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ABSTRACT 

At the recuest of the 7 ounci1 of the an Cprlos Apache Tribe the 

Sttes qeological '-urvey entered into a coonerative agreement 

with the tribe calling for a brief reconnaiesance study to Aetermine, 

is far as rractical, the minerrl notential of the LanICarloe Indian 

eservation. "Five months of field work was done daring the winter and 

s-rinf of 1952-53. 

hFbestos has been by far the most imnortant mineral resource on 

the reser•viitin ,nc, the urincipal conliao(Aty for which prospecting has 

been done. All current mining is confined to i,,sbeFitos, and five asbestos 

mines were active during 1953. Tufa stone, peridot, and guano have been 

proLiuced also. ther known mineral deposits of the reservation contain 

copper, iron, gypsum, and diatomaceous erth. 

About y percent of the reservation area is covered by alluvial 

derosits of late Tertiary, i)leistocene, and ecent age, and another 60 

nercent is covered by volcanic rocks of Tertiary and perhaps .,qpistocene 

age. :shese rocks 9re younger than the major enochs of metallization in 

southeastern Arizona. The remainder of the area is underlain by pre-

es:Imbrian and ftleozoic sedimentary rocks, 'ore-Gembrian granite, and 

pre-evonian diabase. 

The reservation is located in two physiogranhic nrovinces: the 

northern part is in the Colorado Plateaus province and the southern rart 

is in the Basin and Range province. The boundary between the provinces 

generally follows the southern rim of the ilitanes Plateau. The mountain 

ranges south of the ZataneP )1.1ateau are in general tilted fault block 
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mount ins composed largely of solithwesterly—dipping rre—::arbrian Pnd 

,IAlleozoic sedimentary rocks. The northern cart of the reservPtion is 

dominated by the :atanes plateau. est of Blue 'iv.4”- the plateau is 

composed of generally flat—lyine hnt .-'aleozoic rocks over— 

lain by Tertif, ry volcanic flows. .:mat of Blue - iver the older roc, s 

disapnear under the tertiary volcanic rock, and rear-,ekir only :et one 

place, between ;-_rsenic Tubs Rnd Ark Creek. 

Fnown metallic resource incluoe only 2mall derosits of correr ind 

iron that aprePr too awll to bo of potential commercial imnortRnce. 

cor-ner occurrences are known and r,fditionr,1 minor corrPr or other 

base metel rie-r,osits my exist in the urnhull /ountfiin area, the :iescal 

ind layes ',, lintAins, and alone the south b&se of the Cala Mountains where 

older rocks hgve been strinped of Tertiary volcanic flows. 

.,rospecting for uranium in the Dripping Spring PuRrt7ite sPemr 

warranted. 

nonmetallic resources are the most important, and of these 

asbestos is likely to be the most imorthmt mineral for future exploration. 

The recognition of certain favorable stratigraphic units in the : escal 

limestone, the evaluation of small scale faults and folds in the Vescal 

limestone, '-nd of the relation of dinbase intrusives to the favorable 

limestones can be of aid in nrosrecting for asbestos deposits. ros— 

ecting for asbestos in most areas of outcrop of :,escal limestone is 

warranted, but the alt .iver area and the Bear Canyon area seem most 

rromising. 

Lake beds that crop out in the ian Cprlos and Gila -A.ver b sin 

contain nonmetallic resources of nossible co.nmercial value. These in— 



clude "tufa" stone, gy-Dsum, and dietomaceous earth. There are huge re— 

serves of "tufa" stone. If uses in addition to that of dimension stone 

could be found for the °tufa" stone, this material might be more attrac— 

tive for commercial exploitation. Gypsum is present, ensily -xcessible 

to the railroad, in deposits similar to those that have been worked in 

the Srin 7edro Valley. Diatomaceous earth is rrobably too low grade to 

compete on the market. Peridot seems to have only a small market which 

would not know systemfitic development. Guano could -robably be mined 

by an individual or small group, but this resource would not support any 

enterprise of even moderate scale. 

INTRODUCTION 

Purpose and scope of report 

At the request of the Council of the San Carlos Apache Tribe the 

Geological Survey entered into a cco..!...rntive agreement with the Tribe 

calling for a brief reconnaissance study to determine, as far as was 

practicel, the mineral potential of the San Carlos Indian .7eservation. 

The time and funds available limited the score of the project. The 

procedure followed was (1) to make a review of all existing data to 

determine ares that contain minernl deposits, followed by (2) spot 

examinations of these deposits, and (3) reconnaissance of areas that are 

geologically favorable for the occurrence of such deposits. Many of the 

deposits visited were tested for radioactivity as were also likely areas 

in the Drirming Spring quartzite, a potential host to radioactive de— 

posits. Field work occupied 7)arte of five months during the winter nnd 

spring of 1952-51. During January and. February the nuthor was assisted 
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by •r. L. •cintoeh, end during 'arch elnd by 

ihriee erepered deecrietions of some of the lerger esbestoe deeoeits 

from datr. eollected during earlier geoloelc exemineti,ne. 

Jr. , ne 7. V. Tiaines of the Ceological Survly did the work on radio— 

ectivity. 

The geologic map of the reservittion (fig. 2) ie modified, by the 

arAition of detail, from the geologic mar of -rieona prepared by J. 

Lorton (1924). i.oeitions are the rerult, in next from reconnaiesance 

maprine on aeral photogrephs, 'nã in pert from interpretation of eeology 

from aerial photographs. :Me geologic mar is very much generalized, 

Rnd small outcrops of the several geolocic foreetiene ere not delineeted. 

For examele, small intrusions of dinbesa generally are not shown, and 

diabase outcrops where shown are greatly idealized. The geologic man 

(fig. 2) shows the distribution of the geologic formations and will serve 

as a guide to the location of outcrops of those formetions that -re most 

likely to contain deposits of velue. These formetiony will be discussed 

in Oeteil. 

;,cknowledgments 

The eriter wishes to acknowledge the heir of r. . . Linn, of the 

7. 'ilreeu of Ineian Affairs, for information on the location of sev— 

erel minerel occurrences, end to Mr. P. elso of the Indian 

':ureau, for informetion on roads and treils. e . . Green, reenger of 

the 2eear nyon eebestos mines gave the locution of several asbestos 

erospects in the '•er nyon area, and acted as ruide to one erosnect; 

el.. Jeff vis, of the Lakeside Trading Post, ctea e the guide to the 
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7ribal clFims, and tle, of clobe, personally guiiled the 

writer to an occurrence of ditomaceaus earth. Thnnks re due t;; -r. 

nlerence cesley, _.',1%Eirman of the an Carlos Apache Tribal Council, vnti 

to Mr. ;Tessa tevens, Vice-chairman of the council, for providing guides 

',lad horses, and for laformation freely given. Thmnks are !lso due the 

officials of the Indian 7lureau for making available such pertinent 

records as were on file. 

.-ravious igeologic investigations 

In 1871, , Aarvine (1675. P. 216-225) 1j, an assistant geologist 

All rferences given to the literature 6,.re in the bibliogmpy 

appended to thi, and of the report. 

with the Vheelar a,xpediticn, crossed the region and obtained the first 

geologic informetion on a part of the area thwt now lies within the 

reservPtion. His route was scuthwesterly from :.'ort Ansche, acrosF the 

Salt liver and Natanes Plateau, thence Into the .san Corlot Vlley, nd 

over the Apache Mountains. in 1873 G. K. Calbert traversed the :atp.nes 

Plateau, ?onita Creek, and Gila Mountains, and noted the extensive lava 

fields chPrActeristic of this area and gave the first descri tion of the 

Gila conglomerate (Gilbert. 1.875.1). 525-542). A. T. Schwennesen (J:)19) 

studied the geology and water resources of the Gila and i;an.';-rlosi valleys 

in the c• an etrlos Indian reservetion. l. Ti. Darton (1925, p. 242-243, 

252-257) gives some geologic data on the Mescal and Hayes mountains, and 

a description of the -iatanes .lateaa. an1 Lausen (1927) oublishod a 

'paper on the occurrence of peridot near an e-rlcz.., and X. D. Wilson 



(192P), in e report on asbestos in Arizona, gives descri7tions of several 

asbestos deposits on the SAn C,rlos Indian PeserviAion. 

lhe only rublisted reologic mrr thrt includes the Awhole recion is 

the stnte geoloric mar on scale of 1:5r,000. This rortion f the 

stx)tp mar is br,sed on reconnaissance work by DRrton. recommissance 

mao of the lescal and Hayes 4ountnins that includes the southwestern 

/
corner of the reservPtion is given in _esume of Arizona GeologY (Itrton, 

1925, 267). 

Th- works cited above, narticularly tllose of rton, are the chief 

sources of geoloric Information z.vailable concerning the reservetion. 

Other references to the geology of this area are included in the bibliog,-

rnrhy. 

niWry of zlininarkd production 

The ',an Cr,rlos IndiRn leservation was estebliwhed in ler but w,s 

not orened to 1)rospectine until Novemter 1919. since thAt time mining 

nd nrosnecting on the reservntion hrdp, been sporadic. 

In monetary w.lue rrbestos has been by fcs the mott iwnort;slat mineral 

resource on the roservetion, tr_d tha rrincipal comrodity for which nrcs-

pecting has been cone. The total vvlue of the asbestos proCuction prob-

ably eirceeds 50C,000. The 7,msco, Bear Canyon, Apache. rind Finetol) 

(smrlier the YrAle croup) properties have been the major asbestos mimes. 

All of these occurrences were discovered and located by 1922, shortly 

after the °praline of the rzzervatin to mining. The imeco and sear 

Canyon hb.ve been the largest producars. F,econd in value to asbestos 

hes been the tuf& stone oroduction. This material has ben reserved to 
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the Indians and all quarrying has been by the Indian Service 

or the Indians. Peridot, the gem quality variety of olivine, 

1-ias been gathered in small amounts by the Indians since the turn 

of the century. A few tons of guano have also been produced. 

None of the base-metal deposits has yielded any production. 

13 
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resent stt,Aus of mining and prospectiqg 

-Anes were active on the :::4an Carlos Teservr,tion during 1953. 

These five, all asbestos !Anes, were the Apache, :ine Ton. 7.ear Canyon, ' 

Salt iver, and Great View mines. Late in the year ot)enqions were 

stopped Pt the Bear Canyon and Salt :iiver mines, and recessed the 

-•ine Tor mine. Prospecting was done on the undeveloped :Ihiricahua and 

:ystery groups of asbestos clrims. A leree was pending on the '-''encock 

claims, which is a copper rrosrect. 

The only prospecting permits current in 195 were held by D. 

areen nnd J. I. Yeal. 

,lining_regplations of the San Carlos Indian Reservation 

The San Carlos Indian },eservation is unallotted land and claims may 

be located and mineral leases applied for subject to certain regulations. lj 

2,/ ?or those interested in the legal details, part 186 of Title 25, 

Code of Federal legulations is followed in the granting of mineral 

leases on unallotted Indian lands. 

Leases P,re made by the tribal council. ProspectinE7, permits are 

issued by the council at a cost of about 50 each and Are usuAlly rood for 

iocrtions ;re made and filed in the usual manner, PriC r lersePO ePYls. 

applicrtion is fil(; with the tribal council. The application must rlso 

be processed through the Indian Bureau Office in *:mshingtop, 

which vPries with the acreage involved, must be furnished and an annual 

acrerge rental fee is required. gj Leases are generally issued or a 

2/ Bond is as follows: 1,000 for less than 80 acres, 1.500 for from. 
P0-120 acres, $2,000 for from 120-200 acres, ',t5C0 for each 40 acres in 
excess of 200 acres. Lease rental fees are as follows: 251 an acre for 
the first year; 50,;': an acre for the second and third year; Al.00 an acre 
therebfter. 15 



reriod of five years, and royalty payment is usually 10 percent of the 

wilue t the mine site of all ores marketed. Appended to the lease are 

provisions regarding the employment in part of Indian labor and the 

grazing rights of the Indians. 

GEOGRAPHY 

Location and accessibility 

The San Carlos Indian Peservation occupies 2,500 square miles in 

epst-central Arizona (fig. 1). It extends from Mount ::urribull on the 

south to the Salt and Black Fivers on the north, a maximum distance of 

50 miles, end from near Globe on the west to the vicinity of lagle Creek 

on the east, a distance of about 70 miles. It includes parts of Gila, 

Graham, and Pinal Counties, 

San Cprlos and 13y1as are the two largest settlements. They are 

joined by the Gila Valley, Globe, and Northwestern TAtAlway, a branch 

line of the Southern Pacific Railroad, which has its terminus at Globe 

and connects with the main line at Bowie, Ariz. Other than a few resi-

dents at .'Iridot and Calva, both sidings on the railroad, the only other 

inhe.bitants are at a few ranches widely scattered over the rest:Tvation. 

In 1953 there were only two paved highways in the area. U. S. 

Highway 70, which passes through Bylas, traverses the southern araa of 

the reservation and part of its route between Globe and Safford follows 

the Gila valley; and U. S. Tighway 60 cuts the extreme northwest corner 

of the reservation. Two improved graded roads connect the Indian Agency 

herdquarters at San Carlos with U. S. Fighway 70 at two nlaces. The 

remainder of the reservation is serviced by dirt roads of varying 
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degrees of imDrovement, , ad much of the aret. is accessible only by 

'inter snows L:nd summer rains make man of the dirt roads imoasstible for 

short periods. 

Topograv4 end general setting 

The an Crrlos Indian reservation lies on the boundary between the 

Colorado Plateaus and the Basin and Eange rrovince. Within the reserva-

tion the -recise boundary between these two ohysiographic -?rovinces can-

not be everywhere accurately delineated, as the lavas of a great volcanic 

field cover much of the reservation and in nlaces obscure this division. 

Eoughly, however, a northwest-trending line following the southward.. 

facing escarpment of the Natanes Plateau would approximate the south 

boundary of the Colorado Plateaus province (figs. 1 and 2). 

lorth of the south-facing escarpment of the ratanes Plateau, called 

the Natanes rim in this report, is an area typical of the plateau province. 

The area is Characterized by the general high level of its surface and 

annroximate horizontality of its rocks. Altitudes average about 6.000 

feet, though several eminences such as 7illtop and Chiricahua Butte rise 

to over 7,000 feet. The drainage in this broad area it generally north 

to the c;alt and Black rivers. These rivers and their principal tribu... 

tnries have cut steep rugged canyons into the plateau surface. These 

canyons make parts of the area difficult of access. 

South of the Natnnes rim is an area that is typical of the PP.sin 

itnd 'Range rrovince. Proad intermontane alluvial-filled valleys and 

several northwest...trending mountain ranges chartActerize the area. 

The mountain ranges are the Turnbull -,:ountains on the south boundary 

of the reservPtion, and the Nescal, !layes, Gila, and a southeesterly 
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extension of the .ache :.ounthins called the Apache riage in this re-Jort. 

Aoumt 2urnbull is the highest point on the reservFtion with ,1=n altituce 

of about 7,700 feet. Several peaks in the i4escal 2.(7 tins pre over 

6.000 feet, and altitudes of over 5,000 feet are not uncommon in the 

Hues and C=Ilt ountains. The southeristerly extension of the Apache 

fountains i less ruge thiAn the other mount13.ins and altitudes range 

from 3,3C0 to 4.6oe feat. 

The broi,d alluvial-fillea valleys are characterized by partly dis-

sected pediments which slope gently inward to the Gila and San Carlos 

valles, and by an extensive basalt-aapnad mesa extending several miles 

northeast from San f..rlos. wear San Gprlos isolated basolt-capped met:as, 

remnants of a once more extensive surface, project above the general 

level of the surrounding valley. 

The drainage of the broad region lying south of the :-7atanes 2lateau 

is controlled by the westward-flowing Crila Iiiver and its -rincipal 

tributaries, the =c2n C:-.rlos Fiver and Bonita Creek. The headwaters 

of -onita Creek and the San CF4rlos Elver are on Ash nat, a broad 

intermountain plain lying between the eastern pert of the Natanes rim 

tnd the Cila ,ounteins. Nonita Creek flows southoastwrd and drains 

the eastern portion of Ash Flat, whereas at the western end the drainage 

in nortwestward to the San Cr,rlos 

The lowest altitude on the reservation is 2.290 feet on the Ala 

Liver nt the southvest edge of the reserv=tion. 



GINUkL 

Late Tertiary, Pleistocene, end ii,cent de-osits of lake nd stream 

origin mRsk the un6erlying bedrock in lore than 30 percent of the reser-

vation ores. Volcanic rocks, -oart of the great 'Atli lava field of 

'exico, cover Another 60 nercent of the area. There volcanic 

rocks are in arrt contemnoreneous with, and in nart older than the late 

2ertiary nnd ?leistocene valley fill deposits. All are later than the 

mejor epochs of metallization in southestern Arizone. The remainder 

of the area is underlain by pre-ambrian 9.nd Aftleozoic sedimentary rocks, 

diabRse, and pre..Cembrian granite. igure 3 is a grarhic renrw;entation 

of the stratigrarhic column th brief descrintions of the formt-tions. 

It also shows the industrial minerlds and metals thRt occur in the 

severfd formations. 

Sedimentary rocks 

The sedimentary rocks within the reservation range in age from ore-

Cambrian to lecent; those of late Tertiary and/or Pleistocene age pre-

dominate. 

rocks.--Younger pre-ambriam rocks are the oldest sedi-

mentary rocks exposed in the reservetion erea. They are wides7)read in 

the western half of the reservation nd crop out in the Mescal and tieyes 

Mountains, the Arache ridge, alonv.: the 141tenes asc-r7,ment, and in the 

canyon of the Salt iver. These rocks include, in ascending order, the 

licenlen conglomerate, pioneer shnle, 111.rnes conglomerte, Dripping Spring 

quartzite, Rnd Mescal limestone. Collectively these formt3tions ,=_re known 

as the Apache group. The section is as much as 1,000 ft thick. 
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The i':nache groun rests on somewhot irregular eresioi. surface of an 

older ore.Cambrian granite. Locally a pre-Crmbrian basalt flow is nt the 

top of the Apache group, as in places in the ;clache ridge 2; and 

near the 7iear f:;anon asbestos mine. In most other exposures, however, 

lost-Anache erosion h9 removed the basalt, and the overlying ..)aleozoic 

rocks lie on the esc$11 limestone. though on the Srn 

road near Hilltop Cambrian roy quartzite lies on the Dripping roring 

quartzite, and the Mescal limestone has been eroded away. 

he lowest formation of the Apache group, the Scanlan conglomerate, 

is made up of quartz and quartzite pebbles and cobbles in a light.colored 

matrix made up largely of granitic debris. It rests on the nre-Umbrian 

grenite. The conelomerate ranges from a thin layer including scattered 

-ebbles to 1)-,ci 15 feet thick. 

Cverlyiyv- the canlan conglomerate is the Pioneer shale. The form-

tion is composed of sandy shales and a few thin light-colored beds of 

ouartzite, which are more common near the base. The formetion, though 

well indurated, is 1.eas resistant to erosion than the overlying Iriarnes 

conglomerate and Dripping Spring quartzite and, as a result, tends to 

crop out as slopes beneath the massive cliffs of the over1;: ing rocks. 

The formAtion is as much as 150 feet thick. 

The .arnes conglomerete, which rests on the Pioneer shale nd is 

apparently a basal conglomerate of the Dripping Spring quartzite, is 

readily distinguished from the icanlan conglomerate. It is compose of 

abundant wells.rounded quartzite ktnd quartz pebbles and cobbles in a ree. 

quartzitio matrix. The conglomerate is generally less than li. feet in 

thickness, but in places is RS much as 50 feat thick. 
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1Text above the 'Barnes conglomerate is the 1;rinning :;trinr euErtzite. 

Ihis formation is , rominent in all exposures of the Apache group, and mnny 

of the rugged cliffs of the southern escarpment of the "etanes 1:'lateau, 

the seven -ile :4ounta1ns, the northeast side of the T'ayes ",ountains and 

the lower errts of the Srlt :'iver Canyon are of this eukrtzite. The 

formAtion cnn be separated into at lest two rather distinct marts: 

lower nart mede up of light-colored, medium- to thick-bedded quartzites 

of meaium grain which form the nrominent cliffs characteristic of the 

formation; and an upper nert made up of red to rusty-brown and black 

thin.. to medium-bedded siltetones and silty fine-grained outrtzites. 

,=0111e light-colored quartzites are interbedeed in the upper part. A dis-

tinctive featire in this part of the formation is banding resulting from 

the alternation of black to purple siltstones and red to rusty-brown 

silty ouartzites, ihe formation ranges from 300 to 500 feet in thickness 

in the reservation. 

