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moderate scale, and is now producing under the present owner. (he
St. Louis Consolidated Mining and Milling Company, with head-
quarters at Los Angeles. This company acquired it in 1905, Tl
property comprises 19 claims, but the developments are chictly oy
the St. Louis Clain.

The mine is developed principally by adit drifts and tunnels,
mostly within a vertical range of 340 feet, and contains about 1.000
feet of underground work. The shaft on the Knecker claimy, how-
ever, Is reported to be 110 feet deep.

Five distinct veins are reported to oceur in pre-Cambrian oneiss,
Several of the veins are said to converge near the southeast end of
the St. Louis claim. Three of the veins trend northwest and dip
50° NE.. and two trend about north and south and dip 852 . The
hanging wall of all the veins is said to be gneiss. The north-sontl
veins are reported to have in most places a = porphyry ” foot wall.
These veins average about 5 feet in width and are said to be richer
than the northwest-southeast veins and to coutain more silver. The
vichest ore they contain is said to be steel galena. The ore oceurs
in shoots or bunches varying from 2 to 16 inches in width. It con-
tains about $3 in gold and 12 ounces of silver to the ton and 55 to
75 per cent of lead.

The northwest-southeast veins are said to have a dark rock on the
foot wall, with gneiss occurring locally on each wall. The Iargest of
these veins is said to be 4 feet in average width, but it carries less ore
than the smaller veins.

The two veins now being worked are known as Nos. 2 and 3. They
are about 3 feet wide and the ore varies from 4 to 16 inches in width.
In carload lots the ove is said to average about 60 per cent of lead and
$2in gold and 14 ounces in silver to the ton.  Most of the ore thus far
produced has been obtained within 40 feet of the surface. The
management ix now taking out =hipping ore only and doing develop-
ment work.

BLANKET VEIN PROPERTY.

The Blanket Vein property is-about half a mile southwest of (he
Gem mine, just below the mouth of Charcoal Canyon. It is prin-
cipally owned by the Golden Star Mining and Milling Company.
The deposit is a gold-hearing quartz vein, resting on pre-Cambrian
granite. It dips northeasterly at the low angle of about 307, and Is
unique in being now bared. the -granite having been completely re-
moved from the upper surface by erosion over a nearly equidimen-
sional area of about 500,000 square feet.

The vein is about 1 foot in average thickness and is said to contain
about $8 in gold to the ton, or a total value of more than $90,000 for
the area of the deposit thought to be in sight. Ilornings and assays
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ton. The gold is mostly free milling. The quartz also contains some
iron, principally hematite and limonite, derived from pyrite by
oxidation. )

show portions of the deposit to contain as high as %20 in gold to the

STOCKTON IIILL DISTRICT.
GENERAL OUTLINE.
LOCATION AND HISTORY.

The Stockton TIIT district joins the Cerbat district on the east, and
is about parallel and coextensive with it north and south. being situ-
ated on the opposite slope of the mountains. Tt is about 4+ miles in
width and but little more in length. It ranges in elevation from 3.500
feet at the edge of Hualpai Valley on the east to 5,500 feet at the crest
of the range.

The principal and oldest camp is Stockton Iill, situated in the
foothills in the eastern part of the distriet, 10 miles north of King-
man, at an elevation of about 4,800 feet. It dates from early in the
sixties, when the principal veins were first discovered and beean to
produce. In former days much of the ore was shipped to Swansea,
Wales, but later it was treated in the Mineral Park and Cerbat mills
and shipped to the smelters in San Francizco and to New Mexico.
At present the ore is hauled by wagon to Barry or Kingman, whence
it is shipped, mostly to Needles. The district is reported to have
produced many million dollars” worth of ore.

TOPOGRAPILY AND GEOLOGY.

The topography. ~hown in part in the =ketch map (fie. 16), is
generally rough. but the mines arve nearly all accessible by wagon
roads, mostly of easy grade. The drainage issues eastward into
Hualpat Valley, mainly through several short side valleys or trans-
verse washes—the Canyon Station, C. O. D., I. Xo L. (known as
I Xi L. Basin from the width and open character of its middle
part), Cupel. Treazure Il and Mayvwell.  In their upper parts most
of the washes contract into V-shaped gulches.

The country rock is the pre-Cambrian gneiss and schizst complex.
It is reddizsh brown and iron stained and ix intruded by dikes of
granite porphyry. dinbasc. and other rocks. mostly of bazic character.
The schistosity trends about N. 30° E. and dips usually vertically or
at steep angles to the northwest.  The dominant jointing or sheeting
strikes northwest.

ORE DFEPOSITS AND MINES.

The deposits occur in pre-Cambrian gneiss or schist. intruded in
places by a later aplitic granite or by basic dikes. They are fissure
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veins, which in ceaeral ~trike northwesterly and are vertical or dip
at steep aneles to the northeast. The caneue is quartz and the g
contain chietly ~tlver. with some gold. lead. and copper. Priiay
sulphide minerals are ealena, zine blende, chaleopyrite, aud perige,
bat the district owes it< reputation to the rich silver ores, =i s
native silver, cerargyvrite, areentite. and ruby silvere which  wepe
found in large quantities in thenpper levels. The water level is about
100 feet below the surface.  Galena is often found above it. while
rich silver minerals descend to a considerable distance helow i, The
greatest depth attained i= 400 feet.
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Frevee 16.—Sketeh map of Stockoon 1L distriet aud adjoining part of Cerbat diserien

The distriet contains about 10 mines, of which the principal are the
Banner Group. Treasure Il Little Chief, Cupel. Prince George.
De La Fontaine. C. O. D., and Sixty-three. Their general distribu-
tion 1s shown on the accompanying sketch map (fie. 16). The princi-
pal loeations made in the distriet are indicated on the elaim map
(PL VIIT).

MINES ON STOCKTON HILL WASH.

The principal mines on or near Stoekton il Wash are the Banier
Group. Cupel. and De La Fontaine. Their situation in aligniment
on a nearly cast-west line about 114 miles in extent has led to the
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current belief that they are all on the =une vein.  They ave perhaps
in a general way in the same mineral zone, but as the strike of the
veins at the different mines does not coineide with the trend of the
mines and the veins have not been traced and do not scem to conunect
from mine to mine the single-vein theory remains to be proved.

BANNER GROUDP MINE,

Location—The Banner Group mine (PL V1L 72) is about half a
mile west of Stockton ITill, near the center of the district, toward
the upper or guleh part of Cupel Wash at a point where it widens
into a small basin at about £800 feet elevation. The property 13 =aid
to comprise six adjoining claims, of which the most important are the
Infallible (formerly Indian Boy) and the Star Spangled Banner.
The principal mine openings ave on the former, whenee the workings
extend northwestward into the latter. The property is owned and
operated by the Arizona-Mexican Mining and Smelting Company. of
Needles, Cal.. where the large smelter owned and operated by this
company iz located.

Developments—The mine is developed principally by adit drifts.
stopes, winzes, and =hafts, ageregating about 2.000 feet of under-
ground work, including the tunnel or adit drift, 1.600 feet in length.
on the vein. This drift has a greatest depth of 230 feet below the
surface. Several shafis, mostly shallow ones, ave located up to 1.050
feot from the mouth of the drift. At 800 feet from the mouth of the
drift is a gasoline hoist and a 60-foot winze, reported to be sunk all
the way in good ore. The property is equipped with a nearly new
40-ton mill =upplicd with concentrating tables.

The production is reported to be many thousand dollars in gold.
silver, and lead. the zine thus far being culled and left on the dump.
The dumps al=o contain much second-class ore. which is =aid to be
suitable for coticentration.  The mine now works about 20 men and
produces about 30 tram-car loads of ore a day, of which one-fourth
is shipping ore and three-fourths milling ove.  The ore is =hipped
to the Needles smelter.

Geology and ore deposits—"The country rock iz light to iron-gray
fine-grained gneiss. in which the stracture trendds about N. 307 E.
and dips steeply to the north-northwest. Toward the veins on the
foot-wall side the rock is red from oxidized pyrite.

The fissure vein <trikes N. 407 W, and dips about 80° NE.  The
eroppings conszist principally of leached reddish-brown quartz. The
vein averages about 7 or 8 feet in width: the ore varies from about
1 foot to 3 feet in width and usually oceurs on the foot-wall =ide of
the ‘vein. In the face of the drift at the time of Visit it was 2. tet
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wideo and associated with it on the hanging-wall side was
more of ~oft eangue compos=ed principally of crushed and
granitic material. which. on being removed by blasting.
intact ore bared in fine condition for loading on the cars. The <hoo
contains parallel seams of light-colored material. which emplinsizes
the roughly banded character of the ore.

Al
leaves (],

The ore consist= in places of pure galena, but usually it contai,.
also zine blende. pyrite. and chalcopyrite.  The gold in sone of it
amounts to several ounces aton. The silver occurs in part as <l
phide and native. as masses and wire silver. which locally interlaees
adjacent parts of the ore shoot. The amount of zine mereases in the
deceper, northern portion of the mine.  Toward the northwest end of
the surface workings ocenrs a large amonnt of reddish quartz ore,
which ecmis to contain chiefly gold values.  This probably vepresents
the body of rich gold ore reported to have been found in the <nrface
openings of the mine. A <hort distance north of this locality enleng
and  zine-blende ore with comb quartz and chalcopyrite scem to
prevail.

CUPEL MINE.

The Cupel mine is sitnated in the foothills at Stockton TTill eamp.
on the sonth side of Cupel Wash. This mine is regavded as prohably
the oldest on Stockton Hill. Tt was located about 1863, and was
worked intermittently from that date to 1891, being constantly a
heavy producer. Tt is said to have vielded hands=ome returns {o des-
sees in the seventies and in the eighties it was opened up by an in-
clined shaft to the 400-foot level by Spruance. Stanley & Co.. of San
Francisco. Trom this shaft vearly half a million dollars in =ilver
and gold ore ix reported to have been taken.

The principal ciuipments ave a steam hoist and an excellont 200-
ton mill and plant of the Joplin type. recently installed.  The wine
s owned by the Stockton Tl Mining Company. with headquariers
at Topeka. Kans. The mine is developed principally by a shaft 100
feet deep, n three-compartment <haft 150 foot deep. drifts, and =topes
to a depth of about 400 feet, the workings being nearly all situated
within 300 feet of the main <haft. The mine is said to produce about
25.000 gallons of water a day.

The production of the mine is conservatively reported to exeeod
£500.000. and is varionsly estimated at one to one and a half million
dollars. From September 3. 1885, to May 1, 1890. according to the
stelter <heets, the output was S31.405, and averaged approxinmately

A30Q ounces of sjlver to the ton and 20 per cent of lead. silver at (hat
time being worth about 21 an onnece. Tt is stated that the mine con-
tains much ore in <ight and that the dimmp= contain about 2.000 tons
of ore that is estimated to mill $6 or $7 net per ton.
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The country rock is the pre-Cambrian gneiss and schi‘;t- compllle.\;.
Three veins, which strike northwesterly but are not qm‘n’* P:\m. el.
contain the ore. They are known as the Cul?el. Ed\\'zll"d L\?xett. 111)«
Tiger veins. Several diagonal or cross veins or stringers are also

See fig. 17,
preTsﬁzt(-)re(;(:l?tzflliTx: 1'112)\' silver and horn silver, together with argen-
tite, but in places is vich in high-grade galena :1114..1 ':11'1"1073 ;}.liu'ut' ‘\3 al
ton in gold. The bulk of the ore prod_nvml (‘ont:nn;\' VlzllE—)‘\‘hl \011 : an
ome of it 1s =aid to have uvorzl\’lmk 3.000_ounces 'oi .\‘l]\.cl tu‘lt-m‘)t(m
and gave to Stockton IHill and the (.erbut Monntu‘ms t!.lell‘ eal \ Il(pn—
tation. Most of the rich ore thus far produced is said to have been

taken out within a horizontal dis-
tance of about 250 feet, extending
principally from the shaft north-
westward and from the surface to
the bottom of the mine. Deyond
this portion of the mine to tl_lc
northwest the ore is =aid to contain
principally galena and =ome gold.

\

=
=
= N\
PRINCE GEORGE MINE. 2,
=

. \\\ / \:’/
Location — and  history—The \ v A
Prince George Mine is located at curee vt v / '
Stockton Tlill. about one-fourth 7
mile southeast of the Cupel mine.
at an elevation of about £.600 feet.
It is situated on steeply westward-
sloping eround, near the head of
a deep gulch that trends south-
ward into Treasure TIill Wash.
The mine was worked prinei-
pally in the eighties.  Afterthe in- rreres IT.‘——'.\‘ll\'.-n-h.s!n;l\v'i‘zll;.'i“:'l-l:ninns ot
stallation of machinery the mine vl om Cuped - )
was operated by Mr. MceIKay. who =oon .\nspvn.dml operations, Tln}u
which time but little work has been done. It is now owned by the
Stock Till Mining Company. .
Ifll'\ot(?z];(;ion.——'l‘lu}i)l'()(lll(l-ti(‘)x) iz reported to be $10(J’.l)00. of “i‘h].dl.
$£90,000 was taken out in about ninety days, mostly from the large
ore chamber. - '
DZJ'ZZO]):\Ncnf.s.-—'l‘ho principal developments are a 1.\0-#091 shuft-
and about 250 feet of drifts and stopes. The pl'n.l(‘x])n_l equipments
are a coal or oil fuel hoist and pumps. The mine is =aid to produce
about 20,000 e¢allons of water per day.
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Geology—The conntry rock is'the pre-Cambrian complex, the pre-
vailing phase being a medinme-grained light gneiss, but next (, i
vein the rock is a coarse aranite or peamatite, some of which resey b,
graphic granite. The schistosity trends N, 30° I, and is pavallele
by many swall quartz, ~tringers, none of which, however. are |
to carry ore,

(H‘)\\'h
Slickensiding in the mine indicates a nearly vergie]
nmovenient.,

I7eins ol ores.—"The ])l'ill('i[):ll vein strikes N. 65° W. and ‘“f“
about 807 NE.  As shown in the mine at about 60 feet in from (.
mouth of the adit drift. the main vein i< joined from the nortlivesy

“hy asseeond vein, which near the Junction is 12 or 15 feet thick, At

their junction the two veins seem to lave formed an ore body ¢ 1,
SO feet in diameter and extending to a depth of at least 30 or 60 foe
below the surface. The upper portion of this ore body, particularly
that in the oxidized zone, has heen mined, leaving a laree chambor
where the ore has been removed.

The cangue is quartz and altered rock. and thie ore in the nnoyi-
dized zone or lower part of the mine contains chiefly ealena, argentit.,
and pyrite.  The bulk of the ore mined from the chamber is veported
to have averaged 60 per cent of lead and 2300 ounces of silver o the
ton. and the remainder 20 per cent of lead and 20 ounces of <ilver (o
the ton.  The ore as whole 1s reported to have averaged about <20n
per carload, and most of the vichest to have come from an ore ~loot
13 feet wide,

The walls of the main vein are. as a rule, ragoed, hut the haneinge
wall of the second vein is well defined and =mooth and contains a

i

streak of ore £ to 6 inches wide. reported to average about S600 4 (o,
on which the operators are now sinking. .\ rich 1-foot ore ~hoot i<

al=o reported to ocenr on the hanging-wall ~ide of the main vein,
LUTTLE CHILE MINE.

The Little Chief mine i< located about one-tourth mile sontliwest
of Stockton ITill camp and about 80 feet above it, ¢lose to the main
road. The mine las been worked on a small scale since the middle
seventics, and hax prodieed only high-grade ~hipping ore from the
surface down. Tt i= owned by the €O, D. Minine Company. The
production is reported to he more than $25.000),

The mine ix developed to a depth of about 100 feet and contains
about 1.000 feet of tnderground work. which includes @ 100-foot
crosscut tunnel, two So-foot <hafts, and 300 feet of drifting, the drift
extendingabout 75 feet on cither side of the two main shafts,

The country rock is the pre-Cambrian complex. To judee from
talus débris on the surface at the mine. it scems (o be intrded b
diabase near by, and portious of a light-colored altered rock. which
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«ems to be the intrusive granite porphyry. are associated with the
veln. )

The vein trends N. 407 W and dips steeply northeast. It is about
6 feet in width and is supposed to be the Banner vein of the Treasure
Hill mine, described later.  The ganeue is quartz and crushed :llml
dtered silicified roelk. The ore =hoot locally coincides in width with
the vein and ix stained throughout with copper earbonate. The ore
contains principally green horn silver. galena. and gold. _is all :xt
shipping grade, and is =aid to average about as follows: Silver, 350
ounces to the ton: gold, 35 to %10 a ton: and lead. S to 40 per cent.

Q.o2)T

DELA FONTAINE MINE.

The De La Fontaine mine is situated at the west =ide of the dis-
trict on the narrow crest of the range. at about 5.100 feet elevation.
where the surface falls off steeply into Cerbat Wash on the west and
Stockton IHill Wash on the east, the mouth of the adit drift or tunnel
and shaft being located on the Cerbat side. The mine is owned by
the Stockton Hill Mining Company. Tt ix developed principally by
a shaft 400 feet in depth and two levels comprising about 1400 feet
of drifts,

The country rock is principally a reddish fine-grained oneiss.
Black amphibolite =chist outerops near by and i alwo present in the
mine, particularly in the foot wall near the =haft on the 100-foot
level. Back of the superintendent’s house, a fow hundred feet south
of the vein, are prominent croppings of dark speckled medium-
grained diorite from which the amphibolite schist has probably heen
derived.

The vein, which strikes N. 707 W. and dip= about ~0° NNL.. is
sbout 7 to 10 feet in width., The eangue is principally quartz. with
ome partly altered coarse granitic rock. but locally the fissure is oc-
cupied by grcenizh or reddizh slickensiding gouge.  The croppings
consists of a G-foot reef of quartz. stained by iron and manganese,
and rising boldly 10 or 12 feet above the surface.  The ore shoot is
from 1 t(;nb(mtl—i feet in width.  Good ore bodies of this width and
of considerable extent are blocked out in the lower 300 feot ot the
mine,

The ore contains principally galena and zine blende and a very
little pyrite; it contains locally about %2 to the ton in gold. but the
ore recently blocked out in the lower part of the mine is probably of
*somewhat higher grade.  The ore in sight in the mine is said to con-
ain good values.

The company plans to treat such part of the ore as may be suitable
i its mill recently installed at the Cupel mine and <hip the balance
‘o smelters,

8817T1—Bull. 397 —09)——S
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MINES ON TREASURE HILL WASH.

I'he principal mines on Treasure 111 Wash are the Treasure i
Mocking Bird, and Sixty-three.
TREASURE ILILI MINE,
Locaton and hisiory-—The Treasure 1171l mine is sitnated iyl

southeastern part of the distriet, in southward-sloping foothills
about 4200 feet elevation. Tt was discovered late in the ~cven
and was worked on a =mall <cale.

From 1590 to 1900 it wius OW i
by Lehorean Moore, who sunk five or six shafts to water level, :|]m|_;
65 feet helow the surface. and is said to have stoped out very ricl o
some of which contained 13,000 ounces of silver to the ton. T 1o
the mine was acquired by the present owner. the Treasure 1] .\Iil.-
ing Company. which has <ince sunk several shafts to the depth of
about 110 feet and drifted on some of the veins. notably on veins No.
1 ;u‘ul 5. The property comprises four principal contiguous clain.
having a common corner and two extension claims on the southeast
The production is reported to be $100.000. of which one-half wa.
high-grade silver ore from surface workings.

Developments—The developments consist of a 140-foot tunnel. .
120-foot double-compartment 62° 30" inclined shaft at the istur:
end of the tunnel. and a double-compartment 200-foot <haft. wit.
drifts and erosscuts to nearly all the veins, in all agorecating ahont
L000O feet of underground work. The principal wiuibnwuﬁ are
gasoline hoist. a Cornish pump with a capacity of 2.000 callons, and
engines.  Heavier machinery is soon to he installed.

(reology—The country rock is principally dark-bluish  eranit
gneiss of pre-Cambrian age.  The schistosity dip= about S0° NW
The roek is intrnded by a <small stock of the granite porphyry. It
constitutes the principal mass and upper part of the l'unﬁh'lmn'
sitnated back of the mine and locally known as the Bronco. and it i-
in places associated with the veins in the mine, .\ sehistosity i< super
impo=ed and ix also older than the veins. '

Feins and ores—The veins are six in number. Beginning witk
No. 1, they are numbered consecutively from southwest to northeist.
They average about 5 feet in width at the surface. In the -outh
castern part of the property they lie about parallel. strike north
west. and. except No. 4. dip for the most part steeply to the nortlh
cast. Northwest of the mine vein No. 1 curves to the left and ot
crop= on the southwest side of the intrusive aplitic mass, while th
<')tlwl'.<_ lie to the east and northeast of the mass, the near ones cury
ing out “to get past it.” as the miners express it. Only the veir
next to the intrusive rock are now being worked.

The gangue is prineipally quartz, in which the ore oceurs in ~reak:
or shoots from 100 to 200 feet long. The shoots usually favor the
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hanging wall and are associated with clay gouge. The ore contains
adena. with some pyrite and a little chaleopyrite.  No zine has yet
teen found on the property. The oré, =o far as the experience of
the pl'e:’-‘ent managenment coes, 1s said to average about 100 onnces of
dlver and $5 to 816 in gold to the ton. and from 7 to 10 per cent of
wadd, in both the oxidized and unoxidized zones.

According to reports of later (1908) work, 85 feet ot drift run in
die lower part of the mine, contains good milling values thronghout
s extent and width, and an unbroken small streak ot high-grade ove.

SINTY-THREE MINE.

The Sixty-three mine is located in the southern part of the district.
sbout half a mile southwest of the Treasure Hill mine and several
sundred feet above it. in the steep =outh =ide of a guleh which drains
onthward into Mavwell Wash. The mine. which 1= one ot the first
discoveries, was found in 1863, from which date it 13 named. Tt at
once became a heavy producer of very rich silver ove. Ater working
the mine a few vears. the first owners sold it to a San Francisco
ompany, which worked it with good vesults and =till owns it.  Later
it was also profitably worked by lessees. Subsequently the decline
m the market value of silver and disagreement in the owning com-
pany ave said to have led to discontinuance of work. The production
i« reported to be $500.000.

The mine is developed prineipally by adit dreifts and tunnels to
4 depth of about 200 feet below the apex of the vein. The deposit
15 a nearly vertical fissure vein. about 3 feet in average width, in
which the orve streaks average about 15 inches in width.  The ore
contains principally silver chloride and is mostly of hich erade.
Much of it is said to have averaged 2,000 ounces of =ilver to the ton.
A considerable portion of the ore is =aid to have been treated in the
Cerbat and Mineral Park mills and the rest was shipped to San
As there are no base metals in the ore. the mills are said

Franeisco.
to have extracted the values to a very high deeree without roasting.

MINES IN L. X. L. BASIN.

L X! L. Basin is an open basin-like area situated in the upper
part of I X. L. Wash. about 1} miles north of Stockton Hill. It
“ontains several small mines and prospects, about all of which arve
“itnated on the same vein or lode. The principal mines are the K. P.
and the J, I*, T.

K. . MINE.

The K. P. mine i~ located in the ~outhern part of the basin on
“pen ground at abont 4.700 feet clevation. The mine 1~ new. It
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_i.s owned by Messr=, Kimberly and Potts, of Kineman. A< the Wit
level s at about 40 feet below the surface, the ;i('\'t‘lt)lﬁlllt‘llls m|:; :
principally of <hallow shafts and surface openings. y

'”“t country rock s the pre-Cambrian gn;i,\s complex. T
deposit forms a vein or lode about 65 feet in width, which
z,il)mfl ¢ NI and is reported to have a horizontal extent of m--u-
2 mll.v.\‘. many locations being made on it. The gangue or Iillin:r .
the fissure consistz essentially of crushed or breceiated vein q.;,
and crushed and altered coarse granitic quartz and feldspar. T
crnppings consi=t of similar material, locally silicified and <taing
1'e(1(1'1.~'h brown and black by iron and manganese oxides. The
arries a width of about 7 feet of concentrating ore.

The ore is of low erade. It contains priﬁvip:ll]_\' galena and

=aid to average about 60 per cent of lead. It contains also <one vold

silver. and copper. the copper oceurring as bornite and chaleopuritg
Jo F. T. MINE.

'ljho ..T. [. T. mine. located in the upper or northwestern part of
basin. is =aid to be developed to a depth of about 200 feet. I
reported to have been a good producer. and its ore is said to contai
copper. silver. and gold.

MINES IN C. O. D. WASH.

( (.). D. Wazh 1= located about a wile north of I. N. I.. Dasii. [
principal mine i the C. O, D, mine.

o 0. Do MINE.

Location auwd Listory—The C. O. D. mine is about 21 miles nortl
of Stockton Hill. in the upper or gulch part of C. 0. D. Wa-l. .
about 4900 feet elevation. Tt is casily reached by a good waeo
road. The mine was loeated about 1878 and was worked in a de<:!8
tory manner until 1885, when active work was begun on the property
._\hmlt +.000 tons of ore was produced in the next seven vears. Activi
ties were renewed about 1900, with an output of several undred o
of concentrate~. In 1902 machinery and a mill were installed. imnes
(l.intvl_\' after which the mine and mill were operated for a period o
sIx months. when. owing to decline in the market value of =ilver
and. it 1s said. mismanagement and lack of proper machinery. th&
plant was clo=ed. Later the Fleteher Mining Company len-cil the
mine nnder bond and worked it for a short time. shippix‘lg the ore (#
Needles. hut 1= said to have soon stopped operations for want of funi-g
The mine was closed again November 19, 1904, and operations Jrav o
not vet been reswmed.

<L
=N

STOCKTON I[11.T, DISTRICT. - 11%

The property is reported to comprise eight claims. Tt is now
owned by the Tageart Mercantile and Mining Company, of King-
man.  The mine is filled with water up to the first level.

Derelopments—The mine i developed prineipally by a main shaft
(No. 1) about 400 feet deep and by drifts and stopes on and between
two main and two subordinate levels, aggregating about 2.500 feet
of underground work.

From the second or 300-foot level to the surface the ore, except
some of Tow grade. has heen mostly stoped out for a distance of about
400 feet on either side of the shaft, especially on the east side, beyond
which good ore is reported. The second level extends to a point 900
foot west of the main shaft. where connection with the surface is
contemplated by a new double-compartment =haft (No. 2). which
i« now 96 feet in depth and on completion is to be used as a main
working shaft of the mine. At about 1.200 feet west of this shatt
a third shaft (No. 3) is sunk to the depth of 60 feet.

The principal surface equipments are a 50-ton concentrating mill
containing rolls and three Bartlett concentrating tables, a 50-hor=e-
power engine and boiler. and two rock crushers: a steam hoist with
a +0-horsepower engine: a gasoline fan with a 10-horsepower enoine.
and a pump. The principal source of the power used is fuel oil.
The mine is reported to vield suflicient water for operating the plant.

(Feology—The country rock is mainly dark-gray coarsely porphy-
ritic oneissoid microcline granite. It is the dominant rock from
Stoclston Hill to a point bevond C. O. D. Guleh.  Locally it 1s asso-
cinted with dark fine-grained chlorite schist. in which the 60-foot
<haft on the west is located.  The rocks ave cut by dikes of a green-
stone or altered basalt.  Schistosity and jointing ~trike N. 20° W..
with vertical dip. -\ secondary system of joints trend N. 707 W.
and dips about 80° 8. and seems to be parallel with the C. O. D.
vein, whose fissure probably helongs to the system.

Teins and ores—The vein is well known as the ¢ C. O. D.” vein:
it strikes N. 852 W and dips about 80° N.. and is reported to be more
than a mile in length and about 6 feet in average width. The gangue
is mainly quartz, in which the ore oceurs in shoots and lenses which
vary from 1 to 7 feet in width and are mostly of considerable extent.
The narrow shoots are said to be usually rich. and the wider ones
contain large bodies of milling and concentrating ore. At the 250-
foot level the ore shoot is reported to vary from 3 to 7 feet in width
and its ore to have averaged about 5250 to the ton.

The ore contains principally silver sulphide and gold, with =ome
calena, zine blende, and below the 250-foot level u little chalcopy-
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ritesr It is said to be less rich in the sulphide zone in the lower part
of the mine than in the oxide zone near the surface. Tts run of mine,
roughly computed from a record of the output trom October 10,
1885, to March 6, 1901, is about as follows: Silver 160 ounceg and
gold 2 ounces to the ton: lead. 12 to 20 per cent.

Production—The production is reported to be $1.300,000, that of
silver alone amounting to about 31,000,000 and several thousand
dollars” worth of medium-grade ore ave said to now lie on the dump.
The output was mostly made between the autumns of 1885 and 1892,

During this period 3,657 tous of ore are reported, according to smel-

ter return sheets. to have contained about 402,000 ounces of xilver.
1.150 ounces of gold, and 515.760 pounds of lead.  Later, about 1900
to 1902, about 17.550 ounces of =ilver, 180 ounces of gold, and 114,360

B

pounds of lead are caid to have been obtained from 330 tons of con-

MINES OF CANYON STATION WASH.

In Canvon Station Wash. about a mile north of C. O. D. Wash,
there ave reported to be several mall mines. of which the most im-
portant scem to be the Baden-Baden. King. and Queen mines, said
to be owned by Lewis Davidson. of Kingman.

MINES IN “TOP OF STOCKTON HILL” AREA.

The *top of Stockton Hill ™ is situated in the northwestern part
of the district, at the crest of the range, between the northern part
of the Cerbat district on the west and the heads of T. X. L. and
C. O. D. washes on the east. The mines include the Cincinnati,
Miners Hope, Blue Bell. Fountain Iead, Brown, and others, the
most important of which seems= to be the Cincinnati. Tt is =ituated
near the crest of the range abont midway between Lane Springs and
1. X. It has not been worked for many years, but is
regarded as a good property.

[.. basins.

GOLD BASIN DISTRICT.
GENERAL FENTURES.

The Gold Basin minine district, of which Basin is the post-office,
i« situated in the castern part of the White Hills (fig. 18). It ex-
tends over a hilly arvea about 6 miles in diameter, sloping to Hualpai
Wash on the east. and ranges from 2900 to 5.000 feet in elevation.
The northeastern portion. where most of the mines are situated, 1

rugeed. being marked by longitudinal fault scarps and =cored by

aThe mine is said to contain no copper above the 200-foot level, but in an opening
about half a mile west of the mine and about 500 feet above it, on what is thought to be
the same (. O. D. vein, the ore. which here oceurs in a milk-white quartz gangue, con-
tains chiefly bornite and chalcopyrite, with some zine blende, and about $20 in gold to
the ton.
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GOLD BASIN DISTRICT. - 11y
deep transverse washes, of which the principal ones arve
ganker, O. K., and Cyclopic, sitnated about 2 miles apart.  The
earest railway station is Hackberry. 40 miles to the =outh, with
which connection is made by stage line. Colorado River lies 16 miles
1o the north. Mineral was first discovered here carly in the seventies.
yut remoteness from the base of supplies, together with searcity
of fuel and water, renders operations expensive and has materially
wtarded developments. Nevertheless, considerable 1)1’()1(1'1“; :
made and much ore has been produced and worked in arrastres aud

everal

has been

ur

mills. N

/

@O-L\DEN RUL\:[/
ol

—

0 2mi
Il jmlles
CONTOUR INTERVAL APPROXIMATELY I00 FEET

Freeee 18.—Sketeh map of Gold Basin distrief,

The deposits occur mainly in fissure veins in the pre-Cambrian
crystalline rocks. The veins dip southeastward or northwestward.
mainly at angles of 40° or 70°. The gangue ix quartz. in places with
siderite, and the metal is gold, mostly free milling. but it 1s asso-
ciated with lead or copper ores, copper stain being a ool indication
of the gold values. Pyrite. chaleopyrite. galena. molvhdenite. and
wolframite are found. but the ove is largely oxidized. the water level
not having been reached.  Among the oxidized products are limonite.
malachite, cerusite, and vanadinite.
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"The ores subsequently found in the CHIEF ENCGINEER nmines
will readily respond to treatment such as is now iIn practice in this |
scnne district with simllar ores. There 1is always a ready and avail- |
sule market for either ores of shipping grade direct from the mine |
or concentrates from the mill, such as thase that have already been
produced from these mines,

FEISTORY
The exact date of discovery and original location of the

Liutle Chief, now the CHIEF ENGINEEZR, cannot be definitely deter-
rined, but evidently the first substantial ore shipments were made
between 50 and 60 years ago, when the operators at that time packed
tiieir high grade ores out on animals. In an article published in
the Mohave County Miner, the mining editor who was personclly familiar

1th this property, having been a successful operator of the nelgh-
oring Cupel mine, stated, "In the early days the Little Chilef (now
he CHIEF ENGINEER) was a shipper of high grade silver ore, many
ar-loads of ore averagzin® 11C0 qunces going out to the smelters,
t that time it was owned by John Kennedy, known to the Indlans as
1Tittle Sealway! (meaning man with tooth out in front). With the
roney from the ore sales Kennedy purchased a good-sized cattle ranch",
After ‘the mines had passed:into other hands lessors shipped largely -
fron the property, the ore being from the oxidized zona."

v
.k"
t
C

Since the earlier operztion of these mines, now included
in the !CHIEF ENGINEER group, this'area has been cwnea“and oparated
cn a small scale internmitiently to the present time, as was the case
with the olher mines of the Stockton Hill isection of the Wellapal
Iining District. ' ' L S : , :

.In the earlier operations only the oxidlzed ores were
exhbracted ‘because it has only been ccmparatively recent that sulphide-
cres could be mined at a profit.  The rate of progress 1n the last
fifteen years in the development of differential flotation, and the
construction of suitable mills at the smelters, has been rapid beyond
the reglization of most people. So today sulphide ores such as are

ghipped from the Stockton Hill section can be mined at a profit,

stinulating mining here, with the result that such mines as the CHIEF
EIGINEER can find a ready market for their ores, | : |

FURTHER HISTORY OF CHIEF ENGINEER MINT

Although I have been familiar with the Little Chief, now
known as the CHIEF ENGIVEER mines, for over 20 years, having been
en operator in the immediate area; in order to complete the record
2t my request the- following remarks were furalshed me by L. Ross
Housholder, E. M., of Kingman, Arizona, a widely known mining
engineer, who is %he present owner of the property. Hls remarks
s to the early day operations give a good account of those condltions
consistent with the obtainable facts as I believe them to be: |
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nAndy Coodwell, :an old tlmer, axmd ownar of the preperty
botween the CHIEF BUHGINEER and the Cupel, inelunding the Pr. Ceorge,
~e well as the property on which is located the Stockton Hill
developmert turnel, was familiar with the early cperation on the
CETEP EMGINEFR mine, in tkose days koown as tha Little Chief, He
cpid, several years before he died, that the original locator of
ihe Vigilenty lode claim, between this mine and his ¥v. ceorge
chafty had also acquired the Idttle Chiefs The maing of the old
rock cabins can yet be seen from the aurface worlkings of the Little
(hief in, the wash balowe ; i

npithough he nede considerable monsy fron the ore shipe
rments frem his Vigilanty elalm, he lctor frmed the Little Chief
{ now “the ‘CHIEF ENCINEIR) property over %o the Taggert Yorcantlle -
Company, of Kingman, Arizona, %0 settle his account with them,.
s nften was the case in those early deys the mercantlle compaily
wag also in the pmininy businease IT was thaeir policy to grant 90
ta 12¢leases to miners for . a nortion of %he vein,having a lerngth
o™ between 50 and 100 feet., The ninors meuid be furplshed a grub
ohalra of tools end supplies amd they vould go to work on the cro.

A3 Qong as they were in ths ore thay would keep sixking yith the
?

idem in mind thet after they had reached adepih ofl 75 to £0 feet
<hey could easler mine the ore by stooping. I

npat when they atiorpied o getem extension on their
ilegses the mercantilo company owners would not grant such a time

rtopsion. So the leocar-niners would ston sinking and ¢ndeavor

4 stoop out all the cores thoy conuld inthe time thet was left.

Ta nore timber was unsad than absolutely mecansarys Much of the

*imhor that wvas vsed wag Tocal eedar oY Juniper. .‘:Chp cwners would

ba willing to grent othor leases o their property, tut never ina

place that had been ppened UDe ARG R e R P
is accounts for the gevan 'urmigh‘i: surface holes that

had o depth of from 30 to &0 ‘Feet with the core stogped oul cn each

sida of the orizinal shafte |

; nGreoley Clack still livirg in Kingnan was the youngesb:
of several brothers who wers early day mine operotors. e told ne
that he visited, for several Goys, his brother ¥iliiam Clack who
was extracting ore from one of these Little Chief leasts, vhen he
was & young man. e caid his brother was minirg ore that contained
eover 60 cunces of silver per ton and some went well ovor 1C0C ouncss
per tone At , ;

mhen T first visited these worklngs about 1925 or 1926,
several of these old shaft holes were still open, and scuz of the
reject frem the ore sorting operatlons was atill 4n 1ittle piles
on the surface, : , .

'
]
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: ngenes then the holes have caved in or been fillad with
#he surfaoce soil and debris. It is py knowledge of tho o-g, that .-
T actually saw thors, supplemented by the geological conditlons
exdsting on the property,together with the substantistlizg informa=-

“teon from the well iriormed old timers who personally relcoted thelr
information and knowledge to me that has ecaused mo to Toid an to
“hase three lode clairs comprising the CRIE™ BIGIIEIR nin:' groupe

n"Tn 1941 ond late 1942 I hod esteblished & comp at the
+ine and had several men doing work there. Dut shortly ofter the
~rtack on Pearl Farbor I was ealled back into Military Scrvice and
mld pot peturn untll after the war ended. I had served in Werld
ap T also, This I relate hers, so JOU will umlerstand that. as &n
individeal I fourd condltlons changed when 1 returned and could not
on =y own continue a development program. Y have had o wcad built

“wm the new cournty road across the CEIEF SECINEER elain o the

~ina canpsite above the developnends fwmel and aceesslblo to sume
7 *he eurface workinss, besides othor valuzble improvansits to the

ritnia, within my neans to do sSO.

£ 53

nT 4s the ome nronerty that I heve held, because I hava
o41th “4n At based on ny study and nrderetanding of tho situstion,
<ndoelear to me by Iy cxperience as a wining enginesr familiar
-1t production mines ol this area. Thatew too, is the reason why ‘
v am more inderested Lo take my royally of? the mime preductlon, ‘
‘nstead of selling ounirigh%., This slso halps the ojerator. I
‘he lopg run it will be best for me, too," \

o

w7 Poas Housholdera.

TRLOPYENT TUNITEL

bied b o

_ The Tittle Chief develorment tumel' on the COIDP ETGITEER ¢
1eda mining elain, just off the cld eounty read was irct min in %7
Be v, a v

‘.o pountain as a2 eoroscotut to a place from which a stcop ard mane
vy made a connactd ¥ a kmowm ore shoot in the intermadlate

vorkzings above.

& avr
o5 I ot

Then the turnol wes driven in further with & view to
cotting on the nain Little Chiel vein and it wae expected tha
crifting would te done to the westward to gebt under the imown
sroduetive surfoce oponings, and thi penetrate the cre sheolss

3
4

Rowaver., ohout two thirds of ils present {19%0) lengthk,

m N - - i e T
i@ mineralization leoad the operators,at that time,to vear To the
=1-ht where a niner ~2d yein was cncountered. The shouing of
smiphides over o wi varying frem three to fonr fest uias such

innt g wirz wes storied snd sunk aboul 22 foat, So much watar wvas
aneounterad thab the operators coull not bandle it with the egulin-~

—ant availaoble to thom. fThen, too, altho the sulphides sersisied,

:1a commorcial valucs were not prasant. Sema of the last ore talen
from this vinz is still on the turnal dumpe ssay returns show

e ad
vary low silver and gold values.
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~ine gstate and tra surrounding te ':ri“"nrm
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inmnaer~pPrinee Ceorge nlalng property of the Comsteck 8ilver Miping
Cerpany end includes wihat has been known for yezrs es the Litfle
Chief mines. The fameus Cuopel mine is gbomt 2000 feet north of the

L1ttle Chief workings.

-

The Wasterrn Union mine proporty adjoins this estate on
the southwest, A geod zrade of lend silver ore is now being ev-
tracted frem this adjelining mine, South of the Windsor group is
tho Yountain Queen, ond the "78" mine that has been a heavy producsr
o high grade ores ard is teday producing 42 ouncs silver cra for
sivipment to the smelters, The De La Pountain mine lles to thz west
about a quarter of a rile,

1 The CHIEF EINGINEER mine group 1s in section 9, Township
22 North, Range 17 West, Gila and Salt River PBase Merldion, Arizona,

There 1s & good eounty truck road traversing the enbire

Jength of the estate, vhich with eonrecting mine roads on the

rroperty affords easy access to the nore important woriin::
»roperty. This same road connects with another county rood abt the
1 > Little

innthwest corner of thoe g-roup, & fow hundlred feet from tli:
‘hief maln turnnel, and again.uith thils gsamz road hear iz ca3b end
T the property in the lower foothills. This latter rozd ssciien

; of easier grade ané is being used dally for transportation of
1pplies to the differont mines arnd ranches. arnd the haulins of the
winping ore to the reduction plants or to the railroad =zt Kingman,
wizorna, on the main line of the A%Zchison.Topeka & Sentz I'c Re Rey

R

N

» §3

¢ distence of about 12 miles from the CHIEF ENGINEER mine progerty.
“his road ds kept up by the county and is in excellent slinise
¢ 8 WATER STDPLY

The district hoz a healthdvl elingte with rild winisrse
wivich permits good worliing cenditions the year rcund. %he rairfull
iz a bout 10 inches 2 voar. The desper shafts on the property pro-

o enough water to insure an ample supply for mining as outlined
in the present developnmani progriot.

[ |
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CTALOCY OF STOCKTON TIIL, SECTION CF

‘ The country rock is the pre~Cambrian granite, pgnaiss and
filst complex, belenzing to the laminated metenorphie series of that
&2, with a tendency to grade into mica chloritz schists in ploces,
©- is intruded by dyies of minatte, granite, granite porpliyry, diabas
-n3alt, and other rocks, that are produets of differentiation in the

ru=-Canbrian serics,

t

Pt i

The veins for the most part are regular and persistent with
151 defined wells. 7oy veeur chisfly in the pre-Cambrian granitic
1ses. HMany of the pay chmtes coineide with the intersection of
£4zsures. Oxidation hos altered the vpper part to a depth ranzing
irom 50 to 300 fest, and this oxidized zore changes to the primary
ors within a verticzl ronge of 10 to 40 feet. Thoe old tirmg cperators
17ome unable to markes the sulphide cres at e proflt such as can be
1i212d in the district teday. Only tha oxddiged ard secondarily en-
+'aaad ores were they nbhle to tread and ship, Therefors, teoday there

[
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cre mines Yeing develeoned herewhich noy be capable :of graent pro~
&otisn, The velns have suffered greatl erosion, and thelr modo of
.- "
54

.

Y - - ’
posurenen leads to the balisf that they were denosited at conpa
”;-.A -

ivoly great depth by hot clreulating walezs. ;

TAOAPTON OF THR STCCrT T ETLY, SECTION

—-—-

The Stoelsten 711l distriet joins the Cerbat distrlct on
to: east, end 1s a-bout perallel ard coextensiva with it north and
scuth, being situated cn the onposite slope of the Carbat lountains,
1r the Wallepai Mining District. It 13 about four miles in width
ard put 14ttle more in lozgth. It ranges in elevation froz 3000
#~2+ at the edge of tho Yzllapai Velley on the east to 9,EC0 a2t the
L

crost of the range.

The prircipsi fand cldest ceup for naly years woasw Stoekton
2711, situated in the “oothills 4n the esstern pzrt of the district,
Jict morth of the nrosoni CHIER FRCIIEER grovp ed-uke ST b e e
e, 10 miles north of Mngnen,'at an elsvatlion
¢ about 4,800 fesct., It dates from early in the slxties, when the

nrincipal veins were first dlscovered and began to producz, In
Pormer days much ore wis shipped to Swansea, Wales, but lator 1t
Ve treated in the Mincral Park and Cerbat mills and shipvned to the
Aters in "em Prancizea epd to New Mexico, Then folloved a perked

&

when the ores were hauled by wagon to the station of Berry on the
+rm new railwoad, or to Kingnman, whenee it wes shipped to the milil
gof smelter at lieedles, C&lifa:nia,‘anxthe'Caloradohaiver. '

PDuring the past years'tha\shipping*nres-anﬂfcuncantrates
<wom the milling plants have been trucked ovar excellent highars
11 o sampler at Xingmen or to the redustion works in the districet,
vhaerme the ores of the dtatriet have foand @ rendy market.

1 DREPOSITS OF THR STOCKTON FITL SECTION | #.4

Lo

-

In writing ebout this section in United States Ceological

Tullotin $#397, F.C.S5chrader, the goverrment geolegist, stated, "The
mosits occur in the pro=Canbrian gnelss or schist, intruded in §
piaces by a later aplltle granite or by basle dikes. They ara g

{=sure veins, which 1n general strile nortimiesterly and are vertical
.» dip at steep angles Lo the northeast. The gangue is quertz and
»2 ores contain chiofly silver, with some gold, lead, zinc, and
coapere Primary sulphidae minerals are gelena, zine, blexnda, chalco-
p7rite, and pyrite, but the distriet owss its reputeticn to the rich
gilyer  ores, such as native silver, coragvrite, argentite, end ruLy
2ilvar, which were found in larpe quantities in the uppsh lavels.
e water level is about 100 feet helow the surface. Gzlona is often
“mnd above it, while rich silver minarals descerd to a considerable
¢totance below ifte The greabest depithr so-fer attained is 00 featl.”

