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PREFACE 

During recent years there has been a strong demand for molyb- , 
denum ore, and many articles descriptive of deposits of molybden
ite (sulphide of molybdenum) have been published. Little has 
been printed, however, about the deposits of wulfenite (rpolybdate 
of lead) that occur in numerous places in the Southwest. 

The Arizona Bureau of Mines considers itself fortunate, there
fore, in being able to publish this description of the most produc
tive wulfenite deposit in Arizona. 

The author's suggestion that wulfenite may be a primary min
eral that has been deposited in the oxidized zone by ascending 
solutions will doubtless be criticised' by geologists who are un
familiar with deposits of this mineral, but it is the only theory 

. yet offered that appears to conform to observed facts. 
. Wulfenite has often been found associated with oxidized ore in 

Arizona, but there are no evidences that it is an oxidization pro
duct of molybdenum-bearing galena (if such galena exists) or of 
mixtures of galena and molybdenite. Indeed, it is a well-known 
fact that molybdenite oxidizes to molybdite (molybdenum ocher 
or oxide). When wulfenite deposits have been developed to suf
ficient depth to reveal the unoxidized, primary ore, the . galena 
encountered has been found to contain no molybdenum. 

If such conditions prevailed in only one mine, it would be 
logical to assume that a molybdenum-bearing galena that origin
ally lay above some molybdenum-free galena had been oxidized, 
but, when the conditions mentioned exist in every place where 
development has been deep enough to uncover the unoxidized 
ore, this theory becomes untenable. 

The origin of vanadinite (vanadate of lead), which is usually 
associated with wulfenite, is as much of a puzzle as is the origin 
of wulfenite. This wulfenite-vanadinite problem is certainly a 
perplexing one, and it is hoped that the publication of this bulletin 
will direct general attention to it and prove an aid in its solution. 

June 1, 1938 G. M. Butler 
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AGUA YA PROSPECT 

The Agtiaya prospect consists of an adit following a narrow 
vein along the footwall of a body of rhyolite in contact with 
granite. The vein dips steeply northeast, with clearly defined 
walls marked by gouge. At the northwest end of the adit the 
vein is lost in the jumbled structure along the hanging wall of 
the Mammoth fault. A thin basic dike lies along the footwall 
between the vein and the granite. 

The vein matter consists of loose, quartz-filled breccia contain
ing fragments of rhyolite and basic rock cemented by limonitic 
gouge. The vein has been partly mined between the adit and the 
outcrop. Gold occurs in thin films coating fragments in the 
breccia that are especially rich in iron. 

This vein is probably the northwest end of the Dream vein. 

MOHAWK EXTENSION MINE 

The Mohawk Extension claims are southeast of the Mohawk 
and New Year claims. The mine was not examined, but it is 
understood to be on a narrow vein along the footwall of a rhyolite' 
sill in contact with granite or arkose. . 

The Dream vein, projected to the surface, coincides closely with 
the vein in the Mohawk Extension workings. 
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Two crosscuts, driven into the footwall of the Dream vein to 
prospect for the Smith veins, show a thick str~tu~ of arkose be
tween the granite and the footwall of the rhyolIte sIll. 

ZOO-foot level (PL VII) 

The structure of 391 vein on the 300-foot level carries through 
to the 200-foot level. At the southeast end of 391 stope (291 stope) 
the vein passes into intrusive breccia and contracts as on the level 
below. The vein structure continues to the northwest beyond the 
end of the stope, but there is not sufficient mineralization to make 
ore. 

A crosscut into the hanging wall shows 200 feet of brecciated 
rhyolite and two poorly d~fined veins, 0:r:te of which is 376. vein, 
the other is probably what IS left of 491 veIn. Several of the mter
vening fractures are also slightly mineralized. 

The 100-foot level was not accessible. According to Vander
wilt,29 it was limited to drifting and stoping along the vein which 
continues upward from 391 stope. 

SMITH MINE 

The Smith Mine is on the Washington claim, 1,000 feet west of 
the Mohawk shaft. It consists of an adit and several hundred feet 
of drifts and crosscuts (Pl. IV). The outcrop shows two narrow 
veins one on the footwall and one on the hanging wall of the 
rhyolite dike dipping steeply n~rtheast: Granite. arkose forms 
the footwall of the dike and a basIc breCCIa the hangIng wall. The 
dike appears to be cut off at each end by cross faults. The Mam
moth fault must be close to the footwall of the dike. 

Several small ore shoots have been mined from shafts sunk at 
intervals along the outcrops. The underground workings are 50 
feet below the outcrop. The adit, evidently driven to cros~cut ~he 

. veins, completely missed the southeast end of the rhyolIte dIke 
but crossed a mineralized stringer which when followed to the 
northwest turned out to be the hanging-wall vein. A drift to the 
southeast goes into alluvi~m. T~e underground ~orking~ have 
served mainly for prospecting WhICh was not very Instructive. A 
little ore was stoped from the hanging-wall vein. The structure 
shown underground is more complicated than appears on the out
crop. The intense brecciation and complicated fracture pattern is 
characteristic of the hanging-wall side of the Mammoth fault. 

The veins are not over 2 or 3 feet wide but were probably 
well mineralized. They are now completely oxidized and leached. 
Gold occurs in very thin films which are doubtless of supergene 
origin. 

A crosscut was driven from the 300-foot level of the Mohawk 
Mine to prospect for the downward extension of these veins with
ou t success. 

29.John W. Vanderwilt, Economic Geology of the Mohawk-New Yea'r 
Mine, private report, 1934. 
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550-foot level (Pl. X) 

Both the 491 and 391 veins are developed on the 550-foot level, 
which is 13 feet lower than the 700-foot level of the Mammoth 
Mine. The intersection of the two veins is near section F-F' 
(PI. III), whence it plunges below the level to the southeast. At 
the northwest end of the level, 591 stope is on the main or 491 
vein. At the southeast end 542 and 543 stopes are on the branch 
(391) vein. 

As the Mohawk shaft passes through the Dream vein a little 
above the level, the vein cro.sses the shaft station a few feet 
northeast of the shaft. There the vein is narrow and poorly 
mineralized. 

4OO-foot level (PI. IX) 

Both branches of the Mammoth vein as well as the Dream vein 
are explored on -the 400-foot level. The ip-t~rs~ction of 491 an.d 
391 veins is near section E-E' (PI. III). The princIpal stopes on thIS 
level are on the 491 vein. The 391 vein is well defined but narrow 
and contains only one small stope. Beyond the northwest limit of 
492 stope the vein contracts and at the end of the level is a prac
tically barren fissure. 

The Dream vein on the 400-foot level widens at the southeast 
end where the vein is cut by a series of cross-fractures which 
probably were effective in localizing the mineralization. A small 
stope was begun at this point, but apparently the results were not 
encouraging. 

The 400-foot level is near the bottom of a large wedge-shaped 
mass of intrusive breccia included in the rhyolite sill. 

300-foot level (PI. VIII) 

The structure on the 300-foot level resembles that on the 400-
foot leveL The two veins converge near the northwest limit of 
391 stope, beyond which the mineralization ends abruptly. A 
northeast crosscut off 351W2 winze about 80 feet below the 300-
foot level (section E-E', PI. III) shows the convergence of 391 and 
491 veins a little above the 400-foot leveL 

At the southeast end of 391 stope (392 stope) the vein passes 
into intrusive breccia and becomes too narrow to mine profitably. 
The vein continues southeastward for 450 feet along a contact of 
rhyolite with intrusive breccia but without sufficient width to 
warrant stoping. 

The top of 491 stope is a little above the 300-foot leveL The up
ward continuation of the vein is said to have "feathered out," 
that is, mineralization became too dispersed to make ore. 28 

The Dream vein, which is explored for 650 feet along its strike, 
is well defined and mineralized but too narrow for profitable 
mining. As on the 400-foot level, a group of parallel cross-frac
tures appear to have caused a widening of the vein at the south 
end of the level where a little ore has been stoped. 

28 Carl Geib, oral communication_ 
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Adit level (PI. IV) 

This level is 70 feet higher than the collar of the Mammoth 
shaft and 130 feet below the highest point of the vein outcrop. 

The vein structure southeast of the Collins shaft is almost 
identical to that on the 60-foot level. The principal ore shoot has 
been stoped to the surface, leaving a large open cut or glory hole. 

A drift southwe.stward into the hanging wall of the vein cuts 
150 feet of brecciated rhyolite and closely sheeted andesitic 
breccia. The first 40 feet next to the vein is an andesitic breccia 
containing numerous thin stringers of quartz and cut by sheeted 
zones in which the laminations are commonly less than an inch 
wide. 

All the rock on this level is intricately fractured and sheeted 
in zones that trend northwest and dip steeply southwest. The 
slickensides of some fractures suggest reverse movement. 

A fairly large shoot of ore has been mined in a glory hole at the 
Junction of the Collins east vein with a wide sheeted zone striking 
eastward. 

MOHAWK-NEW YEAR MINE 

The Mohawk-New Year Mine explores three veins: the southern 
extension of the Mammoth vein (491 vein), a branch of the 
Mammoth vein (391), and the Dream vein. The branch vein dips 
northeasterly and intersects the footwall of the Mammoth vein. 
The intersection of the two veins plunges southeastward from 
above the 300-foot level at the north end of the mine to below the 
550-foot level at the south end. 

It is interesting to note that above the intersection of the faults, 
wherever the vein widens in one branch, the vein opposite con
tracts. Apparently when the ascending solutions reached the 
intersection of the faults they largely entered whichever branch 
offered the more open channel. The vein is widest in rhyolite and 
contracts where one or both walls are of intruded breccia. The 
country rock in the Mohawk-New Year Mine is almost entirely 
rhyolite with included bodies of intruded breccia. -

The Dream vein follows the footwall of the rhyolite intrusive 
in which the other veins occur. The footwall of the Dream vein 
is a coarse arkose derived from the granite that it overlies. Only 
a very small amount of ore has been recovered from the Dream 
vein. 

The mine is entered by either the Mohawk or New Year shafts, 
which are both vertical and are only 140 feet apart. The Mohawk 
shaft has three compartments, two of which are equipped with 
cages operated in balance by a double-drum elec~ric hoist. The 
ore is hoisted in mine cars. _ The New Year shaft has a man way 
compartment · and one hoisting compartment equipped with a 
skip. The collarS of the two shafts are 10 feet higher than the 
100 foot level of the Mammoth Mine: 

- ..... 

r· 

GEOLOGY AND ORE DEPOSITS OF THE MAMMOTH 

MINING CAMP AREA, PINAL COUNTY, ARIZONA 

INTRODUCTION 

FIELD WORK AND ACKNOWLEDGMENTS 

This report is the result of four months of field work from 
February to May, 1937. Laboratory investigations and prepara
tion of the report required most of the year following the field 
work. 

A topographic map, with a scale of 300 feet per inch and a 
contour interval of 25 feet, was available for the part of the area 
that includes the mine workings and camp buildings. This map 
was extended westward to Tucson-Wash, eastward to the alluvium, 
and southward to the limit of known mineralization. The Mam
moth-St. Anthony co-ordinate system, with its origin near a U.S. 
Geological Survey bench mark at an altitude of 3,171 feet, was 
adopted as a base for the entire camp. 

This report is concerned primarily _ with the mineralization 
and ore deposits of the Mammoth mining camp area. Timewas 
not available for a study of the broader features of regional 
geology and their relations to local structures. 

The writer wishes to express his appreciation to Dr. B. S. Butler 
and Dr. M. N. Short of the University of Arizona, for many help
ful suggestipns and criticisms during the preparation of this re
port. He is also indebted to Foster S. Naething, Manager of 
Mammoth-St. Anthony, Ltd., who made this work possible by 
granting the writer complete freedom in the camp and access to 
the maps and, records of his company; to Carl Geib, Mine Super
intendent of Molybdenum Gold Mining Company, for much 
helpful information especially concerning parts of the Mohawk 
and New Year mines that are now inaccessible; and to Sam Field 
and other members of the operating organizations who gave their 
assistance and co-operation wherever possible. 

BIBLIOGRAPHY 

The following publications and private reports contain informa
tion concerning the geology and mining operations of the Mam
moth camp area: 

1896.-Rickard, T. A., Vein walls: Am. Inst. Min. Eng., Trans., Vol. 26, 
pp. 214, 233, and 234. Contains a short description of the veins 
and mineralization in connection with a discussion of vein walls. 
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mine: Private report for Molybdenum Gold Mining Company. 

GEOGRAPHY 

LOCATION AND ACCESSIBILITY 

Mammoth mining camp is in Pinal County, Arizona, 3 miles 
southwest of Mammoth, a small village on the San Pedro River, 
21 miles south of Winkelman. In the early days the camp was 
known as Schultz. 

Plate XI.-Mohawk-New Year Mine at right, Mammoth-St. Anthony 
mill at left. 

A good highway gives access to the camp from Tucson, about 
50 miles to the southwest, and from Winkelman, the nearest rail
road station, which is the terminus of a branch line of the Southern 
Pacific Railroad. 

)1\ 
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4OO-foot level (PI. VII) 

The drift northwest and southeast from the Collins shaft shows 
very little ore, but a crosscut recently driven northeastward 
passed through a mineralized zone, suggesting that the drift was 
driven entirely in the hanging wall of the vein. The relation of 
the ore to the rhyolite cut by the drift at co-odinate 1300 W. is 
doubtless the same as on the level below. 
300-foot level (PI. VI) 

A crosscut southwestward from the northwest end of the 300-
foot level of the Mammoth Mine passes through the Mammoth 
fault and intersects the Collins vein 280 feet east of the Collins 
shaft. A drift along the vein opened an excellent ore body. A 
little over a hundred feet northwest of the shaft, mineralization 
decreases below the limit of ore. 

