of the values, however, is due the
fact that placer gold is found in so many of the streams of this part

'R
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of the country.  The veins and veinlets carrving the gold have beey
undergoing crosion for many thousands of years. and during 1his thne
the <r()]d has heen carried by water and by «rm\x{\' into the stream
bedb, fronr which it has been and is being mined.

'PLACER MINES.

GENERAL OUTLINE.

The placer mines of Jackson and Josephine counties produced in
1907 gold to the value of $229,573, of which $107,722 came from
Jackson County and $121.853 from Joszephine County. More than
75 per cent of the production of Juckson County and more than 20
per cent of that of Jo=ephine County came from the area described
in this report. The chicf distriets contributing {o this production
are the Gold Hill, the Foots Creek, the Applegate, and the Jackson-
vitle districts, in Jackson County: and the Althouse and Sucker
Creek. the Williams™ Creek, the Waldo, and the Kerby districts, in
Josephine County.

The gravel deposits that are being mined in these districts vary in’
thickness from a few fect to more than 50 feet. The average thick-
ness of the gravels of all the important mines is more than 20 feet.
The mflterm] of the deposits ranges from fine clay with but few
bowlders to gravels that contain bowlders weighing several tons.
The bowlders are,"as a rule. fairly well rounded \\hLI‘L the gradients
of the streams are steep, but where the gradieuts are flatter. they are
subangular’and even angular. The predominating bowlders in the
;zr:m»k are greenstone, but the kinds of bowlders vary in the different
stream bed.\. in accordance with the various kinds of rock in which
the valleys have been cut. In many of ihe deposits the coarsest
material is at or near ihe bed rock. but in some the Thowlders are xome-
what uniformly distributed throughout the section of the gravels,

With but one exception the placers are in gravels closcly associated
with the present streams, the depo-its being cither in the present
stream beds or on terraces not many feet above them. The exception
is at the High Gravel or Allen Gulch mine, near Waldo. Ilere the
gravels are of Cretaceous age and lie on the davxde between the east
and west forks of Illinois Plver. :

The gold content of the gravels varies greatly. In some of the
best mines the average value is from 20 to 40 cents a cubic yard.
The best values have nsually been found at or near the base of the
deposit. - Much of the gold is fine, but nuggets are frequently found.

Many of the .placer deposits have a bed rock of greenstone, which
is in places considerably decomposed, fractured, and fissured, many

- of the fis=ures being filled with veinlets of quartz. But the gravels

containinyg the ﬂ'old are by no means confined to D areas of grecl nstone.
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Some of the placers have a bed rock of granodiorite, some of =erpen-
tine. and =ome of slate. In the Walda distriet gravels are being
mined which lie on Cretaceous conglomerates and sandstones. Mueh
of the material of the depoqts has= been transported for con-iderable
distances. and hence its origin Lears no immediate relation to the
rock on which it now lies. As the greenstones are the most wide-
spread rocks of the region and as from them much of the gold of the
quartz mines has come, 11 ix reasonable to conelude that much of the
placer gald hax come from the veins and veinlets of the greenstone
arear.  But inasmuch as gold-hearing quariz is found alzo in other
kind~ of rock in this region. these have. no doubt. contributed golcl
to the placers.  The usual slope of the bed rock i abont 150 feet to
the mile. )

Placer mining i= carried on chiefly during the first half of the
year. when the supply of water is most abundant. A few mines are
<o equipped that there is sufticient water to operate them for a greater
part of the year. Only one mine, the Champlin, on Foots Creck, is
equipped for dredging; the other imnortant mines are equipped for
hvdrfmllcl\mg. The ground-sluicing method is used only in the small
mines.

In many of the mines from three to five men are emploved but as
many as fifteen are emp]oved in some of the larger mines-during the
mining season.

GOLD HILL DISTRICT.

In the Gold Hill district there are no large placer mines. The
most important is the Blockert mine. on Galls Creek. Oun the same
stream work is being done on a1 few other properties. The gravels
worked are in the present stream bed. The hydraulic method is
ustd. On Saidine Creek also some mining is being donie.

It is of interest to nofe that during the summer of 1908 prepara-
tions were being made to mine, by electric dredge, deposits to.the
south of ILane Creek. in the 8. 1 see. 36, T. 86 S.,, R. 3 W. The
Electric Gold Dredging Company. of which H. A. Mansfield. of
Indianapolis, is manager, had already begun work. The electric
power shovel to be used is eqn‘ipped with three motors, orie for huist-
ing the dipper, one for swinging the crane or boom, and one on the
crane or boom for erowding the dipper into the bank. The capacity
of the shovel is about 500 cubic yards in ten hours. The electric

_power is brought from the Ray dam on Rogue River, 2 miles away.
The water to be used in 'Was]unor the gravels is obtained from reser-
voirs on the small stream vhlch ﬂow% through the property. -The
material of the deposit is fine- grained clay and gravel having an
avernge thickness of about 18 feet‘ very few bm\'ldels are present.

The bed rock is slate with a strike of X. 55° E. and a dip of about

70° SE. The slates have been considerably altered.

¢
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-smail veins are prc:cni and have a general northeast-sonthwest
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FOOTS CREEK DISTRICT.

There are several placer mines on Foois Creek. Of thesc, the clief
producer is the Champlin mine, located on the creek just helow the
forks. The other mines are the Black Gold Channel and Cook, on
the Left Fork, and the Lance and Glen Ditch on the Right Tork.
For the notes on the mines on the forks I am indebted to Mr. Diller.

CHAMPLIN MINE.

The Champlin mine is on Foots Creek, about 2 miles from its june-
tion with Rogue River. It is owned by the Champlin Dredging Com-
pany, of Chicago, which bought the property in 1903 from Mr. Lance.
of Gold Hill. In the same year the company constructed a bucket
dredge equipped with steam power. In November, 1903, electric
power was installed, the cost of mining being thereby reduced alout
one-half. Thirty-six buckets are used, each of which holds 8 cubic
feet of material.

The average depth of the pay gravel is about 35 feet but deposits
to depths of-46 feet have been mined withont reachlng bed rock.
Much of the material is less than 5 inches in diameter. bt bowlders
of large size are numerous. The best values are found in a bluizh
gravel, which is generally reached at a depth of about 12 feet.  Thi-
gravel is from 8 to 18 feet in thickness. Below it is a fine plastic
clay, which ix difficult to handle, and which carries practically no
gold. In the present workings this clay is not heing mined. The
property contains more than 1.200 acres of placer ground, much of
which has been thoroughly prospected and found to carry gold.

BLACK GULD CIIANNEL MIXNE

The Black Gold Channel mine is on the Left. Fork of Foots Creck,
in"sec. 12. T. 37 S, R. 4 W. It is leased at the .prexent time.
In the bank is exposed about 15 feet of unstratifiel. gravels. coarsest
belo“‘, and containing bowlders up to 18 inches in dnnwlo There
is very little fine mdternl the Dbowlders, which are almost all
of greenstone. are eubannuhr to fairly well rounded. The ]u-rw
bowlders are handled by a derrick. Two giants are used under
head of several hundred feet. The gravels are forced np“ ard for1
feet over an elevator, but the slmce takes the material 23 feet ahmu
bed rock. The mine pit of the present workings has an area of 1 i
acres. A large area down the stream has already been worked over.

The bed rock is slate cut by dikes of greenstone. The strike of il

slates is N. 10° E.; distinct joints run about N. 70 W. Xumeron-

direction. — -~ - - S -
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COOK 3f{IXNE.

The Cook mine is in the 8. § =ec. 13, T. 37 S, R. 4 W. The pay
gravel is, in places, plainly stratified, and consists mainly of fine
gravel and clay. The stream bed has been mined for one-fourth of
a mile. The bed rock is made up of greenstone and slates cut by
numereus greenstone dikes. Tt has bpen greatly sheared and faulted.
One fault runs N. 75° W. and dips 31° I\.' another runs N. 53° E.
and has been traced for nearly one-fourth of a mile,

LAXCE MINE.

The Lance mine is on the Right Fork of Foots Creek, in the SE, 1
sec. 22, T, 87 S, R. 4 IWW. It is owned by the Lance Brothers. but
is leased at present. The bank has in places a thickness of 20 feet;
much of the material is fine.  The bed rock consists of lenses of lime-
stone in slates, which are cut by dikes of greenstone. The bed of the
stream has been mined for about one-third of a mile, and there is
still considerable good ground to be mined.

GLEXN 'DI.TCH AXND OTHER.D{IZ\“ES.

