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- ABSTRACT

Thls the51s is based on field work done in the Cleveland area during

the fall of 1937.

Three rock types were mapped. The Pinal schist and the liadera diorite
which intrudes ‘the schlst are pre-Gambrian 1nage. A‘diabase'dike intrudes

both the schist and dlqute.gl

Zones of mixed schistése and igneous material border the oﬁtcropsbaf

the diorite aqd show gradational Iacies.qn4one side into thé schist, and

fonjthejbtheriinto the diorite. Evidence is preseﬁted as to the origin of

these migmatites.

ﬂi‘_ Thefundérground workings are’coﬁfinéd 5imcst wholly to a shear zone .
which strikes about north 1us° gast,bwithja_dip to ‘the northwest of from 50°
to 700. No accurate prodﬁction figures are avaiiable. 1The miﬁ; operators
report that several hundred tons of ore contalnlng one to two ounces of

gold per ton have been mlned by them.



CLEVELAND MINING AREA

The field work for this report was done during the months of Sei:)tenrber,
October, and November, 1937. During September and October the work was
done only during week-ends; in November, three full weeks were spent J.n the
field. ' ' |

The writer is :\.ndebted to Dre B.S. Butler, Dre M. N. Short., and Dre
‘ F. w. Galbra:.th, of the Department of Geology, Umvers:.ty of Anzona 3 ..for
the use of i'leld equlpment and for many valuable suggestlons dur:mg the
course of the fidd work and the subsequent laboratory and office work. The
mter also wishes to thank Mre A. C. Stoddard of the Insp:.ratlon Consoli-
dated Copper Company for perm:.sszon to use some of that Company's surveying :

equipment.

lir. Victer Atanasoff; owner of the property, cooperate'd in every way
possible, as did Mr. Andy Prehavec, who is ‘doing the development werk on:
the property.: Mr. Wis Es Holllngsworth assisted durlng part of the fleld
work. Mr, Gs B. Scholefleld nastrlct Banger, Pinal District, Grook Natlonal
Forest, was most k:l.nd in loaning maps of the Forest Service, which were of
great aid. “Mr. B. I. Slmmons furm.shed the financial suppor'b necessary to
complete the laboratory work and the manuscrlpt. To @l of these people

the wrlter is very grateful,

. GEOGRAPHY

The Cleveland mining area is in the Globe mining district, Giia County,

_Arizona, lying within the Cro‘ok Natianal Forests The area' is in Tcmnship 1

South Range 15 n.ast with reference to the Gila and Salt R:Lver Baselz.ne and
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Piiine] Waviatin. T corkta bl tade i 1617 and gus approximate
longitude is 110° 481, It is included in the Globe quadrangk topographic
map of the U. S. Geological Survey.

The area is best reached via automobile ffom Globe, by way of ‘the old
Pioneer Pass road, a distancé‘pf ten miles. The nearest shipping_point is
Cutter, a station on a branch line of the Southern Pacific Railroad.

The district liesbin the Pinal nountains, a part of the Basin and Range
topographic provinces It is well drained; thé:tdpogréphy'being typi¢31~°f
a maturely diéseqpeé_mguntain‘region. The squthyqsﬁern edge of thearea is
a ridge trending‘northweét ;ndbséﬁtheasf:-.fhié ridge is the highest topo-
graphic feature in the area, From the top ‘of thls ridge the drainage is.
sontheastward to the southeast edge of the area nhere 1t turns south. Only
a small part part of the area is en,the sonthmest slope.of thevh1ghest ridge.
The relief is approximafely 1,5000 feet, the average elevation about 5,200 '
feet above sea level, The streams drain iﬁto‘Arrasta;Canybn, a tributary
of the Gila River.

The climate is mild and Semi-hnmid.l The mean-annual temperature at
Globe is 62,9°F. ‘The mean monthly low temperature is hh 6°, reached in
December. The mean monthly high temperature is 82.6 F., reached during
July. The average grouing season at Plnal Ranch, which more closely approxi-
mates the conditions of the Cleveland area is 161 days.