The gold content of the vein, which is almost negligible on the 
levels below, will exceed that in any of the remaining ore bodies. 
The copper content is much larger than on the levels below, 
whereas the zinc content is lower. Molybdenum and vanadium 
are high but probably not as high as in the ore just above the 
520-foot level. 

The vein has not been explored east of the point where it was 
encountered by the crosscut. 

The slightly mineralized fault cut by the crosscut at co-ordinate 
position 900 W. is probably the Collins east vein (section A-A', 
PI. II). 

GO-foot level (PL IV) 

The 60-foot level is 60 feet below the collar of the Mammoth 
shaft and 125 feet below the Collins adit level. For current oper
ations access to this level is through an inclined shaft near the 
east portal of the adit level. 

A large body of gold ore has been mined above the 60-foot level; 
but considerable vein material that is now ore was left along the 
foot and hanging walls and is now being recovered. 

A narrow vein to the northeast, approximately parellel to the 
main vein, has recently been prospected, but the results were dis
appointing. This is doubtless the same vein that occurs in the 
short adit at elevation 3,370, or about 75 feet above the main adit 
level and a little to the northeast, and which also occurs on the 
300-foot level at co-ordinate position 1100 N., 900 W. This vein 
crops out for 750 feet northwest from the east glory hole to its 
termination against the Turtle fault. It is known as the Collins 
vein, but in this report is called the Collins east vein. 

In places the outcrop of the Collins east vein is well mineralized, 
as is shown in the Carbonate prospect, and further prospecting on 
the 60-foot level may be warranted. However, an adit driven to 
intersect this vein at approximately the elevation of the 160-foot 
level, 225 feet vertically below the outcrop, crosscuts 400 feet of 
intricately fractured rhyolite and granite but does not locate the 
vein. 
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below the contact of the Gila conglomerate ~ith the intruded 
breccia. 

Conditions at the south end of the level are shown on Plate IV. 
Development is almost entirely in rhyolite which is thoroughly 
brecciated and cut by numerous gouge-filled fractures. The com
plicated structure on this level is due partly to branching of the 
vein and probably also to postmineral faulting. The 204 stope 
ends just above this level at a gouge' slip dipping 45 degrees SW, 
which may have displaced the top of the ore shoot toward the 
west. If this displacement occurred, the ore shoot in the extreme 
southwest part of the level is doubtle:::;:::; the top of 204 ore body. 
Similarly the small ore 'body 60 feet west of the shaft ends about 
25 feet above the level at a slip dipping 45 degrees SW. 

COLLINS MINE 

The Collins Mine workings are limited largely to one ore shoot 
about 350 feet long, which strikes northwest, dips steeply to the 
southwest, and plunges northwest. The 300- and 700-foot levels 
are now connected with the Mammoth Mine. Prior to these con
nections, access to the various levels was through the Collins 
shaft, which extends from near the middle of the ore shoot on the 
700-foot level to the west end of the shoot on the adit level with 
an average inclination of about 68 degrees. 

At the present writing (1938), ore mined above the 60-foot 
level is hoisted through an inclined shaft. 

700-foot level (PI. X) 

The 700-foot level has . been described on page 55. Develop
ment on the levels above is confined to the west ore shoot. The 
country rock on the 700-foot level is granite, but the vein breccia 
contains abundant rhyolite fragments, especially at the east end 
of the shoot, which apparently have been dragged down from 
above. 
GaO-foot level (PI. IX) 

On the 650-foot level the vein is less clearly defined than on 
the level below. The mineralization appears to be dissipated in 
a wide fractured zone in which cross fractures had a marked in
fluence in directing the solutions. The minerals are mostly 
oxidized, but large masses of galena remain. The vein passes 
into rhyolite at the east end of the shoot. 

S20-foot level (PI. VUI) 

The structure on the 520-foot level resemble~ that of 650-foot 
level but is complicated at the east end by an irregular tongUe of 
rhyolite intruded into the granite. 

Oxidation is more complete than on the level below, and wul
fenite and vanadium minerals are more abundant. 

The vein between this level and the 400-foot level was partly 
mined out in 1918 for its molybdenum content. The ore recovered 
averaged 8 pounds of MoOs and 0.025 ounce of gold per ton. 

r 
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The mapped area which forms a part of the Old Hat mining 
district is almost entirely in the W. % Sec. 26 and in the E. 1/2 Sec. 
27, T. 8 S., R. 16 E. It lies on the east flank of the Black Hills, a 
low range north of the Santa Catalina Mountains. 

DRAINAGE AND RELIEF 

The Mammoth region is drained by the San Pedro River, which 
flows northwestward in a remarkably direct course and empties 
into the Gila River at Winkelman. The most important tributary 
in the v?icinity of the mines is Tucson 'V ~sh, which forms the 
north and west boundaries of the mapped area. ';rhis wash rises 
near Oracle and drains a large territory but like most of the 
watercourses in this region is dry except after heavy rains. Its 
sandy bed provides a roadway over which much of the adjacent 
country is accessible. 

The mapped area ranges from 2,800 to 3,500 feet above sea 
level. The Mohawk and Mammoth shaft collars are at altitudes 
of 3,107 and 3,225 feet, respectively. 

The land forms of the area reflect the character of the outcrops. 
The granite, where not reinforced by rhyolite intrusions, weathers 
to low, rounded hills separated by relatively wide, shallow val
leys. The lava areas are characterized by steep, rugged hills and 
ridges, dissected by narrow, steep-walled gulches. The position 
of hills and ridges is governed largely by dikes and irregular 
bodies of rhyolite which have a far greater resistance to weather
ing than any of the associated bodies of rock. So-called "blow
outs" of rhyolite breccia stand out as knobs or high, sharp ridges 
flanked by talus of broken rock. 

In the lava-covered area west of Tucson Wash the topography 
and drainage pattern were greatly influenced by faulting. The 
angular course of Cloudburst Canyon is largely due to faulting. 
N early vertical scarps of recent faults are common in the rugged 
hills on both sides of the canyon. 

East of the camp the tilted Gila conglomerate is deeply dis
sected by recent watercourses which trend north and northeast
ward. The west banks slope gently, whereas the east banks are 
generally steep cliffs. 

The regional topography is illustrated on the Winkelman 
quadrangle sheet, published in 1913 by the U.S. Geological Sur
vey. This map is on a scale of about 2 miles per inch and a con
tour interval of 100 feet. 

CLIMATE AND VEGETATION 

The temperature at Mammoth camp ordinarily ranges from 
20 degrees F. to somewhat over 100 degrees F. December and 
January are the two coldest months, while June and July are the 
hottest months. The weather is pleasant during a greater part of 
the year, and even in midsummer the days are seldom oppres
sively hot. 
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The annual rainfall, probably 10 to 13 inches, occurs mainly in 
two periods, one in July and August and the other during the 
winter months. Very little snow falls in the area. 

The vegetation is typical of the semiarid portions of south
eastern Arizona. On the rocky outcrops saguaro, ocotillo, palo
verde, prickly pear, and cholla are the most conspicuous plants. 
Creosote bush, canutilla, cat's-claw, and barrel cactus are com
mon. Mesquite is rare and probably indicates underlying fault 
zones. 

GEOLOGY 

ROCKS OF THE AREA 

ORACLE BIOTITE GRANITE 

The oldest rock exposed in the Mammoth area is the Oracle 
granite, which outcrops in the southwest quarter of the mapped 
area. In Camp Grant Wash, about 10 miles north of the mines, 
it is unconformably overlain by the pre-Cambrian Apache series 
and by valley fill. It is separated from the Oracle granite of the 
Oracle area by a belt of alluvium 2 or 3 miles wide. 

In the Mammoth and Collins mines granite is the most im
portant host rock for ore. In the Mohawk-New Year Mine granite 
arkose forms the footwall of the Dream vein, but granite is almost 
entirely lacking in the formations cut by the main veins. 

Surface exposures of the granite are a light buff color and 
coarsely granular in texture. Deeply weathered areas of the 
rock appear distinctly reddish, particularly when viewed from a 
distance. 

The granite forms low, rounded hills whose slopes, covered by 
coarse granite sand, present a marked contrast to the rugged 
topography of the lava-covered areas. At higher elevations where 
precipitation is greater, as around Oracle, tops of the granite hills 
are covered by large rounded boulders, the valleys are filled with 
a thick mantle of granitic gravel, and the intermittant water
courses show deposits of magnetite sands derived from the 
granite. 

The granite is prevailingly a coarse-grained, porphyritic rock 
with large pink or salmon-colored feldspars 11/4 or 1% inches 
across that give it a pink and gray mottled appearance on fresh 
surfaces. The groundmass consists of uniform grains of clear 
white feldspar and glassy quartz, about 0.2 inch in diameter, with 
greenish black masses of biotite and magnetite. 

In the vicinity of Oracle dark basic segregations are common 
in the exposed boulders of granite, but this feature was not ob
served at Mammoth. 

In thin section the pink feldspar phenocrysts are seen to consist 
of microperthite with a little microcline; together they make up 
about 37 per cent of the section. The groundmass consists of 
well-formed crystals .of oligoclase-andesine, Ab7oAnso, which con
stitutes about 28 per cent of the rock. Quartz forms about 28 per 
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4OO-foot level (PI. VII) 

Drifting southeast from the shaft follows the Mammoth vein. 
The vein is entirely in granite for 180 feet southeast of the shaft 
to where the hanging wall changes to rhyolite; 140 feet farther 
both walls are of rhyolite. On entering the rhyolite the vein fault 
contracts to a narrow fissure filled with white or pinkish gouge 
of kaolinized rhyolite. Beyond the south limit of 402 stope the 
volume of mineralization becomes too small for ore. Where both 
walls are rhyolite the vein is 3 to 12 inches wide or is entirely 
absent. Where the vein fault is not mineralized the breccia is 
slightly silicified and contains abundant clear, colorless calcite 
crystals. 

A raise at the southeast end of the level connects with the 300-
foot level of the Mohawk Mine 50 feet below. 

The vein structure at the north end of the mine continues on 
this level and on the levels above; but there is a marked decrease 
in the volume of mineralization from east to west. 

300-foot level (PI. VI) 

Development on the 300-foot level is similar to that on the level 
below. At the north end of the mine the west-striking segment 
of the vein is being mined in 303 stope. The vein ends at the west 
against a fault dipping 35 degrees W. This fault is probably later 
than the sulphide mineralization but is definitely earlier than the 
vanadium mineralization. The flat fault cut in the end of the 
short crosscut to the northwest from the end of the vein is of the 
same age and probably represents considerable movement, since 
the fault breccia contains fragments of intruded breccia dragged 
in from an unknown source. 

At the south end of the mine the vein structure at the south
east limit of 304 stope is like that on the level below. 

200-foot level (PI. V) 

The ore shoot southeast of the Mammoth shaft has been stoped 
to the 100-foot level where the ore ends abruptly at the footwall 
of a fault dipping 45 degrees SW. In places 204 stope attained a 
width of 35 to 40 feet. The ore carried 0.3 to 0.4 ounce of gold but 
was much leaner near the 100-foot level. Unlike other important 
ore shoots in the Mammoth Mine, this one was entirely in rhyolite 
although the hanging wall in the south half of the stope was basalt 
or basalt breccia. 

The workings north of the caved section are reached by way of 
No.2 shaft and consist of about 200 feet of drifting along the vein, 
which is well defined and mineralized but narrow. The west end 
of the vein reaches nearly to the 100-foot level; the east end is 
probably eroded much deeper and covered by Gila conglomerate. 

tOO-foot level (Pl. IV) 

The 100-foot level north of the cave consists of a waste drift 
driven northward from No. 2 shaft, partly above and partly 
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ing wall side of the Mammoth fault wherever the fault is en:" 
coun tered underground. 

The Collins vein was cut 430 feet west of the fault . . Section C-C' 
(PI. II) is approximately on the line of this crosscut. 

On the 700-foot level the Collins vein forms a broad arc, convex 
toward the northeast. The vein averages 5 feet wide and is com
posed of massive sulphides, mainly galena and sphalerite, sur
rounded by an envelope of quartz, specularite, and chlorite. 

A winze 46 feet deep sunk to the water level started in ore con
taining 16.3 per cent lead and 9.5 per cent zinc, but bottomed in 
material containing only 0.8 per cent lead and 3 per cent zinc. 

600-foot level CPI. IX) 

The workings on this level northwest and southeast of the 
Mammoth shaft are limited to drifting and stoping along the vein. 
Except for a small section ~n the shaft pillar, the drifts are caved 
and inaccessible. 

The continuation of the vein northwest of the caved section is 
similar to that on the level below. ~ orthwestward along the 
strike, the vein becomes too . narrow and the mineralization too 
feeble to constitute ore, although there is no intruded breccia 
present to account for the change. 

The ore shoot in the west-striking segment of the vein bottoms 
on a flat slip about 11f2 feet above the 600-foot level at the extreme 
west end of the level. The Mammoth fault forms the west limit 
of the shoot. The sill floor of the stope (601 stope) is less than 
50 feet long, but the length increases above the level to at least 
180 feet on the 560-foot level. 

560-foot level 

The 560-foot level . consists of a single drift 175 feet long driven' 
along the vein. Both wall~ of the vein are of granite. 

500-foot level (PI. VIII) 

The old workings along the main vein southeast and northwest 
of the shaft are caved and inaccessible. A drift in the granite 
footwall around the caved section provides access to the northwest 
end of the mine. 

Although the westward swing of the mineralization northwest 
of the cave is clearly shown on this level, there is also a suggestion 
of the continuity of. the vein fault on its original northwest strike. 
However, the extension of the fault has been well prospected by 
a crosscut and drift which show that the fault is not mineralized 
beyond its intersection with the west-striking segment. 