The Glen Ditch mine is near the head of the Right Fork of Foots
Creek. Tt is owned by Boling Brothers. The stream bed has been
followed for some distance, but much good ground remains to be
worked. The gravels are about 13 feet thlc]\.

Other small prorlucers on the Right Fork are the Mattis and
Hausman mines..

APPLEGATE DISTRICT.

The <hief mines of the Applegate district are located on small
streams flowing into Applegate River. The most important are the
Layton mine, on Ferris Gulch; the Johnston and the Benson mines,
on Humbug Creek; and the Brantner mine, near the mouth of Keeler

Creek.

LAYTON MINE.

The Layton mine is part of the estate of J. F. Layton. The average
thickness of the gravels is about 25 feet and the width, from rim to
rim of the pav channel, is more than 200 feet. In much of the
material the pebbles are less than 6 inches in diameter and are usually
subangular. The largest bowlders are in the bottom of the deposit
and In places they are considerably decomposed. The best values
are found in an old channel about 15 feet below the level of the
- present stream bed. In this channel the fall is about 4 feet in 100
feet.. The gold is usnally in small flakes, but nuggets are also found.
The bed rock is greenstone, which in places is distinctly vesicular

st
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and greatly fractiured and veined.  Some of the veinlets are a~ much

- as 4 inchex in width. Narrow bands of slaty rock are interbedded

with the voleanie rocks, which have a strike of about N. 46° T2, and
dip to the sontheast. '
Mining is carried on each year from February until September.
The ear]\ miners had a small ditch with a head of 100 feet, but Mr.
Layton put in two ditches, the upper of which is 21 miles ]ong and
the lower 18 miles. The water of both ditches conies from Williams
Creek. Two giants are used under a head of about 300 feet. TFive
men are generallv employed, and the amount ‘mined ofl each vear is
somewhat more than 1 acre. The property was secured by the pres-
ent owners in 1877 and since that date mining has been carried on
each vear. A considerable area of good ground.remains to be washed.

JOHXNSTON MINE.

The Johnsion mine is in see. 11, T. 38 S., R. 4 W, at the junction of
the west branch witly the main JTumbng Creck. The present owner is
W. H. Johnston. The bank averages about 8 feet in thickness and
contains considerable clay, in which the main values are found.
Bowlders of greenstone and granodiorite, from G inches to more than
8 feet in diameler, are present. Much of the mining has heen enn-
fined to the bed of the stream. The bed rock consists of fine-grained
greensione. much fractured and. veined. The mine is equipped for
hydraulicking. the waters being bronght from Humbug Creck. Tle
supply of water is o scanty that. in general. the mine can not he

~operated for more than three month: each year. Mining has been

done on this stream for more than thirty vears, during which time
more than 30 acres has been mined,

The Benson mine is on Humbug Creek in sec. 14, T. 35 S, R. 4 1V
It is owned by S L. Benson. The property consists of about 1 mile
of the stream bed. The gravels are about 20 feet in thickness and
contain many- large angular and subangular bowlders. which are
rather uniformly distributed throughout the section of the deposit.
The gold is found mainly in the bottom. The bed rock is greenstone.
This mine has been in operation for many years, but was not equipped
for hydraulicking until the spring of 1908.

BRANTXNER AMMIXNE.

The Brantner mine is on Applegate River, near the mouth of
Keeler Creek. Itisowned by D. H. Mansfield. In the present work-
ings the sands and gravels have a thickness of 80 {o 35 feet and show
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 distinct stratification. Many Jarge angular and subangular bowlders
are found at and near the base of the deposit. Al the material above
this is fairly well rounded and contains few bowlders. The bowlders
are chiefly of greenstone and are comparatively unaltered. The
surface of the ferrace now being worked is about 40 feet above Apple-
gate River. The bed rock is decomposed greenstone.” The mine is
equipped for hydraulicking, the water used having a pressure of
about 100 feet. The large bowlders are handled by derrick. There
is sufficient. water to operate the mine for about three months of each
vear. Altogether, more than 20 acres have been mined, and consid-
erable good ground remains to be washed.

JACKSONVILLE DISTRICT.

In the Jacksonville district is the Sterling mine, the most produc-
tive placer mine of southwestern Oregon; a]eo the Old hturms. the
Spaulding, and the Pearce.

STERLING MINE.

The Sterling mine is on Sterling Creek, a branch of Little Apple-
gate River, and is about 8 miles from Jacksonville. It is owned by
the Sterling Mining Company, of which J. D. Heard is manager.
The property includes about 2,000 acres, extending from a point
below the mouth of Sterling Creek to the head of Sterling Creek and
over the divide to Griffin Creek. The gravel bank on the west side
of the present workings is more than 40 feet in thickness, but on the
east side it is only about 20 feet thick. The section consists of gravel
and bowlders, the latter being rather uniformly distributed through-
out the section. Many of the bowlders are small, but some are more
than 2 feet in diameter and a few exceed S feet. They are mainly
of greenstone.

Much mining has been done on Sterlmtr Creek by the present com-
pany. The main stream was mined up from its mouth for more than = - .
3 miles, then a channel to the east of this stream was followed for.
about half a mile. Here a channel, which is named Bowlder Channel,
was struck, and this has been followed for about a quarter of a mile
to the present workings. The bed rock of these workings is a little
higher than the present. stream bed and is about 100 yards east of it.

. The values are found across a width of nearly 200 feet. The gold is
of medium coarseness and is usually well rounded. although angular
nuggets are also present. The average thickness of the gravels in the
Bowlder Channel is about 40 feet. It is of interest to note that in
these gravels the tusks and jaws of a mammoth, as well as other mam-
malian bones, have been found. The bed rock at the mine is green-
stone, in which are patches of slaty tuffs, These rocks have been con-
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siderably sheared and veinlets of guartz are present. The strike of
the slaty rocks is N. 8° E., the dip about 60° W. In the present
workings is a dike running N. 20° LK., containing cross veins which
do not extend beyond the dike. The slope of the bed rock is about 2
feet in 100 feet. In 1908 mining was in progress from March until
August, during which time about 1 acre was mined. The value of
the gravels was about 40 cents to the cubic yard.

,The mine is well equipped “with ditches, giants, and flumes. The
longest ditch is about 27 miles in length. The water enters the ditch
from Little Applegate River about 12 miles above the mouth of
Sterling Creek. At the mine the head of the water is now only about
80 feet. A pipe line is being planned to carry water from Squaw
Lake to the mine, a distance of 17 miles. The mine has been
equipped for hydraulicking for about thirty years. The Sterling
Mining Company was incorporated in 1872. There were issned only
40 shares of stock, which have been leld by a very fow shareholders.
The total production of the mine is said to exceed %3,000,000.

SPAULDING MIXNE.

-The Spaulding mine is on Forest Creek in sec. 4, T. 388 S,
R.3W. Themaximum thickness of the deposit in the present work-
ings is more than 40 feet, but the average thickness does not exceed
25 feet. The Jowest 10 feet consists of gravels containing bowlders;
the upper part of the deposit is hardpan. Even in the lower part
there are but few bowlders, and these are usually less than 1 foot in
diameter. They are rounded or subangular and are usually of
greenstone, although some are of granodiorite. The mine is equipped
for hydraulicking. '

OLD BTGRGIS MINE.

The Old Sturgis mine is on Forest Creek in sec. 10, T. 38 S..
R. 3 W. Itisnow owned by the Sterling Mining Company. G. L.
Jones is the foreman. The deposit has an average thickness of about
30 feet; the maximum thickness is about. 60 feet. In the lowest 10
feet are gravels and sand containing rounded and subangular bowl-
ders, which are chiefly of greenstone, although some are of grano-
diorite. The upper part of the deposit is hardpan, which has a
reddish to buff color. The gold is fine, and the best values are near
the bottom. The richest ground is said to run as high as $12.000
to the acre. The bed rock is greenstone much fractured and veined;
in places it is very slaty, the strike being N. 30° E. and the dip 48:
SE. In the mine pit the bed rock is about 8 feet above the stream

* bed and the slope is very gentle. The water supply is such that the

mine may be operated from one to four months each year. The
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main ditel is about 13 miles in length. The mine is equipped with
_giants. and a derrick is used for handling the bowlders. About 1
acre a year is mined. Irom 8 to 12 men are employed. The prop-
erty contains about 800 acres, a large part of which is placer ground.
For many years the mine was owned by the Vance Mining Company.

PEARCE JMIXNE.

