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- R. I. 4100,
 August 1947,
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Arizona asbestos mines a.re the ‘only . sources on the Amerioan continents
of iron-free chrysotile .spinning .fiber that meets the Navy specifications
for asbestos fiber for use .in covering electrical cables, Rhodesia normally
supplies the bulk of this grade .of .asbestos.at about half the price of Ari-
zona spinning fiber, The acute submarine menace in 1942 focused attention
on the danger that imports might be cut off and that a sudden demand for
greatly expanded production might fall on the Arizona mines to supply the
tonnage of this essential material needed for war production,

A joint prelminary mvestigation of Arizona asbestos deposits was
made in August 1941 by J, R, Thoenen, senior .mining engineer of 'the Bureau °
of Mines and A, E, Granger, a geologist of .the United States Geological
Survey, A more extended investigation of the numerous asbestos mines and .
prospects, which are scattered over 25 townships of difficult terrain in
Gila County, was begun by the senior author in August 1942,
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The Geological Survey assigned two geologists (Newton Chute and A, F,
Shride) a few weeks later to study thé geolpgy as an aid 1n.selecting the
mines for the Bureau's exploratlon projects., "Six mihes were selected for’
exploratory work because it was desired to prove reserves of ore where *
prodiction could be started quickly if urgent demand should arise, Accel-
eration of production is normally slow because of adverse operating condi-
tions. First, the mines are at distances of 35 to 100 miles from Globe, the
shipping and supply point, and the roads are few and poor. The mine open-
ings start in steep canyon walls, so that mining supplies usually have to
be packed in and the product packed out over 0,5 to 5 miles of burro trail.
Second, most of the ore deposits are small, and the ratio of rock broken to
spinning fiber recovered is very high, usually exceeding 200,

Plans were made to run three projects concurrently. Difficulties in
obtaining priorities and delivery of the necessary mining aquipment delayed
the &tart of development work until January 1943, when snow, ice; and mid
hampered transportation over the poor aceess roads, Project 2302 on the
Grandview No, 4 claim of the Phillips Asbestos Co., 42 miles by road from
the headyuarters at Globe, was started early in January, The equipment
could not be moved in to Project 2305, Enders White Tail No. 2, 51 miles
from Globe, until a month-later,. It was mid-March before the equlpment
could be moved over the aécess road to’ Project 2304, Kyle's Sloan Creek
group, which is 98 miles from Globe,. Insufficient and inadequate labor
als6 retarded progress, so that no other projects could be started before
the end of.the fiscal year, A small appropriatlon to continue the work
in the fiscal year 1944 was sufficient for a’little more than a month of .
work at Project 2303, the Reynolds. Falls group, 53 miles from Globe, A
crew of men selected from the three crews fOrmerly employed supplied ade~
quate labor, and progress at this project was satlsfactory. ’

A total of 1,494 linear feet of drifting was done on the four projects;
three open cuts were made and 609 linear feet of ‘channel samples were cut,.
Minable ore was developed at the Phillips Grandview and Reynolds Falls proj-
e¢ts, Neither of these was explored to the limits of the ore bodies, No
comfiercial ore.was found at the other two projects, although small," discon-
_tinuous lenses of good flber were found at one of them. '
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LOCATIONANDACCESSIBILITY P

" The asbestos f:x.eld covers an area: of some 25 townshlps in the Salt
River and Cherry Creek basins, on .parts of the Fort Apache and San Carlos
Indian Reservations and portions of the.Tonto and Crook National Forests

(fig. 1).

' The oountry is extremely rugged, and t.he roads are few and poorly de-
veloped. The shippmg po:l.nt is Globe, a town of about 7 »0Q0 population,

Paved highway U, S. 60 connects the eastern part of the dlstrn.ct m.th
Globe, Access roads dead :t‘rom this highway to- several of the mmes. .

The Ph:.lla.ps Asbestos Co.'s Grandvn.ew Ng. 4 claa.m is reached by L miles
of good dirt road that branches off highway U, S. 60, 5 miles south of the
Salt River bridge, or 36.miles from Globe, The work:mg -8ite was on a cliff
face 300 feet below the road and at the end of a narrqw 2 500~foot trail,

Enders' Whlte Tail No. 2 claim is about 1 mlle north of the Salt River‘
bridge and within the Fort Apache Indian Reservation, It-is reached by &
road that branches off hlghway ‘U. S, 60, 5 miles northeast of the bridge,
This 5-mile access road is narrow and rocky and has stretches of mountain-
side cuts with steep grades. The road passes the camp site and winds around
the rim of “the canyon to a small flat area at the top of thé limestone cliffs,
The cunnel. entrance is in the cliff face 75 feet below (flg. 3)e .

The Sierra Ancha d:l.strict on t.he western edge of ‘the asoestos reg:.on,
which includes the. depos:Lts on Cherry Creek and on the divide between Cherry
Creek and Canyon Creek, is reached by poor access roads off an improved road
that serves Young and Holbrook. This improved road connects with State high-
way 88 (Apache Trail) about 21 miles northwest.of Globe., The Apache Trail
branches off highway U. S. 60, 3.8 mles northwest of Globe. '

“Kyle's Sloan Creek group is'on the dran.nage drv:l.de east. of Cherry Creek
and is reached by driving to Bottle Spring,.81 miles north of Globe on the.
Globe-Young—Holbrook road; thencé 15 miles south ta the camp,. The last 5
miles of this road is.unimproved, The working places on the Gowboy claim -
were 1 mile beyond the camp site at.the end of a pogr road, ,The Last Cl}ance
workings were about half thJ.s dlstance on ‘the same road, o o

At 50 miles from Globe s on the Globe—Yqung highway, a poor access road.
leads to the Reynolds Falls group in the Sierra Ancha Mountains, The road
winds along the steep-=sided Reynolds Creek:Canyon. for 4 miles: o .the .qamp’
site and contimles 1/a mile £arther up -the .canyon to the tunnel entrances.

» -
. Y.
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ONNERSHIP e :
The cla:l.ms on’ vhich eoq:loration work vas undertaken were omed as
follows: .
Project ' ' o '
No . . Claim 7. Qwner ‘,. Address L
2302 Grandview No, 4 ° Phillips Asbestos Co., Box 662, Globe, ‘Ariz,
2303 Reynolds Falls No, 3 John E, Wells ) Nat:.onal Bank of .
o ST .. Tulsa Bldg., _
o * o o : _‘ . . Msa, Ok]-ao
2301; Cowboy ) " °  Roger Q. Kyle. ‘ 'Box 302 . A
© ' Last Chance ' ° T " . Globe, Ariz,. -
.~ (SloanCreek Growp) - . 7. oL
2305 TWhite Tail No. . Fort Apache Indian ~ Box 362" =~ [
o ‘ *' Tribe, Arthur Eriders, Globé, Ariz,
o 'lessee. _ v -
HISTORY

i

According to Melhase,_/ asbestos was first discovered in the Gila County
distriet by Charlie Newton in 1872 after a battle with Indians at the ®72v
Springs, but no interest was taken in this deposit for a number of years.
This location is on: the property of the Phllllps Asbestos Co.

In 1913,'asbestos was discovered on Ash’ Creek, and a humber of claims
were staked near the present site of €hrysotile v111age. The following year,
the Johns-Manville Co, acquired these claims and immediately began mining
operations, The successful development of these claims led to intensive
prospecting, and hundreds of locations were made along Salt.River,’ Cherry -
Creek, and 1ﬂ the Sierra Anchas in the years 1mmed1ately following. .

Mining was begun in 1916 at an important deposit, later acquired by the -
American Ores & Asbestos Co,, near the south end.of the crest of the Sierra
Ancha ‘Mountains, Control was acquired by ‘the Raybestos Co, ifi.1919. :
limit of ithe known ‘ore was reachied in 1920, and the plant wds dismntled in’
1922, ' Melhase3/ reported total product:.on from this mine of 1,300 tons of
No, 1 crude and 300 tons of No, 2 crude, ‘A large tonnage of shorter fiber
remains in the mine dumps and stope fills, Of all the asbestos claims re-
cordsd in the d:l.strict only 22 in the Johns—Manville group have been
patehted. ‘ _ ‘

Until recent years, most of the asbestos marketed was hand-cobbed.
This limited production to the two higher grades - No, 1, B/A-inch or longer
fiber, end No. 2, having fibér 5/16 to 3/h inch 1ong. o

e ¢ leer

In 1915, the first attempt to produce crude fiber by mechamcal means
was made by the Johns-Manville Co, on its property at’ Chrysotlle. A small -

Melhase, John, Asbestos Deposits of Ar:.zona' Eng. and MJ.n Jour, Press,,
_vel, 120, No. 21, 1925, ‘
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mill was built to handle about 12 tons of mill feed per shift. Apparently
the markets were not ready for mechanically cobbed crudes, Milling was
stopped in 1921, and the miné reverted to hand-cobbing methods,

A number of small mills were erected after 1923, most of which had a;
short span of life, Gradually there evolved a more or less standardized sim-
ple mill, consisting of a crusher,..one or two sets of*" rolls, and a sizing
Screeno P R .