The drift along the west-striking segment of the vein shows 
continuous mineralization up to its intersection with the Mam
moth fault. A crosscut through the fault shows unmineralized 
rhyolite west of the fault. 
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cent, green biotite about 5 per cent, and titariiferous magnetite 
and apatite the remaining 2 per cent. 

The samples studied were obtained from the 700- and 500-foot 
levels of the Mammoth Mine and appeared fresh in the hand 
specimens. .under the microscope, however, the plagioclase is 
seen to be largely altered to sericite. This alteration is confined 
almost entirely to the albite intergrowths. 

The composition given above suggests that this rock should be 
classed as quartz monzonite rather than granite. Plagioclase 
amounts to 43 per cent of the total feldspar, which is well above 
the 331/3 per cent limit set .Lor grani teo : Also the plagioclase is 
more calcic than is characteristic for granite. 

APLITE 

The Oracle granite is intruded by numerous dikes and small, 
irregular bodies of aplite which do not invade the later forma
tions. The dikes range from a few inches to 10 feet in width, 
strike irregularly, and dip steeply. A few masses of aplite, rough
ly circular in outline and generally less than 100 feet in diameter, 
are present. 

The aplite is a uniformly medium-grained, sugary, pinkish-gray 
rock whose grains of pink orthoclase, white plagioclase, quartz, 
and brownish specks of mica can be recognized with the aid of a 
hand lens. 

In thin section the aplite is seen to consist of interlocking, nearly 
eql1idimensional grains of quartz and feldspar. The feldspar 
grains average 0.03 inch and the quartz 0.016 inch in diameter. 
The composition of the section is approximately 60 pe~ cent 
feldspar, 36 per cent quartz, 2 per cent muscovite, 1 per cent 
biotite, and 1 per cent magnetite with a little apatite. The feldspar 
is about half microcline and half oligoclase of the composition 
Ab87An13• The plagioclase grains are in general a little larger 
than the microcline grains. 

ANDESITE PORPHYRY 

Intruding the Oracle granite and the aplite are abundant dikes 
and irregular bodies of andesite porphyry. These masses tend to 
be larger than the aplitic intrusives. 

The andesite porphyry shows laths of altered white feldspar, 
up to 0.4 inch long, and hexagonal prisms of green mica, up to 
0.08 inch across, within a dense grayish groundmass that con
stitutes about 60 per cent of the rock. Viewed microscopically, 
the feldspar is seen to be completely altered to sericite and epidote, 
but some ghosts of original albite twihning remain. The mica 
has been completely chloritized and sericitized. The groundmass 
consists of sericitized laths of plagioclase, about 0.004 inch long, 
together with interstitial limonite and chlorite derived from 

1 F. F. Grout, Pet'l'ography and Petrology; 1932, p. 47. 
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augite or hornblende. Some accessory magnetite and apatite are 
present. 

AGE OF THE ORACLE GRANITE AND ASSOCIATED ROCKS 

Stratigraphic evidence for the age of the granite ' is lacking in 
the Mammoth area. About 10 miles farther north, however, 
similar granite is overlain, apparently with depositional contact, 
by the pre-Cambrian Apache group. This contact is exposed in 
Camp Grant Wash, 21J2 miles west of Arivaipa School and 11 
miles south of Winkelman. Here, the Scanlan conglomerate and 
Pioneer shale, which are the two lowest members of the Apache 
group, contain fragments of the underlying granite. As the basal 
strata show no evidence of metamorphism, the granite in Camp 
Grant Wash is clearly older than the Apache group. Micro
scopically, this rock is similar to the Oracle granite, but it has not 
been proved to be part of the same intrusion. 

Pending further study of this problem, it appears safe to as
sume that the Oracle granite is older than the Apache group. 

GRANITE ARKOSE 

Before the extrusion of the lavas the surface in this area was 
one of low, rounded hills and shallow valleys. Th e relief was 
probably little, if any, more than is now seen in the granite area 
farther south. The decomposed granite of the hilltops was washed 
into the depressions where it accumulated as granitic san~ or 
gravel. The pressure exerted by later volcanic rocks consolidated 
these sands into an arkose that, especially in surface exposures, 
may easily be mistaken for granite. 

The two west crosscuts into the footwall of the Dream vein on 
the 300-foot level of the Mohawk Mine show a thickness of about 
130 feet of this arkose between the granite and the rhyolite sill. 
Small boulders of granite and rounded fragments of aplite and 
andesite ranging from about 1/2 inch to 3 inches in diameter occur 
in the arkose along the granite contact. Farther north the arkose 
is thin or entirely lacking. Apparently the southern part of the 
area was a valley in the old granitic land surface, and the area 
occupied by the Mammoth and Collins workings was a hill or 
ridge. Decomposed granite was eroded from the hills and de
posited in the valley where it accumulated to a thickness of 130 
feet or more. 

The arkose is a dark, chocolate-colored rock studded with pink 
and white feldspar, quartz, and granite fragments. On weathered 
surfaces the matrix has worn away faster than the included 
material so that the lar&er fragments protrude as much as half 
their diameter beyond the average surface of the rock. 

Microscopic examination shows that all the constituents of the 
arkose were derived either from the Oracle granite or the aplite 
and andesite. The angularity of the fragments suggests that the 
material was not transported far from its source. 
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shaft located about midway in the productive section of the vein. 
The shaft was begun in the hanging wall but crosses through the 
vein into the footwall granite at the 300-foot level. At the 700-foot 
level the shaff is 120 feet from the vein in the footwall. 

The shaft is equipped with two 1% ton, self-dumping skips, 
operated in balance by an electric hoist. The ore is trucked from 
a bin at the collar to the mill. 

The general strike of the vein in the Mammoth ground is about 
N. 40 degrees W., but 400 feet north of the shaft the vein turns 
abruptly to a nearly due west strike. The upper part of the vein 
dips 75 to 80 degrees SW but flattens somewhat below the 500-
foot level. The dip between the 600- and 700-foot levels is about 
60 degrees SW. Coincident with the change in strike at the north, 
the dip steepens to nearly vertical. 

A large ore shoot directly north of the shaft was mined prior 
to 1901. Due to inadequate support, the ground caved, first above 
the 400-foot level and later from the 750-foot level to the surface: 
Most of the early production up to 1901 came from this ore body, 
which in places was 60 feet wide. Fortunately the shaft was pro
tected by a substantial pillar. 

Number 2 shaft was sunk to give access to the mine workings 
north of the caved section where several good ore shoots remained. 
Drifts were driven around the footwall side of the cave on the 
300-,500-, and 700-foot levels. 

750-foot level 

This level is flooded and inaccessible. The workings are not 
extensive and are probably confined to drifting and stoping on the 
vein north and south from the shaft. 

700-foot level (Pl. X) 

A crosscut southwest from the shaft intersects the footwall of 
the Mammoth vein at 120 feet. The vein has been stoped south 
of this point and northward for 300 feet, but the sill floor on both 
sides is caved and inaccessible. The continuation of the vein 
north of the cave is now being stoped. The mineralization ends at 
the north near a body of intruded breccia. Attempts to locate the 
east-west segment of the vein beyond this point were not success:.. 
ful. The country rock between the end of the ore and tpe Mam
moth fault consists of granite and small bodies of intruded rhyo
lite, much broken by small faults and fractures. 

A narrow vein crosses the shaft station on the 700-foot level. 
This vein, known as the Schultz vein, is followed northwestward 
by a drift that also passes around the cave. The Schultz vein is 
mineralized for several hundred feet northwest from the shaft but 
is too narrow to be considered ore. It is unknown on higher levels 
but was doubtless present on the 750-foot level. 

The crosscut southwestward from the shaft connects with the 
Collins Mine. It passes through 200 feet of intensely fractured, 
brecciated granite and crosses the Mammoth fault 250 feet from 
the vein. Similar brecciated zones are characteristic of the hang-
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CLASSIFICATION OF DEPOSITS 

The Mammoth mineralization cannot be readily fitted into 
Lindgren's classification. The mineral associations indicate a long 
range in temperature of deposition. 

The loose, open brecciation in the fault fissure is evidence that 
the fractures were formed near the surface. The fine, intricate 
banding of the quartz and abundance of vugs and open spaces, are 
indicative of near surface precipitation. In general, the texture 
is fine-grained as is characteristic of shallow deposits where solu
tions reach supersaturation and precipitate minerals rapidly by 
loss of heat and included gases; but changes from fine to coarse 
and from coarse to fine textures occur, due probably to changes 
in permeability of the channel and to loss of heat and lowered 
concentrations during ebbing stages of magmatic activity. 

Hydrothermal alteration of the wall rocks does not ordinarily 
extend more than a few feet from the vein, and replacement is of 
fa! less importance than deposition in open spaces. Both condi
tions indicate near-surface fieposition. 

The mineralogical associations and shallow depth of formation 
. suggest that the deposits are of the class of high-temperature, 
shallow deposits recently discussed by Buddingtbn26 and by 
Butler.27 

UNDERGROUND WATER 

The mine workings above the water level are remarkably dry. 
The permanent water table in the mines is at an altitude of 2,495 
feet or 730 feet below the collar of the Mammoth shaft and about 
160 feet higher than the level of the San Pedro River at Mammoth. 

While operations were in progress on the 750-foot level the 
water was handled by a pump with a capacity of 385 gallons per 
minute. Later the shaft was deepened to 835 feet at which point 
an inflow of water was encountered that was greater than the 

- capacity of the pump, and the water rose to its present level. In 
1938 water was being pumped from the Mammoth shaft for 
domestic and metallurgical purposes at the rate of about 150,000 
gallons per day. 

DESCRIPTIONS OF THE MINES 

MAMMOTH MINE 

The Mammoth Mine explores the north end of the Mammoth
Mohawk vein from its intersection with the Mammoth fault south 
to the barren section of vein between the Mammoth and Mohawk 
mines. The mine is developed from a three-compartment vertical 

26 A. F. Buddingtont "High-Temperature Mineral Associations at Shallow 
to Moderate Depths,tt Econ. Geology, XXX (1935),205-22. 

2 7 B. S. Butler, Discussion of the above paper, Econ. Geology, XXXI 
(1936), 115-18. 
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VOLCANIC ROCKS 

Volcanic rocks occupy the entire portion of the mapped area 
north of the Turtle fault and also outcrop for about 3 miles west 
of Tucson Wash to a fault which _brings them in contact with the 
granite. North and east of the area they are covered by Gila 
conglomerate and alluvium. 

The volcanic rocks consist of basalt, flow breccia, and agglomer
ate, interbedded with conglomerate, arkose, and possibly tuff. · 
All are tilted 45 to 65 degrees northeastward and strike N. 30 to 
45 de~rees W., with the older units at the west. 

The total thickness of the volcanic series has not been deter
mined. Measured eastward from Tucson Wash to a point where 
the lavas are covered by alluvium and Gila conglomerate, a thick
ness of 3,600 feet is exposed. They may extend eastward for some 
distance under this cover. West of Tucson Wash the structure is so 
complicated by late faulting that their extent westward cannot 
be determined without further detailed study and mapping. It 
is probably safe to assume that the total thickness is well over 
5,000 feet and perhaps much more . 

The earliest basalt lavas picked up much of the coarse, granitic 
sand and conglomerate that mantled the granitic land surface. 
At first the flow of lava that reached this particular area was 
small and interrupted by erosion which dissected the lava surface. 
The deposits of erosional debris that accumulated were covered 
and indurated by subsequent flows or picked up to form agglom
erates. Some of the earlier flows, such as the series of oasalts at 
co-ordinate position 1800 N. and 800 E., probably followed narrow 
valleys. Small lenses that occur with the lower members of the 
main series of flows possibly represent intrusions. 

The basal member of the volcanic series is probably represented 
in the outcrop 800 feet east of the Mammoth shaft. This outcrop 
is also completely isolated by alluvium, but underground data 
indicate that basal member to be the hanging wall of the rhyolite 
sill that was intruded along the contact between the granite and 
the overlying lava (sections E-E' and F-F', PI. III). This member 
is an agglomerate composed chiefly of varicolored basalt frag
ments together with abundant granitic material. The outcrop 
strikes N. 45 degrees W. and dips about 65 degrees northeast. The 
abnormally steep dip is probably due to tilting caused by the in
trusion of the rhyolite sill. As this member dips under the al
luvium, the next member of the sequence and the relation to the 
flows north of the Turtle fault cannot be determined. 

The first member represented north of the Turtle fault and 
just east of Tucson ·Wash is a dark-gray basalt or andesite flow 
breccia composed of angular fragments in an altered basaltic 
groundmass. . 

Next follows a series of about 600 feet of alternating basalt flows 
and clastic rocks composed of material derived from the basalt 
and from granite. The clastic layers are 60 to 150 feet thick; the 
basalt is generally a little thicker. The basalt is dark gray and 
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fine-grained, whereas the intervening strata are dark brown with 
a sandy texture. The Mammoth fault is believed to form the east 
boundary of this series. 

In thin section the clastic rock resembles fine-grained arkose of 
quartz, sericitized feldspar, and grains of magnetite and hematite 
in a nearly opaque matrix of limonite, epidote, and chlorite. Areas 
of secondary quartz are common throughout the section. 

• The unit next above owes its position at least partly to faulting, 
and its stratigraphic relation to the rocks above and below is 
uncertain. It is made up of clastic material that ranges widely 
in character but contains a large proportion of dense, gray frag
ments characterized by glassy feldspar phenocrysts and plates of 
dark biotite. As no quartz is present, these fragments are prob
ably latite. 

In places the rock of this unit looks like typical volcanic tuff 
composed of fragments of gray latite, basalt, and decomposed 
granite of all sizes and shapes. Other phases are made up of 
latite fragments less than an inch across with a few fragments 
of basalt. The aggregate, which has the tenacity of a homogenous 
rock, resembles the intrusive breccia of the mineralized area, 
but its matrix lacks the characteristic hydrothermal alteration. 