CUTDP PNGINEER CROLOGT

1 S
. Sikatiia

Cormenting toon the Litile Chief, now the CHIZY ENGIITEER,-
»ine in the same govor
nThe country rock 1s ¢
~n the surfacs at the
byy and portions of a

the intrusive porphyry, are assoclated with the veln.

L

1
‘mont veport, the guthor, F.C.ochrader, wrote
neCorbmion complex. To judge fyor imlus debris
re, it secms to be intruded by dlcbase near
~htmeolored altered rock, which seanms to be

-




R

3 - g o 0y 00 S = e i “» R o
"':IIG " 4 56 S JU... R » n..l.\lhl di::'} S Stﬂ:’:”’? -Ly iJ: ‘a.. HEG ::.s’t >
Y L £ Pyl N . 3 dem Tagy Aelamy T oy
i 1s about © feoat I supnosed to be the ! T2inle
i

"ha gangue is quortno d and altered siliecifiocd roo?
cre shoot locelly colncldes in width with the vein axd is sizined
ihroughout with copnar carbonate, The ore contains principzlly
croen horm .silver, palsna, and pold, is all of shipping ;rude, and
Zs sald to average about as follows: Silver, 350 ounces toe the tonj
2223 59 to £10 a ton; znd load, 8 to L0 per eent,.”

—<

D
.

Since the alouve government report'waS'writteh the entrances

to the works reforred fo, heve been caved and are now vith few exne
canbiona irpassible. Samples that have been taken from rather parrow
«treaks In the voin as now exposed and left by the early ninocrs gave
~aszy refurns betweon 20 ounces and €0 curces in silver, basildes
out $1 in gold per ton. Samples from the old shaft sortingz dunps
~iso earrled up to 277 lead. The ore shows 2 low percentape ¢
coppery ut zine is now poresent in any appreciable quentity,

Other openings on the CHIEF ENCINEER mine groun hove o=
~a3ed woelns of varying width and-metellic content, wnich vere not
crbensively investigatod, as the two nires of this estate rore fully
fnseribed will warrant the immediate attentlon of the owners as to
tae present and near futwre exploration program.

. \ '
o e B Tt 2 26 a5 | i e Sl G e s
The devaleonmont work on the CIITF ETCITEER con

i3

Evon & > 2 = : 5L g ey Lo of <o A M.

t2 nost part in six or saven shafis, conneclting drifis,
P N ST S A A e 4 e T ) 2 w4 e,

~zlsas, orosseuts, etc,, between the northvest endline el
.’

=
rn toward the portzl of the present develcpmant tumnel
of about 1200 feet. “his dovelopnent tunmal has bteen dr
vast a distance of 500 feet. As this tunnel ls pushad :i
»nen up this same vein cbont 200 feet below the surfoe?
170 and 160 fest below thz older workings and enler The
>nosed eabove ab the depth indicated.
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Taking into censideraticn all the shallow shafis, tumnels,.
erossorttinz, and drifting, that has been ccmpleted in 2l the worke
. =9 = =9 : E g T TRy . e
ings of the three claims of this CHIFY EBNCIFZIZR group, there is 1In
cwcess of 400 feet cf ohaft work, with a maxirmm depth of 120 feet
-n the Little Chief, ncw the CHILF DICINEER. This has been supple-

~anted By several funnels having e maximum length of 500 foet on

i

D bus {3
]

the CHIZ® ENGINSIR, Tormerly ihe Little Chief, together with other
funnsls on the remainins parts of the group, vhere one innnel has

sovaral thousand fest of underground work. The tumnel worli cross—
entting, drifting, etc., will excoed 1000 feest of work, Congider-
able ore has boen shirpad from some of these openings during the
history of the property, that is reported To be better tiou a
nundred thousand dollarse

YT Ty T B m Y ™ "‘T"ﬂ"?. - AT I
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»

An accommanying topogrephical and claim map, o which
tro genersl geolory of the property has been guperdrpesaen will glve
nre an idea about the srend of the more irmortant velns oud dykes,
together with the general charactor of the country rociz, ol tho
-elative pesition of neighboring mintus,

~ \\%
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+ would be advisable to contimue the drifting from your
pracent zuzuh tunnal, t z:t is now 500 feet northwestwardly Zrom the
rcr“u.l $o and along the main vein of the CHIER -EI-IGI;‘IEEH nina toward

s porthuest end*ir? that joins the Winechester claim of the Comstock
th of about 200 feaot bnlc' the sure

-3
u-*vcr, which will pive you & depth
foee, and will ezplore the ore bodles above from which sarlier ship-
z z:::ts hzve been nmode It is nossitle, by granting the centimance

T tre highgrad: ore and a assuning that it will paimtain its present
‘tﬂhﬂ per ton, this work of drifting could te made ‘to al-osy pay
for ltsedl frvM nre snirmenxu after the chute wzz enterad,.

fnrther

In carrying on this develorment program I would
su zwest. thdt you gpen up the known ore bodies ard thercby give you
zn. opportunity to beg m prodnct.on on such a sca.l.e: that will, I
¢lisve, prove nroiﬁuaL’e to vou grd your gssoclates, for tis con-

aitions here rove cda arnd re=-

ths exilstence of cre bodies of macn:,»:"f“
::.“*mr;;uive conte’n*c gnd I expect the remlt of suun dﬂve’cwzen*c on
~Thig property will prove it I i : 3 5—a T

<= dn the Stogkbon "4 11 sectiom
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THE WALLAPAI MINING DISTRICT, CERBAT
MOUNTAINS, MOHAVE COUNTY, ARIZ.

By McCrerraxp G. Dings

ABSTRACT

The Wallapai mining district is in Mohave County, northwestern Arizona,
near the center of the Cerbat Mountains, The district is approximately 10
miles long and 4 miles wide. In the early dars (1S63-1900) miners sought
silver, and to a less extent gold, in the oxidized parts of the fissure veins.
Later, lead with a low silver content was mined, and still later the zine and
lead production became the most valuable, owing very largely to the combined
output of the Goleonda and Tennessee mines. From 1904 to 194S the district
had a recorded recovery of 54,760 tons of zine and 35,736 tons of lead.

The rocks include granites, gneisses, schists, and amphibolite of pre-(.‘.fnnbri:m
aze intruded by two younser masses of granite. The older of these two sranite
intrusions is in the northern part of the district and is named the “Clloride
#ranite” in this report. It is probably of pre-Cambrian age. The other intru-
sion. the Ithaca Peak granite, is near the center of the district.  In this report
it is assigned a Mesozoie (?) awe, although it had previously been desicnated
as Tertiary (?).  Gneissic granites predominate thronghout the distriet. Dikes
of pegmatite, rhyolite, and lampfophyre are abundant and widespread. Rem-
nants of volcanic rocks of probable Tertiary and Quaternary age flank the Cerbat
Mountains hut are not present in the district.

The structural history has been complex.  Most of the rocks, except the large
Mesozoie (7) granite intrusion. are gmeissoid or schistose. The prevailing
schistosity strikes northeast, with steep dips either to the northwest or to the
southeast. A large northeastward-trending fold oceurs near Chloride ; other,
less prominent ones are indicated on the wap. The veins occupy fissures in a
very prominent and persistent northwestward-trending zone. Postmineral fault-
ins oftxetting the veins is rare and where present has resulted in only minor
displacements,

The typical ore occurs in pyritie quartz veins and lodes formed at inter-
nmediate depths. Veins range considerably in thickness but averaze 3 to 4 feet.
Only a few exceed a lenzth of 1 mile. The oxidized zone, averagine 130 feet
in depth, commonly contains cerarzyrite, native gold. galena, and cerussite.
The primary ore consists chiefly of sphalerite. galena, pyrite, and some chal-
copyrite. The sulfides ocenr in irregular masses and in erudely banded forms
in quartz gancne.  Ore shoots vary greatly in size. but the smaller ones. aver-
aging about a foot in thickness and 20 feet in length and breadth. predominate,
Primary enriched zones are commonly, thougzh not always, found at abrupt
changes in the strike of the veins and also at the junctions of branch veins.
Mineralization took place probably in the Mesozoic, and the solutions prob-
ably are genetically related to a granite intrusion exposer near the central part #
of the district.
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INTRODUCTION
LOCATION AND ACCESSIBILITY

The Wallapai (IHualpai) mining district is in Mohave County in
the northwestern part of Arizona (fig. 45). It occupies the central
part of the Cerbat Mountains, which extend north-northwestward
from Kingman for about 30 miles. The Wallapai district is about 10
miles long and 4 miles wide, trending northwestward obliquely across
the mountains. The district includes the mining camps of Chloride,
Mineral Park, Cerbat. and Stockton as well as outlying and inter-
mediate areas such as Union Basin, Todd Basin, C. O. D. Wash. and
L X. L. Wash,  All the camps are practically deserted except Chlo-
ride, which has a population of about 620 (1943 estimate by local
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Froore 4;.—Innl@x map showing the location of the Wallapal mining district, Arizona,
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postmaster).  With the exception of those in the Stockton area, most
of the mines are on the western slope of the mountains. y
The nearvest railroad station is at Kingman, reached fl'.mn C |10-
ride by a good paved road 2+ miles long. Numerous (lu.'t roads,
1y in fai iti ' ' near 3 mines.
generally in fair condition, extend to, or near, many of the

TOPOGRAPHY

The topography is typical of eroded granite and gneiss masses in
the more arid parts of the Southwest. The C.erbat Mountains rise
sharply from the detritus-filled valleys bordering thom~ on the east
and west. The relief in the district amounts to about 3.300 feet : the
lowest point is in Sacramento Valley in the soutl}\\'estorn.lz:u't of the
area, and the highest point is Cherums Peak (altitude 6,973 feet).

CLIMATE AND VEGETATION s

The climate is arid, with mild winters-and hot summers. '.l'llo aver-
age temperature of the summer months is high, but the heat is a]la_\"ed
by cool nights. low humidity, and a more or less cnnstant. breeze. ' The
annual precipitation is low. It is chiefly rain except in t.he lllgher
mountains where snow falls in winter, but usually most of thesnow
melts within a short time. In summer the precipitation is ]f\l"_"t‘l}'
concentrated in cloudbursts. Mining operations can be carried on
throughout the year. )

Vegetation is sparse and of the desert type. being conﬁn.ed l:lx'gol}'
to the valleys and lower slopes of the mountains. It consists chiefly
of cacti, sage, yuceas, greasewood. soapweed. and a scanty gmfvth of
grasses.  Scrub pifion or juniper is found in open groves and is par-
ticularly abundant in Mineral Park.

HISTORY AND PRODUCTION

Many of the mines were discovered between 1863 and 1.‘).00 by
pl‘()sp(‘;‘tOl'S in quest of the silver and gold which occu.rre(l n fhe
oxidized parts of the fissure veins, the silver commonly in very rich
concentrations,  Cerargyrite. argentite, galena, and some wold were
the principal ore minerals recovered in the early days. Improve-
ment in transportation facilities and milling methods led to the ‘.:ub-
secquent production of base-metal ores. At first, lead with a low silver
content was mined, but later the production of zine and lead exceeded
in value that of all other metals in the district.

The value of the metals produced during the yvears 19048 (table 1)
totals about 822,500,000, The value prior to 1904 is not known..but
it probably amounted to at least five million (loll:.xrs. for much high-
grade silver ore, and to a less extent gold ore, is reported to have
been mined in the early days.
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]ABI E 1.—Produr tion cf go P < ’
. . q ld. silver, ¢ opper lead and zinc inthe 1 41“’7[)411 wstriet
! 1 7 ' d
M ohave COU"’J’I .‘llll., 1904—48, in lerms 0f recovered metals

[Compiled by Metal Economics Branch, U. 8. Bureau of Mines, Salt Lake City, Utah]
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) » was producing and milling
about 150 tons of crude ore per day averaging 7 pm'('vntr‘;'inc %5 Toor-
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equals 1,100 feet were used as base maps. The contour map on which
plate 18 is based was made from the aerial photographs, after the
field work was completed. by the Topographie Division of the United
States Geological Survey.

It is a pleasure to acknowledge the wholehearted and able assistance
rendered by Paul K. Sims, of the Geological Survey, during the field
investigation. He performed a large chare of the surface mapping
and assisted in many other ways. Thanks are due G. E. Woodward
and C. E. Needham. of the Salt Lake City office of the Unirted States
Bureau of Mines. who generously compiled much valuable statistical
data on the district. Tocal assistanee was freely given by people too
numerous for specific acknowledgment. Those who were especially
helpful include F. C. Cassidy, W. C. Wimer. W. J. Gardner. Frank
Shuck, J. G. Blackwell, and Andrew Brown.

GEOLOGY
ROCK TYPES

The rocks exposed at the surface comprise pre-Cambrian crystalline
rocks, chiefly of granitic composition, cut by large intrusions of Me=o-
zoic (?) granite (the Ithaca Peak gra nite), especially one mass near
the center of the area (pl. 18). and pre-Cambrian granite (Chloride
granite) in the northern part of the area. Dikes of many rock types,
probably related genetically to the Mesozoic (?) granite,” are scat-
tered throughout the area. Some are alined parallel to the prominent
northwestward-trending system of fractures and veins, but others
trend in different directions. Remnants of voleanie rocks of probable
Tertiary and Quaternary age are found around the margins of the
Cerbat Mountains but are not present in the mapped area.

Work in the area was done under the stress of war conditions: there-
fore it seemed inadvisable to devote much time to detailed petrographie
studies of the various rock tvpes. Also. little attempt was made to
map the various types of pre-Cambrian cryztalline rocks that form
an intricate complex with each other and with the amphibolite and
related schists and gneisses,  The rock types delineated on the aeologic
map (pl. 18) are fairly well defined units that were selecred to aid
in structural interpretations or that appeared to be of sufticient size
or possible genetic significance to warrant separate mapping. The
units, with the exception of the dike rocks. shown on the geologic
map are (1) amphibolite and related gneiss and schists: (2) undif-
ferentiated granite, gneisses, and schists: (3) Chloride granite (new
name) : (1) Tthaca Peak granite (restricted name): and (3) aabbro.
The first two units are considered to be of pre-Cambrian age. The
Chloride granite is assigned tentatively to the pre-Cambrian. and the -
Ithaca Peak granite and gabbro are assigned tentatively to the Meso-»
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zoic. Three categories of dike rock
intermediate to basic types, diabase. and rhyolite.  All the dike rocks
are younger than the Mesozoic (?) intrusions.

PRE-CAMBRIAN CRYSTALLINE ROCKS
AMPHIBOLITE AND RELATED GNEISS AND SCHISTS

One of the oldest rocks is a fine- to medium-grained dark-green
to black amphibolite composed essentially of hornblende and plagio-
clase. In some blaces it appears to erade into hornblende schist,
biotite schist, chlorite schist, or diorite gneiss, Locally it is epido-
tized. and it is very commonly cut along its schistosity by granite and
granite pegmatite intrusions. The rock is particularly conspicuous
in the area near Chloride: here it forms the bulk of the low hills near
town and also occurs as conspicuous blocks in the granite slopes to
the east.  In the low Lills southwest of Long Wash it is also present
over a large area. It js widely distributed throughout the district,
although in many places it is found in masses too small to be shown
on the geologic map.

UNDIFFERENTIATED GRANITE, GNEISSES, AND SCHISTS

The rocks in this gronp arve represented by many types which are
not separated on the geolowic map.
outstanding characteristigs, th® most Important of which is that
most of the exposed rocks are granite.  Gneissic structure is wide-
spread, and a large percentage of the
of the rocks are distinet and separate intrusions, but others are
probably differentintion facies of these intrusions.  Still others may
represent metamorphosed sedimentary beds. )
The granite in this group of rocks varies considerably in color,
texture, and mineral composition, although there
acteristies that are

rock is granite gneiss.  Some

are certain char-
common to most outcrops.  The variations, some
of which are extreme. are widespread but generally of small areal
extent. The rock is most commonly light-gray, medium-grained,
gneissoid granite., containing a small amount of mafie minerals, chiefly
biotite. It commonly weathers light buff, although in a few places
weathered surfaces ave reddish brown,

The extreme variation in color of the fresh granite is from white
to almost black. The lighter shades are characteristic of the many
irregular bodies of pegmatitic granite and alaskite, generally small,
which contain little or no mafie minerals.  Alaskite is partienlarly
abundant in the hills about 1 mile northwest of Cerbat Wash. Darlk,
biotite-riclt granites are most abindant in an irregular zone on the
northeast side of the main mineralized belt.

Grain size is likewise variable. Fine-gr

ained rocks, although less
common than the medium-grained ones,

are nevertheless much more

are shown on the geologic map:

However. this group has certain
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abundant than coarse-grained types. Co:n:se-gruin'ed'textfure 15. gen-
erally confined to pegmatitic granite, alaskite, or blO’U(Q-l‘l?h- a ?m}\e’
ulth(;ugh the latter two may also show- fine- to medmm-gfafnex:u.“:
tures. Porphyritic texture is not common, but a few~ ‘.fd.cms‘.ni(‘)e
enough feldspar phenocrysts to class the rock as porphyritic g:mn 6
These bodies are generally of small areal e.\'t.ent and are more com
monly found in the biotite-rich granite than in tht? other types.

Variations from the usual gneissoid structure in the'gmmtc;:.rc
widespread.  Some facies show little or no b:l_ndmg or unuem‘l orie n-.
tation. whereas others show pronounced banding and are more Jire pf
erly classed as granite gneiss. The gm-,.issoitl strm:lu?‘e in mo-t nl
the granite is indicated by streaks or thin bands of biotite 0.1 i1 h
or less thick. - ' . -

Several distinet types of gneisses and schists are rreggilarly $.1>-
tributed throughout the pre-Cambrian (‘(.)m[')]('.\'.. I'he _mo.ﬁt, comr‘;rzmt
type of metamorphic rock is gmnitegngnss, wl.u('h varies \froulll[.\.{n‘l:
to place but most commonly consists of .l)lO( 1t9-1:1ch lenticles and banc 1
0.5 to 1 inch thick alternating with lighter, irregular !ont.lclu.f :1111(.
bands of mixed quartz and feldspar. Some of the gneiss is ;1lg}1.}
garnetiferous, particularly in the sonth\\:ostm'n part of the .m::lp.l;d
;u-('u, roughly centering around the junction of Lh:n'(-n:nl'ul.ul Cer .l;:
Canyons.  Typical injection gneiss, ffn'm(*(l_lmm]]y by 11\]0}110111..(.)‘
granite or granite pegmatite into biotite schist or hornblende schist,
is commonly and widely distributed. . .

Diorite g‘nvis:. hornblende, schist. biotite schist. nnd. chlorite scl;}st
are sparsely distributed throughout the area. llfll:l“‘\' n Slll:'l“ bodies
associated with, and grading into, nmplnl;ohto._ Ff)r this reason
most of these rocks were mapped with the :unph.ﬂmhm. but_lncal]_\:
they are included with the undifferentiated granite and gnei-=es of
pr(-.-(':unbri:m age.  Probably most. if not all. of these rocks are
genetically related to the amphibolite.

PRE-CAMBRIAN(?) IGNEOUS ROCKS: CHLORIDE GRANITE

Schrader (1909, p. 53) has stated that the main p:n't.()f the laree
mass of granite exposed north and northwest of Chloride m'uvh re-
sembles the granite porphyry of the Mineral Park l‘vutlml_lth. !‘lm
Ithaca Peak granite of this report. Thomas (1949, p. 667), who
likewi<e considered the granite near Chloride similar to the granite
stock of Mineral Park. proposed the term “Ithaca Peak porph;‘ry”
for these two intrusives and tentatively assigned them to the Tertiary.
The two granites, however, are quite different in _thelr general ap-
pearance, alteration, and composition. The granite near Ch.lorl.de
is not nearly so altered as the granite in the Mineral Park district,
and its proininent gueissic structure suggests that it may be older,
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Because of this difference the name “Ithaca Peak™ is here restricted
to the granitic intrusive in the Mineral Park district, and the eranite
near Chloride, which is tentatively assigned to the pre-Cambrian. is
here named the “Clhloride oranite.”

The Chloride granite, which is well exposed north and northwest
of Chloride (pl. 18). has intruded the amphibolite and older oranite
gneisses, forming a central band at the northeast end of a large fold in
the pre-Cambrian crystalline rocks. Except near its borders, the in-
trusive body is fairly uniform, althongh it contains numerous inclu-
sions of the older rocks. Some small, irregular masses and dikelike
bodies extend beyond the limits shown on the geologic map. No at-
tempt was made to map these smaller units, The Chloride granite
weathers vellowish brown, Locally the rock breaks down easily and
forms rounded hills, but most of it stands out as large blocky masses
that are prominently jointed.

The rock is typically a light-gray, medium-grained, gneissoid gran-
ite. The gneissic structure, which in general conforms to the schistos-
ity of the older folded rocks, in many places grades into a schist as the
borders of the older rocks are approached. Microscopic examination
discloses microcline, quartz, and biotite as the dominant minerals,

The quartz is largely recrvstallized.  Biotite is the green variety,

greatly frayed, fragmentary, and drawn out into bands. Accessory
minerals are magnetite, wpatite, and zircon. Locally the granite
shows considerable variation in texture, ranging from fine to moder-
ately coarse, and some facies are lacking in the typical gneissic struc-

ture. Near the border of the intrusion is a garnetiferous, light-gray
or dull-white granite.

MESOZOIC (?) IGNEOUS ROCKS
ITHACA PEAK GRANITE

The name “Ithaca Poak™ as used by Thomas is restricted by this
writer to the granite of the Mineral Park district. The granite stoclk,
near the center of the Mineral Park district, has intruded the pre-
Cambrian granite, aneisses, and schists (pl. 18). Pegmatite, aplite.
rhyolite. and many, if not all, of the diabase and intermediate- to
basic-type dikes, as well as the veins in the district, are believed to be
genetically related to this intrusion.

The main mass of the granite stock near Mineral Park weathers
buff to reddish brown and generally forms a distinctive color con-
trast to most of the older rocks in this area, which weather to much
lighter shades of buff and brown., Both Ithaca Peak and Turquoise
Mountain are composed of the Ithaca Pealk granite.

Unaltered specimens of the Ithaca Peak granite are rare. Those
found show that the fresh rock is typically a light-gray, fine- to
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medium-grained, porphyritic granite. Microscopic examination.\ of
thin sections of the fresh rock shows that the phenocrysts are chl_eﬂ.}‘
subhedrons of pink orthoclase commonly ranging from 2 to 5 milli-
meters in length. Phenoerystic quartz is much less abundant than the
orthoclase and occurs as irvegular orains commonly ranging from 0.15
to 0.25 millimeter in length. The groundmass consists chiefly of
quartz and orthoclase.  Biotite and rarely hornblende are the 1)1'in:
cipal mafic minerals, and together they seldom constitute more than ;
percent of the rock.  Other minerals found in small (uantities 'in(-lnfle
microcline, microperthite, oligoclase, sphene, magnetite, apatite, zir-
con. sericite. chlorite, and a clay mineral, probably kaolin.

Most of the rock of the stock contains only a few percent of pheno-
crysts and for that reason is classed as porphyritic aranite. ¢ Locally,
however, fine-grained facies contain abundant phenocrysts,” and the
rock is typical granite porphyry. Other differentiation facies are
coarse-grained granite and granite pegmatite.

In many places it was difficult or impossible to locate the contact of
this intrusive with the pre-Cambrian granites because of the alter-
ation of the intrusive and the surrounding rocks. combined with the
similarity of some of the differentiation facies of both the older and
the younger granites. s

Outlying bodies of the Ithaca Pealk granite are particularly abun-
dant from Mineral Park south into Stockton and Cerbat camps
(pl. 18). Some extend beyopd the southern border of the area
mapped. They occur as dikes or. more commonly, as irregular elon-
gated intrusive masses of diverse sizes. many too small to be shown
on the geologic map. A few of the intrusives occur irregularly
alined along northwestward-trending fissures,  Some appear, in part
at least. to have been intruded along the older schistosity planes. -
Dips of the outlying bodies are generally steep. the lowest recorded
being 57° on the wide northenst ward-trending dike a few miles south-
east of Mineral Park. ™ The direction of dip varies, but dips to the
northeast, north, and northwest are the most numerous,

These outlying granite bodies are somewhat different from the
main intrusive body exposed near Mineral Park. The rock is of finer
grain size, and porphyritic texture is more common. Some of the rock
grades into granite porphyry, although most of it is porphyritic
granite. Badly altered feldspar phenocrysts are characteristic. and
only rarely are parts of the rock found that are not intensely altered.
The outlying granite bodies stand out in bold relief, particularly in
the area near the Golconda mine and in the vicinity of Stockton. The
bodies very commonly are intensely sheared, fractured. and silicified.
The rock has weathered to brownish red, dark brown, or black, prob-
ably from alteration of finely disseminated pyrite.
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GABBRO

:“.Id“:l]:: N.‘)ll(’.]l(il'lll p:u_'t o.fﬂthe' I]l:l.l)lm(l areu, cv!ltering around Cerbat,
i 1erous :.nmll stocks and irregular bodies of gabbro (pl. 18
ll_n.-\l.-}r_«_zeft f)t these. located 0.6 mile northeast of %orlnr il< ‘.ll)l )£
17.»: 1 feet in its longest dimension. Gently dipping "2[‘)])!'(‘) (’n' -(4li‘- l('m‘
.\'I‘l;i are ~cattered throughout the dist vict from ll\lvori()v-llil\' "ll M‘\:f‘
C hlm-lflu to the southern part of the mapped area. \[-nl\\' of (“]“f l 'l' “'
too thin or dizcontinuous to be shown on the «rw‘;l«‘)'ri‘c n ““I'l‘"ll“‘
tllh'kost.nml hest-exposed sill is on the steep \\'vst,_.slnp: of t];lupi.'m;l -lt
;}‘II“..”"':;IHH about 2 miles east of Chloride near the Redemption 1;1i1)1‘:‘
tln:zm}lne.u,uhm a maximum thickness of about 60 feet north of
The gabbro is typically a greenish-black, medium-grained rock
c.m:‘nnunl.\' having a pronounced diabasic texture. (']:il.lml ] )I-”l(\\'
Tu\:l_l*s :lllf'! amall dikes stemming from the larger "';ll)bl;()i(‘ Ill‘l"-'<)“"l(‘ ('1‘
typical diabaze. Weathered surfaces are uQuulr\' 1'9(1di1<h.t.ut.’l‘.”']‘:
lnm\:n. .\Iin"m.\;(.-opic examination of thin sections 5]10\;‘3‘ tl:)wt( tl:\
:l‘umm:.m.t minerals are labradorite, olivine, augite, and ]1\.‘ )crs"tlwnlf
.l he l)ll\‘l{ll’ ‘lms heen slightly serpuntinizcd. Other minm:wIIs ')r '~ 'Iti'
include biotite, a very small amount of green llol‘nblend"l . -1 e i
long needles, magnetite, and calcite. - ipRe= =
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The diabase sills, as well as the diabase dikes to be described later,
are all believed to be related to the smaller gabbro intrusives. Hernon
(1938, p. 113) states that the diabase of the Cerbat Mountains closely
resembles the diabase sills in the Grand Canyon series and in the
Apache group of southeastern Arizona, which are regarded as pre-
Cambrian in age. The exact age of the diabase in the Wallapai dis-
trict is not known. The gabbro cuts the pre-Cambrian granites,
gneisses, and sehists but in turn is cut by mineralized quartz veins and
rhyolite dikes. '

DIKE ROCKS

Dikes of many lithologic types cut the rocks of the Wallapai dis-
trict. They range in thickness from a few inches to 300 feet. Some
extend only a few hundred feet or less, whereas others. notably the
rhyolite dikes, extend for long distances. The most abundant dikg

rocks are granite pegmatites. Others, some of which are abundant
locally, include porphyritie granite, aplite, and rhyolite. Alzo. there
is a group of dikes of intermediate to basic composition, including
such rock types as vogesite, minette, kersantite, camptonite, andesite,
andd diabase.

Only dikes that are 1 foot or more thick and appear to be fairly con- <4
tinuons are shown on the aeologic map. Granite pegmatite dikes,
although abundant, were not mapped because an excessive amount
of time would have been required to outline these generally narrow ’
and discontinuous bodies. Aplite dikes are not common and generally

e they also are not delineated.

ocenr as short, very narrow bodies; hene

The age relationships between the various types of dike rocks are
rarely indicated in the tield. Many of the dikes, particularly some
of the intermediate to basic types, are found only in the pre-Cambrian
rocks far removed from outerops of the Ithaca Peak eranite. It is
possible that some of these are older than that granite. Nevertheless,
a1l the dikes shown on the geologic map are assigned an age younger
than the Mesozoic (£) intrusives because of their lithologic similari-
ties to other dikes delinitely younger than these intrusives. All the
dikes shown on the geologic map are likewise believed to be genetically
related to the Tthaca Peak granite, even though some, particularly the
phyolites, may represent considerably younger intrusions.

(ranite. porphyritic granite, and granite p()rp/t3/;"'/.——1)11(05 and
irreenlarly shaped. clongated bodies of fine- to medium-

somewhat
ined granite occur at many

orained, rarely aphanitic or coarse-gra
I)!:u-vs in the southern part of the mapped avea. They are most conm-
monly alined parallel to, or fill, the northwestward-trending fractures.
These bodies are related to, and in places are definitely part of. the
intrusive at Mineral Park, the Ithaca Peak granite, and are shown as
part of this mass on the geologic map. Many of them change along
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their trends from typical tabular dikes to irregularly shaped, elongated
intrusions or to irvegular bodies, The typical dikes commonly range
in thickness from 30 to 250 feet.

The rocks show many gradations in texture, commonly within short
distances. Most of the rock is porphyritic granite, although some is
granite, and only rarely is the grain size so small that the rock should
be classed as granite porphyry.  Orthoclase phenocrysts are much
more common than quartz. .

Granite pegmatite and aplite—Nost of the granite pegmatite dikes
are less than 2 feet thick and seldom can be traced for more than a few
hundred feet. Many appear to stem from highly irregular bodies of
pegmatite a few hundred feet or less in longest dimension.  The peg-
matites ave composed almost entively of quartz and feldspar, though
ravely other minerals, chietly muscovite, may be present. They prob-
ubly are genetically related to the Ithaca Peak granite,

Giranite aplites, though widely distributed, are not abundant. They
generally occur as narrow dikes ranging from a few inches to a foot
in thickness. They ave fine-grained, equigranular rocks consistiy
largely of quartz and feldspar.

dndesite, minette, vouesite, dinbase, lersantite, and camptonite.—
Andesite, minette, vogesite, and diabase are the most common rock
types in the dikes of intermediate-to basic composition, although some
more nearly approach kersantite or camptonite.  On the geologic
map (pl. 18) the diabase dikes ave shown distinet from the other dikes
of intermediate to basic composition.

Alteration of these dikes commonly results in a greenish or brownish
earthy appearance, but when fresh they are grayish to dark green,
Porphyritic textures predominate. Partly because of their busic char-
acter these dikes weather easily and are poorly exposed, but they also
seem to oceur as less continuous bodies than the other dikes, particu-
larly those consisting of rhyolite.  On the geologic map (pl. 18), only
the more continuous dikes of intermediate to basic composition are
shown; there are many more that are too short to map.

Many of these dikes cut the pre-Cambrian rocks, They range from
a few inches to 10 or more feet in thickness, but they average about
2 feet.  In u few places they fill the vein fractures, but they seldom
extend continuously along the veins for more than a few hundred feet.
In every case where definite age relations could be obtained, the dikes
are older than the veins.

Bhyolite—Extending irregularly northward across much of the dis-
trict is a network of rhvolite dikes (pl. 18), all believed to be of the
same general age. The dikes are most abundant in a fairly obvious
belt about 4 miles long that extends from a short distance south of
Cerbat north to the southern edge of the main body of the stock at

'8
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Mineral Park, Rhiyolite dikes are extremely rare, however, in the
arvea northwest of the northern part of the Great White dike.

Many of these dikes trend northwest roughly parallel to the promi-
rent vein system.  The dips are generally steep, but some arve as low
as o07 ¢ strike and dip commonly change within comparatively short
distances.  In places the rhyolite dikes cut, border, or trend parallel to
the elongated bodies and dikes of the Ithaca Peak granite, a charac-
teristic that is particularly conspicuous in the area north and north-
west of the Oro Plata mine. Many of the dikes have numerous
branches, some of which are too <mall to be indicated on the geologie
map. The rock is characteristically white to light buff, aphanitic
with occasional quartz phenocrysts, and in general greatly fractured.

The largest rhyolite dike, the one known locally as the “Great
White dike.™ cuts the western part of the main mass of Tthaca Peak
granite. It can be traced with little difficulty throughout most of
the district, for a distance of about 6 miles, and it continues for an
unknown distance to the northeast beyond the limits of the mapped
area.  This dike ranges in thickness from a few feet to as much as
100 feet but generally averages about 30 feet. In places it forms
sharp ridges as mucl as 35 feet high, but more commonly it shows as a
band of chalky white debris entt ing irregularly across the other rocks.
Schrader (1909, p. 92) states that this dike is an altered basic rock.
However, microscopic examination of thin sections of the rock indi-
cates a rhyolitic composition, ,

About 2 miles north of Cerbat, near the Oro Plata mine, is a promi-
nent branch of the Great White dike that trends N. 10° E. and is
locally known as the “Broncho dike.” Tt can be readily traced to
the northeast for a distance of 2 miles, It dips about 60° N1, and
traverses or borders a*wide dike of porphyritic granite related to the
main Tthaca Peak granite. Hernon (1938, p. 113) states that the
Broncho dike may be genetically related to the voleanie rocks of Ter-
tiary (/) age in adjacent areas which are composed principally of
rhyolite flows, tuffs, and agglomerates.  Reconnaissance by the author
in the voleanie area near Kingman failed to disclose any of the rhy-
olite dikes cutting or stemming from the volcanic beds.

All the rhyolite dikes in the Wallapai district, including the Great
White dike and the Broncho dike, are believed by the author to be
cenetically related to the intrusion of the Ithaca Peak granite of
Mesozoic (?) age. They cut this granite and its associated dikes Lut
i turn are cut in a few places by mineralized veins that are believed
to represent the last stage of the intrusion at Mineral Park. Thomas
(194% p. 66S), however, assumes that the rhyolite dikes in the
Wallapai district “were intruded in Tertiary times as part of the
Tertiary voleanic system of the Basin and Range Province.” THis
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assignment of a probable Tertiary age to the Ithaca Peak granite, as
opposed to a Mesozoic (?) age for this granite in the present report,
would account for Thomas™ assumption, as the dikes cut the stock at
Mineral Park.

STRUCTURE

The Cerbat Mountains are in the Basin and Range ceomorphic
provinee only 20 miles west of the edge of the Colorado Plateau.
The major geologic setting is shown on the geologic map by Schrader
(1909, pl. 1), which is not duplicated in this report.

The structure of the rocks in the Wallapai district is complex.
Gneissie and schistose structures are common, the prevailing schistos-
ity striking northeast.  Laree and small folds in the schistosity ven-
erally have axes that strike northeast.  Tn contrast faults. slli-«’fillg:.
and joints most commonly show a northwesterly strike. 4

SCHISTOSITY

The gneissic and schistose structure of the pre-Cambrian rocks
in the Wallapai district strikes in general from N. 40° E. to N. 65°
E. and dips steeply either to the northwest or to the southeast. Loeal
variations are numerons, but the structure is unusually persistent
throughout most of the distrjct, and reconnaizssance visits to a few
other parts of the Cerbat Mountains disclosed essentially the same
ceneral structure. .

FOLDS

Folds in the pre-Cambrian rocks occur on both a large and a small
scale. The most prominent of these folds is near the town of Chlo-
ride (pl. 18), where the type of fold is rellected in the outerop of
pattern of the amphibolite. It is a large anticlinal fold, plunging
northeast, only the novtheast end of which is shown on the geologic
map.  To the southwest. beyond the limits of the mapped avea. the
fold is exposed for about a mile before it is concealed under the debris
in Sacramento Valley. Much more of this fold is cleavly shown on
Thomas” geologic map (1949, p. 669, fig. 2), which covers an area
extending about 3 miles west of the avea mapped for this report.  His
map shows that the fold is several miles wide where it disappears
under the alluvium of Sacramento Valley.  North and northwest of
Chloride a granite intrusive (Chloride granite) occupies a sill-like
belt in the folded amphibolite.

FAULTS

The most outstanding structural feature of the district is the
northwestward-trending fault fissures along which veins have formed
(pl. 18). A few faults, generally of small displacement, crosscut
and offset these mineralized faults. .\ large normal fanlt (Saera-
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mento fault), which strikes northwest, is probably concealed under
the alluvium of Sacramento Valley near, or west of, the border of the
mapped area. ‘

NORTHWEST FAULT FISSURES

From the southern end of the district northwest to the folded
area near Chloride the fault fissures ave very generally parallel
in strike, the direction of strike being approximately at right angles
to the regional schistosity. In the folded area near Chloride, however,
the fissures conform to the general direction of schistosity. Here
they change first to a more northerly strike. then follow the curvature
in the strike of the rocks to the north and west around the axis of
the fold so that in the extreme northwestern part of the mapped
area the fissures strike nearly due west. N

The dips of the faults are generally steep and may be either to’the
northeast or to the southwest, although northeasterly dips predomi-
nate. Inplacesthe faults ave in conjugate systems.  The fissures like-
wise show much branching and. in a few places, considerable *horse-
tailing.” Gouge. breccia, and slickensided surfaces, as well as nu-
merous tear faults in the walls, are present along some of the faults
The direction of the striations along the walls of the faults may be
nearly horizontal, but a far greater number show dips down or diag-
onally down the dip of the fault surface. Mozt of these features sug-
gest that shearing stress was important.

The age of the faulting that progluced the northwest fault fissures
is not known. The initial, and probably most intense, movement
occurred after the gneissic and schistose foliation was developed in
the pre-Cambrian complex and prior to the Mesozoic () intrusions.
This is indicated by the fact that the faults cut the old (probably
pre-Cambrian) gneissic and schistose struetures and in turn ave filled,
or partly filled, in many places by the Mesozoie (?) dikes and veins.
Brecciation of the veins and dikes in places indicates that some move-
ment occurred at intervals throughout, and following. ore deposition.
These later periods of movement, however, are believed by the author
to have been very minor compared to the tectonic forces that formed
the main northwestward-trending faults. It is likely that the major
tectonic forces were active early in the Nevadian orogeny and that
the minor period of movement occurred near the close of this orogeny.

TRANSVERSE FAULTS

Some fanlting, believed to be still later than the brecciation of the
veins and dikes that occupy the northwest fault fissures, occurred in
a few places throughout the district. There is no evidence to indi-
cate that this f'zmlting was of major structural importance, for it,
most commonly is expressed by small crosscutting faults offsetting
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the dikes and veins a few feet or less. Several crosscutting faults,
however, have greater displacements. One mile north of Mineral
Park, about 1400 feet northeast of the Eureka mine, a northwest-
ward-trending fault has offset the Great White dike about 140 feet.
About a mile east of Chloride is a northeastward-trending fault that
is shown on the geologic map. The Payroll vein has apparently been
offset about 600 feet by this fanlt, the South Georgia mine supposedly
being on the offset part of the Payroll vein. This fault, however,
may predate mineralization, according to data obtained on the inac-
cessible workings in the Payroll mine. Dr. J. G. Blackwell. of Chlo-
ride. stated in April 1943 that the Payroll vein turns abruptly to the
southwest and follows the fault.  He added that the vein is thick and
shows no evidence of brecciation of the ore minerals along the fault.

SACRAMENTO FAULT

The large normal fault previously referred to as lying concealed
beneath the alluvium in Sacramento Valley is based upon Thomas’
mapping (1949, fig. 2) several miles west of Chloride and bevond the
avea mapped for this report. This fault has been aptly termed the
“Sacramento fault.” Tt strikes northwest and brines voleanie rocks
of assumed Tertiary age on the couthwest side in fault contact with
rocks of pre-Cambrian age on-the northeast side. The fault was
traced by Thomas southeast to a point about 215 miles west of Chlo-
ride; beyond this point he projects it southeastward under the allu-
vium for almost 4 miles to a point near the border of his mapped area.
This fault is not shown on the geologic map (pl. 18) accompanying
the present report, because its location under the alluvium is entirely
too uncertain.

In discussing the Sacramento fault Thomas (1949, p. 671) states
that it seems to be a boundary fault between Sacramento Valley and
the Cerbat Range and that “vertieal displacement on this fanlt and
perhaps on allied faults that might be buried under an alluvial cover
is believed to be responsible for the formation of the Cerbat Range,
which is essentially an eastward-tilted block.”

JOINTS

Jointing is pronounced thronghout most of the district. In places
it grades into sheeted and sheared zones, both generally of small
areal extent. Commonly one of the joint svstems is far better de-
veloped than the others, and on the geologic map accompanying this
report only the attitudes of the most prominent joint systems are
shown.  The strike commonly ranges from N. 30° W. to N. 60° W,
approximately parallel to the mineralized fissures. Dips are generally
‘moderate to steep and may be either to the northeast or to the south-

west. Ina few places low-dipping fractures are fairly well develoned.
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but they are not common. In general they have the same northwesterly
strike as the other fractures and dip either to the northeast or to the
southwest.

ORE DEIOSITS

TYPES OF DEPOSIT

The ore deposits are conveniently separated into three types. The
first is represented by the vein deposits of the district, the second by a
quartz-sulfide stockwork deposit. and the third by the Emerald Isle
copper deposit. The vein deposits are overwhelmingly the most im-
portant in the district. The quartz-sulfide stockwork deposit con-
tains some low-grade copper and molybdenum. The Emerald Isle
copper deposit is quite different from all other deposits in the district
and consists of a fissure vein and mineralized area of chrysocolla

chiefly confined to alluvium. :

VEIN DEPOSITS
GENERAL FEATURES AND DISTRIBUTION

The chief ore deposits of the Wallapai district occur in veins along
fissures in all the rock types previously described. In some plages the
veins are along dikes of intermediate to basic composition, but they
seldom extend continuously along these dikes for more than a few
hundred feet. Other veins border or cut the rhyolite dikés, but
eenerally such veins are poorly mineralized and of erratic extent and
width. The most notable exception is the Eurcka vein north of
Mineral Park, where the mintralization was fairly rich. Wherever
definite age relations could be observed, the veins are younger than
the dikes. The source of the vein-forming solutions is believed to
have been the magmatic reservoir of the granite stock (Ithaca Peak
aranite) centrally exposed about 1 mile south of Mineral Park (pl. 18).
The veins in the district are classed as mesothermal deposits.

The veins range from a few inches to 23 feet in thickness but average
3to 4 feet. Ina few placesthe depositsare in lodes or vein zones, which
rarvely exceed a width of 50 feet. Most of the Silver Hill vein is of
this type. Schrader (1909, p. 62) states that in the older workings
of the Payroll mine a lode 100 feet wide was encountered. Vein widths
reported in many of the mines are often exagaerated, as they fre-
quently include eonsiderable unmineralized wall rock between vein
branches.

‘The veins show a strike length that varies from a hundred feet or
less to almost 2 miles, but only the Victory. Tennessee, Clyde, Payroll,
Emerson, Dutch Joe, South Washington, Rico, White Eagle, Banner,
Summit, and Manzanita veins exceed a length of 1 mile. The aggre-
eate length of the veins in the district as measured from plate 18 is
about 85 miles, The veins commonly pinch and swell along both
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strike and dip. Numerous irregular branches, short spur veins, nar-
row parallel veins, and hydrothermally altered fissures are charac-
teristic. About 2 miles southeast of Chloride, in the vicinity of the
Twentieth Century and Midnight mines, the veins are unusually ir-
regular and branching. This is the area in which the northwestward-
trending veins deviate to a more northerly course.

VEIN DIPS AND TRENDS

Dips are commonly steep, only occasionally being less than 60°.
Some veins show a moderate amount of reversal in dip as they are
traced along strike or down dip. The dips shown on the geologic map
(pl. 18) are. almost all of them. those obtained near the surface in
shafts or prospect pits. In places the vein systems are conjugate, as
noted by Schrader (1909, p. 50). but the conjugate arrangement is not
nearly as common as suggested by its mention in brief descriptions
of the district. Garrett (193%. p. 118) states that the progressive
steepening of the dip of the veins to the northwest may indicate over-
thrusting stresses as the cause of the fissuring. However, detailed
mapping does not support this conjecture.

Reference to plate 18 will show the prevailing northwesterly trend
of the veins.  Throughout the greater part of the district strikes
range from N, 30° W. to N. 60> W, Near Chloride the average strike
changes to a few degrees west of horth, aid still farther north and west
a few veins trend nearly west. Throughout the main mineralized
area southeast of Chloride the sparsity of castward- or northeastward-
trending veins is notable.

