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GEOLOGY OF THE OATMAN GOLD DISTRICT,
| ARIZONA.

A PRELIMINARY REPORT.

5 . By F. L. RansoMe.

INTRODUCTION.

” H_E field work upon which the present report is based was begu
c%m_s._uﬁ. 18, 1920, and completed, April- 15, 1921. The &u.mlon wsz
_ ﬁ&:m_e::w mapped in, detail, and the workines of such mines M
Jrere in cﬁﬁ..uﬁo: at that time, were studied. qHz April, 1921 am
E ,c.__q productive mines in the district. were the Aztec EMEW Mm §m
~_S= wmmi Gold Mines Co. and the United Eastern mine, and _uozw
vere believed by many supposedly well:informed people mo be near
ng the end of their. principal known ore bodies, The QoE.wo.iw
wine, formerly a close rival of the Tom Reed in @nozcoﬁiﬁw é.um
ol idle. A Enﬂo wjom% of ore was known to exist in the Big Jim ,BM:W
<4 the .G:;om Eastern Mining Co., and some excellent ore had be
: azc.z in the American:mine, On the whole, the outlook for lo M.:
al aiwsso; mining on an extensive scale; can not be said to have cMWH
'S ms.:o:r:g% bright at the time when the field work was .m:mwgm
il ;.:.E m.:; of :.E year, however, two events led to greatly Eogum&.
vty in the district. One was the finding of a small body of rich
o near the surface on the Stoney-Ferra lease block. on the Tom
e feed vein ; the other, still:more significant, was the ,:w“ec(.ﬁ.. Mn or
% eu means of the diamond drill on the 600 level of the O:::::%dsxo%
, aﬁw. M_ymu.mmcﬂomconasu had F.mez gi..mmi on with persistency long
o %mwm.o the shafts m:i in the mS_S.m:«w z.pu,m of 1915 had been
The success of the Oatman, United has led to renewed efforts to
g0l additional ore bodies, particularly by n:m:bo:& drilling, and -
gmmmsow:% to demands for information concerning the qQonwuH of
.. z.aﬁ.?.__c.o. H« 18 to meet, if possible, this demand that %5 ?Mmgn
minary, report. has been prepared, The reader should under.
nd that éroqosm. the statements contained within it are believed to
generally correct, nevertheless B:ﬁﬁ ~of the material collected in
1
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?, course of the field work is still .unstudied, ».Em z.:s_% muwwwsgﬂw

:nm yet unsolved. The statements made and wpp.n_mE:M~WowWM<wmmob =
; ec

i lusions as are now presented are subj : .

Momm%;w MMWMZ. To that report will be mm.mmﬂ.mm wﬁéoﬁpm. wmﬁwmm“.

omm Bawam of courtesies extended gm.mmm. given, as 2@% Mm mw e muﬁ&on

mwmeo references to previous publications on the Oatm 3

Mesa have sometimes been applied. Oatman, the principal settle-
ment, is 12 miles east of Colorado River and about 23 miles south-
west of Kingman, the county seat, which is a thriving town on the
main line of the Atchison, Topeka & Santa Fe Railway. An excel-
lent road, 80 miles in length, connects Oatman with Kingman, cross-
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No attempt is made in the present report to describe individual min

and prospects. " SITUATION.

aded area),

i . C g e . 1
" The area described in this report as the Oatman' district (fig )

i stern
lies in western Arizona, in g&:ﬁ&.@osn@., SE:@.%M m:ww osmwo::.
slope of the Black Mountains, particularly that WMH: e ot Tte
tains to which the names Black Mesa and Ute os_w

ing the Black Eo::gm:m. through Sitgreaves Pass. In g straight

' line Oatman is 16 miles northeast of Needles, which is on the Califor-

nia side of the Colorado. Direct road connection with Needles is
made, however, by way of the bridge at. Topock, 16 miles by road

| southeast of Needles, where the Santa Ie Railway also crosses the

Criver, A road has recently been completed between Oatman and
- Topock. A narrow-gage railway formerly connected the Leland and
- Vivian mines, in the Oatman district, with the east bank of Colorado

1 - Rivér opposite Needles, but this railway, although it still appears

' on some maps, has Jong been abandoned, and the’ rails have been
~removed. Roads that are comparatively little used connect Oatman
with a ferry near N eedles, the Indian school at Mohave City on the
Fort Mohave Indian Reservation, the old settlement of Hardyville,
and other places on Colorado River. A rather rough road, with
steep grades, runs north to Katherine and other points in the Union
Hvﬂmw Qum&aﬁﬁ. | “.I;.._?.,”., wlt i gy | i ooy .
. As used in the present report the name Oatman district designates
only the southern part of the area comprised in what for purposes
of record in the General Land Office 1is technically known as the
San Francisco mining district. It does not include a number of
mines to. the north, among them the Thumb Butte, Arabian, and
Hmﬁw@ibo,. which are also within the indefinitely bounded San Fran.
cisco district. The names Union Pass, Gold Road, Vivian, and
Boundary Cone are sometimes used in connection with the word
“district ” to designate certain portions of the San Francisco district.
They are merely local names that have no legal standing, .

v

. HISTORY OF MINING.

! When, in 1862, Gen. J. H. O:Ea\ﬁoﬁ and the Fifth California Vol.
unteers occupied Arizona to prevent it from falling into the hands
of Confederate irregulars, many of his men who were experienced
miners varied the monotony of garrison duty by prospecting. At
that time the main trail from Camp Mohave eastward ran up Sil-
ver Creek, and the first settlement in what soon became the San
Francisco district was made on this stream at g point about 4 miles
north of the site of the future town of Oatman. = Here, where water
tn usnally be obtained at. the surface throughout the year, the walls
of a’ dozen. or more stone: cabins, commonly reported to have been
E:ﬁr% Carleton’s men, are still standing.

LA ¥
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About this time, in-1863 or'1864, John Moss found free gold 'in ‘a
large lode, now known as'the Moss vein, which crops out prominently
about a mile north of Silver Creek. Moss is'commonly reported 'to
have taken out rich ore to the value of $240,000 from a pocket close
to the surface, but although considerable development work:was
afterward done on the vein, as a whole it' proved to be of disap-

pointingly low tenor. Some of the ore was worked in an arrastre’
on Silver Creek near the settlement. Afterward, it is said, a 10-"

stamp mill was built in the same locality, and still later a mill was
erected on the Colorado near the mouth of Silver Creek, about'7
miles west of the mine. i : AL

" The discovery of the Hardy vein, opi the east side df Hardy Moup-
tain; the Gold Dust (Vietor-Vitgin), aboit a mile mof.ﬁrﬁ.mmw of
Oatman; the Leland, on Leland Hill; and somé others of the more

prominently outeropping veins followed closely that of the Moss. !

Other very conspicuous veins, such as the Tom Reed and Gold Road,
must’ have attracted the’ :_oaoo of the early prospectors and were
probably located, although no ore was. found in'them until many
yeais later. . LN iom - iR R A ol
* For' fully 30 years'after the early work on'the Moss and Hardy
veins there is little record of activity in the Oatman district.” It was
not' until 1901, when the Gold Road’ Co..sank the Tom' Reed and
Ben Harrison'shafts'to a depth of 100 feet on what is ‘now’ gen-
erally known'aé' the Tom Reed vein, thatthere was any general
revival of mining. " geadd s aan
About 1902 gdld‘ was discovered in the Gold Road vein: The
ground’ was worked in'a small way for several years under' various
owners, and'at the time'of the visit by F. C. Schrader, of the United
States Geological Survey, in 1906-7.! it was owned'by the Gold Road'
Miniiig' & Explorations Co., incorporated under the laws of Arizona,
with headquarters at Paris and Los Angeles. RRR] AR L
‘In 1903 the Leland mine was bought by the Mount Mohave
Gold Mining Co., afterward the Mohave Gold Mining Co. Without
waiting to determine whether the ore bodies in the mine: were such
as'to justify the expenditure’ involved, the new ‘company built 17
miles of narrow-gage railway from the mine to a' point on the
Colorado opposite Needles and erected a mill at a place’ named
Milltown, about 11 miles from the mine, o the sloping’ plain that
intervenes between the Black Mountains and the river.  Considerable
ore was stoped from ‘tunnels in: Leland Hill and, according: to
Schrader, about 4,500 tons’ of ore was milled. The value of the
totsl output, from the mine'is locally reportéd to Lave'béén about

$40,000." About'the eénd of 1904 the mine was'closed, and at the timie.

+ Schrader, F. €., Mineral deposits of the Cerbat Range, Black Mountains, and Grapd
Wash Chifs, Mohave County, Ariz.; U, 8. Geol. Survey Bull, 307, 1009,

' HISTORY OF MININg,
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I{eith happened about 'this time to be in OM::M::H M“:“W Mw_o_wwm m. :m@
vinced that McIver and Long E:.ﬂ a reasonable do< EW\H e Hurw:@
brought the venture to the attention of Seeley W. SpptLc
amvwmﬂﬁb well-known mining engineers of Los P.Hummmm .w e H,
Mudd umm Wiseman put up $5,000 each wuw ﬂmma H,OmEopEwﬂo_. e rm.
woaomm and C. H. Palmer, jr. »C«omonroﬁ. %wowo was p 1 for the
resent holdings of the United Eastern Mining O%., Ewws qua <
Wsﬁrvﬁiw in stock; the final payment was EuMo zﬂmwm .m o ow i
March, 1915, a crosscut on the 465 level am.:ﬁ .ﬁ SMMN Ak
hat :w,mpusm $22.93. By the end of 1916, after an e body estirmatec
Mo Nobgws gold to the value of about maboo%om%ﬁm SMMM aemo— m
i en built and a new shaft 1 tanging wall
M%wmm%wwm% ”M% Wwowm completed angl oaiwm‘mmw Mmmo MM%NVMMW u%ﬂ”ﬁ
¢ bt o A ; : 800 tons. p to the &) 011920 thy
§:..,m Mzwsmmwwhogwhm ﬁwomﬁm;wmmww its fortunate owners mﬁ._wm Eww
o mém verage gross value of nearly $22 a ton, at an :<oammm
Mwowmwwq Momm of zwomun $8.50. To the end of 1921 the company had
id divi nting to $3,952,700. .
wwmﬂoawMMMMMM wMa Mcwmwmwm%% wruﬁ.omb ?.somom:%m aww bmmq Wwowvmwwmm
, ,v ras natura ollow .
rpm. vmmsmmoﬂwbm oﬁoﬂ.dﬂugw.mpﬁwawsﬁuwwm an mmowmw:m boom was in m%_h
E:W:B_ M % ﬁwwu ,E.:w fact that the United Eastern ore body _m
MMM:%me ﬁmo mﬁ..?om..lzsﬁ it was found, in mmo?w“wwmmaww“”mmﬂw.
i i ace—gave a co b!
fe oimo% n mﬁ% _OMM“.MMMM MM_ wﬂowwmmw nw ventures that ou&bp“ﬂm
bmmmH M.M mwnwm%w@m no financial support. The commonty muwawm, N
" oliof “:w it was necessary to sink from 300 to 500 feet _ommo% an
T ~E mm looked for has been recorded in the scores a mH mwu
o~.m.wom%, e k all over the district and most of éw:or. in 19 m
weres 5,8% mcm .>H$_oce.r most of the work done mzﬁum the .@mzoﬁm
émmMMMwaSWMmEi mo:oéwm the success of the United Eastern wa
0 a
gy moﬂmmﬁmwﬁmhmm. owumoomﬂ.wonwﬁwpm _u,mms.b the mmaumyovsasn mm ;m
»onwun Hw laim, at the extreme southeast end of its long mnﬁum m@
Hw_.mo.r agle om 4,40% on the 421-foot level of the H.w_po.wm ~c ”_g_,_.
chat Ew mq.om: &5 -existence of a vein which was oommESHM mm.w:.
_mvp? " oron ising to invite further exploration, and in H.w g
.Sm:»q i 1 H.oqwﬁm on the vein at a depth of mom. feet, ucm .m:oa
the H.apmH Mm ﬂu%ﬁwgcbm water.  About the same time .4;.5 _Amuo m=
mw%wono be the same vein was cut J.U% the kum., EBWWMMHMH% ’
T T M&w me%mmvﬂmw MMMMMM mom_ommmmwsgu 2, 1
T g it shov indications of a
S ; because it showed any :
m.. - umﬁom p%mﬂ muzwwnwwuwﬂwmﬂoo be unlocated ground near & Wa%msmp
.awm_unuwm_o MMM,EEZ consequently have some m@ac&:..ué -value.
i

908, by .

HISTORY OF MINING, . 1

lay immediately northeast of the Grey Eagle and Black Eagle claims,
which cover a part of the Tom Reed vein lying southeast of what.
at that time was known as the productive part of the lode.
this undeveloved part of the vein conspicuous outerops are lacking,
and this fact might well have been considered ag giving additional
chances of success to g claim located alongside of the Grey Eagle.
- During the period of active Prospecting that followed the dis.
covery of the United Eastern ore body a shaft was sunk on the Big
Jim close to the so-called discovery vein, an insignificant quarts-
caleite stringer, of no economic importance. Thig vein was so ob-
yiously unpromising that no drifts were run on it. On the 400
uri,mr_ however, a crosseut was run to the southwest, toward the sup-
posed line of the Tom Reed vein, and at a distance of about 180
feet from the shaft this crosseut entered what has since been known
as the Big Jim vein, :
- After the discovery of the Big Jim vein the Tom Reed Co. in 1916
sink the Grey Eagle and Aztec shafts, The Grey Eagle was in-
tended particularly to investigate the relation of the Big Jim vein
to the Tom Reed vein, and the Aztec was projected to give convenient
access to the ore discovered from the Black Eagle shaft. Under-
ground work from the Grey Eagle shaft soon showed that from 400
to 500 feet below the surface the vein is cut off by a fault that strikes
nearly parallel with the vein, The vein dips northeast, and the
fault fissure dips southwest. Ellis Mallery, then g young geologist
employed by the Tom Reed Co., appears to have been the first to
reach the conclusion, which development has since clearly shown to
be true, that the vein in the Grey Eagle mine is the upper, down-
faulted portion of the Big Jim vein, The principal displacement is

Along

.._, tlong the fissure now appropriately known as the Mallery fault, but

the present distribution of the ore bodies has been effected in part
iso by other faults, which will be described in another part of the
report. The Grey Eagle work also resulted in the finding of profit-
ible ore bodies in an intermediate segment of the vein between the
Big Jim vein and what has been called the Grey Eagle or Tom Reed
vein. - (See fig. 6, p. 40.) ; .
In April, 1917, the United Eastern Co. purchased the Big Jim
mine. The able mining engineers who were directing the United
Eastern Co. were well aware that the Big Jim and Grey Eagle veins
vere probably once continuous and owed their separation to faulting,
bt they were convinced that the amount of the throw, about 400
fet, was too great to enable the Tom Reed Co. to make successful

#thim to the apex of their vein. It soon appeared, however, that the

Tom Reed Gold Mines Co. held a E:.Ed:#oiio? and after an
itempt to agree upon terms of consolidation had failed, this com-
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pany, on February 17, 1919, filed suit against the United Eastern
Mining Co. v it

. The case was tried at Iingman, in the superior court of Mohave
County, and was decided in favor of the United Kastern Mining Co.
on March 28,1921, Appeal was taken, and at the date of writing the
case had not been finally decided. :

In 1920 some excellent ore was found in the American mine, owned
by the United American Mining Co., in the Tom Reedvein, southeast
of the part worked in the Aztec mine. - At the time of visit, early in
1922, this mine was still in the development stage.

The outstanding events in the early part of the year 1922 were
the discovery of ore by diamond drilling from the 600 level of thy
Qatman United mine, about a quarter of a mile east of the town of
Qatman, and the success of Stoney & Iferra, lessces, in finding rich
ore near the surface in the Tom Reed vein, practically within the
town. These successes have led to a renewal of prospecting on all
sides, particularly by the use of diamond drills. The Tom Reed
Co. has continued to work its Aztec mine on a diminished scale and
has opened its mill to the ores of other mines, especially the Ameri-

can and Telluride, enabling these to carry on development work
with some returns from ore already in sight. The United Eastern
Mining Co., early in the year, completed an aerial tramway from
the Big Jim mine to its mill near the No. 2 or main shaft of the
United Eastern mine and began milling Big Jim ore. It also con-
tinued energetic prospecting, both by drilling from the workings
of the Eastern mine and by sinking a new shaft to the north of its
No. 2 ‘shaft, to determine whether any additional ore bodics could
be found in its original territory. In May it was reported that the
Gold Road mill was being overhauled preparatory to the reopening
of the Gold Road minets =~ ' ' . i :

" Recently an attempt has been made to work the gravels of Silver

Creel for placer gold by sinking and drifting. Reports in the local

press indicate that some gold has been found, but it is not yet certain

that the metal is present in sufficient quantity to justify extensive
operations. i SR
TOPOGRAPHY.

Lying mostly on the western slope of the Black Mountains, the
Oatman district as a whole inclines westward, toward the Colorado.
The highest elevation attained within the area mapped in connee-
tion with this report is 4,955 feet above sea level, in the extreme
northeast corner of the area, although Nutt Mountain, within the
unmapped northeastern portion of the quadrangle covered by Plate
T, reaches a height of 5,065 feet above sea level. The lowest ground

w Sinco thiy roport went to press high-grade ore has been mined from the Telluride
\vein by the Telluride and Tom Reed companies, . !