Above the member just described the flows become more mass
ive and homogenous. The accumulation was apparently grada
tional from dark purplish basalt upward into red vesicular basalt 
and then into flow breccias containing abundant fragments of the 
gray latite. Overlying the latite breccia is a thick series of basalt 
flow breccias consisting of a rubble of angular and subangular 
fragments of basalt up to 2 feet, but most commonly about 2 
inches, in diameter. 

The foregoing is but a brief description of the volcanic series. 
The lithology and structure are complicated and constitute a 
problem beyond the scope of this report. 

RHYOLITE 

Rhyolite intrusions are abundant throughout the mapped area 
and in a mile-wide strip that extends westward for about 2 miles. 
These intrusions occur as dikes and irregular bodies in the granite 
and as irregular dikes and sills in the lavas. The dikes are 10 to 
100 feet thick and generally dip steeply. The sill-like body in
truded between the granite and lavas in the central part of the 
area is 300 to 500 feet thick and has numerous apophyses. 

The rhyolite is pink, light cream, or light gray and has a fine
grained, almost glassy texture. It is generally porphyritic, but 
only the larger bodies contain conspicuous phenocrysts. Flow 
banding is common. In places the rock is speckled with small, 
dark-red blebs formed by the oxidation of pyrite. 

Under the microscope a thin section of the typical pink por
phyritic rhyolite is seen to consist of laths of unaltered sanidine, 
averaging 0.03 inch in length, and corroded grains of quartz, 
averaging 0.01 inch in diameter, in a fine-grained groundmass that 

4 , 
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but a little replaced sulphides to form bornite, covellite, and 
chalcocite. 

Pyrite oxidized and went into solution leaving behind only 
clean, empty cavities. The earthy hematite and limonite that 
are so abundant in the oxidized ore bodies were derived mainly 
through oxidation of chlorite and alteration of speculari,te. 

WALL-ROCK ALTERATION 

During the process of mineralization the solutions did not 
penetrate into the country rock more than a few feet beyond the 
fracture walls. Silicification, accompanied by more or less chlor
itization, was the only type of alteration recognized. The finely 
disseminated mafic mineral of the rhyolite groundmass was 
changed to chlorite. The most apparent change in the rhyolite 
is the bleaching of the groundmass to a dull, chalky white. 

Megascopically and microscopically, the granite adjacent to 
the veins does not appear altered. 

The intrusive breccia is more widely silicified than either the 
granite or rhyolite, doubtless partly due to its greater permeabil
ity, but also because much of its alteration took place at the time 
of its intrusion. In thin section the included rhyolite fragments 
are seen to be completely recrystallized to coarse-grained quartz 
intergrown with adularia. 

SOURCE OF MINERALIZING SOLUTIONS 

There is a distinct zoning in the intensity of mineralization in 
depth and longitudinally from the northwestern part of the area 
to the southeast. The outcrop of a small vein cut by Cloudburst 
Canyon about a mile northwest of the Collins Mine contains 
abundant specularite and chlorite with some oxidized copper and 
lead minerals. Specularite and chlorite are abundant in the lower 
levels of the Collins vein but decrease in amount toward the 
surface. There are less of these minerals in the Mammoth ore 
bodies than in the Collins and still less in the Mohawk and New 
Year ore bodies. 

Lead, zinc, and copper appear to increase with depth in the 
Collins and in the Mammoth-Mohawk veins. The zone highest 
in copper, however, seems to be just above the 300-foot level in 
the Collins vein. 

Molybdenum and vanadium are highest at intermediate depth 
in the Collins vein and increase slightly with depth in the Mam
moth-Mohawk vein. Also the southern end of this vein seems to 
be higher in these metals than the northern end. 

The highest gold content is at intermediate depths in the Col
lins and Mammoth mines and decreases markedly toward the 
southeast. It is lowest in the New Year ore bodies. 

The progressive increase in intensity of the high temperature 
mineralization from the southeast to the northwest points to a 
source for the mineralizing solutions somewhere in that direction. 
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have been deposited by emanations from magmatic sources, as 
in the Valley of Ten Thousand Smokes, Alaska,23 and in the lavas 
poured out during the eruption of Vesuvius24 in 1631. 

SUPERGENE ENRICHMENT 

The physical character of the Mammoth ore bodies was espe
cially favorable for deep oxidation ~fid for secondary transI?orta
tion and enrichment of the ore mInerals. The present clImate 
1<:: UT~rl'n ~nN ~riN ~nN thp r~inf~ll i<:: ('()rnn~r~hlp t() ()thpr areas in 
th~ ' S~~th~~~--;'h~;; ~~id""ati~~-i~ -d;;p~TTi~-;-;eji-ei -is -relatively 
high and the water table deep. The veins are extremely p~rme
able. Though oxidation is deep and the gangue only shghtly 
reactive the transportation and enrichment of the metals was 
largely prevented by the scarcity of pyrite which plays such a 
vital role in the production of sulphuric acid and ferric SUlphate 
so necessary in enrichment processes. 

Due, probably, to hypogene zoning rather than supergene en
richment, the lead and zinc content of the ore appears to increase 
slightly with depth. 

Gold has undoubtedly migrated to some extent. The ores with 
highest gold content seem to lie at intermediate depths. In the 
Aguaya tunnel and in the Smith workings supergene gold occurs 
as thin films deposited on iron-rich minerals in the intruded 
breccia adjoining the veins. The chemical character of the de
posits favors the solution and transpo~tation of gold .. Mangane~e 
dioxide is present throughout the veIns, and the mIne water IS 
said to contain about 85 parts per million of sodium chloride. 2 5 

Except in the Collins .Mine thorough oxidation extends well 
below the water level. On the 750-foot level of the Mammoth 
Mine which is 17 feet below the water level, there is said to be 
no n~ticeable decrease in the degree of oxidation. The maximum 
depth to which oxidation penetrated is unknown. 

Galena oxidized in place, largely to cerussite with only very 
minor amounts of the complex lead phosphates and arsenates. 

Zinc probably migrated to some extent as the zinc sulphate 
before it was finally fixed as smithsonite and hemimorphite; the 
effect was a more complete dissemination of the zinc rather than 
a concentration. As zinc has never been a source of revenue in 
the Mammoth ores, few assays that show its general distribution 
are available. 

Copper went into solution and suffered more or less transporta
tion mainly as the sulphate but also as the colloidal silicate. Most 
of the copper was precipitated as carbonates or as chrysocolla, 

23 E. G. Zeis, The Valley of Ten Thousand Smokes (Nat. Geog. Soc. Katmai 
Series), I (1929), No.4. 

24 F. Zambonni and G. Garobbi, Abstract by H. S. Washington, Am. 
Mineralogist, XII (1927), 1-10. 

25 T. A. Rickard, "Formation of Bonanzas," Am. Inst. Min. Eng. Trans. , 
XXXI (19()1), 198. 
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makes up about 80 per cent of the rock. This groundmass con
sists of overlapping grains of quartz and feldspar, 0.03 millimeter 
in average diameter. Forming a mat over the entire ground!llass 
are tiny prisms of a light-green mineral that resembles epIdote 
or zoisite. It is undoubtedly not an original constituent of the 
rock. It alters to fine grains of hematite which color the rock 
pink. 

Along the borders or less commonly in the interiors of most of 
the larger intrusive bodies are irregular areas of breccia com
posed of angular rhyolite fragments in a matrix of banded rhyo
lite. These areas are outcrops of conduits through which now 
of extremely viscous material continued after the remainder of 
the intrusive mass had solidified. The included fragments are 
generally of the same texture as that of ~he normal phase of ~he 
intruded mass. There were doubtless perIods when the propellIng 
force in these conduits took the form of explosions caused by 
sudden release of gases that originated in the parent magma. 
Evidence of hydrothermal action is clearly brought out in micro
scopic study of these breccias. The feldspar phenocrysts tend 
to be bent or crushed; the quartz grains are corroded or embayed 
and generally shattered. Secondary quartz has formed between 
the fragments of shattered minerals and in fractures in the rock. 
Some sanidine crystals are partly replaced by quartz which 
spreads through the interior of the crystal. A few of the feldspar 
phenocrysts are of albite of the composition AbnoAn1o. If these 
are the result of hydrothermal action, the albitization occurred 
early, since much of it is crushed, and the fractures are filled with 
secondary quartz. A little epidote occurs in the feldspar gralns. 

In places the breccia contains small fragments of basalt with 
indistinct borders that blend into the rhyolite matrix as if they 
had been partly assimilated. In many occurrences these frag
ments must have been transported a considerable distance by the 
magma. The breccia in these pipes is similar in many respects 
to the typical intrusive breccia, which is believed to have origin
ated in a like manner but on a much larger scale. 

INTRUSIVE BRECCIA 

The intruded breccia is closely associated with the thick, sill
like body of rhyolite that was intruded between the granite and 
the lava flows in the center of the mineralized area. The largest 
outcrop, which is 900 feet north of the Mammoth shaft, forms the 
northern extension of the ridge on which the shaft buildings and 
camp of the Mammoth-St. Anthony are located. It outcrops 
intermittantly on top of the ridge northward from the Mammoth 
shaft and on the hillside east of the Collins glory holes. N umer
ous smaller bodies outcrop south and west of the Mammoth shaft. 

The breccia occurs on the tunnel level of the Collins, on the 
300-foot and higher levels of the Mammoth, and on all levels in 
the Mohawk-New Year mines. It is unknown below the 300-foot 
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level in the Mammoth Mine except at one place at the north limit 
of 701 stope on the 700-foot level. 

The breccia differs considerably from place to place. The frag
ments generally do not exceed 1.2 inches in diameter. In some 
exposures fragments of rhyolite, basalt, granite, quartz, and 
several varieties of feldspar are present in an area of a few square 
inches. In other places the fragments are almost entirely of 
rhyolite, and in still others granitic material predominates. In 
some exposures the matrix is light tan or gray, and the rock has 
the appearance of typical Portland cement aggregate. In others 
the matrix is dark greenish gray or oxidized to red and brown. 
Generally the rock is porous and contains -quartz-filled vugs and 
veinlets. Small deposits of fluorite are locally present. 

The breccia commonly forms one wall of the veins in the 
Mohawk Mine, but the mineralization is confined to the adjacent 
rhyolite and separated from the breccia by a gouge seam. Where 
traversed by faults it forms a dark chloritic gouge unlike that 
produced by granite or rhyolite. The light colored breccia con
tains very little secondary quartz or adularia. 

In the darker breccia the alteration is more conspicuous. Many 
of the rhyolite fragments show incipient alteration to coarse
grained quartz that completely destroys the original texture. 
Adularia appears as minute rhombic sections which apparently 
form from the orthoclase in the rhyolite. Some of the feldspar 
fragments are partly replaced by quartz. A little sericite is 
developed in the plagioclase. Secondary quartz associated with 
more or less adularia occurs in numerous veinlets and coarse
grained aggregates. 

Small bodies of andesite breccia occur associated with the in
truded breccia, generally near the granite contact. One of these 
bodies is cut in the southwest crosscut on the adit level of the 
Collins Mine, and another in the Smith Mine. Some of the rock 
is on the dump of the Mohawk Extension shaft. This andesitic 
material is similar to that intruded into the granite. 

These basic bodies may be either independent injections into 
the intruded breccia or a phase of the intruded breccia composed 
largely of fragmental material derived from the earlier andesite 
porphyry. 

BASALT INTRUSIONS 

Dikes and small intrusive bodies of basalt are commonly in
truded along some of the later faults and along the borders of 
rhyolite intrusions in the area east of the Mammoth fault. The 
basalt is a hard, dense, bluish black to brown or reddish rock that 
breaks with conchoidal fracture. One dike along the south wall 
of a small rhyolite intrusion at co-ordinate position 2000 N. and 
400 W. contains lenses of brecciated rhyolite in a matrix of basalt. 

Thin sections of the typical intruded basalt show the rock to 
be 35 to 50 per cent feldspar in laths up to 0.04 inch in length. In 
most specimens the feldspar is too altered for determination. The 
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followed or were partly contemporaneous with a period of intense 
leaching which took place .along certain channels that are 
especially related to concentrations of these minerals. The leach
ing was more intense and left less evidence of oxidation than that 
normally associated with supergene alterations. Only vein quartz 
resisted the intense leaching action. After the honeycomb and 
boxwork of quartz was at least partly formed, deposition of 
wulfenite began in open cavities and on the walls of channels. 
The solutions that deposited wulfenite penetrated farther into 
the unbrecciated vein material than the later solutions that de
posited vanadium and farther than supergene solutions. Wul
fenite crystals occur attached to quartz crystals in small vugs 
well removed from any evidence of supergene alteration. 

Descloizite and mottramite followed by vanadinite began to 
form after wulfenite crystals as large as any now present in the 
deposit had formed. The earliest vanadium minerals contained 
copper and zinc in addition to lead. 

In places crusts of vanadinite entirely cover large wulfenite 
crystals. Later the wulfenite was partly or wholly leached out, 
and fine crystals of vanadinite were deposited on the walls of, 
and projecting into, the resulting cavities. On the other hand, 
wulfenite appears to have been entirely stable in contact with 
supergene solutions. Specimens show all the common supergene 
minerals deposited on wulfenite crystals with no evidence of 
corrosion or replacement. 

Doubtless some vanadium was dissolved and reprecipitated by 
supergene solutions, probably as descloizite or mottramite. Ex
periments by Notestein22 demonstrate that vanadium is soluble 
in ground water carrying sulphate ions, also that calcite pre
cipitates vanadium from sulphate solutions. 

The solutions that leached the early minerals and deposited 
molybdenum and vanadium were distinctly different from the 
solutions that deposited the early minerals, though they doubtless 
were from the same source. The lead in the wulfenite, as well 
as the lead, zinc, and copper in the vanadium minerals, was 
probably derived from galena, sphalerite, and chalcopyrite of the 
preceding stages. 