The tIscel limestone is the uppermost formation of the Apache group 

over most of the reservation. Generally the :4escal hns been' smut 4nd 

dilated by the intrusion of the widespread diabase sills; therefore con-

tinuous, comnlete sections of the formation are rerely observed. 7'e-

cause the vescel limestone is economically eignificant as the only host 

in eat-central !,rizone for asbestos denosite, an understanding of the 

etretigrarhy and distribution of the formntion is worthwhile. 

The formetion is divisible into three members: (1) a lower, thine. 

to medium-bedded, flat-bedded cerbonate member, (2) Ft middle, massive 

carbonate member that includes structures that have been internreted 

as relicts of algae colonies, and (3) an upper, thin-bedded non-carbonate 
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member. 

Alone the Selt }Aver Canyon, in the northwestern eert —r the rerva— 

tion, the lower member is 150 to 200 feet thick and is dominently oi" impure 

to moderately rure limestones intercalated with celceereous shales. The 

urpermost 10 to 12 feet of the member and two other units "30..45 feet an( 
d_et 

about 100-11C, resnectively, 'below the top of the member Are üf rele— 

tively pure, gray, crystalline limestone, in beds 1 to 4 feet thick. 

The remainder of the lower member is composed of generally imoure lime— 

stone beds, one—half to L., inches thick, alternating with thin beds of 

calcereoue shales or includinc shale partings. Chart occurs in the lime— 

stone in the Selt Fiver section, but not in large euantitiee. Some of 

the cerbonnte beds are Oolomites or are dolomitic, but such beds are un-

common. 

Southward from the Salt 'River area the three above—described limestone 

units thin and individual beds throughout the section are progressively 

thinner to the south. The lowest limestone unit, 100 feet below the tor 

of the member, has not been observed in the southern ,art of the reserva— 

tion. Chart and dolomite are abundant in the lower member southward from 

the 1;atanee ?lateau; in elaces dolomite is more ebundant than limestone. 

South of the Natanes elateau Vein layers of cnert characteristically 

stand out on weethered surfaces. Southeasterly from hed whiskers Ziering 

in the Hayes Mountains the entire 'escal formmtion thins rapidly and 

changes from a section dominantly of limeetone to one exclasively of 

siliceous beds. At Coolidge Dam, the formation is only 25 feet thick. 

The middle or algal member is composed of thick, meeeive limestone 

beds totaling 10 to 140 feet in tIT.ickness. The fossil elgae, which are 
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wevelike in section and concentric and saucerlike in Ilan, the massive 

beds, and the tendency to form cliffs characterize the middle meTsber. 

In the .:41.t 1ver area this member is of limestone; to the south, the 

member becomes increasingly 6olomitic, individusa beds thinner, and the 

algal structures lec,s readily discernible than in the Salt 'river area. 

The contact between the algae-bearing middle member nnd the flnt, 

slabby limestones of the lower member is sharp and everywhere on the 

reservation is ee.sily recognized at the base of the cliff-forming mrtion 

of the formation. The uppermost 10 to 30 feet of the middle member is 

thinner-bedded than the remainder of the member and in places includes 

shale. 

The uoper member is dominxted by brown siltstones and gray to black 

shales, totaling as much as 110 feet in thickness. A chart bed, 2 to 

4 feet thick, mrks the base of the menber. ;Thin chert bands are common; 

in a fey places thin mRrly limestone beds have been observed in the member. 

These chert bands, the limestones where nresent, and the stratigraphic 

position serve to distinjuish the upper member of the '•'escal from the 

somewhet similar siltstone lnd shRly units of the upper helf of the 

I:ripping Spring formation. 

Through the northern part of the reservation, the ore-Cambrian basalt 

and part, or in 'laces all, of the upper member of the !i,escal are miseing 

due to erosion nrior to deposition of the Troy Qunrtzite. %est of 'lip:he 

way 60 in the vicinity of Zeneca part of the algal member and all of the 

overlying Troy quartzite are missing due to erosion that nres.dRtea 6eposia. 

tion of the ,artin (Ievonian) limestone. Last from Highway 60-Salt T iver 

bridge, the :artin limestone in army olace IF in depositional contact 
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vith diabase sills that intruded the :4escal. In ,eleeces, however, the 

:Artin rests on the eescal limestone nno 'tertin limestone rests on nro— 

e.ressively lower stretigraphie units of the escal as the Salt A.ver 

Canyon is treversed unstrenm from the bridge. At s point 7 miles airline 

east of the bridge only the basal beds of the of.escal fermation exist below 

the nre—Martin erosion surfrece. It is -,robnble that in places within 

this 7—mi1e interval the 74artin limestone rests on the Dripping Spring 

nuartzite. 

The v.escn1 limestone has not been observed along the Natanes rim 

south and west of Allto-o to the west boundary of the reservation. The 

escal limestone may not be observable along this interval of the !intones 

rim due to talus cover or faulting, but in nart the l'escal limestone may 

be absent due to nre-- roy or pree.:'evonian erosion. This condition 

apnerently exists in the section exposed where the road ascends the ratanes 

-.1.mteeu r few miles south of Hilltop. Here Troy ouartzite overlies Dripping 

7pring eaartzite and the :'escal limestone is absent. Asbestos deposits 

cannot exist along this part of the escarpment if the Mescal is absent. 

Figure 2, which in this area follows the interpretetion of the stete geoie 

logic map, shows :escal limestone along this portion of the Natsnes rim. 

Paleozoic rocks.e—West of Blue Fiver Paleozoic sedimentary rocks 

overlie the nre—Cembrian Apache group rocks. The Paleozoic formations cron 

out extensively in the escal and Hayes cauntains. and in Lpache Ridge, 

as well as along the western part of the Natanes rim and along the rir 

of the .3alt iver Canyon. 

The Paleozoic sedimentary rocks are represented by the Troy eeearteite 

(Cambrian), the artin formation (Devonian). the 7.scabrosa and/or "eedwall 
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limestone (ississippian), and the ;;Lico limestone (2ennsylvenian). 

"r.ast of Blue Idver Tertry volcanic flows cover the older forma-

tions and only three hitherto unredortec outcrops expose the unC.erlying 

rocks. These nre along a. part of the south front of the (Ala ,ountains, 

along the -f, tanes rim east end rest of Jark Creek, and in the vicinity 

of Ticon spring. The base of the Paleozoic section in the Gila ilounteins 

is not exnosed; the lowest formation is a quartzite similar to the Troy 

ouartzite. Near Perk Creek - basal quartzite similer to the Troy rests 

directly on are-Cambrian granite. 1,oth of these ouartzites are overlain 

by interbedded sandstones, shles, and limestones generally like those 

of the Paleozoic formations in the western nart of the reservation. 

The Troy ouartzite is the basal formation of the Paleozoic rocks on 

the n Crirlos Indian Eeservation. It consists of medium- to thick-ber.ded 

ouurtzites usually of light color on a fresh face but in outcrop usuLlly 

of reddish cast. Characteristically the formation, esrecirdiy toward the 

iy4se, is coarse grained and in -1laces conc;lomeratic. Medium.. to lnrge-s 

scale cross-bedding is also 3 common feature in the Troy quartzite. In 

most places, the relative paucity of feldspar grains, the generally 

courser grain nnd larger-scale cross-bedding distinguish the Iroy quartzite 

from the thick-bedded quvxtrites of the lower oext of the Dripping Spring 

formation. In common with the Pripping oring ouartzite the formation 

is a "cliff former". In places Troy quartzite forms the southwest-dipping 

rim-rocks of the Mescal and Fayes Mountains. It is as much as 400 feet 

thick. 

-Zilartziten similar in appearance to the Troy are found in isolated 

exposures on the south elope of the Gila Mountains, and near Park Creek 
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under the satanes rim in the esstern nart of the reservation. these 

cus.rtsites are undoubtedly ecuivpslent to the Croy quartzite but con-

sidering their proximity to orenci they may PR nrolerly be correlated 

with the Cambrian ::oronado ouartzite of that district as with the :roYs 

The N,:artin formation of Devonian nge overlies the Troy owsrtsite. 

The formation consists of limestone, sandstone, ans shale. A sandstone 

unit of vvriable thickness is usually at the base. This unit is overlain 

by a section that includes yellow-.brown msgnesian limestones, sandy in 

Places, interbedded with thin limy shales; medium-. to coarse-grained 

cross..bedded ssndstones; gray to oink papery shales; %no medium-bedded 

gray limestones. The :artin formation ranges in thickness from 200 to 

350 feet. The formation tends to form slopes and benches between the 

cliffs of the rroy ouartzite below and the cliffs of the Tsscabrosa or 

:Sedwall limestone above. 

Above the '4.rtin formation is about 500 feet of medium grey limestone 

of 7!!ississinnian age, in osrt containing nodules of chert. The most 

notable feature of this seouence of limestones is the presence of ex.. 

ceptionslly massive gray limestones in the lower and middle portions of the 

formation. These msssive beds form a conspicuous limestone cliff which is 

a diagnostic festure for the formation in ill of its outcrons. In the 

area south of the Netanes rim the name most generally used for these 

rocks is the Tacebrosa limestone; north of the Natanes Plateau the name 

most generally used is Redwall limestone. 

Itext above the Xississilpihn limestone is the lenneylvanian :aco 

limestone. In the Mescal snd :Loves Mountains this seouence of generally 

medium-bedded gray limestones with some intercalated shales is as much 
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as 1,200 feet tick. 

Tertiary sedimentary rocks.-he valleys of the Gila and an Carlos 

.ivers and Fonita Creek are filled with sedimentary rocks of alluvial 

origin, which are continuous with Gila conglomerate type rocks of late 

Tertiary (?liocene) age in the vicinity of fford. In nart, these rooks 

are coarse conglomerates derived from the surrounding mountains, and in 

part they are lake bed deposits.limestones, mudstones, diatomaceous 

sedimentary rocks, and gy-sum. The conglomerates and lake beds inter'.. 

finger. "sully conglomerates are marp,inal to the lake beds which in 

general were derosited in the center of the basins, though at nlexes rs 

at Blue iver thick fresh-water limestone laps up against the :atenes 

Plateau. 

'istocen?1and ecent alluvium.--Goarse gravels of --)leistocene(i) 

age mantle the surface of the late Tertiary sedimentary rocks. An erosion-

al unconformity seoarates the two formations. These relations are 

especially well exposed along the road from Coolidge Dam to pylas, 

ecent silts, sPnas, and gravels occuny the courses of the present.. 

day drainage. 

Igneous rocks 

?r-Cambrian granite is the oldest igneous rock found within the 

reservtion. The largest exrosures of the granite are in the area be-

tween the :atanes rim and Seven Mile Mountains and northeast from the 

Hayes Aountains to Bucket Mountain (fig. 2). The late -ore...Cambrian 

Anache group lie,,- -anon the eroded surface of the granite in the !'escal 
sCV Y 

\c,
Mountains, Payes '%ountainn, the southeasterly extension of the Apa54 
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Yountains, and in places under the eatanee rim. 

Pre—Devonian diabase sills, of great lateral extent and ranginr in 

thickness from knife—edge to several hundreds of feet, intrude the Apache 

eroup end Toy nuartzite. In the Selt liver CE/eyon these sills are well 

exrosed along the canyon walls where several thick sills hnve intruded 

the -escal limestone. riabase has nlso intrlided the Apache group rocks 

in the ArRche Fidge, the tiayes and Mescal Mountains, and in Bear Canyon. 

In the %yes Mountains neer the '41omene claims and near Fed Whiskers 

Spring the diabase inteeldes the Troy quartzite and is unconformably 

overlain by the Martin limestone. The diabase vetries from fine— to 

coarse—grained, and usually has a dark green color, though it may weather 

to shaLes of brown and olive green. It is an important igneous rock in 

this reeion of :.rizona because of its genetic relationship to asbestos 

mineralization where it intrudes the :Jescal limestone. 

the flanks of Mount Turnbull granitic and rhyolitic rocks occur. 

These rocks a--e r gradational one to the other. Their age is uncertain. 

though Foss (1925, D. 32-33, 35) assigns similar rocks in the Aravaipee.. 

Stanley district to the early Tertiary period. 

Volcanic rocks are widespread within the reservation area. At least 

two periods of vuleanism, the rocks of which are senerrted by e structural 

unconformity, can be distinguished. Older Tertiary volcanic rocks. 

Possibly of mid—Tertiery nge, are found in the Turnbull and ila Mountrins 

and in the north and eastern parts of the reservation. Younger and uni-

concormable with these rocks are basalt flows found interbedded with and 

overlying the Cila conglomerate type of sedimentary rocks. These younger 

flows are probably of Pliocene and Pleistocene(?) age. 
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The older ';rti,,.ry volcnic rocks .,resent A gretler lithologi 

variety than the ,, ount4er *-rti:zry 'unternx:.ry(Y) volcanic roc-?. 

The ()leer volcanic rocks incluGe rhyolites, aneesites, .no 

rhyolitic tuffs 1d broccis. /bout 1,00C feet or these flows rnd pyro-

clastic rocks overlie the Pxpceed .,1-11-ozoic rocks in the Ulla iount,ins. 

Along the :atr,nes eFcexpment on the north ie of "Qh 'lat irproximately 

_WO feet of 1.0nite to nink rhyolitic tuffs are overlain by at le;:st 500 

feet of ancesitic flows. Lilese c?nLeitic flows :,eke up much of the sur-

face in the w,,Ftern portion of the --at ,nes ?lyteau. ihic andecitic 

flows cron out -lso in the mountairous are/4 in the southeast corner of 

the reservi, tion, east of c•onita creek. 

The older Irtiary volct_nic rocks itave been involved in the fruiting 

which resulted in the present ,.itribittion of the Tijor nhysiogranhic 

fePtures. 

Youneer Tertiary ,nd C.'uaternary(i) volcanic rocks, -Irob;.bly of 

Pliocene and '1.eistocene(Y) age, are rerresented by basalt flo.-s 

bedded with cnc overlying the Gila conelomerPte type sediment' ry rocks. 

Tynicyl exposures ,,re +'ound north ,-Ind efiat of an C.r1oF where several 

flows crop out , 1onc the mesv• slues and a flow cos the extensive mesa 

ext-ndinp north and el,st from the :riplets. ' similar flow forms the 

surfNce near ''.sh Creek ranch on ;,sh .--1Ft (fig. 2). 'ieveriq lcolp.ted 

mesas southwest of z'.xin U rlos - lso cepped Ath these 

The basalt flows and the interbedded seuimentnry rockz, in contrast 

to the olLer Tertiary volcanic rocks, pre eenerally flat.lyinp and little 

disturbed. 
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..itructure 

In eeneral the r,inges south of the :at,:nes :1teaa, 1nc1udin6 the 

escoll 4nd '!nyes Mount:Ans. :11C the southel,st extension of the Apache 

:ountains are tilted fault block mountrAns composed largely of ore-

Cambrian an -.=aleozoic sedimentary rocks. The structures s7re nrIt comrlex; 

the rfInges may be chcterized s homoclinal blocks, extending in a 

northwest direction nnt aiming to the so-vithwest. 

The northern 717,rt of the reservation is cominated by the :x1tnes 

letenu. :long the south-facing rim of the plateam the Anache groun 

'and Paleozoic rocks overlain by Tertiary branit tip gently north or &re 

flet-lying. The older rocks are exT)osed Rlonp, the rim as far east as 

Tque heyore7! which they disarrer under Tertiary volcRnic flows. 

IriKure 2 includes two cross-vecti3ns, one extending from the south-

west corner of the reservation northestwarc through an Cerlos, thence 

north to the calt Piver; and the second extending from ount ::urnbull on 

the south to Ponite Creek end Kack fiver on the north. These sections 

show diegrmlulticfilly the general structural relations of the worious 

rocks. 

NINiRAL'EZSOURC*13 

The mineral resorces of the reservation may be subtivided into 

metallic ant. non-metellic classes. Of these two classes, the metallic 

resources have been of no imnortaace, whereas the non-metallic resources 

have accounted for all past orouuction. Known metallic resources include 

small amounts of copper ane iron. on-enetallic resources that have yielded 

some 71rouction are asbestos, buildinfK stone ("tufa" stone), 3eridot, 
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end guano. 1.41n-metallic r..::sources of unknown value include gr,sum and 

diatomaceous earth. 

In the following 3ages the mineral commodities are considered in 

turn, a general discussion of the knovn occurrences -Lnt-; the ologic 

factors determining their localization IQ followed by detliled (.escril,» 

tions of the individual deposits. The indiviuR1 denosits Rre indexed 

rs to location on figure 4. 

resources 

Copper 

Cmly small rknd non-commercial luantities of cooper are known on the 

reserv- tion. These include the Cooper ;%ing..41omene claims in the !ayes 

Mountains, the ;:elicock cininis southwest of ian C, rlos, the -iitter Spring 

and Geronimo ,ros-ects on the flanks of ,,.ount Turnbull, and the Tribal 

claims in the A.la 'ountains. 

The question is frequently reised as to why only minor copper ae-

--,Isits are :.non on the reservhtion, especially insofar as 9evera1 large 

copper rf:ines are in the surrounding region. To attempt to rznswer this 

duestion rt least three factors must be conidered: (1) the age of in 

trusive activity. (2) the position of the reservation with relation to the 

regional geologic structure. and (3) the widespreftd cover of Tertiary 

A-nd "uaternary rocks. 

vetallic mineral deposits and mining districts are commonly in areas 

of nast intrusive igneous activity. The metallization is closely associa-

ted in enace Rnd time with this intrusive activity. By fir the most 

imortant •leriod of igneous activity and assciated mets.11i -ation in 
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southeastern trizom was duieg Larnmide time (Late Crete.ceee.---erie 

ertiary). All of the large coeeer :oits in the adjacent ere- s such 

those neer Globe-Miami, orenci, y. and -Lristmas are consiceree to 

be of tleis erice. Intrusive rock of Laraw,icle age is missing in general 

from the reservation except, erhaos, in the eart of the reserv-tion around 

;4ount 7urnoull. Here are granitic end rhyolitic intrusives that may be a 

continuPtion of similar rocks Jf Lieramiae age (Ross, o. 33, '46-:17) cropring 

out just south of the reservation boundary in the 3tan1ey district..is 

nert of the reservetion toy be considered as on the fringes (le' the stanley 

district, itself a small relatively noneprouuctive area. Only a few 

scattered and meagre copper showings bore been prospected in this leert 

of the reservetlon. 

In adeition to igneous activity .110 aesecieted metallization, the 

nnsition of the reservetion with relation to the regional geologic struc-

ture is of importance. es discussed in a erevious section the reservee 

tion strir'es the boundary between two structural nrovinces: a eleteau 

erovince, characterized by little disturbed relatively flat-lyine sedi 

mentary rock$, and a mountain Tovince cherecterized by more disturbed 

end faulted arees givintc rise to ineividuel fault block mount!-ins and 

wore complex structures. All of the large conner or base metal ;eposits 

.re in this "mountain region" of Arizona, because it Was in this region 

thrt structural deformetion erovieed loci for igneous intrusion ene 

associated metallization. The stroncest metellieeetion, however, seams 

to be concentreted in arose zones at intervels along this northweste 

trending main belt. The celosits of the jlobee.leml district are cone 

fined to a northeastetrandin6 zone about 6 miles wide. The northeast -
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ward continuetion of t'ris zone would pass just west of 'Jhromo Butt 

skirt the west boundery of the reservption. This might sw:eeet th 

Idlity of a fev small outlying metalliferous deposits alone, the west 

boundary of the reservation. However, the metallization cecreeses in 

intensity going southwest and northeast from the 1-:chu1tze erenite stock 

between Miami amd superior kInd arrne.lre to be dying out in the vicinity 

of Mcmillenville and • Peisin where the deposits are small and the 

nrincinal metal is silver. 

There is erobebly mother northeast—trending belt of mineralization 

-nd igneous intrusions that takes in Lone star v.ounte.in northepst of 

Safford, Morenci, and etcalf. Thus it is possible that hese—metal fie— 

posits ere eresent under the cover of laves And elluviel derosits in the 

extreme soetheastern left of the reservetion; but the discovery of these 

will depend on methods of prospecting that are not yet &eveloped e.nd 

perfected. 

Copper in&or ylomene claims...—These claims are in the southern 

rert of the 7ayes :4eunteins in sec. r=. T. 3 '1;., 17 L., j on the ePst 

/ The San ;;erlos Ineian eeservation is unsurveyed 'end ell section, 

township, am range descriptions given in this report are projected land 

locetions as shown on Lepartment of Interior, effice of Indian Affairs 

map of the reservation, edition of 1945. 

side of Pick Srring (;anyon. about 3 miles south of Tincup Spring (fig. 4), 

The claims are in a rugged area at an altitude of 4.500 feet. They are 

acceesible only by foot or horseback from the end of a road which branches 

from U. S. lighway 70 at the Lakeside Trading Post end ends in a canyon 
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east of the claims. 