The Pearce mine is on the east fork of Forest- Creek in sec. 11,

T. 88 S.,, R. 3 W. The gravels have an average thickness of about
12 feet, but in places the\ have been 45 fect tlncL Where recent
work has been done the bank i< about 25 feet thick. In the lowest
6 feet of the deposit there are many large undecomposed bowlders,
but above this zone the material is gravel..md sand not very str ong]y
cemented. The best values are at and near the bottom. In general
the gold is rather fine. Some of the ground has run as high as
&7,000 to the acre. The bed rock is greenstone, the slope 6f which
i= not more than 2 feet in 100 feet. The mine iz equipped for

hydraulicking. three giants being used. The pressure of the water

is only about 85 feet. The water iz brought 13 miles from the upper
part of the stream on which the mine is located. A derrick is used
for handling the bowlders. The property consists of 240 acres, a
~large part of which remains to be worked.
~ In addition to the mines on Forest Creek already described, there
are ~ome other small producers. In the early days of placer mining
in Oregon, Forest Creek was among the most productive streams.

ALTHOUSE AND SUCKER CREEKS DISTRICT.

From the gravels of Althouse and Sucker creeks a large amount of
gold was washed in the early days of placer mining in Oregou, bat
for several years the production has not been great. as the best
ground was worked many years ago. During 1907 the produection
of the streams of this district probably did not exceed %6.000.
There are no large mines, but numerous small ones. Among these
are the Jumbo, the Mountain Slide, the Slide. and the Se‘wer on
Sucker Creek and its branches, On Althouse Creel some ork is
being done on the Layman property, and recently the Klamath
Development Company acquired eight claims near Grass Flat, on
which considerable work is to be done. Some new ground was also
being opened at the mouth of Portuguese Gulch, a small branch of
Althouce Creek near its head. -

WILLIAMS CREEK DISTRICT.

The chief placer mines in the Williams Creek district are the
- Horsehead mine, on a branch of Williams Creek, the Miller & Savage
—Inine, on Mﬂler Creek, and the Oscar placer, on Oscar Creek.

L2

flows into Applegate River.
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JIORSEHEAD MINE,

The Horzehead mine i~ in the SE. ] cec. 21, T. 38 S, R. 5 W., and
is owned by Alexander Watt. The gravels vary in thickness from
a few feet to 30 feet, with an average of about 18 feet. The deposit
contains many angular and subangular bowlders considerably more
than 1 foot in diameter. These are somewhat uniformly distributed
throughout the: section. Many of the bowlders are greenstone, but
some are granodiorite. The finer muterials are of a grayish to red-
dish color. The values are distributed through the gravels and as a
rule the gold is fine. The bed rock is granodiorite, which has been
fractured and crushed and in places has been disintegrated and
decomposed to a depth of more than 10 feet. .An area of more than
10 acres has' been mined. The property is equipped for hydraulick-
ing. ' The water is brourrht frem Munger Creek, the ditch being 8§
mﬂes long.

MILLER & SAVAGE AIINE.

Miller & Savage's mine is on Miller Creek in sec. 25, T. 87 S,,

5 W. The gravels vary in thickness from 6 to 30 feet, with an
average of about 18 feet. Many bowlders exceeding 1 foot i diame-
ter are present, the largest of these being at the bottom of the deposit.
The gold is mostly fine, but nuggets of large size have been found.
The largest of these was found several years ago and is =aid to have
weighed more than 13 ounces. The mine is equipped fer hydraulick-

ing. The present owners have mined each year since 1904, and con-

siderable good ground remains to be washed.
OSCAR CREEK MINE.

The Oscar Creek mine is on Oscar Creek, a small stream which
The property comprises more than 300
acres. The gravels have an average thickness of about 12 feet and
contain many rounded bowlders of medium size. The materials are
not strongly cemented. The gold is found in flakes and in nuggets.
The equipment consists of two giants, 1.100 feet of pipe, 300 feet of
flume, and 3 miles of ditches. The supply of water is sufficient to
carry on operations for about four months of the year. It is said
that the property has produced more than $35,000.

WALDO DISTRICT.

In the Waldo district there are three important placer mines, the
High Gravel or Allen Guleh mine. the Deep Gravel mine, and the
Logan, Simmons & Cameron mine.
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- ) HIGH GRAVEL MINE,

The High Gravel mine is about 1 mile south of Waldo on a
ridge which forms the divide between the east and west forks of
Ilinois River. . The summit of the ridge is about 1 mile from the
east fork and is more than 300 feet above it. The chief workings
are at the head of Allen Gulch, on the east slope of the ridge. The
most recent workings, however, are on the west slope of the ridge.
Of the summit of the ridge a width of only about 100 feet remains
to be mined.

This mine is of unusual interest in that the ‘deposits do not belong
to the present stream bed or adjacent benches but are conglomerates
which are, according to Mr. Diller, who has made a study of the
geology of the région, of Cretaceous age. :

The deposits mined on the west slope run parallel to the ridge.
They are more than one-eighth of a mile.in length and have an

. average. width of about 100 feet The conglomerates do not extend

dm\n the slope but constitute only a remnant which here has escaped
erosion, as is true of other areas of conglomerate in the region. No
conglomerate remains on the summit of the ridge a short distance
to the north of the present mine pit. The surfaces on which the
“conglomerates were laid down were uneven, and hence the thicknesses
of the conglomerates vary. The maximum thickness exposed is more

than 60 feet. The concrlomerates have a purplish tint. They are .

not strongly cemented and the bowlders are rather uniformly dis-
tributed throughout the section. Much of the material is less than
1 foot in diameter; a few bowlders are more than 8 feet. Distinct
joints are present in the conglomerates, and a few small veinlets
occur. The bed rock is a fractured, fissured, decomposed, and veined

greenstone, which, owing ‘to the presence of iron oxides, has a decid-

edly purplish tint.

"The workings on the east side of the ridge extend down Allen
Gulch to the east fork of Illinois River, but only those gravels
which are near the summit of the r)dge are of Cretaceous age. These

conglomerates extend along the ridge in a north-south dlrectmn. At

the south end of the workings they are more than 50. feet in thick-
ness; at the north end and close to the summit of the ridge they are
only a few feet thick, and a little farther on they have been com-
p]etelv eroded. The best values are said to be pear the bed rock, but
some gold is found higher up in the deposit.

These Cretaceous‘conclomerates are shore deposits, derlved from
older rocks, similar to those on which they now lie. As stringers
carrying values are fairly widespread in these old rocks, some gold is
probably present in much of the conglomerate which has been derived
from them. But whether or not these values are sufficiently concen-

trated, as at the lligh Gravel mine, to be profitably mined ecan be
determined only by prospecting.

It is of interest to note that some placer mines in northern Cali-
fornia are in conglomerates of Cretaceous age.?

DEEP GRAVEL MINE.

The Deep Gravel mine is about 1 mile northwest of Waldo. The
property comprlse\ about 560 acres in secs. 20, 21, and 28, T. 40 S,
R. 8 W. Tt iz owned by the Deep Gravel 1\Immg Compqny T he
main workings are in Butcher Guleh and its tributary gulches. The
gravels of these gulches are included in a bench which extends from
the head of Butcher Gulch to the west fork of Illinois River. The
upper limit of the bench is about 1} miles from the west fork and
about 125 feet higher than the bed of this stream. The most recent
workings are in Joe Smith Gulch, an eastern tributary of Butcher
Gulch, where an area of more than 10 acres has been mined. At the
upper end of these workings the gravels are about 12 feet in thick-
ness; at the lower end they are more than 60 feet and the bank con-
sists of gravel and sand containing practically no bowlders except
in the lowest 10 feet, and even there few of them exceed 1 foot in
diameter. Stratification is well shown. The bed rocks in Joe Smith
Gulch consist of purplish conglomerates of Cretaceous age. similar
to the conglomerates that are being mined at the Migh Gravel mine.
As these conglomerates of the Deep Gravel mine have not yet been
well prospected, their gold content is not known.

‘The mine pit of Joe Smith Gulch is 1,500 feet from the west fork
of Iilinois River. The elevation of the bed rock in the mine pit is
more than 30 feet below the siream bed of the west fork, a fact that
has greatly increased the difficulties of mining, necessitating the use
of a hydraulic elevator. The elevator is situated at the lower end
of a sluice with rifles. The pay gravel from the bank is first washed
through the sluice, the coarse gold being caught on the riffies. Then
the material including the fine gold is carried up 46 feet by ‘the
elevator, the water pressure used being about 200 feet. At the head
of the elevator is a 4-foot flume, 400 feet in length, in which are
wooden riffles placed about 1} inches apart and parallel to the length
of the flume. A beveled steel strip is attached to the upper surface.
of each riffle. These steel strips are slightly wider than the riffles and,
when they are set in place, are about three-fourths of an inch apart.