AThe mean‘annual precipitation at Pinal Ranchrls_Zh.BS inqhé#, This is
well distributed throughout the year; April May, and Junevbeing‘thé'oﬁly
months which average less than one 1nch of preclpltatlon. The mean annual

snowfall is 21 1nches.

i
U. S Weather Bureau - Gllnatlc Sunnary of the United States, Sectlon
26 - Southern.Arlznna. 1931.
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ks the Cleveland area is higher than either_of the observation stations

' named, the temperature there is probably lower and the precipitation higher

than the figures given,

‘ GENERAL GEOLOGY

Pinal schists !Highly'efﬁétalline muscovite schists.® All of these
textures are found injthe final sehists of the Cleveland area. ‘

Under the nicroécoﬁe, the rock was found by fheeritef to consist
mainly of quartz and muscovite in almost equal amounts. The schistosity
is readily apparent, being marked by a more or,lesé parallel alignment of

flbrous muscowite. Magnetlte gralns are’ sczttered throngh “the rock and have

‘a crude allgnment parallel to the schlst031ty. Chlerlte is present in a

very minor amount. . _,; gu g b ‘*ﬁ‘~$"i

N e

The northeastern half and southwestern border of the area are almost

m‘

wholly schlst. Schist also outcrops in snﬁller patches 1n the central

higher, portion af the area., .
ééii The Plnal Schlst 1s Archean in age.1 It has been correlated

with the Vlshnu schlst of the Grand Canyon ‘and the Ihvapai schistoof

Yavapai County,vkmzona.2 » )

Structures As might be e ected dn rocks 50 old and so intricate-

ily 1ntruded by bathollthlc masses, the Pinal schlst shows great variations :

in strlke and dip of its p&aines of sehlsto81ty. The prevalling strlke af

the planes of schlstoslty.is_northeast. The dlp is generally to the north—

west andfvaries from‘BQQ to nearly 900. The strlke of the schistose cleéavape

ik Ransone,,F. i.'- ope cit;“p,.27,3l903.'

e Wilmarth M. Grace-~ Tentatlve correlation of naned geologic units
of Arizona: T. S. Geol. Survey, 1932. ”



' runs hearly at right angles to the dominant trend of the present mountain
; ¢ :

ranges,‘a.fact which was~first reported by Ransopes
Origing Ransome2 considered'thie-Schisi td'have been originally
quartzose sediments,e He based his coneiusions‘on the preponderahce o£ quartz
in the schist and on«the pfesence of _alinest unaltered quartz'ose sedinents
~within the.schist. GalbraithBealse believed the schigt, in part at least,
to have been origihaliy a sedmentary ”‘ra'ék.a “He }Qund almost xmaltei'ed éon—
glomerate bedS'within the:?chist. Ev1dence to support the belief that ‘the
schist was orlglnally quartzose sedlments is present in the Cleveland area.

On the ridge along the southeast portlen of thearea, a bed of ilmost unmeta-‘

.- morphosed rock was found.- The rock has almest the appearance of a quartz;te,

‘the schlst planes belng very poorly developed.

Madera Diorites (Quartz-mlca diorite)

The Vadera diorite was. named by Ransomeh frem Ebunt Madera of
“the Plnal Range, which is about two and one—half nlles narthwest of the
Cleveland area. Rausome descrlbedfthe;uadera diorite as Fgran;tlcylnvgenéfal
aspect, usually massive, but it becomesvsonbﬁhef-gneissoidalfﬁear the Pinal
schist eces.ss Its usual color is bright gray seeeess ihe rock is not
porphyritic, but has a uniférm»graﬁular textnre, thefaverage size of the
‘.Vcomponent mineral grains being s omewhat le"ss than five millimeters. The
minerals visible to tbe unalded eye are mllky'whlte feldspar, usually showing
albite striations, quartz, and abundant black nica cessoce Near contacts

with the Plnal schlst the diorite contalns many 1nclu51ons of the schist."