The claims are accessible as follows: 

Miles 

0.0 At Lakeside Trading Post, take truck trail west. 

0.2 Fork, turn right. 

3.4 Fork, turn left. Bight fork goes to Indian Spring. 

9.2 Park in wash. Claims about 1 mile west. No trail. 

Workings are near top of basalt-capped knob on south' 

trending ridge (fig. 5). 

Claims known as the Copper King No. 1 and 2 were first located in 

this area in 1919 by Frank Cain, A. H. Gibson, and J. C. Gibson, and a 

lease WAS obtained in 1921. The lease became delinquent through non-

payment of rental fees. In 1927 the claims were relocated as a part of 

the Wylomene group by Pollard K. and Wylomene Pearson. A lense was ob-

tained and a small amount of work was dons. This lease in turn ended 

in litigation through non-payment of rental fees. The claims have since 

been inactive. No production is recorded. 

Workings include a pit, two edits, one of which is caved, and three 

shallow shafts. 

In this area the Apache group and Troy quartzite, both intruded by 

diabase, are overlain with apparent conformity by Martin formation and 

iscabrosa limestone. These rocks strike from N. 250 W. to N. 500 W. 

and dip at angles from 25° to 300 southwest. An erosion remnant of a 

Tertiary(?) basalt flow lies on the beveled surface of the tilted pre.. 

Cambrian and Paleozoic rocks (fig. 5). Faults and fissures of east and 

northeast trend cut the ore-Cambrian and Paleozoic 
rocks. 
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Copper minerals have been found in two northeast-striking fissures 

cutting the diabase. One of these two fissures is near the southeast 

margin of the Tertiary(,) basalt flow. This fissure strikes N. 70 I. 

and dips 800 to 85° WV. A pit, partly caved, exposes a weakly copper-

mineralised vein which ranges in width from knife-edge up to a maximum 

of 8 inches. The diabase is stained by iron oxides for a few feet on 

either side of the stringer. Minerals noted include azurite, malachite, 

chalcocite, and specular hematite. A grab sample from E. small pile of 

sorted ore assayed 0.02 ounce gold and 0.9 ounce silver to the ton, and 

8.62 percent copper. 

Several hundred feet north of this pit is a 60-foot adit and 20-foot 

shaft on a fault of nearly vertical attitude trending N. 600 Z. The 

diabase is iron oxide stained for several feet away from the fault. 

Along fracture and minor slip surfaces copper carbonates are erratically 

distributed. The minerals noted were malachite and chalcocite. gone of 

this material was observed in place, and it evidently occurred in narrow 

stringers and pods along the fault. 

The metal concentrations along these faults seem to be too small 

and discontinuous to constitute ore. 

'"eacock claims.--These claims are about 1 mile east of Bucket Aoun-

tain in sec. 30. T. 1 S., R. 18 Z. (fig. 4), and they are easily accessible 

by a truck trail which turns south from the new Cutter..Peridat highway 

at a point 5.7 miles west of Peridot. The claims are approximately half 

a mile south of the highway. 

William Stevens. James Stevens, end John Case located the Peacock 

claims in 1919. Shortly thereafter T. Fink and H. J. Ragan obtained an 
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ortion to purchase, but after doing asmall amount of work the option 

WRS relinquished. Yo subsequent work was done and the lease lrpsed. 

recently H. J. Hagen aprlied for a lease on the property, and at the time 

of this writing, the lease was still pending. There has been no produc-

tion from this property. 

The area is one of low relief located on the gently sloping rediment 

area thilt borders the Hayes Mountains on the east. The claims are at an 

approximate altitude of 3,700 feet. 

The country rock in the area is predominantly granite which is In-

truded by small irregular bodies and narrow dikes of fine-grained dioritic 

rodk. The granite is cut by north- to northwest-striking ftults and frac.. 

tures and is locally replaced by quartz, sericite, and chlorite. 

Several pits, cuts, and two shallow inclines have been driven on 

a north-trending shear zone in granite (fig. 6). This zone dips from 40° 

to 650 to the west at its northernmost exposure but in the southernmost 

pit the dip is reversed and is 700 oast. The zone of crushed and sheared 

granite is in part occupied by ft discontinuous vein having a maximum 

width in one pit of 9 to 18 inches; in the other pits the vein is absent 

or represented by one or more stringers. The vein contains quarts, cal-

cite, barite, rhodochrosite, and sparse pyrite grains. Malachite stain 

is also present in minor amounts but the tenor of the vein material in 

copper would probably be very low. 

In the are extending about 600 feet to the east of the nnrth-trending 

shear zone a number of pits, shallow trenches, and a 35-foot vertical shaft 

have been excavated (fig. 6). None of these exposes any veins or shows 

any marked content of copper-metallized rook. The shaft was sunk on a 
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northwest—trending slip surface that here and there shows minor amounts 

of conper carbonate stain. 

It is probable tkm: i the area of the keacock workings there has 

been some weak disseminated copper minaralization. However, it appears 

meagre nd limited in c.real extent. There is little residual limonite, 

probably owing to the rarity of pyrite, and there are very few voids with 

"relief" limonite of tiv, type usually interpreted as indicating the 

former presence of copper sulfides. There seems to be little possibility 

for the discovery of significant copper concentrations. 

Bitter ,.nring Drospect.--.Some old workings are near the upper end 

of Bitter Snring trap, on the northwest slopes of Mount Turnbull, in Oft. 

17, T. 4 S., R. 20 Z. (fig. 4). the locale can be reached only by foot 

or horsebnck. The prospect is r.ccessible from an Carlos as follows: 

Miles 

0.0 Yr= Sen Carlos travel 30.4 miles vie Peridot road 

to U. S. Highway 7C. thence oast toward Safford. 

30.4 Turn right on truck road to south. 

38.0 Turn left on eim truck trail. 

38.5 Park, and follow horse trail oast for about 1.5 

miles to iitter Spring trap. Prospect at upper end 

of fenced area. 

claims in this area were loce.ted by 7. C. 3roakett in 1920. An 

edit of unknown length, now flooded, f.nd a shcllow shaft, now caved, 

are the only workings that were noted. No production is recorded. 

The area is of moderate raggedness on th,s intricately dissected 

slopes of Mount Turnbull. At the workings the altitude is about 4,650 

37 



feet. The country rocks in the vicinity of the workings are largely 

rhyolitic and andesitic volcanic rocks, but at two places small outcrops 

of limestone of indeterminate age crop out. Inch of thsso small outcrons 

has been weakly mineralised and each has been prospecteq. 

At one of these, or the east side of a north.grending gulch above 

Bitter Spring trap, a shallow shaft ts been MIK op a coutect tetoell 

limestone and rhyolitic rock. At the contact a little si&gnetite re— 

placed the limestone. Minor malachite stains on wagnatite, aE woll la a 

little pyrite, were noted. The mineralization is less than le feet in 

length. 

The eecond of these isolated limestone outcro-os is a few hundred 

feet south of this occurrence on the west sice of tn Alch. The exposures 

are poor but near the bottom of the gulch an edit has been driven 15° 

W, on a quertv-pyriteuismagnitite sone of mineralisation. The on is 5 to 

10 feet wide. Upslope for 100 to 150 feet magnetite float found along 

the projected strike of the zone. No copper or other minerals wore noted. 

Within 25 feet of the zone andesitic and rhyolitic float is found, but the 

soil cover obscures the contact between these rocks and the limeetone. 

A sample of the quarts—pyrite mineralised rock assayed 0.01 ounce 

of gold per ton. and 1.0 ounce of silver per ton. 

:syk) significant ariount of copper, iron, or other potentially -ibliable 

mineralized rock was seen or can be inferred.. 

Geronimo prosp2p.I.—..Some workings including a 100-.foot shhft and two 

shallow cuts are located 3 miles southwest of 3y1L,s in the foothills of 

the Turnbull ,ountainr in sec. 11. rn 
- • L. a. 21 ;fig. 4). These 
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workings are believed to be a port of tie claims known originally as the 

Geronimo group. They were located OA ;uly 1, 1920, by B. i. Baker and 

others. A leetee was snbsequently obteined. The only later history known 

is thr.t, in cotimou with many othei:,, the lessees were in arrears on their 

rental paynents as lelto as 1929 and lost their lease. There hes been no 

Production. 

In this area a medium.. o fine—grained dioritic rock is intrueive 

into grtite. The ago of the rocks is not known. 'f,oth rock have 6een 

faulted and fractured, 'mat in the brief visit no atteupt was made to work 

out the structural relLtionS. 

The shaft has peen sunk on an outcrop of dioritic l'ock tbs.t is 

chloritized esd c.it by n4rrow fractures a/wig wi:ich scstc,rod srailis of 

quartz, rrite, and chalcolpyritl occur. The individual fractures average 

Jess than centimet.9r in width. iliough the shun is inaccessible, rock 

on the t.!.ump indicates that suifide:ii were hot abundeint in the s'.1aft. 

Iron oxides heve formed, Lut uzioxidise sulfides cell be found at the 

surface indicating that erosion hku kept pace with or exceeded the rate 

of oxidrtion, and suggenting that little or 4O secondary onrichmeat cuId 

be expected at depth. The length of the sent along which sulfides 

sparsely coat fractures is a few tens of feet. 

ho prospect does oot ap-paar to have com:aercial 

Tribal c4.tii-zo,.--This cleime knwn locally by this name are about 5 

miles north and a little e;Ast of Bylas at the foat of the southern slope 

of the rrila Mountiane ID vac. 33, T. 2 S., 2. 22 W.. (fig. 4). They are 

not accessible by roed, but can ba reAched, though vith 90MS difficulty, 

by jeep or truck by fording the Gila River at Bylas and going 5 miles 
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north up a southerly-draining wash. 

These claims were first located in July 1920 by James Stevens, William 

Stevens, Richard Bylas. and John Rope. The claims were visited in Janu-

ary 1953 in the company of Jeff Davis, who acted as a gui e. There has 

been no production. 

At the foot of the Gila Mountains in this area, Cambrian quartzites 

and Devonian and Carboniferous limestones are exposed. These are overlain 

by Tertiary volcanic flows. The Paleozoic rocks in general strike north-

westerly and dip at low angles to the southwest or northeast. 

The workings consist of three shallow cuts which expose a weakly 

metal used vein over a length of 200 feet along a fault striking N. 75° 

V. and dipping 75°NZ. This fault brings Cambrian quartzite on the south 

against Carboniferous-Devonian limestones on the north. At the center 

cut the fault zone is composed of about 2 feet of greenish to reddish 

clay gouge and about 2 feet of milky-white quartz veinlets containing 

calcite, specular hematite, malachite, and possibly a little fine-grained 

pyrite. The vein is in sharp contact with the clay gouge on the footwall 

side, but the hanging wall contact with the limestone is bordered by 

regular, narrow stringers of specular hematite and quarts which penetrate 

into the limestone. 

About 200 feet northwest at the westernmost pit, located where the 

fault is exposed in a saddle, the vein is composed largely of quartz 

veinlets, specular hematite, and minor amounts of malachite-stained rock. 

Here in the partly caved pit some much weathered, light-colored porphyry 

was observed, suggesting the presence of a dike in places along the vein. 

The easternmost pit is in talus and does not expose the vein. 
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A grab sample from a small pile of sorted vein matter from near the 

central pit assayed 0.01 ounce gold and 0.4 ounce silver to the ton, and 

2.27 percent copper. 

Copper prospect (name unknown).--This nrospect is 4 miles north of 

San Garlos and about a quarter of a mile east of the San Carlos-Sawmill 

road (fig. 4). Erosion has here sculptured a topography of gullies and 

low mesa.slike divides in generally flat-lying late Tertiary lake beds. 

The maximum relief is a few tens of feet. 

Three pits have been dug along the east side of a gully that follows 

ft fault which strikes about N. 200 W. and dips steeply to the west. On 

the west side of the fault are calcareous silty sandstones, which are 

faulted against alternating thin beds of limestone and tan siltstones 

on the east side of the fault. 

Copper, principally in the form of malachite, exists in small amounts 

as incrustations along seams and solution cracks in a 2-foot limestone 

bed which is underlain by siltstones and overlain by silty sandstones. 

The copper is almost completely confined to the limestone, though in the 

most northerly of the three pits, at the contact with the limestone, some 

malachite stain was found in the overlying slightly calcareous sandstone 

bed. The pits are not on the fault but within 10 feet of it, and they 

expose this meagre copper mineralized rock over a length of 70 feet. No 

copper minerals were observed along the fault. 

The occurrence of copper near the fault, though perhaps accidental, 

suggests an obvious access for the copper-bearing solutions. The writer 

does not think that this meagre occurrence is derived from the oxidation 

of any indigenous primary copper minerals, but rather that it is probably 
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due to precipitation from migrating ground water containint; some avail-

able copper. 

This deposit apnears to be too small and too low in grade to be of 

such value. 

prospect near Bucket Mountain (name unknown),.--p7)roximately 1 mile 

southeast of Bucket Mountain in sec. 16, T. 1 S., E. 17 E. (fig. 4) are 

several pits on a "bull" quartz vein cutting pre-Cambrian granite. Those 

pits were nresumably made in a search for base or precious metals. The 

vein is typical of a number of veins of this type found in the granite in 

this general area. The trend of the vein is about N. 300 W. The thick-

ness ranges from 1 to 3 feet. Sporadic float and outcrop indicate the 

body or vein to be at least 125 feet long. The Quarts, which is white 

and vitreous, is in places stained rusty brown to red on fracture surfaces 

and rarely some pyrite is seen. Pink feldspar crystals were noted* 

These veins, common to some granites, do not appear to have economic 

value. 

Iron 

Several small iron caposits are on the reservation. These comprise 

(1) several scattered small deposits on the flanks of Mount Turnbull in 

which magnetite and minor amounts of copper minerals replace small isolated 

remnants of limestone along their contacts with light-colored felsitic 

rocks (see descriotion of Bitter Spring prospect), (2) a deposit near 

Seneca where magnetite replaces Mescal limestone near a diabase intrusion. 

and (3) a deposit southwest of San Carlos where hematite replaces a lime-

stone breccia. All of these deposits appear too small to be of significance 
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as commercial sources of iron. 

Iron claims.--Three miles west of San Carlos and about half a mile 

south of the Southern Pacific Railroad tracks in sec. 16, T. 1 S., P. 

le 1. (fig. 4), conspicuous concentrations of massive hematite are exposed 

along a northwest-trending fault. (Aaims are known to have been located 

in this area by Martin Wright, et al, in September 1926, and by William 

Sparks in June 1927. No production of any mineral is recorded. The de-

posit is .explored by a vertical shaft, about 100 feet deep (but now in-

accessible). two abort edits, and several outs and nits (fig. 7). 

In this arca two low hills of Paleozoic quartzite and limestones 

are surrounded by late Tartiary lake beds which are overlain by basalt. 

In general the area is une of broad meandering wt,shes between flat basalt.. 

capped micas or low rounded hills. The upturned Paleozoic rocks are an 

isolated southeastward projection of the ridge that extends from Chromo 

Butte southe&st to Gilson Creek. Near the workings the Paleozoic rocks 

strike northwesterly and dip to the northeast, and are in contact with 

the late Tertiary rocks along a fault zone that strikes northwest and has 

a general northeast dip of about 600 . Paleozoic quartzite and limestone 

compose the footwall block and late Tertiary rocks compose the hanging-

wall block. The footwall limestone is generally shattered adjacent to 

the fault zone and brecciated limestone is common within the fault zone. 

Fear the workings, the fault zone is about 150 feet wide. The relations 

are shown in the plan anL eection of figure 7. 

Within this fault zone, in eta area about 150 feet long, prominent 

masses of iron oxides crop out. Coloration of soil indicates iron oxides 

may be present in some abundance for another 150 feet to the northwest 
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nlong the strike, whereas to the southeast, though some iron oxides may 

be present, the float indicates the fault zone to be largely of a lime-

stone-chart breccia. The iron oxides are in Dart a replacement of the 

limestone breccia and in part a filling of fractures. In placer large 

masses of unreplaced limestone-chert breccia are in sharp contact with 

massive hematite, and in contrast other contacts appear gradational. 

Some of the hematite masses contain unreplaced chart fragments. The iron 

oxides have been brecciated since their formation. 

The hematite ranges in color from black to orange, but is commonly 

deep brick red; it ranges in firmness from pulverulent to compact; the 

compact material is the most common. Small quarts crystals line cavities 

in hematite. No other minerals were noted. The writer doss not believe 

that this material represents a gosaan as there is no indication of the 

presence of former sulfide minerals such as boxwork, or earthy oxides. 

On the contrrry the hematite is massive, and in places appears to have 

directly replaced the limestone breccia. It appears more likely that 

this represents a direct replacement of limestone by an iron-bearing solu-

tion. 

Fecause of its small size the deposit would have no current value 

to an iron deposit. 

Seneca iron o'ospect.--everal small lenses of magnetite occur in the 

Mescal limestone just north 4f the road to the Phillips asbestos mine and 

about half a mile west of U. S. Highway 60 in sec. 19, T. I, N., R. 18 i. 

Diabase is intrualve into the :44iscal limestone and at and near the 

contact at least three thin lenses of magnetite ranging from 100 to 400 

feet in length and 2 to 3 feet in thickness replace the limestone. The 
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 lenses parallel the bedding which strikes northwest %Ind dips from 50-100 

trz 

If it is assumed that the lenses might continua 100 feet into the 

hill, perhaps 10.000 tons of iron ore might be inferred. The deposits 

appear too small to be of commereirl interest. 

Uranium 

Several occurrences of uranium have been discovered recently in the 

Dripping Spring quartzite in two areas, one north of Roosevelt Lake at 

the south end of the Sierra Ancha, and the other a short distance south-

east of Young. Ariz. These prospects suggest the possibility that other 

occurrences of radioactive material, some of which might be of commercial 

importance, may be found by more intensive prospecting within the Dripping 

Spring quartzite. This formation is widely distributed in the western 

part of the reservation (fig. 2). On figure 2 more than half the outcrop 

indicated by the symbol pads is Dripping spring quartzite, and less than 

hraf of the outcrop indicated by this symbol consists of the underlying 

Barnes conglomerate, Pioneer shale, and Scanlan conglomerate. 

Several days were spent by R. B. Romp, Jr., D. V. Kaines, and the 

senior author in making a reconnaissance for radioactivity in the Dripping 

Spring quartzite. The metalliferous occurrences of the reservation were 

also checked for radioactivity; no abnormal radioactivity was observed 

except in the Dripping Spring quartzite. Traverses were made through 

this formation in the Mescal and Hayes Mountains, the Apache ridge, the 

south rim of the Natanes Plateau, and in the Salt Fiver Canyon near U. S. 

Highway 60. Radioactivity was measured with a scintillation survey meter. 
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Though no material tested anproached commercial (grade, all places checked 

showed the Dripping Spring quartzite to have higher radioactivity than 

that normal for adjacent formations. In addition the racioactivity was 

found to be higher in the upper siltstone part of the formation than in 

the lower light—colored quartzite part of the formation. 

A complete section typical of the Dripping Spring quartzite in the 

reservation is exposed in Ranch Creak, 5 miles south of Cutter. Here the 

lover light—colored quartzite -.Art of the formation, approximately 120 

feet thick, has an average scintillation counter reading of 0.015 mr/hr 

(background 0.010 to 0.012 mr/hr), and the upper silty quartzite part of 

the formation, approximately 300 faat thick, has an average reading of 

0.025 mrihr. The highest reading obtained was in a zone about 13 feet 

thick approximately 20 feet above the base of the upper part. In this 

zone the average readings ranged from 0.040 to 0.080 mr/br. 

Though these readings and those of other traverses of the Dripping 

Spring do not indicate a commercial grade of radioactive material they do 

indicate a significant concentration of radioactive material in the 

Dripping Spring quartzite, particularly in the upper part of the forma— 

tion. It is possible that other places may exist where conditions were 

favorable to greater concentration; further prospecting is warranted. 

As a result of his examination of the occurrence at the Red Bluff 

prospect at the south end of the Sierra Ancha near Roosevelt Lake, Kaiser 

(1951. p. 26) offered the following suggestions of the most favorable 

places to prospect for similar uranium deposits in this region of Arizona: 

"(1) The upper member of the Dripping Spring quartzite, with special 

attention to the lower third of this member. 
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(2) 7evorable 1ck in the vicinity of dike' and faults. 