Plate 18 shows clearly that the veins occur in two main aroups. one
north and the other south of the main body of the stock of the Ithaca
Peak granite.  The total length of the mapped veins in each group is
about equal.  Veins of the northern group have more branches than
those in the southern group. Likewise a statistical study of the di-
rection of dip of the veins in the two groups shows differences. In
both groups the total mapped lengths were measured separately for
veins dipping to the northeast. to the southwest, and vertically. and
the percentages of each were caleulated. The results arve as follows:
northern group. 57 percent northeasterly dip. 25 percent southwesterly
dip. and 18 pereent vertical dip: southern group, 88 percent 1101'(]10:1:~‘t-
erly dip. 11 percent southwesterly dip. and 1 percent vertical dip.
In the northern group it iz further notable that southwestward-dip-
ping veins are almost entirely absent in the folded arvea north of

Chloride.

RELATION OF VEINS TO COUNTRY ROCK

Some veins are separated from the wall rock by soft gouge bands a
fraction of an inch to several feet in thickness. Gouge may be pres-
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ent on the hanging wall, on the footwall, on both walls. or irregularly
traversing the veins. Many veins, however. are frozen to the walls.
The type of wall rock has had little effect upon the character of the
veins. In a few places, particularly near Chloride, some veins tend
to split into branches as they pass laterally into large amphibolite
blocks, but a short distance inside the block the veins generally assume
their usnal characteristics.

APPEARANCE AT OUTCROP

A few veins, notably the Payroll, Cerbat, and Manzanita. crop out
over part of their lengths as prominent iron-stained quartz “ridges,”
but moderate to very careful observation is generally required to
follow them. In tracing the veins on the surface by far the greatest
aid is the many man-made excavations such as shafts. trenches. pits,

> . . R
and short adits.  These are so numerous and in many areas so closely

spaced that not all of them are shown on the geologic map (pl. 18).
Probably there are at least a thousand prospects in the district. It
is largely upon the data obtained from these workings that most of
the veins are shown on the geologic map as solid, instead of broken,
lines.

Veinouterops commonly appear as brown, porous gossan or as pink
to dark reddish-brown bodies composed chiefly of iron-stained quartz.
Variations in depth of oxidation are so numerous that generaliza-
tions are difficult. The upper parts of the veins have been moderately
oxidized to depths commonly ranging from about 75 to 200 feet. In
some places unaltered pyrite is found within a few feet of the sur-
face, yet Dr. J. G. Blackwell, of Chloride, stated in May 1943 that
partially oxidized ore was found as deep as the 600-foot level of the
Payroll mine. Complete oxidation seldom extends lower than 75
feet below the surface. ~

The depth to water level, although commonly 35 to 200 feet. ranges
from 20 to 400 fect. TIn general this range coincides fairly well with
the depth of the oxidized zone.

MINERALS

The vein minerals of the district fall into three general groups:
oxidation products, products of downward sulfide enrichment. and
primary (hypogene) minerals. In recent years, the primary ores
have been the most worked for their base metals, but in the early
vears of mining in the district most attention was paid to the oxi-
dized ores because of their precious-metal content.

The principal minerals of cconomic importance in the oxidized zone
are cerargyrite, native silver, cerussite. and to a less extent native
gold.  Locally anglesite, azurite, malachite. mimetite, and vanadinite
are common. Other minerals which are rare or occur as coatings
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include native copper, chaleanthite, covellite, cuprite. smithsonite,
and manganese oxides. The most common gangue minerals are limo-
nite and limonitic quartz. Caleite and particularly gvpsum are
rare.

The secondary sulfide enrichment products as determined by Bastin
(1924, p. 33) are argentite, chalcocite, covellite, and proustite. He
states that all except argentite are rare. Secondary enrichment in
the vein deposits of the Wallapai district has not been important.

Excluding gangue minerals, the most abundant of the primary
minerals are pyrite, =phalerite, galena. and chalcopyrite.  Other min-
erals include arsenopyrite, proustite. molybdenite, and argentite. In
addition to those listed Bastin has recognized tennantite, pearvceite,
and polybasite.  Gangue minerals ave quartz. caleite. manganiferous
siderite, and rarely rhodochrosite.

Quartz, usually accompanied by varying amounts of pyrite, is by
fur the most abundant gangue mineral.  Most of the quartz is fine-
grained and milky to gray in color. Some is of the chaleedonie
variety. In many places along the veins =mall vugs arve lined with
quartz crystals. In a few places the veins show a poorly defined
comb structure, but the quartz is generally massive and commonly
fractured and recemented by later quartz.

Sphalerite ranges in color from brown through reddish bhrown to
black. It occurs most‘commonly in irregular masses or grains inti-
mately associated with quartz and the other sullides.  The grain =ize
varies greatly, but generally sizes of less than 0.3 inch predominate.
The sphalerite also oceurs as narrow hands or streaks.  J. W. Sharpe.
metallurgist for the Tennessee-Schuylkill Corp.. stated in June 1943
that careful analyses of specimens of sphalerite collected in the Ten-
nessee mine indicated the presence of a considerable amount of gold
as well as minor amounts of silver.  Sphalerite has heen leached from
the completely oxidized parts of the veins,

Galena oceurs in line to coarse grains: some ix the very fine erained

(or

-

o
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steel type. and some, commonly in the same ore <hoot. is in eleavable
mas=es as much as 3 inches in length. Practically all the ealena.
regardless of type, is silver bearing, and much of it is high in grade.
JOW, Sharpe stated in June 1943 that the galena from the Tennessee
mine contained most of the gold values produced in the mine.  He
believes that the pyrite in the Tennessee mine is practically, if not en-
tirely, barren of gold. This is in contrast to Garrett’s statement
(1933, p. 119 that gold in this mine iz obtained from pyrite.  Addi-
tional analyses from the mine. and alzo for the district. would be
needed to clarify these contradictory statements,

In many places unaltered galena is found at or near the surface;
elsewhere it has altered to cerussite.
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PARAGENESIS

The paragenesis of the principal hypogene minerals, as determined
megascopically. is quartz, pyrite, arsenopyrite, sphalerite, galena, and
chalcopyrite.  Much of the ore shows a second generation of pyrite
following galena. Quartz was introduced intermittently through-
out the period of mineralization. A few veins show late caleite, man-
ganiferous siderite, and—rarely—rhodochrosite.

Observations during this investigation coincide in general iwith
Hernon’s statements (1938, p. 115) regarding the main stages of
mineralization. Fissures, some of them locally occupied by earlier
dikes. were reopened: in the openings solutions deposited quartz. usu-
ally accompanied by pyrite.  Many of the vein fissures were closed by
this early stage of mineral deposition. Subsequent reopening per-
mitted solutions to bring in the valuable constituents of the veins. A
still later but minor reopening followed: in the voids thus formed
quartz was deposited as narrow veinlets commonly cutting the earlier
sulfides. A final movement produced gouge and quartz breccias,
but the mineralization is believed to have ceased largely thoughn not
entirely before this stage. The structure of the veins is irregularly
nussive or erudely banded by the arrangement of the sulfides.

ORE SHOOTS

The typical ore choots in the unoxidized zone are complex assem-
blages of galena. sphalerite, and pyrite in quartz gangue.  Chalcopy-
rite and arsenopyrite are not mearly as abundant, but a few of the
mines, such as the Pinkham. Midnight. and Keystone., recovered a
moderate amount of copper along with the other metals.  Much of the
vein matter is very low in grade. Narrow stringers and small ir-
regular masses of the valuable minerals may persist throughout al-
o=t the entire length of the vein. but they arve too small to be com-
mervcially valuable unless the gold or silver content is exceptionally
high. However, few completely barren quartz veins occur in the
district. and those which exist are short.  Likewixe, mos=t of the veins
have not been explored to suflicient depths to warrant condemmation
based on the low base-metal content near the surface.

Ore <hoots are generally small and as a rule range from S or 10
inches to 3 or 4 feet in thickness. The thickest shoot found meas-
wred 20 feet (Tennessee mine). Both the piteh lengths and the
breadths of the shoots commonly measure about 10 to 50 feet. In
the Tennessee mine (pl. 19) one ore shoot extends 400 feet horizon-
tally and 700 feet vertically. An ore shoot in the Goleconda mine is
reported to have greatly exceeded in size any in the Tennessee, but
the Golconda was not accessible for examination. The Tennessee and
Golconda mines probably represent extreme cases. althongh the com-
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paratively shallow depth reached in most of the other mines does not
permit too broad a generalization.  Commercial ore has been reported
from the Tennessee and (Gioleconda mines to depths of about 1,600 feet.

The character of the wall rock has had no apparent effect upon the
localization of the ore bodies. Garrett (1938, p. 118) states that in
the Tennessee mine ore shoots tend to occur where the vein has
changed to a more westerly strike than normal. Later work in the
mine supports this generalization. Schrader (1909, p. 51) states that
many of the ore shoots coincide with intersections or forkings of the
veins.  Distinet vein intersections, however, are rare.  Many of the
forks are enriched, but many of them have lower-grade ore than
average.

QUARTZ-SULFIDE STOCKWORK DEPOSIT

Centering avound the main stock at Mineral Park is an area embrac-
ing several square miles of altered and fractured rock that contains
many short and irregular sulfide-bearing quartz seams and veinlets
that are distinet from the fizsure veins found elsewhere.  Mineraliza-
tion of this type is chiefly confined within the Ithaca Peak granite but
locally extends about 2,000 feet beyond into the older granites, gneisses,
and schists. It is a poorly defined area with gradational and irregu-
lar borders and likewise much jrregularity of mineralization within
the main granite ma=s.  Mineralization also extends into part of the
large tongue of Ithaea Peak granite extending southeastward from
the main stock to the Oro Plata mine.  Most of the rhyolite dikes that
cut the main stock ave fractured and mineralized.

The veinlets occur most abundantly in highly fractured rock and
form an intricate network generally with no persistent strike or dip.
They are closely spaced and are rarely more than 6 inches apart.
Thicknesses most commonly range from one-twenticth to one-half inch,
althongh zome veinlets ave very thin seams and others reach a thickness
of xeveral inches. )

The primary minerals are quartz, pyrite, chalcopyrite, hornite,
molybdenite, galena, and sphalerite. Quartz and pyrite arve by far
the most abundant, and the amount of quartz greatly exceeds that of
pyrite. Most of the quartz and sulfide minerals {ill fractures, and only
rarvely are the sulfides disseminated in unbroken rock.  For this reason
the deposits are classed as a =tockwork rather than as a disseminated
deposit.

Locally chalcopyrite and molyhdenite ave associated with the
quartz-pyrite veinlets as low-grade deposits.  Rarvely chalcopyrite
occurs disseminated in =small grains in the granite. Many veinlets
of quartz and pyrite eut veinlets of quartz, pyrite, and molybdenite,
although this relation was reversed in one specimen examined from
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the Gross molybdenite prospects. In general, however, most of the
molybdenite formed at an early stage. ’

Small veinlets of galena, sphalerite, and pyrite in quartz gangue
occur in a few places, notably on the northwest side of Ithaca Peak.
No definite paragenetic relations could be established between the=e
and the more common quartz-pyrite-chalcopyrite (or molybdenite)
veinlets. The mode of occurrence and the intimate association of
the two types suggest a close relationship, and both are probably of
the same general period of mineralization as the prominent fissure
veins of the district.

Much of the mineralized arvea, particularly around Ithaca Pealk.
has been so thoronghly silicified that the rocks have eroded into very
rough forms. Ilyvdrothermal alteration has produced abundant seri-
cite, and much of the rock in the highly altered areas seems, in hand
specimens, to consist almost entirely of sericite and quartz.

Oxidation and secondary enrichment have been widespread. Iy-
drous iron oxides are abundant on the higher peaks and also form the
principal cementing material for some alluvial conglomerates. In
Bismark Canyon, about half a mile east of the (Gross ranch, is an allu-
vial conglomerate consisting of pebbles and cobbles cemented by hy-
drous iron oxides, cuprite, and malachite. - Chalcanthite, azurite,
malachite, covellite, native copper, and chalcocite are fairly wide-
spread although generally not abundant. The Gross copper prospects
are reported to have encountered considerable chalcocite and native
copper. !

EMERALD ISLE COPPER DEPOSIT

The Emerald Isle mine, located about a mile west of Mineral Park
Wash, is the only known deposit of its type in the district. The ore
mineral is chiefly chrysocollad contained in a fissure vein and filline
spaces in alluvinm of Quaternary age. It is described in detail under
the heading “IZmerald Isle mine.”

GENESIS AND AGE

The vein and stockwork deposits ave believed by the author to be
cenetically related to the Ithaca Peak granite. The granite, dikes.
and mineralizing solutions arve believed to have had a common source
and were merely drawn ofl’ at different times, The time interval be-
tween the dikes and the mineralizing solutions in this area may have
heen fairly long, for the dikes and granite were locally breceiated
prior to the introduction of the mineralizing solutions. The central
position of the Ithaca Peak granite and the close association of the
aranite. dikes, and ore deposits strongly favor a genetic relation. The
major structural control for their Jocalization was established prior to
the period of eranite intrusion.
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The vein and stockwork deposits are assigned a Mesozoic (?) age,
for they are believed to be genetically related to the Ithaca Peak

granite of that age. Schrader (1909, p. 48) likewise assumes a similar

age and a genetic relationship of these ore deposits to the stock at
Mineral Park; furthermore, he points out that they are quite different
from the veins of the nearby Black Mountains that are of Tertiary age.
The Emerald Isle copper deposit is of Quaternary age. (See
pp. 149-153.)
ZONING

The scanty information in the mine records and the exposed mine
workings sugeest that chaleopyrite and sphalerite increase relative
to galena with depth in the mines of the district. However, exceptions
are so numerous that thix generalization should be very tentatively
accepted.  The best indication of increase in sphalerite with depth is
found in the Tennessee vein (pl. 19). Here Garrett (1938, p. 118)
has demonstrated an inerease in sphalerite and a decrease in walena
with depth from those parts of the mine for which relinble records
have been kept. Tt should be remarked, however, that no records exist
for a large part of the mine.

Indications of pronounced lateral zonine in the district are gen-
erally lacking,  Therve is evidence, however, that copper and malyh-
denum arve found in Krger amounts in and nearer to the intrusive
granite of the Mineral Park area than in the ontlying parts of the
district.  Also. the chief values of the veins in the extreme south-
eastern and northwestern parts of the district were in silver, suggest-
ing that silver was more charactevistically formed at a considerable
distance from the intrusive body.  Garrett (1938, p- 118) notes hori-
zontal zoning in the Tennessee vein (pl. 19), with a general increase
in sphalerite and a decrease in ealena and vold-bearing pyrite to the
south.

PRODUCTION OF SELECTED MINES

Table 2 gives the production of gold, silver. copper, lead. and zine
from 1901 through 1945 of the more important mines in the distriet,
as well as that of ome of the smaller operations.  Mines that have
been small producers during this period may. however, have had a
substantial production prior to the vears for which accurate records
were kept, particularly the old mines in which vieh silver and gold ore
was obtained from the oxidized parts of the veins.

It is notable that the combined output of the Tennezsee-Schuylkill
and Goleonda mines has accounted for more than 90 percent ot the
total lead and zine produced in the district from 1904 to 1948,

WALLAPAI MINING DISTRICT, ARIZONA 147

TaBLE 2.—Production of gold, silver, copper, lead, and zinc of selected mines in the
Wallapai district, Mohave County, Ariz., cumulative from 1901 through 1948, in
terms of recovered metals g

[Compiled by Metal Eccnomies Branch, U. S. Bureau of Mines, Salt Lake City, Utah]

| i
: Gold Silver Copper Lead ] Zinc
Mine (©z.) (0z.) ‘ (Ibs. ) (Ibs. ) (Ibs.)
|
Alpha (m). ... 292 35, 199 I :
Altataand Altata Extension (¢)....._.._.__ 352 36,024 |
Badger, Hercules. and Hercules group (). Al 12,287 |
Banner group (s).............._.___.____._ i 1, 697 79, 352
Rlackfoot (cer).. i 158 11,836 l
Blue Bell (x)._ 469 30, 954 ’ IBZL 000 (eecossunacss
Cerbat (cer)_ 12 2,055 A Kssvrvinn s 3
Champion (cer 2 23,689 | 825, 335, 3u1
CoOCD (. 1, 550 151,263 | 7. 23,18
Columbus-Monroe Doctrine (cer) E 646 | 3,083 | 134, &8s
Cupper AZe (€). oo oo i 3! LO62 0 266 24,575 ...
Distatf (¢)_ ... 93 | 35,53 1 1,392 | 149,000 | L.
Elkhart (¢) .. ..00000 662 | 10ass 245,199 (... 1100T
Empire and Silver Union L] 20458 ) 122N ..
Eureka (€)....-:cseencnane < 7 2,311 23, 8R1 42,714
Flores (cer) ...__...._. { 422 I 356 R2 fosnsszzseisn
George Washington (m). 114 11,039 Bt oviniionnns
Goleonda (). 20,752 | 2,031,719 ‘ 36, 2206, 020
(tolden Eagle and Robtail (m ). LoeT | 40,076 B
Golden Gem (cer)_ .. 2,478 |
Hidden Treasure (c).. 251
Idanho (cer)........ 20
Junoi(e). ... 1. 239
Keystone (m. 2,703
Little Chief («).. 391
Lucky Boy (c).. 1,923
Mary Bell (¢) ... 2
Midnight (c). .... 14 |
Alinnesota-Connor (r). 2,80
cMant ()l 22
New London (cer)_ 14
Nighthawk group (m). 324
Old Colony (s). ... 21
Paymaster (cer) 4y !
Payroll (¢)_ ... 1) ' 11,694
Pinkhamn (c) E 14, 645 | 35, 136
Rainbow (c) 2, 100 34,982 | 4, 748
Redemption (¢ ) a1 4,042 11,449
Rico(s) ... ... 1,149 ¢ 15,309 |
~amoa and Samoan (¢ 4, 450 57,891 |
St Lowis (ceri ... ... 24 11,142 i
~ilver Age (¢).... | - 24 4.5
stiver HIN (e). ... ... 000000 4 708 8,842 | ;
icunessee and Schuylkill (¢). ... - 42,883 | 1,514, 157 | 59,597, 0uk
Towne (©)ecsusss e S Sy 1 144 6, 286 S ) 5,516
YVanderbilt (cery. .o 1T ! 1,012 2,119
Washington snd Washington.. Exten<ion 1 '
(] S S i 38 2,205 ‘ ] [omemmmenaan

c. Chloride camp; i, Mineral 'ark camp; cer, Cerbat camp; ¢, Stockton camp.

FUTURE ECONOMIC IMPORTANCE OF THE DISTRICT

It is believed that the future economic importance of the distriet
will lie chiefly in the base-metal content of the fissure veins. Most
of the veins have not been explored sufliciently at depth to test the
base-metal content and particularly the zine content. On the basis
of a geologic study of the veins in the district there is no reason for as-
suming that any of several other veins will not be as productive of lead
and zinc ax the Tennessee or Goleonda veins. Future development
work, particularly at greater depths, on the many miles of veins in the
district may disclose several that will prove to be their equal or better.
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DESCRIPTIONS OF MINES AND PROSPECTS

Several inherent difliculties were encountered in attempti!xg to ob-
tain data on the many mines in the district. Most of the.m.mes were
worked for the high-grade silver or gold in the shallow oxidized parts
of the veins. Operations generally ceased when the lower-grade pri-
mary sulfides were reached. The principal work in most of the mines
was done many years ago, and most of them are now largely or entirely
Inaccessible owing to caving or flooding. A few mines are partly ac-
cessible, but generally such a small part of the mine workings is dis-
closed, commonly in the oxidized zone or unproductive parts of the
drifts and crosscuts, that it is not possible to obtain much tangible in-
formation concerning ore bodies or reserves, Mine maps and records
are generally lacking, and many of those available are of such
character as to make their reliability very dubious, Even past records
of such large-scale operations as the Tennessee-Schuylkill and Gol-
conda mines leave very much to be desired,

During Schrader's (1909, PP- 54=118) visit to the district in 1007,
most of the workings were accessible and information was relatively
fresh in the minds of people consulted, so that his data on most of the
mines still remain by far the most reliable sonrce of publizhed infor-
mation even though considerable additional work has probably been
done in many of them. Bastin (1924) describes a few mines in some
(](.‘t:l”,. whereas the only mine Thomas (1949, pp. T00-703) describes
inany detail is the Emerald Isle mine. Garrett (1933, pp. 117-119)
has described the Tennessee-Schuylkill mine, and during August and
September 1943 engineers of the United States Bureau of )Iin.es qb-
tained assay data (Haury, 1947) on about 30 mines in the district
from records and from a sampling of mine dumps and parts of all the
accessible mines,

A few of the mines for which worthwhile new data have been as-
sembled, in addition to material previously published, are described
on the following pages. Most of these are mines that have been the
leading producers of lead and zine (table 2). although some, such as
the Aurora and Emerald Isle mines and the Gross prospects, arve
briefly described because they contain minerals not commonly found
in the district.

"AURORA MINE

The Aurora mine is about a mile cast-contheast of Chloride. The
property consists of one unpatented claim (Aurora) leased by E. E,
Vondriska from J. G. Blackwell, of Chloride, The mine was formerly
worked on a small scale primarily for lead and silver in the oxidized
zone, but it was being worked in 1943 for vanadium and lead. No
ore had been shipped by Vondriska. but about 3 tons of vanadinite and
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5 tons of lead ore were piled near the portal. Tle main workings con-
sisted of a drift about 300 feet long bearing south along the vein,
About 30 feet from the south end of the drift a winze 40 feet deep had
been sunk on the vein.,

The Aurora vein strikes north, is nearly vertical, and averages 4 feet
in width. Tt can be traced southward from the mine for about 1.400)
feet (pl. 18). About 273 feet south of the nortl end of the vein vana-
dinite crystals occur in open spaces in the wall rock of pre-Cambrian
gneissoid granite along the west side of the vein. The crystal ag-
gregates are erratically and sparingly exposed over an area about 13
feet long and 10 feet high.  Tle vanadinite js associated with an iron-
stained earthy material. This is the only occurrence of vanadinite
observed or reported in the district.

CHAMPION MINE :

The Champion mine/is about a mile southwest of Cerbat camp on
the western front of the range at an altitude of about 4,000 feer
(pl. 18). This mine is reported to be one of the first discoveries in
the district, worked in its early history chiefly for gold, silver, and
lead.  Table 2 shows that the mine has produced a substantial amdune

- of zine during its later operations. No reliable information coull e

obtained concerning the extent of the mine workings or the more
recent operations.  The mine was idle when visited, and all the work-
ings were inaccessible.

The vein on which the mine is situated strikes about N. 50° W. and
dips about 75° NE. It can be traced on the surface for a little more
than 1,000 feet. A minette dike averaging about ¢ feet in width lies
alongside the southeastern part of the vein (pl. 18). Schrader (1909,
p- 104, fig. 15) shows a section of the vein and dike sketched at the
mine near the surface. Metallic sulfides observed on the mine dump
include pyrite, galena, sphalerite. and a very minor amount of chalco-
pyrite; all are contained in quartz gangue.

EMERALD ISLE MINE -

An unusual type of copper deposit is found at the Emerald Tsle
mine, located about a mijle west of Mineral Park, Wash. The
mine was idle when visited early in 1943 and again in 1950, It was
worked at various times from 1917 to 1943, and late in 1943 the Em-
erald Isle Copper Co. resumed mining and began the erection of a 300-
ton leaching plant, which was completed in 1944, Mining continued
until June 1946, In 1947 the Lewin-Mathes Co. started operations on
the property and continued work until June 1948, About 35,000 tons
of copper was recovered from the ores during the period 1943—4S,
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From the above considerations it is concluded that the mineralization has re-
sulted from deposition of chrysocolla by ascending hypogene solutions that rose
along one large and many small fissures and spread out into the adjacent allu-
vium. The conclusion ix supported by the fact that the deposit was formed un-
der essentially surface conditions. The main fissure and some of the associated
minor fractures undonbtedly reached the original surface. In such an environ-
ment ascending hypogene solutions would be under the same pressures and could
very easily have the same temperatures as the supergene solutions that deposit
chrysocolla.  And there is no reason why copper and silica could not be present
in the proper amounts to form chrysocolla from such hypogene solutions.

Thomas™ theory of a primary origin for the chrysocolla of the
Emerald Isle deposit is disputed by Searls (1950), who states in part:

Rather than to have unchallenged in the record the rather startling sugzestion
that this chrysocolla “resulted from depoxition by ascending hypogene solutions
that rose along one large and many small fissures and spread out into the ad-
Jacent alluvium.” the writer begs leave to contribute the following:

Churn drilling by the Calumet and Arizona Company and development by
many individuals and groups (some listed by Schrader), have demonstrated these
many yvears that important. although probably non-commercial, amounts of dis-
seminated copper are contained in “The Broncho™ or minerilized belt associated
with the granite-porphyry intrusions of Mineral Park, and covered by Mr.
Thowmas as the “Ithaca Peak d..seminated sulphide deposit.”

The higher elevation of this belt and the present occurrence of soluble copper
in the run-off from it, throuzh Mineral Park wash (to the extent that copper
has been and is still recovered from it, by precipitation on scrap in certain sea-
sons), has convinced many ::e:'»lugists that Emerald Isle chrysocolla originally
derived from the sulphides connected with this mineralization a mile or more
distant,

This writer shared the skepticism of Mr. Thomas as to likelihood of the trans-
fer, and still more of the localizat‘ion, of the (cireca) ten thousand tons of copper
now known to exist in the secondary ore of Emerald Isle, from the Mineral Park
disseminations; the more so as on the basis of present topography, higher bed-
rock separates the discharge of Mineral Park wash and the Emerald Isle de-
posit, a mile to the north of it. No chrysocolla deposits are known' to exist in
the bottom of the Gila conglomerate in the area currently receiving the waters
of Mineral Park wash.

Equally unacceptable is the theory that the “vein" at Emerald Isle was the
source of primary ore. The *“vein" is one of a series of post-Gila faults that step
down the pediment of the Cerbat Ranze and develop the graben of the Sacra-
mento Valley, where the Gila and other agglomerate is very deep. Several of
these faults are nearly parallel : and while only two are indicated by the topog-
raphy, seismic work discloses others, successively stepping the bedrock down to
the west and deepening the overburden on the basal Iayer.

As has been pointed out by several enzineers, the “vein” ceases to he a vein
below the depth at which it ceases to have the Gila conglomerate on one wall,
Delow its dip shift, the fault is unmineralized. Whatever the source of the cop-
per, the emplacement of the chrysocolla (and copper pitch) in its present position
has heen brought about by a process equivalent to that, under which the African
and Australian laterites accumulate. Acid copper-bearing solutions have at cer-
tain seasons over a long period of years trickled along the bedrock of this area
and, as the rainy season yielded moisture to the pull of the sun, have been raised
by capillary action into the lower layers of the gravel. DBanding in the distribu-

WALLAPAI MINING DISTRICT, ARIZONA 133

tion sugzests that certain of the layers contained a little calcium carbonate—as
caliche—but not enough to exhaust the acid supply.  Not ouly at the intersection
of the “vein,” but also at other small slips and irregularitiex in the conglomeraze,
the capillary action and perhaps osmosis has sucked the green water hicher along
these avenues of better circulation amd, as Thomas says, the “veinlets pinch oug
upward” and “the chrysocolla filling apparently was deposited by ascending solu-
tions.” They ascend, however, only from the top of bedrock.

As this conelusion, amply supported—in the writer's Judzment—Dby observation
in the present workings, leaves unanswered the ultimate source ot the copyer,
Mr. Arthur Storke and the writer, last ycar, in behalf of Climax Molybdenum
Company and Newmont Minine Corporation, conduered zeaphysical survevs
over the area, using a method that detects disseminated sulphides—whether of
iron or copper. Brietly, the work vesulted in the dizcovery of a larse mass of
“protore,” lying adjacent to and east of the chrysocolla deposit. This rock carries
from 19, to 2149, sulphide, and is too low in copper content to warrant drilling.
At one small area, this remnant of a “porphyry copper” actually emerges vist
of the cover, and presents the gossan of a disseminated body of pyrite carrying
perhaps 0.29% Cu.

There is little doubt that this dissemination (extending over several hundred
acres) constitutes the roots or protore of a morve important—and possibly at one
time commercial—“porphyry,” of which the secondary enrichment occurred. as
elsewhere in Arizona, in pre-Gila time. Dexpite its destruction, the verdure de-
riving from its wasting chalcocite still adorns the residues of its former (?:lp.l:!:d
enclosing host rocks,

" GOLCONDA MINE

The Golconda mine, which has been the second-largest producer of
zine in the district (table 2), is located in Todd Basin about 1.5 miles
north of Cerbat. The mine was orked at various times and by nu-
merous operators between the years 1910 and 1942, and Schrader (1909,
P- 100) reports mining prior to his visit to the district in 1906-7. In
May 1943 Bulwark Mines, Inc., of Kingman, Ariz., obtained a 10-vear
lease from Pontiac Mines, Inc., of Los Angeles, Calif., on 20 claims dis-
tributed around and including the Golconda mine. E. E,. Bollinger. of
Kingman, is president of Bulwark Mines, Inc. ‘

The mine was idle when visited. Almost the entire production dates
from 1908 to 1917, but by far the greatest amount of zine was produced
between 1914 and 1917. In October 1917 a fire destroyed the mill and
most of the other surface equipment. Only a few intermittent and
very small scale attempts to resume operations have been made since
the fire. The main shaft has caved, and most of the other workings
are inaccessible owing to caving or flooding.

Reliable information on the underground workings is scant. The
main shaft is on the Golconda, or Prosperity, vein at an altitude of
about 4,375 feet. It is inclined to the northeast and is reported to have
reached a depth below the surface of 1,400 feet. following down, or
approximately down, the dip of the vein. The mine has 12 levels,
and drifts along the vein are commonly about 600 to 1.400 feet lon.r.
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roughly the same distance northwest and southeast of the shaft. The
600-foot level, however, extends northwestward from the main shaft
along the vein, intersecting the surface at a point about 2,400 feet
beyond the shaft. Southeast of the shaft this level is reported to
extend for 400 feet. No drifts are reported between the 1.200-foot
level and the bottom of the shaft (1,400-foot level).

The Goleonda vein strikes northwest and dips to the northeast
(pl. 18). The angle of dip varies, but it is reported to average about
65° in the underground workings.  The vein pinches and swells. rang-
imr in thickness from 2 to 7 feet. On the surface the vein can be
traced, chiefly by small prospect pits, for about 4.000 feet. Near its
northwest end it splits into several branches, two of which form
approximately parallel prongs and have opposing dips. The Oro
Plata mine is located on the southwest prong. A branch. about 1,700
feet long, trending in a more northerly direction, is known as the
Primrose vein,

The country rock is chiefly the pre-Cambrian complex, mostly gran-
ite.  Numerous small, irregular bodies of the Ithaca Pealk granite,
too small to be shown on the geologic map, are exposed on the surface
in the area along and adjacent to the trend of the vein.

The principal metallic minerals, as determined chiefly from mate-
rial on the mine dumps. are sphalerite, galena, pyrite, and chaleo-
pyrite. contained in a milky quartz ganeue.  Much of the sphalerite
is dark brown to almost black. Sphalerite is greatly in excess of
galena. This is in marked contrast to the Tennessee-Schuylkill mine,
which has produced aboui the same amount of zine as the Goleonda
mine (table 2) yet has produced almost as much lead as zine.

Information of a general nature indicates that the best ore shoots
on the Goleonda vein were found northward from the main shaft for

about. 1,000 feet.  Most of the ore has been removed from the surface .

to the 600-foot level.  Reports vary greatly reearding the arade and
quantity of ore left in the workings below the 1,000-foot level.

Abont 500 feet southeast of the shaft on the 700-foot level a crosseut
to the southwest connects with the mine workings along the Tubb,
or Middle Goleonda, vein.  One of the higher levels in the Goleonda
mine alzo is reported to be connected by a crosscut to the Tubb vein.
The Tubb vein roughly parallels the Goleonda vein and, like it. dips
to the northeast.  On the surface the Tubb vein is 330 to 600 feet dis-
tant from the Goleonda vein.  Four levels, with a total of about 3,500
feet of drifts, are veported on the Tubb vein.

GROSS COPPER PROSPECTS

A low-grade deposit of chalcocite ocenrs on the Gross ranch near
the western border of the main exposure of the Ithaca Peak granite
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south of Mineral Park. The inaccessible mine workings are reported
to consist of a 200-foot shaft and two drifts, each about 600 feet long.
One drift is to the east, and the other is to the northeast. The work-
ings were driven in 1926 by the C. and A. Mining Co. No ore has
been shipped. Material on the mine dump shows malachite, azurite,
and specks of chalcocite disseminated in minor quantities in pyritized
and silicified granite. Several veinlets of chalcocite 0.05 to 0.2 inch
thick were observed, and one such veinlet is reported to have been 2
inches thick. A few specks or paper-thin stringers of molybdenite
also were seen. Native copper, occurring as small leaf forms, is re-
ported to be present in minor quantities but was not observed during
the visit to the prospect.
GROSS MOLYBDENITE PROSPECTS t

In Bismark Canyon, 1,400 feet east of the Gross ranch house, two
adits have been driven to explore a low-grade molybdenite deposit
(pl. 18). The work was done about 1926 by the C. and A. Mining Co.,
but no ore has been shipped. The adit on the north side of the canyon
bears almost due north for about 800 feet. Molybdenite occurs.most
commonly in specks and small stringers in quartz veinlets that cut the
Ithaca Peak granite. The veinlets are 0.02 to 1.3 inches thick, but
thicknesses of 0.5 inch or less predominate. Some molybdenite éccurs
in small disseminated specks in the granite or as paper-thin stringers
with little or no quartz.

The adit on the south side bf the wash is inaccessible but is re-
ported to bear a little east of south. Near its south end a crosscut
to the east encounters a rhyolite dike about 20 feet wide in nearby
exposures. The material on the dump shows numerous narrow mo-
Iybdenite-bearing quartz veinlets and stringers of pyrite cutting the
rhyolite. The minerals extend into the granite in the same manner
that was noted where they are exposed in the adit on the north side
of the wash.

HIDDEN TREASURE MINE ’

The Hidden Treasure mine is nearly 2 miles southeast of Chloride
on the lower western slope of the mountains (pl. 18). The property
consists of five claims along and bordering the Hidden Treasure vein
held by Frank H. Grannis, of Chloride. The mine has been worked
intermittently for many years by numerous operators. Schrader
(1909, p. 72) reports mining operations prior to his visit to the dis-
trict in 1907. The mine has produced, in addition to gold, silver,
and copper (table 2), a little more than 115 tons of metallic zine
and nearly 80 tons of metallic lead during the period of recorded
production from 1901 to 1948, :
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The mine workings, which were partly accessible when the mine
was visited, include several shafts, three crosscutting adits bearing
northeast, and three levels vertically spaced about 50 feet apart.
Drifts total about 3,000 feet.

The Hidden Treasure vein, on which the mine is located, has an
average strike of about N. 50° W. and dips steeply to the northeast.
It is correlated with the vein on which the Emerson mine is located
(pl. 18). The vein pinches and swells to thicknesses ranging from
0.5 to 15 feet. Many branches and spur veins are disclosed in the
underground workings of the Hidden Treasure mine. Crosscuts in-
dicate several thin veins, some of which are probably branches of the
main vein, trending about parallel to it. These smaller veins or
branches. with few exceptions. could not be traced on the surface.

The country rock is the pre-Cambrian complex of granite, gneiss,
schist, and amphibolite. In numerous places the country rock ad-
joining the vein is greatly altered to sevicite or impregnated with
pyrite for diztances ranging from a fraction of an inch to several
feet.  Locally seams or thin zones of gonge an inch or two thick
border the quartz veins,

The metallie sulfides, which are in a quartz gangue, include pyrite,
sphalerite, galena, and minor quantities of chalcopyrite.  Ore shoots
that were observed in the indergronnd workings ave generally small
bodies only a few feet long and a foot or less thick consisting of an
intimate mixture of the various metallic sulfides and little or no
quartz. .

¥ KEYSTONE MINE

The Keystone mine is in Mineral Park at an altitude of about £.373
feet.  Schrader (1909, p. 82) states that it was located in 1870 and
that its surface ores were very rich in gold and silver. by reazon of
which it beeame the first important producer in the district. The
mine, consisting of three patented elaims; has changed ownerzhip
many times and, when visited, was reported to be owned by the Beach
Estate. It was then idle, and water filled the underground work-
ings and the shaft to a depth of about 50 feet below the surface.
Table 2 indicates that the greatest values have been in silver and
gold, althongh the mine has also produced substantial amounts of
copper, lead, and zine.

The mine was developed by a shaft. reported to be about 400 feet
deep, and four levels at 150, 200, 300, and 400 feet. Drifting on
the 130-foot level is reported to have reached a distance of 850 feet
northwest of the main shaft and 450 feet southeast of it. On the
300-foot level drifts extend about 275 feet both northwest and south-
east of the shaft. On the 400-foot level is about 125 feet of drifting,
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mostly to the northwest. The greater part of the ore above the
300-foot level is reported to have been worked out.

The vein on which the mine is located strikes northwest and dips
to the northeast at angles ranging from about 63° to 80°.  About 800
feet northwest of the shaft the vein splits into two main branches;
the southern branch dips prevailingly to the southwest at a steep
angle and near its west end cuts a wide rhyolite dike. Another vein
about parallel to the main vein is reported to lie approximately 100
feet northeast of the Keystone shaft, although no evidence could
be found of this vein in surface outcroppings northwest of the shaft.

Vein matter on the mine dump is milky quartz with abundant
pyrite and lesser amounts of sphalerite, chalcopyrite, and galena.
Argentite, although reported to be present in the ore, was not found.

PAYROLL MINE

The Payroll mine is about, 1.5 miles east of Chloride, near the
head of Payroll Guleh, at an altitude of about 4,500 feet.  The prop-
erty, which includes the patented Payroll and Black Prince claims, is
held by the Thomas B. Scott Estate.. The property is an old one,
having been located in 1887, and much of the early work consisted of
shallow’ diggings along the Payroll vein chiefly for high-grade gold
ore.  Considerable mining had been done prior to Schrader’s (1909,
p. 62) visit to the distriet in 1907, as he reports three shafts, about
400 feet of drifts, over 600 feet of tunnels. and some crosscuts and
stopes.  The main shaft was 225 feet deep., The mine was idle and the
workings were inaccessible when vizited by the writer in 1943, The
main shaft is now reported to be a little more than 600 feet deep. The
mine was developed by four main levels, the 50-, 200-, 400-, and 600-
foot levels. Drifting and stoping from these levels has extended
chiefly southeastward along thevein, the maximum- distance from the
shaft being 500 feet on the 600-foot level. The total length of all
drifts is reported to he about 2,000 feet. ’

Production from the mine during the period 1901-43, as given in
table 2, shows that during these years the mine was essentially a pro-
ducer of zine, although the early, unrecorded production may have
been mostly in gold and silver.

The country rock consists of many types of the pre-Cambrian com-
plex, although light-gray, fine-grained granite, dark, medium-grained
biotite granite, hornblende schist, and amphibolite predominate. A
diabase dike, not shown on the geologic map, is poorly exposed for a
short distance along the northeast side of the vein near the main shaft.
It could not be found in its projected position on the northwest side
of the gulch, and it apparently has been cut off by the northeastward-
trending fault shown on plate 18.
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OTHER MINES AND PROSPECTS ON THE TENNESSEE VEIN

The Elkhart mine. at the extreme north end of the Tennessee vein,
is an old mine that has been idle for many years. The total production
from this mine from 1901 through 1943, as shown in table 2, has been
small.  The mine workings, now inaccessible, are reported to consist
of three shafts. six levels (the lowest 500 feet deep), drifts totaling
about 2,600 feet. numerous stopes, and several crosscuts.

The Silver Age mine, near the extreme south end of the vein, was
primarily a silver mine (table 2). The silver was probably derived
in large part from silver chloride (cerargyrite) found in the oxidized
zone. Accurate data concerning the inaceessible mine workings could
not be obtained. It is reported that the shaft is about 150 to 200 feet
deep and that drifts and stopes extend northward from the shaft for
some 200 or 300 feet. The vein material on the mine dump is partly
oxidized, chiefly to iron hydroxides. Pyrite is the most abundant
primary sulfide.  Minor amounts of galena and sphalerite, together
with sparse chalcopyrite, ave associated with the pyrite in quartz
gangue.

Several shafts have been driven and numerous pits and trenches
have been dug along the Tennessee vein from the Silver Age shaft
to the Tennessee shaft.  The deepest of these is the Johnny Bull shaft
(pl. 18). which is reported to be 85 feet deep.  No drifting or stoping
from this shaft is known.

Diamond drilling on the southern part of the Tennessee vein was
carried out by the United States Bureau of Mines (Tainter, 1947) dur-
ing the period from September 16 to December 8. 1943, The explora-
tory work consisted of eight Jrill holes on the Johnny Bull and Silver
Knight claims, between 750 and 2,450 feot south of the Tennessee shaft.
The holes were distributed along the vein at intervals ranging from
200 to about 575 feet. Al Loles were drilled from the surface and in-
clined toward the vein.  Four were drilled from the west side of the
vein outeroppings and the other four from the east side. Depths
below the surface at which the vein was interseeted ranged from about
100 to 850 feet, the deepest corvesponding approximately in altitude to
the 400-foot level in the Tennessee mine.

All holes intersected the vein, but the vein filling in seven of the
eight cores was barren of ore minerals or was so low in grade as to be
of little or no economic interest. The only hole that showed a substan-
tial amount of the ore minerals was hole 8. located about 1900 feet
south of the Tennessee shaft. This hole intersected the vein about
100 feet below the surface, at an approximate altitude of 1100 feet.
A 3.5-foot interval of sphalerite, galena, and pyrite in quartz ganguce
assayed 7.6 percent zine, 0.1 percent lead, and 0.03 percent copper.
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This intersection might suggest that the top of an ore body was pene-
trated, but the Bureau of Mines engineers believed that the extensive
drilling necessary to determine the existence of an ore shoot in the
vicinity of hole 8 was not warranted.

TURQUOISE MINES -~

Deposits of turquoise are restricted to the Ithaca Peak granite and
occur most abundantly in the southern half of the main intrusive body
south of Mineral Park, particularly on Ithaca and Turquoise Peaks.
Many small and shallow workings have explored these deposits. and
only the larger ones are shown on plate 18. Some of the diggings are
very old, having been started by the Aztec Indians. Very little work
has been done on the deposits for many years.

Turquoise occurs typically in veinlets and small lenses in silicified,
sericitized. and kaolinized porphyritic granite. Turquoise most com-
monly fills cavities in quartz veinlets;although some is in altered gran-
ite. Other minerals sparsely associated with turquoise in a few I;lnces
are malachite, chrysocolla, and hydrous iron oxides. Sterrett (1908,
pp. 847-852) describes some of the individual deposits in this area.

The features gf the deposits sugeest a secondary origin by super-
geno processes similar to those given by Paige (1912) for the origin
of turquoise in the Burro Mountains of New Mexico.

LIST OF REFERENCES

The literature pertaining to the district is not extensive. The list
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the minerals and their paragenetic relationships. He includes a small-
scale geologic map that covers an area extending from Mineral Park
northwestward for several miles beyond Chloride. Most of the ref-
erences are brief summaries of the geology and ore deposits, probably
taken in part from Schrader’s previous work.
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INTRODUCTION

Many ore deposits were discovered in’ thé Weallapai Mining District, which
covers the Cerbat Range in'Mohave County, Ariz., ‘during the early period ol
mining there from about 1863 'to the 1890's. ‘A cénsiderable amount of produc-
tion was obtained from shallow lead c&rbonate ores that carried considerable
gold and silver.

......

Mining was revived in 1906 ard ‘dgdin 'during the first World War, and
some of the mines were decpened irtd thie ‘underlying sulfide zone. Substantial
qQuantitics of metal were recovered from two mines, the Golconda and the
Tennessce-Schuylkill, that were developed to dépths of 1,600 and 1,400 fcet’

rospectively. The Golconda is criedited With $6 500 000 gross productions 2

3/ Elsing, Morris J., and Heinoman, Robert E. S., Arizona Bureau of Minus
Bul. 1ko.
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This mine was not oporatod after 1917. Theo Tennessoc-Schuylkill is still
operating after a yicld of about 300,000 tons of orc that averaged 4.33 por-
cent lead and 7.7h4 percent zinc and ¢ontained an appreciable amount of gold
and silver.

Many of the old mince were recpencd in l9h2 or 1943 under the stimlus
of prcumium priccs for lead and zinc. A large proportion of thls work was
finished with loans from the Reconstruction Finance Corporation. It was
belicved that a good deal of lead and zinc could be recovered from the minos
if a custom mill for conccntration of the orcs was availablo locally

All the acccssiblo mines in thc Cerbat Range werc oxaminod by enginocre
of the Bureau of Minegt / during August and Septembor 1943, and many others
worc visited to make an estimatec of the tonnage of ore that could be suppliod
to & custom mill at a central site near Chlorido.

The 1nformation obtained on cach mine visited was incorporated in a
confidential War Minerals Report and is now presented in this rcport. Most
of the accessible exposures of ore werc samplod. The sample data arc rccorded
in the reports on the individual mincs. Some maps and sampic data obtained
from other socurces are included in the mine reports. Thesc are credited to
their respectlve sources where they appear in the report.