-
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A, «ﬂmm.:w_.—z FRONT, LOOKING NORTHEAST FROM A POINT NEAR OATMAN.,
The original or No. 1 shaflt of the United Eastern mine appears in the right fore
i north end of the town.  The present, main or No, 2 i
| of the vein,

i ground, at Lhe
2 shaflt, in the lefL center, isin
he dump in ghe lett Foreground is ¢k
branch of the

he hanging wall
hat of the Olla Oatman shaft, o the southwest
Tom Reed vein.  The flows whose edges appear along the mountain side are
part of the Gold Road latite, The :..u._.S_..no_E.o._. irregular
; i ;

areas are intrusiye rhyolite.

B. VIiw NORTHEAST OVER

TIE BROAD TOP OF 111); MOUNTAINS
SOUTHEAST O OATMAN,
Purt of the wostern slope of the range appears on the Ioft.  I'he
) extromeo lely js the rhyoli
¢ %f f) ) {
Vot

light-colore crag on Lhe
ito plug known ng Tho Llephant's Tooth,
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BULLKTIN 743 PLATE 1

KOLOGICAL SURVEY

A. GENERAL VIEW TO THE NORTHWEST OVER
NORTHWESTERN PART OF THE DISTRICT, FROM UTE MOUNTAIN.

The town of Oatman is mostly to the right of the view. The rough peaks in the foreground are
Esperanza trachyte. The distant mountains are beyond the Colorado.

little to the left is the Mitchell shaft of the Leland workings.  ‘The ¢
by a line of tum and dumps on the right or cast slope of the hill. T'he provailing rock in

the view is tho Aleyone Lrachyte,

TOroGrRAPHY OF THE OATMAN DISTRICT.

U. S, GEOLOGICAL SURVEY
13

A. MOUNTAINS ON THE NORTHWEST SIDE OF TIMES GULCH.

The prevailing rock is Times porphyry.

B. THE RUTIHI AND MOSS MINES FROM THIE SO,

n
I'ho prevailing rock is the
) Lhe Moss porphyr I 3
Ruth mine. Above and u little _.c_:_ﬂ _«“.: L__.____._,. i
nent outerops of the Moss vein sty g awny Lo




BULLETIN 743 PLATE V

U. 8. GEOLOGICAL SURVEY

Ginto
A S L.hm.u.Nmi».{
.:_.,i...ww
..H},,_;_.

J J IRANZA TRACHYTE, 1} MILES
A. HILLS CAPPED BY ESPE o T

< ith talus slopes of hard, clinking
istic he Esperanza trachyte with anec, clinking
Shows n.:.Bﬁom_‘ﬂe._«c&.ﬂmﬁmmwmww m_.wh_._m._ws a—.wwa—. t center, is in >—n<ﬂ:w %ﬂ.uﬁwws Directly
m”xw“n q..__“._wwwau_:m of the sedimentary beds that separate the two trachytes.
it is 3

& JAnRR B. BOUNDARY CONE FROM THE NORTIIEAST.

g of noar white rhyol that } :z. hee wrust up through Aleyone ..:..__.<_\=.
; - - [ ly ¥ lite th n L up throug Aleyono L
‘A ph

TOPOGRAPHY OF THE OATMAN DISTRICT,

] ..,.ﬂ.

Oatman.,,
{lrvenes between the main ridge of the Black Mountains and the

TOPOGRAPHY, 4 9

in the district is in the southwest. corner, where the bottoms of some
of the gullies are only about 1,450 feet above sea level. The range
of relief within the aves mapped on Plate I is accordingly close to
3,500 feet. ; : ;
The district shows considerable diversity in topographic form,
some parts being only moderately hilly, with comparatively smooth

_slopes, and other parts being characterized by slopes so steep and

rough as to be impassable, Occupying from one-third to one-half
of the width of the area, along the eastern border, is the principal

“ridge of the Black Mountains, divided, about halfway between the

north and south boundaries of the district, by the east-west Sit-
greaves Pass, 3,600 feet above the sea, through which runs the main

ad between Qatman and Kingman. These mountains have very
T._a,t.q been carved from gently dipping volcanic rocks, chiefly lava

rwémq and have the general character of a dissected mesa,  The de-

| gree of dissection, however, is far from uniform. North of Sitgreaves

Pass the mountains, as a rule, have fairly sharp summits, from which
the descent to the neighboring canyons is made by a series of great
steps, of which the treads are gently sloping platforms, correspond-
ing approximately to the upper. surface of some lava flow, and the
risers are cliffs, in places 800 to 400 feet in height, Battleship Moun-
tain, of which only the south end comes within the areg mapped,
north and west of Cottonwood Canyon, is a conspicuous example of
this type of topography., v 5ot . :

South of Sitgreaves Pasg for 2 miles, to the pass at the head of
Antelope Canyon, the mountain slopes are rough and steep, but the
bench and cliff topography is much less prominently displayed than
farther north. The steep western front of thig part of the range,
18 viewed from a point near Oatman, appears in Plate IT, 4. .
South of Antelope Canyon the part of the Black Mountains within
the area mapped, locally known in part as Ute Mountain, is de-
tidedly mesa-like in character, with broad stretches of rolling upland
(PL II, B) trenched by Warm Springs Canyon and its branches,
From the crest of the Black Mountains the descent ig generally
irupt for about 1,000 feet to. the hilly country in the vicinity of
A belt of such hilly country of very irregular width in-

broad alluvial slope that stretches westward to the Colorado and is
ttpresented by a few square miles of country in the southwest corner
{1 the area mapped on Plate I, Beyond the boundary of the mapped:
fuea this slope extends about 9 miles west of the river,

‘The general character of the topography of the hilly country be-

A

{Veen the main ridge of the Black Mountains and the valley of the
olorado ig illustrated by Plate III, 4, Within this belt the hills
How much variety in form and a wide range in height. There are
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lone. even-crested ridges, such as result in many v?amw Swwo.g. pMMww
of o:m, ,m - faulted sedimentary rocks are eroded, but the ¢ ZS.OH :
A.vm .mowm mn omow ,Om the topography are groups or &zm_nanm Hom wSM mm
e m".wﬁs o recognizable linear arrangement. U:&%w wes o.
i Ws hills Uo.»:;dm from andesitic and trachytic u.o%m,c E,a
s $<~M~ Hoﬁw rising for the most part less than 500 m.a%a M W%
ooB@MH..m bn%mgwmso.o channels or ¢ washes.” ,.HFW mEEE:o .
fot pmmym@ the BOmaUnocmwmosozm eminence in $:m .@E.& of the E.Sm
:MMM% M&wsn 750 feet above the streamway shown in the foreground
"
of Hur.ano %Hwiﬂ. between Times Gulch and mm.?m_w. On,_mow.ﬁg.wwv, is

m,pwwwﬁoum r.:,,w_mn and decidedly rugged hills, of which . Mount
a gr g

, in _ ‘athedral Rock oné
Hardy (8,281 feet) is the dominant peak, gnd Cathedral Rock ol

] N _ thes Pk 1 i)
omsﬁgo%vmaﬁﬁémnzmsmavﬁ.m. A view of these hills, which gré

A iy -
composed partly of pink granite wo%w%nuw (Times wcﬂu_wwm%/wm%
p f gray lavas (Alcyone S.moru&ow, Is shown 1 Pate 1 mmg
?:S.% o il .%émwﬂons part of the district is an area, 5 ov a» "
.Hu e.wo bom M underlain by monzonite porphyry—the uo.cw Ho : MM
o e SW, erally this rock gives rise to a 85@.»5?&% M,
e Mup h %émﬁr relatively small, sharp Fzm ﬁrﬁw ,cs
ok han aowouﬂ wﬁ.f hardened by silicification or 1s traversed by
i.vow has w.ams o%ﬂdwwﬂomo of the Moss mine, however, mmwooawx uw
m_HSw.o.H. Mmgwm the contact between the porphyry and the o,.‘mﬁm.vwﬁn
MM%oMW_M w.%omm, some of the hills, as shown in Plate IV, B, are fairly
e ot o distri . south of Oatman, a flow of
ety moﬁ%o_; % MMWM% M.owm M.Mmawﬁwmwﬁ.m NSQSEE has n”.:s: H.._Mu enw
owawmoﬁ rmm. mumwoés in Plate V, A. The upper _uonfozw of | ,.Mr.a
MEHW oMH.Mme%M rule extremely Emm@.ﬁ, and the Hoémw.m slopes ¢
mandled with s compondof bk ok RS,
is bri ization o :
qmnw “wowm%wcmwmﬁwmmwog without mention of two peaks that com

and tower-like form.

vn, i never
for, so far as known, it has n
demarcation. The second peak

land-
s h i feature of the eastern
¢ ) th, which is a prominent Iea seen
H.Fvvwwemmo“omgm: QOatman and is m?wéd in Plate IT, Wmmowﬁm:azgg
m.,m.vo the town this jutting mass of white rock has some oy
:.Sw - f rnivore but no real resemblance to pw%,m & ol
{a the ?—:N or aca The .‘_wr%r:bem Tooth . o
T after being n
yemndary Cone are both plugs om, rhyolite that, _:22 b s

the dental equipment of an elephant.

One of these is the well-known Hw%s:m«_”“
Cone. 8} miles southwest of Oatman, shown in Plate V, B. .
b 2

\' % 8 ] Cﬁ meﬁmo 3

the small mass known as Tho §

| GENERAL GEOLOGY. 11
trudedinto the surroundi g rocks, have been stripped partly bare

by erosion. . :

As the preceding description indicates, the Qatman disty
in general westward to the Colorado, although the water from the
relatively smail areas tributary to Meadow Creek, east of Sitgreaves

_ Pass, and Antelope Canyon flows eastward into Sacramento Valley.
3 | The principal drainageway is the channel of Silve

r Creek, which
heads under Sitgreaves Pass and runs in-a general northwesterly
direction. Throughout most of the year the greater part of this

&,:Eza is dry, but a small stream of water may persist through the
. %WEBS. north of Monnt Hardy, nedr the site of the abandoned stone
: ﬁvmﬁ. of the California Volunteers. Excellent perennial water is
ﬁ.z:m also in the upper branches of Cottonwood Creek, which is a
tortherly affluent of Silver Creek, This water, which issues from
springs, supplies the Tom Reed mine and the town of Oatman,

A broad, flaring drainage channel, with many tributary washes,
such as Hoép..ga.Hm@mgzsp‘ﬁbwobm from the south and Leland
and | Rattlesnake gulches from the north, heads near Oatman and
merges to the southwest with the alluvial slope of the Colorado.
This channel and its tributaries are generally waterless,

Times Gulch, which drains the west-central part of the district,

is also normally dry, although it evidently on occasions carries a
large volume of flood water.,

ict drains

&

¢

| GENERAL GEOLOGY.
o ‘i OUTLINE.

The rocks of the Oatman district comprise a closely related series
of Tertiary volcanic flows, with associated tuffs and some sub-
ordinate beds of conglomerate or breccia, sandstone, shale, and lime-
stone. The volcanic flows rest as a whole on pre-Cambrian crystal-
line rocks, chiefly granitic, and have been invaded and displaced in
part by masses of porphyry that are closely related in composition
to some of the flows and probably came from the same bodies of
molten rock material or magma. They are also cut by numerous
dikes and small irregular intrusive bodies of rhyolite and other
rocks. T

The igneous rocks have a wide range in composition,
potassic rhyolite to olivine basalt, but the prepondera
the series belong within the compositional r
the one hand by latitic andesite a
vther hand by latitic trachyte,
of rocks which are'so closely’a

VA

from siliceous
nt members of
ange represented on
nd, passing through latite, on the
The diserimination and classification

kin and between which there are no
very definite distinctions present considerable difliculty, particularly
13 lavas of practically: mEc_Ew:,_.;,oo::uowmﬁo: were crupted at dif-

YT
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i i ‘ lature will be fully dis-
srent times. Classification and nomenc .
?.msm Wammo final report and illustrated by o.r.mESup :mewmmm of
nwmco&:&w& rock types. It must suffice .waua to give merely oﬁMos-
Mymmwobm from chemical and petrographical studies, mo ﬂﬁ. p.m. ese

have at present gone. . ' - ,

The voleanic flows as a whole dip to the cast. The average dip

can not be determined satisfactorily, as some of the flows are thick

nd only here and there afford any indication of their attitude.
a

Such observations as have been ‘made, however, indicate that the

i inclina- -
i ies is about 15°, although in places the inc !
e mmﬁommmww Mwém ow basalt, the latest lava to be

tion is much steeper.

erupted, are apparently more nearly horizontal ?wﬁmmﬂwmﬁmw m“” |
cEWH. H.MUGWW. The prevailing ecasterly dip and the fact that the

eastern part of the district (P1. I) contains the crest of the Black

Mountains result in the exposure of north-south belts of succes-

sively younger formations from east to west across the district.’ The

pre-Cambrian rocks are found along the comparatively low western

: the high' hills
rea, and the latest basalt mos.m cap h']
vm.%,mwnm.w Mwmwmws mo&au. In general, these hills mro%q @Mwwmvmﬁwmm
oF shegl g ith rough and approximate 'i-
i< t fronts, with roug . ; .
A,:. Mﬁ mwﬁ.mmwﬂw Wmmo:ﬁé ,om the moo:E&mSo: of msoommﬁ.émf“
mwﬂw but léss abrupt eastern slopes, on which the edges of the flow
S, s of ¢
t visible. S e b

mum,ww mewwpﬂmqwogua of a simple earth Eo&mvszwm mwcnwowws M”M

. modi faulting and by the displa
ast'is modified to some extent by g "
MNMM Hwomwaﬁpimm the intrusion of two large masses of %oﬂ.wmwwm_ww
,.E.H lder mass, extending from Silver Creek northwar ﬂz e
M Mmopum Eommwmnw mines and beyond .EE boundary owﬁ.mm w%o
; ed in Plate I, is quartz monzonite Humv%w%u%. .SH. o9
Bﬁ%@ the Moss porphyry, as the Moss mine is wholly within %
bubmm The younger mass is exposed within the ?E:m:wﬁ. .wﬁmww
Mww:.mom on the auou.ermumﬁ by Silver OummF. on ﬁr.o wMzM wwmvo - Ov.
Times Gulch, and on the west by the alluvial plain om g bt
rado. This rock, a granite porphyry, forms zoo_ Hm@omw i
.Eﬁ.n.q Mountain, the pinnacle known as Maﬁ%mg ; M ' m, o

i ] i ir istic faintly rosy

i eaks with their oggonmﬁm ; °
wMoMWMMWM%E on the north side of Times Gulch, It is here name
the Times porphyry.

. i intrusi _ the
Much smaller but very conspicuous intrusive masses are

‘Elephant’s
white rhyolite plugs of Boundary Cone and of The Elephant's

e e
'The general sequence of events ag reco , ,

istrict - follows: i v o o
m_%w_%owmﬂww time, before volcanic activity vonps,._zawwmmmewu L
érwmr the Oatman district lies was floored by deep ye

B ey o

| southwest of Boundary Cone.