(3) Forthwesterly-trendins fracture zones that cut Dripping Spring 

quartzite." 

Reconnaissance of the Dripping Spring of the ref;ervation has not con-

firmed the last two points as favorable criteria for prospecting. How.-

ever, the observations of Kaiser in the Red Bluff area as to the relative 

favorability of the upper part of the formation are also valid for the 

widespread exposurs of the Drip-ping Spring quartzite on the reservatIon. 

Therefore in prospecting. the upper part of the formation, which is 

characterized by rusty brown and black, thin.-bedded siltstonas and fine-

grained silty quartzites, should be distinguished from the medium to 

thick-bedded, medium-grained light-colored quartzites of the lover part 

of the formation. 

Nonmetallic resources 

Asbestos 

The asbestos of east-central Arizon , Lnd of the San Carlos Indian 

Reservation is chrysotile, the principal asbestiform mineral used in 

commerce. The demand for chrysotile asbestos is large and is likely to 

remain large for some time. nowever, because of high production costs 

and difficulties of marketing, Arizona chrysotile cannot easily compete 

with asbestos from other sources for use in the construction industries. 

Arisona chrysotile has a low magnetic iron content and is particularly use-

ful for electrical insulation. Asbestos from the San Carlos Reservation 

and other Arisons vurces is likely to remain in demand for uses that re-

quire low-iron content. Arizona asbestos, of length and quality suitable 
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for textiles, usually sells at premium prices. 

Typically the asbestos of east-central Arizona occurs as cross-

fiber veins in 6- to 18-inch thick zones of liL€stn oartly or com-

pletely metamorphosed to serpeLtine. These serpentine zones perallel 

the bedding of the Mescal limestone. The deposits are spatially associa-

ted with thick sills and narrow dikes of diabas that Intruied rend cauq,?d 

metamorphism of the limestone. As noted eiirlier in this report, limestones 

of Devonian, Mississippian, and Pennsylvanian age exist ln the reservation. 

Asbestos does not occur in these limestones because they were deposited 

after the diabase was intruded and therefore were not subjected to the 

metamorphic processes that resulted in the formtior of asbestos. 

In east-central Arizona most of the asbestos deposits pre fiat-

lying; however, a number of the occurrences of the San Carlos Reservation 

are exceptions to this generalisation. lseentially horizontal deposits 

are to be expected in the northern part of the Indian Reservation (i.e.--

in that part of the reservation within the boundaries of the Colorado 

Plateau geologic province). South of the Natanes Plateau, in the Basin-

Range portion of the reservation. the Mescal limestone and therefore the 

asbestos deposits can be expected to be moderately to steeply tilted. 

Typical deposits of asbestos are roughly elliptical in plan, and 

are distributed over areas of from 1.000 to 20,000 square feet. The Bear 

Canyon deposit, which was the largest known deposit on the reservation and 

one of the largest discovered in Arizona, has been developed by stones 

totaling 100.000 square feet in area (fig. 11). 

moet of the aebestos deposits are mined by a modified room and 

pillar method. Because the asbestos-bearing serpentine sone is but a 
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small Dart of the stope face that must be opened, and because the asbestos 

veins are only a part of the serpentine sone that must be extracted for 

milling. 10 to 50 tons of rock must be mined per ton of asbestos marketed. 

In general. 25 to 35 tons of rock are moved per ton of asbestos fiber 

produced. 

Studies of approximately 100 Arizona asbestos deplsits, including 

several on the San Carlos Reservation, indicate that there were four 

geologic factors which aided the formation of asbestos in sufficient 

quantities to be mined. If adequately understood these factors can be 

very useful as criteria in prospecting or in appraising the potential 

of asbestos deposits. The four factors are: (1) favorable stratigraphic 

units (i.e.--certain favorable limestone beds). (2) proximity of the diaw 

base to these beds, (3) thrust and bedding-plane faults, and (4) small 

open folds in the limestones. 

Although small quantities of asbestos can be found in most beds of 

the pre-Cambrian Mescal limestone, deposits of sufficient areal extent 

and thickness to warrant mining exist, with few exceptions, only in or 

immediately adjacent to the thickest, most massive beds of the lower, 

flat-bedded member of the Mescal limestone. In the northwestern part of 

the reservation—that Dart of the reservation where the Mescal limestone 

is exposed in the Salt River Canyon adjacent to U. S. Highway 60.-the 

beds favorable to concentrations of asbestos occur within the following 

stratigraphic units: 

(1) The uppermost 2 to 7 feet of the lower member of the Mescal 

limestone--in other words, the limestone beds immediately 

below the massive middle (algal) limestone member (see de. 
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scriptions of the Mescal limestone). 

(2) A 10— to 12—foot thick section of limestone beds about 

30 feet below the top of the lower member. This unit 

is made up of limestones 8 inches to 3 feet in thickness; 

partings between beds include little shale or clay. 

(3) A section of beds as much as 20 feet in thickness, em)rox— 

imately 40 feet above the contact between the Mescal limos 

stone and the underlying Dripping Spring quartzite (about 

100 feet below the algal member). A fey beds in this unit 

are 1 to 3 feet in thickness, but most beds of the unit are 

3 to 6 inches in thickness. 

The units 30 and 100 feet below the top of the lower member are readily 

recognised because they crop out as prominent ledges in contrast to the 

bulk of the lower member which crops out as slopes or is poorly exposed. 

The unit at the top of the lower member can be readily identified because 

it crops out immediately below the massive algae—bearing limestone, which 

forms thick ledges or cliffs in many places on the reservation. With the 

exception of the above described units most of the lower member is of 

thin limestone beds, one—half to 4 inches in thickness, intercalated with 

calcPreous (limy) shales and clays. The thinner-bedded limestonescommon— 

ly contain serpentine and in places contain asbestos, but nowhere is the 

asbestos in minable nuantities in sua beds. 

Only the more massive, purer units should be seriously considered 

for rrospecting. There are no nrominent examples known on the San Carlos 

Reservation of an asbestos deposit in the unit at the top of the lower 

member. However, recognition of theses beds as favorable for prospecting 
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is worthwhile because approximately half of the known A.rizona asbestos 

deposits are in this unit. The Apache and Bear Canyon deposits are in 

the more massive limestones 30 feet below the top of the member. The 

"imsoo and Salt River deposits are examples of asbestos deposits in the 

lowest favorable unit. The Pine Top harsh asbestos is the only deposit 

on the reservation known to be in an exceptional stratigraphic position. 

In the vicinity of this deposit the upper part of the algal (middle) 

member of the Mescal limestone is made up of impure, flat-bedded lime.. 

stones 6 inches to 2 feet in thickness rather than the thick-bedded algae. 

bearing limestones that make up most of the middle member. Similar lime-

stones have not been observed in the middle member elsewhere on the 

reservation. The cliff-forming algae-bearing middle member is not a 

favorable host for asbestos deposits. In many places determination of 

the stratigraphic position or asbestos deposits is difficult because thick 

diabase sills separate the limertones containing asbestos and those in-

cluding a readily recognized stratigraphic horizon, such as the contact 

between the middle and lower members. However, this should be of little 

concern to the prospector, if he uses the rule that only the thicker, 

ledge-forming limestones (excepting the middle member) are likely to con-

tain minable quantities of asbestos. 

Asbestos was formed in considerable quantities only where sills or 

dikes of diabase were intruded into or near the favorable limestone beds. 

7ew minable deposits are more than 25 feet above or below a diabase sill; 

most significant deoosits are associated with diabase intrusions that cut 

across the favorable limestone beds. Some of the larger deposits--the 

'A]msco and Bear Canyon deposits are exam7les on the reservation--are in 
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slivers" of limestone partly or completely surrounded by diabase (see 

cross-sections. figs. 9 and 11). 

Pre+mineral faults along the planes between beds and thrust faults. 

which transect the beds at small angles, were probaly the most significant 

factor in determining the areal extent of the asbestos deposits. These 

beddinimplane and thrust faults seldom resulted in displacements of more 

than a few inches and the effects of faulting are in most placef! obscured 

by later metamorphism of the limestones. Therefore pre-mineral faults 

are difficultly discernible. "For the prospector's guidance the following 

features may indicate that pre-mineral bedding...plane faulting affected 

large areas: 

(1) Vertical or near-vertical small faults, some of which include 

small amounts of serpentine, apparently are numerous in areas 

of widespread beddine.plane faulting. Rarely narrow dikes of 

diabase occupy some of these faults and are offset by faults 

along bedding planes. 

(2) Much of the contact between limestone and diabase may be 

faulted and both the limestone and diabase adjacent to the 

contact impregnated with serpentine. 

(3) An irregular contact between diabase sills and limestone may 

indicate that diabase was intruded into much faulted. limestone. 

(4) Narrow veins of a white or pink, opaque, relatively hard ger-. 

pentine, that is in contrast with the generally green or 

brown, translucent, soft serpentine common to the deposits, 

is suggestive of faulting before and during mineralisation. 

The above four features are suggestive but not diagnostic 
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to prove vides)rehd be6dine.;7.nleine fLuiting. 

(5) Bedding-rlam faulting cnn be judged to have been distributed 

over areas f moderate to large ise, if oler-cut evidence 

cf thrufq fuultinc iv obrved. ThiL gvAence may com- ict of 

liv.evtone beds offset adjacent to u fault-rlane which cuts 

beddinE slk,ne% at a low azgle. :f suez k fault is 

pre-mineral unusual cvneentrations of serpentine u.nd poczibly 

Eebestos may be observed J.:1 the favorable beds ne::..r the fault. 

.14ac thin limestone 'ceds thht gre observed tc contain little 

or ne sery„ertine in most sacDoeuret may be largely converted 

to veroent!ne near such faults, narrow serpentine zones that 

tran6Pct the limestone beds at low angles reprmsent thrust 

comrletely obliterated by litter metarori,hism. If 

dikes of dicbese e:71st, they should be closely observed for 

evidence of lou-angle offs:Ats aloc,k; thrust faults. 

Small open folds. caused br 1.ntrusion of the diabase, were favornble 

strncturtll loci for the concentration of serpentine and mebesto,t. C tzon-

ly the folds occury mr area 20 to 50 feet in width mad 50 to 10C feet 

in length. The height of an anticline, dome or syncline may be 5 to 15 

feet. The etore boundaries of the Emsoo mine (see fig. 9) roughly outline 

n dome. 

Two nrecitntions should be used in exrpr4ina fold4 in !;he memcal 

limestone as indicators of possible asbestos denosits, First prediction 

that the folds will continue for more than ft fel,4 telf4 of feet from tlie 

observed exp r-ire is hAsardous, "2110 folds are the r&sult of the diabase 

magma forcing its way Into the limestone in, a hapharar attern tInd 
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therefore many folds are not continuous along a definite line of weakness. 

Second, care should be taken that the topographic expression of moderate-

ly- or steeply-dipping beds is not confused with the outcrop pattern of 

folds. Prospectors attempting to identify minor folds in the Mescal 

limestone commonly mpke this error. 

The premise that unusual quantities of serpentine are a good indica-

tion of a possible nearby body of minable asbestos is widely held among 

mine operators and prospectors. "Unusual nunntities of serpentine" means 

a sone of serpentine more than 4 or 5 inches in thickness or much ser-

pentine erratically distributed through a 2- to 5-foot thickness of lime-

stone. In general this premise is true, but exceptions are so numerous 

that this criterion should be used with much caution in prospecting. 

The ratio of asbestos to serpentine in the metamorphosed limestones 

varies greatly. For some deposits that have been mined the ratio of 

asbestos to serpentine is approximately 11, for other deposits the ratio 

is less than 1:10. Some beds of the Mescal limestone characteristically 

were metamorphosed to soft, talc-like serpentine. This type of serpen-

tine, which may be difficult to distinguish from other varieties—especially 

in a weathered outcrop, has nowhere been observed to include asbestos 

veins. Some limestones of the formation were altered to a serpentine which 

occurs in wavelike, in many places discontinuous, bands. Although large 

amounts of such serpentine may exist, and locally include wide veins of 

asbestos, few such deposits are continuous; the mining of asbestos from 

such deposits has not been economically feasible. In places considerable 

amounts of serpentine, that includes asbestos veins, have been observed 

in the massive cliff-forming algae-bearing limestones of the middle 
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member of the Mescal formation. Such deposits have °roved not to be 

minable. If the above exceptions are kept in mind, the degree of ear-

pentinization of the limestones can be effectively used as suggesting 

a possible minable deposit of asbestos. 

Bedding..plane faults in the limestone were the reult of adjustment 

during diabase intrusion. Therefore, asbestos deposits of Arizona can 

be segregated into two categories: (1) those deposits localized in a 

narrow belt where adjustments between beds were confined to the vicinity 

of a single discordancy between diabase and limestone and (2) deposits 

localized where bedding-plane adjustments 7crepared the limestones over 

an area of considerable lateral extent. Most examples of extensive bedding,-

plane faulting occur where several discordant diabase-limestone contacts 

exist within an area of a. few acres. Most of the asbestos deposits of 

east-central Arizona fall in Category 1 and are readily recognized as 

limited in potential. In general, deposits of Category 1 have a poten-

tial of 10 to 50 tons of all grades of asbestos; exceptionally, deposits 

of this type may yield a few hundred tons of fiber. Deposits of Category 

2 may yield a few hundreds to a few thousands of tons of asbestos. There-

fore in prospecting, those areas where multiple discordancias between 

diabase and favorable limestones exist warrant the greater attention. 

Folds and thrust faults are likely to be common in such areas; the lime-

stones--including those not favorable to the formation of asbestos--also 

are likely to be much metamorphosed where multiple structures exist. 

The usability of chrysotile asbestos &mends in large part on 

adequate tensile strength and flexibility. In a number of instances 

prospectors have been disappointed on developing an asbestos deposit, 
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because the asbestos had been altered by percolating ground ws.ters and 

rendered useless or of low value. :ale asbestos of rost outcrops is of 

poor quality due to weathering; the prospector should estimate the derth 

away from the outcrop that weathering and leaching of the rock Is likely 

to persist. If the limestone and cerpentine along vertical or near ver-

tical fractures and joints is chalky, bleached or pulverulent, ynd if 

these openings have been widened by solution the asbestos is likely to 

be deleteriously altered for a considerable distance from the outcrop. 

The asbestos-bearing limestones that crop out along steep canyon walla 

also are likely to have slumped from their ,-,rigin.1 position where there 

has been considerable alteration by percolating waters. The same criteria 

can be used, in part, to judge whether or not mine workings will str-nd 

without timber. 

The Mescal limestone and associated diedu.se intrusions crop out 

only over a small part of the western third of the San Carlos Reservation 

(fig. 2); therefore asbestos deposits can be expected only in a few 

areas. /rive areas which can be considered for asbestos potential are: 

(1) the extreme northwestern part of the reservation--roughly that part 

visible from the portion of U. S. Lighway 60 that traverses the Salt 

River Canyon. (2) the area of Mescal limestone outcrop that extends 

northwest from Blue 11.ver to the western boundary of the reservation 

along the southwestern escarpment of the Natanes Plateau, (3) the small 

area of Mescal outcrops 1 to 2i miles south and southwest of Cassadore 

Spring along Oak Creek and its tributaries (fig. 2). (4) the ridge termed 

in this report Apache ridge, southeast of Chromo Butte, and (5) the 

Hayes...Mescal kountains area. 
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The Mescal limestone of northwestern part of the reservation is the 

most likely host for asbestos deposits of all the Mescal limestone on 

the reservation. This part of the Mescal outcrop includes competent 

limestones favorable to the localisation of asbestos and the limestones 

are intricately intruded by diabase. This area, because of ready access, 

has been thoroughly prospected. Therefore it is unlikely that many as-

bestos occurrences, in addition to those now known, will be found. Hope 

for additional asbestos resources from this area rests mainly in possible 

extension of ore reserves by exploration of the known occurrences. Hotr-

ever, most of the deposits of the northwestern part of the reservation 

have been moderately well to thoroughly explored. 

The Salt }jiver upstream from its junction with Sawmill Creak is 

in a steep-walled canyon that is difficult of access. Mescal limestone 

crops out in this section of the canyon as far east as sec. 30. T. 5 Y., 

R. 19 R. In section 30 all of the Mescal limestone except the bottom 

half of the lower member was eroded away prior to deposition of the Martin 

limestone. This easternmost Mescal outcrop includes two asbestos deposits 

on the north side of the river; no asbestos was found in reconnaissance 

of the Mescal on the south side of the river on the San Carlos Reserva-

tion. Prospecting is probably warranted between section 30 and Sawmill 

Creek. However, it is possible that the Mescal is missing due to pre. 

Martin erosion through a large part of this interval. No asbestos de-

posits have been reported in this interval of the canyon. 

Most of the Mescal limestone that crops out along the southwestern 

rim of the Fatanes Plateau is difficult of access and the potential for 

asbestos deposits in this belt is poorly known. From the vicinity of 
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Hilltop westward the distribution of limestone and diabase is poorly 

understood; the Mescal outcrop pattern shown on figure 2 for this area 

is extrapolated from knowledge of the position of adjacent forumtions. 

Until field work, beyond the scope possible in this investigation, 

demonstrates the existence of Mescal limestone in juxtaposition with 

diabase the potential for asbestos deposits cannot be appraised along 

this part of the escarpment. It is possible that the Mescal limestone 

was eroded away locally in this area prior to deposition of the Paleozcic 

sedimentary rocks or may not crop out because of fault displacement. 

The Boar Canyon mine, the largest producer of asbestos on the 

reservation, is near the southeastern end of the Mescal outcrop that 

parallels the Natanos escarpment. The limestones of this area are favor-

able for the localisation of asbestos and diabase is intruded in proximity 

to the favorable limestone units in several places in the vicinity of and 

up Bear Creek from the Boar Canyon mine. The upper tributaries of Bear 

Creek have been much prospected. Unfortunately nost of the deposits 

discovered have contained harsh or semi-harsh asbestos. However, favor-

able units of the Mescal limestone have been folded and intricately 

inflated by diabase in this area; therefore, continued search in this 

area could result in the discovery of significant deposits of asbestos. 

South of Cassadore Spring the area available for prospecting is 

small. Although this area could easily be made accessible for mining 

and is adequately accessible for prospecting, the asbestos found to date 

has not been in sufficient quantities to encourage development. 

Although Mescal limestone crops out along a large part of pache 

ridge (fig. 2), much of the limestone is not intruded by diabase. there-
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fore asbestos deposits cannot be expected along the length of a large 

Dart of the ridge. The limestone beds immediately below the middle member 

of the formation and a 5- to 10-foot limestone unit aprroximately 40 feet 

below the top of the lower member are favorable to the formation of 

asbestos; the lowest favorable unit of the Salt Tniver part of the reserva-

tion has not been observed in this area. ;awns diabase is not intruded 

into the Mescal the outcrops of unmetamorrhosed dolomitic limestone of 

Apache ridge are buff to brown in color, and no serpentine can be observed. 

By use of this criterion large parts of the Mescal outcrop along Apache 

ridge can be rejected for prospecting. The metamorphosed limestones, in 

which additional asbestos deposits might be found, are gray to white in 

color and serpentine is not uncommon. 

Two general areas for prospecting are known on Apache ridge. One 

of these areas is adjacent to the western boundary of the reservation. 

Asbestos deposits discovered to date in this part of Apache ridge have 

been too small to warrant development. The second area is that in the 

vicinity of the Apache mine. 5 miles northeast of Cutter. Modest produc-

tion has been made from the Apache mine since 1951 lekd a number of as-

bestos-beering outcrops are known within half a mile of the mine. The 

existence of favorable limestone beds in proximity to minor diabase in-

trusionA, and the number of known occurrences of asbestos in the vicinity 

of the Apache mine, suggests that considerable prospecting is warranted 

along this part of Apache ridge. The formations of this sub-area dip 

BC much as 30 degrees to the south and west and northwest-trending faults 

offset the formations in a number of places. Because of the dip of the 

formations and the depths to which water percolation along faults and 
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joints has caused decomposition of serpentinized limestones, difficulty 

in mining can be anticipated if other significant daposits nre discovered. 

A minor deterrent to prospecting in this area is the fact that asbestos 

of most of the known occurrences tends to be harsh. 

Peconnaissance of the Rayes Mountains and thnt part of the Mescal 

Mountains included in the reservation suggests that these mountains are 

probably not promising areas for discovery of minable Quantities of as-

bestos, because the limestones of these mountains are not of the type 

favorable to the localization of significant asbestos deposits. Individual 

limestone beds of the lower member of the Mescal thin, and the lower 

member includes more calcareous shale es the Mescal limestone is traversed 

from north, in the vicinity of the Salt River, to the south in the Hayes 

and Mescal Mountains. Thin-bedded and shaly limestones of this area 

probably were not favorable hosts for the localisation of asbestos. From 

Led Whiskers Spring in the Raves Mountains southward the formation thins 

and the lithology changes from a section characterised by thin cherty 

limestone beds intercalated with calcareous shales, to a section made up 

almost exclusively of chart and siltstone. Asbestos does not occur in 

siliceous sections of the Mescal. 