A market finally developed fér the crude milled grades, and in addi-
tion to the standard No, 'l and No, 2 grades, Arizona grades of No. 3 (5/16
to 1/8 inch long) and No, L4 (less than 1/8 inch long) were established, In
1928, fiberizing equipment was installed at one mill; at present four mills
prodnce fiberized products, The Johns-Manville Co, - completed a-modern fi-
berizing mill at Chrysotile in 1942, This treated a large amount of material
from old dumps and mine fills, and also newly mined ore, until the mine was
exhausted in.1945; The mill and mine plant were dismantled then, and all
but the 22 patented claims were relinjuished,

Several of the most prodnctive deposits have been virtually exhausted,

Erection of a mill'at Globe, flnanced through the Defense Plant Corpora-
tion, was begun in 1943, This mill was.not completed with'Government financ-
ing, It was taken over in 1945 by the Globe Asbestos Co,, 170 California
St., Pasadena, -Calif, This company took over the Fiber King mifie and began
milling ore from it on January 31, 1946. The Globe Asbestos Ca, is a sub-
81diary of Rheem.Research Products, Inc, - : e

<

* PHYSICAL FEATURES

Broadly conSLdered, the region is a, plateau of nearly horizontal, hard
strata, capped in places by remnants of lava and intruded by sills of diabase,
Faulting has affected the area only to a minor degree, - .

. Salt River, the master stream of the area, ‘with Cherry Creek and its .-
other tributaries, has dissected the region into innumerable steep-sided
canyons, so that the terrain resembles that of the Grand Canyon, but with
lower relief (flg. 2), i o .

3

The general asbestos area 1s phy31cally dlvided 1nto two dlstricts by
the deeply eroded canyons of Salt River and Cherry Creek, which are accessi~-
ble by two different road systems, Locally, these two divisions are known
as the Salt River dlstrlct and the Sierra Ancha district. .. -

A In the Salt Rlver district the surface of the plateau varies in altitude
from 4,500 to 6,800 feét, whereas in the Sierra Ancha district the variation
is 5,000 to 7,h00 fect, Some of the streams have cut 1nto this plateau down
to an altltude of 3,000 feet L . .

R

The asbestos outcrops usually are on the canyon. walls,_and the tunnel -
sites ‘are reached by trail (fig. 3)» Road and trail byilding in this. area
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is extremely costly and difficult, For example, projects 2302 and 2303, on
opposite sides of Salt River, were 2 miles apart. The road distance between
them is 20 miles, The cost of a proposed access road from the Cherry Creek
road to Young, via the Q ranch, involving construction of 12 miles of road
and improvement of 6 miles of an old road, was estimated.at $120 000,

No exact cllmatologlcal data are available for the region. However,
each year has its wet summer and winter seasons, with dry months between.
Torrential rains, accompanied by considerable lightning, fall nearly every
afternoon in July and August. These rains sometimes result in violent

- flash floods in even normally dry creek beds, From Decémber to March, in-
clusive, the storms are less violent, but the snow that falls in the hlgher
altitudes may block the access roads there for a month or more. -At alti-
tudes of a mile, the total yearly prec1p1tation probably is about 20 inches,
and the total average yearly snowfall is about 28 inches,4/ Seasonal tem-
peratures,of course, are dependent on the-altitude, At altitudes of approxi-
mately 5,000 feet, the temperature ranges from about 100° F., in the summer

to 100 above zero in the winter; at 6,000 feet, the temperature is about 10°
lower than at 5,000 feet. ' -

GENERAL GEOLOGY:

The asbestos-bearing strata are in the Miescal limestone formation of
the Apache group, which was defined by Ransome?/ and tentatively determined
as Cambrian, - From bottom to top, the Apache group consists of the Scanlon
conglomerate, Pioneer shale, Barnes conglomerate, Dripping Spring quartzite,
Mescal limestone, and Troy quartzite. More recent work indicates that the
Troy quartzite is definitely Cambrian and rests unconformably upon the Mescal
limestone, which is now considered pre-Cambrian,6/

In the asbestos region, only the three upper formations of the Apache
group have been extensively exposed by erosion (fig. 7). The areal distri-
bution of their outcrops is shown on the regional geologic map by Darton
(fig. 4) _/ 'The ilescal formation normally consists of about 300 feet or
less of medium- to thin-bcdded, hard, somewhat cherty, dolomitic limestone,
The upper portion of most Mescal sectlons contains a massive algal member
with a maximum thickness of ‘about 100 feet, This algal member is composed
almost entirely of spheroidal masses that have a concentric, shelldike strug-
ture with a maximum diameter of several inches. It generally forms cliffs
and is the only definite horizon marker in the Mbscal. :

Wilson, Bldred D,, Asbestos Deposits of Arizona: Ariz, Bur, of Mlines
Bull, 126 1928, Pe 31+'

Ransome, F. L., Geology of the Globe Copper District, Arizona; Geol,
Survey Prof, Paper 12, 1903; Some Paleozoic Sectlons in Arizona and -
Their Correlation: Geol Survey Prof, Paper 98 (k), 1917, pp, 133-166,

Stoyanow, A. A,', Corrclation of Arizona Paleozoic Formations: ol,
Soc. Americah Bull., vol. 47, 1936, pp. 459-5L40. :

Dartoh, N, H,; A Résamé of -Arizona Geology, Arlzona Bureau of Mines
BU11 119,-1925, p. 199. ‘

R Q Q‘{
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. The"Apache group has’bééen intruded by dikes and sills of dia.ba.se 'y
usually along bedding: planes. The beds are sometimes- .separated by hundreds
of feet.- of diabase, .Some #ills have ¢rosscutting relationships. (figs.. 5. a.nd
,6)s 'The diabase genera.lly weathers to smooth, steep slopes but contains marw
hard sheets with-columnar cleavage that form great cliffs (fig., 8), These
diabase intrusions are generally considered older than the Troy, but a few'
e;cposures show that some diabase was intruded :mto the. 'Ii‘oy quartz:.te.

The regional structure is that of a broad, nearly horlzontal plateau .
gently downwarped toward the east, as shown in the three: cross sectibqs by
Da.rton (fige 9) .1/ ‘The greater part of this plateau area is only slighﬂyj )
affected by ‘block faulting, Block faulting is more prominent ‘toward the
‘south in.the vicinity of the Bear Canyon mine, toward Globe s and in the
Slerra Ancha Mountams on ‘the east. : : , S

Minor faulting wr§7 noted in ‘all the asbestos mines and minor Iolding in
some of them, Wilsor and Trischka2/ pointed out that the larger lenses of
asbestos formed in selected beds of the limestone, spreading outward from
groups of parallel crosscutting fissures or from two intersecting zones of
such fissures, The long axes of the asbestos lenses lie in the fissure zones,
At some mines there was minor warping of the beds into low arches or troughs
along with the fracturing, These localities were especially . favora.ble to .
the formation of commercial asbestos bodies, Shride reported that these
fractured and warped areas have many small thrust faults that turn into
bedding-plane faults and that these bedding-plane faults were important .
factors in localigzing thé bodies of asbestos. Wilson described the fracture
_patterns at many individual mines in his bulletin,

Reglqna.l Zones of Fractur_g

The mines and prospects in the Sa.lt River-Chrysotile area and those in
the southern half of the Sierra Ancha Mountains lie in an east-west belt
about 8 miles wide, This distribution suggests that this belt.is a zone of .
the" minor fracturing and folding that controlled the localization of the "f
asbestos deposits, The Mescal limestone is missing in the middle part of the
belt,  between Cherry Creek and Canyon Creek where the underlying Dripping
Spring quartzite and the basal granite are exposed. In the downthrown: i‘aul‘t
block between this middle area and the Sierra Ancha (sec. C, fig.. 9) the. .
Mescal limestone outcrops in the steep walls of Cherry Creek canyom This
cam'on. 1s ‘80 extremely rugged as to discourage prospectmg. L , -

P - R

The broad exposure of the Mescal limestone farther north between Cherry
Creek %nd Canyon Creek, has many more prospects than are J.ndicated oni .the map,
Mapping of- thiese does not indicate- zoning, As has been noted,  the. asbestos- ’
bearing l:.mestone outorops 1n the walls of rugged canyons. About half of the-

8/ Wilson, Eldred D,, Asbestos Deposits of Arizona-’ Arizona -l‘Bﬁreau.-.b'f"
Mines Bull, 126,-° © ~ -