. 4 ness of this deposit is estimated to be,

dandesite,” s

£ 71Nl GENERAL GEOLOGY, 18
Cambrian crystalline rocks. Prominent among these were dark
medium-grained, more or less squeezed and foliated granitic rocks,
probably to be classed ag quartz-mica diorites, micaceous schists of
various kinds, probably some true granite, and dike rocks of con-
siderable diversity. At the present time these ancient rocks are ex-

- posed only in a few small areag along the western border of the dis-

(trict and where so visible are generally decomposed and crumbling,
They may be seen around the abandoned Chicago Syndicate shaft,

4 south of the mouth of Times Gulch, and near the Murdock shaft,

| The erosion surface of earl
or less hilly, but no definite inf
ter has been obtained,

At a time which can not be closely fixed but which from our
mm:on& knowledge of the geology of Arizong may be considered as
probably middle or Iate Tertiary, voleanic eruptions broke through
the pre-Cambrian rocks. This event must have been accompanied
and perhaps immediately preceded by changes in’the surface con-
figuration of the country and consequently in erosion and in the
transportation and deposition of detritus. At some places, particu-
larly near the mouth of Times Gulch, there is a coarse breccia, con-
sisting of blocks of pre-Cambrian rocl

<in a greenish matrix that
appears to have Uoms.oﬂ.mmgm:% a mud of fine volecanic detritus,

With the breccia are lenticular layers of greenish sandstone and a
few thin and nonpersistent beds of shale. This deposit is inter-
preted as representing the rather rapid accumulation in local basins,
at the beginning of the volcanis eruptions, of material that was
partly the rock detritus of the old prevolecanic surface and partly
fine voleanic particles:blown from some of the newly opened vents

and carried to arm?&%m:m‘ Place by the disturbed and shifting

streams of this period of ‘transition.: The maximum observed thick.
between 100 and 200 feet.
Overlying the breccia and in places  resting directly upon the
pre-Cambrian rocks is a series of flows with probably some intrusive
masses, which in this ‘report will be designated the Alcyone tra-
chyte ?Tm%\or_-bomvx?oE.ﬂrm.&C@osm mine. 'This formation in-
dudes what Schrader called the “basal andesite » or, in some parts
of his report, the “ older andesite,” * ' Tt also includes, north of Times
Guleh and west of Meals Camp, what Schrader referred to as ¢ gray
The thickness of this formation is not known. ' Tt is
toughly ' estimated, from' the section across the district shown on
Plate I, as about 2,800 feot, but this estimate, like other estimates

y Tertiary time wag probably more
ormation as to its topographic charac-

'0p. cit., pp. 34, 181,
'Op. clt., p, 174,

20535--23

o
o
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i i 'mati lepends fun-
i ; incipal voleanic formations, dej
" the thickness of the principa > formations -
cm. h.“;.ﬂw_v. upon the assumed dip of the »c::;fo: .ww :U Wﬂwo_wcmo. Hm
wmwsam W?nb is based on a supposed mmmnmﬂW«Mﬂ%z %L wﬁum o o
& . . . ‘e nearly al, the mu
mation as a whole 1s more e
mymommw“;gm% not be more than 1,000 wmmmv morgwonmmmmmswmw%ow M
ﬁwo#:mmm as “ at least several hundred ?oa.ﬁ »w%mpn Mﬁ iy
o in t ctreme western par §
rachyte, particularly in the c./SC:r.,:w., the i
C;L.im,%wwmub va.% be intrusive into flows of ‘m_mu%:rs“wswo
west ooB oﬁﬁom. If so, it is highly wﬂovpzm.zﬁe. m c.#wﬁs ,o.T
same Ho ce H“b the district the trachyte, Emm\aw?& :,5‘5. w\#.ww o m&i
M:o ' M Cambrian rocks, may extend indefinitely downward to
1e pre-Ca g ) : : : S
s e its me atic source. , R I |
s 9;33::%% ~:M.muﬁ~_mnww_o%a:o trachyte was followed 5 3 _if_m ;
The eruption i £ j Lopive bl
i Z:w H-MM r,H.cm.EF,%:.m:m which there was .__co.: zrﬁ.d.:ﬁz.?%ow.c,__%_.
ESE,MEE s beds. whose materials were Eu@f.m:ﬁ_q QNWM # .E,_..H
mepwmuo:%wa.._ These beds, with a ﬁ,?ow:,m.wm of wmwﬂm ON& :MS“ o
pe i 3 orth slope about 1§ miles south tme
S%Omoﬁw H.s p». mwmm%%m south Hom the abandoned White Q:&Hmri.w
r @.cmww_ﬁauom ) This exposure is visible from the Om.ﬁ:m,:.n rovmwﬁ_
MWMM w:.m w.mz.:ww conspicuous from aW wouﬂs.nwm\ _omMMmem@ Mvoé
k de of a al
upper layers. and the dark s ad i .
mewm ommwwmmmmm beds, here apparently thinner, ~Mﬁm mvmwm%m%w mm,m
em. th ' xpose .
o and appear in the dump
addle east of Boundary Cone anc ga i)
w.mgws tunnel, on the south side of .Hew@oE:S OE.Q%:m 5 e
..Hrmmm sedimentary beds are 9.2.?%5 UH% a ﬂw:w Mﬂ :o% Mm:% b
inging lava which Schrader desecribed as Hew 43
aoaxmme%“wmu%n purple andesite, locally known :m., phonolite b_o&
w.om%mn .:W ring when struck.” ¢  Its local designation by Hgm.m %Mo—w.m
o M:M 92255 it in 1921 was “latite,” and such the rock nmwwpuoaﬁ
w..mo._mwm As will be shown, however, in the mwﬂw am%owmw Emnaoi
. ics i > a latitic trachyte, alm :
i ical latite but rather a latitic o
Wmu :%%%ﬁwwmmo: with the Alcyone ﬁESEA.m, p:r.ocmr it H.m smwﬁsuw
Hwossqﬁ_ than that rock and is very different in ut%aﬁm?m .A.u:_.
N<E Wm :».Sa@ in this report the Mm%mgzﬂe MS%WS, mwowﬂ,ooozcmcm
‘ : ) . C trachyte at pre ; :
y that name. The chonm:g. . : e
wom_o%wf.hséq small part of go,%@ﬁ%:%xw@%:% %.onw%u %WHW
i , tman- southward beyond the
about 1} miles south of Oa : : ot i e
ith i dest part just east o U (
of the area mapped, with its wi gt St
i iling r Towa and Esperanza canyo .
It is the prevailing rock of . : . il
Ti f mine. The maximum
-ountry rock of the Highland O_WS |
Mwshrm.w Esperanza trachyte is estimated to be about 1,000 feet.

the
The next rock to be erupted after the Esperanza trachyte was the

his is
. QOatman andesite, so named from the town of Oatman. Thi

I

.

¢ Op. cit, p. 199,

report (p. 21),

to underlie it,
and caleareous

Eastern mines
without, so far

the: greater par

latite, after the

but there have b
and lithophysal

st of the town
O<2.~..E:n the
Cottonwood Can

‘what Schrader ‘ealled green chloritic ande
designation but one that is rather cumbrous and not in accord with
the present practice of the United States Geological Survey in giving
rock names. This is the rock that has contained all the large ore
bodies hitherto worked in the district with the exception of those
of the Gold Road vein. As is more fully shown clsewhere in this

Directly overlying the Oatman andesite to the east

q1¢ss of this formation, which as mapped
“#includes all the

'GENERAL''GROLOGY, "'/ / 15

site,” u good descriptive

it is mainly a series of flows but in g number of places

is clearly intrusive in the Alcyone trachyte, which appears generally

separated by a thin accumulation of tuflaceous shaly
beds. - Where the Esperanza trachyte is present, that

rock, of course, intervenes' between the Oatman andesite above and
the, Aleyone trachyte below, Owing to the partly intrusive character
of the Oatman andesite and- the probability that at v
- within the district masses of it extend indefinitely and irregularly
& downward through the older rocks, the' thickness of the formation
4 at any particular place is wholly indeterminable, ' The general maxi-
‘mum thickness of the formation as g whole, without regard to such
possible  downward extensions, is roughly estimated to be about
8 2,700 feet. This estimate, however, like that of the A
A depends upon the dip assumed.: If the formation g
; proximately horizontal, the maximum thickness may not be more
than 700 ‘or ‘800 feet, = Schrader’s estimate was 800 feet.> On the
other hand, since Schrader’s examination the Tom Reed and United

arious places

Ieyone trachyte,
s a whole is ap-

have attained a depth of approximately 1,500. foet
as known, getting out of the Oatman andesite.

and forming
t of the Black Mountains east of Oatman is an as-

semblage of rocks, chiefly voleanic flows but with some tuff and in-
trusive material, which is here provisionally named the Gold Road

settlement and mine of that name. This formation

§ corresponds in a general way to Schrader’s “ undifferentiated volcanic
4 rocks ¢ but probably includes also what he termed the “rhyolite
1 series” and “ younger andesite.” Tt consists mainly of biotitic latite,

een mapped with it on Plate T some overlying glassy
rocks which should perhaps be classed as rhyolite

and which will be separately mapped and named in the final report,
Between some ‘of the flows are layer

s of tuff,  The maximum thick-
in this preliminary report
flows exposed along the precipitous mountain front
of Oatman, is estimated to be from 3,000 to 4,000 feet,
Gold Road latite and ell exposed in cliffs along
yon, in the northeastern part of the area, is a flow

of compact brown lava that closely resembles the Esperanza trachyte.

'Op.. cit., p. 85.
*0p. cit., p. 37,
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. P ing, in
1t is here named the Iflag Spring S.MEEAM“ ﬂo% mmw vmp.wﬂbom:m
Vv 1s he . 11-defined rec 7 v
\ ; Canyon. It forms a wel ! he cliff
Poﬁmwm:m,%%% and Mmma sides of Battleship Mountain :bm“ MMoaManMm“s
n.VWmn north of the Gold Ore mine. - It %mmambaw QWMMW It attains a
w_cé and is not represented south of Sitgreaves : ;
Sl f about 250 feet. . ) ine it .|
szm& MMMMQM:Q the Flag Spring S.wor%.ﬁm in age Ewm oMMMmeww %wﬁm .
b ly i josition is a flow of nearly identical rock, w S med the
mrmv.,..% mw Ws the north side of Meadow Creek, is M:ﬁ.o ME» rachyte,
oaow%ow oonomw trachyte. This flow, like the Flag szwu :‘u which !
.Eo.:noﬂ»mzm.:d and is not known south of Meadow Cree ; ¥
s not ex P y Ve _
o the road from Kingman to Sitgreaves Pass. the ar: Spring
ﬁ:mﬂﬂ"m:‘&. g partly on the Gold Road 5 ite, partly os i * A U,Mé_as_ I
bl _?MM au:m _cm:i% on the Meadow Creek ?.p&&mb Hw,,:,wcﬂwv .,.Hn%w
o 8 pomianscrspurdorsd, 0 i 13 g
iol , i orth side of b
eadow Creek, on the i i itor Pass.
Esmm_wwmdm%mm is named the Sitgreaves b, ?ﬁ.vﬁamﬂﬂwgwo%?m it
wwzbwhzo .5 thickness and resting in places against steep s
Mu._vq N

S 8l
o

ick 00 to 300 feet. e ) 't Battleshi
::&Msmymm.wwww;m m?qu%w tuff and forming the aom of %Mﬂﬁpmwmw.
awummmwwb and of omﬂﬁ. peaks and m,.&@mwu 8~ S.& H%MMM%W wh.m_om_o@
iti in .
F 1 spherulitic lava, w ich ; et
o mwoﬁoh. wow MMMW ?%ow. It is found only in the uomsmwmwgww w?:.
ots district, about the headwaters of Cottonwoo . .Mb 3 m .wom.
omnnrMm MMH. an anknown distance north and east of the area
Sxuen d rhyolite. :
- d the Cottonwood rhy o
e romm sw“ﬂﬁca all the rocks named and, south mom?mn__nﬂ;m&sm
Fina wms:, on gau@& d Road latite, are thin moéwﬁo& ol i
Mmmmmnuﬂmﬁ_w associated red or gray @smm. Undou mmnaw in area by
wmow covered most of the range, but it w,mm mesraow hills and mesas.
(o) 2. e 10 o
i urs as a capping on & 5 e
mmoﬂob wﬁu MMMMHNM%MooM%mcE is that in the southeast omtmnmrmﬂmmm
w.rm Wowo mﬁvmwd Ute Mesa, for many miles .w»o.ﬁw m%%%ﬂmm Mn_g,wm i
sk : k. A consi 18 pr
i by this somber rock. A cc g =
.Bm%@%mmmﬂowh MHM% uwﬁ.nwommnaub part of the area, north of Meado
serve .

. d withi dis-
the basalt and associated tuffs preserved within the area of the
om ,

i i ate I is about 1,000 feet. ‘ . 5
S._mwo% erﬂwwwmwnmwﬁwﬁ Mwm vum&.m the rocks of the region were
er- )asa

! . . . . m 8”,! ‘-..
robably faulted and tilted, and active erosion set in and has cc
P 8y 38 R _

tinued to the present tume.
tinuous crosion during this per

4 that become visc

4 trachyte from the summit of a hill three
g northwest of Cathedral Rock,

v i under on- §
While the higher slopes w:.aﬁ went o.:a ]
iod, erosion and zocom;_o_w M:S:Mw: ,,

P > 3 S 1 pres 3
in some of the lower portions of the ares, as shown by ¢ | ce
in s A
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of alluvial terraces and gravel-capped ridges and by the

dissection
of some well-bedded fluvial deposits along Silver Creek.

UHW.HH«H&QHHOZ AND CHARACTER OF THE PRINCIPAL
FORMATIONS.

ALCYONE TRACHYTE,

‘As would be expected of the lowest member of a generally east-
ward-dipping scries of lava flows, the Aleyone trachyte is found
-mainly in the western part of the district, where it is generally
exposed over an irregular north-south belt' as much as 2 miles
wide. The group of high hills in the northwest corner of the dis-
‘trict, west of Meals Camp and the Moss mine, are carved almost
,u.i_%:% from this rock, Together with the Times porphyry, which
15 intrysive into it, the Alcyore trachyte occupies the triangular area
northwest of Times Gulch and southwest of Silver Creek. It is
the prevalent rock from the west base of Leland Hill westward to

the edge of the sloping detrital plain of the Colorado, It is the

country rock of the Alcyone mine and is exposed on both sides of
Oatman Wash

as far east as the village of Old Trajls, It is the
rock through which protrudes  the imposing rhyolite plug of
Boundary Cone, and it extends southward beyond the limits of the
mapped area. ;

‘From the northern boundary of the mapped area southward to
Times Gulch the Alcyone trachyte is generally of uniform charac-
ter. Itisa gray vitrophyre—that is, a rock in which small distinct,
crystals, chiefly’ white  feldspar, lie in a blotchy, streaky matrix
or groundmass that is mainly voleanic glass crowded with micro-
scopic crystals. This is g common texture in rather siliceous lavas

ous or pasty before they completely crystallize and
continue to flow in such imperfectly liquid condition. The micro-
scope shows the feldspar phenocrysts as sanidine, or potash feld-

spar, and.andesine, or soda-lime feldspar. With these is usually
a little biotite or black mica. ,

A chemical analysis of a typic

IGNEOUS

al specimen (0-142) of the Alcyone

-quarters of a mile west-

made by R. C. Wells in the Survey
laboratory, is as follows;. @ . .

Qwa::.w.& analysis of .\:S\ES tr

. achyte,
SiOge el =mmemeeeen 65,26 | H:0 above 110° Cnimmmsmnssns: 0004
20y e o -~ 16.39 | H.O below 110° 6 S R 4
q.ouon.iu..nxu....!.n..!.van-!i!.n 1.98 ﬂ;OTux..!.uu.ix.. ........ A .85
g ~a@ﬁvlliIl.-l.......ll!l..l.._ll..lll...ll:. H. MH Hqunlllllllllll!(llllll!llllll .14
zwo...!.-!.:au!i!.-.-cnir..::: . «83 | MnO L T Y | |,
_ Q_o;....i....-..-..5.....,.-.....:..-!... 210 | CO, me et ————————— 5 14
BV 428 _ —
.No'..!.--.i--....-...;-n-!........-n 6. 80

100. 05
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‘o lime
i : i and consequently, more ;lime
et EM:.M ﬁ__zmﬁ_oo“”m% is close to H:E indefinite line
a th ical -trachyte ,
and soda than a typic : . s
that nﬁw.&.w?m trachytes from latites. It might m@%pﬂ%ﬁ.c cz?;.
Swrrmz v trachytic latite or a latitic trachyte, but as :mm cuae
. 0 ” R : . ; .
H. tites in the area there is a gain in convenience and disti
: § o s
calling it a trachyte. . e NIERICEN ok
H:M line of Times Gulch marks in general a cha ge ! @,;Se:ﬁ i
nee of the Aleyone trachyte which ﬁémfw to W_o a nw:«ﬂ ,.nm :w.:ﬁ.”,_i
rock Ii 'S e alteration, and its g
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- P i : h of the rock is a rather massive
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PpEes i ki he ab
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lally some of the higher hi _ .
blaces, especially on som _ S e e
W nd Owgw:: Wash, are flows that are darker and ) ;ZS-W MM sher tuan
za. formation as a whole but are not m@@:z&mo s.Enm.H A R
i ‘in wh $
i i i a volcanic complex i ‘
his area is apparently . : Wil
:”;ﬁ and invaded by intrusive bodies of the same magma, tl
F.r & ¥ . y . .
i i f igneous activity. . A _
ot ccwcmﬁwm .Mﬁ.uzym Alcyone trachyte is generally over-
Along its eastern bor Aley yte e
i aces was p

1 atms lesite, which in some ple .
lain by the Oatman and L ome plaess Was DT re. ien
. 1 rly been forced uy

or places has clearly . :

e trachyte but in othe . o ol
Mw:&nwo:% through it. Where the Oatman .Emomz% MWW .
: o | :
trachyte the two rocks are generally separ ﬁmm by ;& mwza e

_.;;.5. » material of variable thickness ::m.oﬁ. considerabls ey
. u.uwﬁ.sdno One of the most characteristic varieties HM —
ina . , . o
”mm%w@ shale which is palé or greenish gray as seen %M&Sﬂ@ o
11ds ¢ - i - i )
but which in weathered exposures is pale buff or crear

_u v - h — & _.— ﬁ— . s _ﬂ -__— .— _ -
Dy ( . snale. 18
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well exposed on the south mEmu oM ,Esouwm m%%ww%ﬁmﬂw““ Mwom mEm%”
i ich i atman’ Be ; i :

e wmw— Momwowzzzmwm WDHM. m%m:n be mistaken for a oonmea .H.w.Mod_“o_.
Woo. ﬁomHMo exposed at a number of places near the .z&:.u_m ,:cmzw-,
/H H.mw. Star “E:cm. In some places, as about a &E.Q of a mi Ho o
whchio Hw land Hill, the creamy shale is overlain by gray ca ca g
hiss c.m. ._o m:. 1 HmSm,mm of limestone. These shaly beds, ::wo.:m ~. )
e éwe : ﬂwo thin to map on the scale used mon.?m mm&omﬁm:ﬁ__c
of th w%.cmw an district, appear to be fairly persistent .ps.mmu HS:E
ow. S,H.m ,oMuﬂ.:Nv-~=,M_- ever pass through the Uogmz:.oﬁ.spo ?”e -
,”““HM;M should be carefully looked for as an indication th

,.‘chc:o,n -achyte is not far
thirds of. a mile nor .
some of the shale in the dump, EE

1 the fragments with the still liquid lava.

below. The Gold Key shaft, about two- 4

X ity 338 feet deep, shows
rest of Old Trails and 338 fee Py o i
thwest o according to Mr. Charles T. Weid-, 2

iéeznc&mari Hoo._mmEE weather
ceedingly deceptive, .
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man the shaft passed out of the Oatman andesite into this material
at 300 feet. ‘ :

The shale has been described as resting on the Alcyone trachyte,
but the exact vozsmm@,vmﬁ veen the trachtye and the overlying sedi-
mentary maierial is in'ma y localities very obscure. The trachyte
in its upper part contains many fragments, also of trachyte, and ap-
pearsto be a flow breceia—that is, a lava which, after partly solidify-
/ing, continued to flow, breaking up its congealed crust and mingling

Such a rock can not always
be distinguished from a sedimentary rock composed mainly of f ‘ag-
ments of a lava upon which it rests or from rocks composed of par+
;ﬁnjm of lava blown explosively from some volcanic vent. The diffi-
‘culty in drawing g boundary between the Alcyone trachyte and the
m overlying sedimentary beds is well exemplified in the vicinity of the
North Star mine. In many places, as just west of the Pioneor mine
or between the Alcyone mine and Old Trails, the weathered trachyte

exhibits rather conspicusis lamination, as shown in Plate VI. This
is probably due to an original flow structure in the trachyte, which
has been accentuated by weathering.