Little can be surmised concerning the nature of the solutions 
that deposited molybdenum, but it may be postUlated that they 
were first strongly acid and that they became neutral and finally 
alkaline by reaction with vein minerals and country rock. Sim
ilarly, litttle is known about the conditions favoring the precip
itation of lead molybdate in ore deposits. MoOs is only slightly 
soluble in water but dissolves readily in alkalies forming molyb
dates. It is also soluble in dilute sulphuric and hydrochloric acids. 
Lead molybdate can be precipitated in alkaline solutions or solu-
tions of weak acids. . 

Molybdenum and vanadium minerals other than the sulphides 

22 F. B. Notestein, "Some Experiments on Uranium-Vanadium," Econ. 
Geology, XIII (1918), 50. 
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posits such as those at Mammoth. N ewhouse18 found traces ' of 
molybdenum and vanadium in certain galenas, pyrites, and 
sphalerites and concludes that at least a partial source of these 
metals is the small amounts contained isomorphously in the 
primary sulphides. Claussen 19 made spectroscopic analysis on 
five samples each of pyrite, sphalerite, and galena from various 
localities. His results showed molybdenum to be present in 
amounts estimated at O.OOOn per cent in four pyrites and one 
galena; vanadium estimated at O.On per cent in two pyrites and 
four galenas. 

In. general lead deposits cont:l.ining wulfenite and vanadinite 
in their oxidized zones are relatively small, as pointed out by 
Newhouse.20 Hillebrand21 found appreciable amounts of vanadium 
in more basic igneous and metamorphic rocks, up to 0.08 per cent 
or more of V20 5, but found practically none in the highly siliceous 
rocks. He made a few determinations for molybdenum and con
cluded that this element is confined to the more siliceous rocks. 
Several other investigators have determined similar amounts of 
these metals in rocks. 

ORIGIN OF THE MOLYBDENUM AND VANADIUM MINERALS 

Were the molybdenum minerals and most, if not all, of the 
vanadium minerals deposited by hypogene solutions? There is 
no other known source of vanadium and molybdenum for these 
deposits. They were not deposited by the same solutions that 
brought the primary sulphides but belong to a period that was 
later than the sulphides yet distinctly earlier than the supergene 
minerals. Minerals of molybdenum and vanadium that are 
generally conceded to be hypogene could not be found in the 
unoxidized ores, nor could decisive chemical reactions for these 
elements be obtained from 5-gram samples of the hypogene sul
phides. To account for the molybdenum content of the Mammoth 
ores above the water table by enrichment of a primary deposition 
assumed to contain 0.01 per cent MoOs would require the complete 
leaching and erosion of at least 10,000 feet of vein above the 
present outcrops. It is hardly conceivable that such loose, open 
brecciation could have existed very deep below the surface: For 
the same reason it appears improbable that the molybdenum and 
vanadium were leached from the overlying or surrounding rocks 
and deposited in the veins by supergene solutions. 

The observed mineral relations show that wulfenite and the 
vanadates largely preceded the definitely supergene minerals and 

18 W. H. Newhouse, "The· Source of Vanadium, Molybdenum, Tungsten, 
and Chromium in Oxidized Lead Deposits," Am. Mineralogist, XIX 
(1934), 209-20. 

19 G. E. Claussen, "Spectroscopic Analysis of Certain Galenas, Sphalerites, 
and Pyrites," Am. Mineralogist, XIX (1934), 221-24. 

20 Newhouse, op. cit., p. 220. 
21 W. F. Hillebrand, "Vanadium and Molybdenum in Rocks," Am. Jour. 

Sci., VI (1898),209. 
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original mafic minerals are altered to iron oxides, carbonate, 
serpentine, a little sericite, and perhaps some chlorite. Olivine 
phenocrysts appear as sparse, poorly preserved pseudomorphs 
of serpentine and carbonate outlined by vague rims of iron oxides. 

GILA CONGLOMERATE 

The Gila conglomerate, originally described by . Gilbert,2 is a 
thick deposit of fairly well consolidated alluvial material, ac
cumulated under arid conditions in the valleys of southern Ari
zona. 

Deposits belIeved to be equivalent to this formation underlie 
a large part of the region around Mammoth. Bryan s considers 
beds in the San Pedro Valley, in. the Winkelman quadrangle, 
from which he and Gidley collected numerous fossils, as equiv
alent to the Gila conglomerate of the Ray and Christmas quad
rangles. Gidley4 determined fossils from two localities as of 
probable late Pliocene age. , 

In the vicinity of the Mammoth Mine the formation is a semi
consolidated, roughly stratified conglomerate of poorly sorted, 
rounded to subangular pebbles. The pebbles . consist of basalt, 
basic porphyry, and crystalline rocks, most of which are unknown 
in the vicinity. Their original source probably was southwest of 
the area. 

The conglomerate is tilted and cut by many normal faults of 
small displacement. The Mammoth fault depressed blocks of 
the conglomerate so that in places it forms the hanging wall in 
contact with granite, rhyolite, and intrusive breccia of the f~ot
wall. 

According to Bryan: 
The m~untains of the San Pedro Valley -region of southern Arizona are 
the resIdual elevation resulting from an uplift that involved the Gila 
con9lom~r~te. This. !VeIl known formation, restricted according to Gil
bert s orIgmal d~fimtIon and the usage of Ransome, is a valley fill now 
deformed and dIssected, but accumulated under arid conditions in en
closed or partly enclosed valleys. 5 

QUATERNARY ALLUVIUM 

All the unconsolidated or slightly consolidated alluvial material 
in the area is termed Quaternary alluvium, or simply alluvium. 
It consists of unsorted or slightly sorted, angular fragments of 
local rocks, mainly rhyolite, and rounded pebbles derived from 
the Gila conglomerate. 

2 G. K. Gilbert, U.S. Geog. and Geol. Surveys W. lOOth Mer. Report III 
(1875) ,540-41. ' 

s Kirk ~ryan and G. E'. P. Smith, quoted by C. P. ' Ross, "Geology and Ore 
DeposIts of the Aravaipa and Stanley Mining Districts Graham County 
Arizona," from a paper in preparation. ' , 

4 J. W. Gidley, Preliminary Report on Fossil Vertebrates of the San Pedro 
Valley, Arizona (U.S. Geol. Survey Prof. Paper 31), 1922, pp. 120'-21. 

5 Kirk Bryan, San Pedro Valley, Arizona, and the Geographic Cycle (ab-
stract, Geol. Soc. America, Bull. ) XLV (1926), 166. . 
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STRUCTURE 

GENERAL STATEMENT 

The major structures of the region trend northwestward, 
roughly parallel to the Santa Catalina and Galiuro mountain 
ranges. This trend is exemplified in the strike of the fault that 
forms the west contact of the lava with the granite, in the strike 
of the Mammoth fault and the Mammoth vein, and in the strike 
of the tilted lava flows. An eastward trend of secondary im
portance is shown by the Turtle fault and the Collins vein. 

STRUCTURE OF THE LA VA FLOWS 

The lava flows have been tilted 45 to 65 degrees NE. The 
mechanics of this deformation is not clear, but two possible ex
planations will be offered. 

The tilting may be due to folding in which compressive stresses 
in a southwest direction thrust the flat-lying lavas into a series 
of folds with axes striking northwesterly. The lava flows in the 
Mammoth area would, in this event, represent the east flank of an 
anticline. A parallel synclinal structure for the San Pedro Valley 
is suggested by the abnormally steep dips of some of the older 
Tertiary sediments on both sides of the valley. The eastward 
dip of the Paleozoic and older sediments forming the west flank 
of the Galiuro Mountains may not support this view; but on the 
other hand, these sediments could have had a much steeper dip 
to the east before the folding took place. 

This explanation of the structure would involve extensive 
thrust faulting in the underlying granite, but no evidence of the 
existence of such faults has been found. Minor thrust faults are 
present in Tucson Wash, just north of the mouth of Cloudburst 
Canyon, but their extension cannot be traced beyond a small 
area. 

The second hypothesis suggested is that the lavas constitute a 
faulted block or series of blocks tilted by rotational movement 
on curved fault surfaces accompanied by some shearing along 
the bedding planes. In this case it is assumed that the lavas 
flowed out over the land surface and solidified with a moderate 
initial dip toward the east. Subsequent normal and reverse 
faulting increased this dip and brought the flows into their present 
attitude. This type of faulting is suggested by Burbank6 to 
account for the tilting of the lavas in the Bonanza district, Colo
rado. The prevalence of high-angle, northwesterly striking faults 
in the Mammoth area is in keeping with this idea. The tilted 
blocks would thus constitute an area bounded on the east (de
pressed side) by a major fault that coincides roughly with the 
bed of the San Pedro River, and on the west by a fault that forms 
the contact with the granite west of the district. The Turtle 

6W. S. Burbank, Geology and Ore Deposits of the Bonanza Mining Dis
trict, Colorado (U.S. Geo!. Survey Prof. Paper 169), 1932, pp. 51-54. 
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solutions. There is, however, a gradation of minerals character
istic of decreasing temperatures of deposition. All three stages 
have · a group of minerals generally recognized as forming from 
hypogene solutions. 

Between the third and fourth stages there is a complete change 
of minerals, and some of the minerals of earlier stages were de
stroyed by the solutions that deposited the minerals of the fourth 
stage. Likewise between the fourth and fifth stages there was a 
complete change from molybdenum, vanadium, and manganese 
minerals to carbonates, sulphates, silicates, and secondary sul
phides of lead, zinc, and copper. 

The minerals of the fourth and fifth stages are all of a type 
generally recognized as supergene, formed by the oxidation of 
earlier hypogene sulphides. The minerals of the fifth stage seem 
clearly to have resulted from the oxidation of sulphides and are 
of the usual supergene type. The fourth stage, however, is clearly 
separated from the fifth stage in time of formati9n and in place 
of maximum development. The question naturally arises why 
this separation should exist, if both have resulted from the oxida
tion of the same sulphid~ body. 

SOURCE OF MOLYBDENUM AND VANADIUM 

Careful search by many students of this type of deposit has 
revealed no primary minerals to account for the molybdenum and 
vanadium present in the oxidized ores. Lindgren14 remarks that 
wulfenite is common in the oxidized zone of deposits containing 
galena and molybdenite but does not name the deposits to which 
he refers. Emmons15 states that the oxidation products of molyb
denite include molybdite, molybdic ocher, ilsemannite, and powel
lite and adds that it is noteworthy that wulfenite16 is not found 
in association with molybdenite. The writer knows of no descrip
tions in the literature that mention wulfenite in association with 
molybdenite. Wulfenite could probably be formed if galena and 
molybdenite were present in a deposit undergoing oxidation. 
Molybdenite is difficultly soluble. According to Emmons17 molyb
denite immersed in hydrochloric acid and in sulphuric acid after 
one month showed no loss, and neither ferric SUlphate nor ferric 
chloride increased its solubility. However, as molybdenite does 
alter in oxidized zones, it must be somewhat soluble in ground 
water. Since the common alteration products are oxides, the de
composition of molybdenite is possibly accomplished by hy
drolysis. No molybdenite, however, has been detected in de-

14 Waldemar Lindgren, Mineral Deposits (3rd ed., 1928), p. 985. 
15 W. H. Emmons, The Enrichment of Ore Deposits (U.S. Geol. Survey 

Bull. 625),1917, p. 424. 
16 Op. cit., p. 425. 
17 Op. cit., p. 424. 
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Figure I.-General paragenetic relations of the vein minerals. The 
vertical lines indicate periods during which there was movement along 

the vein fault. 

RELATION OF THE SEVERAL STAGES OF MINERALIZATION 

There are two distinct breaks in the mineral sequence. During 
the first three stages there is a slight change in the vein minerals 
after each reopening, but in each case minerals of the earlier stage 
carryover into the following stage. The difference is due to a 
change in the physical conditions under which deposition took 
place rather than to an abrupt change in nature or source of the 

( 
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fault cut off the lavas on the south, but the tilted structure con
inues northward for at least 10 miles. 

Two miles south of Feldman, Camp Grant Wash shows a sec
tion of the Apache group resting on granite and overlain by 
Devonian and Mississippian limestone, with the same structural 
attitude as the lavas to the south. 

Much of the area occupied by the lavas is covered by late 
Tertiary sediments and recent debris. In many places. the nature 
of the flows themselves hinders determination of strikes and dips. 
In many exposures the lavas are not banded, and contacts be
tween units are partly or wholly cVl1cealed, but -V\therever re
liable measurements can be made the general attitude of the 
flows is remarkably consistent. The strike ranges from N. 30 to 
45 degrees W. and the dip from 45 to 65 degrees NE. The attitude 
of the lavas is also shown by the trend of rhyolite sills intruded 
into them. 

Similar difficulties were experienced in mapping the faults In 
the lava-covered area; but the data obtained show a preponder
ance of strong, northwesterly striking faults. 

The Turtle fault, which forms the south boundary of the lavas, 
brings the tilted flows in contact with the granite in such a man
ner that the strike of the flows is approximately at right angles 
to the strike of the fault. If the tilting is the result of block fault
ing it is obvious that the amount of displacement on the Turtle 
fault necessary to bring about the existing relation between the 
flows and the granite would be less than if folding were the agent. 

It is also possible that a combination of folding and faulting 
may have produced the structure. 

INTRUSIONS 

All the rhyolite and some basalt occur as intrusions in older 
rock. The nature of the minor intrusive bodies is described on 
pages 9 and 14 and illustrated on Plate I. 