1 R‘nseme, F' LQ g Op. cit. p. 21&'
e Ransome, Fo Le - Op. Cite Do 274

3 Galbraith, F.'W.'— Geology of the Silver King area,AArlznna-
5 Doctorts Thesis, Unlver31ty of Lrlzona, 1935.

Ransome, F. L. - op. cit. p. 58,



The exposures of liadera diorite in the Cleveland area do not differ essential-

. ‘1,-',—' from this description. Weathered .surfac‘ésv Vhave a 'd'is'tinctly greenish
cast. Where waatherlng has proceeded so far as to make the rock crumbly,
it has a brown color, | :

Mlcroscoplcally, the rock coﬁsisté‘maiﬁly of quartz in anhedral grains,.
and plagioclase:feldspar (Ab62 38)' The feldspar has undergone incipient
sericitizaition. Blota.te and magnetlte follaw grain boundaries of both
feldspar and quartz, and the contacts of both. A—fpw grains of apatlte a&e
scattered throughont thesactlen. . =

Ages The Madera d:.or:.te is pre-Ca.mbrlan in age.l 1t mtrudes

‘the Archean Pinal schlst but is con51dered older than Algoman.

1 Plnal schist = Madera ch.orlte contact-

Sederholn? has applled the tern "mlgmatites“ to ”certain confnsing mix-

tures of snpercrustal and gram.t:.c materlal ~ schists. 7 basm erupt.tves, and
‘ ‘granite. 3, The orlg:m of such rock has long been a nnbter o.f dlscuSSJ.on.

| The wrlter does not profess to settlc the questlon. The tem migmatn.te
does, however, defme some of the rcck near t.he schlst-quartz dlorlte contact
:.n_ the area, qnd a study;of thifs gives some evidence as to its origin. In
places, the gradation is sﬁ¢ﬁ,th2£;itii$ not possble to locate d definite
boundafy'. ' The gradation zones a_re- ttoto ten ‘.fee't. wide., In them, every
gradation from unquestionable quartz &ibx‘it,é to unquestionable schist cin.

be observed, This type‘of cehtéét:iswigryJsuggestive of replacement,

= :
Wllmarth Me Grace = Op. c:.t. v

2 i ' ’
Sederholm, Je dey = On mgmatltes and a ssociated pre- Cambrlan rocks 4
O of southwestern Finlands (_:om. geol. Finlande Bull,
Noo LVIII, 19230 Pe lho : : : ok

Stark, J. T. : - Mlgmatn.tes of the Sawatch Range, Colorado~ Joury .
o Geel. voles XLIII NO. l, Pe 1 19350 :

3
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| The first stage of the tran31t10n 1s marked by the presence cf quartz

0] and feldspar phenocrysts in the schist. These oceur aleng the schist planes.

V As. the phenocrysts increase in number 1t becomes 1ncrea51ngly dlfflcult to
decide whether the rock is schist or quartz diorite. e : 1_

The microscope offers’ some ev1dence, but it is not at allsconclusiveg
A graphlc representatien of the results of microsecplc study is shcwn in Flg.
lvl. In goang from schist to quartz dlorlte it is seen that magnetlte, biotite=
schlor;te, and plagloclase feldSpar increase, The feldspar in all specimens
is andesine, ana~shcwed no trend in:change of comp051tlon. Blotite and Chlorlte
are plotted together as the chlcrlte seems to be an alteratlon product of the A
bictlte. Quartz decreases in amcunt but the qnartz curve is very 1rregular.
Feldspar increases” rather regularly. Muscov1te 1ncreases in the mlgmatlte
zone and decreases toward the dlorlte.n fnie : V ;

It should be noted that the’ museOV1te in,the m1gmatite and the dlorlte is

1nt1mately assoclated with the feldspar. If the quartz dlorlte replaced the

. schist, it is reasonable to believe that the 1gneous fluids with the addltlon

of some mater1a1 converted the sericite into feldspar. It should also be
noted that in a spe01men of quartz dicrlte some distance from the schlst the '
. fPeldspar is almost entirely free from serlcltazatlcn.