Near Boundary Cone and south of it the Alcyone trachyte contains
some masses of volcanic rock that are more calcic than the trachyte
and should be classed as latite or andesite. These appear to be in-
trusive in the trachyte as dikes or small irregular masses. Tt was
not practicable to map them separately. .

At the head of Times Gulch, east of Hardy Mountain and extend-
ing northeastward tg Silver Creek, is an area of generally decomposed
or altered rock of doubtful affinities, It has been provisionally
mapped as Alcyone trachyte but is more biotitic than the typical
trachyte and closely resembles some of the flows in the formation
named Gold Road latite. = Ag it appears, however, to underlie the

T

Oatman wsaom%ﬁm_u ‘which'is omwﬁumbq overlain by the Gold Road latite,

4 this rock is mapped with the Alcyone trachyte.

“In the northern part of the district, particularly north of Times
Guleh, the Alcyone trachyte contains some lenticular inclusions of
breceia, composed almost entirely of fragments of pre-Cambrian
rock and practically identical with the breccia at the base of the
volcanic series, exposed at the mouth of Times Gulch. Presumably,
while'the trachyte was being erupted some of the pre-Cambrian rocks
Were not covered by lava and, shattered possibly by voleanic explo-
sions, furnished abundant angular detritus to be washed into local
and transient basins and buried under later flows, Some of the in-
clusions are'composed entirel ¥ of fresh granitic detritus cemented into
s so much like granite as to he ex-
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¢ <7 . ¢ .ESPERANZA TRACHYTE.

v

, . m.m.wmbon.:a character, is re-
Jsperanza trachyte, a rock ﬁ. . ) . s
,.Hrmmmwwmwm umwszp,mg szwn of the district m.nﬁ Is @?ow:wmwvmmmm
&w%%ﬂp and Esperanza canyons and in the vicinity of the Hig :
in , . ,
Oﬁmm EMMSH color of the Tock as seen in mwﬁwmm.?.m mxwm”ﬂmmqm”
uommwmrmmao,«? but on freshly broken mz&womﬁﬂ ;owmuw d”.wsou&m muoo.
sl o texture is very compac ", the only m arlclin
H::.%rm% omwuwrmﬂwwwaem eye being black mica in minute %%&%m_ww .,
omww_a._u% hornblende in equally small crystals. Oommmwoﬁ.wﬂ.w ol
HMHmﬂ:ww@uooG,mﬁm of feldspar, 4 EzﬂBgﬁ.w S.Wﬂmw wﬁ.%w%: ,ﬁ _moEEﬂ i
smal ; 3 : 4 ‘ractyr od ey |
A , ock breaks with splintery fracture and o 40 Platd.
mmgﬁomﬂ , .Hr,w__m om.nz W_ﬂ.‘%omw_,:_www associated with it is mrewu._w._% um ! ww,
ik mc.% HNW ,&u to the faces of the cliffs are ,mﬁmo.._“w aiﬂ% Mmcwww
o h.%&é&.ww:wm ringing flakes of the trachyte. So wwﬂ%%% hiee
Jou% fragments that the rock has sometimes. b oo% m.mo from half to
b e lit . It is not uncommon to find in the talus sla oty
ki wcm.u.gnm of an inch thick and Hm_msorom 2Cross SEM Emm e
nrnmaw..aamm a plate of steel and require a severe Eoé. ﬁo H,MM.H.m i
wﬁmﬁg slabs are slender splinters, perhiaps three-quarters of ¢
1 . ; . . ¢ i L
inch thick, 2 inches wide, and 2 feet qu. ittle of interest. It is
H,zd i’ thie microscope the rock shows little o Vsoar crvetals
.bH S.p very fine textured felt of tiny, obscure fe mwwﬂzmww, AL
Bpww ngmv of low refractive index, ﬁ.;? _.ono,c&.uq mmBo Mrm zwoa:w
ABFMr very different in its lithologic properties it is AT
%Hw identical with the Alcyone trachyte. It contains, ’
e : oo .
lctlo less potassium and a lttle e 1o o massive lava flow; of possibly
Most of the Esperanza trachyte Jm p.ﬂwm”w:ymswmwé H.ommm however,
h flows. Associated wi e ) o
et BMMW%MM@H and rather indefinitely bounded Bmmmﬂm,ommwmﬁmmw
wao% ot of mgmBaim of the same Sow.. Whether M mwo@@msxoq
brocei s@ou the products of volcanic explosion oo:EH.sHo 1 oolomions
Fpovers d. They are believed to be the products o oomw X| broke
e g mark approximately places where the Sﬁmu %385&3
WMQ. cﬂﬂ%mga below. The breccia has been cut by the
hroug *
trachyte. . ds for an unknown distance south
za trachyte extends fo 2 Cone
‘HWS HNMWQHMH%&, has a width of 2 miles east of woss_mmaﬂ e m
omm %:Mzoo narrows rather rapidly uomﬁrﬁmy&. wuamﬂgpeew of Sun-
sm flow decreases in thickness in that m:.oofou. Jus :%,ro S inning
eVt sy gl g, i i
i f the flow is probably faulte iy PR
uoN”Mw@Mm% MM&MMM moE Dust-Boundary Cone fault zone, and is co
%Mm to the north by the Oatman andesite,
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OATMAN ANDESITE,

The Oatman andesite, the “green chloritic andesite ” of Schrader
and the rock in which the largest ore bodies in the district have been
found, is exposed over a very irregular area. South of Sunnyside
Wash it Crops out as a comparatively narrow belt, from a quarter to

* half a mile wide, separated from the Esperanza trachyte below by
some light-colored tuffaceous sandstone that has an estimated maxi.
mum thickness of 50 feet ang overlain directly by the assemblage of
lava flows that has been designated the Golq Road latite. North of

-Sunnyside Wash and, still more noticeably, north of Oatman Wash
the area of Oatman andesite expands abruptly to a width of nearly

.3 miles in the latitude of Oatman, At many places along the west.-
ern border of this area the Oatman andesite rests upon the Alcyone
trachyte, generally with a thin layer of shale at its base. This rela-

‘tion can be well seen southwest of the Pioneer mine and west gnd
south of Leland Hill. In other places, as about g mile northwest of
Leland Hill, the andesite is clearly intrusive into the trachyte and
associated shale,

North of Oatman, along Silver Creek, the broad belt of Oatman
andesite terminates abruptly, its place northward being taken by
the intrusive Times porphyry and the Gold Road latite. The end-
Ing appears to coincide with a zone of faulting, which is obscure
near the Oatman Amalgamated and Sun Dial mines but is supposed
to be continuous on the northwest with the Gad

dis & Perry lode and
on the southeast with the Gold Road vein, If, as is probable, the

downthrow along this fault is on its north side, the effect would be

to shift to the west the outcrop of the Qatman andesite north of the

d as Moss porphyry
between the two main branches of Silver Creek may include some

Oatman andesite, The rock of this particular area has been greatly
altered, much of it beyond identification, by the introduction of
finely disseminated pyrite and the subsequent oxidation of the sul-
phide with the generation of sulphuric acid. The jron of the original
ferromagnesian mineralg has been deposited as hydrous oxide, and
the aluminous minerals have also been decomposed with the produc-
tion of alum and other less soluble sulphates. TFarther north the
Oatman andesite is recognizable again at the M ossback mine and be-
yond the northern limits of the area mapped,

The Oatman andesite, although it comprises & number of flows
and some intrusive rock, is as a whole fairly uniform in character
and not difficult +o identify in the Geld, As a rule it is more decidedly
porphyritic than the roclks previously described, the larger crystals
or phenocrysts of ?Em?:..cﬁ:m. particularly conspicuous, Thege
are of moderate size, generally less than o centimeter in length, and

2053528y A T
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m
* of the rest of the rock. The
contrast with the general dark color of AE_:M;WH e
e of v g from dark gr: ) ,
hue of the rock as a whole ranges T e
in fresh specimens to moderately dark greenish gra; e
zw?wm.m «Mammom. Some tint of green is EB.Om_n ::M ably notics-
mEm 5&5 the exception of the basalt imo— M.”mg i e
w::.:ﬁ. hills, the Oatman andesite has nm.:ﬁ :m Mhﬁ oitho-ii g
i v ic formations ¢ t.
her volcanic forr . bric :
D e e @m .o»r yadaloidal-—that is, it contains
the trachytes it is, in many places, amyg

bubbles that have been filled with calcite, quartz, chlorite, or
steam bu g

i filled
. : known as zeolites. These
. » 1 ‘ing to the group Ty £ XDo-
::_wm,zm ow.m Mwwm%ﬁom, are wf.aos?w.g &95&5,8 E.mE M“Mo MM:E
,csa vass_ of Sunnyside Wash and near Q:u.mwoe._ U—,. _..“W_wa_\?;‘,w,mo
me:HoW? ¢ as 2 inches in dinmeter were noted.  They were obse
a ¢ L as o s ] .
in a number of mines. . X .
:ENS MHGM%% W_momm in the Oatman andesite are H.omwmwgmwwmgﬁ.
_mmmmwmmm w%mimr-mg% tuffaceous mﬁwmmﬁoﬂ% . /»\WM mMMprwomE s
“ ing it is not as a rule well expos : gt
o msm..m Mﬂzwwrwwm seen in the area of Oatman pj&mmiﬂmwwﬂﬂw-
WM ﬁWo.MHSmamomM mine and southwest oﬁ“&m H\.Pwmwmu MWMVM 20 feet in
T ther lens of s
bout 25 feet thick. Ano _quarters
pears ﬁmhmmnwzam is exposed alongside the old road mrmm quarters
Emw:sg west of Gold Road, where the sandstone MSM Ve Do
of Mmmw.\ymmmao cut by a small dikelike body om.ur%oow Mvo T 9.5 Read
MLe . : il ith the old workings : P
ho is familiar with t ¢ 5 » that in
H.Hw.%MmewmmW wM which could not be seen wE H@WH@ HWMMMMMM ﬂm%pﬂwosm
mine, . d work he note » .
f his underground w \ . andstone
?M%%awwm% mﬂ various wumwom . Opnﬁ%b ub&mw%ﬂ%mﬂ“ﬂﬂﬂﬂo than
sa i ows, perha
rs between successive ) | local
csmo:dwa&w MMM.MNod and represents intervals of erosion u.mmwom&w
Mﬁo mmwmnmpm _Mm mmumum detritus derived from the rocks pr
eposi
; ] Sen-
muswnmﬂ. wn by the microscope, the Oatman .mmmmm%m ooﬂMMMm%Mo ol
G \Wm moM feldspar (which ranges in ooEwo@SMNMMMHM Wwocamssmm
HMWH.WQS.EWY augite, biotite, m@mﬁ%wm mﬂ&mmwwm%%msm s ot
. ith small crystals of felds : 1d-
o mFWm ouommwmwwq “5.5&.. In the freshest %.i.w m@moMbngMWMMM%.
MWMH.oW MMoH.“ but as a rule it is .wmﬂ.a.w mmMONWoNM Mﬂmw wo%mn <waoam.m
- i turbid. The augite in a e rarely
E:W-é?ﬁ n%%m been changed to calcite. The biotite is Moﬂ.uws el
of ,35 H.wo mm i jails has Touh. ik mszm-cnoém color as M.m Ronhsax
fresh bu sM become pale green. The alteration wuowso wsw el
mmos.osmumw identifiable definitely as aggregates of Sowumimuaa&ps
mﬂmoﬁ:oe uwono commonly it seems to be a roBommeonm the biotite.
rite, bu ‘  the optical properties
iRy tains some of the S : : QOatman
%M wmﬂmmwww%y%ga alteration of the biotite which gives the
is

{tovered by basalt, only a narrow stri

-“green chloritic andesite.”

mation,

with a minor proportion of intrusi
forced through some of the lower
boundary into some
able variety in textur

typical almost wholly crystallized latites t

teous, or lithophysal flows that might b
and will be separate]

" Op. cit., p. 87,
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ith some of the flows of the
tman andesite ig never con-
on product can as a ryle be

andesite its groonish ting, Ty contrast w
Gold Road latite, the biotite of the Oa
spicuous, and neithery it nor its alterati
recognized with the unaided eye,

An analysis of g sample of Oatman andesite obtained negp the

No. 1 shaft of the United Eastern mine, made by R. C. Wells in
the Survey Fvogmo&a is as follows:

Chemical analysis of Oatman andesite.,

BlOs e 56.37 | H:O below 110° G _______ 0.38
MO T 15.99 | H.0 above e e ________ 1. 66
PeOy T ad i S 1.16
ReOoe oo g i .41
k_a_:h.c ::::::::::::::::::::::::::: ~ 2,97 | MnoO A .07
a0 T 8.81)¢co..________ e 2,18
N0 2.99

K T 2.89 99. 85

This analysis shows that the Oatman andesite is less calcic and

slightly richer in alkalies, especially in potash, than

a typical an-
te in composition, Another

» contains 2.68 per cent of soda

desite and approaches a lati
lyzed, from Leland mij
cent of potash., This particular variety mig
latite. Schrader? records that a sample collected by him from Ie-
land Hill was even higher in potash, containing 2.60 per cent of
Na,O and 5.19 per cent of IX,0. He classified this rock, naturally
enough, as latite, although he H.moomiumm#mw gm:mmwugomzm

sample ana-
and 4.13 per
ht be classed ag andesitic

Considered by itself the Oatman a
be called the Oatman latite. But it is
hesia than the other rocks of the district classed as latito and is also
lower in alkaljes, This difference has led to the choice of andesite
rather than latite ag 4 general petrographic designation of the for-

ndesite might perhaps properly
notably richer in lime ang mag-

GOLD ROAD LATITE,
The Gold Road latite is a volcanic complex of lava flows and tuffs,
ve rock that appears to have been
flows and to Pass with no definite
of the upper flows, The flows present consider-
anging upward from fairly
0 black obsidian-like, pumi-

e classed as glassy rhyolite
Y mapped and named in the fip

art of the district the Gold Roa

e and composition, r.

In the southern p d latite is largely
P being exposed in the cliffs of
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TFrom
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o Mos - the heads of Towa anc . o W
e v:wmiCmSWEy eastward to the co::m.,:”% o% the :MMW mmamwﬁmm
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, . 1 with few minor exce » o : .
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side above the Red Cloud shaft, north of Outman, and the general

line of the contact can be traced deviously around the hillsides past

the Arizona Rex shaft to the vicinity of Gold Road. Along the

ravine halfway between the Arizona Rex shaft and Gold Road, up

which a road runs to what is supposed to be the United Northern

shaft, the contact is displaced by what is thought to be the Mallery
! fault or a fissure of the Mallery fault zone.