The Mincral Park Milling Co. (F. J. McEntce, Jr., and D. F. Zlatnik)
remodeled the 0ld Kcystone mill and bogan treating custom ore in July 1945,
Production since Scptember 1943 from all the mincs in the district oxcept
the Tennessce-Schuylkill and the Emerald Islc was veriiied by tho author on
May 27, 1946. Production figures from mines that have loans from the Recon-
structlon Finance Corporation wcre obtained from that agency. Production
data on other mines werc obtaincd from the Mineral Park Milling Co.

The mincs shipped 9,678 tons of orc in the 19 months from October 1,
1943, to May 1, 1946, Tho average grade of thosc shipments wes 4.68 porcoent
zinc and 0.54 porcent copper. The avorego precious-metal contont per ton was
0.094% ounce gold and 5.54% ocunces silver.

ACKNOWLEDGMENTS

In its program of invcstigation of mincral Qcposits, the Burcau of Minos
hag as its primary objcctiveo thc morc cffective utilization of our mineral
resources to the cnd that thcy mukc the greatest possible contribution to
national sccurity and cconomy. It is the policy of the Burcau t6 publish
the facts developed by cach project as soon as practicable after its conclu-
gion. The Mining Branch, Lowcll B. Moon, chief, conducts preliminary cxami-
nations, performs the investigative work, and proparcs the final rcport. Tho
Mctallurgicel Branch, 0. C. Ralston, chicf, analysos samples .and performs
beneficlation tests. B .

E/*Curtia d~ Mohncy and Robort M. Grantham,
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Acknowledgment of general direction of the work here reported is due
J. H. Hedgee, district englneer, and S. R. Zimmerley, regional engineer for
the Wegtern Region. : o ; :

Concentration tests were made in the testing laboratory at Salt Lake
City on a bulk sample from the Swmit mine under the direction of C. H. Schack
and H. G. Poole. .

LOCATION AND ACCESSIBILITY

The Wallapai Mining District includes the Cerbat Mountains, which trend
north-northwest for about 30 miles from near Kingmen, a station on the Santa
Fe Reilroad. Paved U. S Highway 93 runs northwestward from Kingman through
the Detrital Valley on the west side of the Cerbat Range to Boulder Dem and
Las Vegas, Nev. A good paved road 4 miles long connects Chloride, the only
active camp in the district, with this highway at a point 19 miles north of
Kingmen. Most of the mines are situated near Chloride or near the abandoned
carps oft Minerel Park, Golconda, and Cerbat, which lie within the mountain
range south of Chloride. The majority are on the west slope of the range at
altitudes ranging from 4,000 feet at the foothills to 5,700 feet at tho crest
of the range. A few of the mines are on the east slope. All the mines are
connected by roads with Chloride, with the paved highway, or with Kingman.
Parts of & few of these roads are in such a state of disrepair as to be
virtually impassable. The claim map (fig. 1) shows the location of the
soveral mines covered in this report. ¢ 5

HISTORY

Many ore deposits were discovered 1n this digtrict during the period
from the late 1860's through the 1890's, and considerable production was
obtained, chicfly from lead carbonate cres ncar the surface¢ that werc mined
Tor their gold and eilver content. Activity was revived during 1906 to 1912
and again during the first World War, when deeper development was done at
gome of the mines, and somo galcna ores, containing gold and silver, wore
produccd.i/ Two mines werc dcveloped to considerable depth and yielded
notable production. The Golconda mine, in the southern part of the rangc,
was dcveloped to a depth of 1,600 fcet and yiclded about $6,500,000 worth of
orc to 1917. In that ycar the mill was dcstroyed Dby fire, and thc property
has not beecn operated since. The Tennessec-Schuylkill mine, near Chlorido,
has becn dcveloped to a depth of 1,400 feet. The minc is still in operation
aftor a yicld of about 300,000 tons of orc avcraging 4,33 percont lecud and
7.7+ percent zine and having an apprecilable gold and silver content.

PHYSICAL, FEATURES

The topography at the minoé fanées from comparatively gontle slopes at
tho foot of tho rango to ruggcd mountain slopcs in the heart of the range.

5/ Schredcr, F. C., Mineral Deposits of the Cerbat Range, Black Mounteins,
and Grand Wash Cliffs, Mohave County, Ariz.: Geol. Survey Bull. 397,
1909, 226 pp.
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Roads to the mines neap the crest ‘have sharp curves and steep grades. The
climate is arid, and the vegetation 1s sparse and stunted. Owing to the
altitude, the summers ere not extremely hct. -Winters are mild.-

. The.most.practical'Site for a custom mill would be on the desert floor
near the entrance to the Mineral Park basin.. This location is fairly central
and 1s easily accegsible from all directions. Inough water could be obtained
from the surface flow in the canyon out of the Mineral Park basin and from
old shafts within the basin, which has & considerable draindge area. Water
from these sources need nqtuhe piped: very far.

ORE DEPOSITS

The area is underlain by pre-Cambrian schist, emphibolite, and altered
granite, which have been intruded by later granite porphyry. Much of the
echist is amphibole. Many veins occur in nearly vertical fault fissures that
strike northwestward and outcrop for considerable distances. The fault fis-
sures are largely occupied by breccia and gouge with discontinuous lenses of
lead and zinc. ores. Most of the ore lenses now exposed contain quartz,
sphalerite, galena, and pyrite, with minor amounts of chalcopyrite and usually
a fair amount of gold and silver. Oxidation generally extends about TO to 150
feet. below the 'surface. Most of the oxidized ore was mined during earlier .
operation. The ore lenses gencrally are not extensive and do not secem to be |
distributed according to any regular pattern. Frequently they do not 111 the
entiro fault fissure and have walls of breccla and gouge that need support
while the ore is being mined. This is not universally true. There are some
quartz velns with solid walls that stand well. ‘

RECENT DEVELOPMENTS .

A pumber of the old mines were reopened in 1942 and 1943, and some now
development work has been done at some of them. Part of this work was pri-
vately financed, but more of 1t was financcd with loans from the Reconstruction
Finance Corporation. Reports on the individual mines examined follow.

CUSTOM MILL

F. J. McEntce, Jr., and D. F. Zlatnik, operating as the Mineral Park
Milling Co., remodcled the Keystone mill and began 'milling custom ore¢ in July
1945, The mill hag four receiving bins. Shipments from the individual mincs
arc accumulated and milled scparately. Lead and zinc concontrates are made.
7latnik reported, on May 28, 1946, that tho org troatcd had gradually increoased
to about 1,000 tons per month, and that shipments had been received from seven
mines in May. He anticipated a considerably greater tonnage after the ceiling
price and premium rates for the next fiscal year are fixed. The mill capacity
is about 75 tons per day. - P : '

The oro-purchasing‘échedulo, calculated on 50 percént lcad concentratc -
and 50 percent zinc concentratc, follows: . ' S .

— i \ \
i v
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A small stope was mined from the oxidized footwall ore Just south of the
crosscut on the adit level.  Two shallow shafts, 40 and 50 feet deep, were
sunk on the outcrop. The 50-fcot shaft is over the south drift on the adit
level. "An old adit was driven about 1,000 feet northwest of the portal of
the working tunnel, and some drifting was done on,a vein. That work is
1naccessible.-

Saggligg

A grad sample of the muck Trom the winze assayed 3.7 percent zinc, 0.1
percent lead, 0.35 percent copper, and 1.55 ounces per ton silver. The winze
could not be sampled without interrupting the york in progress.

Seven samples were cut in the south drift. The samples show that there
i1s a width of about 5 feet of mill-grade ore in the last 55 feet of the
drift. The samplees from this part of the drift averaged 0.3 percent lead,
5.3 percent zinc, 2,50 percent copper, and 7.2 ounces silver per ton. The
sample locations and detailed sample data are shown on figure 8.

An old shaft above the southkdrift shows evidence that the vein is com-
pletcly oxidized dcwn to 50 feet above the drift. The face of the drift is
very near the end line of the claim, .

This ore shoot oxtends across the south end-line of the Detroit claims

" into the Golden Eagle ground. Open cuts on the oxidized outcrop of the vein

show low motal values for some distance south of the common -end line, If
later development should prove that this ore shoot vxtends downward to the
lower lecvel, then tho extension of the ore shoot in the Golden Eagle ground
could be extracted through the Detroit workings. The Golden Eagle has lain
idle for & long time. It was worked during an earlier period through a shaft
1/2 mile farther south. The o0ld workings arc all caved but the dumps bear
evidcence that the workings were oxtensive.

No‘producbion was made after the mine was oxamined in September 1943,
VICTORY MINE

LI

The Victory mine, formerly knOWn as the Wrigley, is situated on the cast

| slope of the Cerbat Range, about 15 miles by road nor+h of Kingman and 38
miles by road from.Chlorlde. N

e Fe Nolson attempted to rchabilitate caved and flooded workings with the

aid of an R.F.C, loan.. Entry to the mino was through a shéft reported to be

several hundred feet deep and to have several levels driven on the vein.

Tho work of rcopening this shaft had been abandoned when it was visited by
cnglinecers of the Bureau of Mines. Subscguent flooding and some fresh caving
has made tho mine cntirely inaccessible, .

1669 - 27 -




. R.I. k101

.One of these is doveloped on the second level also. Two 'of these shoots are

SUMMIT MINE
¢

.

Locdtion aﬁd Accessibility -

The Swmit mine is situated near the crest of the Cerbat range about 12
miles southeast of Chloride. It 1s reached from the west by a road that
serves the Alpha, Detroit, and Golden Eagle properties also. A road from
Kingmen goes up the east side of the range to the mine. The higher sections
of Dboth these roads were in such a state of disrepair as to be almost impassa-
ble. An access-road proposal for the improvement of the road from the west
to the Summit and Alpha mines was approved by the Bureau of Mines and was
completed before July 1, 1945.

The Summit group of 40 claims is owned by L. L. Robinson of Los Angeles,
Calif. It was leased to the EL Dorado Rover Mining Co., but the lease was

relinquished in August 1943.
History

The U. S. Smelting, Refining & Mining Co., operating the mine on & lcase,
sank a vertical shaft in 1924. The Keystone Mining Co. shipped 12,000 tons
of ore, which was stoped above the first level in 1956. The mine was thor-
oughly samplod in April 1942 by Miles P. Romney, enginecr for the U. S.
Smelting, Refining & Mining Co. The E1l Dorado Rover Mining Co. leased it in
Decomber 1942. This company did some new development on the lower levecls
with the aid of an R.F.C. loan: and shipped 23 cars of ore, much of which
was stoped above the first level. The company decided that not enough ore
could be devecloped to supply & mill from this mine alone. It shut down in
August 1943 and returned a second R.F.C. loan.

, Orc Deposit
The ore-bearing vein, which is 3 to 8 feet thick, occupics a fissure in

granitc and amphibolite that stand woll with little timbering. It strikes
northwestorly and dips steeply northeast. The principal gangue is quartz
with a considerable amount of gouge. The ore mincrals are galena, sphalerite, |
pyrito, and chalcopyrite, with some gold and silver. The sulfides are largely
oxidized above tho first levol. Tho metal content is below ore grade in much
of tho voin. The matorial with sufficicnt concentration of the metallic '
mincrals to constitute oro occurs in lenecs that secldom occupy the full width
of the vein. Some of thcse arc too small to mine. Thrce ore shoots with
sufficicnt volume to repay the cost of mining arc exposed on the first level.,

lcad-zinc orec and onc 1s copper orec.
Dovelcpmont -

The mine was opcned by a l-l/2-compartment vertical shaft with levels atg
depths of 160, 200, and 300 feet. Tho 160-foot level has about 750 feot of
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Figure 10. - Sample plats of 200 ft. and 300 ft. levels, Summit mine.
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drift and has a second ®donnection to the surface through a 565-foot adit.
Drifte on the 200- and 300-foot levels are 50 and 65 feet long, respectively.

Sempling

Detailed sample plats of the 160-foot, the 200-foot, and the 300-foot
levels were furnished by the U. S. Smelting, Refining & Mining Co. (figs. 9
and 10). A few check samples were cut by theABureau of Mines' englneers.

Later Operation

The mine was leased by Ralph R, Langley of Kingman after it was released
by the E1l Dorado Rover Mining Co. Langley agsumed the unpaid balance due on
the first R.F.C. loan to thg former lessee. When the mine was visited by a
Bureau of Mines' engineer__7 in December 1944, Langley had sunk a 50-foot
winze cn the 160-foot level, about 400 feet northwest or the main shaft, and
drifted in both directions from the bottom of the winze. The winze is at the
middle of the No. 1 ore shoot shown on.figure 9. The sublovel i1s about 180
foect long. Ore was stoped continuously from this sublevel to the arch below
the 160-foot level. This ore shoot was found unéisturbed above tho ‘160-foot
level and was stoped to 20 feet from the surface. Langley reported that 3,800
tons of ore was mined from above the level.. A total of 6 Oh9 tons of orc wag
mined in the period from October 1943 through April 1946. This averaged L.Li2
percent lead, 7.18 percent zinc, and 0.76 percent topper. The precious-motal
content per ton was 0,0738 ounce gold and 5.82 ounces silver. The ore was
shipped to the Keystone mill after that started cperating. The truck havld 1
8 miles with the grade against the load in the last 2.5 milcs.

When the mine was visited on May 27, 1946, Langley hed started drifting
on the 300-foot level to continue the level about 500 feet northwest under the
No. 1 orc shoot. The level had been advanced 65 feet northwest and also a
little to the southecast. "

Langley reportcd that they wero entering good lead-zinc ore to “the north-
west and some copper ore to the southeast. He was beginning to stope thig ore
while the drift was being advanccd. '

Concentration Tests

Concentration teats of a bulk sample taken from stopc chutes were mado
in tho Burcau of Mines tcsting laboratory at Salt Lake City. Scloctive flota-
tion, after grinding to minus 65-mcsh, recovored 86. 8 porcent of the lead in
a concentratc that assaycd 61.1 percent lead, 7.4 percent zinc, 2.1 percent
coppur, 1.87 ounces per ton gold, and 34.46 ounces per ten silver; 68.7 por-
cent of the zinc in a concentrate that assayod 3.0 percent lecad, 50.0 percont
zinc, 1.5 porcent copper, 0.30 ounce per ton gold, and 7 2 ounces por ton
silvor.

1L/ Chas. A. Kumke.
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A third copper-iron concentrate assayed 2k.0 percent copper, 0.27 ounce
per ton gold, and 2.15 ounces per tort silver. The copper recovery in this
concentrate was 65.4 percent.

ALPHA MINE

Location, Accessibility, and Ownership

The Alpha mine is situated about 1 mile from the Summit mine on the
western slope and near the crest of the Cerbat Mountains in sec. 32, T. 23
N., R. 17 W. It is about 7 miles southeast of Chloride and 4 miles east of
the old Kingman-Chloride highway. It-is 4.5 miles by road from the highway
to the Alpha mine. The road to the two mines was improved under the access
road program prior to July 1, 1945, . -

The Alpha group of four claims is owned by Caroline Daniels Moore of'
Kingman. The mine has been leased to Ralph R. Langley, Box 455, Kingman,
Ariz, '

History

The mine was located in the late 1860's or early 1870's. It is reported
that $200,00C worth of ore was taken from the mine and shipped. Part of this
wag from the oxidized zone and part from the sulfide zone. No records are
avallable as to the grade or tonnage of the ore mined. The lower tunnel was

partly cleaned out and retimbered with the aid of an R.F.C. loan. The greater |

part of the minc¢ was accessible when the loan was exhausted and the work was
suspended.

Degcription of the Deposit

Tho ore occurs &8 lenses in a fissure vein in granite. This vein strikes
N, 60° W, and dips 50° to 65° northeast. It is continuous and has a consid-
erable amount of gouge for the greater part of its length. There is vory
little mctallization except in the sulfide lenscs. The principal minerals
are quartz, galcna, sphalerite, chalcopyrite, and pyrite. From the work donc
so far, it appears that the lenses have no connection with each other and that
they do not occur in any regular pattern.

Development and Mining

An adit was driven from the hillside a distance of 1,200 feet southeast
on the Alpha voin (fig. 11). At a point 600 feet from the portal, a raisc
wag driven 240 feoot on the vein to connoct with the upper adit or 20C-foot -
lovel. This upper tunncl was driven from the surface a distance of 40O feot
on the vein. From tho lower levol a stopc over 300 fect long was carricd to
& height of 80 feet, according to minc maps. This stope hes caved, and the
back 1s inaccossible.” A winze was sunk below the tunncl lovol, and it is
rcported that high-grado ore was takon from tho winze and an adjoining stopo.
The winzo is now flooded. A smell stope has been mined from a sublevel off
the raisce to within a.few feot of the upper tunncl. From the upper tunncl a
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stope 150 feet long wds mined to & height of 30 to 60 feet. This stope
breaks through to the surface. Bome ore wds stoped from below the upper
tunnel, and the stope was filled with waste. No work is being done at the
present time, and most of the machinery has been removed from the property.

' .f : . Samgliﬂs - : Sy

A copy of Langley g agsay map of the Alpha mine was furnished to the
Bureau of Mines and is included in this report. Most of these samples were
taken at irregular intervals, and some of them were taken so as to include.
small bunches of high-grade ore. Seven samples were cut by the Bureau engi-
neer to check the other sampling. The samples from the north side of the
small stope off the main raise are mill-ore grade. The Bureau samples were
cut across the entire exposed width of the vein. The two sets of samples are
shown on the assay plat (fig. 11). '

- Detailed date on the sampling follow:

Bureau of Mines Samples

: Agsays
' ' . ‘ Length,| Percent Ounces
‘No. Location ‘I' {Degcription - | fcet | Pb|Zn| Cu Au | Ag
3204 [N, slde of stope below .[Heavy sulfides on
200-Tt. level, N. side| foot and hanging '
- wall 4,0 |0.10.7]2.24 [0.040|6.65
3265|Sublevel, 17 ft. south [Oxidized, 1little '
of raise. sulfide 3,0 | .5].8] .23| .015(1.45
3266|Sublevel breast. Oxidized, altered
granite 2.0 | .1{.1] .08 .005| .45
3267|Sublevel, N. ¢nd at top |[L.foot with heavy .
of ladder. sulfide 3.0 |7.2 3.9|1.78]| .165|5.45
3268|Raige, 25 ft. '‘above sub-lOxidized, some suld -
level, S. side fides on footwall | 3.7 | .2|.6| 61| .010[4.00
3269| Stope’ below 200-foot - F o o
level, N. sidc above :
platform. Little sulfide 3.0 | .2|.5]| .84 .015[L4.80
3270|Bublevel, 38 feet below [Little sulfide, :
200-foot level. partly oxidized Tl B 1) +3 .19 .010]|2.30

Later Operation

Onu shipment of 64.8 tons of ore wag made to tho Keystone mill in 1945,
This averaged 3.94 percent lead, 5.05 percent zinc, and 0.50 percent copper,

“"with 0,07 ounce gold and 7.30 ounces silver per ton. Mr, Zlatnik, of the

Kcystone mill, reported that the ore Tesponded exceptionally well to selcctive
flotation. No work has been done at this mine in 1946.

1669 - 31 -
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GOLCONDA MINE -

The Golconda mine was one of the two deep mines of the district. The
shaft was sunk to a depth of 1,600 feet, and extensive stoping was done above
the 1,400-foot level. Production ceased when the mill burned in 1917. Total
production to that time is reported at $6,500,000 in lead, zinc, gold, and
silver.l5/ The mine has been idle since 1917, although good ore was reported
on the 1,400-foot level. The workings are badly caved, and the mine stands
full of water to the adit on the 600-foot level. , :

DE LA FOUNTAIN MINE

The De La Fountain claim is situated near the summit of the Cerbat Range,
about 15 miles by road north of Kingman, It is owned by Messrs. Farley,
Thomas, and Stevens of Flagstaff, Ariz., and is leased to L. M. Dickens of
Kingman. The mine was operated recently and yielded two carloads of sorted
ore in the last few months. The reported metal content of these shipments
was 14 percent lead, 28 percent zinc, 0.02 ounce gold per ton, and 2.0 ounces
silver per ton.

It is reported that four levels were opened in the course of the early
mining. Only one is accessible. There are three stopes on this level,
testifying to more substential production during the earlier operation. -The
romaining ore on this level is in small pillars and along some of the stopes
margins. The two carloads of sorted ore shipped by the present operator were
gleancd from these stopes. Four samples, taken from such remnants of ore in
the stopes averaged 3.6 percent lead and 14.2 percent zinc, with negligible
gold and silver over widths of 1 to 4 feet.

JIM KANE MINE

Location, Accessibility, and Ownership

The Jim Kane mine is in Cerbat Canyon near the summit of the Cerbat
range, 5.1 miles east- of paved highway U. S. 93. The road to the property
is in fajir condition, but the grades are steep and the curves are sharp in
the last 2 miles.

The group of 1l claims is owned by Jim.Kane, of Kingman, who lives on
the property. . . s

History - -

A small shaft was sunk to a depth of 30 feet during the carly mining in
this district. Jim Kane rclocated the claims in 1915 and has held them to
the present time. The California Chemical Spray Co. leased the property in
1939 and drove some drifts from the lower tuhnel. After 6 months work they
gave up the lease. No work is being done at present. It 1s reported that a

15/ Arizona Bureau of Mines, Arizona Metal Production: Bull, 1LO.
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few cars of ore wereuutlled &t h‘iécal.mill;~éhd.some ore was'shipped‘direct

. to the. smelter, but-mo figurés were available asg to the amount or grade of
. this production. Kane stated that a carload of ore had.been shipped. from the
. claim south -of -his house, which assayed .47 percent lead and 42 ounces per ton

silver. This ore was packed out hy .burros.’ He also reported that during the
first World War several hundred pounds .of steel.galena was sold for radlo

Descripﬁion of. the Deposit _; " o ..

The ore occurs in brecciated and altered gouge material in a fault zone
striking N. 60° W. and dips 60° northeast...This -zone varies in width from 1
foot to0'20 feét. The country rocks .are.amphibolite and gneiss intruded by
dikes and 1rrégular.masseg of younger .granite porphyry. In the one accessible.
stope the galeéna occﬁrsiiq,small bunches and in small streaks in altered
granite. Several tons of high-grade galena ore have been sorted and stored

in the 'stope. The ore is very spotty, and hand gorting would be necessary to
obtain a milling grade of ore. ~There. are several minor fault zones of similar
character that have been partly, exposed. in the workings (fig. 12). Small
showings of lead and zinc minerals. occur. in these,- but in general the small
bunches of ore’ are more scattered, than. in. the major fault zone described

above. A little beryl has been found in two-smail-outcrops of pegmatite on
the claim at the soyth end of the group.. .Mr. Kane stated that he had picked
up-20 or 25 pounds of'crystals._ Two small pieces were found on the outcrops

by -the Bureau éngineers. The pegmatite .does not seem to be a continuous dike,
but rather two'separate bunches. ..Both.of the detached outcrops ére small.

DQinopment.. .....

The underground workings are shbwn.on figure 12, traced from an undated
map by Klamp, Artero, and Blythe of.the.Producers-Mining'Qo." 

 The prospect was @horoﬁghlyvéampled by the Producers Mining Co. A. copy
of their assays, supplied by Mr.,K&ne,;is-attachod. o .

.....
.......

ad
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Table 4. - Producers Mining Cog. samples from Jim Kane mine
‘ : W1dth OQunces Percent

< Noy | : Description feet | Au Ag Pb Zn
2801 |Dump 86 INCLING SNBTTesvsssvssssvsresosvs] . - |0.01 | 1.70] 3.07] 5.80
. 2802 [Dump at :30 foot crosscut tunnel.......... - .02 | 1.40| 5.40( 6.60
2803 [pump at 70 foot crosscut tunnel.......... - .01 | 1.00/| 4.60]| 2.70
2804 [M11l dump at middle tunnel.....ececevoass - .01 | 0.60| 3.20{ 1,10
2805 |Grab of high-grade from QUMP..seeseosesas - .0k | 7.501(59.30| 3.60
2806 [Face of north drift from stope...........| .3.0| .02 | 2.70| 1.56| 1.20
2807 |Cut north drift from stope, middle tunnel| 4.0 .005| Trace |Trace .60
2808 | . : o Bmgn s mpmnisersraness] Hb] 0L .90 0.25] 1.15
2809 < v IRT—————————— W | J . .90| 3.54| .80
2810 B0usurnrennensersrsess|] PoOf 0L 3 9o 2.25| 1.30
2811 A0usevsssnannnnnenanas| 8.0 .03[71,30| 6,00 1.40
2812 |Cut sample stope, north end hanging wall.| 5.0| .0k [29.40f 3.65| 1.30
2813 |Cut SAMPLE ELODPE.ssssssrvsenseneannaensas| 6.0] 01| .70|2.10| .80
2814 |Cut sample stope, £ootwall.......ee.0e...| 3.0| .01 | 1.30( 5.80 3.80
2815 GQOuvseossvnvoncsnnsenes| 4.5 .005 .50| 1.30| 1.00
2816 A0ussessnoesesnnaansss| 3.0/ .OL| 2.40[10.30| 1.80
2817  B0ueeevssennesnssseass| W0l .02 1.00| 3.55| 2.60
2818 Q0tevvesnnsasenseesses| H.5| .01 | 1.50( 8.10| 3.10
2819 AO0uvverssncnnanaesenss| 5.5 .0L| 1.30| 7.65| .70
2820 G5 s pames s SEFLABEDHEE .005| .4O| 0.55| .50
2821 Bis o n wmns s wnmanoneans] SeD] »0B .30|Trace| 1.00
2822|Cut sample stope, hanging wall...........! 4.0 .08| 6.10| 5.50| 4.25
2823|Cut corner south drift from stope........ 3.9 .02 | 2.30|11.35( 2.90
2824 |Cut at corner E. gide S. drift 4 ft. S.

Of MANWAY e e v sssssssnsrannsonnsasnassens| 5.5 03| 3.80| 7.80| 1.90
2825|Cut in raise in hanging wall...eceessees.| 2.0 LOL .20| 3.00; .90
2826 |BeloW 2825,cececcccssccscssscassssrassnss| 2.0 LOL .50| 2.50| 1.20
2827|Below 28264 s uevsrvrencrrasecansnsesosssael 3.0/ 041 L4,30(13.60| 3.80
2828|Cut 10 feet south of 282k...veeeeevveen..| 5.0 .02 1.10| 1.80| 2.50
2829|Cut 10 feet south of 2828.....c0s00000s0.| 3.0 02| 2.30| 0.25( .4
2830|Cut at face south drift....cceeeeeesivess| 2.0 .02 | 2.00| 5.75| 1.00
2831|Grab from muck pile at face.sieseoooecess .01 .90|Trace| .50
2832|Grab from pile in stope..ececcvrecncssens .ok | 8.80({17.90| 3,90
2833|No. 1 underhand middle tunnel 30 ft. from

[ 151 cg -1 DR S P 3.5 .01 .80| 5.50| 1.80
2834 |No. 1 underhand middle tunnel 30 ft. from

POrtale.ereeacsnnocnns pes B B AR BRI ROE ssqs] B:0| <01 .4o| 3.60| 1.30
2835|No. 2 underhand 60 feet from.portal ..... 1.3| .02| 1.70| 1.65| 1.90
2836 BB o 5 w0 % & woagn B w 3,0 .02| 1.60| 4.60| 1.00
2837|Cut in bottom No. 1 drift south middle

BRI . 0 0 v B b 3 Bdvins o same] 5:0] 0L .20| 1.40| 2.50
2838|Cut at No. 1 chute, middle tunnel........| 9.5| .01| 2.00|Trace| .70
2839|Cut face of 30 foot crosscut tunnel......| 2.3| .02| 3.90{15.65| 7.80
2840[Cut incline shaft on pillar........ ves..s 3.0| .OL| 1.00| 4.80{11.20
2841 |Cut from north incline shaft......ceeev.s 2.5 .01! 2.00|1k.60| 6.70
2842|Chip from outcrop south of middle tunnel.| 2.5| .0l | Trace|Trace| 1.70
1669 - 34 -
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é"—*_—ent Table 4. - Producers. Mining Co. samples from Jim Kane mine (continued)
_{2Zn ok Width,| " Ounces _ | Percent
T 5.80 No. Descripticgn - feet | Au AS | Pb Zn
0| 6.60 2043 ICut Trom INC1ING YEiBCessvseresssnerssens] #s3| 0,02 | 2.60] 5. 75 4.00
ol 2.70 1 28y Bliasssisssaininansrssas) 30] OL | 80| 4.30] 540
01 1,10 | 285 |cut from incline raise, north side....eef 4.5} 0L | 1.10[10.70] 5.30
0| 3.60 | 28L6 Cut from incline raise FuoyW. c.eeeseovens|. 2.0}..02 .1 2,50/10.10| 8.60
6 1'20 | 2847 Cut from tunnel 5,esevenerecesnsnsieea] 7.0} 201 | .20 |Trece| 2.50
el .00 1 ogug : , Bl awrnne s ulons xspnmekssnnal » Dl wnlle | - 30 do.} . 1l0
51 115 § 2849 |Grab from dump tunnel 5..iececsecascsesse .01 .20{ do.| 1.10
bl .80 1 2850 cut, incline raise above 2846....eeeeen...| k0] .01 | .30] 2.30| 1.20
5 139 | 2851lcut incline raise above 2850.............| 2.0| 1005 .10| .50{2.30
. 2852 [Cut hanging wall 5 feet south 2851.......|.-2.0| .0l | 2.40[16,60| 5.10
2855 |Cut incline raise 10 feet. 28&5...........; 3.2 .01 | 1.00| 4,20 4,k0
285k |Cut. middle tunnel St.. 15, north corner...| - 40| .01 .70| 3.80|Trace
2855 |Cut middle tunnel St..15, south corner...|.-3.5| .0l | .70 2.10{ 0.70
2856 [cut south drift 12 feet south of st. 15..] 3.0{ .01 .90| 5.80({Trace
2857 |Cut south drift 35 feet south of st. 15.. 4.5 .02 3.3%0|Trace| do.
2858 [Cut south drift 40 feet south of st. 15..] L4.2| ,02 | 4.50; 2,00| 0.60
2059 |Cut middle tunnel st. 16, corner crosséuy 2.5 .02 | 3.80| 4.80| 3.80
2860 |Chip from boulders tunnel P v v wwwndnnnis .005!Trace|Trace|Trace
2861|Cut, face of open cut below tunnel #5....] 2.3| .02 |20.3%0| 3.60| 3,70
2862 Cut, outcrop below Kanes hous€essveseess J 2.5 .005; .lO0|Trace| 2.90
2863 |Car sample from #1 chutesececessoeiaoess - .01 | 1.60{10.70{ .50
2864 |Car sample from #2 ChUtC..ceeeeeeressonss - .01 | 3,10{17.10: 4.20
2865|Cut, upper north tumnel.......eeveeeeenns - 3.0 .01 | 1,80! 7.20f{ 2.40
2866 AOssssisasssassssaanss De0]: W0k| 1.60] 9.60] 5.50
2867 AO0ureareneennsnnennans Lo3] 0L | 3.60] 6.80] L4.20
2868 A0, sssnsunssneasenvass 33| +OL ] 1.50] %.00f 7.20
2869|Cut, pit 300 feet north upper tunnel.....| 3.0| .005|Trace|Trace| 1l.L4C
2870|Grab dump on Silver Queen claili....ses.s - .01 | 3,90| 0,10/ 1,00
Thesc assays were copied from a sheet furnished by Jim Kane, who stated that
they were copies of the samples taken and assayed by the Producers Mining Co.
Seven check samples were cut in the main stope. These agreed fairly
closely with the Producers Mining Co. samples. -

et
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P

.s T , Assays
A 3 (L . PSR, -t ) lengthe Percent Ounces
. No.| . . Location T . Description feet -{-Pb| Zn | Cu-| Au | Ag
284k |Stope drift, north breagtiAltered granite
. D d s e ow and schist, oo N " ]
- ; ' some sulfide | 4.0 [1L.4]0.2 |0.02 |Trace|0.T0
- 2845 |Stope drift, ‘10 ft. from | - o F
Co . Tredstessssedzusases] * " A0 5.0 | .2 .2|.02| do. | .20
- 28146 |Stope drift, 20 ft, from | *°° e | R '
: N. breasteececesceeeeadas| =~ ' do. * " ' "5.3 [R.4] .2| .02 do. | .60
2847 [Stope drift, 30 ft. from | =~ = B R B B
N, treastiisecessasssisss] = ° @6 5.1 [2.8| .1[ .05(0.005/1.40
2848 |Stope drift, 40 ft., from | "~ i - o
: KH: Trodebssvese fenssdhe] " 240" 5.2 [6.3| .3| .05|Trace|1.35
» 2849 [Stope drift, 50 ft. from | _ '
N. breast...ve.oces.ssts] ©  do. 6.5 |7.3[1.8| .04]0.005(1.30
2850 |Stope,” northwest side.... do. 6.5 | .1| .4| .02|Trace| .15

* CHICAGO GROUP

The Chicago group of four claims is situated on the north side of Cerbat
- Canyon, about 12 miles by road south of Chloride. The group is owned by J.
A. Bell of Summerton, Ariz., and B. Ableman of Chloride. '

There are & number of short tunnels, shallow shafts, and pits, all on

. oxldized outcrops of veins. One sample of oxidized vein material was cut at
- the bottom of & 30-foot shaft.’ The sample, taken over 2.5 feet, assayed O.k4
- percent lead, 0.2 percent zinc, 0,06 percent topper, 1.9 ounces per ton
silver, and a trace of gold. *--+ "~ "ttt

Location,.Accessibility, and Ownership

This property is on a western spur of the Cerbat Range north of Kingman
and south of Chloride. The mine is reached by turning to the east off paved
U. S. Highway 93, 7.7 miles south of Chloride and following a dirt road 3.7
milecs, and then turning left on a branch road that leads to the Cerbat mine
about 1 mile north. The last mile of the rcad is impassable.

There are five claims in the group, owned Jointly by F. A. Morrison, of
Kingman, who is in charge of the property, and the Pelton brothers. Three
of the claims are patented and two are unpatented.

History

The property was worked intermittently during the period 1869 to 1906
for gecld and silver. It was credited with a production of $200,000 in gold
and $50,000 in silver.16/ The mine was acquired by the prosent owners in

16/ Arizona Bureau of Mines, Arizona Metal Production: Bull. 140. ser. 19.
1669 - 36 -
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INTRODUCTION

Many ore dcposits were discovered in thé Wdllapai Mining District, which
covers the Cerbat Range in ‘Mohave County, Ariz., ‘during the early period oi
mining there from about 1863 '‘to th¢ 1890's. ‘A cénaiderable amount of produc-
tion was obtained from.shallow lead carbonate ores that carried considerable
gold and silver. 7 oot

......

Mining was revived in 1906 arid ‘dgdin ‘during the first World War, and
some of the mines were decperied intd the underlying sulfide zone. Substantial
quantitics of' metal were recovercd fronm two miries, the Golconda and the
Tennessce-Schuylkill, that werc develdped 'to ‘dépths of 1,600 and 1,400 fcet’
rcspectively. The Golconda ig credited With $6 500 000 gross productions.

2/*2131ng,hMorris J., and Heinoman, Robort E S., Arizona Burcau of Minus
Bul. 140
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This minc was not operatcd after 1917. The Tennessec-Schuylkill is still
operating after a yicld of about 300,000 tons of orec that averaged 4.33 per-
cent lead and 7.7hk percent zinc and ¢ontained an appreciable amount of gold
and silver.

Many of the old mines were recpencd in 1942 or 1943 under the stimlus -
of premium pricce for lead and zinc. A large proportion of this work was
finished with loans from the Reconstruction Finance Corporation. It was
belioved that a good deal of lecad and zinc could be recovered from the minos
if a custom mill for concentration of the orce was avallable locally.

Llowing . : :
o L. All the accessible mines in the Cerbat Range werc oxaminod by engincers
L of the Bureau of Minesl/ during August and September 1943, and many others
6 worc visited to make an estimatc of tho tonnage of ore that could be supplicd
| 10 to & custom mill at a central site ncar Chloridec.
12 o ;
16 The information obtained on cach mine visited was incorporated in a
1 18 confidential War Minerals Report and is now presented in this rcport. Most
20 of thc accessible exposures of orc werc sampled. The sample data arc rccordced
i 26 in the reports on the individual mincs. Some maps and samplc data obtained
‘ Trom other scurces are included in the mine reports. Thesc are credited to
28 their respective sources where they appear in the report.
28 The Mineral Pari Milling Co. (F. J. McEntcc, Jr.,.aéd D. F. Zlatnik)
30 remodeled the old Keystone mill and began treating custom ore in July 1945,
2 Production since Scptember 1943 from all the mincs in the district cxcopt
the Tennessce-Schuylkill and the Emerald Islc was verificd by tho author on
36 May 27, 1946. Production figurcs from mincs that have loans from the Rocon-
38 gtruction Finance Corporation wcre obtained from that agoency. Production
38 data on other mines werc obtaincd from the Mineral Park Milling Co.
Lo The mincs shipped 9,678 tons of orc in the 19 months from October 1,
Lo 1943, to May 1, 1946, The average grade of thesc shipments was 4.68 porcent
zinc and 0.54 porcent copper. The aveorage precious-metal content per ton wes
0.094 ouncc gold and 5.54 cunces silvcr.
t, which : ACKNOWLEDGMENTS
lod of -
produc- In its program of invecstigation of mincral dcposits, the Burcau of Mines
' derable has as its primary objuctive thc morec cffective utilization of our mincral
| resources to the cnd that thcy moke the greatecst possible contribution to
\ national sccurity and cconomy. It is thc policy of tho Burccu to publish
. and tho facts dcveloped by cach projcct as soon as practicable after its conclu-
Ebstan;ial b sion. The Mining Branch, Lowcll B. Moon, chiof, conducts preliminary oxami-
he { nations, porforms the investigative work, and proparcs the final rcoport. Tho
| O foe?’ 5 Mctallurgicel Branch, 0. C. Ralston, chicf, analysos samples.and performs
ions.< | beneficlation tests. L a ' .
T s w e L g

4/ Curtis dg Mohncy and Robert M. Grantham,
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Acknowledgment of general direction of the work here reported i1s due
J. H. Hedgee, district englneer, and S. R. Zimmerley, regional engineer for
the Western Region. ' ‘o : .

Concentration tests were made in the testing laboratory at Salt Lake
City on a bulk sample from the Summit mine under the direction of C. H. Schack
and H. G. Poole. . .

LOCATION AND ACCESSIBILITY

The Wallapai Mining District includes the Cerbat Mountains, which trend
north-northwest for about 30 miles from near Kingman, a station on the Santa
Fe Railroad. Paved U. S Highway 93 runs northwestward from Kingman through
the Detrital Valley on the west side of the Cerbat Range to Boulder Dam and
Lag Vegas, Nev. A good paved road L miles long connects Chloride, the only
active camp in the district, with this highway at a point 19 miles north of
Kingmen. Most of the mines are situated near Chloride or near the abandoned
carps of. Mineral Park, Golconda, and Cerbat, which lie within the mountain
range south of Chloride. The majority arec on the west slope of the range at
altitudes ranging from 4,000 feet at the foothills to 5,700 feet at the crest
of the range. A few of the mines are on the east slope. All the mines arc
connected by roads with Chloride, with the paved highway, or with Kingman.
Parts of & few of these roads are in such a state of disrepair as to be
virtuelly impassable. The claim map (fig. 1) shows the location of the
several mines covered in this report. 3

HISTORY

Many ore deposits were discovered in this district during the period
from the late 1860's through the 189C's, and considerable production was
obtaincd, chiefly from lead carbonate ores ncar the surfac¢ that werc mined
Tor their gold and eilver content. Activity was revived during 1906 to 1912
and again during the first World War, when decper development was done at
gome of thc mines, and some galcna ores, containing gold and gilver, were
produccd.i/ Two mincs werec doveloped to considerable depth and yielded
notable production. The Golconda mine, in the southern part of the rangc,
was doveloped to a depth of 1,600 fcet and yiclded ebout $6,500,000 worth of
orc to 1917. In that ycar the mill was dcstroyed by fire, and thc property
has not becn operated since. The Tennessec-Schuylkill mine, near Chlorido,
has becn dcveloped to a dcpth of 1,400 feet. The minc is still in operation
aftor a yicld of about 300,000 tons of orc¢ avcraging 4,33 pcercont lead and
7.74 porcent zinc and having an appreciable gold and silver content.

PHYSICAL, FEATURES

Tho topography at the minoé fanéos from comparativoly gontle slopes at
tho foot of tho rango to ruggcd mountain slopes in the heart of the range.

5/ Schradcr, F. C., Mincral Deposits of the Cerbat Range, Black Mounte&ins,
and Grand Wash Clif'fs, Mohave County, Ariz.: Geol. Survey Bull. 397,
1909, 226 pp.
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Figure |. - Claim map of Wallapai mining district, Mohave County, Ariz.
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Roads to the mines neap, the crest have ‘sharp curves and steep grades. The
climate is arid, and the vegetation 1s sparse and gtunted. Owing to the
altitude, the summers ere not extremely hct. Winters are mild.

The most practical site for a custom mill would be on the desert floor
near the entrance to the Mineral Perk basin.. This location is fairly central
and 1s easily accessible from all directions. Inough water could be obtained
from the surface flow in the canyon out of the Mineral Park basin and Ifrom
old shafts within the basin, which has a considerable drainage area. Water
from these sources nced not.be piped: very far.

ORE DEPOSITS

The area is underlain by pre-Cambrian schist, amphibolite, and altered
granite, which have been intruded by later granite porphyry. Much of the
schiigt is amphibole. Many veins occur in nearly vertical fault fissures that
strike northwestward and outcrop for considerable distances. The fault fis-
sures are largely occupied by breccia and gouge with discontinuous-lenses of
lead and zinc.ores. Most of the ore lenses now exposed contain quartz,
sphalerite, galena and pyrite, with minor amounts of chalcopyrite and usually
a fair amount of gold and silver. Oxidation generally extends about 70 to 150
feet. below the 'surface. Most of the oxidized ore was mined during earlier o
operation. The ore lenses gencrally are not extensive and do not seem to be |
distributed according to any regular pattern. Freguently they do not £ill the
entirc fault fissure and havec walls of breccia and gouge that need support
while the ore ie being mined. This is not universally true. There are some
quartz veins with solid walls that stand well.

RECENT DEVELOPMENTS

A number of the old mines were reopened in 1942 and 1943, and some now
development work has been done at some of them. Part of this work was pri-
vately financed, but more of it was financcd with loans from the Reconstruction
Finance Corporation. Reports on the individual mines examined follow.

CUSTOM MILL

F. J. McEntee, Jr., and D, F. Zlatnik, operating as the Mineral Park
Milling Co., remodeled thc Keystone mill and began 'milling custom ore in July
1945. The mill has four receiving bins. Shipments from the individual mincs
arc accumulated and milled scparately. Lead and zinc concontrates are made.
Zlatnik rcported, on May 28, 1946, that tho org tréatcd had gradually increased
to about 1,000 tons per month and that shipments had been received from seven
minecs in May. He anticipated & coneiderably greater tonnage after the celling
price and premium rates for the next fiscal yeer are fixed. The mill capacity
is about 75 tons per day. - '

The ore-purchasing scheaulo, calculated on 50 percent lead concentrato K
and 50 percent zinc concentratc, follows . .

K] v
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A small stope was mined from the oxidized footwall ore Just south of the
crogscut on the adit level. Two shallow shafts, 40 and 50 feet deep, were
sunk on the outcrop. The 50-fcot shaft is over the south drift on the adit
level. An old adit was driven about 1,000 feet northwest of the portal of
the working tunnel, and some drifting was done cn.a vein. That work is

1naccessible.-

Saggligg

A grad sample of the muck From the winze assayed 3.7 percent zinc, 0.1
percent lead, 0.35 percent copper, and 1.55 ounces per ton silver. The winze

could not be sampled without interrupting the work in progress.

Seven samples were cut in the south drift. The samples show that there
1s & width of about 5 feet of mill-grade ore in the last 55 feet of the
drift. The samples from this part of the drift averaged 0.3 percent lead,
5.3 percent zinc, 2.50 percent copper, and 7.2 ounces silver per ton. The
sample locations end detailed sample data ere shown on figure 8.

An old shaft above the south drift shows evidence that the veln is com-
Pletcly oxidized dewn to 50 feet above the drift. The face of the drift is
very near the end line of the claim.

This ore shoot extends across the south end-line of the Detroit claimsg

"into the Golden Eagle ground. Open cuts on the oxidized outcrop of the vein

show low motal values for some distance south of the common end line. If
later development should prove that this ore shoot vxtends downward to the
lower level, then tho extension of the ore shoot in the Golden Eagle ground
could be extracted through the Detroit workings. The Golden Eagle has lain
idlo for & long time. It was worked during an earlier period through a shaft
1/2 mile farther south. The old workings arc all cavcd but the dumps bear
evidcnce that the workings were oxtensive.

_ No'production was mado after the mine was oxamined in September 1943,
VICTORY MINE

The Victory mine, formerly known as the Wrigley, is situated on the ecast

 slope of the Cerbat Range, about 15 miles by road north of Kingman and 38

miles by road from.Chlorlde.

'l F. Nclson attempted to rchabilitate caved and flooded workings with the

aid of an R.F,C. loan. Entry to the mino was through a shaft rcported to be

soveral hundred feet deep and to have several levels driven on the vein.

Tho work of rcopening this shaft had been abandoned when it was visited by
englnecers of the Bureau of Mines. Subscquent flooding and some fresh caving
hag made tho mine cntirely inaccessible, .