The only intrusive body of important structural significance 
is a thick, sill-like mass of rhyolite intruded between the granite 
and lava flows in the central part of the area. As already men
tioned, the lavas accumulated on an irregular erosion surface; 
and before their extrusion the southern part of the area was an 
eastward-trending valley with a parallel, low, rounded ridge to 
the north. Granitic sands and gravel accumulated in the valley 
to thicknesses of 150 feet or more so that the total relief was 
probably less than 100 feet. The central, thickest part of the 
sill coincides with this ancient valley, and northward the sill 
swings east along the south flank of the ridge. In the southern 
part of the area the footwall of the sill is marked by the Dream 
vein, which dips 45 to 65 degrees NE. The strike of the Mam
moth-Mohawk vein is roughly parallel to the footwall. In the 
southern properties the vein is entirely within the sill, but, con
tinuing northwestward with the same general strike, it passes 
out of the sill and into the footwall granite in the Mammoth 
ground. 
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The invading magma made room for itself partly by picking 
up and carrying forward the buried valley fill and partly by bow-

. ing up the overlying formations, as is evidenced by the abnormally 
steep dip of the lavas at the east. Intrusion was close to the sur
face where cooling and solidification were rapid. The ingress of 
molten material occurred slowly so that only the active channels 
contained liquid material. In many places the magma became 
extremely viscous before flow in a given channel ceased. Also 
the position of the feeding channels changed frequently, and the 
sill was built up of overlapping tongues. 

During the early stages of intrusion, gases accompanied the 
molten rhyolite, which at intervals built up pressures that were 
relieved by explosions that shattered both the wall rocks and the 
solidified rhyolite. When fresh supplies of liquid material moved 
into the vent thus opened, the shattered rock was picked up and 
carried forward. The result was a heterogenous breccia con
taining as much as 60 or 70 per cent of clastic material derived 
from widely separated sources. The breccia near the footwall of 
the sill is composed almost entirely of granite detritus such as 
makes up the arkose. In some places the fragments are largely 
basalt, and in other places rhyolite fragments predominate. 

. Noticeable changes in composition commonly occur within a 
range of 10 feet. 

All the breccia shows evidence of alteration caused by action 
of accompanying gases. The nature of this alteration is described 
on pages 13-14. 

The violence of the explosions opened new fractures that ex
tended into the footwall granite and into the overlying lavas far 
beyond the zones of shattering. These fractures were also invaded 
by breccia and rhyolite magma, thus complicating the structure 
with apophyses and satellitic bodies. Toward the end of the in
trusive period the violence waned and injection of magma con
tinued quietly. Points of weakness developed in the breccia and 
in the earlier rhyolite into which tongues of magma forced their 
way. Sheets of rhyolite are commonly interfingered with breccia. 
This structure is beautifully illustrated in the breccia and rhyolite 
outcrops south and northeast of the Collins glory holes and also 
along the top of the ridge for 500 feet north of the Mammoth 
shaft. Large masses of breccia are suspended in rhyolite; the 
largest of these is a wedge-shaped mass between the Mohawk and 
Dream veins, shown in section E-E', F -F', G-G' (PI. III). Many 
'3maller bodies are exposed by the mine workings, but Ii ttle is 
known of their extent and shape except that the outlines of some 
of them must be extremely irregular. 

The structural relations of the rhyolite and breccia as well as 
the broader structural features of the entire intrusion were 
further complicated during the period of faulting that produced 
the vein fissures and to some extent by later faults. 

This rhyolite sill is the host rock of the ore in the Mohawk-New 
Year mines. The included masses of breccia exerted an import
ant influence on the localization of the ore shoots. 

f 

I 
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dently quite different from the earlier solutions, at least in the 
minerals which they deposited . 

The early action of these solutions was chiefly leaching. The 
metallic minerals along their paths were largely destroyed, leav
ing a honeycomb of porous quartz. In places even the rock 
fragments of the breccia were leached out, leaving a boxwork 
formed by the quartz veinlets that had been deposited between 

. the fragments. 
Following the period of leaching, wulfenite began to form, de

positing in thin plates attached to the quartz skeleton. The de
position of vanadium minerals began later, probably riot until 
after the deposition of wulfenite had largely ceased. Of these 
descloizite and mottramite were earliest, followed by vanadinite. 
Where vanadinite was deposited on wulfenite crystals, the latter 
are commonly corroded and in places completely leached out. 

Abundant pyrolusite formed immediately preceding and ac
companying descloizite and mottramite. It fills open spaces or 
coats the walls of cavities in the porous quartz and in places 
forms botryoidal crusts on fragments and on wulfenite crystals. 
Powdery black manganese dioxide is commonly intermixed with 
microscopic crystals of descloizite. 

Some of the most perfectly formed crystals of molybdenum 
and vanadium minerals occur as crusts coating the walls and 
breccia fragments of fractures extending out of the veins into the 
wall rock. Minerals of earlier stages are entirely absent in these 
fractures, and those of the fifth stage are rare or lacking. 

In the Mammoth-Mohawk vein the amount of molybdenum and 
vanadium, as well as lead and zinc, appears to increase with 
depth. In the Collins vein lead and zinc increase with depth, 
whereas molybdenum and vanadium are highest at intermediate 
depth and almost absent on the lowest level. 

FIFTH STAGE OF MINERALIZATION 

The fifth stage consists of carbonates, sulphates, and silicates 
of the metallic elements together with some secondary sulphides 
that have obviously resulted from the oxidation of hypogene 
minerals by supergene solutions. These minerals are all essen
tially the same age and are distinctly later than the molybdenum 
and vanadium minerals of the fourth stage. 

Cerussite is the most abundant fifth-stage mineral. Some 
specimens show clearly that wulfenite is earlier than cerussite, 
whereas none show conclusive evidence that cerussite is earlier. 
Some wulfenite appears to have formed directly from galena. A 
little cerussite and ecdemite are generally present, but both are 
later than the wulfenite. Cerussite is rarly associated with 
vanadium minerals. 

Some crystals of wulfenite are completely embedded in mala-
chite and chrysocolla. Mimetite, ecdemite, beudantite, calcite, 
smithsonite, and hemimorphite are all later than mottramite and 
hence doubtless later than wulfenite. A little calcite was earlier 
than the vanadium minerals. 
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space in the mid-section of the veinlet. These veinlets of coarse, 
amethystine quartz are commonly an inch wide. 

The fine-grained quartz is colorless in thin section and light 
amber to yellowish-green in hand specimens. It is the only vein 
material in which free gold was recognized, and its distribution 
in the veins corresponds rather consistently with that of the gold. 
It was not observed in the ore shoots on the 700-foot level of the 
Collins Mine where the ore carries 0.02 ounce or less of gold but 
is abundant where the gold content increases to 0.2 ounce or more. 
Amethyst quartz similar to that associated with the gold-bearing 
q'l.!:.lrtz is common in lov.r-grade sections of the '.Teins. 

DISCUSSION OF EARLY MINERALIZATION 

During the earliest stages of mineralization, while quartz was 
forming in narrow veinlets in the upper portions of the channels, 
deposition of metallic minerals was probably going on at some 
deeper zone. By the time the solutions reach~d the higher eleva
tions they were fairly dilute and nearly in equilibrium with the 
:wall rocks. They carried mainly potash, soda, silica, and alumina
and were almost lacking in the metallic elements. 

This simple, early mineralization was interrupted by further 
movement that produced considerable brecciation along the 
course of the vein fault. The resulting increased permeability of 
the channel caused a sudden shifting of the zones of deposition. 
Minerals that were previously of a deeper zone approached nearer 
to the surface. For a time deposition was rapid from the hot, 
concentrated solutions that penetrated the relatively cool rocks 
nearer the surface. But as these rocks were gradually heated, 
deposition became less rapid, and the grain size of the minerals 
increased. 

Calcium and magnesium were deposited as chlorite. The 
saturation point in calcium was not reached until near the close 
of this stage. In the early part of this stage the temperature was 
still too high for the formation of sulphides, but toward the end 
the deposition of pyrite and sphalerite had almost completely 
superseded that of chlorite and specularite. 

The movement along the vein fault that marks the end of the 
second stage had very little influence on the sequence of miner
alization. The minerals that were forming at the close of the 
second stage carryover into the third, and throughout the third 
stage there is a gradual decrease in the intensity of mineraliza
tion fo~owing a normal sequence of minerals"--namely, pyrite, 
sphalerIte, galena, and chalcopyrite. 

FOURTH STAGE, MOLYBDENUM AND VANADIUM 
MINERALIZATION 

Mter the close of the third period of mineralization, which has 
just been described, further movement along the vein faults again 
shattered the earlier vein filling and opened new fractures some 
of which extended out into the country rock. These new fra'ctures 
and breccia zones formed channels for solutions that were evi-
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FAULTING 

The mantle of debris, as well as the nature of the rocks them
selves, tends to conceal the faults in many places. The criteria 
most useful for their recognition are: presence of calcite veins 
brecciation, change of formation, and basic dikes. ' 

The presence of calcite along fault planes is probably the most 
useful criterion. Black calcite occurs in veins 6 inches to 2 feet 
wide in faulted or fractured zones which are otherwise unminer
alized. Where the gouge and fault breccia of granite or lava are 
not disting_uish_a~le !~~m the adjoining weathered rock, the 
presence of calcIte tillIng presents sufficient contrast for the 
recognition of the break. In places bits of calcite float can be 
traced over a surface completely obscured by debris. Calcite
filled faults crossing narrow ridges are marked by distinct notches. 
The bla~k calcite filling is, in most cases, accompanied by color
less calcite that occurs as thin plates attached to fragments of the 
breccia. Silicification along the faults is not common. 

Brecciation is very useful in tracing faults through areas of 
r~y?lite,. but in other formations the breccia cannot always be 
dIstInguIshed from the weathered rock. Faults showing wide 
brecci~ zones in rhyolite commonly contract to narrow gouge 
s~~ms In grani~e o~ lava. ~hyolite breccia slightly recemented by 
SIlIca and calCIte IS so reSIstant to weathering that in places it 
forms welts several feet high along the outcrop of a fault. The 
Turtle fault on the hillside east of Tucson Wash is such an out
crop. 

Change of formation is most useful as a criterion of faulting 
where the late Tertiary sediments are brought into contact with 
ig~eous rocks, a condition common in.the case of certain late post
~lI~eral faults. Changes from rhyohte to granite or lava rarely 
IndI~ate the pre~er;tce of faults even though the change is accom
panIed by breccIatIon along the contact. The rhyolite is intrusive 
Into the other rocks, and some brecciation occurred along the 
intrusive contacts. 

Basic dikes are confined to a few late postmineral faults as the 
Mammoth fault and the Turtle fault east of its intersection with 
the Mammoth fault. 

The study of the fault problem is greatly hindered by a lack of 
marker beds that can be used in the measurement of displace
ments. Rarely can more than a rough estimate of the displace
ment be made. 

The large number of faults and fractures cut by the under
ground workings. indicates that only a small part of the faults 
have been recognIzed on the surface. The fault pattern is with
out doubt more complicated than indicated by Plate 1. 
. Of 320 faults and fractures mapped in the underground work
Ings of the area, 78 per cent have an average strike of N. 47 degrees 
W. Of these, 56 per cent have an average dip of 65 degrees SW 
38 p~r cent an average dip of 65 degrees NE, and 6 per cent ar~ 
vertIcal. Forty-three of the recorded fractures strike N. 34 de-
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grees E. Of this group 50 per cent have a mean dip of 68 degrees 
NW, 30 per cent a mean dip of 65 degrees SE, and the remainder 
are vertical. 

The percentage of northwestward-striking faults and fractures 
is about the same in each of the three principal mines of the area. 
In the Mohawk-New Year Mine 72 per cent of them dip northeast 
and 28 per cent dip southwest, whereas in the Mammoth and 
Collins mines 76 per cent of the northwestward-striking frac
tures dip southwest and 24 per cent northeast. 

PREMINERAL FA UL TING 

A positive distinction between premineral and postmineral 
faults is difficult. With a few exceptions, discussed later, displace
ment on the postmineral faults is small. In some places the vein 
appears to have been displaced a few feet at the intersection with 
cross fractures, but the relations, obscured by supergene altera
tion of the vein, are uncertain. 

The mine workings cut numerous fractures and breccia zones, 
but only a few of them, most of which are mineralized, can be 
projected for even a hundred feet. The minor fractures seem to 
be closely related to the major faults occupied by the veins, and 
they are probably the result of the same regional stress. 
Mammoth vein fault 

The main fault, which contains the principal are shoots, is con
tinuous through the Mammoth and Mohawk-New Year workings. 
Its continuity is somewhat obscured in the barren gap between 
the two properties where the formation changes from predom
inantly rhyolite into one predominantly granite. The workings, 
however, overlap sufficiently to show a continuation. 

The general strike of this fault is northwest, the dip 70 to 80 
degrees SW. In the north end of the Mammoth Mine the vein 
swings to a strike that is nearly due west, and the dip steepens 
to nearly vertical. It is possible that the main fault does not 
actually change direction at this point but is joined by a branch 
or cross fault. The mineralization, however, followed the west 
fault. If the main fault does continue northwestward, it is not 
known to be mineralized. 

The amount of displacement probably amounts to at least 
several hundred feet. The movement began with the early intru
sion, recurred at intervals during the entire period of hypogene 
mineralization, and continued well into the supergene period. 

In the Mohawk-New Year ground the vein fault swings nearly 
due east and dips southward (491 vein) . 

A second fault (391 vein) strikes northwesterly, nearly con
tinuous with the strike of the main fault in the Mammoth ground 
but dips 62 to 70 degrees NE. It intersects the hanging wall of 
the main fault. If the outcrops of the two faults could be traced 
on the surface they would probably intersect at a point about 500 
feet northwest of the Mohawk shaft. The lime of intersection 
plunges southeastward from the 200-foot level at the northwest 
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sufficiently abundant to impart a greenish cast to the black vein 
filling. Supergene alteration has destroyed most of the sulphides 
of this stage in the upper levels, but pyrite and sphalerite appear 
to have been less abundant than on the 700-foot level. Also in the 
upper levels a deposition of coarse-grained, clear quartz begins 
to replace the earlier dark quartz. In the Mammoth vein no zone 
has been opened corresponding to that exposed on the lower 
levels of the Collins, and the effects of supergene oxidation and 
leaching make the detection of zoning impossible. Dark quartz 
with about the same texture and proportion of specularite as that 
of the upper levels of the Collins is common throughout the ex
posed vertical extent of the Mammoth vein. Little can be de
termined of the original extent of pyrite and sphalerite. 