9/ Trischka, Carl, Asbestos and the Arizona Industry: E, & M, J. 9 vol.
124, 19 7.
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Mescal within the Salt River-Chrysotile area of asbestos mines has been
eroded away. Erosion has removed much of the Mescal in Cherry Cresk Canyon.
It may be that drainage followed regional zones of minor fracturing. Field
work to discover and delimit su¢h zones of fracturing might be successful
in outlining favorable areas for'explbration.‘ :

Origin-of the Asbestos

wilsortY states that ' | N
The proximity of diabase to the asbestos deposits of Gila .
County suggests that the asbestos owes its origin to the diabase,
The association of most of the best fiber-bearing bodies with
transverse fissures indicates that the:asbestos was deposited
from mobile solutions which used those fissures as pathways of
entry to such strata as were amenable to-development of serpen-
tine and asbestos, . : ST :

et Microscopic examination of the diabase indicates that
it has undergone hydrothermal alteration. Probably a final =
emanation from the diabase magma.brought about this alteration
and also the development of the serpentine and asbestos, Suf-
ficient magnesium and silicon for these minerals may have been
derived wholly from the olivine of the diabase, or part of the .
magnesium may have been -supplied by the Mescal dolomitic lime-, .
stone. . . : o :

Shridell/ described the factors that controlled asbestos deposition as
follows: L . S

The faulted bedding planes of massive limestones were major
channelways for the mineralizing solutions, which replaced the
limestone by serpentine, Most of the massive-limestone beds -
occur within the top 45 feet of the lower member of the Mescal =
formation; therefore, most of the asbestos deposits are within -
this stratigraphic interval, - About half of the commercially
important asbestos-serpentine zones are in the first 10 feet
below the base of the algal member, and most of the other
minable zones arc in the limestones that are 25 to 4O feet
below the base »f the algal member, The deposits that are
exceptions to this generalization are associated with other
massive Leds or are along major thrust faults.

Chemical composition and initial porosity of the different
limestonc beds influenced the type and amount of metamorphism
to a small dczree, but do not appear to have been significant
factors in, thé localization of asbestos-serpentine zores.

10/ Wilson, Eldred D,, Asbestos Deposits of Arizona: Arizona Bureau of -
Mines Bull, 126,
11/  shride, A. E., Results of the Geological Survey-Bureau of Mines Explor-
~ atory Program in the Asbestos.Districts of Gila County, Arizona: .
Unpublished report, Jan, 1944, ‘ :
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If diabase sills or dikes did cut across a favorable hori-

" zon or to a point near a favorable horizon in the limestone, a" -
commercial deposit of asbestos was much more likely to have
formed than if the intrusives were not emplaced 'near a favorable
horizon, However, some commercial deposits are as much as 70
feet stratigraphically above diabase, The proximity of diabase
seems to have been an important factor in the localization of
asbestos deposits, not because the diabase was a near source or
channelway for serpentine and asbestos-forming solutions, but
because diabase intrusion fractured and folded the limestone,
Post-intrusion bedding-plane and thrust faulting caused much
fracturing of the limestone in beds that had been folded., Fault-
ing began previous to diabase intrusion and continued until
after mineralization ceased, Therefore, faulting, the effects
of which were more intense in massive beds, was a factor in.
localizing diabase sills and dikes near the favorable horizons
for asbestos formation. In many places, sills followed the

same bedding planes .that are mineralized in adjacent areas.

. Beddlng-plane faultlng was ‘the greatest. 51ngle factor in .
the localization of the asbestos deposits, If bedding-plane
faulting is not extensive, the asbestos deposits are likely to
be limited to the limestone that was deformed by diabase intru-
sion, Kost of the deposits in the district are limited to such
folded limestones; in general, only a few tens of tons of as-
bestos can be mined from such deposits,

AsBestos deposits are also localized near shear zones or
swarms of strike-slip faults, Such swarms or zones are rare in
the district, -

In a few areas, the intrusion of numerous dikes and cross-
cutting sills caused many folds in the limestone. Any one of
these folds was relatively unimportant in localizing a large
deposit of asbestos., In an area containing many such structures,
the possibilities for the formation .of large asbestos deposits
were good, Multistructural areas of this sort are rarej; the
Chrysotile area is an example.

Mode of Occurrence

Arizona asbestos is invariably found in veins within bands of serpentine.

The veins vary in thickness from a fraction of an inch to several inches and
roughly parallel the borders of the enclosing serpentine., They are seldomn
continuous over long distances, but split into smaller veins or coalesce and
form larger veins, The thicker veins frequently have longitudinal partings
that reduce the apparent fiber length, Because of the tendency of asbestos
veins to pinch or swell suddenly, their contimuity and probable volume are
difficult to predlct,

The serpentlne bands vary in thickness from a few inches up to 2 feet
or more and may contain 1 to 20 or more fiber seams. Local occurrences show
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as much as 4 or 5 feet of” serpentlnlzed Zone, containing over a hundred
veinlets of -asbestos (fig, 10)., Often two'or ‘more asbestos zones are' sepa~-
rated by a few feet of limestone, 'so:that both can be-nﬁned in one heading.
Elsewhere, multiple zones may be’ 10 to 30-feet apart. *N;j

The term "bone" is locally applled to a band or layer of serpentlne in
which the change to. asbestos’ apparently was arrested-in the initial stage,
It my cohtain only minuté traces. of fiber or may have ‘a considerable quan-
tity of tufts of short fibers Within ‘the matrix of sefpentine,

Almost invariably, little veins of fibrous calcite are in close associa-
tion with asbestos:seams,: " The only iretallic: mlneral found in association
with the asbestos is magnetlte in emall quantities: More commonly, magnetite
is found in local conoentratlons, ‘probably as replacement of 11mestone and
associated serpentlne, in areas above the asbestos zones.

NOTES ON ASBESTOS

Asbestos is not the name of a dlstlnct mlneral species, but is the com~
mercial’term applied to the fibrous varieties of severdl minerals) which
differ ‘widely in chemical"composition, Among these are chrySotlle, antho-

phyllite, tremolite, actinslite, amdsite, and* erociddlite.’

Arizona dsbestos is of theé chrysotile variety, -a hydrous magnesium
silieate with.the same’chemical composition as serpentine. -The fibers of
chrysotile occur as "cross fiber"; ‘that is, the fibers-of whi¢h the material
is composed and into which it may readily be separated lle approx1mately
perpendioular to the'walls‘of the vein -

There are two types of cross~f1ben chrysotlle = soft and harsh Soft :
fiber feels smooth .or scapy..and’ ¢an be ‘twisted and bent between ‘the fingers,
and individual fibers: are extremely flexible and strong., The longer fibers
of this type represent’ the spinning grades. Harsh fiber is spllntery, prick-
ly, and samewhat brlttle, e that 5 small bundle of it breaks if tw1sted a -
number of t1mes.~: LE . a

There is a: thlrd type of chrysotile called "sllp flber," which is rela-
tively rare in the -Arizona dep031ts. Appreciable quantities are found in
only one mine, Th1S~type occidrs dn- Slickensided' fault planes, usually caused
by thrust faulting, ahd is bedded on the fracturé or slipping plane in a flat -
position, Owing to the manner of occurrence, these fibers may appear to have -
considerable length, but this is due to the overlapping of the fibers, which
are all- matted~together, toré or 1léss'in a parallel position. Slip fiber-is
less valtable thanicross fiber:because it is intimately mixed with finely
crushed’ serpentlne, which makes 1t dlfficult to mill out a clean flber B
product, * -

. r. .
N L -

ALY gradations between‘harsh, ‘brittle fiber and 31lky, soft flber can
be found in the district, Probably two-thirds of the. asbestosexposed in
the :various mines_and prospeciis-is-soft:fiber, A véin of soft fiber may v
lie :close to:a, yein of harsh fiber .im.the same mine, At. some places an
asbestos vein changes from soft to harsh fiber, or vice versa, in a few
feet, Some mines have only harsh fiber,
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When separated from the rock and all grltty particles, most of the -
chrysotile asbestos éxhibits eéxtreme delicacy and silkiness to the touch,_
with great adaptability for spinning. All fibers exhibit the grouping. to—
gether of mumerous fine threads within what dppears to be a single-fiber,
The actual size of the fiber — that is, the diameter - is consequently in-
definite, and although ‘careful measurements have been made, which-show that
the smallest diametér so far determined is:0,00075 millimeter, it can be '
demonstrated that even the flnest fllament measured is composed of finer
threads.lg/ . o Co

The Canadian Department of ‘Mines :built.a special machine for :the purpose
of determining the breaking_g/ strength of asbestos f;bers, but the tests
failed entirely, owing to the fact that the mimute filaments of the fiber
slipped past each other instead of brdaking. .In the asbestos industry,
tensile-strength tests are made-in the factories with asbestos rope or yarn,

MINING.METHODS =

" The nearly flat asbestos zories usually outcrop in steep cliffs, The
mines are opened by adits on the ore horizon, "and mining is ¢onducted: either
by modified room—andrplllar methods or by longwall stoping with ‘backfill, -

Development work in asbestos mlnes cannot be planned as deflnltely as
in the mining of most other minerals, as the ‘veins plnch and swell - 1rregu-
larly and are erratic in 31ze and dlstrlbutlon. ‘

Prospectors and some small " mine operators usually strlp the waste
from above the ore zone and moil out the serpentine-fiber material from the
floor. In the larger mines the serpentine-asbestos band is carried at the
top 6f the'drift, and the stopes are ‘developed by progressively widening.
the opening, The barren limestone bélow the ore zone is removed by undercut -
drilling and blasting,- When the cut holes are drilled, horizontal hoéles also:
are drilled at about 5-foot intervals immediately . above the ore gzone, The
cut holes are shot first, and as much-of ‘the waste as possible is shoveled ,
into the backfill, only working room at the face being maintaiped, The re-
mainder of the waste is trammed to the dump, The material of the serpentine-
asbestos zone is then dropped upon the tlean. floor by lightly blasting the
top holes, This material is then. hand-sorted, All the limestone and barren
serpentine arc rejected, and theé Serpentlne-flber materlal is trammed to the
surface for removal to the mill : . R .