1669 -2 -
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SUMMIT MINE
L .

Location aﬁd Accessibility -

The Summit mine is situated near the crest of the Cerbat range about 12
miles southeast of Chloride. It is reached from the west by a road that
serves the Alpha, Detroit, and Golden Eagle properties also. A road from
Kingmen goes up the east side of the range to the mine. The higher sections

. of both these roads were in such a state of disrepair as to be almost lmpassa-

ble. An access-road proposal for the improvement of the road from the west
to the Summit and Alpha mines was approved by the Bureau of Mines and was
completed before July 1, 1945.

Ownershig ' -

The Summit group of 40 claims is owned by L. L. Robinson of Los Angeles,
Calif. It was leased to the EL Dorado Rover Mining Co., but the lease was

relinquished in August 1943.
History

The U. S. Smelting, Refining & Mining Co., operating the mine on a locase,
sank a vertical shaft in 1924k. The Keystone Mining Co. shipped 12,000 tons
of ore, which was stoped above the first level in 1936. The mine was thor-
oughly samplod in April 1942 by Miles P. Romney, enginecr for the U. S.
Smelting, Refining & Mining Co. The E1l Dorado Rover Mining Co. leased it in
Decomber 1942. This company did some new development on the lower levels
with the aid of an R,F.C. loan: and shipped 23 cars of ore, much of which
wags stoped above the first level. The company decided that not enough ore
could be devoloped to supply & mill from this mine alone. It shut down in
Avgust 1943 and returned a second R.F.C. loan.

. Ore Deposit

The ore-bearing vein, which is 3 to 8 feet thick, occupics a fissure in
grenitc and amphibolite that stand woll with little timbering. It strikes
northwestorly and dips steeply northeast. The principal gangue 1s quartz
with a considerable amount of gouge. The ore mincrals arec galena, sphalerite,
pyrito, and chalcopyrite, with some gold and ailveor. The sulfides are largely
oxidized above the first level. Tho metal content is below ore grade in much
of tho veoin. Thc material with sufficicnt concentration of the metallic
mincrals to constitute oro occurs in lenscs that seldom occupy the full width
of tho vein. Some of these arc too small to minc. Thrce ore shoots with
sufficicnt volume to repay the cost of mining arc exposed on the first level.

.One of these 1s developed on the sccond level also. Two 'of these shoots are

lecad-zinc orec and onc 1s copper orc.

Dovelopmont -

The mine was opcned by a l-l/2-compartmcnt vertical shaft with levels at
dopths of 160, 200, and 300 fcet. Tho 160-foot level has about 750 foeot of
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drift and has a second tbnnection to the surface through ‘a 365-foot adit.
Drifte on the 200- and 300-foot levels are 50 and 65 feet long, respectively.

Sampling
Detailed sample plats of the 160-foot, the 200-foot, and the 300-foot
levels were furnished by the U. S. Smelting, Refining & Mining Co. (figs. 9
and 10)., A few check samples were cit by the Bureau of Mines' engineers.

Later Operation

The mine was leased by Ralph R. Langley of Kingman after it was released
by the El Dorado Rover Mining Co. Langley assumed the unpaid balance due on
the first R, F.C. loan to thg former lessee. When the mine was visited by a
Bureau of Mines' engincerlh 7 in December 1944, Langley had sunk a 50-foot
winze cn the 160-foot level, about 400 feet northwest or the main shaft, and
drifted in both directions from the bottom of the winze. The winze is at the
middle of the No. 1 ore shoot shown on.figure 9. The sublevel is about 180
foect long. Ore was stoped continuously from this sublevsl to the arch below
the 160-foot level. This ore shoot was found undisturbed above tho 160-foot
level and was stoped to 20 feet from the surface. Langley reported that 3,800
tens of ore was mined from above the level.. A total of 6 Oh9 tons of orc was
mined in the period from October 1943 through April 1946. This averaged L4.42
percent lead, 7.18& percent zinc, and 0.76 percent copper. The precious-motal
content per ton was 0,0738 ounce gold and 5.82 ounces silver. The ore was
shipped to the Keystone mill after that started cperating. The truck haul is
8 miles with the grade egainst the load in the last 2.5 miles.

When the mine was vislted on May 27, 1946, Langloy hed started drifting
on the 300-foot level to continuc the level about 500 feet northwest under the
No. 1 orc czhoot. The level had been advanced 65 feet northwest and also a
little to the southeast.

Langley reportcd that thoy wero entering good lead-zinc ore to the north-
west and some copper ore to the southeast. He was beginning tp stope this ore
while the drift was being advanced, :

éohccntrqgion Tests

Concentration tests of a bulk semplc taken from stopc chutes were mado
in tho Burc¢au of Mines tcsting laborstory at Salt Lake City. Sclective flota-
tion, after grinding to minus 65-mesh, rccovered 86.8 percent of /the lead in
a concontratc that assaycd 61 1 percent lcad, 7.4 percent zinc, 2.1 percont
coppur, 1.87 ounces per ton gold, and 34.46 ounces per ton sllver, 68.7 per-
cont of the zinc in a concentratc that assayed 3.0 percent lead, 50.0 percent
zinc, 1.5 porcent copper, 0.30 ounce per ton gold, and 7 2 ounces por ton
silvor.

1L/ Chas. A. Kumke.
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A third copper-iron concentrate assayed 24.0 percent copper, 0.27 ounce
per ton gold, and 2.15 ounces per torf silver. The copper recovery in this
concentrate was 65.l4 percent.

ALPHA MINE

Location, Accessibility, and Ownership

The Alpha mine is situated about 1 mile from the Summit mine on the
western slope and near the crest of the Cerbat Mountains in sec. 32, T. 23
N., R. 17T W. It is about 7 miles southeast of Chloride and 4 miles cast of
the old Kingman-Chloride highway. It-is 4.5 miles by road from the highway
to the Alpha mine. The road to the two mines was improved under the access
road program prior to July 1, 1945. . -

The Alpha group of four claims is owned by Caroline Daniels Moore of'
Kingman. The mine has been leased to Ralph R. Langley, Box 455, Kingman,
Ariz. ' '

History

The mine was located in the late 1860's or early 1870's. It is reported
that $200,00C worth of ore was taken from the mine and shipped. Part of this
wag from the oxidized zone and part from the sulfide zone. No records are
available as to the grade or tonnage of the ore mined. The lower tunnel was
partly cleancd out and retimbered with the aid of an R.F.C. loan. The greater
part of the mine¢ was accessible when the loan was exhausted and the work was
suspecnded.

Description of the Deposit

Tho ore occurs &8 lenses in a fissure vein in granite. This vein strikes
N. 60° W. and dips 50° to 65° northeast. It is continuous and has & consid-
erable amount of gouge for the greater part of its longth. There is very
little motallization except in the sulfide lenses. The principal minerals
are quartz, galcna, sphalerite, chalcopyrite, and pyrite. From the work donc
so far, it appears that the lenses have no connection with each other and that
they do not occur in any regular pattorn,

Development and Mining

An adit was driven from tho hillside a distance of 1,200 feot southcast
on the Alpha voin '(fig. 11). At a point 600 fcot from the portal, & raisoc
wag driven 240 foot on the vein to conncct with tho upper adit or 200-foot .
lovel. This upper tunncl was driven from the surface a distance of 400 feot
on tho vein. From tho lower levol a stope over 300 fect long was carried to
& height of 80 foet, according to minc maps. This stopo has caved, and tho
back 1s inaccossidblo.’ A winze was sunk below the tunncl lovol, and it is
rcported that high-grade ore was takon from tho winzo and an adjoining stopo.
The winzo is now flooded. A small stope has bcen mincd from a sublevel off
the raise to within a.few feot of the upper tunncl. From the upper tunncl a
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stope 150 feet long Wds mined to a height of 30 to 60 feet. This stope
breaks through to the surface. Some ore wds' stoped from below the upper
tunnel, and the stope was filled with waste. No work is being done at the
present time, and most of- the machinery has been removgd‘from the property.

B ~”_-. Samgllgg T : £

A copy of Langley s agsay map of the Alpha mine was furnished to the
Bureau of Mines and is included in this report. Most of these samples were
taken at irregular intervals, and some of them were taken so as to include
small bunches of high-grade ore. Seven samples were cut by the Bureau engi-
neer to check the other sampling. The sampdes from the north side of the
small stope off the main raise are mill-ore grade. The Bureau samples were
cut across the entire exposed width of the vein. The two sets of samples are
shown on the assay plat (fig. 1l). '

-Detailed data on the sampling follow:

Bureau of Mines Samples

; Assays
_ - Length,| Percent Qunces
‘No, Location ‘I' ‘Description - |feet | Pb|Zn| Cu Au | Ag
3204|N, slde of stope below [Heavy sulfides on
200-Tt, level, N, side| foot and hanging
-wall 4.0 0.1 0.7{2.24 |0.040|6.65
3265|Sublevel, 17 ft. south |Oxidized, 1little '
of raise. sulfilde 3.0 | «5] .8] 2% .015{1.45
3266|Sublevel breast. Oxidized, altered
granite 2.0 | .14{.1] .08 .005| .45
3267|Sublevel, N. ¢nd at top |L.foot with heavy A
of ledder. sulfide 3.0 (7.2 3.9]1.78]| .165|5.45
3268|Raise, 25 ft. ‘above sub-0xidized, some sul- '
level, S. sidec fides on footwall| 3.7 | .2| .6 .61 .010|4.00
3269|Stope below 200-foot : = ' :
level, N. sidc above O
platform. Little sulfide 3.0 | .2].5] .84| .015/L.80
3270|Bublevel, 38 feet below [Little sulfide, -
200-foot level. pertly oxidized YD 1.3 .19 .010]|2.30

Later Operation

Ono shipment of 64.8 tons of ore was made to the Keystone mill in 1945,
This averaged 3.94 percent lead, 5.05 percent zinc, and 0.50 percent copper,

“"with 0,07 ounce gold and 7.30 ounces silver per ton. Mr. Zlatnik, of the

Keystone mill, reported that the ore Tesponded exceptionally Well to selcctive
flotation. No work has been done at this mine in 1946,
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GOLCONDA MINE -

The Golconda mine was one of the two deep mines of the district. The
shaft was sunk to & depth of 1,600 feet, and extensive stoping was done above
the 1,400-foot level. Production ceased when the mill burned in 1917. Total
production to that time is reported at $6,500,000 in lead, zinc, gold, and
silver.l5/ The mine has been idle since 1917, although good ore was reported
on the 1,400-foot level. The workings are badly caved, and the mine stands
full of water to the adit on the 600-foot level. ‘ .

DE LA FOUNTAIN MINE

The De La Fountain claim is situated near the summit of the Cerbat Range,
about 15 miles by road north of Kingman, It is owned by Messrs. Farley,
Thomas, and Stevens of Flagstaff, Ariz., and is leased to L. M. Dickens of
Kingman. The mine was operated recently and yielded two carloads of sorted
ore in the last few months. The reported metal content of these ghipments
was 14 percent lead, 28 percent zinc, 0.02 ounce gold per ton, and 2.0 ounces
silver per ton.

It is reported that four levels were opened in the course of the early
mining. Only one is accessible. There are three stopes on this level,
testifying to more substantial production during the earlier operation. -The
remaining ore on this level 1s in small pillars and along some of the stopes
margins. The two carloads of sorted ore shipped by the present operator were
gleaned from these stopes. Four samples, teken from such remmante of ore in
the stopes averaged 3.6 percent lead and 14.2 percent zinc, with negligible
gold and silver over widths of 1 to 4 feet.

JIM KANE MINE

Location, Accessibility, and Ownership

The Jim Kane mine is in Cerbat Canyon near the summit of the Cerbat
range, 5.1 miles east- of paved highway U. S. 93. The road to the property
is in fair condition, but the grades are steep and the curves are sharp in
the last 2 miles.

The group of 1l claims is owned by Jim.Kano, of Kingman, who lives on
the property. .. . na

History -

A small shaft was sunk to a depth of 30 feet during the early mining in
this district. Jim Kane rolocated the claims in 1915 and has held them to
the present time. The California Chemical Spray Co. leased the property in
1939 and drove some drifts from the lower tuhnel. After 6 months work they
gave up tho lease. No work is being done at present. It 1s reported that a

15/ Arizona Bureau of Mines, Arizona Metal Production: Bull, 14O.

1669 - 32 -




T wR ok D B o S CBwubo & wRe o O
dwgga 8 *ggg moom.?vm gomk:d o o @
BE - a® ) o oo .8 - Hh g8do” w 5% 8 e
¢t o =0 =} 0< = 59 3 32' gmoH: AR 0 oo
By il cTRT g F
s a ® o K p o

o of Ahne.

Yo 1 e

2 | Zo A
2644 | 4. 0| 1.4 | 02 o2 |l |o0.70

2845| s.0olo.2| 0.2 .02 | Tr |O
2646 s 3| 2<|oc.2| .03 | 7r 0o
|2647] 5.4 | 28|o0.7 ]| .05 |. /.40
48| 5.2 | 6.3 o3| a5 |7~ | 735
2649 8.5 723 | +8 | .o |.oo5]/ 30
l28sol 65| 0./ o4 02 |7 |O45

Examined Seph /943 — workings access/ble
exceot wihere olferwrsse rrored.

& My S Zroced From rmgo by Klomp, Arierc and Blythe

.

E Jo so s00’

Figure 12. - Plan of workings - Jim Kane mine, Mohave County, Ariz.




‘R.I. L1o1
e v
few cars of ore: were.milled at a local mill and .some ore was shipped direct

. to the. smelter, but o” figures were available ag to the amount or grade of
. this production. Kene stated that a carload of ore had . been shipped. ‘from the
. claim south -of -his house, which dssayed . 47 percent lead and 42 ounces per ton

silver. This ore was packed out hy burros.' He also reported that during the
first World War several hundred pounds .of steel galena was sold for radio

'orystals at $O 25 to $1 per pound.

Description of. the Deposit ‘:c "R N

The ore occurs in brecciated end altered gouge material in a fault zone
striking N. 60° W. and dips 60° northeast...This zone varies in width from 1
foot to'20 feét. The country rocks.are.amphibelite and gneiss intruded by
dikes and irrégular. masses of younger .granite porphyry. In the one accessible.
stope the galéna occurs' in small bunches and in small streaks in altered
granite. Several tons of high-grade galena ore have be¢en sorted and stored
in the 'stope. The ore is very spotty, and hand sorting would be necessary to
obtain a milling grade of ore. . There are several minor feult zones of similar
cheracter that have been partly exposed. In the workings (fig. 12). Small
showings of lead and zinc minerals, occur.in thesec,: but in general the small
bunches of ore are more scattered,than. in.the. major fault zone described
above. A little beryl has been found in two-smail:outcrops of pegratite on
the claim at the south end of the. group. . -Mr. Kane stated that he had picked
up-20 or'25 pounds of crystals. Tvwo small pieces were found on the outcrops
by -tho Bureau éngineers. The pegmatite.does not seem to be & continuous dike,
but rather two " aeparate bunches.. Both .of the detached outcrops ére small.

evelopment._ -----

The underground work1ngs are shown on figure 12, traced from an undatcd
map by Klamp, Artcro, ond Blythe of the. Producers Mining Co.™ ™"

- The prospect was thoroughly sampled by the Producers Mining Co. A.copy
of their assays, supplied by Mr. Kane, :1s .attached. :

......
......
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‘Table 4. - Producers Mining Co, samples from Jim Kane mine

1669

- 3 -

‘ - Width, Ounces Percent

« Noy | - Description feet | Au Ag Pb Zn

.. 2801 [Dump Bt INCLINe SHATT.ssssesesssonenseevs] . - | 0.0L | 1.70| 3.07| 5.80
. 2802 [Dump at :30 foot crosscut tunnel.......... - .02 | 1.40| 5.40| 6.60
2803 [pump at 70 foot crosscut tunnel...esesss. - .01 | 1.00| 4.60| 2.70
2804 [M111 dump at middle tunnel....eeeesoeeass - .01 | 0,60 3.20| 1,10
2805 |Grab of high-grade from QUMP...eecebeosas - Ok | 7.50(59.30 3,60
2806 |[Face of north drift from stope...........| .3.0| .02 | 2.70| 1.56| 1.20
2807 |Cut north drift from stope, middle tunnel L.o .005| Trace |Trace .60
2808 | - . BOwsssssissavssnpansns] W] OL .90} 0.25| 1.15
2809 "7, PR S D ;] A ; 1 ) .90| 3.54| .80
2810 8 owserenusnsrspassas] Pad] 0L 3 90 2.25| 1.30

2811 A0uveseoseonennsnneses| 8.0] .03|71.30| 6.00| 1.L40
2812 |Cut sample stope, north end hanging wall.| 5.0| .Ok |29.40| 3.65| 1.30
2813 |Cut sample StODPEessceescrescsscaacsnonns .i 6.0 .01 .70( 2.10{ .80
2514 |Cut sample stope, £OOtWAll...esessebosses| 3.0| .01 | 1.30( 5.80 3.80
2815 QOvevesrosseansssbrosess| .5 .005 .50( 1.30| 1.00
2816 AOeevssonnscannnsrasess| 3.0/ .0L| 2.40[10,30| 1.80
2817 BB aunsapainiisbhorere 4.0l .02 | 1.00| 3.55| 2.60
2818 QOueovecoscesoashoaess| M5/ .01| 1,50f 8.10f 3.10
2819 AO0uvseossnssvesensansas| 5.5| 01| 1.30| 7.65| .70
2820 A0 sinsssivssnsifocnes .005 .LkO| 0.55| .50
2821 QOvecesesnvevseerenase| UL.5] .02 .30|Trace| 1.00
2822|Cut sample stope, hanging wall.....,.....! 4.0 .08]| 6.10| 5.50| 4.25
2823|Cut corner south drift from stope..,.....| 3.5 .02 | 2.30{11.35| 2.90
2824k |Cut at corner E. gide S. drift 4 ft, S.

Of MANWAY . 0veureoanns teevseessseenseses] 5.5 .03| 3.80| 7.80| 1.90
2825|Cut in raise in hanging wall......ess....| 2.0] .01 .20| 3.00; .90
2826|Below 2825, 0ceerracscesvsscssssascatosenss| 2.0 .01 .50| 2.50| 1.20
2827 | BELoW 282641 vuvsrvencerrosenensanearsaessl 3.0/ JO&! 14,30/13.60 3.80
2828|Cut 10 feet south of 2824...eeeeavessssee| 5.0 .02 1,10| 1.80( 2.50
2829|Cut 10 feet south of 2828....000s00seeeee| 3.0 .02 | 2.30| 0.25 140
283%0|Cut at face south Arift..eeeeessacesioess| 2.0 .02| 2.00| 5.75 1.00
2831|Grab from muck pile at face€..:ieeeesvesnss .01 .90|Trace .50
2832 |Grab from pile in stope.................. .ok | 8.80({17.90| 3,90
28%3%|No., 1 underhand middle tunnel 30 ft. from

POrtal.evueeesanans ey bennisxnsssprssan] D3| Ok .80| 5.50| 1.80
28%4|No. 1 underhand middle tunnel 30 ft., from

16 - i o PR PR S S— seotossss] B0l WO .4o| 3.60| 1.30
2835|No. 2 underhand, 60 feet from portal.....| 1.3| .02| 1.70{ 1.65| 1.90
2836 BOuvenvevennnasataness| 3.0/ .02| 1.60| 4.60| 1.00
2837|Cut in bottom No. 1 drift south middle

tunnel..... CE@s s A B N 5 vawpenenw] DeB] HOL .20| 1.40| 2.50
2838|Cut at No. 1 chute, middle tunnel........| 9.5| .01| 2.00|Trace| .70
2839|Cut face of 30 foot crosscut tunnel......| 2.3 .02| 3.90{15.65| 7.60
2840|Cut incline shaft on pillar..............; 3.0/ .OL| 1.00/ 4 80{11.20
2841 |Cut from north incline shaft.............| 2.5 .01} 2.00|1k.60 6.70
2842|Chip from outcrop south of middle tunnel.| 2.5| .0l | Trace|Trace 1.70

"Tal

No,

20L3

2844
2845
2846
2847
2848
2849
2850
2851
2852
2855
2854
2855
2856
2857
2858
2859
2860
2861
2862
2863
2864
2865
2866
2867
2868
2869

[}
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QQoa0qQaoooaccaa o

2,

C

2870]
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Table 4., - Producers. Mining Co. samples from Jim Kane mine (continued)
A “[Width,] Ounces _ | Percent
No. Descriptidn feet | Au Ag | Pb Zn

2843 ICut from incline raiseeescscecasseeserses| H.3]0.02 | 2.60] K. 75] 4.00
2844 dQuesenecosdossancseest 3.0 .OL .80 4.30| 5.40
2845 |cut from incline raise, north glde..evsss 24,51 .01 | 1.10(11.70| 5.30
28L6 [Cut from incline raise FuW. eoeecseeses.|. 2.04-.,02 .| 2.50[10.10| 8.60
2347 |ICut from LUnne) 5y cenecsnenosssaoosingasiaf « 1s0F 0L .20 |Trace| 2.50
2848 c QO seimsininnniolnsesionameeeseens] ©Du0f 0L ,30! do.| 1.40O
2849 |Grab from dump tuthel Sesbsssedoosnananne .01 .20{ do.| 1.20
2850 [Cut, incline raise above 2846. . 4eeveseesns] - L0} -.0L L3010 2.30| 1.20
2851 [Cut incline raise above 2850..u.evvevesn. 2.0 .005( .10! .50{ 2.30
2852 |cut hanging wall. 5 feet south 2851.......| -2.0| .OL |- 2.40(16,60| 5.10
2853 |Cut incline raise 10 feet 2843....c00000.f  3.2| .01 | 1.00| 4.20| 4. 40
2854 |Cut. middle tunnel St..15, north corner... - 40| .01 . 70! 3.80|Trace
2855 |Cut middle tunnel St.. 15, south corner...;.-3%.5| .0l { .70] 2.10| 0.70
2856 [Cut south drift 12 feet south of st. 156 540 .01 .90| 5.80({Trace
2857 [Cut south drift 35 feet south of st. 15..] L4.5| .02 | 3.30|Trace| do.

2858 [Cut south drift 4O feet south of st. 15..] L4.2; .02 | 4,50, 2,00( 0.60
2859 |Cut middle tunnel st. 16, corner crosséut 2.5| .02 | 3.80| 4.80| 3.80
2860 [Chip from boulders tunnel #5...cecevessss .005Trace|Trace|Trace
2861 |Cut, face of open cut below tunnel #5....[ 2.3| .02 |20.30[ 3.60| 3.70
2862 Cut, outcrop below Kanes hous€..sssssesse 2.5 005 .10{Trace| 2.90
2863 |Car semple from #1L chut@..eeecsoseeiasees - .01 | 1.60{10.70{ .50
2864 |Car semple from #2 ChutC...eseeeesessonne - .0l | 3,10117.10; 4.20
2865|Cut, upper north tunnel....eeeseseeecscssl = 5.0 .01 | 1,800 7.20{ 2.4%0
2866 AOevveivencsloovesessves 3.0|: L0k | 1.60] 9.60[ 5.50
2867 BSsssensanmalssasswnses] ~ a1 SOL | BuB0 6,80 4.80
2868 BCcoenssneeeessoivssns 357 0L | 150 400} T.20
2869|Cut, pit 300 feet north upper turnel.....| 3.0 .005|Trace|Trace| 1.40
2870|Grab dump on Silver Queen claill....v.... - .01 ! 3,90{ 0,10/ 1,00

Thesc assays were copied from a sheet furnished by Jim Kane, who stated that
they were copies of the samples taken and assayed by the Producers Mining Co.

closely with the Producers Mining Co. samples. -

Seven check samples were cut in the main. stope.

‘These agreed fairly -~
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o P

. . : , . ‘ , Agsays
il L s e L length Percent Ounces
No.j . Location 2z . Descyription feet -{-Pb| Zn|'Cu-| Au | Ag
28LL [Stope drift, north breast|Altered granite
' ; ~ - some sulfide | 4.0 [1.4]0.2[0.02 Trace|0.T0
- 2845 [Stope drift, 10 ft. from | - o -
-, I'N, breast....oc0ve S0 4O 50 .2 .2| .02 do. .20
- 2846 |Stope ‘arift, 20 ft. from | *°° S n '
. H. Brenetassssondisssnmng = o0 dg. * 5.3 R.4) .2 .02| do. | .60
2847 [Stope ‘drift, 30 ft. from | =~ = 7 B R N A
N. breastececececeseeses| = do. | 5.1 2,8 .1 .05[0.005(1.40
2848 [Stope drift, 40 ft. from | ie [ o
- N, breagt,ssvesssosnssss] ' " AG:"" 5.2 |6.3| .3| .05|Trace|1l.35
» 2849 |Stope drift, 50 ft. from : _ '
N, breaptisseseesopaaii®] * 7 44, 6.5 [7.3(1.8{ .04|0.005|1.30
2850 |Stope,” northwest side.... do. 6.5 | .1| 4| .02|Trace| .15

* CHICAGO GROUP

The Chicago group of four claims is situated on the north side of Cerbat
- Canyon, about 12 miles by road south of Chloride. The group 1s owned by J.
A. Bell of Summerton, Ariz., and B. Ableman of Chloride.

There are o number of short tunnels, shallow shafts, and pits, all on

. oxldized outcrops of veins. One sample of oxidized vein material was cut at
- the bottom of a 30-foot shaft.” The sample, taken over 2.5 feet, assayed 0.4
- percent lead, 0.2 percent zinc, 0,06 percent topper, 1.9 ounces per ton
silver, and a trace of gold. ' ' SR I

Location,.Accessibility, and Ownership

This property is on a weéstern spur of the Cerbat Range north of Kingman
and south of Chloride. The mine is reached by turning to the east off paved
U. S. Highway 93, 7.7 miles south of Chloride and following a dirt road 3.7
milcs, and then turning left on a branch road that leads to the Cerbat mine
about 1 mile north. The last mile of the rocad is impassable.

There are five claims in the group, owned Jointly by F. A. Morrison, of
Kingman, who is in charge of the property, and the Pelton brothers. Three
of the claims are patented and two are unpatented.

History

The property was worked intermittently during the period 1869 to 1906
for geld and silver. It was credited with a production of $200,000 in gold
and $50,000 in silver.lﬁ/ The mine was acquired by the present owners in

16/ Arizona Bureau of Mines, Arizona Motal Production: Bull. 1LO. ser. 19.
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VIDANO CLAIMS

Two and one-half miles north of Bagdad and west of the Hill-
side mine road (Fig. 38), several quartz veins. 3 inches to 1 foot
wide. occur in the granite. They have a general north strike and
steep dip east and west. Eight unpatented claims, Vidano 1 to 8.
are held by annual assessment work by Bert Vidano. Several
trenches, shafts. and short adits have been excavated along the
veins. Most of the vein outcrops are parren except for a little
limonite and malachite stain. Locally sulfides occur in the quartz
and a shipment in 1936 of hand-sorted galena is reported to have
contained gold, silver, and copper, in addition to the lead.

ALLAPAI MINING DISTRICT, MOHAVE

CHAPTER XI—W
COUNTY, ARIZONA'

By McCreLLanD G. DiNGs*

INTRODUCTION

The Wallapi mining district, northwestern Arizona, is in Mohave
County about 15 miles north of Kingman. The district is about
10-miles long and 4 miles “wide, trending northwest obliquely
across the Cerbat Mountains. It includes the principal mining
camps of Chloride. Mineral Park, Cerbat, and Stockton, all of

which are nearly deserted, except Chloride.

The topography is moderately rugged with maximum relief of

about 3500 feet: the highest point is Cherums Peak, altitude

6.973 feet. The Cerbat Mountains rise sharply from the detritus-
the east and west.

filled valleys bordering the mountains on
HISTORY AND PRODUCTION

Between 1863 and 1900 many of the deposits were discovered by
prospectors in quest of silver and gold which occur in the oxidized
parts of the fissure veins: the silver is commonly in very rich
concentrations. Cerargyrite, argentite, native gold, and galena

were the principal ore minerals recovered in the early days. Im-

provement in transportation facilities and in milling methods led
to subsequent production of base-metal ores. At first galena with
a low silver content was mined. but later sphalerite also became

eral of the district. Zinc-lead production

an important ore min
reached its peak during the vears 1915 to 1917 when metal prices

were high and there was large-scale production from the Tennes-
see and Golconda mines. In October, 1917, a fire destroved the
Golconda mill and other surface equipment, and since then the

‘published by permission of the Director, U.S. Geological Survey. Manu-
script received March 31, 1949. A detailed report is in preparation pertain-
ing to the field work done in the district from February to June, 1943.

“Geologist, U.S. Geological Survey.
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Té;lgel;::ep;?&ueceg only on an intermittent and small scale. The
e s Sl"lortO'WSI“/i?)I(‘:i h;s produced for many years e.xcept
Drogeess p s during which operations were not in
Th 5 mi
Shaftgrzgge agoout 225 mines, p}us an estimated 1,000 shallow pits
g le{rgelvp ospects in the district. Most of the mines arep 1d
e the“oygfdfzrégrzely inaccessible. Only a few reached dep?hs
e one which commonly ranges from 50 to 200
The total value of i
) tal gold, silver, copper, lead i
in the district from 1801 to 1946 was §23,984.960." Sovoral million
s . e 1<?leded to this total for the value of ore produégg
D producerw hen no accurate records were kept. The largest
past L combinsed iﬂﬁpgse}? the Tennessee and Golconda mi%ebs
as ac :
the total value of the lead andcfiﬁgtgiogﬁc:c?om Ho R fog: S
t
GEOLOGY ’

Th i L
rockse E(k)lci*lggvofofthf district consist of pre-Cambrian ¢ stalline
T, T ,:,vl‘;amtlc': composition, cut by large r.asses Lof
ey S&)mg arnel e (Fllg. 45). Dikes are scattered throughout
e th e parallel to the prominent northwest-trending
SyStoR ol ¥ed Si{ ut others trend in various directions. Renma“‘b‘
ol £ m(;crgsin(;fo?rtofalge k’)I‘ertiar:v and Quaternary age 'A*t:;
: e e ' ; B, = al
mrﬁ?e aren shoom on Figure 14;t Mountains but are not present
hornglsgdeéC:ér}llbrlan.ropks consist of a complex of amp};ibolite
Eranie aad ae ist. biotite SCh.IS.t, chlorite schist, diorite gnei‘;
oo granitS'OCI?tfl('i pegmatitic bodies, granite gneiss schistob;e.
amphib’olite ariec t;ce ﬁt(.)stand. garnetiferous schist. Gr:anité anbd
pr%dominant. widespread types, and the granite is
h 2 A e
. da;ekainr};};;b(%h‘ci,llw }EIC}‘]. is one of the oldest rocks in the area. is
epidotizgd e ?:ut cz)ck fine to medium-grained rock commox.ﬂ\'
e e v granite pegmatite intrusions. It is widelv
i ;);115 ic;lu’ihteh? area but is particularly conspicuous
M’ilzlkelzral s A ow hills between Cerbat Canvon and
Somsogf)ii—fggrék_)rian granites are represented by many types
oo prabably d'jl‘fes are distinct and separate intrusions but oik}:erb“
ik glis ifferentiation facies. Typically the rock is liﬂhtb
amoimt of maﬁ_cglr‘ra:;geegzilsggglise?ldb'gtltimite g B sr;ali
_ ; iotite.
usl%aeligr i\lﬁht buff. less commonlgf, reddish ggg\?ilered surfaces are
Wl St;réira}lll Park in the central part of the district a large
SHHuIe S It‘zs intruded the pre-Cambrian granites gneisseb*
. Its age is tentatively assigned to late Jurassic or earli:

*Production data furni
Lake City, Utah. urnished by C. E. Needham, U.S. Bur. of Mines, Salt
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Cretaceous, the same as the batholiths of California and western
Nevada. The granite is essentially medium-grained, slightly
porphyritic, and intensely altered, although there are many facies
of fine or coarse grained granite, granite porphyry, porphyritic
granite, and granite pegmatite. Numerous small stocks and ir-
regular bodies of greenish-black gabbro and associated diabase
dikes occur most commonly in the southern part of the district.
These are probably differentiation facies of the granite stock.
Mineralizing solutions that formed the veins in the district are
believed to be genetically related to the late Mesozoic (?) granitic
intrusion.

Dikes of many different compositions are widespread. In thick-
ness they range from a few inches to 300 feet. Some extend along
strike for only a hundred feet or less whereas others, notably the
rhvolites, extend for long distances (Fig. 45). The most abundant
dike rocks are granite pegmatites of both pre-Cambrian and late
Mesozoic (?) age. and dikes formed from them are usually nar-
row and of short lateral extent. Aplites are not common. Other
dike rocks. some of which are abundant locally, include lampro-
phyre, andesite, diabase, porphyritic granite, granite porphyry,
and rhyvolite. and are probably differentiation products of the late
Mesozoic (?) intrusion.

The structure of the rocks is complex. Gneissic and schistose
structures are common; the prevailing schistosity strikes north-
east with steep dips, either northwest or southeast. Large and
small folds, generally with northeast trends, are common. The
most prominent fold is near Chloride where the outcrop pattern
of the amphibolite indicates a northeast-plunging anticline. Promi-
nent joint systems. sheeting, and small shear zones, commonly
with northwest strikes, are abundant. Faulting is widespread
and is usually well expressed by a prominent system of northwest-
trending fault fissures in which many of the later veins are lo-
cated. The dips of the fissures are generally steep, and northeast
dips predominate. In places the fault fissures are in conjugate
systems. The fissures show much branching and in a few places
considerable horsetailing. Gouge and breccia, as well as numer-
ous tear faults in the walls, are present along some fault fissures.
The direction of the striations along the walls of the faults is
nearly horizontal in places, but a greater number of striations
show dips ranging from horizontal to parallel with the dip of the
steep fault surface.

From the southern end of the district northwest to the folded
area near Chloride the fissures maintain a general parallelism
in strike, which is approximately at right angles to the regional
schistosity. In the folded area near Chloride, however, the fis-
sures conform to the general direction of schistosity. Here they
change first to a more nearly north strike, then follow the curva-
ture in the strike of the rocks to the north and west around the
axis of the fold so that in the extreme northwest part of the map-

ped area the fissures strike nearly due west.
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The age of the faulting that i
_ produced the prominent northw
glljelits S?gs:rx;gsslcshin?t knotwn.t The fact that the faults cut th:;ﬁ
i stose structures and in turn are filled, o :
?riéeiciéigsrr;z}ilr;%z It:)}llacgs .ls_y 1late Mesozoic (?) dikes and vein r;ziil;tigl
e initial, and probably most intense, mov
?rfctlll'g%ci eafézxr'n ’Ebh(? gnelssicland schistose foliation was deveelrcr)ls:ci
i pre- rian complex and prior to the late M ic (?
intrusion. Brecciation of the vein m ial i o maeop U
aterial in a few places indi-
g;mltﬁ)s v:i};agtosx'%rx:ii I;21;)_\{t.emenl_l’c‘ho.ccurred at intervals throﬁghoit";ild
. ition. is movement is believed t
largely a minor adjustment al b s
ong the relatively k
fault fractures. Additional faulti i e e T
‘ es. ulting, believed to be younger th
}:gear;gilvoglzii;lsttr}?_enfts al}t(')ng the northwest fault ﬁssgres gcgurrzg
; this faulting was of minor importance ar,xd is m
commonly expressed by crosscutting faults of small dis lagejE
ments offsetting the dikes and veins. P
™ ORE DEPOSITS :
e ore deposits occur in quartz vein i
1 . s filling the fault fi
g‘rllxg :\}zledrtall’lggsf :';ht% \Lrle;nstralngesffrom a few incl%es to about gguff;
1 eet. In a few places the deposit in lodes
which rarely exceed a width of 50 f e st
3 t. In length th i
from less than 100 feet to al mi et ein). and the
most 2 miles (Victory vein
%gitg)gef?éecéength lof, the veins in the district is?labout) éai%]r?lifgf
mmonly steep, and rei i ips
al(r)l{lhg i dowrf) iy some veins show reversal in dips
e type of wall rock has had little eff :
VE ect upon the ch g
(i)rf the Le_éns.except that some veins tend to brapnch more ?gzgti‘f\l'
inca}lln}g sle Voélrt:I tfh;\rg in grgdm}‘ie. Soft gouge bands, a fraction of an
/ et in widbh, may be present on the hanging or
{\;)Ig'ilwa\lvl, on b}(l)th walls, or they may traverse the veins irreggulagrlv.
A ){S rr?(l)rclisérafwtevelr" ﬁge érozen to the walls. Wall rock altera-
. e to slight. Sericitization is the most common ty
gi ?llt:}f:;;ozbbut lolcé:;lllylsiliciﬁcation has developed along slr;e?tgs
nes. yolite and granite are generall i
tensely silicified than the basic di : Shiite boiies.
: ] ikes and amphibolite bodies
Pyrlfte commonly impregnates the wall rock foxP distances raifgb-'
1n% hrom a fraction of an inch to several feet.
e vein minerals fall into three general groups: idati
s: oxidat
%I;oducts, products of downward sulfide enrichrr%ent,pand primelz?*g
b ypogene) mlnerals. Minerals of interest in the oxidized zone
an((ei iziiggsﬂlgteAand,t'_c;) a le}?s extent, native silver, native gold
. Argentite is the most important ore mi 1i .
secondary sulfide enrichment zone. In gl i
: : ; the early years of mini
glcolfxtn ztr'isn;é?)ré w;xs paid tofthg oxidized and secgnscliary sulﬁdlemerlligj
s because of their precious metal content 1
;‘:cetn‘_c years the base metals of the primary zone have I;eggtt}llg
zo%se ;nepg;ﬁzrll;_’{he rr(;ost 11mportant ore minerals of the primary
¢ ite and galena, and, to a lesser extent, chal F
rite. Gangue and less common ore minerals include q’uartzco(?a}l-
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cite, manganiferous siderite, rhodochrosite, pyrite, molybdenite,

argentite, tennantite, pearceite, polybasite, and stibnite.

The ore shoots in the unoxidized zone are complex assemblages
of galena, sphalerite, and pyrite in quartz gangue. Chalcopyrite
is not nearly as abundant as sphalerite, galena, or pyrite; but at a
few of the mines. such as the Pinkham, Midnight. and Keystone,
a moderate amount of copper was recovered along with the other
ores. Much of the vein matter is very low grade. Narrow stringers
and small irregular masses of the valuable minerals may persist
throughout almost the entire length of the vein, but they are too
narrow to be commercially valuable unless their gold and silver
content is high. A few quartz veins that are barren occur but such
veins are short. Most of the veins have not been explored to
sufficient depths to warrant condemnation based on the low base-

metal content.

Ore shoots commonly range in widths from 1 to 4 feet, and

lengths and breadths of 10 to 50 feet. However, one ore shoot in
the Tennessee mine extends 400 feet horizontally and 700 feet
rertically. Reports on the inaccessible workings of the Golconda
mine are that one ore shoot exceeded in size any in the Tennessee
mine. Commercial ore has been reported at a depth of about 1,600
feet from both these mines, which are the two deepest in the

district.
Localization of ore bodies may occur-at-intersections or forkings
in changes, but these criteria

of veins or where the strike of the vei
are extremely genetral and none too trustworthy. Chalcopyrite
and sphalerite show a tendency to increase with depth although

exceptions occur. Chalcopyrite has been found in larger amounts
nearer the Mesozoic (?) granite intrusion than in the outlying
areas, but indications of pronounced lateral zoning in the district
are generally lacking. Also high silver content is present in veins
in the extreme southeast and northwest parts of the district, sug-
gesting that the greatest silver concentration formed at a con-
siderable distance from the main intrusive body.

FUTURE ECONOMIC IMPORTANCE

The future economic importance of the district lies chiefly in
the base-metal content of the veins. The majority of veins have
not been explored sufficiently at depth to test the base-metal con-
tent, particularly the zinc content. From a geologic study of the
veins in the district there is no positive reason for assuming that
any of several other veins will not be as productive of lead and
zinc as the Tennessee or Golconda veins. Future development

work, particularly at greater depths, on the many miles of veins
in the district may disclose several veins s that will prove “to be

their equal or better.
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VIDANO CLAIMS

1f miles north of Bagdad and west of the Hill-
side mine road (Fig. 38). several quartz veins, 3 inches to 1 foot
wide. occur in the granite. They have a general north strike and
steep dip east and west. Eight unpatented claims, Vidano 1 to 8.
are held by annual assessment work by Bert Vidano. Several
trenches. shafts. and short adits have been excavated along the
veins. Most of the vein outcrops are barren except for a little
limonite and malachite stain. Locally sulfides occur in the quartz
and a shipment in 1936 of hand-sorted galena is reported to have
contained gold, silver, and copper, in addition to the lead.

Two and one-ha

CHAPTER XI.—WALLAPAI MINING DISTRICT, MOHAVE
COUNTY, ARIZONA!

By McCreLLaND G. DinGs*

INTRODUCTION

strict, northwestern Arizona, is in Mohave
north of Kingman. The district is about
10-miles long and 4 miles wide. trending northwest obliquely
across the Cerbat Mountains. It includes the principal mining
camps of Chloride. Mineral Park, Cerbat, and Stockton, all of
which are nearly deserted, except Chloride.
The topography is moderately rugged with maximum relief of
about 3.500 feet; the highest point is Cherums Peak, altitude
6.973 feet. The Cerbat Mountains rise sharply from the detritus-
filled vallevs bordering the mountains on the east and west.

HISTORY AND PRODUCTION

Between 1863 and 1900 many of the deposits were discovered by
prospectors in quest of silver and gold which occur in the oxidized
parts of the fissure veins; the silver is commonly in very rich
concentrations. Cerargyrite, argentite, native gold, and galena
were the principal ore minerals recovered in the early days. Im-
provement in transportation facilities and in milling methods led
to subsequent production of base-metal ores. At first galena with
a low silver content was mined. but later sphalerite also became
an important ore mineral of the district. Zinc-lead production
reached its peak during the vears 1915 to 1917 when metal prices
were high and there was large-scale production from the Tennes-
see and Golconda mines. In October, 1917, a fire destroved the
Golconda mill and other surface equipment, and since then the

The Wallapi mining di
County about 15 miles

1published by permission of the Director, U.S. Geological Survey. Manu-
script received March 31, 1949. A detailed report is in preparation pertain-
ing to the field work done in the district from February to June, 1943.