Fig., 2 is'a graphlcal representation of the oxlde comp031t10n of quartz,
feldspar, and mnscovate, of the speclmens studled ‘as determlned by calcnlatlon
from the mlneral composition. Sillca is very 1rregular, but shcws 2 decrease
in going from schist to qnartz dlorate. Alumcna -shows a,marked 1ncrease 1n
passing frcm schlst to mlgmatlte and a small decrease from migmatlte to
~  quartz dlerlte. Potash. llkew1se shows an increase in the migmatite and then :
a decrease to almost zero in the freshest dlorlte., Soda and llme dlsplay a
steady increase from thelr flrst appearance 1n schlst near the contact with

migmatite, to fresh quartz dlerite.
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The _potash, alumlna, and silica, seem to be removed in part from the

replaced rock and concentrated 1n”front of the wave of replacement, whereas

calcium and sodlum are added to the zone of replacement. The solntlons

whlch, in the early stages of alteratlon, became rlcher in calclum and sodlum,

. Wwere able to deposxt these in the latter'stages. These flndlngs agree, in

o
part, W1th those of others which have been reported.

Diabase:

A diabase dlke which has 1ntruded the Pinal schlst and the Madera dlorlte, ‘
outcrops 1n.about the ¢ enter cf'thearea. It has a strike of north 25° west,
and a nearly vertlcal dipe. The dike is abont twenty feet w1de and.has 2 eon—_'
tlnuous outcrop of about 400 feet. : |

The diabase is a tough, heavy, dark gray, holc-crystalllne rock of
medlum grain. The veathered surfaces are distinctly greenish. Hegascoplcally,
the rock con31sts of an amphlbole, probably hornblende plagloclase feldspar,
quartz, and magnetlte. Under the mlcroscOpe, a typlcal sectlen was found to.
consist of a groundmass of hornblende and feldspar with an Ophltlc texture.
Much, if not all, of the hornblende is a replacement of augite. Fresh feld-
spar associated with quartz was determlned as alblte. It is deuteric. The
feldspar of the phenocrysts is too nuch'altered,to identify, but'probably is’
considerably more calcic than albitic. Magnetite and apatite grains are v
scattered throughout the section. | v ‘

AAge: ‘The age of this dlabase is unknown. It is younger than the

_Panal schlst and the Madera d;orlte whleh it intrudes, but can be dated no

closer than that.

g

e

ok Butler,‘B. Sey = Influence of the replaced rock on replacement mlnerals

z " assotiated with Ore‘dQPOSltS' Econ. Geol. vol. 27, Noe
<A 15, O 5 b SR



General Statement

The area lies within the Basin and Range Province, and the llexican
Highlahds‘sub—Province.l The physiographic development has been 1aigely con-

trolled by climate. The relief is about 1500 feet.

Development of topogra.phy‘ in the é.i'ea-

The area is seml—hnmld, with no perennlal streams. Although the:fainfall

'1s well distributed throughout the year, con51dered on a monthly b381s, most

of the rains are tarrentlal and erode the surface rapidly for a short periods :'

.‘Most of thevnshes are deeply and steeply'cut especlally those in the lower

'partskof;thearea. The ainfall has a high runoff, and as a consequence, the

vegetation is more spdrse than would be expected from the ambunt of precipita-

, tion. The small amount of vegetatlon offers but little protection from the

torrentlal rains,

In'thisarea sunsét is marked by a suddeg,change in temperature. Mﬁre'exﬁ
treme changés result from'summer showérsren Eighly heated,foéks.. These changes
have but little effect on the schist, but affect(the Titruaive Iels. bonsldsrsis
ably, the quartz diofite and diabase;beinglbrékén down to a fine gravei.
Apparently, héwever,'the schist is iﬁherentlyrmore susceptible to erosion as

there is no marked correspondence between-iithclogy and topographys

1
Fenneman, Ne Me, — The physical lelslons of the Unlted States: U. S.
Geol. Survey map, 1930. :
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MINERLL DEPOSITS

Hlstory of the Gleveland.Mlne Area

Little is known of the eariy‘history of the Cleveland mine area. It

is improbable that any work was done on the aree prior to.187h. In that year

‘.the.hpaches_were temporarily subjected and a party of prospectors~crossed

the Pinal Mountains from the west and located the Globe claim, mow part of
what is generally knbwn.as;the old Dominion mine.lb It is probable thét;,in
187&, or shortly thereafter, the adit noﬁ known as kdit-No.'l (0la Cleveland)
was started. i | | ' “
Bickel states that theearly prospectors worked the claims in the spring
and summer, and returned to Tucson 1n the ulnter.; In 1917, location work had
been done on several of the clalms, and the Old Cleveland adlt had been drlven
"about 100 feet." Ev1dently, the legal rlght to the elalms has been allowed
to lapse several tlmes, due “to 1nsuff1¢1ent work both before and after 1917.
In 1930, the present owner began work on the property; Adit No. 2 (New