0w1ng to the necessity for making the stopes hlgh enough for men to
work and also to the relative thinness of the asbestaes, streaks, the ratio of,
- commercial fiber recovered to rock removed.is about 1l ton to 75 or 100 tons, .
Experience in the district'has shown that' 40 to 45 percent of the waste can .

12/ Ross, James Gordon, Chrysotile Asbestos in Canada- Canadlan Department
. of Mines Bull, 707, 1931,
13/ Cirkel, Fritz, Chrysotlle-Asbestos- Its Occurrence, Exploratlon, Milling
‘and Uses- Canadian Department of Mines Report 69, 2d ed,, 1910, P. 8L,
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be left in the mine. by m:hitaming walled entries and by close gobbing, One
property has a contimious stope 850 feet long: by 200 feet wide in which the
roof is supported nninly by the gob plle, as very few pillars hsre left

Conditions are most favorable for mining when two or more’ asbestos zones
of workable size are’close enough to be worked in one operation,- Where two
zones are only a few feet ‘apart, the intervening limestone is ‘shot out by cut
holes and mucked out, . Then the upper zone is dropped by top holes, and the
lower zone is shaken up by lifters at the same time,. e

Where the- d.tp of the ore-bea.rmg stra.ta is tog great:to runmnear-level
entries, it becomes necessary to extend "haulageways.below- the advancing stopes.
Raises are put up to the ore aone: to open new faces,and, facilitate the removal
of ore and waste, = . ) S e eaee

R N

PRODUCTION Cveens

Because of the small number of producers, publicata.ono of annual produc-
tion figures for Arizona would reveal confidential -data: submitted to the
Bureau of Mines by individual operators. As a donsequence,- the' yearly pro-
duction of asbestos in Arizona cannot be compiled. from.the-published records
of the government statistical services, The most’ complete record available
(table 1) was compiled ‘by Eldred D. Wilson of the Ari.zons Bureau of Mines.!-_‘t/

The volume of production has varied widely witl? i‘luctuations J.n price,
During periods of low prices, little asbestos was prioduced beyond that mined
in doing the annual assessmsnt work, and even less was. marketéd ;

......

10‘

G%ADINGANDMARKETING ‘ e e

......
oo

Although the United States uses more asbestos t any ‘otHer country
and consumed the greater part of the world!s production in the 'e’a'rlier years,
domestic production constitutes only a very small pedcentage oY’ ‘the raw ma-
terial consumed, By far the greater part of raw, asbeéstos is imported from
Canada, but important amounts of the'longer fiber areg obtained’ £frém Rhodesia
and British South Africa, and appreciable quantities tame in‘fvem Rissia
during two periods (fig, 11). Arizona supplied the greater 'part '6f the do-
mestic production up to about 1933, but Vermont-now produces a mich greater
tonnage than Arizena, - -However, Arizona produces all the long-f:.ber chryso-
tile asbestos mined .m this country, . .. ' ..

The price for Arizona asbestos has necessarn.ly followed the Canadian '
price because of the.predominance of Canadian asbestos in thq -United States
market, . The early Arizond .production was less in demand than-Canadian-asbes—
tos because of poor grading in Arizoria, where much ‘'of the asbestos was pro-
duced by small, inexperienced operators, - Better gra.ding was gra.dually estab~
lished, and the Arizona product was standardized in four grsdes , a8 follows:

u/ Exoerpt from a tabulation, "Production of Nonmetallics in Arizona,"
compiled and’ published by Arizona Bureau of Mines, .
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Grade . 7'v Lengthof fiber .

No, 1 spinning fiber 3/ inch or longer

No. 2 spinning fiber . " 6/16 inch to 3/4 inch
. No.*3 _ ' 11/8 inch to 5/16 inch
. Noe &4 ' o Less than 1/8 inch

| TABIE 1, ~ Yearly groduction ‘of asbestos in Arizona

Average value -

__Year __Tons | Value | per short ton
1911; 000000000t 50 $l7)5w $350
1915-18 (ine.) .. | 1/1,900 |1/467,000 1/246
1919 o000 s00c00v00 h23 ’ 219’950 520
- . 1920 oo;ooaoogooo' 1,200 625,822 522
1921 200000000000 ‘013 311)768 755 .
1922 evosvvocss .e 93 l'/27’000 yzqo
. 1923 X EEXEXEFERE Y] l‘» * 1,133 ' 283 )
192k eeeeieensea | 1/132 %/30?551 1/231
1925 seeieecanne 1/80 | 1/35,000 |  1/438
B 1926 veversiocose 100 | 1/40,000 "1/400 -
1927 oootooooooco l 1,250 l 65,0% . y292
1928 ooo‘ooocoioo _/1,500 l’35,000 '.. y290
1929 eeeeennseee | - 9L |7 269,785 1 T 289
1930 veverenneeas 683 | 177,912 260
1931 seeveccecce 181} 50,000 272
133?-31, (inci) . 1/34 1/9,000 1/265
1936 vecseccvscee . ‘&6‘}, 41’780 | R 90
1937 @ecsccesvrne . 6‘}8. ) 76',059 . l . " 117
1938 cesseserenae 9&2 ! 31',063 ’ 33
1939 avevenreeea| 904 | i9stBOT | 106
1940 cevtennccnas 1,197 | 149,290 125
19‘&1 ooooooooocct 2,57’& '166,027 oot 65
. 191‘2 oooco..ooooo ‘ 117‘&2 101,061 * H 58
191}3 N 0 sees ceses . 1)459 197’301“ 135
19% esscsscvensee 696 158,272 227 )
19,606 | 4,098,364 209
J Estimated

The No.'1 a.nd No, 2 grades correspond, respectively, to Canadian No, 1
crude and No, 2 crude. No. 3 is slightly higher-grade than Canadian shingle
stock, and No. 4 corresponds roughly to Cangdian cement stock. The Vermont
product competes with the last two grades, )

Figures 12-A and 12-B are price graphs of ‘thé prihcipal grades of Cana~
‘dian asbestos, The prices went very high during and immediately after World
War I. No. 1 crude sold for more than $3,000 per short ton early in 1920,

In 1921, Rhodesian and South African asbestps began to come into competition .
with Canadian asbestos and depressed the price to low levels by 1923, The
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mifes of" ‘Rhodésia and South Africa prbddce & compafatively high percentage
of long fiber,’ Equivalents of No. 1 éndio. 2 crudes only are imported
into this country and sell for about one-half the price of the Canadian
crude (fig. 13).

.~ Rhodesian and South Afrlcan 1onghfiber chrysotile is in direct compe-
tition with thé Nos, 1 and 2 grades of Arizona asbestos, Both are used for
electrical-cable insulation, The ‘Ganadian asbestos contains too much iron
to use it for this purpose, South African blue asbestos (crocidolite) and
am031te are in strong competltlon wlth Canadian and Arizona spinning fibers
for other purposes, - ‘ B

PRINCIPAL USES OF ASEESTOS

. One of the leaddng uses of asbestos is for clutch and brake llnlngs in
automobiles and other power-driven machinery., Formerly, nearly all these
linings were made ‘of woven fabric., Now some 30 percent are molded and can
use shorter grades of fiber, The most extensive use is in building con-
struction., Large quantltles are used for shingles and other roofing, also
for heat insulation in house building and in industrial construction. - Still
another important use is for conduits for corrosive liquids and protective
~coatings against corrosive: liquids and gases, The graphs in figure 15 show
how ‘the consumption of asbestos variés with building constructlon, automobile
production, and general industrial act1v1ty.