:Geologist, U.S. Geological Survey.
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mi ) :
Térrllﬁe};gzep;(])&uceﬁl only on an intermittent and small scale. The
S e}i owever, has produced for many years except
al short periods during which o i it B
enhn perations were not in
There i
Shaﬁgreaﬁge about 225 mines, plus an estimated 1.000 shallow pits
. lérgelx' %rospegts 1n.the district. Most of the mines arepoleci
o the“ox;‘dfzrétc;rgly inaccessible. Only a few reached depths
oy one which commonly ranges from 50 to 200
The total value of i
) tal gold, silver, copper, lead, and zi
:irz)ltlgssdrls;ﬂicé frogln 1901 to }946 was $23,98=’.«.9('30.’r‘1 Szzﬁia%rfnﬁﬁggd
Crie e s e ﬁ ded to this total for the value of ore produceg
B o Toninne When no accurate records were kept. The largest
past I combi;zd z;\lﬁpgfeg the Tennessee and Golconda miﬁebs
as account .
the total value of the lead and zilrllré ;Crloffurc:émm S ip== L
%
GEOLOGY ’

T } —_—
rocl?se Ez?‘l;fsi of fthe district consist of pre-Cambrian ¢ stalline
Meso’zoic (o)y Or g};&mhg composition, cut by large r.asses Bf
ey S;)mg :m e (Fig. 45). Dikes are scattered throughout
etom ot v re parallel to the prominent northwest-tre;d'rc
5y vo]caﬁi\ elnsi(bugothers trend in various directions. Remn l*::::
T thec r;(;crgsinzf pfn‘tohba}:éle Tertiary and Quaternér\; age‘aﬁfz
‘ 0 e Cer i C -
m'IE}}:e areacshown oo P 1E;t Mountains but are not present
e pre-Cambrian rocks co i )
" : ToC nsist of a complex of iboliz
gl?;rr:il:;leezgz ;chlsp biotite schist, chlorite sghist. dig;?t%hlgbr?(lif.
ik rmfts‘ocxategi pegmatitic bodies, granite gneiss sc}vl"st:;:e.
amphik;ol%te alrlec ti%hlrit, :md_ garnetiferous schist. Grénité and
pr%dominant. ost widespread types. and the granite is
h S o i s
i dafkaglr%};lbc;ht%l-w}l-lch’ is one of the oldest rocks in the area. is
it and% t%clx, fine to medium-grained rock commor.wl‘v
Py s i £ u 1 y granite pegmatite intrusions. It is widéﬁ-
ol 1 arlﬁ i?luihtg‘)? af‘e}? but is particularly conspicuo‘:is
Ma{leral ek ow hills between Cerbat Canyon and
Sonﬁfolf)rti-ecgr%brian granites are represented by many types
are probubl %_flfes are distinct and separate intrusions but o:clf“"w
il med'y ifferentiation facies. Typically the rock is lic::’s
£ray, e ;l:;i—cgﬁilgggélsgnﬁl'ssf;)idb granite containing a sr?rli
_ . chiefly biotite. W ar
us;lraegy i\l/{ght buft, less commonljir’ reddish brc()axavtri1 ered surfaces sre
granitg st(l)ré?{ril Park in the central part of the district a large
o i X as intruded the pre-Cambrian granites, gneisse:"
L age is tentatively assigned to late Jurassic or ear‘-?\:

“Production data furni
Lake City, Utah, urnished by C. E. Needham, U.S. Bur. of Mines, Salt
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Cretaceous. the same as the batholiths of C.aliforniz; and wlgs‘;letxir}
Nevada. The granite is essentially medium-grained, s 1fg 'e}
porphuyritic, and intensely altered, althoggh there are manyh aciltiz
of fine or coarse grained granite, granite porphyry, porp y(;" :
granite, and granite pegmatite. Numerous small s_tock; (z;n bal;(_e
regular bodies of greenish-black gabbro and assoc1at$1 d'lat .
dikes occur most commonly in the southern part of the lstrlck.
These are probably differentiation facies of the gra(?lte'stogre.
Mineralizing solutions that formed the veins in the ;StI‘lC ¥
believed to be genetically related to the late Mesozoic (?) gra
intrusion. . . -
m%?lfé(: of manv different compositions are \Vldespreac%. IrZ{thlle
ness they range' from a few inches to 300hfeet. Sg)}rlr;e e;toetr;bli Otl;lg
) her IS
strike for onlyv a hundred feet or less whereas 0 , y the
i ct for iste .45). The most abundan
rhvolites. extend for long distances (Fig Che most 2004 Tate
ike rocks are granite pegmatites of both pre-Cambria :
iilé:ozoic (2) a?ze. and diies formed .from them are usuallyo?k?rr
row and of short lateral extent. Aplites are not <.:0mrnoni rf)-
dike rocks. some of which are abundant 10;a11y, mqlude anﬁp{
phyre, andesite. diabase, porphyritic granite, granite porp }111'%’,
and rhvolite. and are probably differentiation products of the late
oic (?) intrusion. o )
M?IS}?S strL(lc?cure of the rocks is complex. Gnels_sxc and schlst%sle
structures are common; the prevailing schistosity strikes norf ci
east with steep dips, either northwest or southeast. Large '?‘Ille
small folds, generally with northeast trends, are common. i
most prominent fold is near Chloride where the outcrop pf;a eri-
of the amphibolite indicates a nort;least-ﬁluﬁglr;gzaorrlltsshrgg;n r;grrrlll y
joi i shea 5
nent joint systems,.sheetlng, and sma s e |
ith northwest strikes, are abundant. Faulting !
Zlvrid is usually well expressed byha promm?r{ir1 syiécteg; (z]fe?r?;*tgxe%-
ding fault fissures in which many o e
tcra(igd,m'%he dips of the fissures are gerlxerf?lly steep, apd ?oorf;x};ge:tsé
i edominate. In places the fault fissures are 1n
S\I'Es)'fegfs. The fissures show much branching and in a few places:
considerable horsetailing. Gouge and ‘?relcmg,siin:rilual\ts f?s‘;?reers
ous tear faults in the walls, are present a on B
i i iati long the walls of the faults
The direction of the striations a e
v horizontal in places, but a greater num t
Isl;:g\rv)dips ranging from horizontal to parallel with the dip of the
1t surface. ]
Stel%?orfr?uthe southern end of the district northwest to the 1flollgled
area near Chloride the fissures maintailr}c a gienelgaltggrraeg?;rsgi
i i rhich i i ly at right angles to
in strike, which is approximately e O e e fe-
i itv. In the folded area near Chloride, how .
Z::.l}rl:esstocséﬁorm to the general direction kof s;:lhlstfoslllty. gliriutgea)i
first to a more nearly north strike, then I1ollow
;:1}11?: gn(:. the strike of the rocks to the north and west around the
axis of the fold so that in the extreme northwest part of the map-
ped area the fissures strike nearly due west.
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The age of the faulting that produced the prominent northwest
fault fissures is not known. The fact that the faults cut the old
gneissic and schistose structures and in turn are filled, or partly
filled, in many places by late Mesozoic (?) dikes and vein material
indicates that the initial, and probably most intense, movement
occurred after the gneissic and schistose foliation was developed
in the pre-Cambrian complex and prior to the late Mesozoic (?)
intrusion. Brecciation of the vein material in a few places indi-
cates that some movement occurred at intervals throughout and
following ore deposition. This movement is believed to have been
largely a minor adjustment along the relatively weak northwest
fault fractures. Additional faulting, believed to be younger than
the minor adjustments along the northwest fault fissures, occurred
in a few places; this faulting was of minor importance and is most
commonly expressed by crosscutting faults of small displace-
ments offsetting the dikes and veins. .

ORE DEPOSITS ‘

The ore deposits occur in quartz veins filling the fault fissures.
The width of the veins ranges from a few inches to about 35 feet
and averages 3 to 4 feet. In a few places the deposits are in lodes
which rarely exceed a width of 50 feet. In length the veins range
from less than 100 feet to almost 2 miles (Victory vein), and the
aggregate length of the veins in the district is about 85 miles.
Dips are commonly steep, and some veins show reversal in dips
along the strike or down dip.

The type of wall rock has had little effect upon the character
of the veins except that some veins tend to branch more readily
in amphibolite than in granite. Soft gouge bands, a fraction of an
inch to several feet in width, may be present on the hanging or
footwall, on both walls, or they may traverse the veins irregularly.
Many veins, however, are frozen to the walls. Wall rock altera-
tion is moderate to slight. Sericitization is the most common type
of alteration, but locally silicification has developed along sheeted
and shear zones. Rhyolite and granite are generally more in-
tensely silicified than the basic dikes and amphibolite bodies.
Pyrite commonly impregnates the wall rock for distances rang-
ing from a fraction of an inch to several feet.

The vein minerals fall into three general groups: oxidation
products, products of downward sulfide enrichment, and primary
(hypogene) minerals. Minerals of interest in the oxidized zone
are cerargyrite, and, to a less extent, native silver, native gold.
and cerussite. Argentite is the most important ore mineral in the
secondary sulfide enrichment zone. In the early years of mining
most attention was paid to the oxidized and secondary sulfide en-
richment zones because of their precious metal content, but in
recent years the base metals of the primary zone have been the
most important. The most important ore minerals of the primary
zone are sphalerite and galena, and, to a lesser extent, chalcopy-
rite. Gangue and less common ore minerals include quartz, cal-
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cite, manganiferous siderite, rhodochrosite, pyrite, molybdenite,
argentite, tennantite, pearceite, polybasite, and stibnite.

The ore shoots in the unoxidized zone are complex assemblages
of galena, sphalerite, and pyrite in quartz gangue. Chalcopyrite
is not nearly as abundant as sphalerite, galena, or pyrite; but at a
few of the mines, such as the Pinkham, Midnight, and Keystone,
a moderate amount of copper was recovered along with the other
ores. Much of the vein matter is very low grade. Narrow stringers
and small irregular masses of the valuable minerals may persist
throughout almost the entire length of the vein, but they are too
narrow to be commercially valuable unless their gold and silver
content is high. A few quartz veins that are barren occur but such
veins are short. Most of the veins have not been explored to
sufficient depths to warrant condemnation based on the low base-
metal content.

Ore shoots commonly range in widths from 1 to 4 feet, and
lengths and breadths of 10 to 50 feet. However, one ore shoot in
the Tennessee mine extends 400 feet horizontally and 700 feet
vertically. Reports on the inaccessible workings of the Golconda
mine are that one ore shoot exceeded in size any in the Tennessee
mine. Commercial ore has been reported at a depth of about 1,600
feet from both these mines, which are the two deepest in the
district.

Localization of ore-bodies-may-oceur-at intersections or forkings
of veins or where the strike of the vein changes, but these criteria
are extremely general and none too trustworthy. Chalcopyrite
and sphalerite show a tendency to increase with depth although

exceptions occur. Chalcopyrite has been found in larger amounts
nearer the Mesozoic (?) granite intrusion than in the outlying
areas. but indications of pronounced lateral zoning in the district
are generally lacking. Also high silver content is present in veins
in the extreme southeast and northwest parts of the district, sug-
gesting that the greatest silver concentration formed at a con-
siderable distance from the main intrusive body.

FUTURE ECONOMIC IMPORTANCE

The future economic importance of the district lies chiefly in
the base-metal content of the veins. The majority of veins have
not been explored sufficiently at depth to test the base-metal con-
tent, particularly the zinc content. From a geologic study of the
veins in the district there is no positive reason for assuming that
any of several other veins will not be as productive of lead and
sinc as the Tennessee or Golconda veins. Future development
work, particularly at greater depths, on the many miles of veins
in the district may disclose several veins that will prove to be

their equal or better.
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ORIGIN OF CERTAIN RICH SILVER ORES NEAR CHLORIDE
AND KINGMAN, ARIZONA

By Epsox S. Bastix.

INTRODUCTION.

The mineral deposits of the Cerbat Mountains between Kingman
and Chloride, in northwestern Arizona, were described by Schrader*
in 1909. The writer visited some of the silver mineg and prospects
of the Cerbat Mountains in 1913, in the course of a study of silver
envichment undertalken by the United States Geological Survey in
many mining camps of the western United States. The work of
preparing the results for publication has been delayed by the war
and other causes.

The practical application of the results lies in the determination
of the extent to which the several silver minerals of the ore are
secondary or primary and hence to what extent they are likely to
play out at moderate depths or to persist below the reach of surface
processes of alteration. The results are summarized at the end of the
report.

The mines described were reached from Kingman, on the main
line of the Atchison, Topeka & Santa Fe Railway, and from Chloride,
the terminus of a short railroad line from Kingman.

GENERAL FEATURES OF THE AREA,

The area here considered is arid, with hot summers and mild win-
ters. The annual precipitation is about 5 inches, almost never in the
form of snow. The area is for the most part treeless, and its vegeta-

~tion is of desert types.

The Cerbat Mountains constitute one of the numerous desert ranges

" of nearly north-south trend that form a characteristic feature of the

 Great Basin topography. In the parts of the range under discussion

V\lhe altitude ranges between 4,000 and 6,000 feet.

\

~ The Cerbat Mountains consist in the main of pre-Cambrian igneous
and metamorphic rocks, and these form the wall rocks at all the mines

+ Schrader, F. C., Mineral deposits of the Cerbat Range, Black Mountains, and Grand

Wash Cliffs, Mohave County, Ariz.: U. 8, Geol. Survey Bull. 397, 1909.

( \ 17
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visited. Near Kingman and along the western flank of the range
occur rhyolite, andesite, and other volcanic rocks of Tertiary age.
The familiar desert wash occupies the valleys that flank the moun-
tains.

The ore deposits of the Cerbat Mountains are veins of prevailingly
northerly or northwesterly strike and steep dip. Al those studied
have been worked mainly for their silver content, although minor
amounts of gold were present in some. A few veins Worl\ed mainly
for their base metals were not included in this investigation. The
veins are believed by Schrader to have been formed in Tertmu’ time
and to be connected in origin with the granite pmph\ ry of the area.

The bulk of the silver produced in thls area in the seventies and
eighties came from oxidized ores extending from the surface to
depths varying from 50 to 300 feet. Cerargyrite (horn silver) and
native silver were the dominant silver minerals of these ores. In
the lower part of the oxidized zone ruby silver (proustite) was com-
monly present, in leces so abundantly as to constitute very rich ore.
Most of the silver veins were worked to depths of only a few hundred
feet and in 1913 had been idle for many years. Few workings could
be entered, and samples of the ores were obtained mainly from the
dumps or were generously donated by former operators from their
personal coIlectlons. Specxmens of the rich oxidized ores were not
available, and these studies therefore relate almost whelly to the
sulphide ores.

The reasons for the suspension of mining on most of the silver
veins were probably complex. Foremost, perhaps, was the rapid de-
cline in the price of silver between 1885 and 1895. To this was added
the fact that the sulphide ores were in general not as rich as the
oxidized ores and were more costly to mine. Resumption of mining
during the recent period of high silver prices has perhaps been hin-
dered b} a fear that the best of the ruby silver ores also owed their
richness to enrichment by waters of surface origin, but as indicated
on pages 36-39 this belief appears to have no justification in fact.

CHLORINE IN SURFACE WATERS.

The abundant development of silver chloride in the oxidation of
the ores of this desert area suggested the testing of the surface
waters for chlorine by neutralization with silver nitrate tablets of
known weight in the presence of an indicator. Because most of the
streams are intermittent only one good opportunity presented itself
for such a test. The water of a stream in Tennessee Wash, a quarter
of a mile east of the Elkhorn shaft, was collected at a point where
it emerged from a dry wash. This water carried about 80 parts
per million of chlorine, a large content as contrasted, for example,

Al
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with the average chlorine content of surface waters close to the
New England coast, which is about 6 parts per million.? For com-
parison may be cited the chlorine content of G5 parts per million*®
in descending mine waters in the West End mine (500-foot level)
at Tonopuh, Nev., and of 127 parts per million * in similar waters
of the Comstock lode, Nev. Both these Nevada waters occur in re-
gions climatically much like the Chloride-Kingman area.

DETAILED DESCRIPTIONS.
DISTAFF MINE.

The Distaff mine is about three-quarters of a mile east of Chloride.
The shaft is on the southwest slope of a small hill, and the shaft
collar is about 250 feet above the level of the plain on which the
town is situated.

The wall rock is somewhat gneissic granite, and the vein, 2 to 3
feet in width, isnearly vertical and strikes nearly north,about parallel
to the foliation in the granite. The vein has been traced for about a
mile. The principal surface indications of the presence of a vein are
several bands of white quartz 1 to 3 inches in width. When this
quartz from the surface is broken it is occasionally found to inclose
pyrite, but commonly small limonite-stained cavities mark the origi-
nal position of the pyrite grains; in addition there is staining \\xth

- limonite along fractures traversing the vein and the granite. There
is no heavily iron-stained gossan or ¢ iron hat.”

The Distaff shaft was reported to be 265 feet deep, with short
levels at 100, 200, and 250 feet. At the time of visit the mine was
idle and the water stood about 220 feet below the collar of the shaft—
that is, close to the level of the flats bordering the hill on which the
mine is situated.

All ore above the 250-foot level is reported to have shown oxida-
tion. ITorn silver (cerargyrite) was the principal silver mineral
from the surface to depths of 100 to 150 feet. Native silver was
most abundant somewhat deeper; some occurred on the 100-foot
level, but most of it between the 200 and 250 foot levels. Schrader ?
mentions the occurrence of slabs of native silver many pounds in
weight. A specimen in the collection of Jack Lane at Kingman
showed a slablike mass of native silver one-eighth of an inch thick
along a fracture in sulphide ore. Wire silver occurred in small vugs
in this ore.

#Jackson, D. D., The normal distribution of chlorine in the natural waters of New York
and New England: U. S. Geol. Survey Water-Supply Paper 144, 1903,

3 Bastin, I, S., and Lnnu;, F. D., Genesis of the ores at Tonopah, Nev,: U. S. Geol.
Survey Prof. Paper 104, p. 29, 1918.

* Bastin, E. 8., Bonanza ores of the Comstock lode, Virginia City, Nev.: U. S. Geol. Sur-
vey Bull. 733, p. 60, 1922,

5 Op. cit,, p. 60,
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In ore from the bins argentite was noted in two associations—
(1) in scattered thin fungus-like patches along fractures in unoxi-
dized ore, and (2) intimately associated with proustite and pearceite
in quartz-lined vugs in unoxidized ore; some of this argentite is well
crystallized. In one specimen from the 250-foot level small octahe-
dral crystals of argentite show quartz crystals coating them or im-
planted on them. Minute amounts of chaleopyrite and sphalerite
are intercrystallized in places with this argentite, and all three min-
erals should apparently be interpreted as primary (hypogene),
whereas the argentite occurring in fungus-like patches along frac-
tures is probably secondary (supergene).

Proustite was noted in ore from the 230-foot level in irregular
masses as large as the end of a man’s thuwb, in places well erystal-
lized. It is intimately intererystallized with quartz, sphalerite, and
pyrite and has every appearance of being contemporary with them
and primary.

A small specimen from the ore bins shows a very fine intergrowth
of proustite, pearceite, and chalcopyrite bordering an association of
base-metal sulphides, mainly sphalerite and pyrite. The silver
minerals and chalcopyrite were clearly the latest to crystallize; they
interlock, however, with the base-metal sulphides and are believed
to be late primary (hypogene). The primary origin of the proustite
is_confirmed by the microscopic study of a specimen from the ore
bins. The main portion of a 3-inch veinlet shown by this specimen
is a granular aggregate of galena, sphalerite, and pyrite, but next
one wall is a quarter to half an inch of gray quartz carrying scat-
tered grains or crystals of chalcopyrite, proustite, and pearceite. In
the polished specimen some areas of galena lie within 1 millimeter
of areas of pure proustite, but tarnishing of the galena with hydro-
gen peroxide shows that it has not been replaced even incipiently
by proustite or other minerals. In places proustite is intercrystal-
lized with chalcopyrite very intimately. The contacts between these
two minerals are crystal faces and not the ragged contacts usually
developed by the replacement of one metallic mineral by another.
Furthermore, the chalcopyrite areas in one place show a radiating
arrangement. Neither mineral forms veinlets in the other. The
two minerals are interpreted as contemporary and primary (hypo-
gene).

To summarize the evidence obtained at this mine bearing on the
origin of the rich silver ores: The zone of oxidation is 200 to 250
feet deep. Within this zone oxidation of sulphides has been only
partial, and no heavily iron-stained gossan has been developed. From
the surface to depths of 100 to 150 feet the dominant silver mineral
appears to have been horn silver (cerargyrite). This mineral, here
as everywhere else, is a product of weathering. Lower down, from

-
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depths of 100 to 250 feet, native silver was abundant. It occurred
us plates in fractures and as wires and teeth in vugs. Its disappear-
ance In depth shows that it also was a product of near-surface oxida-
tion. Some argentite occurring along fractures is also probably a
result of alteration near the surface.

Primary (hypogene) minerals noted are quartz, pyrite, sphalerite.
galena, chalcopyrite, proustite. pearceite, and probably argentite.
Evidence of the primary origin of the silver minerals is found in
the entire absence of replacement phenomena in ores in which these
minerals are abundant. The silver minerals can not reasonably be
regarded as having completely replaced older minerals, inasmuch as
galena adjacent to them is wholly unreplaced. Galena is one of the
minerals most readily replaced by silver minerals in the process of
downward enrichment. Primary origin is also indicated by the in-
timate contemporancous intergrowth of proustite with chalcopyrite,
a mineral formed only rarely in processes of downward enrichment.

EMPIRE MINE.

The Empire mine, about 2 miles north-northeast of Chloride, was
not visited by the writer, but a specimen of rich silver ore from a
depth of 150 feet on the vein was presented by the owner, Mr. E. F.
Thompson, and was studied in detail.

The specimen is unoxidized and carries pyrite, arsenopyrite, quartz,
sphalerite, galena, tennantite, and proustite. It shows the entire
width of a 14-inch vein. In the median portion of this vein ten-
nantite. proustite, and quartz are the dominant minerals, but there
1s complete gradation from the silver-rich central portions to the
border portions carrying mainly the base-metal sulphides.

Microscopic study shows that the proustite and tennantite are
commonly intergrown and that the proustite-tennantite contact shows
the crystal outlines characteristic of tennantite, as is shown in
Figure 2. The proustite can not therefore have replaced tennantite,
nor is there any evidence of replacement of any sort in the polished
specimens. The galena when tarnished with hydrogen peroxide
shows absolutely no replacement by other minerals. Evidence of the
primary (hypogene) character of the proustite in this specimen
appears to be conclusive,

GEORGE WASHINGTON CLAIMS.

The George Washington group of claims, in Mineral Park, about 3
miles southeast of Chloride, was in 1913 being developed through a
tunnel then 300 feet long. The vein exposed in this tunnel was nearly
vertical and had a strike of N. 40° W. Widths up to 31 feet were
noted. The dominant vein minerals are quartz and pyrite, but silver
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minerals are present in fair abundance in about 1 foot of the vein
thickness next the southwest wall. The vein walls, which are granite,
show alteration of the feldspars and carry disseminated small crystals
of pyrite.

The workings are all shallow, even the face of the tunnel attaining
a vertical depth of only about 80 feet below the surface. Even at
these slight depths, however, much of the ore, because of its dense,
fine-grained texture, is unoxidized. Oxidation is limited to the im-
mediate vicinity of fractures traversing the ore and commonly does
not extend more than 1 or 2 centimeters from such fractures,

FIGURE 2.—DPrimary (hypogenc) intergrowth of proustite with tennantite and quartz,
Empire No. 2 mine, Chloride, Ariz

Ore obtained near the face of the main tunnel is reported by the
operators to have assayed $175 to the ton, mainly in silver. Assays
of $240 a ton were reported from lesser depths on the vein.

Three specimens of the richest ore were collected for detailed
study; one came from a depth of 56 feet and the others from depths
of about 80 feet. In most respects these samples are similar. All are
fine-grained grayish aggregates of quartz carrying scattered sul-
phides in grains that rarely exceed 1 millimeter in diameter. Oxida-
tion is confined to fractures and to the 1 or 2 centimeters of ore adja-
cent to them. Vugs are rare in the unoxidized ore, but a few as much
as 5 millimeters across were noted.

The primary ore minerals identified, in the approximate order of
abundance, are quartz, pyrite, proustite, chalcopyrite, arsenopyrite,

53
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polybasite, and sphalerite. The secondary minerals noted are native
silver and covellite. '

Evidence of the primary (hypogene) origin of the silver minerals,
proustite and polybasite. though negative is convincing. Tt consists
in the absence of any suggestion that these silver minerals have re-
placed older minerals. The relatively large unmixed areas of prous-
tite or polybastite must either be primary or the results of complete
replacement of older minerals, TIn places, however, they occur ad-
jacent to chalcopyrite that has been peripherally replaced by covel-
lite. Complete replacement of sonie older mineral by proustite and

Fievre 3.—Replacement of proustite by native silver, George Washington claim, Mineral
Park. Ariz.

polybasite is hardly compatible with the incipient replacement of
chalcopyrite by covellite close by ; it is much more probable that the
sulphosalts of silver are a primary deposit from the same solutions
that deposited pyrite, chalcopyrite, quartz, and the other undoubt-
edly primary minerals.

~Added indication that the proustite and polybasite are primary
is found in their replacement near small open spaces in the ore by
native silver, after the fashion shown in Figure 3. These replace-
ent deposits are confined to porous and somewhat oxidized portions
of the ore and are clearly the result of alteration by waters of surface

65550°—24——2
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origin. In degree the replacement of proustite by silver is com-
patible with that of chalcopyrite by covellite in the same specinen,
and both are attributed to descending oxidizing solutions.

The silver content in the specimens examined is therefore in part
primary, in proustite and polybasite, and in partsecondary, as native
silver. The primary silver content is high—suflicient in itself to
produce a rich silver ore. Such abundance of primary sulphosalts
of silver in ores from depths of only 50 to 80 feet is unusual but is
due to the dense, highly quartzose, fine-grained nuature of the ore,
which narrowly limits oxidation and enrichment to the immediate
vicinity of fractures. '

- RURAL AND BUCKEYE MINES.

The Rural and Buckeye mines are about 1} miles northeast of
Mineral Park and are a few hundred feet apart on the same vein.
The wall rocks are granite gneiss and schist of pre-Cambrian age,
intruded by dikes of much younger granite porphyry. The vein is
nearly vertical and from 2 to 8 feet wide. All workings were inac-
cessible in 1913, the mines having been idle for many years. Ground
water stood at a depth of about 50 feet below the collar in the Rural
shaft.

Ores seen on the dumps showed pyrite, arsenopyrite, and quartz
as the dominant minerals, with chalcopyrite, sphalerite, and galena
subordinate. No silver minerals were seen on the dump, but native
silver is abundant in specimens from this mine seen at Kingman.
One specimen in the collection of E. I. Thompson shows a mass of
nearly solid native silver 1} inches across.

The following records show the tenor of the richer ores:

Tenor of smelting ores shipped from Rural and Buckcye mines in ISN6-87.

Net Silver Gold !f Net ! Silver Gold
weight (ounces (ounces | weight (ounces (ounces
(pounds). per ton). per ton). ;' (pounds). ] per ton). per ton).
‘ \ T b oam | 28 |
22 6.13 1 266 1 3.83 |
3 | 26 | 2l 4 1o
| 00 1 2.5 i PR
| 179 9. 16 \ 442 S.16
! 119 1.90 | 172 .70 |
| 156 6.05 [ 4,467 1,80 |
| 109 5.12 | H 4,024 3.35 H
i 73 7.29 | !
? | ! |
i ] ! 1 i

QUEEN BEE MINE.

The Queen Bee mine is in the northwestern part of the Mineral
Park district, close to the cut-off trail to Chloride. The mine is
owned by James B. Uncopher, of Mineral Purk, to whom the
writer is indebted for valuable information and specimens. The

-
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property when visited in 1913 had been idle for many years, and
none of the workings could be entered. The main shaft, 225 feet
deep, was filled with water within 60 feet of the surtace.

The wall rock at the mine is mica schist of pre-Cambrian age.
The ore is said to be somewhat oxidized to a depth of about 70 feet.
The following minerals were noted in specimens from the mine
dump and from Mr. Uncopher's collections:

Primary (hypogene) : Quartz, pyrite, avsenopyrite, manganiferous siderite,
caleite (white), sphalerite, galena, tennantite, chalcopyrite. proustite, pearceite
(probably primary), argentite (probably in part primary).

Secondary (supergene) : Argentite, native silver, cerargyrite (reported by
Schrader ®).

The proustite abundant in many of the ores from this mine ap-
pears clearly to be a primary (hypogene) mineral deposited from
the same mineralizing solutions that deposited the common base-
metal sulphides; the evidence for this conclusion is given below.

In one specimen studied a piece of proustite three-fourths by three-
eighths by one-half inch in dimensions was intercrystallized with
quartz and ferruginous calcite, all three minerals interlocking and
having apparently been deposited contemporaneously. In one speci-
men in Mr. Uncopher’s collection proustite in vugs is wholly inclosed
by caleite. Other well-formed crystals of proustite are coated with
caleite.

A particularly rich specimen of unoxidized ore donated by Mr.
Uncopher shows the entire width of a 2}-inch veinlet carrying
abundant proustite. Microscopic examination shows that in general
the proustite has not replaced other ore minerals. The galena
when tarnished brown with hydrogen peroxide (which does not
tarnish the silver minerals) usually shows no evidences of replace-
ment.  Figure 4 shows a contact between galena and an intergrowth
of proustite and sphalerite. The galena can not have been replaced
by proustite alone, because there are no sphalerite areas in the
galena corresponding to those so abundant in the proustite. Simul-
taneous replacement of galena by an intergrowth of proustite and
sphalerite is highly improbable and if it occurred would probably
be a part ot the process of primary (hypogene) mineralization, for
the deposition of sphalerite in the downward enrichment of ore de-
posits is extremely rare. The proustite is interpreted as hypogene
and broadly contemporaneous with galena and sphalerite.

Additional evidence that most of the proustite is not the result of
a replacement of galena is found in the fact that in many places
minute inclusions of chalcopyrite are abundant in the proustite but
are absent from the adjacent galena.

8 Op. cit., p. S6,
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Proustite
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Freure 4.—Contact relations of proustite and sphalerite with galena, Queen Bee mine,
Mineral Park, Ariz.
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FIGURs 5,—Drimary (Lypogenc) association of proustite and tennantite, Queen Bee
mine, Mineral Park, Ariz.
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Throughout the mine the proustite is intimately intergrown with
tennantite and for this reason appears to the unaided eye somewhat
darker than most proustite. It is clear that the two sulpharsenides—
of silver and of copper, respectively—crystallized at essentially the
same time. When their intergrowths are examined in detail it is
found that the tennantite shows its own characteristic crystal faces
against proustite, as illustrated in Figure 5. If the proustite had
replaced tennantite, crystal faces of the tennantite should have
Deen destroyed. The proustite is therefore interpreted as a primary
(hypogene) deposit.

“o" NE TS
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L AN 224 ,‘O(.} l\";’r'
Tennantite Proustite Quartz

Fieure 6.—Proustite crowded with inclusions of sphalerite and chalcopyrite and border-
ing tennantite essentially free from such inclusions, Queen Bee mine, Mineral Park,
Ariz,

Additional evidence that proustite has not replaced tennantite
is furnished by the fact that many areas of tennantite carry few
and small inclusions of sphalerite, whereas immediately adjacent
areas of proustite carry numerous and relatively large sphalerite
inclusions, as is shown in Figure 6.

The presence of inclusions of sphalerite and chalcopyrite in both
proustite and tennantite is itself an indication of the primary
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(hypogene) origin of the proustite, as chalcopyrite, sphalerite, and
tennantite are rarely products of enrichment.
In a few places inclusions of proustite occur in galena in the man-

ner illustrated in Figure 7. The inclusions have straight crystal
outlines, but these bear no definite relation to the crystallographic
directions of the inclosing galena. Replacement of galena by a
silver mineral is usually controlled by the galena cleavages or by

its contact planes with other minerals; absence of such control in-
dicates that replacement has probably not been operative. The
proustite inclusions are interpreted as primary (hypogene).

Galena %

(Shmzw'ng cleavage directions)

l\\ SN

Prousﬁ\‘:e;r/
7= .

N~

Galena

F1GURE T.—Inelusions of primary proustite in galena, Queen Bee mine, Mineral Park, Ariz.

A possible partial exception to the rule that the proustite has not
replaced other minerals is illustrated in Figure 8. The minute vein-
lets of proustite shown in this figure parallel cleavage directions in
the galena and are interpreted as formed mainly by fracture filling.
combined possibly with slight replacement. These veinlets of proust-
ite are rare and are interpreted as of late primary (hypogene) origin
rather than products of downward (supergene) enrichment.

Argentite occurs here and there. A specimen in Mr. TUncopher’s
collection shows calcite, argentite, and wires of silver in vugs. Oue
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octahedron of argentite is a quarter of an inch in diameter, and in
places argentite is so intimately intercrystallized with calcite as to
leave little doubt that it is primary (hypogene). In other specimens
argentite forms patches or fungus-like growths along fractures cut-
ting primary sulphides. Such argentite is very probably secondary
(supergene).

Pearceite is also of local occurrence. One specimen shows tabular
hexagonal crystals of pearceite in vugs. On some of these small

Galena
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Cleavage
in galena
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FIcTRE S.—Veinlets of proustite following cleavage planes in galena and contacts between

galena and quartz, Queen Bee mine, Mineral Park. Ariz.

crystals of chalcopyrite have later been deposited. As chalcopyrite
is rarely a product of downward enrichment, this pearceite is prob-

ably though not demonstrably primary.

Native silver is clearly secondary (supergene). It occurs as wires
and teeth attached to argentite, proustite, and pearceite in vugs and
is manifestly formed by their alteration. Native silver algo occurs in
matted masses of wires and teeth along fractures in sulphide ore.

—

L ASEE ammmme o o

-




30  CONTRIBUTIONS TO ECONOMIC GEOLOGY, 1923—21, PART I.

Here it is associated with remnants of argentite, from which it was
probably derived. In a number of places the silver is in contact with
unetched crystals of calcite or of manganiferous siderite, an associa-
tion which indicates that it was not deposited from solutions that
were notably acid.

KAY CLAIM.

The Kay claim is about half a mile northwest of the settlement of
Mineral Park. A\ steeply dipping vein striking nearly due east is
developed by a shallow shaft and a short tunnel; neither of which
was accessible in 1913, The shaft is near the bottom of w small gulely,
and ground water stood only 25 feet below its collar. The vein trav-
erses medium-grained granite. Proustite is reported to have oc-
curred within a few feet of the surface in this vein. Specimens of
ores were collected from the dump, and two were obtained from
Mrs. Kay. ~

The minerals recognized in the ore, in the approximate order of
abundance, are as follows:

Primary (Lypogene) : Quartz, pyrite, sphalerite, tennantite, pearceite, proust-
ite, galena, chalcopyrite.

Secondary (supergene) : Chalcocite, native silver, copper piteh ore, mala-
chite.

Of the primary minerals quartz, pyrite; sphalerite, and galena
were the oldest; after their deposition some breceiation occurred, and
additional quartz and chalcopyrite, tennantite, pearceite, and proust-
ite were deposited in the fractures so produced. The pearceite and
proustite are most abundant and occur in the largest masses near
small vugs. The later quartz is white; the earlier is dark gray.

In the granite of the wall disseminated grains of pyrite are
abundant.

Evidence that the silver minerals pearceite and proustite are
primary is found (1) in the absence of any indication that they have
replaced earlier minerals and (2) in the intimate penetration of
tennantite by crystals of these silver minerals, as sketched in Fig-
ure 9. In this figure proustite and pearceite are not differentiated
by separate symbols, but both show similar relations. with character-
istically sharp erystal outlines against tennantite. The narrow lath-
like white areas in the tennantite of this figure are mostly pearceite;
the larger white areas are mostly proustite. There is no evidence
that the proustite of this specimen replaces either tennantite or
pearceite.

In some vugs in the same specimen from which Figure 9 wus
sketched wires and teeth of native silver have been developed by the
alteration of proustite and pearceite.
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KING CLAIM.

The King claim, at Mineral Park, was located to develop a vein
striking nearly east and dipping steeply south. Prior to 1913 two
shafts, 35 and 50 feet deep, had been sunk on the vein, and two short
tunnels had been run.

)
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FtoUrE 9.—Primary intergrowth of proustite and pearceite with tennantite, Kay mine,
Mineral I'ark, .\riz.

The vein as exposed 1 the tunnels is 6 inches to 2 feet wide and
shows gray quartz carrying seattered pyrite.  Ore seen on the dump
carried the following minerals:

Primary (hypogene) : Quartz, pyrite, sphalerite, zalena, chalcopyrite,

Secondary (supergene) : Covellite, chalcocite, native copper.

A specimen from the mine dump when polished showed peripheral
replacement of chalcopyrite and sphalerite by covellite. Ore from
a depth of 12 feet shows dendritic growths of native copper along
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small fractures in flinty-looking quartz. Another specimen obtained
within a few feet of the surface at this mine shows chalcocite de-
veloped along and close to small fractures in granite. The chalco-
cite appears to replace pyrite, remnants of which remain within
some of the chalcocite. In places native copper in thin platelike
masses 1s associated with the chaleocite and appears to be an altera-
tion product from it.
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F1GURre 10.—D’rimary intergrowth of proustite with tennantite, sphalerite, ete., Mineral
Park, Ariz.

UNSPECIFIED ORES FROM MINERAL PARK.

A very fine specimen of rich proustite ore from Mineral Park was
presented by Mrs. Kay, of that place, but she was unable to specify
more closely the exact source of the material. The minerals recog-
nized in this ore, all primary (hypogene), are quartz, pyrite, galena,
sphalerite, manganiferous siderite, tennantite, and proustite.

All these minerals appear to have been deposited during a single
period of primary mineralization, but pyrite appears to have been
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the first mineral deposited, and some fracturing of it occurred prior
to the deposition of the other ore minerals. As in most of the ores
of Mineral Park the proustite is clearly associated with tennantite, a
relation which suggests that it may replace tennantite. Close ex-
amination, however, shows that the tennantite nearly everywhere
has sharp crystal faces next to proustite, as shown in Figure 10 and

on a larger scale in Figure 11.  The proustite can not have replaced”

tennantite and is interpreted as primary (hypogene). The galena
when tarnished brown with hydrogen peroxide, a reagent that does
not tarnish silver minerals, shows no evidence of replacement by
other minerals to more than the most incipient degree. The proust-
ite is never found along galena contacts or cleavages.
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FiGure 11.—I'rimary association of proustite and tennantite, Mineral Park, Ariz.
MINES NEAR STOCKTON HILL.

The mining camp of Stockton Hill is about 9 miles north-north-
west of Kingman, near the south end of the Cerbat Range and on its
east slope. It lies within the area of pre-Cambrian gneiss and schist.
In 1913 all the mines had been idle for many years, but some old mine
dumps were examined. According to Schrader? the district was
noted for its vich minerals—cerargyrite, native silver, argentite, and
proustite—found in the upper portions of its mines. The water level
stood commonly at a depth of about 100 feet.

At the Cupel mine the dump is very old, and the workings are
caved, operations having ceased in 1891. The output of the mine is

-ariously estimated at $500,000 to $1,500,000, chiefly in silver. Ac-
cording to Schrader® some of the ruby silver ore averaged 3,000

7 0p. cit,, p. 108, S Op. cit., p. 111.




34 CONTRIBUTIONS TO ECONOMIC GEOLOGY,. 1923—24, PART 1.

ounces of silver to the ton. Cerargyrite and argentite were found in
some of the ore.

Specimens collected by the writer from the old dumps and one
especially rich specimen of unoxidized ore presented by Mr. H. H.
Watkins, of Kingman. showed the following minerals:

Primary (hypogene:: Quartz (usually gray and fine grained), pyrire. arseno-
pyrite, walena, sphalerite, siderite, chalcopyrite, teunantite, proustite, pearceite.

Secondary (supergene) : Proustite and urgentite. both very rare.
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Freure 12.—Drimary proustite in association with galena, tennantite, and gquartz, Cupel
mine, Stockton Iill. Ariz. :

In the specimen presented by Mr. Watkins proustite constitutes
Tully half of the voluue of the ore throughout an ill-defined band 13
inches wide. Microscopic study of this specimen fails to disclose any
evidence that the proustite either fills fractures in older minerals or
has replaced them. The mineral commonly most susceptible to re-
placement by silver minerals in downward enrichment is galena. In
this ore, however, there is no indication that galena has been replaced
by proustite. On the contrary, the two minerals occur side by side
in areas of comparable size, as shown in Figure 12,

L crystallized with the primary ore minerals, —=—

-
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Tennantite is present in small amounts and here. as in the ores of
Mineral Park and Chloride, is particularly intimately associated
with proustite, usually forming small patches within the proustite.
These patches of tennantite are not, however, replacement remnants.
because they are as likely to occur at the border of proustite areas
as in their interior and because they commonly show erystal outlines
characteristic of tennantite. If tennantite had been replaced by
proustite the original crystal outlines would have been destroyved.
Added evidence that proustite has not replaced tennantite is found
in the localization of some tennantite crystals along the contact be-
tween two crystals of proustite; such a relation is not explainable on
the assumption that proustite has replaced tennantite but is readily
understood if the two minerals crystallized at about the same time.
In places proustite carries abundant inclusions of quartz and of
chalcopyrite, both of which show crystal outlines.

Though nearly all the proustite in the ores of the Cupel mine is in-
terpreted as primary (hypogene). one specimen of partly oxidized
ore from the dump showed very thin films of argentite and of proust-
ite, with dendritic outlines, along a small fracture. These minerals
are very probably secondary (supergene). but they are qua ntitatively
ot almost negligible importance. This mode of occurrence of proust-
ite is in marked contrast to that of the proustite which is inter-

SUMMARY AND CONCLUSIONS,

The minerals noted in the silver ores of the Cerbat Mountains, be-
tween Kingman and Chloride, Ariz., are listed below. Those marked
with an asterisk (*) ave rare under the conditions indicated.

Oxidation products: Cerargyrite (horn silver). native silver, *copper piteh
ore, *maluachite, *native copper.

Products of downward sulphide enrichment: Argentite. *proustite (very
rare), *covellite, *chalcocite.

Primary (hypogene) minerals: Quartz (usually gray and finely crystalline).
manganiferous siderite, *calcite (white), pyrite. arsenopyrite. sphalerite. galen:.
chalcopyrite, tennantite, *arcentite, proustite. pearceite, *polybasite.

It is noteworthy that the ores are prevailingly arsenical, with four
arsenic minerals, arsenopyrite, tennantite, proustite, and pearceite.
Only in one specimen were small amounts of an antimony mineral
(polybasite) noted. :

The unoxidized ores are in general fine grained and compact.
Vugs are few and small. Because of this compactness oxidation
above the ground-water level is very commonly incomplete. being
confined to the vicinity of fractures that traverse the ore. Ore speci-
mens several inches across essentially unoxidized may in places he
found within a few feet of the outerop. Heavily limonite-stained
gossans or “iron caps”™ are not characteristic.
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The ground-water level stood at depths of 25 to 250 feet in the
mines studied. A test of stream water near Chloride showed the high
chlorine content (80 parts per million) vsual in desert regions.

According to Schrader the dominant silver mineral in the ores
found close to the surface was usually cerargyrite. No specimens of
these ores were obtainable for study. In this avea, as elsewhere,
cerargyrite is confined to the oxidized zone. ‘

Native silver appears to have been most abundant at slightly
greater depths than those at which cerargyrite was dominant—that
is, close to the surface native silver is dissolved and partly repre-
cipitated as cerargyrite by chloride-bearing waters. Native silver
appears to have been confined mainly to the oxidized zone in the
vicinity of vugs and fractures. A little may have been deposited
a short distance below the ground-water level. Some of the silver
has replaced proustite, as shown in Figure 3. It was also noted re-
placing polybasite, pearceite, and argentite. In places the silver
forms tapering and curling “ teeth ” attached to these minerals and
obviously formed by their alteration. Some such silver © teeth  are
in contact with older crystals of calcite that are unetehed. indicat-
ing that the silver was not deposited from acid solutions. The man-
ganiferous siderite and calcite present in most of the veins would
insure the prompt neutralization of acidity developed in solutions de-
scending through the oxidized zone. Schrader® mentions the oc-
currence in the Distaff mine of slabs of native silver many pounds
in weight.

Chalcocite is not abundant, but it was noted along fractures in
granite near the King vein, in Mineral Park. It contained remnants
of pyrite and was evidently formed by the replacement of pyrite.
In places a little native copper is associated with this chalcocite and
probably represents a residuum after the oxidation of the sulphur of
the chalcocite. .

Argentite, though not abundant, occurs in two contrasting ways—in
scattered, thin fungus-like scales or patches along fractures in un-
oxidized or only slightly oxidized ore and in small but well-formed
octahedral erystals occurring side by side with crystals of proustite
and pearceite in small vugs in unoxidized ore. Some of this
argentite is intercrystallized with small amounts of chalcopyrite
and sphalerite, and on some of the argentite small crystals of later
quartz are implanted. It is probable that the argentite occurring
in octahedral crystals is primary (hypogene) : that occurring in
scales or patches is very probably supergene, a product of downward
enrichment.

Downward (supergene) sulphide enrichment, or the deposition of
sulphides below the ground-water level by solutions descending. from

® Op. cit., p. 60. N
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the oxidized zone, appears to have been of nearly negligible im-
portance in these ores. The supposedly supergene argentite men-
tioned above is present in only small amounts. In one specimen of
ore from the Cupel mine, at Stockton Hill, very thin films of argen-
tite and of proustite. dendritic in form. occurring along small frac-
tures cutting primary ore, are believed to be secondary (supergene).
Quantitatively such occurrences are negligible, and most of the
proustite, for reasons enumerated below. is believed to be primary
(hypogene). Very slight downward enrichment in copper was shown
in some specimens by peripheral replacement of pyrite by chalcocite
and of chalcopyrite and sphalerite by covellite.

Proustite, or light ruby silver, is the only abundant silver mineral
of the unoxidized ore, although pearceite, polybasite, and argentite
also occur. In some specimens studied masses 1 or 2 inches across
are mainly proustite, and masses of pure proustite as large as the
end of a man’s thumb were noted. Such proustite is believed to be
primary (hypogene), and the evidence for this opinion will next be
summarized.

1. Muasses of proustite as large as the end of a thumb and with
well-developed crystal faces were noted intercrystallized with the
undoubtedly primary minerals quartz, sphalerite, pyrite, and fer-
ruginous calcite—all having apparently been deposited at about
the same time.

2. In one specimen studied small areas of proustite are wholly
inclosed by calecite that forms the lining of vugs. Elsewhere well-
formed crystals of proustite are coated with caleite. There is no
evidence that this calcite has been deposited by descending (super-
gene) solutions. '

3. Relatively large unmixed areas of proustite in a granular ag-
gregate of ore minerals must either be primary (hypogene) or the
product of complete replacement of older minerals. In places,
however, such proustite areas are adjacent to chalcopyrite and
sphalerite that show only incipient peripheral replacement by covel-
lite. Such incipient replacement by covellite would hardly be ex-
pected to occur side by side with complete replacement of relatively
large masses of some hypothetical mineral by proustite. It is more
probable that the proustite was formed not by replacement but by
primary crystallization. :

4. In all the ores studied proustite is more intimately associated
with tennantite than with any other mineral. Proustite is the sulph-
arsenide of silver; tennantite is the sulpharsenide of copper. The
proustite has not, however, replaced tennantite, for the tennantite
nearly everywhere has its own characteristic crystal outlines, as
shown in Figures 2, 5, 9, and 10. Added evidence that proustite
has not replaced tennantite is furnished by the fact that certain

b iu




AT Ty

£ temane

s e f

38  CONTRIBUTIONS TO ECONOMIC GEOLOGY, 1923—24, PART 1.

areas of tennantite carry only scattered small inclusions of sphalerite,
whereas bordering areas of proustite are crowded with relatively
large sphalerite inclusions. v

5. The presence of inclusions of sphalerite and chalcopyrite in
both tennantite and proustite is itself suggestive of a primary origin
for the proustite. because sphalerite, chalcopyrite, and tennantite
are exceedingly rare as products of secondary (supergene) enrich-
ment.,

6. Galena, fairly abundant in these ores, is a mineral that is
usually particularly susceptible to replacement by silver minerals in
the processes of downward enrichment. Where galena and proustite
are found together in these ores they commonly occur side by side
without evidence of replacement. Figure 4 shows an association
of sphalerite and proustite in contact with galena. The smooth
galena contacts extending from proustite to sphalerite indicate
either simultaneous replacement of galena by proustite and sphalerite
or an absence of replacement, the three minerals all being essentially
of the same age and primary. Simultaneous replacement of galena
by an intergrowth of proustite and sphalerite is highly improbable
and if it occurred would almost certainly be a part of the process
of primary (hypogene) mineralization, for the deposition of sphal-
crite in the downward enrichment of ore deposits is exceedingly
rare. In Figure T are shown small-areas of proustite inclosed by
galena. If these were formed by replacement. of the galena, they
should be related to the galena cleavages, but they show no such
relation and are interpreted as inclusions of primary proustite in
galena. A single possible exception to the general rule that proustite
has not replaced galena is illustrated in Figure 8. This figure was
drawn from a specimen which in most places shows the relations
illustrated in Figures 4 and 7. The veinlets are interpreted as
fillings of a fracture in galena by primary proustite, possibly com-
bined with very slight primary replacement of the galena by the
proustite. Such relations are very exceptional. Additional evidence
that proustite has not replaced galena is found in the common
presence of many small inclusions of sphalerite and chalcopyrite in
proustite and the absence of such inclusions from adjacent galena.
It can not be assumed that the proustite has replaced galena unless
sphalerite and chalcopyrite have replaced it simultaneously.