In the Hayes Mountains asbestos is likely to occur in minable quan-

tities only at one horizon; that horizon is at the base of the middle 

member. The massive limestones of the bottom few feet of the middle 

member and the thin, but relatively shale-free beds of the topmost 5 to 10 

feet of the lower member, are the only limestones of the Mescal of this 

area that are likely to be sufficiently competent to hey, favored forma. 

tion of considerable auantities of asbestos. Although occurrences of 
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asbestos do exist at several horizons in the lower member in the Hayes 

Mountains, tho only occurrences promising enough to encourage explorntion 

have been found at the contact between the middle and lower members. 

None of these occurrences have proved large enough to be mined. 

For convenience, descriptions of individual deposits of the north. 

western part of the reservation are included under the geographic head-. 

ings: Sawmill Canyon subarea. I. S. Hole Canyon snbarea, and salt River.. 

Cionega Canyon subarea. Also, asbestos deposits are described only for 

the Bear Creek Dart of the Mescal outcror of the south escrrnment of the 

Natanes Plateau. 

Sawmill canyon subarea 

In tho past, several claims have been made in the area at and near 

the junction of Sawmill C;anyon with the Salt River Canyon. This is about 

2 miles east of the L. 31ghway 60 bridge crossing of the Salt River 

and is in secs. 29 and 30, T. 5 N., R. 18 1. (fig. 4). The area is 

accessible only by foot or horse trail from U. S. Highway 60 south of the 

river or from ths north side of the river by a steep road, no longer main— 

tained. which descends from U. S. Highway 60 to within 100 feet or so of 

the north bank of the Salt River. The claims can then be reached by 

fording the river on foot. 

Wonder claims.--The "Salt River in this area flows in a southerly 

course and is joined by Sawmill Creek, which at its mouth has a westerly 

course. The Wonder claims are located along the Salt River, just south 

of its junction with Sawmill Creek. These claims were first located by 

John Malone in December 1921, etnd a lease was obtained in July 1922. 
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Sore prospecting and a little underground work was done. No production 

is recorded and the lease lapsed because of delinquent rental payments. 

In 1947 skinner, ?aidhetd, And Lovier relocated tnis ground and some of 

the adjoining Silk clAims as the Apache claims. A lease obtained in 1948 

was subsequently cancelled because no work was done. 

A segment of generally flat-lying Mescal limestone is enclosed be-

tween two thick diabase sills some 100 to 150 feet above the bottom of 

the canyon (fig. 8). rho segment of limestone at the workings is about 

70 feet thick. About 6 to 7 feet above the lower diabase sill and about 

1 foot below the bottom of the middle member a 9- to 12-inch thick 

serpentine band occurs that contains several asbestos veins. The main 

workings consist of two edits located about 100 feet apart along the 

outcron. 

At the southernmost adlt, whioh is 26 feet long with one 20-foot 

left-hand branch, three-fourths to 2 inches of soft to semi-harsh fiber 

le ernose0; 100 feet north at the mouth of the second adit, which is 48 

feet long, only three-fourths to 1 inch of fiber ie exposed, and little 

or no fiber is exrosed at the face. 

About 300 feet northeast along the outcrop is a cut that apparent-

ly explores the asbestos horizon described above. In the cut a vein 

of three-fourths of an inch semi-harsh fiber is exposed 4 to 5 feet 

above the diabase contact end 1 foot below the ales1 limestone contact. 

Another intermittent esbestos vein ranging from knife-edge to half Ln 

inch in thickness occurs about 10 inches below this horizon. 

Silk clsims.--The Silk claims on the north side of Sawmill Canyon 

were located by William M. Malone in 1921. A lease was obtained in 
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July 1922, and some underground work (fig. 8) was done resulting in a re-

puted nroduction of 3 tons of fiber. The workings are situated about 150 

feet above the canyon floor at the top of a nearly vertical diabase cliff. 

An aerial tram, still in existence, was built across Sawmill Canyon to 

facilitate transportation of supplies and eouipment. There is no trail 

to the workings end they can be reached only by scaling the cliff. 

The main workings are on the same segment of Mescal limestone on 

which the "onder and Apache claims are located. Here on the north side 

of Sawmill Canyon the segment of limestone included between the diabase 

sills is approximately 23 feet thick, considerably thinner than that at the 

main workings on the Wonder claims. 

Two asbestos zones are exposed. 4 feet and 10 feet respectively 

above the lower sill. The lower zone is at the floor of the workings and 

consists of a serpentine band about 9 inches thick. About l to 2 inches 

of harsh fiber are exposed. The upper serpentine band. about 1 foot below 

the bottom of the middle member. is 9 to 12 inches thick and contains 

1 to 2 inches of fiber. 

About 30 feet to the east the asbestos veins, if present, are covered 

by talus, but where last observed along the outcrop the upper serpentine 

band contains a maximum of half an inch of fiber; the lower band is not 

exposed. To the west the asbestos veins are poorly exposed by two pits 

within 200 feet of the main workings. One of these, within 100 feet. 

shows 1 to l inches of harsh fiber. Little fiber was seen in the western-

most out. 
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I. S. Hole Uanyon subarea 

I. S. Hole Canyon is drained by a north-flowing tribatary of the salt 

River which joins that river at a point about 1 mile east of the Salt 

Myer bridge (fig. 4). The canyon is rimmed by Martin formation and Troy 

Quartzite. These formations are underlain by a thick diabase sill which 

forms the major part of the rock exposed in the canyon sides. A thin 

segment of Mescal limectone both overlain and underlain by diabase sills 

occurs in places near the canyon bottom. 

Unnamed asbestois prospect.--On the east side of I. S. Hole Canyon at 

point two-thirds of a mile south of its mouth au old cut is found. 

history is known. In the bottom of the cut an asbestos-bearing serpentine 

band is incompletely exposed. The segment of Mescal limestone is about 

8 feet thick at this place and the asbestos horizon is about 5 feet above 

the diabase contact. A few tens of feet along the outcrop to the south 

the limestone segment pinches down to about ) feet in 'alio:km:se; a similar 

distance to the north the segmaut thickens to 12 feet or more. 

Only one..half to three...fourths of an inch of harsh to semi-harsh 

fiber is exposed in the pit. About 50 feet slang the outcrop to the north 

some 1-inch fiber float was found. 

Sulphur Springs claims.--Al the head of I. S. Hole Canyon in sec. 29. 

T. 44 N.,, E. 18 E. (fig. 4), and 1 mile east of Seneca a few pits have 

been dug on an outcrop of Mescal limestone that is intruded by diabaLe 

below, and overlain by Troy quartzite. The location can be reached by 

a poor truck trail that goes east from U. S. Highway 60 at Seneca. 

Two claims, known as the Sulphur Spring, Nos. 1 and 2, were located 

here by Ned Brown in 1950. No earlier history is known. The only workings 
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seen were a cut and a 10-1'oot edit located about 15 feet apart along the 

outcrop. 

The Mescal limestone here strikes N. 700 W. And dine 350 NZ. Dia-

be.se is not exposed but float and soil about 30 feet downslope below the 

o.sbestos suggest that diabase intrudes the limestone a short distance 

below the oatcrop. 

The fiber zone exposed in the two workings is composed of white to 

light green serpentine 24 to 30 inches thick. In the cut 1 to 2 inches 

of soft fiber is present. The stub udit to the west contains 2 inches 

of fiber in numerouw narrow veinlets avera6ing less than one-eighth of 

an inch in length. Some slip fiber was seen. The base of the algul 

limestone is 5 feet above the fiber zone. 

Laterel extension of the fiber zone is untested. Outcrops are 

poor Lad stripping or facing of the outcrop would be necessary to 

property test its extent. 

Salt River..Cienega Canyon subarea 

Diabase is in discordant contact with favorable limestone units 

in many places in Salt River-Cienega Canyon. The area was thoroughly 

prospected in the early 19201 s1 and has since been frequently reviewed by 

prospectors, especially after the building of U. S. Highway 60 which 

made the area readily accessible. The deposits described below are the 

only deposits in the area that have attracted especial attention from 

prospectors and mine operators. It should be noted, however, that in 

addition to the described deposits, a number of asbestos occurrences, 

all presumed to be small by operators, crop out along Cienega Canyon 

between Tattoo and Pine Ton deposits. 
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Rmsco mine.--The Flamm mine is approximately 1 3/4 miles southwest 

of the Highway 60—Salt River bridge and a few hundred feet east of the 

west boundary of the reservation. The deposit, which crops out on a 

steep canyon wall, is accessible from Globe by 38 miles of paved med. 

1.1 miles of good dirt road and about 1,500 feet of poor trail. Claims 

including WA deposit were located in 1921. The principal years of 

production were 1928-30 and 1936..38. Wilson (1928, p. 58) reported that 

during intermittent operations before 1928 some 30 tons of crude fiber 

were rroduced. From records of the U. S. Bureau of Indian Affairs it is 

estimated that 80 tone of No. 1 and No. 2. and 130 tons of No. 3 fiber 

(Arisona classification). plus 2.700 tons of will rock were mined between 

1928 and 1941. No information is available as to the quantity of asbestos 

recovered from the mill rock. Most of the asbestos taken from this deposit 

was soft; much of the asbestos remaining is harsh or in such small quan— 

tities as to bevmminablo. The mine has been abandoned and stripped of 

all equipment. 

The asbestos of the Assco deposit is in two zones 141 feet apart, 

which are in a sliver of Mescal limestone. 35 to 40 feet thick, overlain 

and underlain by thick diabase sills. The limestone sliver is bounded 

on the southeast side by a soathwestuitronding diabase dike that connects 

the sills. Approximately 100 feet northwest of the northernmost portal 

of the mine the outcrop of this sliver terminates against crosscutting 

diabase (fig. 9): travertine covers this discordancy at the surface so 

that the strike of the contact can only be postulated. 

The favorable limestone beds were "domed" over irregularities in 

the underlying diabase sill and aajacent to the dike which bounds the 

66 

https://1936..38


sliver to the southeast (see sec. B-50 . fig. 9). The area of greatest 

deformation is now approximately outlined by a store. 200 feet in 

diameter, on the upper asbestos zone. In this area stresses imposed by 

the "doming" were relieved along numerous small-scale thrust and bedding.. 

plane faults. Asbestos was concentrated where faults are most numerous. 

The upper zone was the most productive; asbestos has been mined from 

the lower zone only adjacent to a minor discordancy in the underlying 

sill (see sec. Ap-Al. fig. 9). 

The lower zone has been explored by several hundred feet of drifts 

that extend southwestward from the stored area. In many places the beds 

adjacent to the lower horizon contain little serpentine and no asbestos. 

In other places traces of asbestos can be noted, and in a few places along 

these drifts the serpentine zone is 4 to 9 inches thick and includes 

!asbestos veins aggregating 1 to 3 inches in thickness. The thickest 

concentrations of asbestos exposed by the drifts are harsh fiber. 

The upper horizon is explored southwest of the stops by a few raises 

from the drifts that explore the lower horizon, and by a drift that ex-

tends 350 feet southwest from the main stope. Traces of asbestos can be 

observed in a few places where the upper horizon is exposed by these 

workings; in general vary little serpentine exists at the level of the 

upper horizon where it is exposed south and west of the stoped area. 

The exploratory workings southwest of the stoped area penetrate 

flat-lying limestones that were little deformed on intrusion of the die-

base. Very little bedding-plane adjustment can be observed in these 

flat-lying beds. The lack of folds and faults very likely accounts for 

the lack of asbestos in the explored areas. 
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The limestones are likely to have been the most deformed and therefore 

most favorable to localisation of asbestos adjacent to the dike which 

bounds the limestone sliver on the southeast. Unfortunately, the explora. 

tory workings are not adequate to confirm the existence of the dike south 

and southwest of the stope area. Northeast-trending low-angle faults of 

minute displacement observable in the southernmost mine workings may repre-

sent the belt of fractures along which the dike was intruded, and thin 

(6-inch) discordant diabase sills along a few of these fractures may repre-

sent thinned extensions of the dike. If this interpretation is correct 

little probability for other minable asbestos bodies exists in the 

immediate vicinity of the ilmsco asbestos deposit. As an alternative, 

the diabase dike may not have pinched out but may have been diverted in 

a southerly direction as interpreted on figure 9. If the dike bends in 

a southerly direction there is a possibility that additional ore shoots 

exist adjacent to the dike. The expense of equipping and rehabilitating 

the mine for the purpose of testing this possibility is probably pro-

hibitive, as the shoots would probably be small. It has been adequately 

demonstrated that the area encompassed by the exploratory drifts southeast 

of the stopos is devoid of minable quantities of asbestos. 

Pine Top asbestos claims.--The ?in* Top deposits are 1 mile south-

southwest of the ffighway 60-Salt Liver bridge, and crop out on the steep 

north slope of a hill that overlooks the "Mule goof Bend" of the Salt 

River. The deposit is readily accessible from U. S. Highway 60 by li 

miles of dirt road. From oral reports of several past operators it is 

estimated that 100 to 125 tons of harsh fiber and 2 to 3 tons of soft 

fiber were mined from these deposits prior to 1943. Since World War 11 
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possibly as much as a few hundred tons of hersh fiber hpve been mined 

from the Pine Top deposits. The following descriptions are from notes 

made by Shride in July 1946; recent mine developments have llot been 

observed by the writers. 

Two asbestos-serpentine zones, 8 feet apart, occur near the top 

of the middle member of the Mescal limestone. In this locality there 

is a gradation upward from the massive, relatively pure, algae-bearing 

limestones usually observed in the middle member to impure, silty, thinly 

laminated, flat-bedded limestones. The lower of the two zones is at the 

top of a 2-foot thick, siliceous limestone bed, and is 4 to 6 feet above 

a diabase sill approximately 200 feet in thickness. Those zones, which 

include only harsh asbestos, have been exposed intermittently along 1.800 

feet of east-trending outcrop by benches and short edits. The limestones 

o oo 
dip 5o to 12 S. (average 6 ) at the west end of the outcrop and b to 

130 X. (average 100 ) at the east end f the outcrop. iaposures are 

almost continuous for 500 feet along the westernmost part of the outcrop. 

which has been exposed by benching. Traces of asbestos to veins totaling 

6 inches in thickness can be observed in the lower zone; the upper zone 

includes asbestos only in a few places through this 500-foot interval. 

The easternmost 30C-foot part of the outcrop tends to slough, therefore 

asbestos is observed only intermittently at the outcrop. However, in 

1946, four adits--two of which were 140 feet in length--exposed consider-

able quantities of harsh fiber along this easternmost interval of the 

outcrop. 

The asbestos horizons of the 1.000-foot interval between the eastern 

and western parts of the outcrop are in most places poorly exposed; how-
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ever the broken material in a few pits and dumps suggests that ct lest 

in places through this interval 2 to 1 inches of harsh asbestos exist. 

The etistern part of the line Top area is the most promising for 

large quantities of asbestos, because thrust-faults and minor flexures 

in the limestones occur in this part. This is the only nart of the de-

posit in which the harsh asbestos has been found in sufficient quanti-

ties to encourage much underground mining. Veins aggregating 3 to 8 

inches in thickness were observed in several places; most of the asbestos 

seen was in the upper sone. A stops 120 feet long and 20 to 60 feet 

wide had been madG in this part of the deposit before 1946. It is said 

that considerable additional stoping has been done since 1949; however, 

only harsh fiber was mined. 

Zverywhare in east-central Arizona that deposits have been observed 

in the impure beds near the top of the middle member of the Mescal lime-

stone the asbestos has been very harsh. Although considerable quantities 

of asbestos may be found in this part of the limestone on the Pine Top 

claims, all of the asbestos is likely to be harsh. It should be noted 

also that the host beds for the harsh asbestos are very friable. There. 

fore considerable timbering is necessary and barge stopes are difficult 

to keep open. Unless a special market can be developed for this asbestos 

the harsh fiber deposit of the Yine Top claims will probably continue to 

be difficult to exploit economically. 

Additional asbestos-serpentine zones crop out approximately 300 feet 

below and on the same north-facing hillslope as the harsh fiber deposit 

of the Pine Top claims. The 2C0.foot sill that underlies the harsh 

fiber deposit overlies a section of algae-bearing limestone approximately 
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80 feet in thickness. A partial section of the lower member approximately 

50 feet in thickness exists immediately below this part of the middle 

member and is in turn underlain by another thick diabase sill. 

Veins of soft to semiharsh asbestos are exposed for several hundred 

feet along the outcrop at horizons 1, 4. and 27 feet below the top of the 

lower member of the Mescal limestone. Along most of the outcrop of the 

three zones the asbestos veins total less than 1 inch in thickness. An 

80.foot adit and a stone 20 feet wide and 40 feet long expose s segment 

of the zone 1 foot below the middle member. At most only a few tons of 

soft asbestos were mined from this zone. At the outcrop in the vicinity 

of the edit and the stops, which are 30 feet apart. 1 to 2 inches of 

asbestos exist. However, in places the asbestos veins pinch out. For 

example, at the portal of the 80-foot edit 2 inches of asbestos occur, 

but 30 feet into the edit the veins pinch out and in the last 50 feet 

of the edit only traces of asbestos can be found. 

The serpentine zone 1 foot below the middle member contains more 

asbestos than the other two zones. Although the asbestos of this zone 

is mostly of good quality, the fiber exposed is not in greKt enough quan-

tities to be minable. There are no indications of geologic structures 

that would be suitable for exploration in the vicinity of these outcrops. 

Great View mine.--This property is in sec. 35, T. 5 N., . 17 i. 

(fig. 4) about half a mile east of the southern extremity of Mule Hoof 

Bend on the Salt River. The workings are a few hundred feet west of 

U. S. Highway 60 at an altitude of 4,400 feet. 

George P. Bartlett. John C. Bartlett, Andrew J. Dunaway, and John B. 

Cobb located claims in this area in 1921. A lease was approved in 
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January 1922, and a small amount of work was done including an edit and 

several cuts. In early 1953 rnest Victor began to work this prospect. 

At the main workings is an asbestos-bearing serpentine band, 

to 2 feet thick, in the Mescal limestone. This band has been explored 

by an 80-foot adit with two left hand branches, 40 t,mA 35 feet long 

respectively. A concordant diabase sill is about 9 feet below this zone. 

Fifty feet south of the edit portal the diabase becomes discordtnt and 

breaks sharply up across the beds. To the north along the outcrop, at 

a point about 100 feet from the adit, the sill becomes discordant and 

cuts downward away from the asbestos zone (fig. 10). 

At the south end of the outcrop the asbestos-bearing serpentine zone 

abuts against the crosscutting diabase. Immediately adjacent to the 

diabase contact the serpentine zone is essentially barren of asbestos, 

but within 20 feet asbestos appears and for about 50 feet along the 

outcrop averages between 1 and 2 inches of fiber. In a stub edit 100 

feet north along the outcrop from the crosscutting diabase only half an 

inch of fiber is present, and in a cut 200 feet from the contact no fiber 

was seen. 

Within the workings the fiber averages between 11 and 2# inches in 

aggregate length. It is in general semiharsh though some is of better 

quality. The face of the 80-foot edit is in diabase, and it has apparently 

penetrated the discordant diabase dike against which the asbestos-bearing 

band abuts at the surface. At the face this discordant contact strikes 

approximately F. 50o I. and. dips from 30op 
to 35o NW. 

As indicated by the surface and underground exposures, the best 

asbestos showing appears limited to an elongate zone 40 or 50 feet wide 
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0,ich trend northeast paralleling the discordant disbase centect. 

rrom the lower fiber zone, which is just below i.e base of the middle 

member, to the top of the hill, Approximately 150 feet of Nemcal limestone 

ir exposed. In acidition to the lower fiber zone, five other fiber zones 

were noted. The test two of these have bAen prc, epeciec: in t, site-.11 weer. 

One of these two zones about 20 feet above the lower workings is 

explored by a cut that exposes a 6- to 9-inch serpentine band containing 

one-hqlf to inches of semi-harsh fiber. The zone is an alcal limestone 

of the middle member. A 2-fnot diabase dike 3 feet above tbis fiber 

horizon crosses the bedding at a low angle and may follow a thrurt fault 

(see cross-section. fig. 10). 