PRESENT ACTIVITY AT ARIZONA MINES

Three operators were minlng asbestos in July 19&6 - the Philllps Asbes-
tos Co., The Republic Filtérs Co, at the Regal mine, and the Globe Asbestos
- Cos at the Fiber King mine, All three operate mills, Enders is shipping
-some crudeée asBestos -from. stock along with ‘crude obtained from dumps at vari-
-ious- mines. ~Roger Q. Kyle!s custom mill at Globe is operated intermittently
on ore that he purchases, . The crude asbestos is flberlzed and blended to
suit the demand of his market, -

K : 'f' - - . FUTURE OUTLOOK
o . Prices of crude asbestos in 1946 remained.at the lQhA-AS level,’ Demand
increased during 1945 and tends to be hlgher. .Bulldlng construction, the
- largest- single consuming industry, is‘increasing. Increased automobile pro-—
. duction and industrial ihstallation also will support the’ uptrend Recon~
. structipn in war-devastated countries will 1ncrease the demand _é/

Arizona 'mines mnst gompete with the much larger mines ‘of Canada and
Vermont, which are near the principdal consuming centers in the East. This
. competltlon can be met by the longer grades of fiber and by specialized
". . fiberized products but:cannot be met. by the shorter grades., However, markets
for these latter grades. are openlng in‘the’ West, - Increasing industrial pro-
duction on the Pacific coast may make -an outlet for Arizona asbestos there

~_§/ Bowles, oliver, Asbestos Industry 1n l9a5: Bureau of Mines Mineral
Market Report MMS 1405, 1946, 5 pp., . - = LR
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and reduce the freight .differential against the Arizona product. One large
manufacturer, who has a plant near Los Angeles, recently acquired a -mine and
a mill in Arizona. Thus, -sales of Arizona asbestos will tend to a higher :
ratio of the shorter fibers than formerly, , .

BUREAU OF MINES WORK

The location and ownershlp of the four propertles whlch the Bureau of
mines explored are described on pages: h and 5; R ,

Standard mining practlce was employed At projects where. new areas
were to be opened, drifting began on the surface outcrop or at a predeter-
mined elevation to cut the ore zZone within the hill if the formation did not
outcrop. Where extensions of known ore bodies were indicated, drifts were
started at the ends of old stopes or adits, At each of the projects an ex-
plosives magazine was made by reconditioning an-old prospect drift in ‘the - .
immediate vicinity and erecting a substantially built door.designed accord- .
ing to specifications furnished by the Exp1031ves Control Division of the .
Bureau of Mines, . : . .

SAIvIPLiNG ‘
Asbestos veins have never beenosahﬁied oy ooerators iu thie'district.

To determine the tonnage of fiber of various grades. in reserves of ore de-
veloped by the Bureau, it was necessary to devise a sampling procedure.

The ideal sampling method would be to seve aﬂd'grade all the asbestos-
bearing rock removed from the exploratory dr1fts, but -several features of
this method made it impractical, .. . v

. -In standard asbestos-minlng operatlons, v1rtually all of the material
of the serpentine-fiber band goes to the mill; therefore, to be representa-
txve, a sample should be taken by a. contlnuous channel cut the full width.
of the serpentine-fiber vein for the entire length of the ore exposure in
the exploration drift,

It was decided to cut the channel to a uniform depth of 3 inches along
a variable vein width, and each sample was to represent 5 linear feet of
drift at the center llne. The ore zone along the side of the drift was A
first squared so that it would present a. relatlvely flat surface from which
to measure the depth of the cut, A 5-foot interval marker had been con-.
structed, the ends of which were. capable of being . extended at right angles
to the base. A tape was stretched out along the center line of the drift,
the base of the marker was laid.on the tape, and each 5-foot interval was
projected to the side of the drlft - The samples,were cut, sacked, moved to
camp, and sunpdrled , e . . “ . ..

The yield of the various grades of flber from a glven sectlon of the
sergentine vein was determined by actual milling of samples.cut from that
sec 1on.

s

If the value of the products recovered was sufficlent "to cover the es-
timated cost of mining, milling, and ‘marketing, the material was considered
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commercial ore, On the basis of these results, the commerc:.al limits of
the ore bodv were deternn.ned. '

.; - .x..,

The thickness of the serpent.tne-fiber streak 1s ne: crlterion for judg:mg‘
ore, as the ratio of fiber to serpentine varies widely. Neither is it possi-
ble- to 'judge ‘the value of the ore by wvisual :.nspection and measurement’ of
fiber length because, due to invisible partings,'the Fiber breaks up ihto
shorter lengths in milling, resulting'in a lower yield of the more valua.ble
long fibers than would be anticipated .

Because of the obv:.ous da.fficultles and expense of mak::.ng a separa.te
mill run for each 5-foot’ samplé of 100 pounds' or 5o, two to four:samples
were combined wherever the fiber was relatively uniform for a drift length
of 10, 15, or.20-feet,. Consequently,.strict éontrel .of sample-weights.was
necessary, as an over- or under-weight sample would introduce a magnlfled

. error in the calculated grade of the reserve blocks

The theoretical weight of each 5-foot sa.mple was calculated by using
the specific gravity of the material (determined by .tests to be 2.5) -and
the depth and average width of the cut. As the actual sample lengths were
invariably more than 5 feet, owing to the irregularity of alinement of the
drift walls, the samples were. usually overwe:.ght . , :

The samples were reduced to the calculated wen.ght by standard methods
of mixing and quartering, or, as was occasionally necessary, the weight was
increased by cuttipg additional materjal from the full channel length, This
method of adjusting sample weights eliminated calculations involved in re-
‘ducing results of irregularly alined samples to ‘ceriterline measuremsnits and
automatically corrected weights of samples.cut too deep or too shallow, :-The
total weight of the samples milled: wa.s vafchm one-quarter of one percerrt of
the combined calculated -weights, ot

This method of sampling .asbestos veins .is m:&t considered‘ entirely satis-
factory., It was found that cutting the samples was much more difficult than
had been anticipated, 'The serpentine matrix, although relatively soft, was
found to be very .tough, Instead of breaking:out: in chunks, only small.chips -
or fragments:.could he moiled out, ' Therefore), 'some:of the fibers were unavoid-
ably cut or bruised, so that, in milling, mdre-of the shorter lengths was -’
indicated than originally existed in the vein,

Sampling by mining methods would have taken more time and money than
was available,.:Saving all the vein material- from each round of advance in
a drift.would involve small-scale stoping-opérations requiring at least®
double the time and cost per foot,. The barrén limestone would be undercut,
blasted, and removed; the ore zone would then be shot down, partly hand-cobbed,
and sorted to:remove barren material, -and-the renmaining asbestos-bearing ma~
terial would be. transported to the: m:.ll. A’ 6-iichserpentine-fiber band re-
covered from 4 feet of advance in a drift 5 feet wide would represent about
1,500 pounds of m:Lll feed. ‘ ; . -

After a vein has been opened by ‘a drift 11: would be possible to mJ.ne g
out a sample by means of ‘a narrow stope along the side of the dr:.ft It_, is ’
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thought that it would be J.mpractlcal to break a -stope rcound less than 2 feet
in width. Again assuming a 6~inch vein thickness s very 10 feet of sample
would represent about l, 500 pounds of material T

L

Such large quantities of sa.mple nhterial would ‘{nvolve difficult trans—
portation problems, . At project 2302, the ssmples were packed on burros over
a narrow, steep trail for half-a mile to the road and then trucked a mile to
the Phillips mill. From project 2303 the- samples were trucked 94 miles to
the mill. The usual custom mj_'l.ling charge 1s $15 per ton. .

The m:].ning work done at the four projects was as follows-'
Project No. . Drifting, feet :_gg, feet ggn cuts, fee

2302 505~-

2303 , L L
230, AAB S |
2305 :’-z‘é;. T 3
| Lgon o 30 67

Comercial asbestoa was ‘developed at projects 2302,Phillips Grandview
No, 4, and 2303, Reynolds. Falls Group, but not at the other two, . Detailed
descrlptions of the four pro:)ects follow in chronolog:l.cal order, . . . .i

PROJECT 2302 ’ PHILLIPS ASBESTOS co. s @ANDVIEN NO. h

The - property of the Phillips Asbestos Co. covers &pproximately a l-mile
front along the precipitous ridges on the south side of Salt River, 2 miles
southwest of the Salt River bridge on U. 5. Highway 60, It is reached by &4
miles of graded dirt road branching off the highway 38 miles north of Globe,
The area selected for exploratory.work was on the north side of an eastward-
trend:mg rldge about 900 feet from its eastern end. ,

The mine is on the north side of a flat ridge between two of the many
tributary canyons cut into tne south wall of Salt River ‘Canyon, .The rim of
the Salt River Canyon is at an altitude of abdut 5 ,OOO feet, and. the ‘bed of
the river is nearly 2,000 feet lower. : .

Descriptn.on of the Ore D J)osit

Around the ridge there is: exposed a relatively flat-lying section of
the lower Mescal limestone about 100 feet thick, which’ is in contact with
thick dia.base sills both above and below (fig, 16) .