A clean-up is made about once a month. The gold is saved by
amalgamation and is very fine. The concentrates are sold for their
values in platinum. osmium, and iridium. Mr. Wimer, the presi-

® Eng. and Min, Jour,, vol. 76, pp. 653—654.
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" dent of the company. stated that tlie average value of the pay gravels
during the last five years had been about 23 cents to the cubic yard.
The water used In the pit and in the elevator is brought by two
ditches from the east fork of Illinois River. The longer of the two
ditches is about 4 miles in lengtl. There is on the property a race
about 7,000 feet long that was used for many years when the gravels
being mined were at an elevation greater than that of the outlet of
the race. At present only the lower end is used.
"The bistory of the Deep Gravel mine dates back for more than
thirty vears.. The first owners were George and Walter Simmons.
~ In 1878 Wimer & Sons bought a half interest and in 1888 they se-
cured all rights to the property. In 1900 the Deep Gravel Mining
Company became the owner. Mr. Wimer stated that about $130,000

has been expended on the property and that the output of the mine

‘has been about $250.000.

LOGAXN, SIMMONS & CAMERON MINE.

The Logan, Simmons & Cameron mine is northeast of Waldo, the
present workings being in sec. 22, T. 40 S., R. § W. J. M. Logan is
manager.. The recent workings are on French Flat, where about 3
acres has been mined. Here the bank consists of gravel, sand, and
clay, with a thickness varying from a few feet to 15 feet. Much of
the material is fine; only a few bowlders are present, nearly all of
which are less than 6 inches in diameter. The bed rock is purplisn
Cretaceous conglomerate, which has been fractured, fissured, and to
some extent. veined. The slope of the bed rock is very gentle.

An elevator which raises the material 38 feet is used. There are
three ditches. The water from one of these has a pressure of 323
feet and is uwsed in the elevator; that from another is used in two
giants in the pit; and that from the third ditch is used in foreing
the tailings from: the end of the sluice at the head of the e]evator

" Mining is carr;ed on for about eight months of the year.
The old workings on this property are in Carroll Slough, more

than a mile north of the present pit on French Flat. The gravels,

have been mined in a north-south direction for more than a mile;
the average width is about one-eighth mile, the average depth about
18 feet. The gold content was about 12§ cents o the cublc yard. The
bed rock is m dde up in some places of serpentine and in others of
Cretaceous conglomerates and sandstones.

This mine has been operated for about twenty-five years, but not
until the last season was work begun on French Flat, where there is
a considerable area of auriferous gravels. The present. owners have
operated the mine for the Jast ewht vears. Mr. Logan stated that
during that time the value of the output has been about $u0 000

&,
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KERBY DISTRICT.

The chief placer mine of the Kerby distriet is the Anderson &
Wil-on property on 1linoi~ River about 6 miles from Kerby., Other
producers are the Ray mine. which adjoins the Anderson & Wilson
mine on the south, and. on Josephine Creck. the Flintock mine.
Morrison Brothers’ mine, and the Jozephine and Illinoiz Gold Mining
Company’s nine. -

ANDERSON & WILSUN MIXNE.

Anderson & Wilsons mine iz on the eazt bank of Illinois River
above the mouth of Deer Creek. The gravels are in benches adjacent
to the river. The bed rock of the workings farthest down the siream
is but little higher than the bed of the river. The gravels are about
20 feet thick and in places have been mined for a distance of about
one-eighth mile back from the stream. where the slope rizes steeply
and the Iimit of the bench ix reached. The sand and gravels are of
a bufl color and are well stratified. The Jargest bow ]dela are in the

- Jowest 6 feet of the deposit.

The most recent work has been done on gravels 1ving south of those
just described, about 50 feet above the ]evel of Ilhnms River. The
workings run parallel to the river for about 200 yards and extend
back from it for about 130 yards. The gravels vary in thickness from
a few feet to 25 feet. The upper part of the deposit is rather fine sand
and gravel; below this thcre are many bowlders, Stratification ix
well sh own. .

The .bed rock is serpentine. The waler i¢ brought from TFidier
Gulch, a branch of Josephine Creck. Tt is conveyed across the Tlli-
nois at the mine in a large pipe.

OTHER MINES.

The Flintlock mine, Morrison Brothers’ mine, and the Josephine
and Illinois Gold Mining Company’s mine are all equipped for -
draulicking. - Their combmed output in 1907 h‘ld a value of a few

thousand dollars.
COPPER MINES.

According to returns from the smelters, Oregon produced 343,859
pounds of copper in 1907, Of this amount, by far the larger part wasx
derived from the ores of Josephine County and the remainder from
the ores of Grant County. The entire outpui of Josephine County
came from one mine, the Queen of Bronze, in the Waldo district.
Some good ore had been taken from several small mines adjucent to
this one, but operations on these mines have been suspended for some
time. During the summer of 1908 very little work was being done

at the Queen of Bronze mine, but preparations were being made for
.—more extensive developments, — ——— S
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PR "  QUEEN OF BRONZE MINE. B

The Queen of Bronze mine is located in sec. 86, T. 40 S., R. 8 W,
about 6 miles from Waldo and 2 miles from Takilma. It is owned by
the Takilma Smelting Company, of Colorado Springs, Colo and
was superintended by C. E. Tucker.

The rocks with which the ores are associated are gabbros, pendo-
tites, and serpentine. These rocks are widespread in southwestern
‘Oregon. The peridotite, which consists chiefly of enstatite and
olivine, is in many places intruded in the gabbro; in other places the
peridotite and gabbro appear to be products of differentiation of the
same magma, there being no sharp line between those rocks which
are rich in olivine and pyroxene but have no feldspar and those
which are olivine gabbros and gabbros, the Jast named containing
chiefly plagioclase feldspar and pyroxene but no olivine. Locally
the peridotite grades into pyroxenite. The compositions and field
relationships of these rocks clearly indicate that they are closely
related genetically. In some places the peridotites and related rocks
are fairly free from decomposition, but over large areas they have

been altered to serpentine, which usually has a greenish-yellow color

and shows slickensided surfaces. At a few places the serpentine is
itself undergoing decomposition, one of the products of alteration
being magnesite. The peridotites, gabbros, and serpentine almost
everv“-here shows the effects of earth movements. They are frac-
tured. fissured, and jointed, and in many localities are decidedly
breccxated The soil formed from these rocks is in general of a red-
dish color and sapports a scant vegetation.

The outcrops of the ore deposits consist of gossan, the oxidized
materials varying in depth from a few feet to more than 100 feet.
The ore bodies have no definite form but occur as irregular masses
in the gabbro, the peridotite, and the serpentine. These masses or
pockets of ore appear to have no definite relationships to one another
but occur irregularly in the fractured and fissured rocks. HMost of
the ore bodies, howerver, that have been found on the Queen of Bronze
and adjacent claims lie in a zone that extends for several miles in a
north-south direction and has a width of less than 1 mile.” The largest
single body of unoxidized ore mined at the Queen of Bronze mine
_ contained about 10,000 tons. Practically all of it came from a depth
of less than 30 feet.” Other masses of unoxidized ores have been taken
from depths of about 100 feet. Although depths of about 300 feet
have been reached in the workings, no important body of ore has
been found below 125 feet. Several occurrences of slickensided ores
were observed, and in some places the ore contains small veinlets of
calcite.

Theumoxidized ore is chalcopyrite, with which are associated pyriie,
pyrrhotite, and ‘subordinate amounts of quartz and calcite. In the
low-grade ores pyrite and pyrrhotite are the most abundant minerals.
In addition to the copper content, the ores carry some gold and

- silver.

The oxidized ores are malachite, azurite, cuprite, tenorite (?), and
chrysocolla. Of these the black ores, containing tenorite or ¢halco-
cite, are most abundant. Several thousand tons of oxidized ore has
‘been mined. The average content in copper was more than 10 per
cent. The lower limit of the oxidized ores is usually less than 90 feet
from the surface, but some have been found at greater depths. In a
small opening about 105 feet below the surface black oxide and small
amounts of native copper were observed. The zone of oxidation is
invariably deeper where the rocks have been serpentinized than where
the eountry rocks are fairly fresh.

These ore bodies are apparently the result of precipitation from
mineral-bearing solutions which entered the rocks after they had
been fractured and fissured by earth movements. Whether these
solutions were set free from cooling magmas as they solidified to
form igneous rocks or whether they were of meteoric origin it is im-
possible to determine.
gabbro were not observed in the vicinity of the mine, their presence
in other areas of these rocks would suggest that the solutions may
‘have been associated with the magmas from which the dikes were
formed. In places in the serpentine below the zone of oxidation
chalcopyrite with slickensided surfaces has frequently been found.
The chalcopyrite appears to have been subjected to all the movements
which accompanied the process of serpentinization. This mdlcates
that the ores are older than the serpentine.