7. In some ores proustite and pearceite intergrown with tennantite
possess regular crystal outlines, as shown in F igure 9. The narrow
white arcas in this figure are pearceite showing its own characteristic
tabular crystal forms (lath-shaped in cross section) ; the larger white
areas are mostly pearceite. Sulphides occasionally develop their own
crystal form in replacing other sulphides, but the relation seems to be
rare. In ores from the Mowry mine, in the Patagonia district, Ariz.,
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the writer has observed radiating groups of tabular crystals of covel-
lite replacing galena. The development of the covellite was, how-
ever, clearly controlled by cleavage planes of the galena or by con-
tacts of galena with other minerals. In the association of pearceite
and tennantite under description there is no such relation of the
pearceite to tennantite contacts or partings, but the pearceite ap-
pears to be fairly evenly distributed through the tennantite. The two
are interpreted as in primary intergrowth. There is no evidence that
the proustite of this specimen is the result of a replacement of

pearceite; it appears rather to be contemporaneous. On theoretical -

grounds the supergene replacement of pearceite (9Ag,S.As,S,), a
rich silver mineral, by proustite (3Ag,S.As.S,), a mineral poorer
in silver, is unlikely, for it would involve a reversal of the progres-
sion to richer silver minerals characteristic of the process of down-
ward silver enrichment.

Although some of the relations outlined above taken singly would
not form conclusive evidence that the proustite was primary, taken
collectively their signifiance is unescapable.

The possibility of profitable operation of any particular deposit in
this area is dependent upon many considerations, among which may
be mentioned the price of silver, costs of transportation and labor,
milling and smelting facilities, the width and hovizontal extent of
the-ere body, the primary distribution of silver minerals within the
vein, and the nature and extent of downward enrichment in silver.

Some of the richest silver ores of the area. carrying cerargyrite and
native silver, were unquestionably products of oxidation and down-
ward enrichment, and the playing out of these ores in depth was
certainly an important factor in the closing down of many of the
mines. The decline in the price of silver from 1872 to 1916 was un-
questionably an added discouraging factor.

The conclusion that the rich ruby silver ores of the region are in
the main primary offers encouragement to further exploration of
the ore bodies, although this work should be undertaken only with
due regard to the many other and perhaps unfavorable factors in-
volved. A general decrease in the primary silver content of veins of
this type with increase in depth is probable, but such primary
changes are likely to be much less abrupt than those due to down-
ward enrichment and to be recognizable only through vertical in-
tervals measured in many hundreds rather than a few hundreds of
feet. The depth of most of the mines is too small to afford any valid
test of this factor, even had the workings been accessible for study.
Underground studies, had they been possible, would have aided in
determining whether the rich primary proustite ores were of spotty
or patchy distribution. or of fairly regular distribution within the
veins. a question of fundamental practical importance.

21
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ORIGIN OF CERTAIN RICH SILVER ORES NEAR CHLORIDE
AND KINGMAN, ARIZONA.

T

R PHILLIPS

By Ebsox S. Bastw.

INTRODUCTION.

~ The mineral deposits of the Cerbat Mountains between Kingman
- and Chloride, in northwestern Arizona, were described by Schrader *
~in 1909. The writer visited some of the silver mines and prospects?

of the Cerbat Mountains in 1913, in the course of a study of silver
enrichment undertaken by the United States Geological Survey in
many mining camps of the western United States. The work of
preparing the results for publication has been delayed by the war
and other causes.

The practical application of the results lies in the determination
of the extent to which the several silver minerals of the ore are
secondary or primary and hence to what extent they are likely to
play out at moderate depths or to persist below the reach of surface
processes of alteration. The results are summarized at the end of the
report. [

The mines described were reached from Kingman, on the main

line of the Atchison, Topeka & Santa Fe Railway, and from Chloride,
the terminus of a short railroad line from Kingman.

GENERAL FEATURES OF THE AREA,

The area here considered is arid, with hot summers and mild win-
i ters. The annual precipitation is about 5 inches, almost never in the
| form of snow. The area is for the most part treeless, a

nd its vegeta-
‘.stion is of desert types.

L \ * Schrader, F. C., Mineral deposits of the Cerbat Range, Black Moun
B :Wash Cliffs, Mohave County, Ariz.: U. 8. Geol. Survey Bull. 397, 1909.

{ Z The Cerbat Mountains constitute one of the numerous desert ranges
¢ ".of nearly north-south trend that form a characteristic feature of the

- 3 Great Basin topography. In the parts of the range under discussion

the altitude ranges between 4,000 and 6,000 feet.

il 5~ The Cerbat Mountains consist in the main of pre-Cambrian igneous
\jzmd metamorphie rocks, and these form the wall rocks at all the mines

tains, and Grand
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visited. Near Kingman and along the western flank of the range
occur rhyolite, andesite, and other volcanic rocks of Tertiary age.
The familiar desert wash occupies the valleys that flank the moun-
tains.

The ore deposits of the Cerbat Mountains are veins of prevailingly
northerly or northwesterly strike and steep dip. All those studied
have been worked mainly for their silver content, although minor
amounts of gold were present in some. A few veins worked mainly
for their base metals were not included in this investigation. The
veins are believed by Schrader to have been formed in Tertiary time
and to be connected in origin with the granite porphyry of the area.

The bulk of the silver produced in this area in the seventies and
eighties came from oxidized ores extending from the surface to
depths varying from 50 to 300 feet. Cerargyrite (horn silver) and
native silver were the dominant silver minerals of these ores. In
the lower part of the oxidized zone ruby silver (proustite) was com-
monly present, in places so abundantly as to constitute very rich ore.
Most of the silver veins were worked to depths of only a few hundred
feet and in 1913 had been idle for many years. Few workings could
be entered, and samples of the ores were obtained mainly from the
dumps or were generously donated by former operators from their
personal collections. Specimens of the rich oxidized ores were not
available, and these studies therefore relate almost wholly to the
sulphide ores. 1 .

The reasons for the suspension of mining on most of the silver
veins were probably complex. Foremost, perhaps, was the rapid de-
cline in the price of silver between 1885 and 1895. To this was added
the fact that the sulphide ores were in general not as rich as the
oxidized ores and were more costly to mine. Resumption of mining
during the recent period of high silver prices has perhaps been hir}-
dered by a fear that the best of the ruby silver ores also owed their
richness to enrichment by waters of surface origin, but as indicated
on pages 36-39 this belief appears to have no justification in fact.

CHLORINE IN SURFACE WATERS.

The abundant development of silver chloride in the oxidation of
the ores of this desert area suggested the testing of the surface
waters for chlorine by neutralization with silver nitrate tablets of
known weight in the presence of an indicator. Because most o.f the
streams are intermittent only one good opportunity presented itself
for such a test. The water of a stream in Tennessee Wash, a quarter
of a mile east of the Elkhorn shaft, was collected at a point where
it emerged from a dry wash. This water carried about 80 parts
per million of chlorine, a large content as contrasted, for example,

T
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with the average chlorine content of surface waters close to the
New England coast, which is about 6 parts per million.? For com-
parison may be cited the chlorine content of 63 parts per million *
in descending mine waters in the West End mine (500-foot level)
at Tonopah, Nev., and of 127 parts per million * in similar waters
of the Comstock lode, Nev. Both these Nevada waters occur in re-
gions climatically much like the Chloride-Kingman area.

DETAILED DESCRIPTIONS.
DISTAFF MINE. -

The Distaff mine is about three-quarters of a mile east of Chloride.
The shaft is on the southwest slope of a small hill, and the shaft
collar is about 250 feet above the level of the plain on which the
town is situated.

The wall rock is somewhat gneissic granite, and the vein, 2 to 3
feet in width, isnearly vertical and strikes nearly north, about parallel”
to the foliation in the granite. The vein has been traced for about a
mile. The principal surface indications of the presence of a vein are
several bands of white quartz 1 to 3 inches in width. When this
quartz from the surface is broken it is occasionally found to inclose
pyrite, but commonly small limonite-stained cavities mark the origi-
nal position of the pyrite grains; in addition there is staining with
limonite along fractures traversing the vein and the granite. There
is no heavily iron-stained gossan or *iron hat.”

The Distaff shaft was reported to be 265 feet deep, with short
levels at 100, 200, and 250 feet. At the time of visit the mine was
idle and the water stood about 220 feet below the collar of the sha fi—
that is, close to the level of the flats bordering the hill on which the
mine is situated.

All ore above the 250-foot level is reported to have shown oxida-
tion. Horn silver (cerargyrite) was the principal silver mineral
from the surface to depths of 100 to 150 feet. Native silver was
most abundant somewhat deeper; some occurred on the 100-foot
level, but most of it between the 200 and 250 foot levels. Schrader *
mentions the occurrence of slabs of native silver many pounds in
weight. A specimen in the collection of Jack Lane at Kingman
showed a slablike mass of native silver one-eighth of an inch thick
along a fracture in sulphide ore. Wire silver occurred in small vugs
in this ore.

? Jackson, D. D., The normal distribution of chlorine in the natural waters of New York
and New England: T. S. Geol. Survey Water-Supply Paper 144, 1903.

3 Bastin, E. S., and Laney, F. B., Genesis of the ores at Tonopah, Nev.: U. S. Geol.
Survey Prof. Paper 104, p. 29, 1918.

+ Bastin, E. S., Bonanza ores of the Comstock lode, Virginia City, Nev.: U. S. Geol. Sur-
vey Bull. 733, p. 60, 1922,

5 Op. cit., p. 60,

A
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In ore from the bins argentite was noted in two associations—.-
(1) in scattered thin fungus-like patches along fra'ctures in unoxi-
dized ore, and (2) intimately associated with proustite und‘ pearceite
in quartz-lined vugs in unoxidized ore; some of this argentite is well
crystallized. In one specimen from the 250-foot lev-el small octu.he-
dral crystals of argentite show quartz crystals coating them or im-
planted on them. Minute amounts of chalcopyrite and sphaler.lte
are intercrystallized in places with this argentite, and all three min-
erals should apparently be interpreted as primary (hypogene),
whereas the argentite occurring in fungus-like patches along frac-
tures is probably secondary (supergene).

Proustite was noted in ore from the 250-foot level in irregular
masses as large as the end of a man’s thumb, in places well crystal-
lized. It is intimately intercrystallized with quartz, sphalerite, and
pyrite and has every appearance of being contemporary with them
and primary. .

A small specimen from the ore bins shows a very fine 1ntgrg_rmvth
of proustite, pearceite, and chalcopyrite bordering an association of
base-metal sulphides, mainly sphalerite and pyrite. The silver
minerals and chalcopyrite were clearly the latest to crystullize;'they
interlock, however, with the base-metal sulphides and are behev_ed
to be late primary (hypogene). The primary origin of the proustite
is confirmed by the microscopic study of a specimen from the-ore
bins. The main portion of a 3-inch veinlet shown by this specimen
is a granular aggregate of galena, sphalerite, and pyrite, })ut next
one wall is a quarter to half an inch of gray quartz carrying scat-
tered grains or crystals of chalcopyrite, proustite, z.md. pearceite. In
the polished specimen some areas of galena lie within 1 .mllhmeter
of areas of pure proustite, but tarnishing of the galena W-lth. ll'ydro-
gen peroxide shows that it has not been repluce(_l even incipiently
by proustite or other minerals. In places proustite is intercrystal-
lized with chalcopyrite very intimately. The contacts between these
two minerals are crystal faces and not the ragged contacts usually
developed by the replacement of one metallic mineral by anptl}er.
Furthermore, the chalcopyrite areas in one place show a radiating
arrangement. Neither mineral forms veinlets in thg other. The
two minerals are interpreted as contemporary and primary (hypo-
gene). o '

To summarize the evidence obtained at this mine bearing on the
origin of the rich silver ores: The zone of oxidation is 200 to 250
feet deep. Within this zone oxidation of sulphides has been only
partial, and no heavily iron-stained gossan has been devel_oped. From
the surface to depths of 100 to 150 feet the domimm.t sﬂyer mineral
appears to have been horn silver (cerargyrite). This mineral, here
as everywhere else, is a product of weathering. Lower down, from
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depths of 100 to 250 feet, native silver was abundant. It occurred
as plates in fractures and as wires and teeth in vugs. Its disappear-
ance in depth shows that it also was a product of near-surface oxida-
tion. Some argentite occurring along fractures is also probably a
result of alteration near the surface.

Primary (hypogene) minerals noted are quartz, pyrite, sphalerite,
galena, chalcopyrite, proustite, pearceite, and probably argentite.
Evidence of the primary origin of the silver minerals is found in
the entire absence of replacement phenomena in ores in which these
minerals are abundant. The silver minerals can not reasonably be
regarded as having completely replaced older minerals, inasmuch as
galena adjacent to them is wholly unreplaced. Galena is one of the
minerals most readily replaced by silver mirerals in the process of
downward enrichment. Primary origin is also indicated by the in-
timate contemporaneous intergrowth of proustite with chalcopyrite,
a mineral formed only rarely in processes of downward enrichment.

EMPIRE MINE.

The Empire mine, about 2 miles north-northeast of Chloride, was
not visited by the writer, but a specimen of rich silver ore from a
depth of 150 feet on the vein was presented by the owner, Mr. E. F.
Thompson, and was studied in detail.

The specimen is unoxidized and carries pyrite, arsenopyrite, quartz,
sphalerite, galena, tennantite, and proustite. It shows the entire
width of a 13-inch vein. In the median portion of this vein ten-

-

nantite, proustite, and quartz are the dominant minerals, but there

1s complete gradation from the silver-tich central portions to the
border portions carrying mainly the base-metal sulphides.

Microscopic study shows that the proustite and tennantite are
commonly intergrown and that the proustite-tennantite contact shows
the crystal outlines characteristic of tennantite, as is shown in
Figure 2. The proustite can not therefore have replaced tennantite,
nor is there any evidence of replacement of any sort in the polished
specimens. The galena when tarnished with hydrogen peroxide
shows absolutely no replacement by other minerals. Evidence of the
primary (hypogene) character of the proustite in this specimen
appears to be conclusive.

GEORGE WA.SHINGTON CLAIMS.

The George Washington group of claims, in Mineral Park, about 8
miles southeast of Chloride, was in 1913 being developed through a
tunnel then 300 feet long. The vein exposed in this tunnel was nearly
vertical and had a strike of N. 40° W. Widths up to 3} feet were
noted. The dominant vein minerals are quartz and pyrite, but silver

v ——————
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minerals are present in fair abundance in about 1 foot of the vein
thickness next the southwest wall. The vein walls, which are granite,
show alteration of the feldspars and carry disseminated small crystals
of pyrite.

The workings are all shallow, even the face of the tunnel attaining
a vertical depth of only about 80 feet below the surface. Even at
these slight depths, however, much of the ore, because of its dense,
fine-grained texture, is unoxidized. Oxidation is limited to the im-
mediate vicinity of fractures traversing the ore and commonly does
not extend more than 1 or 2 centimeters from such fractures.

Fieure 2.—Primary (hypogene) intergrowth of proustite with tennantite and quartz,
Empire No. 2 mine, Chloride, Ariz.

Ore obtained near the face of the main tunnel is reported by the
operators to have assayed $175 to the ton, mainly in silver. Assays
of $240 a ton were reported from lesser depths on the vein.

Three specimens of the richest ore were collected for detailed
study ; one came from a depth of 56 feet and the others from depths
of about 80 feet. In most respects these samples are similar. All are
fine-grained grayish aggregates of quartz carrying scattered sul-
phides in grains that rarely exceed 1 millimeter in diameter. Oxida-
tion is confined to fractures and to the 1 or 2 centimeters of ore adja-
cent to them. Vugs are rare in the unoxidized ore, but a few as much
as 5 millimeters across were noted.

The primary ore minerals identified, in the approximate order of
abundance, are quartz, pyrite, proustite, chalcopyrite, arsenopyrite,

) g
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polybasite, and sphalerite. The secondary minerals noted are native
silver and covellite.

Evidence of the primary (hypogene) origin of the silver minerals,
proustite and polybasite, though negative is convincing. Tt consists
in the absence of any suggestion that these silver minerals have re-
placed older minerals. The relatively large unmixed areas of prous-
tite or polybastite must either be primary or the results of complete
replacement of older minerals. In places, however, they occur ad-
jacent to chalcopyrite that has been peripherally replaced by covel-
lite. Complete replacement of some older mineral by proustite and

Proustite

Ficure 3.—Replacement of proustite by mnative silver, George Washington claim, Mineral
) Park, Ariz.

polybasite is hardly compatible with the incipient replacement of

chalcopyrite by covellite close by; it is much more probable that the

sulphosalts of silver are a primary deposit from the same solutions

that deposited pyrite, chalcopyrite, quartz, and the other undoubt-

edly primary minerals.

Added indication that the proustite and polybasite are primary
is found in their replacement near small open spaces in the ore by
native silver, after the fashion shown in Figure 3. These replace-
ment deposits are confined to porous and somewhat oxidized portions
of the ore and are clearly the result of alteration by waters of surface

65550°—24——2
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origin. In degree the replacement of proustite by silver is com-
patible with that of chalcopyrite by covellite in the same specimen,
and both are attributed to descending oxidizing solutions.

The silver content in the specimens examined is therefore in part
primary, in proustite and polybasite,and in partsecondary, as native
silver. The primary silver content is high—suflicient in itself to
produce a rich silver ore. Such abundance of primary sulphosalts
of silver in ores from depths of only 50 to 80 feet is unusual but is
due to the dense, highly quartzose, fine-grained nature of the ore,
which narrowly limits oxidation and enrichment to the immediate
vicinity of fractures.

v RURAL AND BUCKEYE MINES.

The Rural and Buckeye mines are about 1} miles northeast of
Mineral Park and are a few hundred feet apart on the same vein.
The wall rocks are granite gneiss and schist of pre-Cambrian age,
intruded by dikes of much younger granite porphyry. The vein is
nearly vertical and from 2 to 8 feet wide. All workings were inac-
cessible in 1913, the mines having been idle for many years. Ground
water stood at a depth of about 50 feet below the collar in the Rural
shaft.

Ores seen on the dumps showed pyrite, arsenopyrite, and quartz
as-the dominant minerals; with chaleopyrite; sphalerite; and galena
subordinate. No silver minerals were seen on the dump, but native
silver is abundant in specimens from this mine seen at Kingman.
One specimen in the collection of E. F. Thompson shows a mass of
nearly solid native silver 1} inches across.

The following records show the tenor of the richer ores:

Tenor of smelting ores shipped from Rural and Buckeye mines in 1836-87.

Net Silver Gold Net Silver Gold
weight (ounces (ounces weight (ounces (ounces
(pounds). per ton). per ton). !| (pounds). per ton). per ton).
|
i B
22 6.13 | 29,82 266 5.85
g"o“ﬁ i 2.66 | 20,106 219 100
13, 089 200 2.55 || 72,680 180 8.25
28, 376 179 9.46 || 10,212 442 8.16
23,575 119 4.90 i 27,142 h‘g 4.70
’ 30, 999 196 6.05 | 87 4, 467 4. 8(_)
9, 898 109 5.12 | 167 4,024 5.35
20, 314 N A e

QUEEN BEE MINE.

The Queen Bee mine is in the northwestern part of the Mineral
Park district, close to the cut-off trail to Chloride. The mine is
owned by James B. Uncopher, of Mineral Park, to whom the
writer is indebted for valuable information and specimens. The
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property when visited in 1913 had been idle for many years, and
none of the workings could be entered. The main shaft, 225 feet
deep, was filled with water within 60 feet of the surface.

The wall rock at the mine is mica schist of pre-Cambrian age.
The ore is said to be somewhat oxidized to a depth of about 70 feet.
The following minerals were noted in specimens from the mine
dump and from Mr. Uncopher’s collections:

Primary (hypogene) : Quartz, pyrite, arsenopyrite, manganiferous siderite,
calcite (white), sphalerite, galena, tennantite, chalcopyrite, proustite, pearceite
(probably primary), argentite (probably in part primary).

Secondary (supergene) : Argentite, native silver, cerargyrite (reported by
Schrader °).

The proustite abundant in many of the ores from this mine ap-
pears clearly to be a primary (hypogene) mineral deposited from
the same mineralizing solutions that deposited the common base-
metal sulphides; the evidence for this conclusion is given below.

In one specimen studied a piece of proustite three-fourths by three-
eighths by one-half inch in dimensions was intercrystallized with
quartz and ferruginous calcite, all three minerals interlocking and
having apparently been deposited contemporaneously. In one speci-
men in Mr. Uncopher’s collection proustite in vugs is wholly inclosed
by calcite. Other well-formed ecrystals of proustite are coated with
calcite.

A particularly rich specimen of unoxidized ore donated by Mr.
Uncopher shows the entire width of a 2}-inch veinlet carrying
abundant proustite. Microscopic examination shows that in general
the proustite has not replaced other ore minerals. The galena
when tarnished brown with hydrogen peroxide (which does not
tarnish the silver minerals) usually shows no evidences of replace-
ment. Figure 4 shows a contact between galena and an intergrowth
of proustite and sphalerite. The galena can not have been replaced
by proustite alone, because there are no sphalerite areas in the
galena corresponding to those so abundant in the proustite. Simul-
taneous replacement of galena by an intergrowth of proustite and
sphalerite is highly improbable and if it occurred would probably
be a part of the process of primary (hypogene) mineralization, for
the deposition of sphalerite in the downward enrichment of ore de-
posits is extremely rare. The proustite is interpreted as hypogene
and broadly contemporaneous with galena and sphalerite.

Additional evidence that most of the proustite is not the result of
a replacement of galena is found in the fact that in many places
minute inclusions of chalcopyrite are abundant in the proustite but
are absent from the adjacent galena.

8 Op. cit., p. 86,




26  CONTRIBUTIONS TO ECONOMIC GEOLOGY, 192324, PART 1.

alena

Proustite
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FIGUure 4.—Contact relations of proustite and sphalerite with galena, Queen Bee mine,
Mineral Park, Ariz.

Proustile

e Ofmm.

Freurs 5, —Primary (bypogene) association of proustite and tennantite, Queen Bee
mine, Mineral Park, Ariz.
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Throughout the mine the proustite is intimately intergrown with
tennantite and for this reason appears to the unaided eye somewhat
darker than most proustite. It is clear that the two sulpharsenides—
of silver and of copper, respectively—crystallized at essentially the
same time. When their intergrowths are examined in detail it is
found that the tennantite shows its own characteristic crystal faces
against proustite, as illustrated in Figure 5. If the proustite had
replaced tennantite, crystal faces of the tennantite should have
been destroyed. The proustite is therefore interpreted as a primary
(hypogene) deposit.

Proustite

FIGURE 6.—Proustite crowded with inclusions of sphalerite and chalcopyrite and border-
ing tennantite essentially free from such inclusions, Queen Bee mine, Mineral Park,
Ariz,

Quartz

Tennantite

Additional evidence that proustite has not replaced tennantite
is furnished by the fact that many areas of tennantite carry few
and small inclusions of sphalerite, whereas immediately adjacent
areas of proustite carry numerous and relatively large sphalerite
inclusions, as is shown in Figure 6.

The presence of inclusions of sphalerite and chalcopyrite in both
proustite and tennantite is itself an indication of the primary
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(hypogene) origin of the proustite, as chalcopyrite, sphalerite, and
tennantite are rarely products of enrichment.

In a few places inclusions of proustite occur in galena in the man-
ner illustrated in Figure 7. The inclusions have straight crystal
outlines, but these bear no definite relation to the crystallographic
directions of the inclosing galena. Replacement of galena by a
silver mineral is usually controlled by the galena cleavages or b
its contact planes with other minerals; absence of such control in-
dicates that replacement has probably not been operative. The
proustite inclusions are interpreted as primary (hypogene).

Galena
(Showing cleavage directions)

e — -

Proustite =",
NTTT— Y /

N~

Galena

F1GURE 7.—Inclusions of primary proustite in galena, Queen Bee mine, Mineral Park, Ariz.

A possible partial exception to the rule that the proustite has not
replaced other minerals is illustrated in Figure 8. The minute vein-
lets of proustite shown in this figure parallel cleavage directions in
the galena and are interpreted as formed mainly by fracture filling,
combined possibly with slight replacement. These veinlets of proust-
ite are rare and are interpreted as of late primary (hypogene) origin
rather than products of downward (supergene) enrichment. .

Argentite occurs here and there. A specimen in Mr. Uncopher’s
collection shows calcite, argentite, and wires of silver in vugs. One
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octahedron of argentite is a quarter of an inch in diameter, and in
places argentite is so intimately intercrystallized with calcite as to
leave little doubt that it is primary (hypogene). In other specimens
argentite forms patches or fungus-like growths along fractures cut-
ting primary sulphides. Such argentite is very probably secondary
(supergene).

Pearceite is also of local occurrence. One specimen shows tabular
hexagonal crystals of pearceite in vugs. On some of these small

Galena

v ©o o0

nopyr;it

Proustite

O.lmm,.
| SRR, kL I

F1cUre 8.—Veinlets of proustite following cleavage planes in galena and contacts between
galena and quartz, Queen Bee mine, Mineral Park, Ariz.

crystals of chalcopyrite have later been deposited. As chalcopyrite
is rarely a product of downward enrichment, this pearceite is prob-
ably though not demonstrably primary.

Native silver is clearly secondary (supergene). It occurs as wires
and teeth attached to argentite, proustite, and pearceite in vugs and
is manifestly formed by their alteration. Native silver also occurs in

matted masses of wires and teeth along fractures in sulphide ore.
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Here it is associated with remnants of argentite, from which it was
probably derived. In a number of places the silver is in contact with
unetched crystals of calcite or of manganiferous siderite, an associa-
tion which indicates that it was not deposited from solutions that
were notably acid.

KAY CLAIM.

The Kay claim is about half a mile northwest of the settlement of
Mineral Park. A steeply dipping vein striking nearly due east is
developed by a shallow shaft and a short tunnel, neither of which
was accessible in 1913. The shaft is near the bottom of a small gulch,
and ground water stood only 25 feet below its collar. The vein trav-
erses medium-grained granite. Proustite is reported to have oc-
curred within a few feet of the surface in this vein. Specimens of
ores were collected from the dump, and two were obtained from
Mrs. Kay. _

The minerals recognized in the ore, in the approximate order of
abundance, are as follows:

Primary (hypogene) : Quartz, pyrite, sphalerite, tennantite, pearceite, proust-
ite, galena, chalcopyrite.

Secondary (supergene) : Chalcocite, native silver, copper pitch ore, mala-
chite.

Of the primary minerals quartz, pyrite; sphalerite; and galena
were the oldest; after their deposition some brecciation occurred, and
additional quartz and chalcopyrite, tennantite, pearceite, and proust-
ite were deposited in the fractures so produced. The peaiceite and
proustite are most abundant and occur in the largest masses near
small vugs. The later quartz is white; the earlier is dark gray.

In the granite of the wall disseminated grains of pyrite are
abundant.

Evidence that the silver minerals pearceite and proustite are
primary is found (1) in the absence of any indication that they have
replaced earlier minerals and (2) in the intimate penetration of
tennantite by crystals of these silver minerals, as sketched in Fig-
ure 9. In this figure proustite and pearceite are not differentiated
by separate symbols, but both show similar relations, with character-
istically sharp crystal outlines against tennantite. The narrow lath-
like white areas in the tennantite of this figure are mostly pearceite;
the larger white areas are mostly proustite. There is no evidence
that the proustite of this specimen replaces either tennantite or
pearceite.

In some vugs in the same specimen from which Figure 9 was
sketched wires and teeth of native silver have been developed by the
alteration of proustite and pearceite.
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KING CLATM.

The King claim, at Mineral Park, was located to develop a vein
striking nearly east and dipping steeply south. Prior to 1913 two
shafts, 35 and 50 feet deep, had been sunk on the vein, and two short
tunnels had been run.

—-
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Fictre 9.—Primary intergrowth of proustite and pearceite with tennantite, Kay mine,
Mineral I'ark, Ariz.

‘The vein as exposed 1n the tunnels is 6 inches to 2 feet wide and

shows gray quartz carrying scattered pyrite. Ore seen on the dump

carried the following minerals:

Primary (hypogene) : Quartz, pyrite, sphalerite, galena, chalcopyrite.

Secondary (supergene) : Covellite, chalcocite, native copper.

A specimen from the mine dump when polished showed peripheral
replacement of chalcopyrite and sphalerite by covellite. Ore from
a depth of 12 feet shows dendritic growths of native copper along
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small fractures in flinty-looking quartz. Another specimen obtained
within a few feet of the surface at this mine shows chalcocite de-
veloped along and close to small fractures in granite. The chalco-
cite appears to replace pyrite, remnants of which remain within
some of the chalcocite. In places native copper in thin platelike
masses is associated with the chalcocite and appears to be an altera-
tion product from it.
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Figrre 10.—DPrimary intergrowth of proustite with tennantite, sphalerite, etc.,, Mineral
Park, Ariz.

UNSPECIFIED ORES FROM MINERAL PARK.

/

A very fine specimen of rich proustite ore from Mineral Park was
presented by Mrs. Kay, of that place, but she was unable to specify
more closely the exact source of the material. The minerals recog-
nized in this ore, all primary (hypogene), are quartz, pyrite, galena,
sphalerite, manganiferous siderite, tennantite, and proustite.

All these minerals appear to have been deposited during a single
period of primary mineralization, but pyrite appears to have been
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the first mineral deposited, and some fracturing of it occurred prior
to the deposition of the other ore minerals. As in most of the ores
of Mineral Park the proustite is clearly associated with tennantite, a
relation which suggests that it may replace tennantite. Close ex-
amination, however, shows that the tennantite nearly everywhere
has sharp crystal faces next to proustite, as shown in Figure 10 and
on a larger scale in Figure 11. The proustite can not have replaced
tennantite and is interpreted as primary (hypogene). The galena
when tarnished brown with hydrogen peroxide, a reagent that does
not tarnish silver minerals, shows no evidence of replacement by
other minerals to more than the most incipient degree. The proust-
ite is never found along galena contacts or cleavages._

Proustite

0.'mm. .

FIGURE 11.—Primary association of proustite afd tennantite, Mineral Park, Ariz.
MINES NEAR STOCKTON HILL.

The mining camp of Stockton Hill is about 9 miles north-north-
west of Kingman, near the south end of the Cerbat Range and on its
east slope. It lies within the area of pre-Cambrian gneiss and schist.
In 1913 all the mines had been idle for many years, but some old mine
dumps were examined. According to Schrader? the district was
noted for its rich minerals—cerargyrite, native silver, argentite, and
proustite—found in the upper portions of its mines. The water level
stood commonly at a depth of about 100 feet.

At the Cupel mine the dump is very old, and the workings are
caved, operations having ceased in 1891. The output of the mine is
variously estimated at $500,000 to $1,500,000, chiefly in silver. Ac-
cording to Schrader ® some of the ruby silver ore averaged 3,000

7 Op. cit., p. 108. 8 Op. cit., p. 111,
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ounces of silver to the ton. Cerargyrite and argentite were found in
some of the ore.

Specimens collected by the writer from the old dumps and one
especially rich specimen of unoxidized ore presented by Mr. H. H.
Watkins, of Kingman, showed the following minerals:

Primary (hypogene) : Quartz (usually gray and fine grained), pyrite, arseno-
pyrite, gulena, sphalerite, siderite, chalcopyrite, tennantite, proustite, pearceite.

Secondary (supergene) : Proustite and argentite, both very rare.
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FIGURE 12.—Primary proustite in association with galena, tennantite, and qu_:\rtz, Cupel
mine, Stockton IIill, Ariz.

In the specimen presented by Mr. Watkins proustite constitutes
fully half of the volume of the ore throughout an ill-defined band 1}
inches wide. Microscopic study of this specimen fails to disclose any
evidence that the proustite either fills fractures in older minerals or
has replaced them. The mineral commonly most susceptible to re-
placement by silver minerals in downward enrichment is galena. In
this ore, howerver, there is no indication that galena has been replaced
by proustite. On the contrary, the two minerals occur side by side
in areas of comparable size, as shown in Figure 12.
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Tennantite is present in small amounts and here, as in the ores of
Mineral Park and Chloride, is particularly intimately associated
with proustite, usually forming small patches within the proustite.
These patches of tennantite are not, however, replacement remnants.
because they are as likely to occur at the border of proustite areas
as in their interior and because they commonly show crystal outlines
characteristic of tennantite. If tennantite had been replaced by
proustite the original crystal outlines would have been destroyed.
Added evidence that proustite has not replaced tennantite is found
in the localization of some tennantite crystals along the contact be-
tween two crystals of proustite; such a relation is not explainable on
the assumption that proustite has replaced tennantite but is readily
understood if the two minerals crystallized at about the same time.
In places proustite carries abundant inclusions of quartz and of
chalcopyrite, both of which show crystal outlines.

Though nearly all the proustite in the ores of the Cupel mige is in-
terpreted as primary (hypogene), one specimen of partly 6xidized
ore from the dump showed very thin films of argentite and of proust-
ite, with dendritic outlines, along a small fracture. These minerals
are very probably secondary (supergene), but they are quantitatively
of almost negligible importance. This mode of occurrence of proust-
ite is in marked contrast to that of the proustite which is fter-
erystallized with the primary ore minerals.

SUMMARY AND CONCLUSIONS, ’

The minerals noted in the silver ores of the Cerbat Mountains, be-
tween Kingman and Chloride, Ariz., are listed below. Those marked
with an asterisk (*) are rare under the conditions indicated.

Oxidation products: Cerargyrite (horn silver), native silver, *copper pitch
ore, *malachite, *native copper.

Products of downward sulphide enrichment: Argentite, *proustite (very
rare), *covellite, *chalcocite.

Primary (hypogene) minerals: Quartz (usually gray and finely erystalline),
manganiferous siderite, *calcite (white), pyrite. arsenopyrite, sphalerite. galena,
chalcopyrite, tennantite, *argentite, proustite. pearceite, *polybasite.

It is noteworthy that the ores are prevailingly arsenical, with four
arsenic minerals, arsenopyrite, tennantite, proustite, and pearceite.
Only in one specimen were small amounts of an antimony mineral
(polybasite) noted.

The unoxidized ores are in general fine grained and compact.
Vugs are few and small. Because of this compactness oxidation
above the ground-water level is very commonly incomplete. being
confined to the vicinity of fractures that traverse the ore. Ore speci-
mens several inches across essentially unoxidized may in places be
found within a few feet of the outecrop. Heavily limonite-stained
gossans or “iron caps” are not characteristic.
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The ground-water level stood at depths of 25 to 250 feet in the
mines studied. A test of stream water near Chloride showed the high
chlorine content (80 parts per million) usual in desert regions.

According to Schrader the dominant silver mineral in the ores
found close to the surface was usually cerargyrite. No specimens of
these ores were obtainable for study. In this area, as elsewhere,
cerargyrite is confined to the oxidized zone.

Native silver appears to have been most abundant at slightly
greater depths than those at which cerargyrite was dominant—that
is, close to the surface native silver is dissolved and partly repre-
cipitated as cerargyrite by chloride-bearing waters. Native silver
appears to have been confined mainly to the oxidized zone in the
vicinity of vugs and fractures. A little may have been deposited
a short distance below the ground-water level. Some of the silver
has replaced proustite, as shown in F igure 3. It was also noted re-
placing polybasite, pearceite, and argentite. In places the silver
forms tapering and curling “ teeth ” attached to these minerals and
obviously formed by their alteration. Some such silver ¢ teeth ” are
in contact with older crystals of calcite that are unetched, indicat-
ing that the silver was not deposited from acid solutions. The man-
ganiferous siderite and calcite present in most of the veins would
insure the prompt neutralization of acidity developed in solutions de-
scending through the oxidized zone. Schrader ® mentions the oc-
currence in the Distaff mine of slabs of native silver many pounds
in weight. )

Chalcocite is not abundant, but it was noted along fractures in
granite near the King vein, in Mineral Park, It contained remnants
of pyrite and was evidently formed by the replacement of pyrite.
In places a little native copper is associated with this chalcocite and
probably represents a residuum after the oxidation of the sulphur of
the chalcocite. )

Argentite, though not abundant, occurs in two contrasting ways—in
scattered, thin fungus-like scales or patches along fractures in un-
oxidized or only slightly oxidized ore and in small but well-formed
octahedral crystals occurring side by side with crystals of proustite
and pearceite in small vugs in unoxidized ore. Some of this
argentite is intercrystallized with small amounts of chalcopyrite
and sphalerite, and on some of the argentite small crystals of later
quartz are implanted. It is probable that the argentite occurring
in octahedral crystals is primary (hypogene); that occurring in
scales or patches is very probably supergene, a product of downward
enrichment.

Downward (supergene) sulphide enrichment, or the deposition of
sulphides below the ground-water level by solutions descending, from

? Op. cit., p. 60, ]

SILVER ORES NEAR CHLORIDE AND KINGMAN, ARIZ 37

the oxidized zone, appears to have been of nearly negligible im-
portance in these ores. The supposedly supergene argentite men-
tioned above is present in only small amounts. In one specimen of
ore from the Cupel mine, at Stockton Hill, very thin films of argen-
tite and of proustite, dendritic in form, occurring along small frac-

- tures cutting primary ore, are believed to be secondary (supergene).

Quantitatively such occurrences are negligible, and most of the
proustite, for reasons enumerated below, is believed to be primary
(hypogene). Very slight downward enrichment in copper was shown
in some specimens by peripheral replacement of pyrite by chalcocite
and of chalcopyrite and sphalerite by covellite.

Proustite, or light ruby silver, is the only abundant silver mineral
of the unoxidized ore, although pearceite, polybasite, and argentite
also occur. In some specimens studied masses 1 or 2 inches across
are mainly proustite, and masses of pure proustite as large as the
end of a man’s thumb were noted. Such proustite is believed to be
primary (hypogene), and the evidence for this opinion will next be
summarized.

1. Masses of proustite as large as the end of a thumb and with
well-developed crystal faces were noted intercrystallized with the
undoubtedly primary minerals quartz, sphalerite, pyrite, and fer-
ruginous calcite—all having apparently been deposited at about
the same time.

2. In one specimen studied small areas of proustite are wholly
inclosed by calcite that forms the lining of vugs. Elsewhere well-
formed crystals of proustite are coated with calcite. There is no
evidence that this calcite has been deposited by descending (super-
gene) solutions. '

3. Relatively large unmixed areas of proustite in a granular ag-
gregate of ore minerals must either be primary (hypogene) or the
product of complete replacement of older minerals. In places,
however, such proustite areas are adjacent to chalcopyrite and
sphalerite that show only incipient peripheral replacement by covel-
lite. Such incipient replacement by covellite would hardly be ex-
pected to occur side by side with complete replacement of relatively
large masses of some hypothetical mineral by proustite. It is more
probable that the proustite was formed not by replacement but by
primary crystallization. :

4. In all the ores studied proustite is more intimately associated
with tennantite than with any other mineral. Proustite is the sulph-
arsenide of silver; tennantite is the sulpharsenide of copper. The
proustite has not, however, replaced tennantite, for the tennantite
nearly everywhere has its own characteristic crystal outlines, as
shown in Figures 2, 5, 9, and 10. Added evidence that proustite

has not replaced tennantite is furnished by the fact that certain
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areas of tennantite carry only scattered simnall inclusions of sphalerite,
whereas bordering areas of proustite are crowded with relatively
large sphalerite inclusions.

5. The presence of inclusions of sphalerite and chalcopyrite in
both tennantite and proustite is itself suggestive of a primary origin
for the proustite, because sphalerite, chalcopyrite, and tennantite
are exceedingly rare as products of secondary (supergene) enrich-
ment.

6. Galena, fairly abundant in these ores, is a mineral that is
usually particularly susceptible to replacement by silver minerals in
the processes of downward enrichment. Where galena and proustite
are found together in these ores they commonly occur side by side
without evidence of replacement. Figure 4 shows an association
of sphalerite and proustite in contact with galena. The smooth
galena contacts extending from proustite to sphalerite indicate
either simultancous replacement of galena by proustite and sphalerite
or an absence of replacement, the three minerals all being essentially
of the same age and primary. Simultaneous replacement of galena
by an intergrowth of proustite and sphalerite is highly improbable
and if it occurred would almost certainly be a part of the process
of primary (hypogene) mineralization, for the deposition of sphal-
erite in the downward enrichment of ore deposits is exceedingly
rare. In Figure 7 are shown small areas of proustite inclosed by
galena. If these were formed by replacement of the galena, they
should be related to the galena cleavages, but they show no such
relation and are interpreted as inclusions of primary proustite in
galena. A single possible exception to the general rule that proustite
has not replaced galena is illustrated in Figure 8. This figure was
drawn from a specimen which in most places shows the relations
illustrated in Figures 4 and 7. The veinlets are interpreted as
fillings of a fracture in galena by primary proustite, possibly com-
bined with very slight primary replacement of the galena by the
proustite. Such relations are very exceptional. Additional evidence
that proustite has not replaced galena is found in the common
presence of many small inclusions of sphalerite and chalcopyrite in
proustite and the absence of such inclusions from adjacent galena.
It can not be assumed that the proustite has replaced galena unless
sphalerite and chalcopyrite have replaced it simultaneously.

7. In some ores proustite and pearceite intergrown with tennantite
possess regular crystal outlines, as shown in Figure 9. The narrow
white areas in this figure are pearceite showing its own characteristic
tabular crystal forms (lath-shaped in cross section) ; the larger white
areas are mostly pearceite. Sulphides occasionally develop their own
crystal form in replacing other sulphides, but the relation seems to be
rare. In ores from the Mowry mine, in the Patagonia district, Ariz.,
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the writer has observed radiating groups of tabular crystals of covel-
lite replacing galena. The development of the covellite was, how-
ever, clearly controlled by cleavage planes of the galena or by con-
tacts of galena with other minerals. In the association of pearceite
and tennantite under description there is no such relation of the
pearceite to tennantite contacts or partings, but the pearceite ap-
pears to be fairly evenly distributed through the tennantite. The two
are interpreted as in primary intergrowth. There is no evidence that
the proustite of this specimen is the result of a replacement of

pearceite; it appears rather to be contemporaneous. On theoretical -

grounds the supergene replacement of pearceite (9Ag,S.As,S,), a
rich silver mineral, by proustite (3Ag,S.As,S;), a mineral poorer
in silver, is unlikely, for it would involve a reversal of the progres-
sion to richer silver minerals characteristic of the process of down-
ward silver enrichment.

Although some of the relations outlined above taken singly would
not form conclusive evidence that the proustite was primary, taken
collectively their signifiance is unescapable.

The possibility of profitable operation of any particular deposit in
this area is dependent upon many considerations, among which may
be mentioned the price of silver, costs of transportation and labor,
milling and smelting facilities, the width and horizontal extent of
the ore body, the primary distribution of silver minerals within the
vein, and the nature and extent of downward enrichment in silver.

Some of the richest silver ores of the area, carrying cerargyrite and
native silver, were unquestionably products of oxidation and down-
ward enrichment, and the playing out of these ores in depth was
certainly an important factor in the closing down of many of the
mines. The decline in the price of silver from 1872 to 1916 was un-
questionably an added discouraging factor.

The conclusion that the rich ruby silver ores of the region are in
the main primary offers encouragement to further exploration of
the ore bodies, although this work should be undertaken only with
due regard to the many other and perhaps unfavorable factors in-
volved. A general decrease in the primary silver content of veins of
this type with increase in depth is probable, but such primary
changes are likely to be much less abrupt than those due to down-
ward enrichment and to be recognizable only through vertical in-
tervals measured in many hundreds rather than a few hundreds of
feet. The depth of most of the mines is too small to afford any valid
test of this factor, even had the workings been accessible for study.
Underground studies, had they been possible, would have aided in
determining whether the rich primary proustite ores were of spotty
or patchy distribution, or of fairly regular distribution within the
veins. a question of fundamental practical importance.