Some upper flows that are here temporarily grouped with the Gold
Road latite form the general crest of the high ridge cast of Oatman
and are exposed over much of the slope east of that crest and south
of Sitgreaves Pass. They include some layers of light-colored tu(T

- and glassy flows of considerable variety in color a
 Topy lavas of compact texture are assoc;
vitrophyres that are almost as glassy as obsidian and some frothy
lavas that are nearly as light and porous as pumice. Some of thege
upper flows contain rough bubble-like cavities of g peculiar kind
w:oés as lithophysae (Greek for stone bubbles). Most of these
cavities, some of which are 18 inches long, have been filled with in-
filtrated silica in the form of chalcedony and opal.  When the rock
weathers and crumbles the opal and chaleedony in large part remain,
scattered in profusion over the ground. These upper members will
be excluded from the Gold Road latite and given a distinctive name
in the final report.
As seen under the microscope the Gold Ro
composed generally.of fresh clear
position and showing by absence of zonal structure a fair
composition; biotite; monoclinic pyroxene
in thin section; with apatite, zircon, magnetite, and, in some speci-
mens, titanite, These crystals lie in a microlitic glassy groundmass,
Some specimens show hypersthene, and in g few quartz is present as
phenocrysts.  Amphibole is very rare. The more glassy varieties
show less abundant phenocrysts of the minerals mentioned, in a
matrix of volcanic glass that may contain incipient hairlike crystals
known as trichites, Many of the glassy rocks display beautifully
under the microscope the curved lines of flowage characteristic of
some of the more siliceous lavas that have been solidified before com-

nd texture. Brown
ated with nearly black brittle

ad latite is found to be
feldspars, near andesine in com-
ly uniform
» pale green or colorless

Plete crystallization could take place.
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Chomical analyses of two samples of the Gold Road latite, both { | fﬁ he only places in which ore has |
ade Volle in T I D e B . atite gre as been | :
made by R. C. Wells in the Survey laboratory, are given below: It H.wrwwwmm.% M_w_c Gold Road and Gold Cm.m‘wnmwa in the Gold Road
; 1ble . €s, nea
Chemical analyses of Gold Road latite. Reed mine E.&wpw moSM ore in the Q:.m% Eagle a<oh,_&=om QMWM Hw%mm. |
“have been sto Q H.. = 25 0 e om ji
—— generally regard Ped from this rock. b : i
: ; arded by those s , <, but the latite i |
- H S ' ? to ore deposition, Y > familiar with that mine as ::?@EEM .
B Nl EOmeenie G NE | Bk YOUNGER' vor,
2ol Log = ATL g CANIC FORMATIONS, ,
32 ; Nw 04 0 g The formations that overlie the Gold R i |
38| 220 10018 | 0986 - orn part of the district d Road latite in the nopt] M
3.9 | 5.8 ,. - greaves tuff, the Meados namely, the Flag Spring trach 1east- i
| Tite, contais’ Mo eadow Creek trachyte, and the Oo,n M yte, the Sit- i
: no ore mmwom;m“ so far as known and S&bﬂ.ﬂom wwwo- 1l
y no e ere i

de miae, near base of cliff. : : e
i . deéscribed, F
ull accounts of them will be given i
glven 1n the fina] re

1. Three-quarters of a mile southwest of Sunnysi
on top of ridge.

2, Three-fifths of 8 mile south of Sitgreaves Pass,

‘ )

The rock represented by analysis 1, although not the conspicuously

biotitic variety described as particularly characteristic of the basal
flow of the Gold Road latite near Oatman, represents fully as abund. complete report is prepared, |
ant and characteristic a part of the formation. Although this rock : Ll
may in some places extend down to the base of the formation and in ' MOSS PORPHYRY, :
others constitute its upper part, it appears on the whole to occupy The Moss poy L |
forms an FQWMW %%Ju%ﬂ.ow 1s the country rock of the Mose m: ¥ |
mass, a little over 2 miles wide, which oﬁmmwum HM:E‘ I
= ‘om |

a medial position Letween the biotitic variety and the glassy, ropy,
and more siliceous lavas that are generally found near the top of
the Gold Road latite as here defined. More specifically, it repre-
sents the brownish or reddish-gray, somewhat porous rock that
forms the greater part of the cliffs along the western face of Ute
Mountain, extending past the heads of Esperanza and Iowa canyons
to Sunnyside Wash; it is the rock exposed around the Casey Jones
shaft in Antelope Canyon and along the Oatman-Kingman road
from Gold Road over Sitgreaves Pass and down to a point within
a mile of the pumping station on Meadow Creelk; and it is also the
principal rock exposed in the lower slopes above Cottonwood Creek

the vicinit i
of the 1re W HMM@WMME. %ﬂmmw bwug-boe%ﬁdm?qmnm beyond the limj
mediui-frated 5 20 Gw?o&.ﬂ.o&m of the area is 5 p; _wm limits
particularly oobﬁ. Phyry, in which the poryhyritic ﬂw,n:mv.-mg%
gestive of granit mwum%ocw“ and whose general mw@mmwwrn:g. 1s not
1 clase as Sm,or mmo.H rm. e Zbble Phenocrysts are orwm% Dlagt i
line groundmass mnﬂ.&ggg in length, and these lie o D agio- |
of 'y i , 1 8 "7,
and amphibole, Gsm“wnm.”#wwm ki ?wwmgbnq ogroo_smﬁww Awwowmm-
sodic. i . Icroscope the larger : ’ j
ular MMN%MM.W:% (oligoclase-andesine) qre mmmwpwmnw Phenoerysts of
) part micropegmatitic groundmass of Qwﬂmw mmMm wgs. |
orthoclase, A

up to pvosa a quarter o.m a mile below Flag m@u.msm.m. Its general quartz, biotite, and pale.c .

. weathering tint is reddish brown. Some of this rock is locally titanite, and zireon pale-green. amphibole, with magnetit i A ~
known as rhyolite, and it appears to correspond, in part at least, to A chemica] _S&%.mmm £ dvnd . S e, apatite, i
Schrader’s “rhyolite series.”® It rarely, however, shows any free § road to Meals Camp Mw“.% pical Moss porphyry from g point by th il

) varee-quarters of a mile p " q
orth of the Mogs

m _ ) .

of the springs in the district issue from this rock.

Analysis 2 represents certain dark, brittle glassy flows that gen- S
erally overlie the rock of analysis 1, south of Sitgreaves Pass. The S10, _ O Moss porphyry, .
m.oow is moumEmSEN more mz.mooo:m than that of analysis 1, 3:& less >row...........|...'....x.,.,. ........... . 62.54 | H,O under 119° c
iron oxide, magnesia, and lime but with more potash and higher FesOy___ DAY o === 1442 [ B0 above 179° ¢ TT7" -—- 0,2
total alkalies. It might be called a rhyolite vitrophyre, but, as pre- e S T TR LR w wH Mg . Wy
viously explained, it has not been mapped separately from the other mwm% it gt Hﬂuor-----:---:-!-:.H......- H.mw
rock F the present preliminary report. - : zsm..............m-.,:----l----‘.u 428 =o.. ....................... o7

e N s TR -
TTeTememeemeeeeo. 8,08 | o 100. 13

8 Op. cit, p. 40.
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. sy uartz mon-
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the <5:.5%MoEM<mBo=n of the intrusive mass after ﬂ Sms : part
z% WMMMEMBM“E and massive porphyry appear to be ming

solid :

inextricable confusion. |
TIMES PORPHYRY.

Ti vy are confined to the triangular
iy mﬁuomﬁmm.w oM. MHH.HMMM wmmwwm“%m Gulch, where the R.Mowomowm,w.
i Uma.émw _.H <mvom% intrusive into the Alcyone n.umﬁo Nrm, i
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2 MM.MQ Mwo%omv&mguoo by its pale-pinkish tint an
recogn

. . S X re
€nmrn%.=m‘mm porphyry is a faintly pinkish rock of rather fine textu
The Tim

1 — uzz A.C:J_— [&AL¢] ﬁ—< _wi ) % 'St O 1 ~v 0 ﬁvo
( spicC 5 i T ~.~ﬂ—0. >ﬂ ﬂnvﬂ JﬂWﬁ:GO 1 °
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"¢ not

" Phyry. The visible

largest 1 centimeter in length, of the same mineral and g few small

ragged flakes of biotite, A hand lens shows

abundant in the groundmass, although absent

Under the microscope, in thin section, the
.to be composeq mainly of quarty
as a rule occur in
matitic or micrographic,

and the texture is
- quartz and orthoclase that are

marging into the characteristic micrographic

| o .

TE composition of the Times porphyry is very simple. In addition
to the quartz and orthoclase, most sections show a little sodic plagio-

clase, biotite, apatite, and magnetite.
A chemieal analysis of the Times
on the north side of Times Gulch,

are as follows:

Chemical analysis ot ?.Em.w porphyry.
B 72.85 | H.0 under 110° & B 0.08
atOs o - 18.45 { HiO above110°C___________ - .40
Hﬂ@uOu lllllllllllllllllllllllll 1.11 uumou llllllllllllllllllllllllll .39
FeO e e e i B4 PO T - , 04
MgO_______ e 24 /Moo T .06
CaQ o R 1.13 [ COa____ e 22T
Na,O_________ ——daita - 4,01 ——
KO N s 1 1) | 99. 77

The analysis, although the proportion of so

responds to that of granite, and the rock is classed as granite por-

plagioclase seems insufficient to account for gl
orthoclase is sodjc,

the soda, and presumably the

orthoclase or g microperthitic intergrowth of

probably the rock is g product of

the rhyolite, next to the basalt, is the youngest of the flows, this would
the Times porphyry is also one of

indicate that
the distriet,

JFRINCIPAL, IGNEOUS FORMATIONS,

and orthoclase. These minerals do
distinct separate crystals or grains but are
., intimately intergrown in the manner usually described ag micropeg-
Such intergrowths as seen through the
microscope in polarized light with nicols crossed
rarely more beautifully exemplified than in the
Times porphyry. A few thin sections show considerable areas of
not intergrown, but these areas rarely
_m:oé any crystal boundaries and generally grade irregularly at their

wo_%_a;ua on material collected
1} miles south of Cathedral Rock,
has been made by R. C, Wells in the Survey laboratory. The results

which in this report is named the Cottonwood

29

, however, that quartz ig
as distinet crystals,
Times porphyry is seen

are striking objects,

intergrowth, The min-

da is a little high, cor-

Whether it is soda

the same magma, As

the younger rocks of
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it should be readily worked and durable.
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Blue Bird, North Star, and Midnight mines to o Point about a quar-
ter of a mile north-northwest of .the Oatman Belle shaft and per-
haps beyond. ,

The basalt dikes occur mainly in the northeastern part of the dis-
trict and as a rule are narrow but remarkably regular and persistent.
Their general treng is from north (o north-northwest. Some of them
plainly cut some of the basalt flows, but it is probable that thege
were fed through similar fissures and that the
dikes which now traverse them were the feeders of

that have been removed by erosion.

Small bunchy, irregular intrusive bodies of g nearly white rhyo-
lite are rather abundant in certain parts of the Oatman district,
vﬁ.hn:?a@ in the Gold Road latite east of Oatman, and have pro-
duced two of the most conspicuous topographic features of the
region, One of these is the sharp white spine loc
The Elephant’s Tooth, or The White Elephant, which is visible in
eastward views from nearly all points near the town of Qatman
(PL II, B); the other is the still more Imposing Boundary Cone
(PL V, B). These peaks are Plugs which were forced up in molten
condition through the surrounding rocks and which, owing to the
resistance of their material, have been left ag towers after the once
inclosing rock hag been stripped away by erosion. The Elephant’s
Tooth plug, as exposed at the surface, is oval in plan and only
about 600 feet long. Northwest of it are a number of other intry-
sive rhyolite masses, the largest of which, about a quarter of a mile
northeast of Oatman, is about 2,500 feet long and 800 feet wide,

- Most of these masses are nearly white glassy rhyolite, showing flow
Structure, Closely associated with these rhyolite bodies are some
small masses of rather peculiar breccia. Some of this breccia in
addition to rhyolitie fragments containg angular pieces of the Gold
Road latite,

within the latite suggests that it is, in part at least, an intrusion
breccia. It may be supposed that some of the small rhyolitic masseg
were intruded under g rather thin cover of older rock and, being
stiff and viscous, were partly brecciated by the movement of the
lava, Probably also there were volcanic explosiong which shattereq
the inclosing latite,

Southeast of Oatman, in the vicinity of the
Oatman Mines Co., is a rock intermediate in
Gold Road latite and typical rhyolite, It is Intrusive into the latite
but is closely associated with breccig and with glassy lithophysal
lavas that can not he satisfactorily scparated from some of the flows
of similar material that make up much of the upper part of the
formation mapped as Gold Road Iatito, The rhyolitic rock near the

higher flows

Kokomo shaft of the
character between the -
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Kokomo shaft has not been separated from the Gold Road latite on o,
the preliminary geologic map (P1 I).

The Boundary Cone plug (Pl V, B) is a fine example of this - et
form of intrusive body. The tower rises about 1,500 feet above the J
general level of the country west of it. A prominent dike of rhyolite
extends westward ﬁ.o?,. the central mass nearly to the Oatman-
Topock road, where it is covered by the Quaternary alluvial de- M
posits. A nearly horizontal offshoot, or sill, also projects into the )
Alcyone trachyte on the south side of the cone. A su aller plug, sur-
rounded by the Alcyone trachyte, occurs just northeast of the main
mass. i

S, GEOLOGICAL TRVEY

M3 rLATE vy

" ; ﬁ
THE GOLD-BEARING VEINS.

DISTRIBUTION, STRIKE, AND DIP.

There is in the Oatman district no general distinction to be made
between faults and veins. Practically all the veins occupy fissures
along which faulting has taken place, as a rule before, during, and
after the period of vein formation. On the other hand, some
fissures, such as the Mallery fault, are younger than the veins and
contain no original ore. v

Vein-filled fissures are w.x:.ﬁos_ﬁ.g abundant in the southern and MAN, LOOKING NORTIWEST |
central parts of the district, especially in the Oatman andesite and o |
Esperanza trachyte. The general strike is northwest, but the strike .,
of individual fissures may range from nearly north to nearly west.
The dip as a rule is high, over 60°, and to the northeast. Many of
the fissures branch, but there appears to be no recognizable rule in -
respect to this; some fissures diverge to the northwest, as near Old
Trails, and others to the southeast, as on Leland Hill. The veins .
vary in width, but few of them are wider at any point than 50 feet. e #m,..“wv Al Tzt AL W T BRI R RN e |
Some are of simple tabular form, with well-defined walls; others are L e : 5 ) .
complex lodes, the main mass of vein material being accompanied 54
by many branching, irregular stringers; others are aggregations of
stringers, or stringer lodes. Some crop out boldly and conspicu-
ously; others are most insignificant as surface features. As a rule
the larpe ore bodies of the district have been mined from veins or
parts ¢ f veins that are not prominent at the surface,

A. TWO MILES SOUTH-SOUTHWEST OF OAT

MATERIAL ‘PZ.H,U STRUCTURE OF THE VEINS.

The Oatman veins are mineralogically of simple character, con-
“sisting mainly of quartz, calcite, and adularia, associated, in the ore
shoots, with free gold. As a rule only quartz and calcite are recog-
nizable with the naked eye. The adularia occurs generally in

i B. NEAR THE TREADWELL SHAFT OF THE PIONEER MIN

LAMINATED STnucTure or

E.
. THE ALCYONE 'Tracty s,

YTho old road. T'he new rond crosses the dike,
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PLATE VII

A. NEAR VIEW OF THE GOLD DUST VEIN IN A SURFACE CUT JUST

THE NO. 2 SHAFT OF THE GOLD DUST MINE.

NORTH OF

The principal mass of quarlz and calcite is here about 5 feet wide, with many stringers on both

sides.

2. MORE GENERAL VIEW OF THIE GOLD DUST VEIN AT THIE SAME LOCALITY,

LOOKING NORTHWEST.

The extraordinary complex of quartz-caleite stringers here .:3.;:«2_ is on thoe hang
‘he vein shown in A and forms a zone at least 100 feet wide. Caleite is more
yirtz, $

VEIN STRUCTURE,

ing-wall side of
abundant than

BULLETIN 743 PLATE VI

e ———— e

A. PART OF THE PIONEER VEIN AT THE TREADWE]

Y

WL SHAFT, LOOKING NORTH.

Shows a complex of banded quartz-calcite stringers,

B. PIONEER VEIN, LOOK . .
1 IIN, LOOKING SOUTII A 2 v
OF AN OLD STOPI NEAR TILE ity HE ¥

Al ( EIN AND OVER THE TODP
G HE THIRTY-FIFTH PARALLEL SHART, L
- I'is vein shows the smooth, regular hangi .

. g wall of a stri s
and supposedly cuts off the ore rmzmm“_:_:_ fault that is younger than the voin

s above the 100 Jovel, ,

VEIN STRUCTUR .
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A. THE GOLD ROAD VEIN AS EXPOSED ON THE OATMAN-KINGMAN ROAD,-

LOOKING SOUTHEAST.

1z followed by t vein.