The other prospected 'Aber zone, also in the algal limestone, is about 

80 feet above the main lower wcrkings, and this eone is prospected by two 

cuts and two stub.0adits. Some fiber was being "gophered" here in June 

1953. These workings are distributed along an outcrop length of 120 feet 

end expose a fiber zone which contnins an eggregate of 1 to 2 inches of 

fiber. This zone shows evidence of faulting and slip fiber is present. 

The areal extent of this fiber zone is definitely limited by the discordant 

diabase contact to the sonth. east, and north and the topography on the 

west. The other zones contain short harsh fiber in veins ranging from 

one-fourth to one-half inches in thickness. 

Though six asbestos zones are Typarently present, repetition of the 

beds is suggested by the section, and it is believed a thrust fault may 

be present (sec. &-A, fig. 10). If this interpretation is correct there 

are actually only four asbestos-bearing zones. Several smrll-scale 

thrusts of northwest trend and southwest dip are exrosed in the underground 
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workings. Movement on these amounts to only x! few inches. Several low-

angle slip surfaces of northwest trend and northeast dip are present in 

the massive algal limestone above the main lower workings, but these 

are not shown on the map. 

Salt liver (Sorsen-Williams) claims.-...The Salt Fiver claims are half 

p mile southeast of the U. S. flighway 60-Salt River bridge. Highway 6c 

ascends the south wall of the Salt River Canyon, as a series of"horse-

shoe...like" loops. The westernmost exposure of asbestos on the Salt Elver 

claims is at the top of the roadcut of the lowest of these loops. From 

this point southeastward and southward asbestos crops out discontinuously 

through an interval of 1,800 feet along the rim of the lowest topographic 

bench of this part of the canyon. 

A few pits and short adits,made prior to 1940, exposed a part of this 

outcrop. However no attempt was made to extensively prospect the asbestos 

deposits of this area until W. W. Sorsen And W. C. Williams, as the 

Sorsen-Williams Mining Co., started an exploration program in 1951. During 

1951, 1952, and 1953 several hundred feet of the rim-rock were cleared 

of debris by bulldozing to expose the asbestos-serpentine zones. The 

western part of the outcrop was further tested by two adits, one 80 feet, 

the other 100 feet in length, and one area near the eastern end of the 

outcrop was explored by an adit and drifts totaling 600 feet in length. 

The asbestos of the Salt River claims occurs at two or more horizons 

in competent, medium. to thick-bedded limestones. These limestones are 

those of the favorable stratigraphic unit that is a few tens of filet above 

the base of the lower member of the Mescal limestone. The beds are gen-

erally horizontal in attitude. 
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A sill, at least 50C feet in thicitness, overlies the limestone. 

The contact between the diabase ad the underlying limestones undulates, 

and is significant in a discussion of these deposits. ;done three inter-

vals of the rim rock the base of the sill is in contact with limestones 

stratigraphically lower than those favorable to asbestos localisation, 

and in three places on the claims the base of the sill is etratigraphically 

above the favorable beds. The favorable beds can be visualised, in cross.. 

section, as occurring near the tops of "islands" or "hummocks" of limestone 

that are separated by shallow troughs filled by diabase. 

The following descriptions are references to the exposure of asbestos 

in the roadcut of Highway 60. Much of the contact between the sill and 

the limestones and much of the rim-rock exposure of the asbestos zones 

can not be seen at the present time because debris has slumped down across 

the stripped outcrops. Therefore the descriptions are based on exposures 

observed at various times during the 1951-53 exploration program. 

Asbestos apparently exists continuously for a distance of 450 feet 

southeast of the roadcut exposure. This zone, which is 1 to 3 feet below 

the diabase sill, is 4 to 8 inches thick and includes veins of soft 

asbestos totaling one-half to 3 inches in thickness. The cumulative thick-

ness of the veins in most exposures is 1 to 14 inches. The asbestos, 

limestone, and overlying diabase of this interval are much decomposed due 

to weathering. Near-surface slump and creep of the limestone and diabase 

has occurred. The exposures observable in bulldozer cuts and in the 100.. 

foot edit suggest that broken heavy ground can be expected a minimum of 

150 feet away from the outcrop. Because the asbestos will be decomposed 

end mining costs would be excessive in the broken ground, the asbestos 
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deposit adjacent to this interval o f the outcrop would be very difficult 

to explore or mine. 

In an interval 450 to 550 feet southeast of the roadcut the outcrop 

is partly covered by debris; however, it is likely that through this 

interval the contact between the limestone and the overlying diabase 

is trough—like, and the sill is in contact with limestone of a lower 

stratigraphic horizon than that of the asbestos zone. It is therefore 

probable that in this 100—foot interval no asbestos zone is present. 

.outhaast of this trough...like depression the asbestos—bearing lime— 

stones are exposed in the contact on the nose of a small ridge thAt 

trends northeast. On this nose the base of the sill is 5 to 15 feet above 

the asbestos—serpentine zones. The asbestos-bearing outcrops are truncated 

on the oast side of the ridge where the contact with the overlying sill 

cuts discordantly down across the limestone. This discordancy trends 

westerly and dips to the south, thus the asbestos—bearing limestones 

are truncated southward into the hill and only a small area beneath the 

nose of the ridge is available for prospecting. Quarry faces on the 

north and east sides of the nose and an 80—foot edit on the east side 

of the nose expose two serpentine—asbestos zones, which are 1 foot apart. 

Zach zone ranges from 3 to 6 inches in thickness. The upper zone includes 

veins of asbestos totaling three—quarters to 2i inches in thickness; 

the veins of the lower zone are one—half to three—quarters of an inch in 

thickness. The fiber tends to be harsh but is of moder,te strength. 

Most of the veins are minutely Darted and the fiber short. 

Between the asbestos deposit on the nose of the ridge and ti third 

deposit to the south the base of the diabase sill, through a rim—rock 
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length of 650 feet, is at a stratigrephic horizon below that of the favor-

able limestones. Therefore throujh this 650-foot interval asbestos-benring 

limestones do not exist. 

At the south end of this interval the diabase-limestone contact trans-

gresses rUscordantly up across the limestone beds. Southward from this 

discordancy, which probably strikes northwest, the sill is concordant at 

a stratigraphic horison about 15 feet above at ssbestos-seroentine zone 

in the limestones. The base of the sill persists at approximately this 

horizon before cutting down across the horizon 300 feet farther south. 

The asbestos-bearing limestone in this southernmost limestone remnant is 

exposed along a bulldozer cut, 250 feet long, and by an adit and several 

drifts totaling 600 feet in length. The southern half of the dozer cut 

is barren of asbestos. Asbestos occurs as continuous veins only along 

the northernmost 120 feet of the cut, in the vicinity of the mine portal. 

In places in the mine workings there is no asbestos, but through most of 

the area exposed by the workings veins totaling one-half to 3 inches in 

thickness occur in a 4- to 15..inch zone of serpentine or partially ser-

pentinired limestone. A thin sill, 4. to 15 inches thick, is commonly 

6 to 12 inches above the asbestos horizon, but in a few places the sill 

wee intruded at this horizon. Where the sill inflated the limestone at 

the fnvorable horizon asbestos was not deposited.. The asbestos of the 

southern deposit is soft and in general of moderate tensile strength, 

but weathering has caused partial decomposition of some of the asbestos. 

Northwest-trending fractures are numerous throughout the southern 

deposit where exposed by mine workings. As e result of water solution 

along the fractures and slumping of the blocks bounded by the fractures, 
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vertical openingt as much as 2 feet in 'width exist throurh much of the 

deposit. As e result, the ground is very heavy and workings are difficult 

to maintain. 

14bestos is exposed In tho south deposit in adequate quantities 

to be mined, if the ground sots not helvy. Some asbestos was nroduced 

during 1953, but mining was stopped when the mine opening, became large 

enough so that further exploitetion was difficult. The concentration of 

serpentine and asbestos seams to be greatest in the northernmost of the 

mine workings, and it could be reasonably Anticipated that asbestos would 

increase in quantity toward the discordant northwesterly-trending diabase 

contact that must exist a few tens of feet northeast of the mine working!. 

In this direction it is also expectable that the openings along fractures 

will be wider, the rock more difficult to support in mine working!, and the 

fiber more decomposed. Therefore this potential extension of the deposit 

would be difficult to explore or exploit. 

Asbestos prospects northwt of Seneca,--Some work including three 

short adits and a cut explores an outcrop of Mescal limestone on the west 

slope of the hill lying northeast of Seneca. The workings are about 1 

mile northeast of Seneca in sec. 20. T. 4 N., P. le Z. (fig. 4). No 

monuments were seen on the rroperty end no history is available. The 

workings are visible from U. S. nighway O. 

At this place a segment of pre.CaMbrian Mesc."l limestone about 20 

to 30 feet thick is underlain by a thick diabase sill and overlain by 

pebbly cross...bedded Cambrin Troy quartsite. The hill on whiCh the pros-

pects are found is cupped in part by Tertiary basalt flow*. 

Several minor workings explore the Mescal outcrop over a length of 
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about 4n0 feat. Two short aditz • tie northerly end. within 5c feet of 

*mob other, were driven on i 1-foot ;Ibeatos-behriag serpentine band which 

occurs l to 3 feet above the diabase-llwestone contEct. The average 

aggregate amount of fiber in and betwsen these wonting* is one-half to 

three-fourths of hn inch. An equivtargil, amount td the columnar jointed 

serpentine thut includes minute veinlets of chrysotile and is termed 

"bonen by the miners is also present. 

The Trost 3cutherly N,orkind shows one-half to three•fourthe of an 

inch of harsh fiber in s 12- to 15.incl. green serpentine bana. Pb. 

diabase is about 4 feet below tho fiber zone at this locality. 

'Bear Creek subarea 

Pear CanYvn deposit.--The Dear Canyon asbestos mine is uplproximately 

14 miles northeast of San Clrlos. Rnd is acr;essible from Snn Cfrlos by 

154 miles of dirt road (fig. 4). Tertiary basalt and gravels,which lar 

against the south-fpcing escarpment of the ratanes Plateau, have been 

stripped away along the canyon of Bear Creek to expose Mescal limestone 

!Ind diabase. 

The Bear Cron mine has been one of the largest -aroducars in the 

Arisona asbestos district; approximately 1,'N'T tnas of N11 grades of as. 

bestos have been mined from this deposit. The main neriod of production 

was between 1927 and 1910 by the leer CAnyon Atbettos Co., a subsidiary 

of the reasbey and Mstttison Co. of Ambler, Ni. During this period long 

fiber was th,, mtkterig,.1 recovered from the ore and it is likely that 

much short fiber was discarded into mine and mill apt. A large part of 

these dumms hes been carried away during flood stages of 'ear Creek; 
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therefore recovery of short asbestc:- fibers from the old dumps would be 

negligible, if feasible. Although a part of the recovered asbestos %vas 

soft and of good tensile strength and flexibility, o large rnrt vas harsh 

pad little in demand. Therefore, between April 1930, when thc Yessbey 

and Mattison Co. abandoned the property. and 1949, when a market for 

hpreh and semiharsh fiber became available, little mining .e..s eon4. in 

the Bear Canyon deposit. Since 1949 a few hundred tons of soft, slmt. 

harsh, and harsh asbestos have been mined. Durin.r, 1951 several hundred 

feet of exploratory drifts and raises were driven. These mine workings 

have defined the outlines of the limestone block in which the asbestos 

occurs and have shown that little further rroduction can be expected from 

the Bear Canyon deposit. However, the deposit is worth deecription bog. 

cause it is an excellent example of a deposit that is lerge because of 

multiple geologic structures. 

most of the asbestos of the Bear Canyon deposit occurred in a 30-

to 50-foot thick limestone block or "sliver" overlain ond underlain by 

diabase sills (fig. 11). Laterally the block is almost comnletely Isolated 

from the in limestone mass by diabase. The blcv,k is lwAnded on the south-

(milt by a cross-cutting nortion of the nclostng diabome intrusion alone 

a contact that strikes K. 15° to 300 wad dine 500 to 70° nisi 750 feet 

to the northwest, a diabase dike of parallel trind bounds the block on the 

northwest (fig. 11). This dike, which limits the ore-besaring block, is 

not exposed at the outcrop but pinches out urderground ap7roximAte4 70 

feet northeast of the southwest portal of the mire. rrom the southwest 

end of this dike, several vertical 4-to 12-inch thirk likes trend S. 2C/ Z. 

along the axis of a fold in the limestone. !ovthweet of t17is swarm of 
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dikes, the limestones dip 4° to 100 to the north; northeast of the swarm 

the dip is 110 to 16° (average 12°) to the northeast. The limestone block 

is terminated down-dip to the northeast by a crosscutting portion of the 

enclosing sill; this contact, which is 1.10C feet northeast of the dike 

swarm, strikes N. 30° W., approximately perallel to the dikes. 

Asbestos was concentrated particularly along an arch, which parallels 

the dike that bounds the northwest side of the deposit, and adjacent to 

the fold along which the dike swarm Wfte intruded. PreaPasbstos bedding,-

plane and thrust-faults caused much shattering and preparstion of the 

limestones for mineralisation in the vicinity of both of these folds. A 

lesser concentration of asbestos Was formed in the vicinity of a minor 

northwest-plunging syncline or trough (fig. 11) in the northwestern part 

of ths bloat. Along the contact which bounds the block on the southeast 

the limestone was folded and fractured only locally; resalting concentra.. 

tions of asbestos were small. The central part of the *toped area included 

only marginal amounts of asbestos, as evidenced by the pillars loft (fig. 

11). If the northeast-trending discordant intrusion that bounds the block 

on the southeast had not existed probably only those parts of the area 

adjacent to the two folds parallel to the northeast-trending dike and the 

dike swarm would have been sufficiently mineralised to warrant mining. 

This deposit also affords examples of folded limestones tat do not 

include much asbestos and of favorable limestones adjacent to discordant 

die:bass intrusions but essentially barren of asbestos. The limestones in 

the vicinity of the small stop' shown on the northernmost part of figure 

11 dip as much as 300 , and would appear to be particularly favored for 

the localisation of asbestos. In this part of the area, however. the 
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stresses caused by intrusion of diabase were apparently relieved by 

rovement on one bedding-plane along uhich s. thin diabase sill w.s in— 

truded. The beds of the limentono block where terminated to the north— 

east against diabase were little deformed except along short portions 

of the contact; therefore little asbestos was formed adjacent to this 

contact. 

The limestone on the northwest side of the dike which bounds the 

deposit on the northwest has been tested by raises and drifting. Asbestos 

was found in appreciable quantities only where stoped near the southwestern 

termination of the dike. It will be noted that this stope is adjacent 

to the intersection of the northeast—trending dike and the northwestistranding 

dike swarm. At this intersection some warping of the beds and adjustment 

between beds took place before asbestos was formed. North of this stops 

the limestones on the west side of the dike, where exposed by raises, 

were little deformed and therefore contain little asbestos. 

The zmin asbestos—sorpentine zone that was exploited in the Bear 

Canyon deposit is 16 feet above the lower diabase sill or approximately 40 

feet below the bottom of the middle melbar of the Mescal. This zone in 

general ranged from 10 to 20 inches in thickness and included asbestos 

veins totaling 2 to 6 inches in thickness. Other serpentine zones, which 

included asbestos only in the areas of greatest mineralization, are 

44-, and 7 feet below this main zone. 

A large part of the asbestos produced from the Bear Canyon deposit 

was harsh or somiharsh. Some of the somiharsh fiber had moderate tensile 

strength. Some of the asbestos produced was soft asbestos of good tensile 

strength. 
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The Bear Canyon deposit has been well exposed by mine workings; no 

potential extensions of the deposit remain unexplored. 

Prospects along upper leer Cre9k.--Pour nrospects were visited 

briefly in the area north of the Bear Canyon mine. Three of these ere 

on claims leased by the °resent operators of the Bear Canyon Asbestos 

mine. Recently the operators built an access road to one of these 

prospects; the road passes near the other two prospects. 

The first rrospect visited lies about half a mile north of the 

Baer CAnyon mine along the west slope of the ridge between the east anc 

vest fork of Bear Creek (fig. 4), and a few hundred feet north of that 

junction. 

Bore the Mescal limestone strikes N. 20° W. and dips 100 NI., end 

is cut by a discordant diabase body striking N. 10° R., and dipping 60° 

SZ. The diabase bounds the asbestos—bearing limestones on the west. 

Asbestos has been developed in the limestone in a white to light green 

serpentine zone which, near the diabase contact, has a thickness of 6 

inches. The asbestos—bearing zone is 2 to 3 feet below the base of the 

middle member. An edit, whose portal is at the dihbase—limostons, contact, 

has been driven in the limestone about 75 feet N. 550 L. and apparently 

diverges from the discordant contact. An average aggregate thickness of 

11. inches of semiharsh fiber is developed within a few feet of the cons. 

tact. AP now exposed the asbestos is confined to within 15 to 20 feet of 

the discordant diabase contact. 

The second rrospect is on the east side of the east fork of Bear 

Creek about half a mile northeast of the previously described rrosrect 

(fie. ti). Several hundred feet east of the access road a prominent bluff 
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of lescal limestone 30 to 40 feet high and several hundred feet long 

crops out. 

The limestone has been intruded by a thick diabase sill which forms 

e slops below the bluff. An adit has been driven 15 feet into the cliff 

on an asbestos-bearing horizon which occurs 20 feet above the diabase 

sill. Asbestos is localized in an 8-to 10-inch cream to white serpentine 

band; the fiber is generally concentreted in the lower 4 inches of the 

band and averages 2 inches in aggregate length. A maximum of 3,1: inches 

was observed. The fiber is harsh. 

Near the face of the adit a narrow diabase dike, the.t dips flatly 

into the face and cuts the fiber zone, is exposed. On the side of the 

dike nearest the face the fiber zone is absent. It is probable that 

there has been displacement of the fiber zone along the plane now occupied 

by the dike. 

rive feet above the asbestos horizon exposed in the adit is another 

asbestos-bearing serpentine band. One cut formerly exposed the band 

but is now oared; harsh fiber float 14r to 2 inches in aggregate length 

is found near this cut. 

About 100 feet to the southeast along the outcrop from the adit 

crosscutting diabase body cuts off the fiber zones. For about 100 feet 

to the northwest asbestos float can be found. The exposed fiber zones 

are 50 and 55 feet below the top of the lower member* 

The third prospect is also on the east slope of the oast fork of 

Pear Creak a few tenths of a mile south of the last described prospect 

(fig. 4). It is at the end of the newly built access road. A block of 

Meccal limestone, underlain by diabase, crops out on the south side of a 
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gully tributary to Bear Creek. At the east end of a nrominent limestone 

outcrop diabase cuts up and across the limestone beds. The contact of 

the limestone enei the diabase strikes 14 5° W. and dips steeply to the 

west. The limestone bids are arched down against the discordant diabase 

contact and the axis of the arch -Jarallols the diabase contact. A branch-

ing edit has been driven on the west side of the contact in the limestone 

adjacent to the diabase. ()Tie branch follows the axis of the arch for 25 

feet, and the other branch diverges from the contact on s bearirtg of 

S. 29° for about 45 feet. 

In the adit a serpentine band ranging in thIckness from 6 to 15 

inches conteins a maximum of 3 inches of fiber, and averages to 2 

inches of fiber. The fiber is semiharsh. The workings show Tiber over 

a width of 15 feet Trom the limestons-diabasw contact. nye feet above 

this fiber zone, another sone is exposed for a few feet and contains at 

least 2 inches or semiharsh fiber. About 80 feet to the west of the two 

zones at the edit ft pit discloses a poorly exposed zone containing a total 

of 1 to ? inches of fiber. The fiber in the pit is weathered, and appears 

to be semiharsh. The outcrops are poor and the fiber zones do not outcrop 

between the two occurrences. 

A fourth prospect is on the east fork of Bear Greek about 1 ails 

north of its junction with the west fork (fig. 4). It is on the east 

side of the creek a short Aistance above the creek bottom. This claim 

was visited by Janes A. oel from whose notes this description is taken. 

This area is not included in the group of claims held by the operators 

of the Boar Canyon Asbestos mine. W. J. Andrews located the Upper 2ear 

claims in this vicinity in Z..eptetber 1928. An edit about 40 feet long 
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was driven N. tc5() 7.. on a meagre oLoing of fiber. There Afftf' no -Iroeuction. 

"teleitively flat-lying Mescal limestone has been intru&ld by ft Miabase 

t..ad aithin several ft above the contact two serpentine b4nds have 

been foraed. The lowar band is 3 inches thick and contnins a maximum of 

1 inch of fiber; tha upl)ar band, abaut 3 foot above, ie 4 to 5 inches 

thick and contains a total of one-tenth to one-half inch of fiber. The 

fiber is semiharsh. 