-. At the end of the ridge, where the asbestos—bearlng zone outcrops near
the. ~bottom of the limestohe, is a maze of small stopes and interconnecting
drifts from which the better grades of ‘asbestos had been mined several years .
ago, On the north side of the ridge, for 900 feet westerly from the end,
the lower contact of the limestone with diabase is generally visible, but
heavy talus -obscures the fox‘mtion for the next 1,000 feet west, .This con-
tact with the limestoné is at a'Horizon abové the asbestos zone, which is
cut off some 4O feet within the hill by rapid thickening of the lower sill
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along an axis roughly parallel to the face of the ridge. ‘This tross-cutting
feature was exposed by three existing tunnels, which had cut the asbestos
zone at 100, 120, and 320 feet west of the end of the old mine workings.

The working site was chosen at the east edge of the talus-slides 200
feet west of the most westerly of the old tunnels, The drift was to be
started at a level which, as determined by geologic evidence, should cut
the asbestos zone within -the hill, ' ' o '

Bureau of Mines Exploratory Work

The work was begun in the first'week of January 1943, A good camp was
prepared by reconditioning several old buildings and repairing a quarter of
a mile of truck trail to ‘serve the campsite, The compressor was set up on

. the summit of the ridge near the road, and 1,000 feet of air line was laid
down the hill to the site of the exploration drift. The ore zone was far
below the road, and accessible only by a 2,500-foot trail, which was re-
paired and widéned so that mining equipment; timbers, etc, could be packed
down by burros, o _ A ‘ ' AR

. Drift No, 1. - A bench was shot out on the cliff: face to make working
space, and drift 1 was started:in the diabase about 8 feet below the level
limestone contact. As this limestone was loose and blocky, heavy timber
sets and spiling ahead were required to hold the ground, At L6 feet, the
drift passed through the contact, here steeply dipping, and entered solid
limestone, No further timbering was required, The drift was driven 289
feet irito the hill‘'on a bearing parallel to the next existing tunnel to -
the east (figs, 16 and 17). S ' .

The limestone against the crosscutting diabase contained three narrcw
gerpentine-fiber bands, one at floor level, one at 4 feet, and another at
7 feet above the floor.. The formations rosé into the hill at -about 1,50
so that the lower vein inclined gradually .from floor level to 4 feet above - -
track level at the end of the drift, ‘Each of the two upper veins contained
only a small amount of glassy, harsh fiber, did not improve in quality or
size, and gradually pitched above roof level, Thesé zones were occasionally
checked by drill holes, but no change vas indicdted, -Six-foot drill holes
were also put down in the floor at intervals-to determine the character of
the formation below drift lavel, No fiber streaks were encountcred, and
there was no indication. of proximity: to: the mnderlying diabase contact,

R RN . 2t

The lower, or main vein, which'at tho beginning contained very short
fiber, showed gradual improvement in quality and quantity of fiber as the
drift advanced. From the results of sample milling, the commercial limits
of the ore body appear to be between: 135 and 275 feet from the portal, with
the best section at 215 to 225 feet; : In the last 15 feet of drifting, the
serpentine-fiber streak gradually thickened from 3 to 5 inches, but the
fiber content was still below minable gradei ‘ o

A crosgcut was driven 30 feet west: at.210 feet from the portal, The
average grade of ore in this.crosscut was better.than that in the drift,-

Sres Ty o
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Forty-seven 5-foot samp]as were cut :l.n a cont.inuous cha.nnel in the
drif’o and crosscut, , B

Drift No. 2. - When enough men were.available to drive two headings,
work was begun In the old tunnel 200 feet east of drift 1, This tunnel
had been driven as a. "wheelbarrow" prospect and required reconditioning
of width, height, -curves, and grade before -track.could be installed and’

a mine car put into service, This location'is hereafter called drift 2,
The crosscutting diabase entered the floor at 45 feet from the portal, and
the position of the drift was. such'that the lower" ‘sérpentine~fiber band was
carried at or near the roof, The limestone penetrated in the first 100
feet has numerous open cracks, These near-surface cracks had permitted
ground water, probably charged with iron oxide and.calcium salts, to filter .
through the asbestos seams, causing some discolaration and imparting a
slight degree of harshness to the fiber for the first 50 feet of vein

exposed,

This drift was extended an additiénal 147 feet, or a total of 270 feet
into the hill, Toward the end, the drift was mads 8 feet high to keep the
updipping vein exposed,..Although the vein persisted to. the.end of the drift
with the quantity of fiber virtually undiminished, an increase in the nuiber
of partings reduced the fiber length to below No. 2 grade. From the results
of sample milling, the commercial limit of the ore bocb' is apparently be~
tween 75 and 215 feet from the portal. Y

A crosscut to the right was ‘starte_d: ,at .180. feet from the portal and
was driven 35 feet toward drift 1. An improvement in the grade of ore was
indicated, Fifty-two 5-foot samples were cut in a continuous channel in
the drift, crosscut, and an old stope that turns east from the drift 100
feet from the portal. : ‘ '

In the old prospect drift 20Q feet.éasﬁ‘of drift 2,'the two upper veins
had been exposed, showing a small amount af harsh fiber similar to that in
drift 1, Consequently, no attempt was made to exglore these two veins from
drift 2. . ) . P )

Sampling, - Channel samples were. cut: along 210 feet of drift 1 and along
215 feet of drift 2, also along the two short crosscuts from the drifts and
the small stope east from drift 2, a total of 99 five-foot samples (fig. 18),
Groups of the samples were combined, as shown on figure 18, and milled in the
Phillips Asbestos Co, mill, Average width of the groups of samples and the
?:ftll yi;]g.d of the several grades of fiber from each group are shown on
gure _

The resultant grading is a litt.le ,lower.- than it woul'd be if the samples
had been mined in the usual manner, During part of the work in drift 2, the
owner furnished men to save the asbestosrbearing material, He reported that
the recovery from 4 tons of this mill’feed graded 0,5 perceant No, 1 fiber,
20 percent No, 2 fiber, 20 percent No, 3, and 59: percent No, 4, The Buregu
of Mines samples cut along this same section of the d&fift averaged 7.5 per—
cent No, 2 fiber, 17 percent No., 3, and 76 percent No., 4, This comparison
is indicative of the degradation of fiber by channel sampling but is not
cited as a measure of such degradationy ' i -
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vttt PROJECT 2305, ENDERS' WHITE TAIL NO. 2

Enderst hite Tail No., 2 mine is in the Fort Apache Indian Reservation,
on the north side of Salt River.Canyon,.about. l.mile north of the Salt River
bridge on U, S, Highway 60, It is reached by a road that leaves the highway
' 5 ‘miles north¥ast of the bridge, - This road ie narrow and rocky and has .
stretches’ of - miotintainside -.cuts with steep grades ‘(fig. 2): ' It winds down -~
around the canyon rim to a flat at the top of the limestone cliffs, The ‘
tunnel entrance is in the cliff face 75 feet below the flat.

The Salt River has here cut a can'yon about 2,000 feet deep in a rolling
plateau having-altitudes of 5,000 to 6,000 -feet, The sides of the canyon
ape’dissected by. tributary streams. - The asbestos-bearing beds outcrop in the.
dissected walls of. ‘the eanyon, The Phillips Grandview mine is. 2 miles south=
west of the Enders' White Tail, on the side of the ridge in the south wall
of: the 'canyon.. The distance by road between the two mines is 20 .miles,
Precipitation:is:sufficient to support considerable vegetation.. There is a .
good cover of pinen and juniper on:the plateau, The lower limit of these
trees is not far below the mine,

Geology and Ore Occurrence

.7 At ‘the White Tail, about.l40 feet of. the upper part-of the Mescal for-' :
mation lies between two thick sills of diabase, Of this outcropping lime- =
stone, the upper half represents the algal member., A northeast-trending,
6-fopt, vertical, diabase dike crosscuts the limestone sheet and connects
the two heavy diabase sills,. Thin sills branch out from this dike and extend
into the limestone for considerable'distances, Minor thrust faults complicate
the structure (figs. 19 and 20), .

The -asbestos-bearing strate outcrop under the algal formation about 80
feet bplow the top.of the limestone ¢liffs, On the east side of the dike,
a, good grade of .soft spinning fiber-is exposed in an old tunnel and stope,.-. -
whi.ch_aqpened the ore zone for a length of 100 feet. The asbestos occurs.in. -
two .zonés agbout 3 feet apart, the upper zone immediately:under the:algal
contact,.. This old werk.showed a concentration.of asbestos in the -area ad- . .

~Jacent to the dike, which gradually decreases in quantity eastward and 'is . .
noncommercial at about .60 feet from the, dike, L ‘ .