.
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It is developed by crosscut tunnels and drist, mostly within a verti-
cal range of 100 feet. The country rock is sheared 1)1'0-C&111b;'{:111
biotite granite. The vein has a width of about 40 feet,‘and L}lpS
steeply southwestward into the mountain. It seems to consist mm’u’l_\'
of an altered and replaced crushed aplitic granite or rhyolite dike.
The values favor the foot-wall side of the vein, being greatest near
its contact with the granite. This mine produ.ces gold-sll\'er'—lou.u
ore. The last carload shipment made at the time of the writer’s
visit averaged: Gold 3.16 ounces and silver 8 ounces per ton, and
lead 17.5 per cent. .
Rural and Buckeye mines—These two mines are located in tlwl
northeastern part of the Mineral Park district, at an elevation of
about 5.000 feet. They are but a few hundred feet apart and are
situated on the =ame vein. the Rural being on the west and the Buck-
eye on the east side of the same gulch. The principal de\'clopme‘nts
in the Rural consist of a 200-foot shaft and about 100‘feet o.f dr}ft,
and in the Buckeve of 750 feet of drift, toward the face of \vlug_-lj
the vein is faulted off to the north by a lateral throw of ;1boutv.u>
feet. The Rural shaft contains water. The )'eixl in the Rura.l mine
dips southward at angles of about 80°, b.ut- in the Bucke:\'e it (111?5
to the north at angles of about 70°. It is 2 to 8 fe.et» thick and is
associated with a dike of the aplitic granite intruded into the country
rock. which is pre-Cambrian schist. It locally show.s a 4-inch to
20-inch ore shoot. mostly iron and copper pyrites, with streaks of
arsenopyrite. black oxide of manganese, and some cherF and quartz,
the quartz being more prominent in the Buckey'e tlm-n in the Rural.
The walls are generally frozen. The ore contains silver, gold, and
copper. with the values high in gold. . .
Golden Star mine—The Golden Star (formerly Lone Star) minc
is located about a mile northeast of Mineral Park, on open ground.
1t produced rich sulphides of silver, containing gold u'n.(l lead», from
1870 until 1902. when the ore seems to have fallen off in g.mde and
become base and refractory. The mine is developed prinmpul‘]y by
a =haft 300 feet in depth and two levels. with 600 feet of drift on
each level. The ore is stoped down to the 100-foot level. The vein
dips steeply to the south. It is 2 to 4.feet in \\'ldtll."i.ll_ltl the ore
is all low grade. The total production is stated to be £375,000. .
vl and San Antonio mines.—The Ark mine, located about ‘_).mlh.'s
sonthwest of Mineral Park at the west base of tl'lt‘. mmmt:uns.) i<
developed by a 250-foot shaft and three levels, comprising .nbuut 1300
feet of workings=. It produces considerable water. The vein, w}uch 15
5 or 6 feet in width. dips steeply to the northeast. The ore is of a
sulphide character and contains gold, silver, and copper. It runs
about 175 ounces of silver and 3.15 ounces of gold per ton. '14lu'
production is about $150.000. Adjacent to the Ark mine is the San
Antonio. which has produced $75,000.

MINERAL DEPOSITS OF MOIIAVE COUNTY, ARIZ. .67
CERBAT DISTRICT,

General outline—The Cerbat district, an area about 4 miles in
diameter. is situated south of the Mineral Park distriet, in the foot-
hills at an elevation of 3,500 to 5.000 feet, 3 miles east of the Arizona
and Utah Railroad. It has produced more than 32.000,000. Tt is
drained principally by Cerbat Wash, which leads westward into
Sacramento Valley. The mines north of this wash are gold bearing:
those to the south yield silver and lead. The principal mines are the
Golden Gem. Vanderbilt, Champion, Oro Plata. Paymaster. Cerbat,
New London, St. Louis, Flores, and Twins, the three first named
being among the most important present producers.

Golden Gem mine—The Golden Gem mine, located on Cerbat
Wash, is developed principally by a 430-foot shaft and four levels
comprising 1.200 feet of drift and stopes. The stoping is on the 130-
foot level, and extends 166 feet horizontally and from 62 to |1 feet
vertically. This mine yields considerable water. The vein dip=
steeply to the northeast. It ranges from 6 to 14 feet in width. and
usually carries 2 to 61 feet of pay ore running from $10 upward per
ton. The values favor the foot wall. The gangue is quartz. The
ore is gold ore and carries also silver, locally 60 ounces per ton. legd 3
to 6 per cent, antimony and zine a trace, and some iron pyrites. The
production to date is $190,000. A 40-ton mill is now turning out
about $350 worth of concentrates a day from ore formerly left on the
dump.

I ho mine—The Idaho mine adjoins the Golden Gem on the
west, and the ore is similar to the Golden Gem ore. The mine has
been worked in a small way since 1871, and the total production is
reported to be about $200.000.

Cerbat mine—The Cerbat mine, located about a mile northeast of
the Golden Gem mine, is 200 feet in depth. The vein is 4 to 10 feet
thick, and the total production is stated to be about $300,000 in gold
and silver.

Paymaster mine—In the Paymaster mine, about 1} miles north-
east of the Golden Gem mine, the vein dips steeply to the north. The
ore contains silver and gold, runs high in values. and carries much
ruby silver. The production to date is said to be 3200,000. Con-
siderable water is found in this mine.

Oro Plata mine.—The Oro Plata mine, located about a mile north-
east of the Paymaster mine, is 280 feet deep and is developed by
about 7,000 feet of underground work. Tt produces considerable
water. The pre-Cambrian country rock is here intruded by the
aplitic granite. The ore values are chiefly in gold and sulphide of
silver, with locally some lead. They run about $37 per ton. The
total production is given as $500,000.
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STOCKTON IIILL DISTRICT.

General outline—~The Stockton TIill district joins the Cerbat dis-
trict on the east. being situated on the opposite slope of t.he mou-
tains, about 10 miles north of Kingman. It is about 4 11111%‘5 in di-
ameter and ranges from 3,500 to 5,500 feet in elevation. It is gener-
ally rough, but the mines are all accessible by wagon roads, in the
main of easy grade. The drainage issues eastward into Hualpal
Valley. The principal camp is Stockton Iill, situated in the eastern
part of the district. The veins in general strike northwestward.
The district contains about 10 mines. of which the principal are the
Banner Group. Treasure Hill, Little Chiet, Cupel, Prince George,
De la Fontaine, C. O. D., and "63.

Banner Gronp mine—The Banner Group mine is situated near the
center of the district. It is developed by more than 2,000 feet of
underground work, including the * tunnel ™ or drift, which extends
in 1.600 feet on the vein. The vein dips steeply to the northeast. Tt
is 6 to 8 feet in width, and the ore shoot is 2 to 2} feet thick and
favors the foot-wall side. In some localities the ore consists of pure
galena, but usually it contains gold, silver, zinc, iron, and copper, tlu‘:
gold in places amounting to several ounces per ton. The amount of
zine increases in the deeper north portion of the mine.  The produc-
tion is reported to bermany thousand dollars in gold, silver. and lo:u.l,
the zinc thus far being culled and left on the dump. The ore 1s
<hipped to the Needles smelter.

Treasure I ill mine—The Treasure Hill mine is located in the foot-
hills in the southeastern part of the district. It is developed by in-
clined shafts and drifts, and yields a large supply of good water.
The veins, six in number, dip steeply to the northeast. They average
about 5 feet in thickness at the surface and widen downward. They
are associated with what seems to be a small stock of the aplitic
granite. and the two next to it are now being worked. The ore fnv(.n's
the hanging wall and occurs in shoots 100 to 200 feet in extent. with
intervening clay or talcose gouge and sulphides. Tt runs about 100
ounces of ;ilver and §5 to $16 in gold per ton, and 7 to 10 per cent of
lead. The total production is stated to be $100,000.

Cupel mine—The Cupel mine is situated at Stockton TTill camp.
Tt is now being reopened and an excellent 200-ton mill and plant of
the Joplin type have just been installed. It is developed to a depth
of 400 feet, principally by shafts, drifts, and stopes, and is said to

vield about 25.000 gallons of water per day. It is located on three
veins, whose general trend is northerly. The ore in general contain=
ruby and horn silver, together with black sulphide of silver, but in
some places is rich in high-grade galena and carries about $5 per ton
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in gold. About 2,000 tons of ore said to run from £6 to $7 per ton lie
on the dump. The production to date is r2ported to be about £300.000.

Prince George mine—The Prince George mine, located about one-
fourth mile southeast of the Cupel mine, is developed by a 180-foot
shaft and drifts, and is said to yield about 2,000 gallons of water a
day. The vein dips steeply to the north and is about 12 feet thick.
The total production is about $100,000.

De la Fontaine mine.—The De la Fontaine mine, located at the
west side of the district, on the crest of the range, is 400 feet deep.
and comprises about 1400 feet of drift. The vein is 7 to 10 feet in
width, and dips steeply to the north. The ore runs about 35 per cent
in lead and zine, and contains some gold. Good ore bodies, 2 to 4 feet
thick and of considerable extent, are blocked out in the lower 300 feet
of the mine.

G- mine.—The "63 mine, located in the southern part of the dlistrict.
is 200 fect deep and is stated to have produced a total of £00.000.

mostly in rich silver ore.

Little Chief mine—The Little Chief mine, located one-fourth mile
west of Stockton Hill camp, is about 100 feet deep and contains about
1,000 feet of underground work. The vein, supposed to be one of the
veins of the Treasure ITill mine already described, dips steeply to the
northeast. The production, amounting to many thousand dollars. is
all shipping ore, averaging in silver about 350 ounces and in oold 5
to 10 ounces per ton, with 8 to # per cent of lead.

C.0.D.mine—The C. O. D. mine, located 2} miles north of Stock-
ton Hill camp, in the upper part of C. O. D. Gulch, is developed by a
shatt 400 feet deep, drifts, and' ctopcs, on and between two main and
two subordinate levels, aggregating in all about 2,500 feet of under-
ground work. The principal surface equipments consist of a 50-ton
concentrating mill and engines. The vein dips steeply northward.
and is about 7 feet thick. The ore, whose principal value is in silver.
runs about as follows: Silver, 160 ounces per ton; gold, 2 ounces per
ton; lead, 12 per cent; with some zinc and a little copper. Except the
low-grade ore, it is mostly worked out for a distance of about 400
feet on cither side of the main shaft, beyond which good ore is re-
ported. The mine closed down late in 1904 and is now full of water.
The total production is reported and in part verified by smelter return
sheets to be $1,300,000, that of silver alone amounting to about
$1,000,000.

GOLD BASIN DISTRICT.

The Gold Basin district is situated in the eastern part of the White
Hills, in the Gold Basin mining district. It extends over a hilly area
about 6 miles in diameter, sloping and draining to Hualpai Wash on
the east, and ranges from 2,900 to 5,000 feet in elevation. The water

T
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MINING LEASE AND PURCHASE AGREEMENT

This Agreement, made and entered into this the _ day of
June, 1980, by and between Severt H. Reither, Margaret Reither andz
Frank Reither, sometimes doing business as Continental Divide Distributing
Company, of Route 2 Box 418, Ajtkin, Minnesota 56431, hereinafter
called "Léssors" and Desert Metals, Inc., T. W. Anderson, President,
P. 0. Box 3081, Scottsdale, Arizona 85257, hereinafter called "Lessee".
WITNESSETH:
Lessors, for and in consideration of the payments of the
royalties and performance of the terms, covenants and conditions set
forth herein for the Lessee to be kept, paid and performed, does by

these presents grant and lease to said Lessee, all these certain mining

properties belonginé to and represented by Lessor situated in Mohave

County, Secs. 6 & 7, R-17-W, T-22-N, G.&.S.R.M., Cerbat Mining District,
“Arizona and named as follows: L ATV A
& 1. Friday, #1
¥ o 2. Friday, #2 St -5 16 - B8
R o 3. Friday, #3 o7 B
j\_‘ & A 4. Friday, #4 7
- g W 5, Friday, #5 266
@h o 6. Friday, #6 389

pﬁThese claims are contiguous and south of the Golconda & Mexican Mines.
- A map to be included in this Agreement as Exhibit "A".

Lessors also agree that any right title and interest in and to
any surroundfng mineral propertieg to above claims should be a part of
this Agreement, should Lessee feel it necessary to properly re-stake,
acquire or renew ownership thereof.

| TERMS AND CONDITIONS

1. From the date of this Agreement, Lessee is hereby granted a
period of time up to and including 15 Dec., 1980 during which he will
have Fhe free, exclusive, quiet and unrestricted right to, re-stake
c]aimé, explore, drill, excavate, assay, test and search for economical
and mineable ore, rehabilitate surface and sub-surface workings, build
test or experimental ore processing facilities, use water found thereon,
block ou;, remove and stockpiTe ore reserves, ship 1ihited amounts of
ore for test purposes, etc., so long as said process and practices aré
done in a good and workmanlike manner and would not be detrimental to ¢

future operation and mine safety within these claims;



2. For the privilege of having this period of free examination
time, the Lessee agrees to furnish Lessors an original copy of all
evaluation work accomplished, including maps, reports, assays,
determinations on ore processing and feasibility studies, drill logs,

etc., if requested;

3. Lessors do, by their signatures hereto, state, declare and
guarantee that they are the sole owners of these six (6) unpatented
mining claims and that they are free and clear of any liens or encum-
brances of any kind or nature and that this condition shall continue so

long as this Agreement is in effect.

4. It is mutually agreed herein that the purchase price of these six

(6) unpatented mineral claims shall be Four Hundred Thousand Dollars

($400,000.00) , payable at a minimum advance royalty of $200.00

(Two Hundred Dollars) per month, commencing on or before 15 Dec. 1980 or 5%
of the "Gross Proceeds" of all the ore or minerals produced from these
claims whichever is greater. At the end of 12 (twelve) months from the date
of this signing or 15 June 1981, the minimum advance royaity shall increase
to $400.00 (Four Hundred Dollars) per month or 5% of the gross production,
whichever is greater. These payments shall be paid into escrow account of
Lessor at the First National Bank of Crosby, MN, by Lessee, within thirty
(30) days after receipt of settlements. The books and records of operator
will be open at any reasonable time for Lessors or their agent's inspection,
should any doUbt be expressed as to payments due Lessors. The first Two
Hundred Dollars ($200.00) monthly payment shall be due on or before the 15th
day of Dec. 1980 and each month thereafter and increasing to $400.00/mo., as

statgd above.

On or before the expiration of this examination time Lessee and/or
his agent shall submit written notice to Lessor of their intentions to
abandon or continue occupancy of these mineral claims. Should Lessee
be satisfied to continue occupancy, exploration, development and
exploitation of these claims, they shall arrange a mutually acceptable

escrow account to facilitate payments to Lessor as herein agreed, along



with escrow instructions specifying same;

6. It is also .agreed by Lessors that they will place a good and
negotiable quit claim deed to said claims in said escrow same to be
- released ‘to Buyer or his assigns when the agreed sales price has been.
paid into escrow to account of Sellers;

: s Lessee hereby agrees to use his best efforts to get good
...and qualified associates and/or assigns to complete the necessary test
work in the agreed examination period and begin payments when due;

8. It is fully understood by Lessors that Lessee and/or his
assigns,-agent, associates or designates shall have the exclusive,
unrestricted and quiet enjoyment and occupancy of said claims and im-
provements, so long as they meet all the terms and conditions of this
Agreement as listed herein;

9. Lessee herebx’agrees to hold Lessors harmless from any
lawsuits, causes of action or any such legal hassles resulting from
his occupancy, possession or operation of said claims and also agrees
to post notices of non-1iability in conspicious p]éces upon the claims
for the protection of Lessors; |

10. Lessors hereby agree to allow Lessee to take claims to
patent if he so desires, but ownership shall be retained by Lessor with
same rights of burchase by Lessee as set up herein, until fully paid;

11. It is agreed that thé title of all mining machinery, equipment,
fixtures and structures erected or placed upon said mining claims and
premises by Lessee'shall be reserved to said Lessee and remain the
Property of.Lessee, subject to removal at his will, during the ccntinuance
of this.Agreement, and ninety days thereafter.

12. Lessee hereby agrees to éarry adequate Workmen's Compensation
Insurance for the protection of all workmen employed on said mining
premises and claims, or in the mining operations.

13. Since the claims are unpatented, annual assessment work must
be performed on same. Lessee agrees to perform, and record, all work
necessary to keep each claim valid including paying taxes due thereon.

14. Lessee may cancel or terminate this Lease, or Purchase
Agreement upon thirty (30) days' notice in writing to that effect mailed

to Lessor, at any time during the length of this Lease without penalty.



15, If Lessee fails, neglects, or refuses to pay ;ents and royalties
as herein provided, and such defaulting continues for thirt} (30) days
after written notice has been received by Lessee to rectify such default,
Lessor may re-enter said premises for his sole occupancy.

16. This Lease may be assigned in whole or in part by Lessee,
and upon such assignment, the assignee shall be solely responsible to
Lessor§ for such assignee's pro rata portion of any or all of thg
obligations or 1iabilities under this Lease and Agreement, and Lessee
shall proportionately be relieved of any or all of said obligations or
liabilities. Lessors in turn, shall accept and grant all rights and
obligations of Lessee as stated herein of and to Assignee as if he were
original Lgssee.

17. Lesseé further agrees to perform a]]lmining operations in a
good and workman]ike manner to properly and adequately timber, where
necessary, all shafts, tunnels and all underground excavations for the
safety of the workmen and the preservation of said premises as a mine
in a manner commensurate with good and econoﬁica] mining practices.
Lessee agrees that he will operate said mine in full compliance with all

ARL200)4A
State of {wiwwme®e and Federal Mining Laws.

This Agreement shall be binding upon and inure to the benefits of
the heirs, administrators, executors, assigns and successors in interest
of either Lessor or Lessee. .

IN WITNESS WHEREOF, the parties hereto have signed this Mining

Lease and Purchase Option the day and year herein above first written.

LESSEE: LESSORS:
DESERT METALS, INC. SEVERT H. REITHER

T. W. Anderson, President

MARGARET REITHER

FRANK RETTHER (TRUSTEE)

hORRAINE Ker7seerd

-4-



STATE OF
sS.
County of

~ This instrument was acknowledged before me this day of

» 1980 by T. W. ANDERSON, President, DESERT METALS,

INC.

Notary Public

My Commission Expires:

STATE OF MINNESOTA )
55.
County of ;
“This instrument was acknowledged before me this day of

» 1980 by SEVERT H. REITHER AND MARGARET REITHER.

Notary Public

My Commission Expires:

STATE OF COLORADO ;
) ss.
County‘of

'This instrument was acknowledged before me this day of

, 1980 by FRANK REITHERIé Lo orsroe DETHER.,

Notary Public

‘My Commission Expires:
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PROFORMA

The following is based upon June 25, 1980 gold and silver prices and assuming
the processing of 50 tons per day of an average ore.

15 oz/ton ag x $15.95/0z x 1000 ton/month = $239,250
{//:7”.07 0z/ton av x $622.50/0z x 1000 ton/month = 43,575
7z : $282,825
—— . - ¥ ~—— X 99 disc ¢
Refining-smelting fee 6% — 4v 74, &%, 2;2 g;gr\\\\\ff?é/’éf?
10% Royalty 26,586 o
239,269
¥ Monthly operations: Mining, milling, §120,000)
transportation 119,269
20% interest to PRO and others § 23,854)
Monthly Net Income 95,415

Considering a three month delay in the set-up of the mill-concentration
facilities, the payout will be in 8 months.

Startup Cost $400,000
Three months' operations 360,000
$760,000 = $95,415 = 7.96 months.
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HAYS, Justice.

Geomet appealed from a decision grant-
ing exclusive possession of certain unpa~
tented mining claims to Lucky Mc Uranium
Corporation. The Court of Appeals af-

firmed, 1 CA-CIV 4125, filed June 12, 1979,

123 Ariz. —, 601 P.2d 1344 (1979). Geo-
met petitioned for review and we granted
review under A.RS. § 12-120.24 and Rule
23 of the Rules of Civil Appellate Proce-
dure. We now vacate the opinion of the
Court of Appeals.

By use of modern scmt;llatxon eqmpment
in September of 1976, plaintiff/appellee,

 Lucky Mc Uranium Corporation, detected

“anomalies” " (discontinuities in geologic
formations) indicative of possible uranium

I depdsits in the Artillery Peak Mining Dis-

trict in Yuma County, land in the federal
pubhc domain. In November, 1976, Lucky
— proceeded to monument and post 200 claims
(4,(!)0 acres), drill a 10-foot hole on each
claim, and record notices pursuant to A.R.S
" §§ 27-202, 27-203 and 27-204. - .0 -
Subsequently, defenda.nt/appellant, Geo-
met, peaceably entered some of the areas
claimed by Lucky and began drilling opera-
tions. Employees of Geomet were aware of

"Lucky’s claims but considered them invalid
~.--. because there had been no discovery of min- -
" * . erals in-place and Lucky was not in actual
- oecupancy of the areas: Geomet entered.

-Lueky instituted a me action seek-
mg ~damages, -exclusive. possession ‘and a

- permanent injunction against trespass by
= Geomet or its employees. There was insuf--
-~ _ ficient. evidence to establish a valid dis-

covery, but the trial court found that Lucky

~was entitled to exclusive possession and a
* - permanent injunction. Although Geomet
- pointed out that, prior to discovery of min--
+;.erals in place, the doctrine of pedis possessio
" requires a prospector to be in actual occu-
. "pancy of the claim and diligently pursuing

discovery, the court based its reasoning on

-the economic infeasibility of literal adher-

ence to the element of actual occupancy in

_view of modern mmng techniques and the

“expense involved i in exploring large areas.
Additionally, the court found that Geo-
. met had entered the land in bad faith,
knowmg that Lucky was clmmmg it ..

won

-
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U.S.C. § 53 (1970):

- covery of minerals in place. Best v. Hum

We must decide a single issue: Should- ‘*3:

the actual occupancy requirement of pedis - s
Ppossessio be discarded in favor of construc--
tive possession to afford a potential locator

proteciion of contiguous, unoccupied claims-
as against one who enters peaceably, open-
ly, and remains in possession searchmg for_ 2<%
minerals? -

PEDIS POSSESSIO &
Mineral deposits in the public domain of 23
the United States are open to all citizens (or~<
those who have expressed an intent to be-=g}
come citizens) who wish to occupy and exs
plore them “under regulations prescribed b;
law, and according to the local customs or
rules of miners in the several mining dis--
tricts, so far as the same are applicable an
not inconsistent with the laws of the Uni
States.” 30 U.S.C. § 22 (1970).

[1] The doctrine of pedis posses
evolved from customs and usages of mine
and has achieved statutory reeogmhon i
federal law as the “law of pouess)on,

. No possessory action between persons,
_any court of the United States, for the
recovery of any mining title, or for dam:
ages to any such title, shall be affee
by the fact that the paramount title:
the land in which such mines lie is in
United States; but each case shall

- judged by the law of possession. _:-_..
Regardless of compliance- with statutorys;
requisites such as monumenting and notice;#8
one cannot perfect a location, under eithers
federal or state law, without actual dis=2

boldt Placer Mining Co., 371 U.S. 334;
S.Ct. 379, 9 LEEd.2d 350 (1963); 30 U.S.
§ 23 (1970); A.R.S. § 27-201. Until d
covery, the law of possession determin
who has the better right to possession:3
The literal meaning of pedis possessio is
foothold, actual possession. Black’s-‘La
Dictionary 1289 (rev. 4th ed. 1968). This
actual occupancy must be - distinguish
from constructive possession, which is bas
on color of title and has the effect of e
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larging the area actually occupied to the
extent of the description in the title. Id. at
1325. A succinct exposition of pedis posses-
sio is found in Union Oil Co. v. Smith, 249
U.S. 337, 34648, 39 S.Ct. 308, 310-11, 63
L.Ed. 635 (1919):
Those who, being qualified, proceed in
good faith to make such explorations and
enter peaceably upon vacant lands of the
United States for that purpose are not
treated as mere trespassers, but as licen-
sees or tenants at will For since, as a
practical matter, exploration must pre-
cede the discovery of minerals, and some
occupation of the land ordinarily is neces-
sary for adequate and systematic explora-
tion, legal recognition of the pedis posses-
sio of a bona fide and qualified prospector
is universally regarded as a necessity. It_
is held that upon the public domam a
miner may hold the place in which he-
‘may be working against all others ha.vmg
no better right, and while_ be remains | m
possession, diligently Working _towards
" discovery, is entitled—at least for a rea-
sonable time—-to be protected against

“forcible, fraudulént, and clandestine in-

“trusions upon his poss@qigg,ﬂ _' "‘T‘»-‘. : T

Whatever the nature and extent of ‘a
possessory right before discovery, all au- -
thorities agree that such possession may
be maintained only by continued actual
occupancy by a qualified locator or his
representatives engaged in persistent and
diligent prosecution of work looking to
the dlscovety of mmeral. (Empham add-,
ed) : S~ Taoes

-

occupancy or cease worhng ‘toward dis-
covery, and another enters pe-mbly, open-
ly, and diligently searches for mineral, the
first_party forfeits the right to_exclusive
possession under the requirements of pedis
possessio. Cole v. Ralph, 252 US. 286, 295,
40 S.Ct. 321, 325, 64 L.Ed. 567 (1920); Davis
v. Nelson, 329 F2d 840 (9th Cir. 1964). -

[3] Arizona has recognized pedis posses-
sio and the concomitant requirement of ac-
tual occupancy for a century. Field v.
Grey, 1 Ariz. 404, 25 P. 793 (1881). In Bagg

1341

v. New Jersey Loan Co., 88 Ariz. 182, 188—
89, 354 P.2d 40, 44 (1960), we said: “Loca-
tion is the foundation of the possessory
title, and possession thereunder, as required
by law and local rules and customs, keeps
the title alive, . .” (Emphasis add-
ed.) It is perhaps more proper to speak of a
possessory right than a title because, until
discovery of mineral and issuance of a pat-
ent, absolute title in fee simple remains in
the United States. Bagg, supra, at 192, 354
P2d 40; Bowen v. Chemi-Cote Perlite
Corp., 102 Ariz. 423, 432 P.2d 435 (1967).
Since this is a possessory action, the party
with the better right is entitled to prevail.
Rundle v. Republic Cement Corp., 86 Ariz.
96, 341 P2d 226 (1959). .. .. . .

-Conceding that actual occupancy is neces-
sary under pedis possessio, Lucky urges
that the requirement be relaxed in defer-
ence to the time and expense that.would be
involved in actually occupying and drilling
on each claim until discovery. Moreover, -
Lucky points out that the total area claimed
—4,000 acres—is reasonable in size, similar
in geological formation, and that an overall
work program for the entire area had been
developed. Under -these - circumstances, -

"Lucky contends, actual drilling ‘on some of

the claims should suffice to afford protec-
tion as to all contiguous claims. - Great re-
liance is placed on MacGuire v. Sturgis, 347
F.Supp. 580 (D.C.Wyo.1971); in- which the
federal court accepted arguments similar to
those advanced here and extended protec-
tion on a group- or area basis. . Geomet

eountersthatMacGuire,supn,isanaberm— o,

~ tion and. contrary- to -three Wyoming- Su--
preme Court cases upholding the requisite
of actual occupancy. - Sparks v. Mount, 29 .
Wyo. 1, 207 P. 1099 (1922); Whiting -v.
‘Straup, 17 Wyo. 1, 95 P. 849 (1908); Phillips
v. Brill, 17Wyo %95P 856(1908)

[4] To adopt t.he premlse urged by
Lucky eviscerates the actual occupancy re-
quirement of pedis possessio and substitutes
for it the theory of constructive possession
even though there is no color of title. We
are persuaded that the sounder approach is
to maintain the doct.nne intact. In Uman
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Oil, supra, the Court considered the precise

question of extending protection to contigu-
ous claims and refused to do so:

It 'was and is defendant’s contention that

by virtue of the act of 1903, one who has

acquired the possessory rights of locators

before discovery in five contiguous claims

. may preserve and maintain an

mchoate right te all of them by means of

" a continuous actual occupation of one,

..coupled with diligent prosecution in good:

faith of a sufficient amount of discovery
. work thereon, provided such work tends-
also to determine the oxl-beanng clmmc-
ter of the other clmms. L Ses

In our opunon the act shows no purpose
..to dispense. with discovery as an easential
of a valid oil location or to break down in

any wise the. recognized distinction be-

- .tween the pedis possessio of a prospector

doing work for the purpose of discovering
" oil and the more substantial right of pos-
. Session of one who has made a discovery
et r-e o Union Oil, 249 U.S. at 343, 353,

39 S.Ct. at 309, 312. (Emphasis added.)

..We have canvassed the Western mining
jurisdictions and found the requirement of
actual occupancy to be the majority view.:
Davis v.. Nelson, supra; -United Western
Minerals Co..v. Hannsen, 147 Colo. 272, 363
P2d 677 (1961); Adams v. Benedict,.64
N.M. 234, 327 P2d 308 (1958);, McLemore v.’
ExpmstICo. 1580al.559 Il2P 59
(1910). % T 0 e

-.There are: always mherent nsk.s in proa~

~ pecting. - The development of pedis posses- -

- sio from the -customs. of miners. argues -
forcefully against the: proposition that ex--
- clusive right to possession should encompass

claims neither actually occupied nor being

.. explored. - We note that the doctrine does

not protect on the basis of occupancy alone;
the additional requirement of diligent

search for minerals must also be aamﬁed.‘
‘At r.he ume‘ this acﬁon was tned. A.R.Sb

5 27—203(3) read, in pertinent part:

" “The locator of a lode claim shall within one:

" hundred twenty days from the time of the
-* location sink a location shaft on the claim

* % e o opens . ¥ N~
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.. The reason for these dual elements—and

for the policy of the United States in mak-
ing public domain available for exploration
and mining—is to encourage those prepared
to demonstrate their sincerity and tenacity .-
in the pursuit of valuable minerals. If one -
may, by complying with"preliminary for-

malities of posting and recording notices, -

secure for himself the exclusive possession -
of a large area upon only a small portion of
which he is actually working, then he may,
at his leisure, explore the entire area and
exclude all others who stand ready to peace
ably and openly enter unoccupied sections::
for the purpose of discovering minerals;.’.;,
Such a premise is laden with extreme di_ffi- bl
culties of determining over how large an®
area and for how long one mlght be perml -
ted to exclude others. - ~ - 22
We hold that pedis possasxo protects only e
those claims actually occupied (provided:=3
also that work toward discovery is i
progress) and does not extend to conti :

to a specified depth.* The contention- is3

" that during that period, Lucky should have

been granted exclusive possession in ord

to discover mineral in place, and, since Geo-i=
met entered certain claims before the expi:3
ration of the 120 days, Lucky did not ha

the benefit of the full term in whlc
make dxaeovery ' e

5] We pomt out, however, that the-fim ~
 statute concerning loeatxon of Aclaxms, _A.R.S..

public domain of the United States the
mineral may be located as a lode mining:
. claim by the discoverer for himself, or f
“himself and others; or for others.
 phasis added.)

Subsequent amendment by Laws 1978, Ch.'1 ]
§ 3, deleted the requu'ement ot sinking a
or dnllmg.
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Discovery is the sine qua non that lends
validity to other statutory procedures de-
signed to complete a location. A.RS.
§§ 27-202 et seq. We have on two occa-
sions held that acts of location confer no
right in the absence of discovery. State v.
Tracy, 76 Ariz. 7, 10, 257 P.2d 860, 862
(1953); Ponton v. House, 75 Ariz. 303, 306,
256 P2d 246, 247 (1953). It is certainly true

that, even after discovery, one may be held .
to have abandoned a location or forfeited

his rights for failure t to eomply with addt
tional statutory rqunemenw&ﬁz'l

A203(E). But prior to discovery, the only

right one has to exclude others flows from
pedis possessio and not from statutory law.

[6] Finally, Lucky asserts that Geomet
cannot invoke pedis possessio because Geo-
met, knowing that Lucky claimed the area,
entered in bad faith. Lucky relies princi-
pally on Bagg v. New Jersey Loan Co.,
supra, and. Woolsey v. Lassen, 91 Ariz. 229,
371 P2d 587 (1962). It is true that a poten-
tial locator must enter in good fa.lth. Un—
ion Oil Co. v. Smith, supra.

There is language in our decisions that
appears to indicate that mere knowledge of

a prior claim constitutes bad faith. - Al- )

though we are sure that our holdings were

sound in the cases Lucky cites, certain

statements may have been an inadvertent
oversimplification of the issue of good faith
and we take this opportumty to c.lanfy the

pomt. gt A

In general terms, good fa.lt.h may be
defined as honesty of purpose and absence

of intent to defraud. . People v. Bowman, .
156 CalApp2d 784, 320 P2d 70 (1958);
- Thurmond v. Espalm 50 N.M 109, 171 P.2d

325 (1946).

Both Bagg and Woolsey, supra, dealt
with those who had discovered minerals in
place and were in actual occupancy when
others attempted to usurp their claims.
These facts immediately distinguish them
from the instant case, in which Lucky had
neither .made discovery nor was in actual

occupancy of the areas Geomet entered.

[7] While acting as agent to oversee

claims of the Arizona Mining Company, Mr.. -

Bagg attempted to locate claims for him-
self. An agent is duty-bound not to acquire
a private interest antagonistic to that of his
employer. See Mallamo v. Hartman, 70
Ariz. 294, 219 P.2d 1039 (1950); Restate-
ment (Second) of Agency §§ 387, 333, 395
(1957). '

Woolsey concerned a claim against a pre-
vious locator who had already -discovered
mineral and was in actual possession under
a lease from the state. Under the circum-
stances, the challenger simply. could not
prove a superior right to possession. -

[8] In summary, both cases differ sig-
nificantly from this case in their factual
framework and did not depend for their
resolution . solely-upon - the element of
knowledge.. We stand by our conclusions in
those cases but wish to emphasize that mere
knowledge of a previous claim, in and of -
itself, does not constitute bad faith. - Co-
lumbia Standard Corp: v. Ranchers Explo- r
ration & Development, Inc., 468 F2d 547
(10th Cir. 1972); Adams v. Benedict, suprs;
Walsh v. Hem:y .38 Colo 393 88 P 449
(1907). v v oome o tiic el

Since Geomet’s ent:y eoneededly was
open and peaceable, we hold that the entry
was in good faith. ’ TN

In conclusion, Lucky was not m actua.l--

e e ———

'occupancy of those areas Geomet entered

*And pedis possessio affords Lu
_tion as to those pargcq]ar _g!m Geomet
is entitled to the excll.mve possession n of the the
disputed claims. - "o o a4
We reverse the tna.l eourt, order that. t.he _
injunction be quashed, and remand for pro-

eeedmgs conmtent w:th tlns oplmon. 21

CAMERON C J STRUCKMEYER, V.
C. J., and HOLOHAN and GORDON, JJ.,
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" GEOMET EXPLORATION, LTD, a
corporation, Appellant,

v.

LUCKY Mc URANIUM CORPORATION,
a corporation, Appellee.

No. 1 CA-CIV 4125,

Court of Appeals of Arizona,
Division 1,

Department B.

June 12, 1979. .
- - Rehearing Denied July 10, 1979.
"% Review Granted Sept. 6, 1979.

.. Prior locator sued subsequent locator
seeking exclusive possession of certain un-

1% patented lode-mining claims. The Superior
;% .~ Court, Yuma County, Cause Nos. C-38435
: and C-38583, William W. Nabours, J., ren-

. .dered judgment for the prior-locator and
_© - subsequent locator appealed. The Court of
..~ Appeals, Ogg, C. J., held that where the
.. prior locator had noticed, posted and record-
) ed uranium claims, ten-foot holes had been
.- drilled in each claim, the locator was drill-
ing deep exploration holes on other claims

"7 the prior locator, the geology of the area
claimed was similar and the size of the area
was reasonable, an overall work and explo-

- ration program was in effect and was being -
diligently pursued, and prior locator had

%", and somewhere between $65,000 and $70,-.
2. 000 on overall exploration of the 200 claims,
gl thadoeu'ineofpedumpmw the -
: pmrloaur’adnu = b,
- y u..Aﬂ'md ot )-_'_ - % 1__._. =
o Judgment vacated, Anr., 601 P.2d

.4_' /

L Mines and Minerals &=27(1)
Elements usually required to determine
- if one should be given protection of doctrine
- of pedis possessio are actual, physical occu-
pancy of gmund, dlhgent, bona fide work

i .. ..in the area, the subsequent locator was -
. .= --aware the disputed claims were claimed by.

spent approximately $48,000 on the area .

: _ngbntotheume land in the public do-7

601 PACIFIC REPORTER, 2d SERIES

directed toward making ﬁmved, and ex-
clusion of others; this protected status may
exist only for reasonable time.

2. Mines and Minerals =38(15)

In action to determine right to posses-
sion of unpatented mining claim, as be-
tween prior locator in possession and subse-
quent locator, ievidence of prior:locator will
be viewed in most favorable light. '

" 3. Mines and Minerals e=27(1)

Where prior locator had noticed, posted
and recorded uranium claims, ten-foot holes
had been drilled in each claim, locator was
drilling deep exploration holes on other
claims in area, subsequent locator was
aware that disputed claims were claimed by
prior locator, geology of area claimed was
similar and size of arca was reasonable, and
overall work and exploration program was
in effect and was being diligently pursued,
and prior locator had spent approximately
$48,000 on area and somewhere between
$65,000 and $70,000 on overall exploration
of the 200 claims, doctrine of pedis poasessxo
protected prior locator’s cla.uns. -

W. T. Elsing, Phoenix, 'l’homn R. Young,. .
Lakewood, Colo., for appellant. AL
DeConcini, McDonald, Brammer & Yet--
win, P.C. by John C. Lacy and Law Offices
of Kenneth L. Allen by Kenneth‘b. Allen,
Tucson, for appellee. e R T i

e

) ¥ & - “b..h'h.::.fﬁé-‘.’:.-;-‘,. Rl s
i OPINION s
0GG, Clnef Judge. e

" In this case we have two mﬁpeMz um-
nium mining companies claiming nnmug

main. We must determine wluch eompany 3
has the superior right of poasemon.
The plaintiff/appellee, Lucky Mc U

pium Corporation, brought an action’ - T

against the defendant/appellant, Geomet -
Exploration, Ltd., seeking exclusive posses- .
sion of certain unpatented lode mining
claims in Yuma County, and an order re-
straining Geomet from trespassing upon ~
them. Geomet answered and eounter—
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claimed, contending it was entitled to exclu-
sive possession. After a trial to the court,
judgment was entered for Lucky and Geo-
met appealed.

There is little dispute on the facts but a
wide divergence of opinion on their legal
significance. The geology of the area~con-
sists of an upper formation of an alluvial
fan. There are fifty feet of gravel with a
basaltic flow from about 50 to 75 feet in
depth. Below that are sandstomes and
shales, interspersed with more basaltic
flows. Indications of mineralization are
found from 500 feet to 1400 feet deep.

In August and September of 1976, Lucky,
by the use of sophisticated scintillation
equipment, operated from an airplane and
from the ground, found anomalies that
were indicative of & uranium deposit. On
approximately November 3, 1976, after ex-
tensive investigation and reconnaissance ac-
tivity, Lucky moved onto the disputed prop-
erty and located 200 mining claims. The

claims were monumented by a team of sur-

veyors with 2” X 2” wooden posts four to
five feet in height with tags indicating the
corner and name of each claim. Lucky
drilled ten foot holes on each claim which
were one and three-quarters to two inches
in diameter. Lucky also, .in compliance
with Arizona mining statutes, reeorded no-
tices of the unpatented claims.!

After extensive reconnaissance -in the
area, Geomet, on December 14, 1976, start-
ed a drilling operation on one of the Lucky

‘claims. Thereafter Geomet located seven

claims on a portion of the two hundred

Lucky claims. Employees of Geomet were -
aware of the prior claims.of Lucky, but-

took the position that Lucky had made no

discovery of minerals in place and therefore
" none of the Lucky claims were valid under

state or federal mining law. The putinent
part of 30 U.S.C. § 23 reads:
[Blut no location of a mining clmm shall
be made until the discovery of the vein or
lode within the limits of the claim locat-

"ARS. § 27-201 reads

27-202, 27-203 and 27-204.

80! P2d—29

Upon discovery of mineral in place on
the public domain of the United States
the mineral may be located as a lode

. mining claim by the discoverer for him-
self, or for himself and others, or for
others. - ’

Geomet claims it discovered mineral in
place on all seven claims by drilling and
detecting signs of mineralization from 500
feet to 1420 feet in depth. This was accom-
plished by running a scintillation probe
down the drilled hole which detected an
anomaly on the gamma ray log. Jerry H.
Jackson, the district geologist™for Lucky,
testified that in his opinion Geomet had.
only found indications of a valuable mineral-
deposit, and that a gamma ray blip indicat-

- ing an anomaly does not constitute a dis-
" covery. “It was his opinion that an assay

was the only sure method to determine the

_discovery of a valuable mineral. Loren

Smith, the Geomet geologist, testified Geo-

“met did not run any assays for uranium

because the samples were too dllutaed by the
deep drilling operation. . - o

" From the testimony of the experts and a

‘reading of _the mining articles and cases
cited to us, it appears the search for ura- -

nium is a search for “anomalies”. “Anoma-.

‘ly"' is a term used to describe a physical

difference between rock types or discontin-
uvities in geologic formations. Indications

found by locating anomalies are merely the d
prelude to the vital discovery eventually
- made by drilling or shaft sinking to reveal —

an actual deposit of uranium. See Laden-

dorff, Enlarging Prediscovery Rights of -
- Mineral Locators, 6 Rocky Mtn.Min L.Inst.

1(1961).. We point out this rather technical
material to emphasize that the search for
uranium is a far cry from the old prospector
on a burro searching with pick and shovel
for an outcrop of valuable mineral. Some
of the mining practices formulated under
the General Mining Law of 1872 have little
practical validity when applied to the mod-

.- _ern search for uranium. . .

. l. LuckycomphedwiththeAnzomrequimmenuformmincbcmmummmA.R.S.55

- By
i

i i -
T e e e e e e e




GEOMET EXPLORATION v. LUCKY Mc URANIUM CORP. Ariz. 1347
Clte as, Ariz-App., 601 P2d 1344

F.Supp. 580 (D.Wyo.1971). MacGuire is a
case involving a dispute over the right to
possession of unpatented uranium claims
under a similar fact situation. There the
district court ruled that the original locator
of eight groups of unpatented uranium lode
claims was entitled to exclusive possession
on a group or area basis so long as the
loaxtor remained in possession. The court
j{h gedthedeumntmmthefu&th&t
e geology of the area claims was similar,
ﬂxemofthcmaelamedmrasomble.
the mining laws of Wyoming had been com-
plied with, and where the overall work pro-
gram was in effect for the entire area
elumed and was being diligently pursued.
‘The court found the nature of the uranium
ore claimed and the cost of development
‘would make it eeonomcally impractical to
developt.hcmnenl:ft.holoutorwu
awarded only such claims on which he was
actually present and currently working.
Geomet also infers that the doctrine. of
pedis possessio only protects a prior locator

1 g . meng Cwig

from a violent, forcible, fraudulent or sur-
reptitious intrusion. Geomet points out
that it entered upon the disputed claims
openly and peacefully, and that therefore
Lucky cannot invoke the doctrine. Al- )
though there are cases that seem to lend
support to such a position, we do not believe
such position to be well reasoned. It is our
opinion that a peaceful and open intrusion
is just as damaging to one’s pre-discovery
rights as a violent or surreptitious intrusion.
See Fiske, supra at 200.

For the reasons stated herein, the judg-
ment of the trial court is affirmed.

SCHROEDER, P. J., and JACOBSON, J.,
concur. Voo
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From a reading of the conflicting testi-
mony of the mining experts in this case, the
trial court could make the determination
that both parties had found indications of a

_ valuable deposit of uranium, but as of the
date of trial, neither party had made a valid
discovery of valuable mineral in place.

This brings us to the determinative issue
in the case. Was Lucky as the first pros-
pector on the land entitled to retain exclu-
sive possession as against Geomet under the
mining doctrine of pedis possessio?

[1] The doctrine of pedis possessio per-

.. tains to possessory rights existing prior to

the d'ueovery of valuable mineral. The doc-

‘trine is not statutory but has developcd

" through case law as part of local mining

. customs and rules. The key United States

. Supreme Court case expounding this doc- .

* trine is Union Oil Co. of California v. Smith,

249 US. 337, 39 S.Ct. 308, 63 L.Ed. 635

. (1919). The doctrine set down in that case

provides that if a qualified person in good ,

faith enters unappropriated public domain

~ for the purpose of mineral exploration, he is

) cnhtled to exclusively hold the land, where -

. he is searching and working, against those

baving no superior right.- He will be pro-

-. tected against all intrusions so long as he

remains in eonunuous. exclusive occupancy

-"and diligently works toward making a dis-

* I . covery of valuable mineral - The courts

hve eomutent.ly upheld this concept as a

: - means of protecting the good-faith pros-

- - pector and encouraging explontwn. even

oo ‘though the concept resulted in a pre-dis- °

g ‘covery limitation upon the openness of pub-

.z, lic'land to all would-be discoverers. The

' 'ipphcnnon of the doctrine must be careful-

-~ ly applied to prevent misuse by protecting a

3 ~ " non-diligent or bad-faith prospector at the

. - expense of the legitimate prospector. The
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