;roepect west of nlue :iver.--The rocks of the Apache group which 

crop out under the Natanes rim disappear east of Blue River under a cover 

of TartiAry volctnic rocks. Just best of nue niver the Nlescal limegtone 

has its easternmost exposure on the reservation, and in this are in 

sec. 17, T. 2 N., It. 20 (fig. 4) are some wurficial workings on a 

showing of asbestos. This prospect is 3 miles east of the 3ear Csnyon 

deposit and about a quarter of a mile west of the Whitetail Sprinr road 

at an altitude of about 4,500 feet on the southeast side of s hill capped 

with volcanic rocks. 

Rorie approximately 40 feet of thin-bedded mescal lime,tone is under-

lain by diabase and overlain by red to rusty brown siltetones and Quartz-. 

ites and brown to yellow-brown silty limestone of undetermined tge, and 

by Paleozoic limestones. The hill is ctpped by fertihry beshlt. The 

beds strike 45° I. and dip from 5°-100 SZ. 

An o;- 0n cut and short stub-adit have been driven on nn asbestos vein 

which occurs at a horison about 25 to 30 feet above the underlying M.ebase. 

limestone contact. I. white to gray green serpentine btnd f'bout 1P1 inches 

lick contains one-half to three-fourths of an inch of chrysotile asbestos. 

The fiber is harsh to semiharsh in quality. k small it about "MO feet 
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northeast of this location shows one-tenth of an inch of fiber. 

Cassadore Spring-00c Creek area 

Black Mesa deposit.--Asbestos shewir,7s have been prosrocted in 

sec. 30, T. 2 N., R. 19 (fig. 4), about 2 miles south of :assadore 

Spring and just north of Black Mesa. The San Carlos-Sawmill Road 

passes within a mile of the area, and it can be reached by following 

the road for about 14 miles north of Cassadore Spring, turning east at 

corral on the mesa and then proceeding south for 2 miles along a 

southerly-sloping ridge line which parallels the San Crlos-Sawmill 

Road. The history and original names of the claims are in doubt though 

it is known that several claims were located in this area in 1922 by J. C. 

Anglin. There has been no production. 

The area is at an altitude of about 3.600 feet. A branch of Oak 

Creek here has stripped away the overlying late-Tertiary basalt and 

n1luvium cover and. exposed Mescal limestone intruded below by a thick 

diabase sill and above by a thin diabase sill. The Mescal limestone 

is tilted from 15° to 30° to the oast. Serpentine and asbestos have been 

developed in the limestone near the locally discordant diabase sills 

(fig. 12). 

Tibor occurs in two zones, one just below the base of the middle 

member, and the second 20 feet lower in the section. The upper zone has 

little or no fiber and is of only minor importance; the second or lower 

fiber zone contains more fiber. 

Pits and trenches show asbestos in a few places along an outcror 

800 feet in length. The two easternmost pits are on the upper zone at 
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the base of the riddle member aad the-,a v4a pits es.00se half an inch or 

less of semiharsh fiber. To the west along the outcrop the diabase sill 

becomes discordant and cuts down away from the middle member and about 

4C feet of thin-becaed limestone makes its nroev,rance between the algae-

bearing limestone and the diabase. Here on the lower zone four pits over 

an outcrop length of 150 feet reveal fiber in a serpentine band which 

ranges from 9 to 15 inches in thickness. The pits disclose fiber, some 

of good quality, averaging l to 2 inches in aggregate length. No 

asbestos is in the southernmost pit on the west-facing hillside (fig. 12). 

ksbostos occurrence on Oak Creek.--A small outcrop of Mescal limestone 

intruded by diabase and overlain by Troy quartzite occurs in sec. 24, T. 

1 N. P. le X. (fig. 4) about 5 miles northeast of San Carlos and on the 

east side of Oak Creek. The outcrop of older rooks, which dip gently 

to the oast, is surrounded by flat-lying Tertiary lake beds. The lime.. 

stone is the algal type of the middle member of the Mescal limestone 

ind near diabase contacts has locally been irregularly altered to green 

serpentine. In one locality some rather short fiber was seen. 

Apache ridge area 

Prospect near Aromo Butte.--A few pits and underground workings are 

found in an outcrop of Mescal limestone in sec. 5, T. 1 N., k. 16 E., 

adjacent to and just inside the western boundary of the reservotion. 

This occurrence is 3 miles south of Chroac Butt* and 5 miles northeast 

of Globe (fig. 4). The prospect is accessible as follows: 

?Iles 

0.0 Junction U. S. Highway 60 and 70, Globe, Ariz. 

Take U. S. Highway 60 north toward Showlow. 
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4.0 ' -urn o rancr. ro4u, at, aouth 'nu ui lenoint :ield. 

4.1 Liate, and fork. Taxa left hi.Aad road. 

5.0 iork, take dim roao to left. !.1.0;ht fork goes to ranch house. 

6.3 -ina of road at reservF.tion fence. Irospect about half a 

mile north, and just insicie restrvAtion fence. 

The names and history of the claims in this area are unknown. 

The nrea is one of low hills with a maximum relief of not mcre than 

20c feet. Mc workings, which include Byrom,' cuts knc:.' brunching adit, 

fre at an altitude of about 4,100 feet. In a saddle at the head of e 

southdraining wash. 

At the working* about 15 feet of thin..bedded white to gray limestone 

is underlain by a till and overlain by 10 feet of algal limestone, and by 

70 feet of rusty brown siltstones interbedded with a few cherty limestone 

beds. Overlying this section of Mesctil limestone is preN.CAmbrian basalt. 

be beds strike N. 55° W. end dip 25° to 30° sW. 

iqthin 7 feet above the diabase-limestone contact at least three 

minor fiber tones were noted. A cut on the contact shows an asbestos 

vein of a maximum width of a quarter of an inch in a 3-inch white to 

yellow serpentine band. ?ive feet above the contact in the edit a second 

3-inch serpentine band contains one..hmlf to 1 inch of soft to semiharsh 

fiber, and 1 to 11 feet higher a third 3-inch serpentine band contains 

one-eighth to one-fourth of an inch of fiber. 

About 50 to 60 feet southeast of the working* along the diabase 

limestone contact the diabase breaks across the limestone bedding and 

apparently wedges out within a few tens of feet. To the northwest of 

the workings, as far as the boundary fence, the contact is apiproximately 
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concordant with the bedding in the limestone. 

Mors is no minsible asbestos in sight, and it is doubtful, under 

present conditions, that the deposit has potential commercial velue. 

Apache claims.--The asbestos deposits of the Anache clnims are on 

inache ridge aoproximately 10 miles east of Globe. The claims are 

accessible from the Ulobe-San Carlos road by 3.6 miles of dirt road which 

is readily traveled except during wet weather. 

These claime were first prospected in 1922 and small amounts of 

asbestos were shipped prior to 1925. The prorertiee were idle from the 

middle 1920's until the Motets Asbestos Mines Co. took a lease on the 

claims in 1950. During the 1951..53 neriod these properties have been 

one of the nrincinal sources of asbestos on reservsttion lands. 

The Vescal limestone and an underlying diabal.le sill dip 200 to 300 

SX in this area. Through a part of the area erosion has stripped away 

the middle member of the Mescal and overlying strata leaving a thin plate 

of the lower member as a capping on a thick sill of diabase. This capping 

crops out as a hogback near the crest of the northwest-trending Apache 

ridge. 

Two deposits have furnished most of the production from these claims. 

One deposit crops out near the crest of the hogback; a second deposit 

crops out 4CC feet to the south on the dip-slope of the hogback and has 

been developed down-dip below the bottom of a small vallej at the base 

of the cup-slope. 'Ihese deposits w;11 be referred to as the north and 

south deposits, respectively. The limestones are offset approximately 

half way between tie two aoposits by a high-angle, east-trending -pre. 

diaoase fault Vaal is downthrown on the north about 20 feet. 
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The limestones of the lower member are in general very thin-bedded 

ane shaly in this oart of the reservation. flowerer, one comretent lime-

st:)ne bed, 4 feet thick, occurs approximately i4) feet below- the top of 

the member. 'he minable seruentine-asbAitos zonee ox the 4ache claims 

occur at the top and bottom of this bed. 

North of the east-west fkult tetvet,n the two mintA the underlying 

diamse till it, 12 to lj feet stratigraohically lAauv the favorable 

4-foot bed and is concordLikt nortnware tc the vicinityof the north de-

posit. The outcrop along the ridgoline to the tortiliwest of the north 

deposit indicttes thAt the cisamse was intruced up across the both of the 

lower member at a small ungie and truncutes the tuvoreble bed. This dis. 

cordant contact is so poorly expoeed that the strike of this part of the 

contact is poorly known, but is probably somewia&t nortt ol east. 

Immediately south ,)f the eustsrly-trenciing fault the diabase-lime-

stone contact is concordant and at a stmtigrephic horizon 2 feet above 

the favorable limewtone. Along the outcrop this contact continues south. 

ward at this horizon to the northeastern portal of the soqth mine. At 

this portal the disibase..11mestone contact cuts abruotly downward through 

the limestone section. The strike of this discordant contact is 70° 

v. The contact truncates the favorable limestone bed and bounds the north. 

west side of the south deposit. Northwest of this discordancy the diabase. 

limestone contact parallels the bed.ding at a strstigraphic horizon 2 feet 

Rbove the favorable limestone bed; so.,Ith and east of the discordancy the 

diabase is, in general, concordant with the bedCing and the contact is 

8 to 10 feet below thol limePtonc bed. 

Asbestos of both the nurth and uwith deposits in concentrated only 



where the competent 14-foot limestone bed was deformed appreciably adjacent 

to discordancies in the sill. The discordancy adjacent to the north 

deposit is poorly exposed. Eowever, this ore shoot plunges S."'. 60-7e° 

.„ and very likely the strike of the discordant diabase-limestone con-

tact approximately parallels this direction. Minute details of folds 

'qui fractures exposed in the mine suggest that the favorable limestone 

bed is truncated against diabpse only a few feet northwest of the mine 

working*. 

In the north deposit the asbestos exists in quantity only at the bottom 

of the 4-foot favorable bed; fiber is exposed in the upper zone, at the 

top of the favorable bed, only in one small area. Fowhere in the vicinity 

of the north deposit does the degree of serpentinization suggest that 

minable quantities of asbestos will be found at the upper horizon. The 

lower serpentine sone where mined is 10 inches thick and includes veins 

of asbestos totaling 2 to 6 inches in thickness. The asbestos and serpen-

tine content of the zone decreases abruptly to the southwest, 30 to 50 

feet away from the inferred position of the line along which the diabase 

truncates the favorable bed. The ore shoot has been exposed for a length 

of 120 feet. The asbestos is semiharsh and much weathered. As a result 

the fiber is weak, shatters on mining, and requires mch hand sorting. 

The limestone which overlies the north deposit is everywhere no more than 

a few tens of feet thick and fractures and joints along which water can 

percolate downward are numerous. Therefore, although the asbestos con-

tent of the southwest face of the Store where mining was discontinued is 

about the same as the content of the area stored, and is likely to persist 

in ouantity to the southwest beyond the mine face, future development is 
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licely to exrose Asbestos of comnarAble lloor ouRlity. 

The asbestos of the south deposit occurs in minable ouantities in 

n shoot, 20 to 80 feet wide, that parallels the discordant diabase contact 

that bounds the deposit on the northwest. As of January 1954 this shoot 

had been mined through a length of 515 feet. The diabase was intruded 

discordantly along a fracture that trends F. 700 2. SouthegIst of this 

discordancy the diabase is concordant, in general, prid is 8 to 10 feet 

below the ore-bering bed. In detail, a few irregularities in the 

linear discordant contact exist. These irregularities can be visualized 

as "mounds" or "hummocks" of diabase that project above the planar surface 

of the concordant diabase sill and merge with the discordant portion of 

the sill. These °hummocks" are most pronounced adjacent to the discordancy 

nnd the limestone is much folded and fractured at these olaces. 

The ore shoot is narrow and the cumulative thickness of asbestos 

veins is least where the discordant diabase-limestone contact is relptively 

linear in plan view. In contrast, the ore shoot is widest and asbestos 

in greatest quantities in the vicinity of the diabase *hummocks"; in 

these places pre-mineral folding and fracturing of the limestone was more 

widespread. 

Most of the asbestos in the southern deposit is at tht top of the 

favorable bed. The bottom of the 4-foot bed includes minable Tuentities 

of asbestos only sporadically where the limestone's are much deformed. 

The top sane is 10 to 20 inches in thickness and includes veins totaling 2 

to 8 inches in thickness. Locally 3 to 4 inches of asbestos have been 

exposed in the lower cone. The asbestos tends to be harsh; some soft 

fiber of good quality has been mined from this deposit. 
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Prediction of continuity for this type of asbefltos occurrence is 

difficult. If the high-angle discordant contact between the favorable 

limestone bed and diabase persists asbestos may be anticipated adjacent 

to the discordant contact. If at intervals along tnis contact 'hummocks 

of diabase exist on the sill that underlies the asbestos-bearing bed, the 

serpentine zones are likely to be continuous and asbestos will likely 

occur in significant quantities. In contrast, if the discordancy per-

eists without adjacent ° diabase hummocks' the ore shoot may narrow and 

hsbestos may exist in quantities too small to be minable. Development 

parallel to the discordant contact will be necessary to prove the per-

*istence of this deposit. 

Fdevoral occurrences of asbestos crop out north and northwest of 

the north deposit described above. The outcrops that include these 

occurrences are in part covered by surface debris, therefore appraisals 

of these deposits are not readily made. Most of the occurrences apinear 

to be confined to the immediate vicinity of discordant limestonis.diabase 

contacts. The number of asbestos occurrences and the juxtaposition of 

diabase and favorable limestone beds in a number of places near the 

Apache mine suggests that additional prospecting is warranted in this 

vicinity. 

Hayes Mountains area 

Chiricabua prospect.--The Chiricahua prospect is in the north-central 

part of the Hayes Mountains, about 13 miles southeast of Olobe. The 

prospect is accessible from U. S. Highway 70 as follow's 
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Ale* 

('.0 Travel south on rfighwny 70 from the junction of Highway 

70 and the San Cerlos rod. 

5.0 7'urn richt (west) on dirt road. 

rollow right (weft) fork of road acrosr stream bottom, 

10.3 Ohiricahua de.,,osit is at bare of limestone cliffs above 

road. Last 4 miles of road are difficultly traversable 

by light truck. 

The Chiricahns deposit crcps out along a steep east—facing escarp— 

ment at an altitude of about '4.500 feet. AA this locelity the Mescal 

limestone strikes W. 100 W. end dips 20-25° SW. This attitude reflects 

post—Peleosoic deformation nnd is not related to deformation caused by 

diabase intrusion. four esbestos—serpentine zones parallel the bedding 

of the limestone nad are exposed almost continuously for 400 feet along 

nn outcrop that roudhly ivrallels the strike of the formation. The only 

development is one shallow pit, nTobably dug in the early 19201 s. jiow— 

ever, the natural exposures of the fiber—bearing sones Are good. 

The stOmosto, veins of the unper zone are "listributed through partly 

serpentinised limestone that constitutes the uppermost 12 to 1P inchtA 

of the lower member of the Mescal. Vile next lower fiber—bearing zone 

is a 2— to 4—inch thick serpentine layer, that is 2 feet below the top 

of the member. The third tone is 2 to 4 inches thick %nd 6* feet below 

the top of the member. The fourth, or lowest, asbestos—bearing zone le 

feet below the cont;ict between the lower and middle members and in 

most plAces consists of less than 6 inches of rartly serpentnised lime— 

stone. 
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On the ahiricahua claims the limestone beds of the lower member rnnge 

from 1 to 8 inches in thickness; most beds are less than 3 inches thick. 

In the northern part of the reservation a part of the limestone of the 

equivalent stratigraphic section is medium-bedded. Scanty asbestos content 

of the Chiricahua claims is probably, at least in part, related to the 

lack of competent limestones in the section. 

The outcrop that includes the most asbestos is exposed by the shallow 

pit. At this place all of the four serpentine zones include asbestos and 

a thick underlying sill is concordant and 1 foot below the lowest zone. 

Sixty feat south of the oit, the diabase sill cuts discordantly down 

through 12 feet of the limostone before continuing concordantly to the 

south. The asbestos veins of Os four zones rinch out about 20 feet south 

of this discordancy. On, hundred feet north of the pit the iabase cuts 

discordantly up across the lowest asbestos horizon, fight inches above 

the horizon tha sill is again concordant and continues so along the outcrop 

to the north for at least 200 feet. ?Olds favorable to the localization 

of concentrations of asbestos are not observed in the area. The lime-

stones adjacent to the two discordancies in the sill contact are very 

little distorted. 

In most places along the 400—foot outcrop the four zones include 

little serpentine or asbestos. Where asbestos exists in the upper zone 

it is soft and of good tensile strength; the fiber veins are discontinuous 

and asbestos occurs only sporadically along the outcrop. At the pit, 

asbestos veins of the upper zone total li inches; elsewhere along the zone 

the maximum content is 1 inch. The asbestos of the lowest 3 zones is harsh 

and of moderate to poor tensile strength. The second zone includes traces 
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to one-half inch of asbestos. At the rit the third zone contains one-

ouarter rich of asbestos; in .,!ost places along the outcrop no asbestos is 

visible. Asbestos veins of the lowest zone total one-half to 1 inch in 

thickness. Beyond a point 300 feet north of the prospect pit all horizons 

are covered by soil and talus. 

KYstery nrospect.--The Mystery asbestos occurrences are one-half 

mile airline southwest of the Chiricahua nrospect and are accessible from 

the Chiricahua 1)rospect by 0.9 mile of dirt road. 

Two asbestos denosits crop out in this area. The most extensive 

asbestos-sernentine zones crop out along a steer, oast-facing hillslope. 

The sones are observable almost continuously for 300-350 feet in a direc-

tion that approximates the strike of the enclosing limestones. The lime-

stone beds of this deposit strike N. 10°-20° w. and dip 250-300 5W. Two, 

and in places three, asbestos-serpentine souse are well exnosed. The 

tonography is such that the deposit is well exposed in the strike dimension 

And moderately well exposed in the dip dimension. Therefore, the observed 

zones are 7robably typical of the deposit. 

The uppermost of the three zones is about 60 feet below the top of 

the lower member of the Mescal limestone. Most limestone beds of the 

stratigraphio section that includes the asbestos range from 1 to 3 

inches in thickness, and are interbedded with calcareous shales. None 

of the purer, more brittle beds of the section exceed 8 inches in thick-

ness. 

The upper serpentine zone, which is the most persistent. is 3 to 6 

inches thick and includes asbestos veins ranging from one-quarter to 1 3/4 

inches in cumulative thickness. The average thickness of the veins in 
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this zone is probably less than 1 inch. The fiber is semiharsh and of 

poor strength. 

The veins of the second zone, which is 1 foot below the tor zone, 

average half an inch in cumulative thickness in the beat mineralized 

parts of the outcrop. In places this zone contains no asbestos; in other 

places a maximum of three-quarters of an inch of fiber occurs. The 

asbestos, which is semiharsh, is in a 4- to 5-inch thick bed of partly 

serpentinised limestone. 

:!inute veinlets of asbestos, in only a few places totaling as much 

ns three-quarters of an inch, occur sporadically along a 6-inch thick 

zone of incompletely sorpentinised limestone that is 12 to 18 inches below 

the second zone. Throughout much of the outcrop of tnis zone only traces 

of asbestos occur. 

At the north end of the outcrop the top of a thick diabase sill is 

3 inches below the top serpentine zone. Thirty feet south of the northern-

most exposure of asbestos the diabase sill cuts at steep angle down through 

the limestone. south of this discordancy, beneath most of the deposit, 

the top of the sill is 6 to 8 feet below the ton asbestos zone. No folds 

in the limestones esti be observed, even in the vicinity of the dis-

corlancy. 

Approximately 250 feet northeast of the southernmost outcrop of the 

deposit described above. and 150 feet lower in altitude, a second asbestos 

denosit crops out in the bottom of a narrow, southeast-trending gully. 

This deposit is immodistely below the contact between the midale and lower 

members of the *Meal. Apart or the interval between this and the 

nreviously described &Wit is covered by thick talus. However. because 
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the base of the middle member of the Mescal is lbviously :3bout 200 feet 

lower at the second deposit than at the first, displacement occurs in the 

talus-covered area along a fault or A discordant diabase intrusion. 

The limestones strike N. 25°-30°W. and dip 23°SW. A concordant diabase 

eill underlies the asbestos delcosit at a stratigranhic distance of about 

15 ft. 