'This asbestos zone is 60 feet ébovqthe diabase:; Very .few commercial,. .
deposits occur at this distance above diabase, but because geologic conditions
on the west side of the dike appeared to be similar to those on the east side
it was thought that a body of asbestos might be found on that side. . Conse-

quently, it was decided to explore the area, : s

In Novémber 1942, members of the Geological Survey made a geological map
of the afea in’'the vicinity of the proposed Bureau work, .This mapping indi~
cated that at about 900 .feet back in'the hill the limestone sheot was cut off
by a low-angle, trosscutting diabase sill (figs. 19, 20, and 21); that this -
intrusive body had separated and raised this segment some 250 feet; that the

J

northéast-trending, 6-foot, vertical dike likewise traverses this uplifted |

se

segmént ;. that the contact between the algal.and lower member of the formation:
1668 -21 -
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was repeated at this higher elevation and could be exposed by trenching; and
that there was a possibjlity that the same ‘geological conditions that promoted -
aore depositlon in the lower segment were present in this upper detached segment,

eau of s ration -

' Initlatlon of the project work was delayed a month by bad weather. The -
access road.was improved, :a camp .was establa.shed, and a crew moved in about
the middle .of February 1%3. . - - T :

The Drift

A tunnel was dr:i:ven roughly parallel to and about 20 feet west of the.
dike, At about 50 feet from the portal, an unexpected low-angle.thrust fanlt
was encountered, which had raised the ore zone above the drift-level, It did
not appear on the east side of the dike and was not visible on thesurface,
It was the first manifestation of the fact, later proved, that under compres—
sion the blocks on opposite sides of. the dike acted as independent. un:.ts, '
producing different patterns of deformation on the two sides. :

The drift was continued for another 70 feet to reach a point from which
to prospect the east side of 'the dike in;advance of -the old workings. No
other fault was encountered, and the dip of the formation remained relatively
level, Only small lenses ; of harsh: fiber'were' occasionallyt\ cut in the bedding
planes. ' . ' ' ' -

Two :anlined ra:Lses were put up to reach the upl:.fted f:.ber zone, No. 1l
at 120 feet and No, 2 at 60 feet from the portal. .In both raises, the bottom
of the algal limestone was found.about 20 feet vertieally above the track
level, . :

' Three fiber veins: were cut in raise 1 approximately 1 foot apart,
the topmost one against the-algal contact, Thé upper vein was of a semi-
harsh quality, but the. other two showed soft, freen asbestos of good quality,
A small drift was. extended a few feet toward the dike and also in the oppo- -
site direction, exposing 35 feet of ore zone, ‘The veins pinched toward the
dike and proved to be discontinuous in the oppos:Lte direction, As much as
3 to 5 inches of total fiber in two or three veins 'was exposed at some places,
but pinched out within 10 feet or-less, Thé asbestos dcéurrence was almost
.identical in 30 feet of drift from raise 2, Although,good fiber was found in
both ‘these raise-drifts, it was in small lenses and the showing did not
Justn'y a connecting drlft along the ore zone. SR ,

: The main drift-was continued when enough men were available to work’ tm
headings and was turned east to explore the area ori the other side of thé dike,
The dike was found to be sheared and serpentinized on both borders, and the
limestone beds are upturned against it, Thirty feet east of ‘the dike, the,
base of the algal limestone dips down- to the back of the drift, 'A narrow,
serpentinized zone immediately under the contact contains small veins of
fiber,' Two discontinuous seamd of asbestos were cut’ in the bedding planes .
several feet below the contact,  The drift was’ cont:mued 30 feet farther, but
the Serpentine zone decreased to 2 inches and the fiber séanis pinched “out, ..
showing ‘that-:the 1imit of mineralization had been reached (figs. 21 ‘and 23).
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DEVELOPED SECTION ¢’

Figure 21. - Plan and sections - Enders Whitetail No. 2.
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R.I. thO

It was then decided to explore the area northeast, parallel to, and
about 30 feet from the dike,. ‘The first round openied up a pocket of fiber
4 inches in total length, much of which was in strands of 1 to 2 inches,
This proved to be a lens that decreased to a vein of l/2-inch fiber within
10 feet,

In this area the formation was arched on an axis that trends north to-
ward the dike (sec, D-D!, fig. 22), The drift was turned -along the strike
of the formation to keep the ore zone near the top of the drift. To avoid
cutting into the dike, the drift ‘then had to be turned northeast, paralleling
the course of the dike, The dip of the formation carried the base of the
algal member down to within 18 inches.of floor level, and as the last 30
feet of drifting had shown serpentine with only traces of fiber, the work
wag stopped after drilling a 6-foot test hole in the floor near the face of
the drift, No fiber was found in the test hole, ' _

Open Cuts

To check the possibility of an asbestos deposit in the upper detached
segment, an excavation was made 4O feet east of the dike, This open cut ex-
posed 3 to 5 feet of the strata 1mmed1ately below the base of the algal mem-
ber for a length of 32 feet (fig, 19). Serpentine was found to be poorly.
developed, and only one discontinuous asbestos vein was shown, It contained
1/16 to 1/2 inch of jointed, semi~harsh fiber of poor grade. Before aban-
doning this prospéct, 6~foot drill holés were put dovn at the middle and at
each end of the cut to test for possible lower veins, Little serpentine and
no fiber was 1nd1cated by these holes, :

Prospecting was done at two places west of the exploratory tunnel
Fifty feet west of the tunnel portal, a cut 15 feet long was made, exposing
and undercutting the base of the algal member, - A 6-inch serpentine-fiber
zone was uncovered, showing 2 to 3 inches of "bone" but virtually no. good
fiber,

A second cut, 135 feet west of the tunnel portal, was opened.for 20
feet into the hill, The stratum immediately below the algal contact, which
normally represents the ore zohe, was here found to be crushed and sheared
by ,.a bedding fault, In the solid formation below this shear zone was a vein
of '1.5-inch glassy, harsh fiber, which pinchaed out within the length of the
cut, - I - -

The small lenses of asbestos found were not sampled,
PROJECT 230&, ROGER Q. KYLE'S SLOAN CREEK GROUP
Exploration work was done on the Cowboy and Last Chance claims of Kyle's
Sloan:Creek group, . The work:could not be begun until mid-March, b ecause snow
and mud made the.aceess road impassablec for heavy equipment during the late

winter, A camp was established within a mile of the project by recondltioning
three old frame buildings,
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The mine is on the northeast edge of the Sierra Ancha District about 15
miles-southeast of Young, It is reached by 15 miles of poor road that goes
south, from Bottle Spring, which is 83 miles north of Globe on the Young-
Holbreok highway. : o S : ‘

Sloan Creek and its tributaries have eroded this area into relatively
shallow, V-shaped carmyons, which are flanked by interyening mesas, The
average altitude is about 5,400 feet, and the precipitation is sufficient to
support a fair forest cover of pine; pinon, and’juniper, - '

Geology and Ore Deposits . ’

.The Cowboy claim covers the south and east ends of one of the mesas,
which is“capped by Mescal limestone. The limestone is underlain by a thick- -
diabase sill, which shows slightly upturned edges along its southeastern
outerop. A short distance above this outcrop, a narrow bench cut 350 feet
long and several short adits exposed two asbestos—-serpentine zones at 2 and
7 feet below the base of the algal limestone, The best ore had been found
along the northern end of the cut, L ~

Study by the Survey geologists indicated the possible presence of a
relatively large-scale crdsscutting feature of. the underlying diabase sill,
which strikes east nearly parallel to and about 500 feet back from the south
edge. of the mesa, - The strata immediately under’ the base of the algal mem- .
ber are believed to be favorable beds for deposition of asbestos when dia-
base has crosscut them or-when the diabase is relatively near; if fracturing
or evet)r slight folding of the strata resulted from the intrusion (figs. 23
and 24). , .