Shows the relatively regular zone of sl

B, THE MOSS VEIN AT THE MOSS MINE,

i istri i wrs to be generally more
> i uartz outcrops in the district. ~ Fluorite appears
o Sy abundant than caleite in this vein,

GOLD-BEARING VEINS, 33

microscopic crystals, and gold is visible only in unusually rich ore.
Sulphides, even pyrite, ‘that almost invariable constituent of the
ores of other districts, are absent from the typical Oatman ores,
although a little chalcopyrite and chalcocite have been found in the
Gold Ore vein, near Gold Road, and Schrader 1 reports that pyrite
was present in the small ore body of the Rattan mine. The coun-
try rock near the veins may contain finely disseminated pyrite in
small crystals, but it is nowheie conspicuous or abundant. Fluorite
occurs in some of the veins, particularly those in the Moss and
' Times porphyries, but u,%@ﬁ.mbzw‘ is not particularly significant as
to the presence or absence of gold. In the rich ore from the upper
workings of the Moss mine some of the gold was found embedded
Jin fluorite, and gold was associated with fluorite in a narrow but
‘high-grade ore shoot stoped in the Buckeye vein, a spur from the
Hardy vein. On the other hand, fluorite, although a little was seen
in 1921 in a small isolated ore shoot in the Aztec mine, is very rare
in the larger ore bodies of the district. In the northern part of
.the district the mineral is found abundantly in some veins, which
so far as known are practically barren. 4

The proportion of qnartz and calcite in the veins varies widely.
Some veins are chiefly quartz; others chiefly calcite. A wide range
also may be found in different parts of the same vein. As a rule the
ore is found where both minerals are present. Veins or parts of
veins that consist entirely of quartz or calcite are, in the Oatman
district, generally of very low grade or barren.

The larger veins in the Oatman district are essentially stringer
lodes of very complex structure, Some idea of their complexity
may be had from figure 2, drawn from sketches, made in March,
1921, of the Big Jim vein as exposed in crosscuts on the 400 level.
It will be noted that what is generally termed “the vein” ig actually
made up of two or more veins (the term being here used with its
harrower meaning for the filling of a fissure), together with many
irregular veinlets or stringers and a considerable proportion of more
or less altered andesitic country rock.

The appearance of some typical veins in surface exposures is shown
in Plates VII-IX,

The individual veins and stringers appear banded in cross section,
showing that the vein minerals were deposited in successive layers
from the walls to the middle of the fissure. Such banding was par-
ticularly noticeable in the large ore body of the United Eastern mine
from the 700 level up, and a typical specimen of the ore from this

" Op elt, p. 172,
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vein is shown in figure 8. In many of the larger stringers or in- has clearly replaced older calcite. Some of it, moreover, appears to
%,&m:& veins of the lode the banding is interrupted, and it is plain have crystallized simultaneously with calcite. This indicates at least
that earlier vein material has been shattered and a_o: .ccSns.Sa by 1 three generations of oio;.o. . A specimen collected from the Big .u.:ﬁ
later vein material. In the United Eastern and Big Jim veins the { dump shows also three distinct generations of quartz, all of which
r < - R 3 P e 1 " ¥ . .

shattered vein material consists in large part of mw:—-cm:_ ing, cm:@oa are probably oider than the characteristic gold-bearing quartz. The
quartz and calcite, and the later material of relatively barren calcite. _,

SW. oy |

A /
ANV g U ~
\Em‘_w z/N\\‘ ’
o=
TVAYANAPR
\\2‘
v 3 INCHES
20 FEET - ,
A F1eurn 3.—Typical banded ore from the stope above the 600 level of the United Lastern
s t
V1gure 2.—Sketches showing the structure of the Big Jim <mWM%m%_M%MMLMMm~.a Mo%nﬂu mine. @, Brown quartz in thin crusts; b, rather finely crystalline white milky quartz;
man andesite; b, quartz and calcite, in places showing a a calcite, e ; ¢, thin layer of houcy-yellow oily-looking quartz and probably also microscopic adu-
d, andesite traversed by many irregular stringers of quartz an laria; d, clear quartz intimately associated with the honey-yellow variety and with
. bl . 1 calcite, probably also microscopic adularia; e, layer of dark calceite, quartz, and prob-
In a broad way in the OQatman veins the m.o%omugob of “md.o‘mﬂp.:uma ! ably adularia; f, pale greenish-white fine-grained quartz; g, thin layer of honey-yellow,

p v . p mn @bm. con- oily-looking quartz; h, like f; 1, rather coarsely crystalline milk-white quartz; , oily-
white quartz, which has, in part at least, replaced mbmmm. = £ the yellow quartz; I, clear comb quartz. |
tains little or no gold, has been followed by the deposition o : : . ) . ) ’
oold-bearing quartz accompanied by some calcite and adularia, fol- conclusion reached is that during the middle stage of vein formation
Muos&. in turn by barren calcite. This general sequence, however,1s '} quartz and calcite were repeatedly deposited alternately and that
ertainly far from being the complete record. Much of the quartz | during this period also they were at times deposited simultaneously

> L8 . g . . e, . .
that «vas deposited nearly or quite contemporaneously with the gold 1 and some calcite was replaced by quartz. -Deposition of calcite has
A . probably continued up to the present time.
e
:
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The quartz of the Oatman veins is m@zmgzx fine hﬁ:sogw ==.,_
some of it, particularly in the mz&w. cm:mom .CoE Road vein, is
chalcedonic or flinty in texture. Crustification is common and gives
the veins and stringers a banded appearance as seen in cross sec-
tion, due to the fact that successive crusts or layers .om quartz ﬁE..
fer in texture or hue. The quartz in 25@ the gold is ozwwm&ma is
generally honey-yellow with a characteristic oily Juster. The cause
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§ lack Bagle shaft of the Tom Reed
RO 4.—Quartz and calclto from the dump of m:o B L .
. G«WWWEE. o:cgaz with camera lucida from a Q:ﬂ mmgo% Mw ﬂomp Zﬁ_mmwuz.muswﬂmﬂmwm
leite (lined shading) in ragged areas is believed to be s
vamnn_ ﬂamp Mpﬁﬁh been partly replaced by granular quartz, Magnified 15 times.
of this tint and luster has not yet' been ascertained, as the micro-
scope throws no definite light on this woozrpﬁﬁ.%. .
Miich of the quartz associated with the gold in the Omep: E:.M
has a lamellar structure. In some varieties the quartz is compac
X .’ . . < . . 2 »
and fine grained, but when seen in thin section under the B:&o.mno_wc
. . . ; !
with the polarizing nicols crossed the structure becomes mn:w_smw
apparent. . Bach lamella or leaf of quartz consists of granules E.ﬂ_
] inst rectili ; fies that are invisible
terminate sharply against Ze:::m:: boundar les that =,_ v isible
in ordinaey light.  The structure is such as might be expectec

origin in the Oatman district.. The relation of quar
in the Oatman veins, however, presents Some problems that will be
discussed in the complete report, Figures 4 ang 5
occurrences of quartz and caleite in the Tom Reed vein,

monly present with the gold-bearing quartz but can r
ognized with the naked oye. Undor the mier
tions, what at firgt looks like g granul
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the quartz crystallized between closely spaced parallel or slightly
divergent impervious plane partitions so thin as to be invisible. In
other varieties the quartz forms fragile septa wi
tween, so that the mass as a whole is cellular or porous. Thege
structures have been recognized as characteristic of the replacement

1 of calcite by quartz, and there ig ample evidence that sycl, is their
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Freurn 5. —~Lamellay aggregate of quartz, calelte, ang adularia from the dump of the
Black Iingle shaft of the Tom Reed workings, Drawn with camera lucida from a thin
section as seen under the mlicroscope, The remarkably thin plates of caleite ara
fringed with bristling quartz crystals and separated by granular quartz (clear) with

Some adularia (light-line shading), mTha section shows one small vug or cavity lined
with quartz crystals, Magnified 13 times, A

tz and calcite
illustrate two

Adularia, a clear variety of the potash feldspar orthoclase, is com-
arely ho rec-
oscope, in thin gec-
ar aggregate of clear quartz
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grains is seen on close inspection to contain grains with a lower
index of refraction and lower birefringence than quartz. Some of
these grains are of irregular form, but many show more or less
of the characteristic rhomboidal or lozenge-shaped outline of adu-
laria and fine cleavage lines. (See fig. 5.)

The calcite of the veins is generally white and shows no unusual
features. Whether it contains manganese or other constituents be-
sides calcium carbonate has not yet been determined.

The gold of the large ore shoots is invariably in very mﬁpz .o?m- .
tered particles, like yellow dust included in the @.,:ﬁ.ﬂ. “_,? 1s visible _
to the naked eye only in exceptionally rich ore.. Coarser gold has ,
been found in some small rich pockets, such as ﬁmmm_,éwiwm@, in
early days in the Moss mine. As a rule the gold is rather narrowly
confined to certain portions of the vein, and assays T..;G: 90T0SS o
wide ore body, such as that of the United Eastern mine above the
700 level, show great variation. One or two thin layers of quartz,
‘perhaps less than an inch wide, may contain by far the greater part
of the gold. Samples that include material from these layers may
assay from $100 to $200 a ton, while others yield less than $10 a
ton and the whole vein from wall to wall averages about $25 a ton.
In the Big Jim vein there are in general two such comparatively
rich streaks in an ore shoot that as a whole averages about $16
a ton. . .

The ore mined on a large scale in the Oatman district has ranged
in tenor from $7 to $35 a ton. The ore mined by the Tom Reed
Gold Mines Co. from the Aztec mine in 1921 averaged between $7
and $8 a ton and was about as low in grade as has _oao.z mzcommm.
fully worked in the district. The ore of the Gold Road mine during
the later years of operation appears to have averaged about $9 n
ton. The United Eastern ove in 1921 had an average assay value
of nearly $22 a ton. = .

The United Eastern ore, up to the end of 1921, has oo:r::o.m
from one-half to two-thirds as much silver as gold, by weight. .mc
far as known the silver occurs only as the usual natural alloy with -

gold.

OATMAN GOLD DISTRICT, ARIZONA. .

ALTERATION OF THE S.PH..H. ROCK.

“The changes effected in the wall rock by the mo._zﬂobm that de-
posited the veins have not yet been carefully studied m.:m. can not
_here be fully described. In general, the Oatman gmmwwnm near 26,
veins is light greenish gray and.is softer than the original b.m@
rock. The feldspar phenocrysts are dull and chalky, and the meoz.:@.
mass contains disseminated crystals of pyrite, generally 1 milli-
meter or less in diameter, - Thin'sections of such rock, seen under
the microscope, show that the biotite has become pale green or has,

Y
B

5
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been altered to aggregates of chlorite; the feldspars are now aggre-

- gates of calcite, quartz, and sericite.--Augite has been replaced by
caicite, and calcite and quartz are abundant throughout the rock
in irregular aggregates. The iron originally present in the rock in
biotite, augite, and magnetite is now combined in chlorite and pyrite.
The only original mineral remaining is apatite.

NOTES ON SOME OF THE MORE IMPORTANT VEINS.

TOM REED VEIN,
I

'
AT.EBHoEWmom495,250:;5.0:&% co.su,.EE.mﬁrrwnrimmz:w
American, Aztec, Big Jim, original Tom Reed or Benjamin Har-
__A son, and United Eastern veins, has been by far the most productive
in the district, having yielded to the end of 1921 gold and silver
to the value of nearly $20,000,000. _

The general course of this vein and its relation to the geologic
formations of the district are shown in Plate I. The principal mine
workings upon it appear in Plate X, and a view over the surface,
along the lode, is reproduced as Plate XI, 4. Another view, in the
opposite direction, is shown as Plate XI, B, :

The general course of the vein, like that of most others in the
district, is approximately northwest. On the southeast it appears
as a zone of fissuring and faulting that crosses the crest of the main
mountain ridge about 2 miles southeast of Oatman and, apparently
as two nearly parallel fissures, about 250 feet apart, continues down
the steep west slope of the ridge past the -Argo mine. Thence it is
generally though not continuously traceable on the surface past the
shaft of the United American mine and can be similarly followed
northwestward nearly to the Aztec shaft of the Tom Reed Gold
Mines Co. From the Aztec mine the vein is continuous underground
throngh the Big Jim workings (see Pl X), but its relations at the
surface are complicated by a dislocation along the Mallery fault.
The vein in the Aztec and Big Jim workings dips 70°-75° NE.,
whereas the Mallery fault, striking nearly parallel with the vein,
dips 60°~70° SW. The fault is normal, with a throw of about 400
feet. The effect of the fault is to throw the upper part of the Tom
Reed vein down and to the southwest, as illustrated by the cross sec-
tions of figure 6. As shown by these sections, the part of the vein
under the ‘fault plane has no outcrop but is limited above by the
fault plane, from 100 to 400 feet below the present surface. On the
other hand, the part of the vein above the fault plane does theo-
retically come to the surface, although in places it is obscire or cov-
ered by superficial detritus. It is this portion above the fault plane
that was originally developed and stoped by the Tom Reed Gold
Mines Co. through its Grey Eagle and Bald Lagle shafts. (See
PL X.) The discovery that the Grey Tagle and Iald Eagle ore
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A. VIEW NORTHWEST, TOWARD OATMAN, ALONG THE TOM REED VEIN FROM
THE VICINITY OF THE AZTEC SIIAFT.

1, Aztec shaft; 2, Bald Eagle shaft; 3
0, Benjamin Harrison shaft; 7, O

, Grey Eagle shaf't; 4, Red Lion shalt;
Iiastern No. 2 shafl.

5, Big Jim shaft;
lla Oatman shaft; 8, United Eastern No. 1

shaft; 9, United

B, VIEW SOUTHUEAST ALONG THI TOM REED VEIN,

L, Grey Bogle shaft; 2, Hooper shaft, on outerop of the upper seg.
shalt, on samo outerop; 4, Aztoe shal 3 0, Blae

Sglo dump; 6, A

MINES OF THE OATMAN Disrricr,
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was cut off below by the fault and the opening up of the deeper part

of the vein in the Big Jim ground led to the litigation between the

Tom Reed Gold Mines Co., owner of the Bald Eagle and Grey Eagle

claims, and the United Eastern Mining Co., owner of the Big Jim

claim. There can be no real doubt that the Grey Eagle vein was

once the direct upward extension of the Big Jim vein. The ques-
 tion at issue was whether suck former continuity confers a legal right

on the owner of the older Grey Eagle and Bald Eagle claims to ex-
ploit the part of the vein under the fault plane, within the Big Jim

claim. ,

Within the boundaries of the Big Jim, Grey Eagle, and Bald
-Eagle claims the Mallery fault has been carefully studied by geolo-
| gists engaged by the mining. companies, particularly by Oscar H.
| Hershey, for the Tom Reed Co. Its position has been mapped, and
its effects are generally well understood. It is accompanied by other
generally subordinate faults, some of which, however, in certain
cross sections nearly equal it in displacement. The effects of the
Mallery fault and its subsidiary dislocations are illustrated generally
in figure G, which has been reduced and simplified from the series of

A NIEEL NP NOED DDA acrm_m.rw_mw\»wcz__ﬁ__wvc_:_>r_.. R 4 elaborate cross sections prepared by Mr. Hershey in connection with
1, Gold Road mill; 2, No. 1 shaft; 3, No. 3 shaft. Al the rock included in the view is the Gold { the lawsuit. The Big Jim fault, probably a branch from the Mal-
Toad Bitie. Whis poses) dibucal Sl g Sio S e Sleeincty | lery, is found in sections north of the Grey Eagle shaft. Between it

) and the Mallery fault, as shown in section 29 of figure 6, is a portion

of the vein which has been called by one party to the litigation the
“sideline vein,” and by the other the ¢ intermediate segment.” Con-
1 siderable ore has been stoped from this segment, and as it lies aen-
erally under the side line between. the Grey Lagle and Big Jim
claims, ownership was claimed by both parties to the suit. The de-
cision rendered in the Superior Court of Arizona at Kingman, on
March 28, 1921, asserted the existence of three distinct veins—the
Tom Reed vein, the sideline vein, and the Big Jim vein—although
it was acknowledged that “at some time in the dim and distant
past” they had been continuous. It gave the Tom Reed vein to
. the Tom Reed Gold Mines Co. and the Big Jim vein to the United
{ Eastern Mining Co. That part of the “sideline vein” that has its
apex wholly within the ground of the Tom Reed Co. was decided to
belong ‘to that ccmpany; all other parts to the United Eastern Co.
{- The case has been appealed and was argued before the Supreme
Court of Arizona at Phoenix in April, 1922, Decision had not been
rendered at the date of writing.

South of the Grey Eagle shaft another subsidiary fault, known as
the Hoffman favlt, lies under the Mallery.:: Between the two fissures.
some small: bodies of ore have been found. A number of minor
faults associated’ with the :Mallery are known from underground
MINES. OF T OATMAN DISTiiCY. work but will not be described in this preliminary report.