The mine is more than 20 miles from Grants Pass, which is the
most accessible point on the railway. The only means of transporta-
tion between Grants Pass and the mine is by wagon; consequently
the rates for hauling machinery, provisions, and other materials for
the mine and coke for the smelter have been high. This fact has

. been unfavorable to the development of the property. The mine is

situated on.the slope of a. rldge The smelter is at the base of the
slope 500 feet below the mine and 1} miles from it. The ores, when
‘taken from the workings, are trammed to bins, from which they are
transferred to wagons and hauled to the smelter.

The equipment at the mine consists of three boilers, an air com- -

pressor, a hoist, and two machine drills. The mine has been developed

by tunnels, drlfts and open cuts. The chief workings are related to.

two gossan- covered areas on the claim. The northern and more ex-
tensive workings are near the north boundary of the claim; the other
workings are about 1,200 feet farther south.

Althouch dikes cutting the peridotite and.
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’lhe northern workings consist of two tunnels, from which coun-
siderable drifting has been done, and a large open pit. The upper
tunnel, whieh is about 400 fect-long. enters the west slope of the ridge
and ‘runs eastward beneath mn area of decomposed and brecciated
gabbro, in which are oxidized ores. ~ At no place does this tunnel have
a vertical depih of more than 90 feet from the surface. In this tunnel
and in drifts and winzes from it some large lrretru}ar'-shaped masses
of chalcopyrite, but practically no oxides, were obtained. From the
tunnel an upraise was made to the oxidized ores. This upraise was
then used as a chute. The oxidized ores were mined to the surface by

overhand stoping.- passed through the chute, and carried out by tram

ihrough the tunmnel. Several thousand tons of oxidized ores were
mined in this way, the large open pit thus formed having an area of
about 120 by 120 bv 80 feet. Where the tunnels and other workings
were in the serpentine, great care had to be taken in timbering. The
lower tunnel also enters the west slope and is about 190 feet below the

upper tunnel. Init and in driftsfrom it more than 1,100 feet of work .
has been done. Only a sma_ll amount of ore was found in these
worlkings.

The southern w orkings consist of a large open cut, a tunnel, which
runs underneath this cut, and a 106-foot shaft. From the open cut
about 10,000 tons of unoxidized ore, carrying about 7 per cent of
copper, was taken. The zone of oxidation was only a fewr feet in
deptl. The ores mined were passed through a chute from the bottom
of the pit to the tunnel and then trammed to the bins. Trom the
iunnel and the shaft only a small amount of profitable ore was mined.

All the ores that have been mined have been smelted at the Takilma
smelter, which is under the same ownership as the mine. The smelter
is of the pyritic matte type and has a -capacity of 100 tons a day.
The charge used was-about 1.500 pounds of ore. 350 pounds of lime-
stone, and 200 pounds of coke. The limestone used had to be hauled

“about 2 miles. The matte from the ores smelted in 1907 contained
about 40 per cent -of copper.

The Queen of Brouze property was acqmred in 1903 b) the present
owner. Only a small amount of development had been done on the
property previous to its acquisition. .
by the company. Including the cost of the smelter, more than
$150,000 has been spent on the properties. Mr. Tutt, the president
of the company, stated that more than 20.000 tons of ore had been
smelted and that the average copper conient had been about S per
cent. The gold content of the ores has been worth more than $3 a
ton, the silver content about 17 cents a ton. Ore was first smelted
from this property in 1904. The greatest production was in 1907,

In all about 30 claims are owned

e
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" on Palmer Creek, a western branch of Applegate River.
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OTHER COPPER MINES.

- As already stated, there are several small mines adjacent to the
Queen of Bronze mine, and owned by Mr. Tutt and his a-sociates.
Considerable development has been done on these propertivs, and
from three of them—the Cow Boy, the Lyttle. and the Mabel—about
4,000 tons of ore has been smelted. The characters of the ores, their
modes of occurrence, and their associations are similar to those of the -
Queen of Bronze mine. _

Some distance to the northeast of the Queen of Bronze mine is a
prospect owned by Doctor Spence. On this property considerable
work has been done and some good ore has been found.

STIBXITE, JOSEPHINITE, AND CINXNA-
BAR.

Within the area here described stibnite, josephinite, und cinnabar
have been found in small quantities.

A stibnite prospect is located in the SE. 1sec. 24, T. 40 S, R. 4 W,
about 3 miles north of Watkins, on Applegate River. It is owned
by C. M. Buck, of Watkins. The ore occurs in the fractures of a fine-
grained brecciated greenstone. Irom a trench about 50 fect long and
a tunnel about 25 feet long several {ons of good ore has been mined.
Where the ore is exposed the antimony sulphide is being changed to
antimony oxide.

The mineral 3oseph)mte Imq been found only in the placels of
Josephine Creek, in Josephine County. It is an alloy of iron and
nickel, containing 60.47 per cent of the latter. When the mineral is
polished it has the appearance of metallic iron or nickel. Although
it has not been found mn the rocks, ihe mineral in the placers has prob-
ably come from the serpentine through which the stream has cut its
channel.

A small prospect of cinnabar, the sulphlde of mercurv, is Jocated
Although a
considerable amount of the mineral is reported to have been found
with the gravels of the stream. very little has yet been found in the
surrounding rocks.

< Am, Jour. Bci,, 3@ =er,, vol. 43, p. 504,




NOTES O\’ THE BOHL\[I& MINING DI\TMCl OREGON.

By Doxarp Francis MacDoxarp.

INTRODUCTION.

The Bohemia mining district is'in Lane and Douglas counties,
west-central Oregon. It lies on Calapooya Mountain, in the western
foothills of the Cascade Range. The district is about 30 miles south-
east of Cottage Grove, a small town on the Southern Pacific Railroad.

The Oregon and Southeastern Railroad runs from Cottage Grove to

Disston, within 12 miles of the mines, which are reached by stage.
In August, 1908, the writer made a short stay in this district and
incidentally to other work visited some of the larger mineral proper-
ties. For some of the data presented herein he is indebted to Mr.
-J. S. Diller, of the United States Geological Survey, who made a

reconnaissance of the region in 18982 and for many courtesies to -

Messrs. L. D. Ryan, ¥. J. Hard, W. \V “'arner. and other mining
men of the district. -

PHYSIOGRA:?H_Y AXD GENERAL GEOLOGY.

The relief of the district is pronounced. Several peaks are more
than 6,000 feet high, and the elevation of the lowest valleys is less
than 2,000 feet. This bold relief is the result of mountain glaciation
.and stream ercsion. The luxuriant vegetation due to the humid
climate has somewhat masked the geologic features of the region.
Great forests clothe the mountain slopes and the region is notable
for its timber value.

The rocks of the district are andesmc Javas and tuffs of Tertlarv .

age, which are cut by dacite porphyry and probably by basalt. The

andesites are the most abundant rocks. Seven consecutive flows, ag- -

gregating 500 feet in thickness, appear on the south face of Bohemia
Mountain. They vary from light to dark gray in color and in
hand specimens show small elongated phenocrysts of feldspar and
very small greenish crystals of pyroxene or chlorite. In weathering
the rock assumes a light-gray to buff color, the feldspars becoming
white and powdery. Good exposures of andesite are shown on Bo-
hemia, Elephant, Fairview, and Grizzly mountains.

" . «The Bohemia mining reglon of western Oregon : T\v-’ntmth Ann, Rept. T. 8. Geol.
Survey, pt. 8, 1900, pp. T-64.
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The. tuﬁs, in the main, are of andesitic comporition and at many
places are interbedded with andesite Hows. A\ tufl composed of coarse
fragments occurs near the White Ghost claim on City Creck. Iiue
tuff interbedded with lava is shown in the crosscut to No. 2 level in
the Noonday mine. The slope east: of Ilorseheaven Creek -hows a
considerable area of light-gray stratified tuffs. Fine gray banded
tufl's were seen on the slopes below Judson Rock. These tufls are con-
temporaneous with the andesites, particularly with the later flow=.

A light-gray rock, probably dacite porphyry, euts the darker ande-
sites and tufls in many places. This rock on fresh fracture shows
minute aggregations of quartz, larger crystals of feldspar, and small
dark cry:tals of prrozene and homblende The fine groundmass
between the large crystals is gray to slightly greenish, the green tinge
being due to.the presence of chlorite. This dacite porphyry cuts
andesites and interbedded tufl's at several places along the read abont
halfway between. Disston and Orseco. It alzo occurs within half a
mile of the Musick mine, both to the northeast and to the outheast.