The original north-trending outcrop of this deposit wrIs 20 feet in 

length and included an asbestos-serpentine zone 24 to 30 inches thick that 

contained veins of soft asbestos totaling 21, to 4 inches in thickness. 

During June and July of 1953 adjacent outcrops were stripped of overburden, 

a quarry face was cut into the original crop of the sone, and a 15-foot 

adit was driven west and northwest on the strike of the asbestos-bearing 

beds. Veins totaling a maximum of 34 to 21. inches of asbestos Are exposed 

in places in the quarry face. The zone pinches out 30 feet north of the 

portal of the adit, but is continuous to a point 20 feet to the south of 

the portal where the zone is covered b5. thick talus. Twenty feet west 

of the portal of the adit, the asbestos pinches out. Only traces of asbestos 

are exposed in the remainder of the adit. 

The concentration of asbestos exposed in the original outcrop was 

localized where several pro-mineral small.scale bedding faults had pre-

pared the limestones for mineralization. 'aposures along the cuarry 

face and in the adit indicate that fracturing of the limestone was less 

intense in all directions from the point represented by the original 

discovery. 

:Irospect north of lied WhiskIrs Spriag.--Alone the hill slope Net 

north of liod whisker. Spring in sec. 20. T. 2 S., 17 6. (fig. 4), in 
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the Hayes Mountains. the Mescal limestone has been split into at let,st 

three segments by widesDread diabase intrusions. The upper segment is the 

algal limestone of the middle member. The next lower segment contains 

meager asbestos showings and consists of thin-bedded cherty limestone and 

siliceous beds. This segment ranges in thickness from knife-edge to 15 

feet. The beds strike northwest and dip 25° SW. 

Two horizons have intermittent showings of asbestos along an outcrop 

length of several hundred feet. These two horizons are separated by a 

7-inch light-colored siliceous bed. Fiber up to maximum aggregate length 

of 1 inch was seen, though on the average one-fourth to half an inch of 

fiber is more common. The fiber is semiharsh to harsh. The lower diabase» 

limestone contact, generally concordant with the beds, is locally undulating, 

'qld the asbestos zones are from a few inches to 3 feet from the contact. 

"%fa" stone. gypsum. and diatomaceous earth 

The lake beds and interbedded tuffs, which crop out over a large 

Dart of the San Cerlosswala River Basin, contain several nonmetallic 

resources of possible future value. These include "tufe stone, gypsum, 

diatomaceous earth, and possibly low-grads clay. 

The lake beds crop out in most of the area north of the Gila River 

to the Triplets, thence to several miles west of San Carlos, and north of 

San Carlos to Black Mesa. They underlie much of the basalt-capped mesa 

north of the Triplets. An excellent and easily accessible exDosure is 

seen at the north end of this mesa where the road crosses Blue River; 

here a thick sequence of lake-bed limestones is exposed in the canyon walls. 

Prospecting throughout this area might disclose deposits of gypsum, 

diatomaceous earth, and possibly clay. 
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"Tufa° stone 

Second only to asbestos in value has been the "tufa" stone rroduction 

on the an Carlos Indian neservation. This stone was utilised early in 

the local construction of buildings at San Carlos (known as 'Ace lrior 

to 1931). The quarry area is about 1 mile northwest of San Carlos in 

sec. 2. T. 1 S., P. 18 Z. (fig. 4), and can be reached from San Carlos 

by a road which goes northwest from the west side of the Indian Bureau 

school campus. 

By order of the Secretary of the Interior on February 5, 1931, the 

areas known to be underlain by the "tufa" stone were withdrawn from pros-

pecting, location, and leasing. Specifically all areas in secs. 1, 2, 

and 3, T. 1 5., R. 18 I.; secs. 4, 5, 6, 7, 8, 9, 16, 17, and 18. T. 2 

S., R. 18 Z.; and secs. 27. 28, 29, 32. 33, and 34. T. 1 N., R. 18 3. 

were closed. All rights to these deposits are reserved to the San Carlos 

Indians, 

Gypsum 

Gypsum is found on the San Carlos Indian Reservation 3 miles west of 

San Cprlos, and south of the railroad tracks in sec. 16, T. 1 S., F. 18 1. 

(fig. 4), These deposits have never been exploited. The Reverend F. J. 

uplegger, Lutheran missionary to the Apaches, utilised a small amount some 

years ago to make a plaster for inscriptions. It was found quite satis-

factory for this purpose. 

The area is in the San Carlos River basin, a broad intermontane 

valley. The topography is characterised by gently sloping surfaces, 

crossed by meandering washes and gullies. Above this surface a few hills 

101 



and basalt-capped mesas project. This area is underlain in lt.rge Dart 

by late Tertiary and/or Pleistocene lake beds. The gypsum occurs in 

these lake beds. 

The gynsum beds crop out along the north slope of a low basalt-capped 

hill. The gypsum beds can be traced intermittently along the outcrop 

for about 2.500 feet (fig. 13). At the northwest end of the outcrop they 

are covered by the gravels of a northeast-trending wash; at the southeast 

end, about 400 feet south of the last exposure of gypsum beds, the Tertiary 

sediments are faulted against Paleozoic rocks. In genera the beds dip 

at angles from 15° to 25° to the southwest and strike northwest, though 

at the northwest end of the outcrop the beds are nearly flat or have a 

slight northerly dip (see sec. AmAl, fig. 13). 

;exposed in gullies on the hillslope is a section of gypsum-bearing 

lake beds ranging in thickness from 100 to 150 feet. within this section 

7! to 5 gypsum beds are exposed, interbedded and overlain by tan mudstones, 

in part gypsiferous. These beds are succeeded by thin- to medium-bedded 

gray limestones, which are in turn overlain unconformably by a basalt 

flow which caps the hill (fig. 13). 

The base of the gypsum-bearing section is not exposed, but is 

covered by later gravels which cover the surface of the flat that slopes 

gently northward for threes-fourths of a mile to Gilson Creek. Numerous 

low mounds of gypsite J and gypsum protude through the otherwise flat 

Gypsito is an earthy mixture of gypsum and clay or sand. 

gravel surface. Zfflorescence is characteristic on the surface of these 

mounds. The gypsum-bearing section, as suggested by these mounds, may be 
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considerably thicker than the part that is better exposed along the hill-

slope. It is possible, however, that faulting may result in some duplica— 

tion. The thickest gypsum bed occurs near the top of the section and ranges 

In thickness from 3 to 10 feat. In the 50-foot stratigraphic interval 

below this bed are two other gypsum beds averaging about 2 fet in thick— 

ness. 

The gypsum is generally white and granular and in the outcrops has 

a few seems and pockets of clay scattered through it. 

In an area of approximately 9 acres along the hillside the thickest 

gypsum is covered by overburden ranging in thickness from knife—edge to 

10 or 40 feet. As a rough estimate perhaps 100,000 tons of gypsum might 

be recovered from the thickest bed by open pit methods. Downdin the 

gypsum passes under limestone and siltstone, and finally the basalt which 

caps the hill; here underground methods would be needed to recover the 

gypsum. The amount, grade, and thickness of the gypsum underlying the 

flat north to the railroad is unknown. As evidenced by gypsiferous mounds 

protruding through the soil the whole area is underlain by a gypsiferous 

section. In any future consideration of the area as a source of gypsum, 

churn or wagon drilling would be useful in determining the extent, thick— 

ness, and the grade and distribution of the thickest and purest beds. 

This deposit is similar to the occurrence of gypsum in the San pedro 

valley near Feldman, Iris. Gypsum from the latter locality has been 

used by the Pillito Cement Plant near Tucson, Ariz., and es agricultural 

gypsum. 

Gypsum deposits of good quality are widespread in this country and 

the use to which any deposit can be put depends in large part on the local 
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market in the immediate region of the deposit. r;ypsum is utilized in 

Ixtbarn Arizona as a fertiljzer on alkaline soils. The gypsum and 

gypsite from this deposit would nrobably be used for agricultural purposes 

if the demand were present. It might also be suitable for use in the 

manufacture of cement. Its utilization for making plaster would have to 

be based on extensive testing. A favorable feature of the deposit is 

its location less than half a mile from the railroad. 

Diatomaceous earth 

In 1950 Zugene Case, an ii,pache Indian, brought specimens of a light. 

white rock to Mr. A. H. Hale, then traffic agent for the Southern '41acific 

Pailroad at San Carlos and now serving in that same capacity at Globe, 

Ax-is. Mr. %ale, who at one time had worked at Lompoc. Calif., the site 

or the huge Johns—Manville deposits, recognized the material as diatomaceous 

earth. He accompanied the writer to the deposit whose location he has 

aptly named "Skeleton Wash", after the microscopic diatom skeletons that 

compose diatomaceous earth. 

Tho original find was in sec. 26. T. 1 N. E. 18 about miles 

north and a little east of San Carlos (fig. 4). The diatomaceous earth 

is found in association with the late Tertiary and/or 21eistooene lake 

beds. These lake beds and associated interfiagering and peripheral 

coarser materials, in part interbedded with basalt flows, occupy • large 

part of the San Carlos.Gila River basin within the reservation boundaries. 

These rocks are tentatively considered the eq,Avalent of the Ala con.. 

glomerate, which in the vicinity of Safford and in the San Pedro Valley 

have been shown to be of Upper nieces* age. 



 

The deposit Rt "Skeleton Canyon" may be reached by tnking the 9p.n 

Carlos-wmill road north from 5:5.n Carlos across Seven toile /lash to the 

top of the ridge, where the main road turns north; thence a right fork 

runs down the east side of the ridge to st point where the road crosses 

the first southerly-dreining wash. ?roceed north un-wash for about 1 

mile, taking the first right fork of the wash encolntered. The deposit 

crons out Prominently on the west bank of the wash where interbedded 

limestones and diatomaceous beds form a cliff about 20 feet high. 

The area is one of flat, gently-sloping ridges dissected by southerly-

draining washes. The maximum relief in the area is rrobably not more than 

100 feet. 

From the prominent outcrop the dintomeceous beds can be traced 

discontinuously northward for approximately 600 feet. Immedisttely to 

the south of tho prominent outcrop on the west side of the gulch, the 

beds are cut off by a northerly-trending fault. The beds are approxi-

mately horizontal, though in detail they hnve an undulating surface. 

The section as exposed in the wash and gully sides is approximately 

as follows: 

:.;ection in "5keleton Wash" 
Feet 

Top not exposed 

Limestone, white to buff, very thin-bedded, dense; contains 

some interbedded. very thin diRtomssceous beds 10 

Diatomaceous earth, white to light yellow, rrobably clayey in 

part; contains some very thin limestone beds.. 6 

Limestone, light buff to white, dense 6 
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 DiatonAceous earth, white, soft 

:_imestone, white to buff, very thin—bedded, dense; some very 

thin di..tom.,caoas beds orobu,bly included.... 10 

Graywaake, gray green to cliv reea, conglomeratic; contains 

numerous basaltic poboles and cobbles • 20' 

Base not exposed 544 -

further reconnaissance in the lake beds within the San Csrlos-011a 

:iver basin brought to light other occurrences of dihtomaceous earth, 

tt.rticul,Irly in secs. 1 and 11, T. 2 F. 19 locrlity on be 

reached by taking the dirt road coing east from the newly built rodeo 

grounds esst of Paridot. The road log is as follows: 

Miles, 

0.0 Tiodao grounds east of Peridot. Take dirt road going 

east toward 3rilt Creek. 

3.0 7ork, take left turn. 

3.6 York, take right turn. 

7.1 Locality is abont half a mile south of rond. 

Pere abcut 4 miles south of the Triplets, and 8 miles southeast of the 

looe.tion in Skeleton Wash, an outcrop of olatomaceous earth forms an 

eerecie,11;; prominent white cliff on the south slope of an isolated basalt— 

capped butte. The length of th4 outcrop is about 1,000 feet. The beds 

strike to the northwest and dip 20 to 25° 14. They are cut by northwest— 

trending faults, one of which ht.s P.. displacement of 30 feet. The section 

is as follows: 
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Generalized section on south elope of basalt-capped butte 

In sec. 1. T. 2 S., R. 19 "A.. 

eet 

Tel .s cover 

7latemaceous marl, white, tit -dt.l 

3reywacke, gray green, conglomeratic; contains numercyls 

basaltic pebbles 2 

riatomite. Oita, calcareous, soil very thin hard limestone 

beds.. '30 

- iatomite end limestone, a1ternAtin6 , thin-bedded 15 

Graywacke, gray green to oliv green, conglomeratic; con-

tains numerous basaltic pebbles, cobbles, and boulders.....1gA4 

Base not exposed 1974' 

Laterally the section is variable; the dictomaceous zone below the 

2-foot graywacks bed renges from /45 to 60 feet in thickness. In a sec-

tion half a mile to the northeast, on the slopes of another butte, 

7lopar9nt1y the same zone is about 40 feet thick but contains mostly lime-

tone, marl, and impure clayey distomeceous beds. 

At both the location in 5kaleton Cnnyon and that south of the Triplets 

thin limestone beds are common in the section, and the diatomaceous beds 

themselves generally contein considerrible amounts of lime as an impurity 

pnd laterally grade into diatomaceous marl?. 3everal samples examined 

showed amounts of lime ranging from 10 to 20 percent. 

The deposits examined contain too much impurity in the form of lime 

and cley to compete with larger arid purer deposits such as those in 
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California. :)regon, _;,Aa 1:.ovada. Tha bet war3 ia the 2-foot bad 

in "3k41eton alt.", but this bed 13 too thiAt be of ecorior.ii:: vqlue. 

The cl-Aef -,a3cs of dii-A0Aitd insAlation, und 

in lightweii,ht ai„,;.:rag-te and abrasive. -.421-2 low-grade Se.nC.rlos xatorial 

would at be suitable for use az a filtr,tiorienteria1, the t;hiaf use of 

dktomaceousi aLlth, because of the hih amounts of reactive impurity. 

The ming. of low-grAde insulation briak is a possible use for which the 

material might be suitable. -Amited loc.-a use might be foun;:t for some of 

the material am a heat insulator. i‘ia.Lomaceous earth froth tha 5.;an Pedro 

valley has been used in ruction for this purpoae. iii-tome,ceou6 earth has 

btten used in making lightweight aggregate, but the strength of the aggro-

grte is low. 

reridot 

The presence of peridot, the gem variety of olivene. nerr SAn Carlos 

(ice) has been knovn for mar.y years. The geology of the occurrence has 

been studied adequAtely by Lausen (1927). The area is immediately south-

west of Sni CPrlos Rnd Cohli be res.ched from there by the power line road 

(fig. L) ',blob ascends end crosses rerioot Yeast. 

!erieot \les& it roughly rectangular in plan and exterds from 1 to 

miles in a northerly direction, &ad 2 to 2t miles in an easterlj direc-

tion (fig. 2). The mess. is capped by a besalt flou, 10 feet to more than 

1CT feet thick, witch ir underlain by flet-lying tuffs, siltstones, and 

gravels. :hese sec.ialentery rocks are regarcec as the equivalent of the 

Gila conglomer^te anc therefore ci late Tertiary or Pleistocene age. 

The b,salt may be into Tertiary or :u,5terner7. 



The peridot occurs in roughly e1li3Isoidel bombs or segregrtions in 

beselt en° cinders eleinted from e. vol:enic cone which occuniee the south— 

west corner of Peridot Mesa. MiR cone riree cently to about 106 feet 

0:ore thp eurroundine mesa, eine, it is ebout helf a rile in uerimala 

It $outhepet;rn perimeter )-lee been eroded awry. In rim ex;osure in 

Peridot fenyon, ; erten drelnece euttinE the north rie nf th. mese., 

be.selt flow conteinirg t concentration of thr reridet segreentions magas 

from 5 to 15 feet In thieknese. The elli-peoidel segregetions eAke up 

25 to 40 percent of the rock volume in ;Aterece from 3 to e inches in 

m6ximum diameter. 

tones hrvo l'ecn isttLered by the Ini7!iane from a number of places on 

4r.idot Mesa, rerticulerly from the rim of the cone and. the washes td— 

j,.cont to the cone and in small canyons tit breech the north rim of the 

MOOR. Yost of the tones Pr not troken from firm baualt, but are gather— 

ed from the debrir resultinc from erosion of the ILeeelt. The getherine 

and selling of the peridot over the years has been sporaelcally oerried 

on by individual Indians who sell their cleaninge, usually in qunntitiee 

of only ft few pounds. to collectors end stone cutters in alobe. Cocesion— 

elly the local trading posts have bought A few pounds. 

In recent years Luther Mertin of Globe has been the principal pure 

chaser. According to Mr. Martin, he has paid 73.00 to !",.00 par pound. 

and he estimates that it takes approximately 10 pounds of "mine run" 

material to get 1 pound of usable gem material. The 8°e-celled "mine run" 

material itself, however, represents selected stones chosen by the one who 

collects the material, so that the actual retio of usable stones in the 

segregetione would be much lower than 1 in 10. Martin estimates that he 
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has bought about 600 pounds of peridot. He cuts and nolishes the stones, 

makes jewelry from them or sells the cut stones to mineral collectors. 

The finished stone brings about 5.00 a carat; the average stone runs from 

1 to 3 carats; the largest he has cut was 15 carats; a 22-carat stone 

is reputed to exist. 

Fecently Mr. Martin has left Globe and this outlet for the stones 

is no longer available. A locbl curio shop in Globe occasionally buys a 

few pounds for sale in the rough to the tourist trade. 

It appears that the market for peridot is very small and is confined 

to hobbyists and mineral collectors. 

Guano 

Several guano caves have been found on the reservation,and from one 

of these a small production was obtained. This cave is on the r..:an CPrlos 

7-iver about 10 miles northeast of San Carlos (fig. 4). Here the San 

Carlos Fiver has eroded a deep precipitous canyon into the basalt-capped 

mesa which occupies the broad area north and east of the Triplets. The 

cave, located near the floor of the canyon, can be reached only by a trail 

which descends the canyon wall about 2 miles downstream from the cave, 

opposite the Rocky Creek junction. 

The cave is probably not more than 30 or 40 feet long and 50 feet 

wide. But guano has accumulated to a depth of several feet over the ir-

regular floor of the cave. C. A. Kumke, formerly interested in the cave, 

orally reports that hand drilling indicated a thicknese of guano of as 

much as 10 feet in places. rabert Stevens had a lease on the claims in 

1933 and 1934 and removed about 63 tons which sold for A5 a ton. 
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Other guano deposits were not visited. The Hart Tine Bat and Twin 

Peaks deposits are similar occurrences in lava caves. The Cave Creek de— 

posit, 21 miles north of San Carlos, rrobably occurs in one of the caves 

in the Redwall limestone that are common along Cave Creek, Black river. 

nnd Bronco Creek. 

Although there are a number of these guano deposits scattered over 

the reservation, individually their potential is rather small. The re— 

coverable guano from any one cave probably does not exceed a few hundred 

tons. 
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7.1,-ure 2. Geologic map And sectionP of the San Carl')s Indian Reservation 

..iEt of mines, prospects, and occurrences 

1. Copper in or Aylomene claims 

2. Peacock claims 

1. Bitter Spring prospect 

4. Geronimo prospect 

5. Tribal clmims 

6. Copper prospect (name unknown) 

7. Prospect near Thicket Mountain (mme unknown) 

8. Iron claims 

9. Seneca iron prospect 

10. Wonder claims 

11. Silk claims 

12. I. Eole Canyon prospect (name unknown) 

13. Sulphur Springs claims 

14. -imsco mine 

15. :Pine Top asbestos claims 

16. Great View mine 

17. Salt A.ver (Sorsen—Williams) claims 

18. Asbestos prospect northeast of Seneca 

19. Bear Canyon mine 

20.) 

21.)Prospects along upper Bear Creek 

22.) 

23.) 

24. Prospect vest of Blue giver 



 

25. 51ack trospect 

26. Asbestos occurrence on ffic Creek 

27. Prospect near Chromo YAitte 

26. Apache claims 

29. Chiricahua prospect 

30. Mystery prospect 

51. prospect north of Fed Whiskers 3-,,ring 

32. :rinci7):11 "tufa" stone Taarry 

33. Small "tufa" stone quarry 

34. Gypsum occurrence 

35. Diatomaceous earth occurrence 

'!6. Do. 

37. Peridot occurrence 

38. Do. 

19. Guano cave 

;i:PLANATION 

= asbestos 

Cu as copper 

diat = diatomaceous earth 

7e = iron 

gua = guano 

gYP 2 

gem = gemstone (peridot) 

tfa al tufa stone 

1C asb 

Number refers to list. X signifies mine or prospect wbose locPtion 

is at intersection of cross, letter symbol following X refers to commodity. 
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