While deposition of pyrite and sphalerite was still in progress, 
but before deposition of galena began, there occurred another 
period of movement along the vein fault. The amount of dis
placement must have been slight. A network of fractures was 
produced in the existing vein material, but there was no breccia
tion comparable to that of the previous period. 

The character of the deposition immediately following the re
opening of the vein was similar to that immediately preceding, 
except that it took place in open fractures. Quartz was deposited 
in large euhedral grains. Veinlets with coarse comb structure 
and open spaces are common. The quartz grains show numerous 
inclusions commonly arranged in divergent lines. 

Deposition of fluorite and galena began early in this stage, 
These minerals are essentially contemporaneous. Much of the 
galena replaces sphalerite, some replaces quartz and pyrite. 
Fluorite is widely distributed in the quartz vein filling of this 
stage, and some of it appears to have replaced quartz, but this 
relationship is not clear . . Chalcopyrite is both earlier and later 
than galena, and some chalcopyrite also replaces sphalerite. The 
amount of chalcopyrite in these ore bodies is small compared with 
that of the other sulphides. 

The quartz of this stage commonly replaces that of earlier 
stages, especially the early dark quartz. 

Above the heavy sulphide zone of the Collins Mine and in the 
Mammoth vein there is another type of quartz showing age rela
tions with the dark quartz corresponding closely with those of 
the quartz just described. This is extremely fine-grained ( grains 
average about 0.00032 inch) and shows saw-tooth or colloform 
banding in thin sections, passing into coarse, flamboyant quartz 
with the grains projecting into and replacing areas of dark quartz. 
This flamboyant quartz also grows on fragments of country rock 
and commonly forms coronas around minute fragments of rhyolite 
included in areas of dark quartz. It is apparent that open spaces 
were not necessary for the development of the flamboyant texture, 
but where fractures were available this quartz was deposited on 
the walls, first as narrow, greenish bands that grade into course, 
comb quartz with euhedral terminal faces projecting into open 
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fied by the same impurity that affects the color of wulfenite, for 
the two minerals together show similar color modifications. 
Vanadinite [PbCl· Pb4 (V04) 3] 

Vanadinite is fairly abundant and widely distributed. It forms 
stubby hexagonal prisms, normally orange or coral in color. Very 
small, yellow prisms occur on the lower levels of the Collins 
Mine. 

The vanadinite is not commonly associated with wulfenite, but 
where the two are present together, vanadinite was deposited on 
wulfenite. 
Descloizite [(Pb·Zn) 2·0R· VO.] 

Descloizite occurs as thin crusts of very small, pointed crystals 
which coat breccia fragments and quartz boxwork in leached 
vein matter. The mineral is widely distributed and with mot
tramite is the most important source of vanadium in the ores. 
The crystals are of uniform brownish red throughout the area. 
Microscopic crystals of descloizite are commonly intermixed 
with powdery manganese oxides. 

Descloizite has a longer range of deposition than the other 
vanadium minerals. 
Mottramite [(Pb,Cu) 2 ' OR · V04 ] 

Mottramite crystals are jet black but otherwise like those of 
descloizite. Both minerals occur in thin crusts that scintillate 
very conspicuously in the light. Th~ difference between the two 
minerals is not apparent except on close examination. 

The age relations of mottramite are similar to those of descloi
zite except that descloizite continues to form a little later than 
mottramite. 
Ecdemite [Pb. · As20 1 · 2PbCl" (?)] 

The rare mineral ecdemite was identified in a specimen from 
301 stope on the 300-foot level of the Mammoth Mine. It occurs 
as a bright orange incrustation on wulfenite crystals associated 
with cerussite that coats a remnant of galena. 
Beudantite [3F~03' 2PbO· 2803 , ~05' 6R20 (?) ] 

Beudantite, as yellowish-green tufts of fibers associated with 
wulfenite and limonite, is present in very small amounts in the 
upper levels of the Collins Mine. 

SULPHATES 
Barite (BaS04 ) 

Barite was recognized only in the Collins ore bodies where it 
occurs in groups of large, tabular crystals in the siliceous filling 
of vein breccia. In most places it appears to be of hypogene origin 
and formed early in the mineral sequence. In the middle shoot 
of the sulphide vein, barite and black calcite occur in a narrow 
cross fracture. As barite was not recognized in any thin sections 
of the ore, its genetic relations are not clear. 
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Plate XIL-Outcrop of the Collins east vein in south wall of Turtle shaft . 
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tween 100 and 200 feet . East of this offset the course of the fault 
can only be surmised. Small bodies of basalt are intruded into 
the fault fissure where it crosses the ridge north of the Collins 
Mine, and recurrences of these intrusions to the east are believed 
to mark the locus of the fault. Farther east the relatively sharp, 
straight contact of the intruded breccia with the recent alluvium 
probably marks the approximate trace of the original scarp. 

West of the intersection with the Mammoth fault the character 
of the outcrop varies from place to place. On the hillside east of 
Tucson Wash it appears as a black calcite vein 1% to 2 feet wide 
with a zone of rhyolite fault breccia on the footwall. The rhyolite 
fragments are recemented by silica and white calcite, forming 
a resistant aggregate that projects several feet above the adjacent 
surface. West of Tucson Wash, where granite forms the footwall 
of the fault and agglomeritic lavas the hanging wall, the fiss_ure 
contains deposits of silica and calcite but no breccia. 

The hanging wall moved down with respect to the footwall. 
As already described in the discussion of the structure of the lavas, 
this displacement must have been great in order to bring the 
granite and lava flows into their present relationship. 

The outcrop of the Collins east vein ends abruptly at its inter
section with the Turtle fault and appears to have been cut off by 
it, hence the Turtle fault is considered to be younger than the 
mineralization. 

Mammoth fault 

The Mammoth fault trends northwestward through the central 
part of the area, west of the Mohawk Mine and between Mammoth 
and Collins mines. It is exposed on the 300-, 500-, 600-, and· 700-
foot levels of the Mammoth Mine where it appears as a zone of 
coarse, loose breccia about 20 feet wide, interlayered with seams 
of clay gouge and in places by veins of black calcite. The frag
ments of the breccia are commonly coated with crusts of platy 
calcite, and the space between the fragments is partly filled with 
clay or coarse, arkose sand. 

The strike of the fault, as determined from two exposures on 
the 700-foot level, is N. 22 degrees W.; the dip is northeast and 
ranges from 56 degrees on the lower levels to 70 degrees or more 
near the surface. 

The fault is also exposed in the end of an adit now used for a 
powder magazine at an altitude of 3,250 feet and likewise in .a 
short adit near the outcrop at an approximate altitude of 3,330 
feet. Both of these exposures show intruded breccia in contact 
with the Gila conglomerate, which forms the hanging wall. 

About 400 feet east of these points a drift has been driven 
northward from No.2 shaft into the conglomerate for the purpose 
of mining waste for back filling the stopes. This drift is at the 
elevation of the 100-foot level and is partly above and partly 
below the contact of the intruded breccia with the conglomerate, 
which was deposited on an irregular erosion surface of the breccia. 
A cross section of this drift is shown on the east-west section A-A' 
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Chlorite [5(Mg,Fe)O ·~Os· 4Si02 ·4H20 (1») 

Chlorite is abundantly associated with specularite and quartz 
of the second stage of mineralization. On the lower levels of the 
Collins Mine it occurs as green felted masses of radiating silky 
fibers. In thin section it appears as irregular areas and shreds 
disseminated in the vein filling. 

This chlorite was not stable under supergene conditions. In 
the earliest stage of alteration it changes from olive green to 
bright maroon, but its silky luster and original structure remain 
perfectly preserved. With further oxidation it goes to earthy 
hematite. Practically no chlorite remains in the oxidized ore 
bodies, though thin sections show evidence of its earlier abun
dance. 

Serpentine (3 MgO · 2Si02 ·2H20 ) 

Serpentine occurs as an alteration mineral in the highly altered 
intruded breccia. 
Kaolin (Al20 a • 2Si02 • 2H20 ) 

Clay minerals together with fine arkosic sand, iron oxides, and a 
little sericite constitute the gouge that prevails in the voids be
tween fragments of crushed vein matter within the oxidized veins 
and on the foot and hanging walls of the veins. The clay forms 
most readily where the walls are of granite or intruded breccia. 

Kaolin minerals were not observed in thin sections of the 
hypogene ores or altered wal~ rocks. 
Chrysocolla (CuSiOa, 2H20 ) 

Chrysocolla fills cavities lined with quartz crystals and in 
places encloses wulfenite crystals. This chrysocolla contains 
abundant voids apparently formed by shrinkage during trans
formation from gel to solid. 

Fragments of brecciated rhyolite in all stages of replacement 
by chrysocolla are fairly common in the lower levels of the 
Collins Mine. The copper for this replacement was probably 
concentrated in the kaolinized fragments by absorption from 
supergene solutions. 

Where tenorite is present, it generally contains veinlets of 
chrysocolla and is surrounded by a layer of impure chrysocolla. 

PHOSPHATES, ARSENATES, AND VANADATES 

Pyromorphite [PbCI · Pb. (PO.)a] 

Pyromorphite, associated with vanadinite, is present as short, 
olive-green, hexagonal prisms on thin crusts of mottramite. 
Mimetite [PbCI · Pb. (AsO.) 3] 

Mimetite occurs as bright orange or canary-yellow botryoidal 
crusts on fragments or on walls of open fractures. The crusts 
are generally associated with wulfenite which is clearly earlier 
than the mimetite. The color of the mimetite is apparently modi-
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Plate XV.-Quartz veinlet cutting intrusive breccia with crystals of 
adularia grouped along the margins of the veinlet. The outlines of 
adularia are shown by the Becke lines. Natural light; magnified 305 

diameters. 

in the wall rocks, especially in the intruded breccIa. It can be 
recognized only in thin sections under the microscope, where it 
appears as small rhombs (PI. XV). 

Hemimorphite or calamine [H2 (ZIl:!O) Si04 ] 

Only small amounts of hemimorphite were observed. It occurs 
in granular masses, loosely adhering to porous quartz in the 
oxidized ore bodies and also as slender needles bristling from 
quartz crystals that formed on the walls of open cavities. One 
specimen shows tufts of the slender needles growing on wulfenite 
crystals. 

Biotite [BzK (Mg,Fe) s(Al,Fe) (Si04)3J 

'Biotite occurs in partly replaced granite within the veins. In 
the granite adjoining the veins it is largely replaced by chlorite. 

The biotite in the veins is similar in appearance to that in the 
normal granite. 
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(Pl. II). Assuming that the upper surface of the breccia dips 
approximately parallel to the dip of the conglomerate, the inter
section of the surface with the Mammoth fault surface would 
then be roughly 150 feet- below the outcrop of the fault. Sub
sequent erosion removed the conglomerate but probably only a 
few feet of the underlying intruded breccia, since small remnants 
of the same conglomerate may still be seen perched near the top 
of the ridge about 2,000 feet to the south; hence the displacement 
on the Mammoth fault is between 150 and 200 feet. 

The fault and the Mammoth vein dip in opposite directions. 
On section C-C' (PI. II), which is approximately on the line of 
the crosscut west from the Mammoth shaft on the 700-foot level, 
the vein and the fault intersect about 200 feet below the 700-foot 
level. The footwall segment of the faulted vein must therefore 
meet the fault at less than 50 feet below the 700-foot level. 

It has been suggested by some students of this area that the 
Mammoth vein is the faulted apex of the Collins vein. This 
relationship would involve a displacement of at least 1,200 feet 
on the Mammoth fault and would necessitate the erosional re
tnoval of at least 1,200 feet of material, largely intruded breccia, 
from the footwall side of the fault after the movement took place. 
The chief reason for the assumption that the two veins were orig
inally continuous is that if the Mammoth vein is superimposed 
upon the Collins vein there is a gradual decrease in the degree 
of oxidation of the vein minerals from the upper part of the 
Mammoth vein to the lower levels of the Collins. No other vein 
that can be construed as a possible footwall segment of the 
Mammoth vein has been cut by the Mammoth workings west of 
the fault. 

ORE DEPOSITS 

HISTORY OF MINING DEVELOPMENT 

Hostility of the Apache Indians discouraged all permanent 
settlement of the upper San Pedro Valley until after the purchase 
of the territory by the United States in 1853. Prospecting in the 
Mammoth vicinity became feasible after the San Diego and San 
Antonio stage line built a road along the San Pedro River and 
established posts at sites of Benson and Winkelman. 

Frank Shultz located the Hackney and Aaven claims on the 
Collins vein in 1879,7 the Mohawk claim in 1881, and the Mammoth 
and Mars claims in 1882. He prospected the Mammoth claim in 
a small way but after three years sold it to George W. Flet~her 
who blocked out a large body of gold ore. In order to treat this 
ore Fletcher built a thirty-stamp amalgamation mill on the San 
Pedro River 3 miles northeast of the mine and established there 
the town of Mammoth. 8 

7 Patent survey plats, U .S. Land Office. 
S History obtained from unpublished notes of J. B. Tenney, from Mineral 
Resources of the U."ited States, and oral communications from F . S. 
Naething, E. D. Morton, Carl Geib, and others. 
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In 1888 the Mammoth shaft was extended from the 300- to the 
500-foot level, and in 1889 the property was purchased by an 
English company, which began operations under the name of 
Mammoth Gold Mines, Ltd. During the first year of its opera
tions this company increased the size of the mill from thirty to 
fifty stamps and treated ore that averaged $14 a ton at a total 
cost of $4 a ton. The ore from the upper levels was free milling, 
but at greater depths the percentage of gold recovered by amal
gamation decreased. The stopes were not adequately timbered, 
and in July, 1893, a large cave occurred between the 200- and 400-
foot levels. Following this accident all work was suspended. 