Cleveland), Adit Ne. 3 (High Grade), Adit No. L (Water Tunnel), and.Adit No.‘

1k, have been drlven since that time. A road'whlch makes the workings more

accessible was bullt in 1932 and 1933. Inrthe-summer of 193k a mill was built,

but as recovery was 1ow, 1t has not been operated since October, 193k, The
mine. operators report that * a little less than an ounce of golﬁ? was recovered
from each ton of ore mllled and recovery was "less than half."‘ Most of the
ore milled came from the adlts No. 1l and 2.

£ The present owner has added other claims to hlS origlnal holdlng so
that the property now consists of 21 contlgnous clalms.' Only one man is

worklng the property now, (February; 1938), and all of his drilling is by hand.

Ransome, F. L., - 0p4 czt. Pa il

Blckel Fo By = Private report 1917; now in possession of Mr. Victor
Atanasoff, ﬁe, "Arizona



Nov accura'be production‘figures are availa.ble‘. -T'he-mine operators repor‘b

that an aVerage of five or six tons a day were milled durlng the four months

.. the mlll;was 1n operatlon.

General Character'of Deposits s

Most of the mining on the property has been confined to a 51ngle lode.

Th:Ls lode has formed in a shear zone wh:.ch marks a contact. of the schist and

-‘quartz dlorite. The lode seems to be malnly a replacement dep051t, though

‘flssure fllllng may have played some part in its formatlon.

The mineralogywofvthe deposit_is Simple. 5

Quartz is by far the most common mineral, _lt is massive, vitreous,
‘and light gray or whlte in color. O e

Serlclte is abundant throughout the lode. It is found 1n thin layers '
in the quartz, but is more abundant in the walls than in the veins. .

Pyrite is present in the unoxidlzed portlons ‘of the veins, and = &

: y far the most abundant sulphide. It occurs usuvally in small
. stringers through the quartz. These strlngers vary from almost
mleroscoplc to an inch in width, :

‘Gold No free gold was seen. It is belleved that the gold is 1ntimate-_i
ly associated with the pyrite. %

Copper minerals are present in small amounts, T only one plhoe; AR
Adlt No. L, was. Sopper stain v1sxble. : L

leonlte is abundant in the oxidized portion of the 1ode. Itvvas
- - probably pseumorphic after pyrite, but has lost its original
~character for the most part. In only two places were good
pseudomorphs found, -

Calcite is found locally in the lode, - It oocurs as stringers in the
ode and along the Walls of the shear zone, :

. Chlorite occurs w1th calclte, and in the same manner.

Specularlte. Small blades of specularlte occur as strlngers through
the quartz. ‘e- \

The shear zone outerops at and near the portals of Adlts No. l, 2 ‘and

It is from one to two feet wlde at 1ts outcrops. Underground it is seen
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in places to have plnched to six 1nche5'w1de, and 1n others to have swelled |
to four feet.‘ Apparently the shear zone was formed by'faultlng movements
~which brought the schist up to 1ts present p031t10n at this place.'

The level ‘of the ground water table seems to lie at a depth of from twenty.

to 100 feet beneath the surface. Above the water table pyrlte has been changed
to limonite; if the gold is assoclated with pyrlte, this would have ‘the

effect. of making the ore more nearly free-milling Enrlchmsnt has probably

been re51dnal and very sllght. Assays from the deeper worklngs are reported
_to be about the same as the assays from nearer the surface. The operators -

+did not permit Samples for assay.tovbe‘tsken byjthe writers

Genesis of the ores:

It is pos31ble that the mlnerallz1ng solutions and quartz d10r1te may l
have orlglnated 25 ¢ 3 the same magma chamber in depth but an appreclable amouﬁt
“of tlme -must-have elapsed after the quartz dlorlte was intruded and before the

ore forming solutions ascended. The basis for thls statement is the fact 'f
".that the quartz diorite:is fractured and ‘sheared snd must, therefore,'have