B. LELAND IILL FROM THE SOUTHEAST, LOOKING ALONG THIE VEIN.

1, No. 1 tunnel; 2, No, 2 tunnel; 3, No. 3 tunnel; 4, Mitchell shaft,
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Where exposed in the mines the Mallery fault _w generally casily
recognizable. As a rule it shows a seam of u..om%mv &3,.@ .m.o:ne,
rarely over an inch thick, lying between smooth mEu..mE.»:nm.f and
accompanied by about a foot of soft, crushed andesite or r..:Mc.
In places there are two or three seams of red gouge, “m:; :~M wEm -
boring rock may be fissured and aoooE.@Omm_m for a .,SL.; c ,..m: H.w
feet. There has been no deposition of vein :.EHS.E‘H E%:E E.~ t
fissure, although near the places where it cuts :wm Tom H..E_c%.., n,_m,
it generally contains some %.z@@m@ ore. As a whole .:5..,““_. L .wr ;
Is a rather inconspicuous feature in view of ;m. ﬁ,o:.m_.;E able: ,:_MV.:,
of about 400 feet. YWhether the n:.mc_zowgm:n 18 a simple. dip >m_ ,_Hw

{ or involves also a considerable strike mEuwwrmn,pm, has _mawcnﬂw.w ,.c.
horizontal component parallel ZEW the .mS.:EI. 5 E,; w:c_ﬁ H._.,._‘ , _F.,
lack of definite information on :z.m cﬁsn was brought w:M ._.:_ «;:w
hearings before the superior noE_.ﬁ in Kingman, and the judge :~, .
that it is by no means certain that the part .om 2.5 <£.:~E fM
Grey Eagle claim was ever a direct upward contimuation of the par

ithi Big Jim claim. :
uowmmdﬁwwwmcﬁwoo Mrm Mallery fault is very ocmo:w.o. It rzm. _.wo.._:
exposed definitely in a small shaft under the mmEi S;:_:a w u.mc
the Aztec mine, about 230 feet east of the Grey Eagle wrww?: Hc 4
decomposed zones that probably mark the oioﬁ.% of :% MM v. W:.Mm
been opened also by a few shallow S._nm and c;m. on the Big %..L:
and Aztec Center claims. It probably .rg.u,, a short mwmgzoo zﬁ.# w_ a mo
Hartman tunnel, a disused opening just south of the Aztec W w. ._.,
and passes under a little saddle between the tunnel and z% Hu.;_m”
Eagle shaft. The position of the Mallery muz:\ near the wwzw.w .L“F e
shaft is not definitely known. A trip down this shaft, .i:Ho. Lis :.M
longer used, failed to reveal the fault. The mmmm:e which Hs.m .“__WJ
-southwest of the American shaft and ﬁ:.osm: é_:o..: passes t e M.op_ﬁﬁ
to the Argo shaft is certainly %HQ..WE:& by erosion :.Ho:m. Mp m,:T

that has dropped the Gold Road latite on the west against the : .

man andesite on the east. This may be the Mallery fault, Hﬂum % :.?..

able, though not continuously, in a mosﬁ.,i. moser..mo:nwgmnﬁ y A ir M_o,

tion through the Lodestone and m::z% mio,&p::m M.:& :.Eusﬁ_o::,.,m

passes just west of the Sunny Side shaft. Thence it ﬁ::ﬂ.ﬁo‘ i

southeast and can be followed with some measure of probabili v. o‘p_

3 miles. Bt L ! : .

:wmﬂw@w o:M the Big Jim shaft the @omEos.om the Mallery ?:::_w

alsp in doubt. It is apparently cut ‘and displaced by a mm:mm.m _H

west-northwest fissuré, which is shown on Plate I as the OH w.z.ﬁ

fault. This fault apparently has‘a throw of some E.S;uomm.o : :.~.

with the dewnthrow. on ‘its north side. %o.:_a east it can g‘::.:”

over the main ridge and-down the north side of ..>:S_c_5 Canyon,
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To the west it bresumably meets the Tom Reed vein obliquely and
may be represented by the post-ore gouge seams along the Tom
Reed and Uniteq Eastern veins, The ground where the Oatman
fault and the Tom Reed vein supposedly meet, mainly under the
Rising Star claim, is covered by superficial detritus and for the most
part unexplored by mining operations, The present accessible under-
ground workings throw ne light on the relation between the Mallery
E& Oatman faults, TIW TR .
- What becomes of the Mallery fault north of the Big Jim workings?
This question has not beén finally’ disposed of. Some have been. in-
¢lined to believe that the Mallery fault becomes coincident with the

atman . fault anq is represented by the gouge-fille fissures that
4ccompany the Tom Reed and United Eastern veins, This, how.
ﬁ«mﬁ 1s not brobable, for the dip and throw of the Mallery fault are
to the southwest, whereas the dip and throw of the Oatman tault are
to the northeast, - It g more likely that the Mallery fault ig repre-
sented by a fissure, shown on Plate I, which has been opened by
Some cuts and tunnels north of the Big Jim shaft anq is traceable
over the surface on the North Aztec, Emma, and Merri]] claims, past
the Oatman United shaft. This fissure apparently was the incen-
tive moe‘mg_m:m. the Oatman. Uniteq shaft at the spot chosen ang
was followed by a drift. for about 600 feet on the goo level. As
exposed on that level, the fissure contains g reg gouge and shows g
rather close resemblance to the Mallery fault as exposed in the Aztec
and Big Jim workings. It contains g little caleite, but, so far as
known, no ore, The general dip appeared to be between 70° ang 75°,
to the southwest. North of the Oatman United shaft the fissure, al-
though in places obscure:on the: surface, appears to continue across
the Tonopah No, 1 claim into the mass of intrusive rhyolite that
occupies portions of the Yankee, Dollar Princess, Surprise, and other
claims east of the United Eastern mine, Tt could not be traced
north of the rhyolite, but the displacement appears to be taken up
by another fissure that forms the eastern boundary of the rhyolite
and : continues soiw-zowgmpmaéuﬁﬁ.»F.o:mw the United Northern
group -of claims.  Hero, about half a mile southwest of Golq Road,
this fissure' dips southwest and ‘drops the Gold Road latite on the
southwest against the Oatman andesite on the northeast, The throw
is' roughly determinable as about 400 feet. This fault thus corre.-
sponds in dip and throw to the Mallery fault. The probability that
it is identical or, at least, that it is g member of the same fault zone
is increased by the fact that most of the fissures in this part of the
district dip northeast and the downthrow ig generally to the north-.
east, as along the Gold Road and United Eastern veins,

Under the town of Oatman the Tom Reed vein branches,
southwest branch,

The

which to all appearances is the main: vein, shows
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along most of its course a prominent outerop of quartz and calcite.
It represents a zone of fissuring along which the fissures have been
filled with quartz, accompanied by some silicification of the Oatman
andesite. Subsequently this material was shattered and cemented
with calcite, which also forms separate veinlets. In places north of
the Olla Oatman shaft this outcrop is from 30 to 40 feet wide and
consists chiefly of calcite. Where the vein is crossed by the south

‘branch of Rattlesnake Gulch it shows a change of dip. South of this

point the dip is northeast, but in Rattlesnake Gulch it is southwest,
at 80°. The width in the gulch is from 6 to 8 feet. In the north °
branch of Rattlesnake Gulch the lode consists of a vein of calcite

only 3 feet wide, which dips 75° SW. For at least 100 feet in the |

hanging wall the andesite is traversed by many _,mnis,.wﬂﬁ of caleite. ||

From this locality northwestward the vein hecomes lesd conspicy- |

ous and within a short distance ceases to be recognizable as n surface
feature. This southwest branch of the Tom Reed vein has been

and 500 levels for a distance of more than 2,200 feet, but no ore
in economic quantity has .been found. ' , Frav b

The northeast branch of the Tom Reed vein, or the United East-
ern vein, in contrast with the other branch, is marked by no outcrop
of vein material and probably would not have been recognized as a
vein had it not been discovered by mining operations.

In April, 1921, it was still possible to reach the Tom .wmom.uoo
level through the fast-closing, abandoned stopes of the United East-
ern mine and to see the place where the two veins separate. There
was no ore at this point, which :is about 200 feet northwest of .26
most northwesterly stope of the Tom Reed (Ben Harrison) ‘mine.
The main vein, consisting here chiefly of many irregular mmzsmomm
of calcite accompanied by a strong gouge-filled fissure, plainly di-
vides into two branches, each similar to the main vein and mp&.y ac-
companied by a gouge-filled fissure. Nothing was seen to ws%nmﬁ.m
that one branch is older than the other. The angle of divergence 13
about 50°, and as this angle-is nearly bisected by the strike of the
vein south of the point of branching, one branch is as much to be re-

* garded as the direct:continuation of the main vein as the other. As

alicady mentioned, the Tom Reed Co. followed what was afterward
krown as the United Eastern vein for about 100 feet, carrying the
drift a short distance beyond the Tom Reed ground. ‘Had the oper-
ators ‘continued a few fect: farther they. would have discovered ﬁr.a
largest and richest ore body yet found in the &maoﬁ. but they ovis
dently did not consider the calcitic stringer lode m:Ec.E::% promis-
ing to justify purchase of the Tom Reed Ixtension claim, now .95.6&
by the United Eastern Mining Co., or to warrant further exploration
of  ground: beyond : their own: boundaries. . Subsequent: exploration

i

explored from the Olla Oatman and Ben Harrison shafts on the 300 4

y
9
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was accordingly confined to the southwest branch, covered by the
Thomas B. Reed, Olla Oatman, and Bessel claims, which so far as
now known is barren. R

The United Eastern vein nowhere appears at the surface as a
distinet vein, although for about 1,800 feet northwest of the point
of departure from the Tom Reed vein the fissure zone which the

{* United Eastern vein occupies coincides, as nearly as can be deter-

mined from the unsatisfactory surface exposures, with the contact

{-between the Oatman andesite on the southwest and the Gold Road

latite on the northeast. The vein fissure is a fault along which the
Gold Road latite has been dropped against the Oatman andesite.

-The maximum length of the/ United Eastern ore shoot is about 800

feet, and practically all of it lies southeast of the United Lastern
im 9 shaft. Northwest of the shaft the vein decreases in size, and
hefore the long north and west crosscuts shown in Plate X are reached
all vein matter has disappeared and only a gouge-filled fissure con-
tinues. 'Where the two crosscuts leave the drift the andesite is cut
by a complex of rather irregular and individually nonpersistent
fissures with no vein matter. ' It looks at this point as if the United
Eastern'vein had practically come to an end, About 1,000 feet far-
ther northwest, however, the Red Cloud workings of the Tom Reed
Co. are on a vein which is in line with the United Eastern and is
supposed to be the same vein. So far as known, no body of ore has
yet been found in the Red Cloud.

GOLD ROAD VEIN,

The Gold Road vein lies about 13 miles northeast of the
Tom Reed vein and has approximately the same strike—nearly.
northwest, Not only does the vein appear to have originally
cropped out conspicuously at many places, but it has been well ex-
posed by a chain of cuts, shafts, and open stopes for nearly a mile
southeast of Gold Road. One of the old surface stopes is shown
in Plate IX, 4, a view taken where the vein is crossed by the Oat-

i man-Kingman road, near the No. 8 shaft of the Gold Road mine.

The general dip of the vein is 80°-85° NE. It follows a fault fis-
sure on which there has been a normal displacement, with a throw
of probably over 300 feet.: This displacement appears to have oc-
curred before and during the deposition' of the vein.

A general view showing Gold Road Gulch and the two principal
shafts of the Gold Road mine is given in Plate XII, 4.

At the time of visit, in 1921, the Gold Road mine was idle, and the
only part of the underground workings to which access could be

gained was the Line Road tunnel, shown in the longitudinal eleva-
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tion of figure 7. This elevation, which has been compiled from maps
on various scales, is probably not complete, but it indicates the exist-
ence of two main ore shoots, one in the vicinity of the No. 1 shaft,
near Gold Road, and the other in the vicinity of No. 2 and No. 3
shafts, in Gold Road Gulch. The lode is a fairly regular sheeted
zone 100 feet or more in total width. It appears to consist through-
out most of the workings of two main nearly parallel veins, known
as the North vein and the South vein, accompanied by mdny smaller
stringers. As seen in the Line Road tunnel there is a tendency for

stringers to branch off to the south—that is, into the footwall—at o

small angle with the general course of the vein. Some of these have
been followed in the hope of finding ore, but they are said to die out
gradually as they diverge from the main vein. The vein 4s a rule
is unaccompanied by gouge, but it is ¢ut obliquely by a few faults
that have shattered the quartz. L i

The material of the Gold Road vein consists generally of many
thin layers of fine-grained flinty or chalcedonic quartz, so that the
vein in cross section is beautifully banded, the effect being enhanced

* by the variety of coloring of the different layers, which range from

white, pale yellow, green, or buff to dark brown. In some parts of
the vein the deposition of these layers has been undisturbed ; in others
banded quartz of one generation has been shattered and the frag-
ments cemented by similar quartz of a later period. Calcite occurs
in distinct veinlets younger than the quartz and, so far as known, is
barren. Some adularia is associated with the quartz but is recog-
nizable only under the microscope. Pyrite is apparently absent.
Free gold was not seen in 1921 but is said to be visible occasionally
in the ore, which, as noted on page 46, is of low average grade.

Northwest of the No. 1 shaft of the Gold Road mine the vein is
traceable for only a short distance over the surface. It was ex-
plored in this direction from the West Gold Road shaft, but, so far
as known, no ore was found. The geologic map (Pl I) suggests that
the Gold Road vein may represent part of a zone of fissuring that,
extending northwestward diagonally across Silver Creek, coincides
with the contact between the Gold Road latite and Oatman andesite
north of the Sun Dial shaft and is represented by the Gaddis &
Perry or Black Wonder lode, north of Hardy Mountain. - Proof of
this possible continuity, however, is not at present available.

MOSS VEIN.'

~ The Moss vein is one of the most conspicuous veins in the dis-
trict and was probably the first to be worked. The Moss mine in
early days. yielded about $250.000 from a body of high-grade ore
near the surface, but subsequent exploration of the vein has failed

)
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to discover any large bodies of material containing sufficient gold
to be classed as ore under present conditions.

From the Moss mine eastward the course of the vein, about 12°
south of east, is marked by large outcrops of white quartz asso-
ciated with colorless to pale-green fluorite. Calcite, although not
conspicuous in the croppings, is a fairly abundant constituent
underground in the Moss mine. The quartz ig generally cellular,
the little vugs or cavities being lined with projecting crystals of
quartz. The vein dips about 70° S. West of the Moss mine
there are no large outcrops of quartz, but the continuation of the
vein is indicated by a zone of fissuring and silicification in the Moss
porphyry, which is traceable for more than a quarter of a mile over
the high hill west of the mine. To the east also, beyond ?e ling of
prominent outcrops, the Moss vein is represented by 8 zone of fis.
suring and silicification, with isolated onterops of quartz and flu-
orite, past the Midway Moss mine, to & junction with the Mossback
vein. The total length of the entire zone of fissuring and veining
is about 2} miles. Except at its extreme western end, where the
zone loses its identity in the Alcyone trachyte, the general country
rock is the Moss porphyry.

The workings of the Moss mine are of small extent, comprising
a level 220 feet in depth with a total length of drifts and crosscuts
of about 750 feet; a tunnel level at 65 feet below the collar of the
shaft and about 900 feet in total length; and some irregular surface
openings. The vein on the 220 level appears to be fully 90 fect in
width and as a whole probably carries from $3 to $4 a ton in gold.

OATMAN GOLD DISTRICT, ARIZONA.

A fissure known as the Blind Boy fault, striking northwest and .

dipping northeast, passes just west of the shaft on the surface and is
followed by the southeast crosscut on the 220 level. This apparently
has effected some displacement of the vein, which in 1921 had not
‘been identified underground on the southwest side of the fault.
Nearly all of the exploratory work has been done on the northeast
side of the Blind Boy fault. .

LELAND VEIN,

The Leland is a prominent vein that crops out over the summit of
Leland Hill (Pl XII, B) and extends southeastward through the
Swiss-American and Goleconda mines to a junction with the Pionecer
vein at the abandoned Treadwell shaft. The general strike of the
vein is about 30° south of east, and the dip 70° SW. The vein is
one of a group of many branching lodes, among which are the Pioneer,
Lilah, Gold Dust, and Boundary Cone veins. On Leland Hill the
members of this group converge westward and disappear at or near
the contact between the Alcyoie trachyte and the Oatman andesite,

|
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on the west slope of the hill. There is evidently some faulting and
disturbance of the Oatman andesite where the vein disappears, but
the exact manner in which the vein terminates is not clear. That
there is nothing in the character of the Alcyone trachyte itself to
prevent the continuation of the vein west of Leland Hill is indicated
by the fact that the vein is strong in this rock between the Golconda

.shaft and the Pioneer vein, appearing in places as a broad stringer

lode over 50 feet wide. - P

The Leland vein yielded, according to Schrader, about 4,500 tons
of ore in 1903 and 1904 from stopes worked through tunnels in Le-
land Hill. The vein as seen in these old workings is a stringer lode

vith no gouge and no definite walls. The stopes are 15 feet in maxi-

,i?: width. The vein material is the usual quartz-calcite aggregate
of the Oatman veins.
“About 500 feet south of the Leland vein on the surface is the

- Mitchell vein, which shows croppings of rather promising quartz and

calcite. Its strike is nearly parallel with that of the Leland vein,
but the dip is north. . o

" The Mitchell shaft, the only deep working on the Leland group, was
sunlk on this vein to a depth of more than 700 feet. The two veins are
supposed to come together a short distance above the 700 level,; The
exploratory work from this shaft, which appears to have been neither
extensive nor well planned, developed no ore, and the 700 level is now

under water. . .
GOLD DUST VEIN,

'

The Gold Dust or Victor-Virgin vein lies about a mile southwest
of the Tom Reed vein, with which it is approximately parallel, and
crops out strongly on both sides of Oatman Wash at Old Trails. It
is a stringer lode ‘with, as & rule, no well-defined walls and shows
considerable variation from place to place. In some exposures it
consists of a quartz-calcite vein as much as 12 feet wide accompanied
by innumerable small stringers, particularly in the southwest wall,
as shown in Plate VIL. 'In other places it is a brecciated mass of
andesite, the fragments partly silicified and cemented by quartz and
calcite. The country rock is-the Oatman andesite. .