‘Bureau of Mines Explcération Work

In view of the seemingly favorable geological conditions on the Cowboy
claim, it was decided to explore the asbestos-bearing horizon over the east
end of the crosscutting axis (figs. 23 and 24), Drift 1 was driven 100 feet
into the hill and exposed two serpentine zones about 5 feet apart immediately
under the base of the algal limestone, The serpentine had a dull, grayish
appearance and at no place in either zone was it found to be fiber-bearing, -

Several tons of good fiber, much of it 2 ahd 3 inches in length had |
been taken from the northern end of the bench ecut 450 feet south of drift 1,
A 10-foot adit had been driven near the center of this "bonanza" lens, which
showed the vein almost -pinching out, except for a pocket of 1l-inch jointed
fiber in the face, To determine the limits of this deposit more certainly,

it was decided to advance this heading,

.+ The adit was extended an additional 27 feet (drift 2), Mineralization -:
became weaker, 'and the ‘drift was turned westward to 'keep the remaining ser— -
pentine and traces of fiber in sight, Work was stopped 37 feet from the .
porﬁ, as it was. evident that the limit of the mineralized area was being .
outlined,
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In the meantime, ’ geologic mappmg of the other fiber-bearing areas:of
_ the property: syggested that a body of asbestos migh’o be found on the Last
* "Chance claim, -The ore gone outcropped in.several places along a nearly -
level horizon halfway down the side.of the canyon -and had been prospected
“in a number of places, -The major work on:this outcrop had opened the ore
zone for 150 feet into the hill, with side stopes up to 40 feet wide. . The
serpentine-fiber-zone Wwes ‘inmediately under the algal limestone and averaged
2/, inches in.thickness, This Zone contained up to 1,5 inches of fiber dis-
“  tributed in several asbestos veins, Most of the fiber was less than 1/2 inch
" in length, but all of it -was soft and of very good qualit { The possibility
. bf an extension of the ore body appeared best to the sout

.-t

: "Drift 3 was started 150 feet south of the old work, Fifty feet of full-
timbered entry was necessary to reach solid formation, As it was apparent:
that the formation was dipping into the hill, haulige by miné car was not
attempted, and all muck was removed by wheelbarrow, Small ve:Lns of .asbestos
-. appeared at 70 feet from the portal, becoming more numerous for the next
hundred feet and reaching a maximum of about 20 veinlets in 3.5 feet of ser-
- pentine at a flexure in the structure, Unlike many other deposits, the veins
- did not coalesce to form Yohger fiber,

As the ore zone developed a dip of 6° to the east, it was necessary to
turn the drift northeastward to maintain ‘a grade up which a loaded wheel-
barrow could be pushed, The drift was driven 289 feet into the hill, pros-
pecting the area to the south and east of the old workings., In the last 100
feet; the formation became level, and although the .full face of the drift
."became serpentine or serpentinized limestone , the asbestos veinlets decreased
in number and gradually plnched out. There was no evidence of asbestos in
thelast.éSfeet.;, : o o

.« The only diabase in the' ‘immediate. vicinity appears as a sheet over part
of the hill copnecting with a major crosscutting feature back in the hill
and parallel to the canyon, But the @sbestos deposition decreased and dis-
.appeared as this diabase body: wa$ approached, = Contrary to the common habit
of asbestos depesits, thé best fiber appears at. the greatest distance from
the crosscuttmg diabase,

The asbestos exposed in the drift was not. sufficiently abundant or long
to be mmable' eonsequen’cly, no samples were taken. : . )

PROJECT 2303, REYNOLDS FALLS GROUP .

The Reynolds Falls group of claims is in the Sierra Ancha Mountains at
the junction of Reynolds Creek and‘its tributary, the South Fork, The-area
is reached by an ungraded, 4-mile dirt road, which branches off from the
Globe~Young h:l.ghway 49 miles north of Globe,

This region is in steep, mountainous terrain covered with pine forest. _
Except for the high Troy quartzite cliffs and bedrock exposed in the drainage
channels, there are very few rock exposures, as the steep slopes are heavily
covered with overburden,
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Description of the Ore Dems:l : - o

The ore zone is in the Meacal -limestone about 65 feet - above the relatively
level contact with a thick disbase sill of great areal extent (fig. 25). The
asbestos veins were originally found in the canyon bottom of the South Fork,
and prospecting was confined to the immediate vicinity. .As outcrops are few,
the Survey geologists were unable to determine the:stratigraphic position of
the fiber-bearing zone within the Mescal formation, The algal member was not
seen and may not be présent in this section. The structural control that in-
fluenced the deposition of asbestos at this extreme distance from diabase was
not definitely determined, as no dikes or crosscutting features.are indicated,
There are numerous more or less parallel, east-west premineral fractures show-
ing slight horizontal movement, which may be related to the ore deposition,

, ' The mine workings' on the west side of the canyon had attained a méxci mm
depth of 200 feet and a maximum stope or exploration width of 270 feet, A
b6~foot adit was driven ih the ore horizon on the opposite side of the canyon.
The formation is obscured by overburden for 1,000 feet around the hill to- the
north, at which point several open cuts expose bedrock. One of these cuts is
thought to be on the same stratigraphié horizon as the .ore zone but shows only
"bone" serpentine, The formations on the east side of the canyon likewise are
heavily covered with overburden, ..

The Ore Zone

The ore zones exposed in the old workings aré along bedding pla.nes :Ln the
limestone about 65 feet above the diabase contact, These zones. appear at sev—
eral’ definite horizons.within a vertical distance of 9 to 11 feet, The upper
zone, which is carried at the top of the drifts and stopes, is 2 to L feet.
thick and is irregularly serpentinized in a wavy pattern with nodular serpén-
tine common, Fiber occurs at any part of the zone in one to several veins,
Previous operators state that they disregarded this zone as too erratic .in
attitude to be mined, The middle zone lies 2 to 3 feet below the bottom of
thé upper zone and consists of three serpentinized bands about 9 inches apart, .
The upper band is very persistent and has yielded most of the-asbestos mined
from this deposit, The middle band is less important but has produced some
soft asbestos in places, The third band, not always present, is narrow and
contains only small amounts of harsh fiber, .

At the portal of the main mine workings, where bottom was taken up by a
previous operator for drainage and track installation, a lower zone of harsh,
brittle fiber 3 to 4 inches thick was encountered at 6 feet below the middle
zone but was not m:med. ‘ , R

Bureau of Mines Work "

Lacking knowledge of the geology and being limited in project working
time, it was not feasible to attempt explorat:.on of the ore horizon from the
surface s where much overburden would have to be removed -and a timbered portal’
made, Therefore, it was decided to concentrate the work within areas already
opened and to start an exploratory drift from the back of the old mine,
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Figure 27. - Assay map, Reynolds Falls mine - Project 2303.
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R,I. Il-loo .

. .A cfeW'nﬁs ﬁbved in thb second week of AuéusﬁflSLB, a;bampfwas prepared,
and the water was siphoned out of the mine workings, which slope inward from
the mrtdg . ¢ . PR . . .. . .

After a study of the stoped area, it was decided to drift northwest -
from the innermost corner, as this’ direction was between the bearings of-the
dip and the strike of the formations and would not be too:steep for the use
of wheelbarrows, It had been planned to push this explération by using two
shifts, but dampness and lack of ventilating currents left the mine.too gassy
for a night shift, so it- was decided to explore the ore horizon'on the.other
side of the canyon by extending the old 66-foot drift,  The work in the mine
stope was called the "atope crosscut," and that across the canyon was desig-
nated the "drift" (fig., 26). :

There was no trouble with labor shortage or incompetent workers at this
project, as the crew was selected from the three crews employed at former
projects, The stope crosscut and the drift were each advanced 91 feet in
less than a month of actual mining time when the work was stopped in mid-
September 1943,

The Stope Crosscut

In the stope crosscut the upper zone varied from 2 to 4 feet in thick-
ness and showed considerable fiber in discontinuous wveins of erratic pattern
at some places, More than half of the fiber was rather harsh and could not
be mined profitably, The middle zone was about 2 feet above the floor, The
upper Serpentine-fiber band in'this zone was 3 to 7 inches thick and contained
1 to 2,5 inches of total fiber, The fiber was not silky soft. There are oc-~
casional short lenses in which the fiber seems to be mixed with strands of
the semi-harsh variety, However, previous operators state that the shipments
have always been accepted as spinning grade, The lower band of this zone
showed up to 2 inches of serpentine in which one-half to three-quarters inch
of fiber occurred, but much of this was fairly harsh and it was not sampled,

The Drift

The upper and middle zones were exposed in the drift on the east side
of the canyon, The upper zone was unimportant, as elsewhere, and near the
portal each Af the two bands of the middle zone showed one-half to three-
quarters inch »f fiber, usually with partings. The exploration work showed
these veins decreasing in size, so no samples were cut,

Samplin

Only the upper band of the middle zone was sampled in the stope crosscut,
Eighteen channel samples were cut in continuous 5-foot 'intervals along the
left side of the crosscut from the starting point to the face, and five addi-
tional samples weré cut at intervals along the stope face adjacent to thé
crosscut (fig, 27). "The samples were combined as shown and milled at the

- Phillips Asbestos Cc, mill,
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UNIVERSITY OF MICHIGA

The following is not in'oended as a direct comparison but merely indicatés
the trend of milling results from the two methods of obtaining the mill rock,
Records of custom-mill grading of the last 53 tons of mill rock extracted fiom
the stope adjacent to the Bureau work show 0,6 percent No, 1, 4O percent No, 2,
18 percent No, 3, and 41 percent No. 4; thé Bureau samples averaged 12 percent
Nos 2, 20 percent No, 3, and 68 percent No. h.

RL. 400 I

The proportion of fiber to serpentlne is much higher in this deposit :
than at any mine observed elsewhere in the distrié¢t, By the visual analysis
of the Survey geologist, the band from which these samples were cut contains
46 percent fiber in the total width of the serpentine, At another mine where
the same méthod of analysis was applied the ratio of flber to serpentine is
26 percent.,
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