‘been solidified before the veins wefe formed. There is no evidence, however,

Ajto warrant an assumption that the qnarts«diortie'and the ore%fofmiﬁg soiutions
are even this cleosely connected. It is poss1b1e that the ore—formlng solutlons J.
- were 1ntroduced long after the close of the pre-Cambrlan. There-ls no 1nd;— :
cation of more than one perlod of m&nerallzatlon. . ‘ ‘

In addition to the veins 1n the shear zZone, there are several quartz
 veins wh;ch outerop in the-area. These veins are from three inches to two
feet‘ﬁide. They are composed almost entlrely of ma351ve, whlte, sugary qnartz.
They contain a 11tt&e ‘muscovites - A few feet of drlftlng has been done on

some of these veins. The wrlter assumes that they contalned no valuable mlnerals.

R



Economic possibilities:

Little can be said of the economic possibilities of the area as knowledge
of tlie val‘ue‘ of the ore is lacking. Before any furf.,he.r work is done, the
Adumps and the lode should be very carefully Sampled. The nature of the gold
mineralization should be determined. ‘The specularite may;beﬁindicative'of a
change in the naturerof the primary mineralizapion; If the gold is intimately
associated with sulphides, and the specularite marks the top of the oxide
-~ zone of primary mineralization, the gold content of the lode may decrease
abruptly at a pomnt slightly lower than the present level of nining. The lode
may continue to greater depth. Shear zones were probably developed at consider-

able depth and may be per51stent.

Factors Affecting Development

Transportation:

The Cleveland area ie about ten miles from'Globe, ; stetion on a branch
line of the Southern PaCific railroad. ‘The gravelwand dirt road between‘the
mines and Globe is partly 1mproved and 1s passable in most weather. Heavy
‘supplies could be hauled in during the summer ynnthx. At some time during all

except p0531bly the winter months, light supplies could be trucked to the camp,

Labors - ~ -
Labor costs are likely to be high, being determined by the prevailing
wage for miners 1n the nearby copper mines. The base daily pay for miners
in these is about %S OO 1ncreasing with a rise in the price of copper. Duriog
periods of curtailed production in the copper mines, a plentiful supply of
skilled labor should be obtainable at somewhat lower wages,
Timber:

The ground in the mines standS'well and requires a minimum of timber, a

plentiful supply of which for development work, is on the claims.r-If the



- ore warrants large scalc»prcdﬁction,,it’will be necessary to ship in timber.

Waters

Water for domestic purposes is obtalned from the adit nearest the camp.

As thls prodnces forty gallons per day, 1t also furnishes enough water for

test milllng operatlons. With more drlfting_from this adit, it is probable

‘that a larger supply of water could be obtained.

Powers et :
At present all drllllng on the property is by hand. Fcr more rapid

development it seems fea31ble to install a gasollne or Dlesel englne. If an
ore body of sufficient size is developed tO‘warrant the expense, electric power
could be brought in from Globe, Thcvrate wculd prcpably'be law, as,the area-'
is not far from Roosevelt Dam where the powcrAic gcceratcﬂ.i

Milligg: :
An elght—ton ball mill, two amalgamatlng plates 2% by five feet, and

: accessory equlpment are on the property. This mill is furnlshed power by a 5

gasoline motor.

The iine

No attempt will be made to give a detalled descrlptlon of all of the

» workings. ‘Plans of all of the workings acconpany this report. The three

longest adits, (Nos. l 2, and 3)»follcw.in a general way=the strike of the "
shear zone prev1ously mentioned. The shear zone, in general strlkes north

35 east and dips h8 to the northwest. The adits follcw a contact of‘schlst

and qnartz diorite for the nost part but as the contact is hlghly 1rregular,

the coincidence of the two is not perfect. In.Ldlt No. 3, a wingze has been

sunk a distance of 35 feet on a quartz vein. From the bottom of the ulnze,
about 100 feet of drlﬁting and cross cuttlng has been done. The mine operatcrs

report the hlghest assays from this level,



_ L , |
Adit Noe li and the workings eqnneéted with it were driven primarily

to increase the water supply, and the operators pianned to stop work here

within the near future.
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