The vein has been explored for a length of about 500 feet by the
workings of the Gold Dust mine. Two ore bodies have been stoped.
The larger, southeast of the main or No. 1 shaft, was about 200 feet
long and extended from the surface to a depth of about 160 feet.
The pay shoot was narrow, the stopes being kept to the smallest
practicable working width.” A smaller body was stoped between the

-surface-and the first level near the No. 2 shaft, about 450 feet north-

west of the main shaft. At the northwest end of the 500 level, as
seen in 1921, the vein splits into two or more branches, illustrat-
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ing the same tendency toward a northwesterly divergence that is
shown by the Gold Dust and Boundary Cone veins at the surfuce,

PIONEER VEIN.

The Pioneer vein, formerly known as the German-American vein,
lies about halfway between the Gold Dust and Leland mines and
athwart the general zone of fissuring to which the Leland and
Gold Dust veins belong. Its general strike is N. 13° W., and its dip
80°-85° K. The vein is distinctly traceable over the surface for
nearly a mile and for much of this distance follows the contact be-
tween the Alcyone trachyte on the west and the Oatman andesite
on the ecast. This is clearly a fault contact, the ::mmmﬁ:m .vom:x.
dropped against the trachyte. Tow mueh of the displacement
occurred at the original opening of thie fissure and how E;:_r sinee
the deposition of the vein could not be determined. .

The German-American mine, as it was then called, was in opera-
tion in 1907, at the time of Schrader’s study of the district, and he
devotes three and one-half pages to its description. The workings
were afterward carried deeper, but in 1921 al! work had ceased and
no examination of underground conditions was practicable. There
are three shafts. The southernmost, the Thirty-fifth Parallel, 220
feet deep, and the Treadwell, next to the north, 340 feet deep, had
been dismantled and abandoned prior to 1921. The northernmost
shaft, the Pioneer, 420 feet deep, caved while an attempt was being
made to unwater it for examination early in 1921. A number of
ore shoots were stoped, particularly near the Pioneer shaft. These
were as much as 400 feet long and 6 feet wide, and the ore had a maxi-
mum tenor of $40 a ton in gold. All the ore bodies were exhausted
above the 400 level. "According to M. George F. Moser, superin-
tendent of the mine, the ore was cut off by a fault which, from his
oral description, appeared to be a strike fault with a dip very nearly
the same as the vein. A strong fissure filled with gouge, which may
be the fault referred to, can be seen accompanying the vein near the
collar of the Thirty-fifth Parallel shaft, as shown in Plate VIII, B.

MIDNIGHT VEIN,

The Midnight vein, which was worked in the Midnight mine,
about 23 miles northwest of Oatman, resembles the Pioneer in hav-
ing a more northerly strike than most of the Oatman veins. Like
that vein also, it is accompanied by or fills a fault fissure. The
Midnight vein, however, dips west, and the downthrow is in the
same direction, _ i il s
| The Midnight mine, which was described by Schrader,*? has been
idle for ycars, and the workings were not accessible in 1921. The

13 0p. cit., p. 194,
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rock on the west or hanging-wall side of the fissure at the mine is
the Oatman andesite. On the footwall side, however, are some areas
of the peculiar shale that in this part of the district separates the
Oatman andesite from the Alcyone trachyte. The occurrence of this
shale suggests that the lower workings of the Midnight may be in
the Alcyone trachyte.. T

.

OTHER VEINS,

There are many other prominent or well-defined veins in the dis-

trict, such as the New York, Mossback, Gaddis & Perry, Hardy

8_ Record Lode, Pasadena, Blue Bird, Telluride, Lazy Boy, Espe-
ranza, Crown Point, and Highland Chief, which deserve description

.in'a complete report on the district. That they and some others

not named are omitted from this preliminary report does not mean
that they are necessarily less important or less promising than some
that are mentioned.

PRACTICAL CONCLUSIONS.

To men interested in the mining development of the Oatman dis-
trict, answers to certain questions are of great importance. Some
of these questions are as follows: Ave the ore deposits confined to
any particular rock or rocks? What are the chances of finding ad-
ditional ore bodies below or at greater depth than those now known ?
At what depth will the known productive veins be found in pre-
Cambrian granite, gneiss, or schist? At what depth will veins
now worked in the Oatman andesite go out of that rock, and. what
will be found below it?: Are the large ore bodies confined to any
particular area; or may they be reasonably sought for in other parts

“of the district? . . :

Unfortunately, none of these questions can be positively and defi-
nitely answered. The geologist can not see below the surface, and
in spite of all the study given to ore deposits, the conditions that
determine why a certain vein should contain an ore shoot worth mil-
lions of dollars while others are barren remain practically unknown.
Ore deposition takes place under circumstances that can not be re-
produced in. the laboratory.  No one knows with certainty where
the gold comes from or what delicate balance of complex circum-
stances 'determines its deposition in a particular place. We know
that there is a connection between the occurrence of most gold ores
and igneous activity. It is generally supposed, with considerable
evidence in favor of this view, that the solutions which deposited
the gold came wholly or in part from solidifying igncous material
or magma. But notwithstanding the vigor and ability with which
this opinion has been maintained by many geologists, it is certainly
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very far from being so 35203__% demonstrated as is, for example,
the general theory of organic evolution or the dependence of certain
diseases upon particular bacteria. i ,

No one who visits- Oatman can fail to be impressed with the large
number of well-defined veins, consisting chiefly of quartz and calcite,
Some crop out boldly and conspicuously; others, although less promi.
nent, can readily be followed over the surface; still others, such as
the United Eastern and parts of the Tom Reed vein, although large
and productive, give very slight surficial indications of their pres-
ence. A notable feature of these veins is the general absence of
minerals with metallic luster. The veins, in comparison with those
of most other districts, have a barren appearance, and it must be
admitted that few of them, on closer investigation, have dispelled
this unfavorable mnmn,rsw%wmmop. In two lodes only, the Tom ﬂo_w:_
and its branches and .,I,m (Gold anﬁf have ore bodies Inrge ehough
to warrant fairly extensive mining operations been found. Good
ore has been found in 10 ‘or 12 veins, and some are eredited with
outputs amounting to a few thousand 'dollars, or even, as at the Moss
mine, to a quarter of a million dollars. These ore bodies, however,
have been small and have been exhausted within a disappointingly
short distance from the surface. ; R R R PO R

On nro.éroﬂm, therefore, in spite of the rather extraordinary num-
ber of veins in the Oatman district, such evidence as is available
indicates that comparatively few of them contain ore shoots that
would justify mining and milling equipment to handle over 200 tons
of ore a day. ; i T LR

It can not be said that the veins of the Oatman district are confined
to any particular rock, although, as shown in Plate I, the more con-
spicuous ones, those recognizable in the course of geologic map-
ping, are especially abundant in certain formations mbm.ggou lack-
ing in others. They are more numerous, for example, in the Espe-
ranza trachyte, the Oatman andesite; and parts of the Qo.r*%oma
latite than they appear to be in the Alcyone trachyte: . This:differ-
ence, however, may have no relation to the character of H.n.v&m but may
be simply a matter of areal distribution. - For example, if the Espe-
ranza trachyte were removed, the same veins that now show so con-
spicuously south of Towa Canyon might appear with equal &mrza.?
ness in the underlying Alcyone trachyte. Some evidence that this
may be the case is furnished by the Leland vein, which between the
Golconda and Pioneer mines crops out strongly in the Alcyone tra-
chyte. On the other hand, Schrader’s report in many Emoow. H‘omo&m
the opinion that the Alcyone trachyte (his “older andesite”) is
decidedly unpromising as regards the possible occurrence of ore, and
this view is rather generally held in the: district. Tt is a:.;o true
that the strong Leland vein does not appear to continue into the
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Aleyone trachyte' west of ' Leland Hill, that’this rock as exposed at
the surface shows tomparatively few veins, and that no ore bodies of
any mawoim:mm_‘:36,,.%2. been found'in it. There is some cause,
therefore; for regarding it with ‘disfavor. N evertheless the rock is
not'very different’in’ character from the Oatman andesite, and there
‘18 no apparent reason why, under favorable conditions, it should not
contain ore. That it is everywhere barren or is a rock of such
character- that ore can not be deposited in it is certainly far from

- having been proved.

- The mines near Oatman, the United Eastern, Tom Reed, Big Jim,
and Aztec, are' mainly in the Oatman andesite, and the question has

[ phturally arisen, At what depth will the shafts go out of this rock?

ﬁ?w can not be answered with precision, for two reasons: First, the
ﬁ::_mo or dip of the Oatman andesite as a whole is not known.
mmcow.‘f as the Oatman andesite is known in some localities to break
intrusively through the older formations, it can not be assumed that
its under surface is approximately plane, like that: of a: bedded
formation such as sandstone, The Mitchell shaft of the Leland
mine, for example, is reported to have gone through the bottom of
the Oatman andesite into'the Alcyone trachyte but to have entered

Oatman andesite again ‘at‘greater depth. -

“Attention may now be'called: to Plate I, which shows a section
across the district approximately at' right angles to the general strike
of the formations. It will be observed that the Oatman andesite,
where crossed by this section, is bounded on the west by the Pioneer
fault! - Its actual base at this point is not known but is assumed +o
be about 400 feet below the surface, If so, and if, moreover, the dip
is'regular, if the apparent’ thickness of the andesite between the
Pioneer fault and the town of Oatman is not increased or diminished
by faulting, if the bottom of the flow is a plane surface, and if the
average dip is' zero, then 'the bottom of' the Oatman andesite under
the town'of Oatman’ should lie at a depth' of about 800 feet. The
andesite has been ascertained, however, from shafts and diamond-
drill holes' to be' at:least’ 1,500 feet thick vertically at that point;
this thickness corresponds to a dip of 5°, - If the dip is 10° and the
conditions are as assumed, the depth to the bottom of the flow under
Oatman' would be about 2,200 feet.. If, as seems probable, the dip is
at least 15°, the depth would be 2,800 feet. A dip of 20°, which is
possible, would give a depth of 3,400 feet,

Probably none of the conditions assumed is in accord with fact,
but it is impossible to take account of the possible departures from
the assumptions made. As a working hypothesis, it may be con-
cluded that it would be necessary to sink from 2,500 to 8,000 feet to
penetrate the Oatman andesite under' the town of Oatman, The

Sagi i
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reader is again reminded that this is not an accurate determination,
but is merely the best estimate possible under the circumstances.
There has been some speculation among mining men as to what
would be found beneath the Oatman andesite, and the possibility of
the mines going into pre-Cambrian granitic rock has often been
discussed. It is highly probable, however, that the Oatman andesite
is underlain by the Alcyone trachyte, which, if it is anything like
as thick as it appears to be west of Oatman, would give a vertically

measured thickness of at least 2,600 feet of volcanic rock to be péne-

trated below the bottom of the Oatman andesite, on the .mc'w@OmEo:
of a 15° dip. The granite is not likely to be reached in the mines
near Oatman. - ” el

. "” _T_,,m L .
Should the shafts or drills neap O&w:pmb go through the Osr:p&,

andesite, that fact will probably be indicated by the oceurrence of
distinctly bedded shaly layers such as generally mark the top of the
Alcyone trachyte., | .. yyer] dedod Foifrots b4 S arh
The largest and richest ore body yet found in the district, that of
the United Eastern mine, extended from a point 270 feet below. the
surface to'a dépth of about 1,070 feet, having thus a vertical range
of about 800 feet. It was about 1,000 feet in total length,and as
much as 50 feet wide. It exemplifies what is rather rare—a large
ore body which 'was intact; when found, having undergone no erosion,
and of which the lower limit is fairly well determined. .The more
northwesterly of the two ore bodies worked from the Benjamin Har-
rison shaft of the Tom Reed mine was stoped from a point about 70
feet below the surface to a depth of a little more than 1,300 feet. (to
the 1,400 level). Its maximum stope length was 650 feet on the 300,
level, and the length decreased downward to less than 150 feet on the
1,400 level. The second: ore body; which. came practically to the
surface at the Benjamin Harrison shaft, was stoped to a depth of.
nearly 900 feet. Its maximum stope length was about 600 feet, on
'~ the 500 level. The. Aztec-Big: Jim ore body, which is probably the:
longest continuous ore shoot known in the district, has its relations
to the surface complicated by the Mallery fault and is not yet fully
defined by stoping. It apparently has a stope length in the Aztec,
and Big Jim workings of fully 1,500 feet. It is doubtful whether any
considerable part of this vein will be worth stoping below, a depth;
of 600 feet. i , ‘

. Not much information could be.obtained in 1921 concerning the,
Gold Road ore bodies.. The maps seen indicate that the ore body
stoped from the No. 1 shaft, near Giold Road, extended from the sur-
face to a depth of 700 feet, with a maximum stope length of 800 feet.;
According t6 Schrader,* the orein this part of the mine wasas much,
as 22 fect wide.  Whether the!Sharp, Rice, and . other; ore bodies,

13 Op, cit., p. 158.
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shown on the maps as occurring in the Line Road and Billy Bryan
claims are isolated shoots or parts of one large ore shoot is not known.
The maps show no stoping in this part of the ground below a depth
of 900 feet, although, exploration appears to have been carried con-
siderably deeper. ~... .. . .1 i . :

In the United Hpmﬁmw: mine the. best .,ou,..w ?pm. found above the .moo “

level and, as'seen in cross section, showed conspicuous banding of

the kind illustrated in figure.3. On the 700 level little or no vein

material of this character was found. In the Big Jim mine only
‘about 50 feet of the vein on the 600 level contains ore, and the bot-

aow_p of the ore shoot is probably only a few feet below the level.
,ﬁr 700 level of the Aztec mine, which had merely crosscut the vein
Ak

| he time of visit, in April, 1921, showed quartz and calcite but no
o__% Subsequent development on this leyel is understood to have
béen discouraging. T . g

To sum up, certainly very little ore has been found in the Oatman

district below a mam%‘”oﬁro_oo feet, and most of the known ore

bodies have terminated at depthg _ow.cm.amgz_w less than 1,000 feet.
,Although in the Oatman ores the gold was deposited in the later
part of the period of vein formation, it appears to be of hypogene

origin; there is no evidence, so far as could be determined, of down-

ward enrichment,

+ Piyseririay

. ﬁf..,__vw wal., ‘: , .... , ..
.'The general geologic ,Emﬁo.ﬂ%:mh the district indicates that at the

time the veins were, mOuBmm,aro...?.n shoots could not have been
more than about 3,000 feet below the surface. The deposits are

distinctly. of the Tertiary .Uo::rsp.,@ca., formed at comparatively

shallow  depths, as an aftermath of volcanic activity. In such
veing the ore shoots are generally confined to a fairly definite
zone of vertical range, the parts of the veins above and, more par-
ticularly, below this zone being barren. The larger productive
mines near Oatman have yielded and are yielding their output from
this productive zone, which corresponds to the conditions of tempera-
ture and pressure under which the gold was originally deposited
by general ascending and probably thermal solutions. Were the
veins of different type, such as the older, more deep-seated veins of
the western slope of the Sierra Nevada, the search for additional
ore shoots at considerably greater depth than those now explored
at Oatman might hold out promise of success. A careful considera-
tion of all the evidence indicates, however, that in the Oatman dis-
trict there is little chance that additional ore bodies will be found
at much greater depth than those now known. This does not mean
that some ore may not be mined below what are now the deepest
stopes, but the hope that some hundreds of feet below such an ore
body as that of the United Eastern another comparable body may be
found has little to support it.
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“The occurrence of the Katherine ore body in the: pre-Cambrian
rocks north of ‘the Oatman' district’ and the: fact that this ore, in
structure and mineralogy, rather closely resembles that of the United
Eastern mine of course suggest the occurrence of similar ore in the
pre-Cambrian rocks under the volcanic flows of the Oatman district.
The significance of this piece of evidénce, however, would be greater
if it could be shown that when the Katherine vein was formed the in:
closing granite was covered by 8,000 or 10,000 feet of vock that hus
since been removed by erosion. Although the former presence of
such a covering is possible, it'does not'on the whole appear probable,
and the vein itself does not have the character of' one formed at
great depth. , . T .
In conclusion, it may be said that' the Oatmin district does no
hold out inducements for -extensive exploration at depths greater

Vi i L R < IR |
than about 1,500 feet, and that the possibility of finding in mﬁ:;o
under the lava flows at Oatman ore bodies comparable to those known

is practically negligible. For a strong company or a combination
of companies to put'down a few drill holes below the ground that
has given them such rich returns is probably a wise and prudent
expenditure of money, but the chances are believed to be decidedly
against a successful outcome. . .

That additional ore bodies remain to be discovered'in the Oatman
district at moderate depths is probable. The district, as has been
shown, presents some rather unusual difficulties to prospecting of the
ordinary kind, as some of the largest ore bodies thus far discovered
gave little or no indication of their presence at or near the surface.
Some of the most conspicuous vein outcrops apparently have nothing
of value beneath them, and no criteria have yet been recognized that
will, enable a prospector to determine from superficial operations
whether or not a vein is. likely to be productive at a depth of’a few
hundred feet. e : -
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