Basalt occurs in one or two small outerops. It is a fine-grained,
dark lava, best shown on the south edge of Bohemia Mountain. TIts
small outcrop suggests that it is intrusive in the andesite.

ORE DEPOSITS.

The ore deposits of this district are fissure veins, which cut the
andeites and tuffs. Small sulphide impregnations also occur in the
vicinity of altered diabasic dikes. but they have no economic value.
The general strike of the veins is north to novthwest. with a dip of 607
to 85°. They vary from 1 foot to 12 or 15 feet in width, Some are
single veins; others consist of two or more parallel veins. separated
by a few inchesto a few feet of highly altered country rock. _\t the
MMusick mine there are three parallel veins, 1 to 4 feet in widih. sepa-
rated by thin walls of altered country rock. Only the fissure veins
which have suffered postmineral fracturing have produced profitable
ore. These veins, because of their oxidized and easily workable con-
dition, gave good returns in free gold in their upper workings.
Veins which have not been fractured since they were mineralized, or
which are situated in regions of maximum erosion, such as old glacial
cirgues, show sulphide ores at the surface. They are tightly cemented

.and relatively impermeable and represent the conditions of inineral-

ization that prevail in all the veins below the oxidized zone. The
minerals which they contain are sphalerite, pyrite, a little galena, and
very little chalcopyrite, with a gangue of quartz, altered country
rock, and some calcite. So far these veins have not heen found

- profitable, because their sulphide ore can not be cheaply treated, the

tightness with which the ore is cemented makes mining more expen-

_ sive, and the gold tenor is less than that of the oxidized material. |

$925—Bull. 380—08—%
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HYDROTHERMAL MET &\IORPHIS\L

In the vicinity of the veins the mmer‘lllzmv solutions have frredtl)
altered the country rock. Several hundred feet distant from a vein
the dark color of the rock is in many places changed to a greenish
tinge, while close to the deposit it is gray to buff in color, has a clayey
appearance, and crumbles easily. The pattern of the rock is fairly
well preserved, however, the outlines of the feldspar phenocrysts
being clearly visible, though the feldspar materml has been changed
to a “lnte or \ello“qqh pow der.

Under the microscope it is seen that the basic feld%pars have altered
into sericite, ealcite, and quartz, the quartz, however, being in rela-
tively small quantity. The ferromagnesian minerals have been
changed to calcite and the iron in them appears now as limonite or
hematite. Iarther away from the vein, where metamorphism wras
less intense, these minerals have reached only the chloritic stage of
alteration. In many veins soft disintegrated ‘country rock forms a
considerable part of the vein matter. An examination of this ma-
terial showed that near the surface it is composed essentially of very
fine granules of quartz with considerable iron-stained kaolin. At
greater depth the same rock contains an abundance of sericite and
caleite with very litile kaolin.

SECONDARY ALTERATION AND ENRICHMENXNT,.

Some of the veins were brecciated after they were filled, and as a
result oxygenated surface waters were able to percolate downward
along the fractured zone. The ores were thus oxidized and sulphides
leached out to depths of 100 to 300 feet, depending on the degree of
brecciation and the rate of erosion. The gold occurred as threads and

- filaments included in the pyrite. The pyrite was leached away, leav-
ing the relatively insoluble gold and =ome iron oxide occup¥ing a
part. of the small cavity left in the vein material. This process
brought abonut an association of free gold with iron-stained, spongy
quartz and enriched the ore by leaching out the valueless sulphides.

It also rendered the ore soft and porous. so that it is much more

cheaply mined and milled than the unaltered ore.

Small local enrichments of free gold occur at the junctions of
fissures, pyrite being abundant at these junctions, as shown by the
mass of iron oxide left. It is probable that the smaller particles of
gold were dissolved from the upper parts of .the vein by the ferric
sulphate solutions of oxidized pyrite and were prec1p1tated by the
local masses of pyrite below.

Some secondary sulphides were observed but these are of no com-
mercial value. They consist of pyrite crystals deposited in cracks in
primary pyrite and of very small masses of sphalerite and galena.
Other secondary minerals noted were calcite and, rarely, cerusite,

K

———— — many stopes.
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MINING DEVELOPMEXNT.

Gold was first discovered in Bohemia in 1838, In 1873 the first
mill, a five-stamp Dbattery, was built on the Knott claim. From 1877
to 1891 little was done in the district. In the nineties the Musick,
Champion, Noonday, Vesuvius, and several vtlier mines became active,
and mills aggregating 335 or more stamps were built. At the time of
visit, in August, 1908, no ore wasbeing milled in the district, nor had
any milling been done since the previous summer. Several companies,
however, had men employed in prospecting and development.

Figures for the total outpul of the camp are nat available. As
nearly as can be judged from the statistics published in % Mineral
Resources of the United Sfates,” and from verbal reports. the total

“product is probably betwecn £300,000 and $400,000. mainly in free

gold. Although some rich shoots occur locally. the average tenor of
the ore is low, generally running $3 to $5 a ton. The soft, spongy.
iron-stained vein material is cheaply mined and milled. The cost of
mining is from $1.50 to $2 a ton, and of milling little over 50 cents a
ton. The concentrates range in value from %20 to %70 a ton and con-
sist in the main of auriferous pyrite, with silver and a little lead and
copper. Values less than §25 a ton can not be proﬁtablv ghipped
because of present high freight rates.

The principal mines of the region which have produced values are
the Musick, Champion, Vesuvius, Noonday, Helena, and California,
and there are others of lesser note. The Musick leads in develop-
ment, with about a mile of drifts along six 50-foot levels. Of these,
levels 4 and 6 are reached by short crosseuts which tap the vein
from the basin at the head of City Creek. About 2,000 fect to the
west, on the other slope of the divide, a portal from one of the lower
drifts opens out close to a good stand of mining timber. A shaft 80
feet deep connects directly with the two upper levels and through
various stopes with most of the lower workings, thus giving good
ventilation to the mine. Moxt of the ore was hauled out at the lower
level, which attains a maximum depth of about 300 feet.

The Champion, Vesuvius, and Noonday have each about half a
mile of workings. In the Champlon most of the development work
has been done on two levels, the lower of which attains a maximum
depth of about 200 feet and is reached by a crosscut a few hundred
feet in length through which =ali the ore iz brought out. A consid-
erable amount of stoping has been done, particularly where the
greatest oxidation occurred. The lower workings here show consid-
erable amounts of primary sulphides. The Vesuvius.has been
worked from several levels to a depth of about 300 feet and has
The steep slope on which i is situated has facilitated




o - -~

84 COXTIRIBUTIONS TO ECONUMIC GEOLOGY, 1008, PART I.

itx development by tummnels and has afforded a gravily transfer for
~ the ore from stope {o mill, as well as good ventilation and drainage

for all the working-. The Noonday has three prineipal levels, all
tapped by crosscuts from the stecp slope of the Horseheaven basin;
the lowest level attains a maximum depth of about 300 feet. Con-
siderable stoping was done and the ore from the stopes was sent
down fo the mill on an aerial tramway about one-third of a mile in
length. The Helena has more and the California somewhat less
than 1,000 feet of working~. Both are developed by tunnels which
will attain 100 to 300 fect of dupth The Helena has two levels and
hax produced =ome very rich ~peumcn ore.

The ore from the Musick mine was hauled over a prnctically level
electric tramway about a mile in length and dumped into the ore
bins of the Champion mine. Thence the ore of both mines was sent
down to the mill on a steep incline, 3,400 feet Jong. Haulage was
cffected by~ an endless eable to which the mine cars were attached by
means of an auiomatic grab, the loaded cars going down pulling the
empties up. The Musick-Champion mill, the largest in the district,
has 30 stamps and is run by a water-driven electric generating plant
located on Frank Bryce Creek, 7 miles below the mine. Tt handled
the ore from both the Musick and Champion mines. The electric
plant was designed to develop 300 hor<epower and to operate the
stamp mill, a_small sawmill, and a local electric-light plant and to
furnish mine power. A small anxiliary steam: plant i= provided for
use in case of need. Other milling plants in the district are a 10-
stamp mill at the Vesuvius mine, a 3-stamp mill at the El Calado
propert¥, and a 20-stamp mill on the Noonday group.

SILVER AND COPPER PROSPECTS.

The Riverside and Oregon-Colorado claims are promising copper

prospects which show some good chaleopyrite ore and are located on .

strong veins. The Combination property covers a somewhat exten-
sive lode, consisting of one large vein and some smaller veins, and is
said to have produced ore whlch assayed more than 25 ounces of silver
to the ton.

FUTURE OF THE DISTRICT.

The Bohemia district contains many well-defined veins and lodes.
Many of those which show on the surface have not vet been explored,
and no doubt many more are obscured by the dense vegetation which
covers a large part of the district. Tt seems reasonable to suppose
that other mines will yet be opened. and will find workable gold ore
at least in the upper and oxidized portion of the veins. Workable

bod1es of copper and silver may possibly be discovered in the district.

FAULTING AXD VEIXN STRUCTURE IN THE CRACKER
- CREEK GOLD DISTRICT, BAKER COUNTY, OREGOX.

By 1. T. Parne.

INTRODUCTION.

The Cracker Creels mining district i~ situaiced in the noribwestern
portion of Baker County, Oreg. 1t is a =mall integral part of the
Blue Mountain gold belt. which has been described by Lindgren.® and
as generally understood comprises the drainage basins of Cracker and
Fruit creeks. The town of Bourne, 6 miles north of Swmpter. is the
principal settlement within the distriet. The principal mines are the
North Pole, Eureka and Excelsior, Columbia. and Goleonda. all
located, from northeast to southwest in the order named, on one per-
sistent fissure, the North Pole-Calumbia vein, or ** mother lode.™ as it
is Jocally designated. At present the Columhia is the only producing
mine in the district, but the suspen-ion of operations in mos=t of the
others is believed to be temporary amd not causzed Ly exhanstion of
the ore bodies. In addition to those above mentioned. there are a
number of smaller mines and prospeeis on which annual assessment
and considerable development work is being done.  Time in which to
visit all the mines was not available. Lbut in November. 1903, during
the progress of field work in the Sumpier quadrangle. in the norihern
part of whieh this district lies. advantage was briefly taken of oppor-

‘tunity to visit {he underground workings of the Columbia and North

Pole mines, to the managers of which. Mr. Frank S. Baillie and Mr.
Emil Melzer, respectively, acknowledgment is gratefully mmade for
courtesies extended. )

The aggregate production of the mines on the “mother lode ™ is

estimated to be at least $7.000.000.

TOPOGRAPHY.

All of the district is mountainous. The streams have rather steep
gradients and flow through wvallevs which are for the most part
V-shaped. but some of which are U-shaped in their npper courses.

e Lindgren, Waldemar, The gold belt of the Blue Mountains of Oreguri: Tweniy-sevond
Ann. Rept. U, 8. Geo!. Survey, pt. 2. 1901, pp. SHI-776. .
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The dividing ridges are steep and rugged, with narrow, somewhat
serrate summits. The minor details of the sculpture express the
variations in the hardness of the underlying rocks. Down cutting of
the stream beds appears to be generally still in progress. The aver-
age depth of the vallexs is from 1.000 to 2,000 feet. The altitude of
Bowmne is 5400 feet; that of the junction of Cracker and Silver
erecks, the lowest point in the district, 3.000 feet : that of the peak at
the head of Rock and Sardine creeks, the highest point in the dis-
irict, 8,400 feet. ' .

The principal topographic features of the area dealt with in this
paper are shown in somewhat generalized fashion in figure 8. The
spur trending south-southwestward from Elkhorn Ridge and ter-
minating at Beurne has the local name of North Pole Hill. The
ridge dividing Cracker and Fruit creeks iz locally named at its south-
ern extension Columbia Hill, and this name may be conveniently ex-
tended to the whole ridge. :

GEOLOGY. -

STRATIGRAPHY.

The rocks most. extensively developed about the Cracker Creek
mines are argillaceous and siliceous sediments, nonfossiliferons so far
as known, and- very fine grained throughout. The composition of the
beds varies from that of chert consisting almost wholly of silica to
that of highly aluminous blue-black slate. These trpes. howerver,
are rarely found in complete purity; they grade one inte the other,
and are at many places interlaminated, the cherts in particular being
divided into thin sheets and lenses by argillaceous partingz. Seen in
distant views, the weathered outerops of the sediments everywhere

appear rather dark in hue and more or less rusty with oxide of iron.

The impressicn conveyed by a cursory examination is one of monot-
ouny and of a lack of sharp lithologic distinctions. Only long-con-

- tinned and careful observation made it possible to recognize litho-

logic subdivisions of the stratigraphic column, a task which it was
necessary to .accomplish before the stracture could be deciphered.
The series appears to be conformable. It is expused over the greater

portion of the district in the form of a salient surrounded by intru- -

sives. (See fig. 3.) :

The rocks of igneous origin are intrusive granodiorite, surrounding
the sedimentary area on the north and northwest:; some dikes, ob-
served to cut both the argillite and the granodiorite. varying in
thickness from a few inches to 20 feet or more, that appear to be
mainly altered feldspar porphyries: a few aplitic dikes: some small
masses of serpentine; and a greenstonie. probably an interhedded lava

_or intrusive sill. This last-named rock is most conveniently con-

ty
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sidered in connection with the sedimentary rocks, which are probably
of Paleozoic agren
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The following measurements are provisional and subject to correc-
tion:

Bection of scdimentary rocks and greensione in Craclcor Crecls mining district,
[ Beds numbsred in order of agel
Freet.
. & Light to blue-gray siliceous shale. ILaminee 1 to J inches
thick, irregularly swelling and pinching. separated by
very thin dark partings. On wenthered surface npumer-
ous lighter-colored spots are eiched, forming slight de-
pressions and giving outcrops a mottled appearance.
Prominent outcrops ’ 100
%. Dark-gray, thinly laminsted, rather siliceous argillite,
loeally mottled as in No. S above. Middle portions
black with sglaty cleavage. Inconspicuous outcrops..- 600

¢ Lindgren. Wealdemar, op. cit.
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6. Blue-gray. indistinctly bedded siliceouts shale, Tocally wot-

tled on weathered surface. Moderately conspicnous

outerops 150
&, Dark-mray to black argillite, thinly laminated. conspicu-
ouslr mottled. Very subordinate outerops———————.___ 700

4. Greensione, n hard, tough, heavy, greenish. massive cryrs- -
talline rock, of varying texture. Exposed surfaces usu-
ally etched, showing irregular rough *warty ™ prom-
inences of dark-green hornblende, between which are
light-gray depressions, these features here and there
g0 arranged as io faintly suggest bedding. Prominent
cliffy ouferops: : . 600
Black. shaty, thinly laminated argillite with some indis-
tinctly bedded, rather silicesus layers, having mottled .
- weatbered surfaces., Inconspicuous outcrops.—.———____ 350
2. Light to warm gray, almost purely siliceous sediments.
Lamin®e 1 to 3 inches thick; otherwise as in No. S;
prevailingly mottled at top. Forms prominent outcrops. 100
1. Prevailingly siliceous, gray to dark-gray sediments, rather
' indistinetly bedded us a rule. but containing n few beds
" 4 to 10 feet thick and one S0 feet thick, closely resem-
bling No. 2 above, except that mottling is less conspicu-
ous or abgent. Contains also a few thin argilliceous
‘beds. Weatbered surfaces gray brown in upper portion

[

{0 red brown in lower. Prominent outerops____._____ 400+
3, 000
STRUCTURE.
FOLDING.

The most readily noticeable structural feature of the more sili-
ceous of these beds consists of the contortions and small cloze foldx
they everywhere exiibit. The black argillites have a slaty cleavage

that as a rule coincides with the bedding. Some of them are closely -

fulded also, but as their bedding is Jess distinet than that of the sili-
ceous rocks their structure is more obscure. The thickening due to
small folds has not been estimated, and is therefore not eliminated
in the tabular section. As a rule the strike of the beds is N. 80° E.
in the southern portion of the district, gradually changing to north-
west in the northern portion. The dips are prevailingly south, with
local exceptions caused by, a westward-pitching syncline exposed in
the southern portions of North Pole and Columbia hills. (See figs.
3 and 4.) ’ '

FATLTING.

The most noteworthy structural feature is faulting of an extreme
distributive type, which is developed throughout the distriet. This

faulting is so common that portions of the district, as for instance the . - ‘

Y
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northern half of Columbia 1ill and Elkhorn Ridge, from the sum-
mit. of Norih Pole Hill north-

“ward to the intrusive contact, gn
- m

may be-said to resemble huge e

fault breccias. .The dimen- z

sions of the faults descend to
the microscopie, and mnearly
every joint and cleavage plane
shows _ polishing or striz as
evidence of movenient.

The observed indications of
faulting are the following:
(1) Beds are in contact out of
their normal sequence. The
satisfactory 1dentification of
the different beds in this dis-
trict, where sharp lithologic
distinctions ‘are lacking and
discontinuous exposures the
rule. requires careful scrutiny,
and the definite location of
fault contacts is best effected
by carefully following the
more prominently cropping
siliceous beds. (2) There are
numerous fault breccias, the
fragments of which, usually
distingnixhable from other
products of disruption by their
polished or striated surfaces,
are generally distributed in
the surface mantle and, where
found in place or nearly so, as
on some ridge summits, indi-
cate the positions of faults.
{3) Notches, trenches, ravines,
and offsets in ridges commonly
indicate the positions of faults
in this district. (4) Many fault
planes may Dbe directly ob-
served on cliff faces and in
drifts, pits, etc.

All faults in the district
whose attitude has been de- — !
termined are normal, and steep dips are the rule. MMost of them may
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be grouped. as regards .smke only, in an approximaiely north-south
system; an east-west system, observed in some instances to displace
the former; and a northeast-southwest system that includes the quartz

veins. In the first two of these g oups the movement on any one fault

plane may commonly he measured in inches, and the maximum ob-
served does not exceed 100 feel. The sum of these small movements
is, however, considerable. For instance, the faults of the east-west
~ system on North - Pole Hill within a horizontal distance of 1 mile
effect an aggregate downthrow to the north of approximately 2,000
feet. (Seefig.4.) But this summation, it should be noted, takes no
account of the honznntal component, which, as shown by the pitch of
striee, enters into the move-
‘ment in nearly ew ers fault

e plane.
g u?,)]! &R AW ‘The detail of some of the
K N TR 4. '?'l I
"‘t.'t"”[ /
".

less complex fault zones may,
e N
// S
/ N \l‘*tlgl\\\\\ k

in favorable places, be
mapped, and one mnear the
north summit of Columbia

5o Hill ‘is shown in figure J.
[ \ Many of the fault zones are
Colum :rFl composed of smaller units

_than this one. An example is
one of the east-west faults just
south of the lower summit of
Yictng 5—Detail of fauliingy northeast of Columbia Hill, Tts aggregate

Columbia Tiill, Baker County, Oreg. vertical  displacement.  (the
horizontal movement. not having been estimated) is 400 feet, distrib-
uted along a large number of parallel planes, lying 1 inch to a few
feet apart, through a horizontal distance of 600 feet.

loa 100 200 Feet
L A

.

VEIX SYSTEM.,

Only the most superficial observations were made on the smaller
veins. the locations of some of which are indieated in figure 3. The
Cracker Uregon vein is 4 to 8 feet wide and dips steeply to the south-
. east. The Cracker Summit vein 15 4 to perhaps 12 fect wide and
dips 50° to 70° XW. Both are said to have produced pay ore; their
vein filling resembles that of the “ mother lode ” and their WaJJs bear
evidence of movement. The Cracker Summit vein has at several

- points been displaced by faulis of the other groups, but the esxact-

details of the faulting have not yet been worked out.

~ The »mother lode ™ stands out as a most prominent economic and
structural feature. It isa normal fault extending bevond the limits
of the district. The portion of it here particularly referred to is that
extending from the Columbia shaft to the limit of the North Pole
stopes, a distance of 7.500 feet. On this portion of the vein are
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located the Cohunbia, Eureka and Excelstor, and North Pu]e mines,
from szouthwest in northeast in the order named.

The displacement along this fracture, which in the North Pole
dips 70° SE. and strikes XN. 34° E.. was approximately determined
where it erosses Columbia Hill. Here bed No. 4 of the section on
pages 69-70 forms the hanging wall and is in contact with bed No. 2
on the foot wall, md]c'\tmwa xertlcal displacement of at least 400 fect.
But in addlhon to the vertlc.ﬂ throw the fault causes a horizontal
displacement of approximately 1,800 feet. This estimate is obtained
from the present relative positions of the detached portions of the
syncline briefly referred to above and indicated in figures 3 and 4.
which the fault cuts nearly at right angles to ite axis. The axis of
this trough trends approximately east and west and was originally
continuous. At present the intersection of the axial plane of {he
North Pole Hill half of the trongh with that of the vein lies about
1,800 feet south-southwest of the intersection of the corre-ponding
plane in the Columbia Hill portion of the trough wiih that of the
vein. This estimate iz subject to modification by more ecareful
measurements, but not sufficiently so to disprove the statement that
there has heen a horizontal displacement of considerable magnitude.
The horizonial movement is further indicated hy strise within the
vein, as described below. The vein may be said to divide the district
into two fault blocks. With respect to the northwestern or Columbia
Hill block, the southeastern or Bourne block has settled and moved
southwest bv south, or along a line Jying in the plane of the vein and
pitching g ment]v to the eontlm‘e‘:t

The large ameunt of development work that has been done on the

“ mother lode ™ offers excellent opportunity for investigation of the
structure due to comple\ movements within the vein.

The Columbia mine is opened by three adit levels and a 900- foot
vertical shaft with which-crosseuts and drifts connect at each 100 feet.
The aggregate of development is stated by Mr. Baillie to be. in drifts
and crosscuts, 19.470 feet; in shaft, raises, and stopes, 20.274 feet;
total, 48,744 feet.

The shaft is sunk in the h'mrrmn' wall 45 feet from the vein. Wluch
it penetrates at a depth of 800 feet, thus showing the dip of the vein
here to be about 861° SE. Itsstrike is N. 34° . Xortheast of the
shaft the vein is well defined and 20 to 100 feet wide. The ore shoots.
3 to 8 feet in width, are found on the foot wall in all but the upper
(adit) levels, where they have crossed to the hanging wall. The pay
ore is usually separated from more barren quartz by walls lined with
thinly-laminated black gouge. The lamina are mostly striated. In
many places the striz on one side of the lamina pitch at variance
with those on the other side. The directions of movement thus indi-
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sated vary from \'erhml {o lmmzontal thc honznnin] component
~usually predominating. - The ore body. itself is separated into over-
lapping wedges or thick lenslike masses by seams of black, laminated,

striated gouge. About 200 feet south of the shaft thie vein loses its .

identity in a zone characterized by a great number of faults, most of
which strike southwest to west and dip 45° X. or S. The gouge

linings of these faults nowhere fail to exhibit evidences of movement |

~asabove described. Within this zone isolated masses of ore are found.
The North Pole mine is not at present in operation, having closed
down last Angust. It is developed by five adit levels and one inter-
mediate level, aggregating 12,500 feet, and a large extent of cross-
cuts and stopes. At 1,800 feet from the mouth of tunnel No. 1 a
fault, whose course is N. 18° W. and dip 60° W., displaces the ore
shoot 45 feet to the southeast. On following this fault for about 500
feet to the intermediate level, the displacement is noted to be small,
-and the slip appears to coincide with a flat wall forming the lower
boundary of the ore shoot for 2 distance of about 1,200 feet farther
on. This ore body widens above, attaining a maximum of 25 feet
just under tunnel No. 3, where a cross section of the vein is as follows:

Reetion of vein of North Pole mine.

Foot wall: dark-gray siliceous shale. Feet.
Brecciated gquartz in black gouge. ’ 3
Yhite guartz — — 40
Finely brecciated unconsalidated (“sugar™) gquartz__________ 15
YLow-grade veinquartz . _____________________ e 13
Ore 235
9s

These divisions are separated by polished or striated walls approxi-

mately parallel to those of the main vein and bearing abundant,

black, laminated, obliquely striated geuge.- This ore body abruptly
ends to the northeast against a iault plane striking N. 80° W. and
dipping 45° S., which does not penetrate the main hanging wall.
Neither does the foot wall appear to have been displaced “where the
drift turns to it about 120 feet farther on. From this point north-

eastward for about 400 feet to the face of the drift the foot wall’

carries small masses of ore that usnally exhibit a tendency to branch
and disappear in seams leading obliquely upward toward the oppo-
site. wall. Im the main stope just referred to the ore lies on either wall
or occupies intermediate positions. TIn some places the ore is ob-
iserved to cross from one position to another on transverse, southwest-
ward- dlpp]ng obhquely striated fault planes that do not pass with-
out the vein.

—a .

PRACTICAL COXCLUSIONS.

The results of structural study in the Cracker Creck district indi-
cate that the “ mother lode ” is not notably displaced by transverse
faults. Within the vein itself, however, there are faults which affect
the ore bodies. Some of the smaller veins have been offset by fauli-
ing. The fact that the faults of known attitude are normal, and that
in the movement upon them the horizontal component is commonly
as important as the vertical one, should be taken into account in the
development of such of the ore bodies as have been displaced.