In 1894 Johnson, Barnhart, and Collins leased the Collins Mine 
and organized a company to exploit that deposit. Mining was 
begun on the 60-foot level by shrinkage stoping, and the ore was 
hauled to the Mammoth mill for treatment. By the end of 1895 
over 40,000 tons of ore, which probably yielded about $6 a ton in 
gold had be mined. 

In 1896 Mammoth Gold Mines, Ltd., was succeeded by the 
Mammoth Gold Mining Company. The new company built a 
Bleichert double-rope aerial tramway, nearly 3 miles long, from 
the mine to the mill. This tramway is said to have made a great 
saving in transportation costs. 9 A 200-ton cyanide plant was 
added to the old mill in order to treat the tailings, which contained 
about 40 per cent of the original gold content of the ore. 

Later the Collins Mine was purchased by the Mammoth Gold 
Mines, Ltd., and connected to a crosscut from the 700-foot level 
of the Mammoth Mine. North of the Mammoth shaft a square
set stope, in places 60 feet wide, was extended upward from the 
750-foot level. The broken and cavernous ground from the pre
vious caving above the 500-foot level was a constant menace to 
the workings below. The open square-set stopes were not filled 
with waste rock, and, as mining progressed, the entire weight of 
the overlying ground was borne by the timbers. On the night of 
April 15, 1901, the ground caved from the 750-foot level to the 
surface. Over the stope the surface subsided 25 feet or more. 
Fortunately, no one was injured, the shaft and surface plant were 
not damaged, and, as most of the ore had been extracted from the 
caved section, the loss was not considered great. 

Shortly afterwards, operations were stopped because of litiga
tion. The mine was not reopened for twelve years. 

The Great Western Copper Company leased the Mammoth 
Mine in 1913 and did considerable development work but made 
no production. 

Prior to 1914, gold was the only metal recovered from the 
Mammoth ores, but the demand for molybdenum during the 
World War created a new interest in their wulfenite content. 

The mill tailings, which already had been reworked by the 
cyanide process, were acquired by R. O. Boykin and Frank H. 

9 Wm. P. Blake, Report of the Governor of Arizona: Annual Report of the 
Department of Interior, 1901 , pp. 188-90. 
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The black calcite is earlier than the colorless variety. In the 
late fault fissures it is clearly supergene, but in the lenses and 
transverse veins associated with the ore bodies it is of uncertain 
origin. The colorless calcite is sporadically distributed in oxidized 
veins. It is most abundant in the barren sections of the veins and 
is especially prominent in that section between the Mammoth 
and Mohawk mines. It is abundant as a cementing material in 
the breccia of the later faults, although it does not fill the spaces 
between the fragments. . 

The colorless calcite in the veins formed later than some of the 
supergene minerals and \generally later than wulfenite and 
vanadinite. 

Smithsonite (ZnCOa) 

Although not easily recognized in the ore bodies, smithsonite is 
doubtless widely distributed as crusts and porous masses in the 
9xidized vein filling, of which almost any fragment gives a decided 
chemical reaction for zinc. The mill heads carry from 2 to 3 per 
cent zinc of which most is probably in the form of smithsonite. 

In places small colorless rhombohedrons of smithsonite form 
crusts on wulfenite and vanadinite. 

Some of the calcite in the veins contains a little zinc. 

Cerussite (PbCOa) 

In the oxidized ore bodies of the Mammoth and Mohawk mines 
cerussite is not easily recognized except by chemical tests. It is 
finely disseminated throughout the ore bodies, and the average 
ore mined contains 1.02 per cent lead. 

In places cerussite occurs in small, almond-shaped masses in
cluded in the dark vein quartz. These kernels of carbonate may 
have formed in place from galena. 

In the Collins Mine cerussite is relatively conspicuous as coat
ings on remnants of galena and rounded masses derived from 
galena. 

The mineral is generally compact, earthy, or finely granular. 
It also occurs as long orthorhombic crystals projecting into open 
cavities. 

Malachite [CuCOa·CU(OH) 21 and azurite [2CuCOa·cu(OHh1 

Malachite, with much smaller amounts of azurite, forms 
emerald green, mosslike masses commonly associated with cerus
site. As short prisms or tufts of fine, green needles, it occurs 
associated with ·crystalline cerussite in cavities. Nodules of galena 
with replacement shells of covellite and chalcocite are surrounded 
by cerussite mixed with malachite and azurite. 

SILICATES 

Adularia (KAlSiaOs) 

Orthoclase produced by hydrothermal solutions occurs sparsely 
intergrown with quartz in the veins and as an alteration product 



38 ARIZONA BUREAU OF MINES 

Limonite forms pseudomorphs after pyrite, but, since pyrite 
was not abundant, the amount of limonite formed in this manner 
is not large. A little limonite was produced by alteration of iron 
minerals in the granite. 

Magnetite (FeaO~) 

Some magnetite is present in table concentrates of the ore, but 
it is probably a constituent of country rock included in the veins. 
So far as is known magnetite was not deposited by the mineraliz
ing solutions. 

Pyrolusite (Mn02) 

Powdery manganese dioxide is wi'dely distributed i;n the 
leached, spongy vein matter. Less commonly it occurs as thin, 
botryoidal crusts. The fine, black powder is generally intimately 
mixed with finely crystalline descloizite and accompanies the 
vanadium minerals. 

Tenorite (CuO) 

Black, coallike nodules of copper oxide, less than an inch or 
two in diameter, are present, generally in the barren sections of 
the veins. The nodules are surrounded by thin shells of chryso
colla, and the enclosing rock within a radius of · several inches 
shows more or less copper stain. 

Psilomela.ne (Mn.zMn04) 

Botryoidal masses of psilomelane ranging from the size of peas 
to pieces weighing several pounds were seen in the broken ore 
and lying on the surface. The mode of occurrence of this mineral 
is unknown. 

CARBONATES 
Calcite (CaCOs) 

Calcite is fairly common as small, black veins and as colorless 
crystals in breccia. 

Many of the fissures, especially the later fault fissures, are 
occupied by veins of coarsely crystalline, brownish-black calcite. 
Some small fractures that cut across the main veins are filled with 
black calcite. Lenticular bodies of black calcite, up to a foot 
thick by more than 20 feet . long, commonly occur in the ore 
bodies. 

Microscopically, the dark color of the calcite is seen to be due 
to thin films of manganese dioxide deposited along cleavage 
planes. Later the calcite was completely , recrystallized into a 
fine-grained aggregate. The manganese dioxide collected into 
irregular inclusions between the calcite grains. In places the 
dark inclusions form ragged, parallel lines marking the direction 
of the original cleavage, but more commonly they appear as brown 
feathery wisps or smudges. 
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Hereford, who organized the Arizona Rare Metals Company and 
erected a mill to recover the wulfenite by gravity concentration. 
As the tailings still contained a little wulfenite after this treat
ment, they were reworked later by sulphidization and flotation. 
The price of molybdenum declined at the end of the war, by which 
time the tailings had been reworked three times and, according 
to some accounts, four times. 

In 1915 the Mammoth and Collins mines were taken over by 
Col. Epes Randolph and associates, under the name of Mammoth 
Dev:elopment Company. During the next year this company 
began underground development, enlarged the mill, and added 
flotation machinery. Progress was interrupted in October, 1917, 
by a fire that destroyed the shaft timbers from the surface to 
water level. 

The St. Anthony Mining and Development Company succeeded 
Mammoth Development Company in 1918, ret,imbered the shaft, 
and began stoping in the rich wulfenite ore above the 520-foot 
level in the Collins Mine. Operations continued until after the 
Armistice when the price of molybdenum fell far below the limit 
of profitable mining. During this period of operation, 1916 to 
1919, about 50,000 tons of ore were produced. 

The Mohawk claim joins the Mammoth claim on the south and 
partly covers the southern extension of the Mammoth · vein. In 
1892 the Mohawk Gold Mining Company acquired this claim from 
Frank Schultz and proceeded to prospect the vein above the 300-
foot level. A large ore body was blocked out on the 100- and 
200-foot levels, and a 10-ton stamp mill was erected at Mammoth 
to treat the ore. Production followed at the rate of 70 tons a day 
from May 1, 1896, until the end of 1897 when the mine was closed, 
probably because the material mined was too low grade to yield 
a profit. The capacity of the mill was doubled the next year, but 
mining was not resumed. 

In 1906 the Mohawk Gold Mining Company was refinanced. 
A 30-ton mill was built at the mine and arrangements were made 
to pump water for the mill from the Mammoth Mine where a 
seemingly unlimited supply had been encountered in the shaft 
below the 750-foot level. A new vertical shaft was sunk 500 feet, 
and new ore bodies were discovered. Although the grade of the 
ore was low, production continued until the end of 1912. 

The New Year claim, which adjoins the Mohawk on the east, 
was optioned from the heirs of Frank Schultz by Sam Houghton 
in 1926. Houghton sank a new vertical shaft 140 feet northeast 
of the Mohawk shaft and began development in the New Year 
ground. A small mill was begun in 1932, but it was never com
pleted, and there was no production under Houghton's manage
ment. 

The increase in the price of gold in 1933 created a fresh interest 
.in the Mammoth mining camp, which had been unproductive for 
nearly fifteen years. The Molybdenum Gold Mining Company, 
subsidiary of the Molybdenum Corporation of America, took over 
the Mohawk-New Year properties and began underground devel-



28 ARIZONA BUREAU OF MINES 

opment. The mill begun by Houghton was completed. Gold 
was recovered by the cyanide process and lead, molybdenum, and 
vanadium by gravity tables. In 1934 the mill treated 24,784 tons 
of ore. 

In 1934 Mammoth-St. Anthony, Ltd., obtained the Mammoth 
group of claims and, under the direCtion of Foster S. Naething, 
prepared to reopen the Mammoth and Collins mines. This com
pany began production in 1935 and sent its ore to the mill of 
Molybdenum Gold Mining Company. On January 1, 1937, Mam
moth-St. Anthony, Ltd. , purchased this mill from Molybdenum 
Gold Mining Company, increased its capacity from 90 to more 
than 200 tons a day in 1937, and to more than 400 tons by April, 
1938. . 

Difficulty was experienced in finding a market where all the 
metals contained in the concentrates would be paid for. To im
prove this condition a small plant was erected in 1937 to treat 
the concentrates by fusion with sodium carbonate followed by 
lixiviation. The final products of the plant are metallic lead and 
a crude salt consisting mainly of sodium molybdate and vanadate. 

PRODUCTION 

From 1886 to the end of 1936, the Mammoth mining camp area 
produced metals valued at over $5,000,000, of which 83 per cent 
was gold. The total yield, segregated according to mines, metals, 
and years, is shown in Table 1. The production was made during 
three periods. 

During the first period, 1886 to 1912, the ore was mined entirely 
for gold, of which approximately $3,510,835 was recovered. The 
Mammoth-Collins Mine produced 350,000 tons of ore that averaged 
0.43 ounce of gold, which is double the grade maintained in the 
mill heads mined at present. The Mohawk-New Year ore prob
ably averaged less than 0.2 ounce of gold per ton, which is little if 
any higher than that mined at the present time. The first period 
ended when the ore above water level could no longer be mined 
at a profit. 

The increased demand for molybdenum during the World War 
inaugurated the second period of production. Ore that contained 
3.5 to 4.5 pounds of Mo03 and $4 in gold per ton could be mined 
at a profit. For a few years almost the entire molybdenum pro
duction of the United States came from this area. During 1916-19 
the camp produced 447,876 pounds of Mo03 • The total value of 
the metals recovered during the four years of this period amounted 
to $614,620 of which only $216,010 was gold. The average price 
for the wulfenite concentrates was $1.337 per pound of metallic 
molybdenum contained. 

With the signing of the Armistice the price of molybdenum 
declined sharply because of the large stocks of concentrates on 
hand. In the years following the war the uses of molybdenum 
increased rapidly, but the price continued to decrease because of 
the development of the large, low-grade molybdenite deposits at 
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Plate XIV.-Thin section of the dark vein filling from the Collins 700-foot 
level, showing heavy mat of specularite flakes in quartz, with galena and 
fluorite intergrown with euhedral quartz in a veinlet of third-stage quartz. 
Specularite, h ; quartz, q ; fluorite , f; galena, gn. Naturallight; magnified 

54 diameters. 

Hematite (Fe~03) and other fonns of ferric oxide 

Specularite is abundant on the lower levels of the Collins Mine, 
especially at the ends of the massive sulphide shoots where it 
occurs in glistening black masses. Microscopically these masses 
consist of a dense mat of specularite flakes in quartz, accom
panied by chlorite and a little fluorite (PI. XIV). There is a gradual 
decrease in the amount of specularite from the Collins ore bodies 
at the northwest through the Mammoth and to the Mohawk veins 
at the southeast. 

Amorphous, earthy hematite is abundant in all the oxidized ore 
bodies. Thin sections of the oxidized vein matter show specularite 
flakes in all stages of transformation to the amorphous variety. 
The larger masses of earthy hematite, however, formed by oxida
tion of chlorite. 
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pyrite and rarely shows mutual boundaries with pyrite. It is the 
mineral most subject to replacement by later sulphides. 

In the oxidized zone sphalerite is altered to smithsonite and 
hemimorphite. 

HALOIDS 

Cerargyrite (Agel) 

The silver in the oxidized ore bodies is probably present as 
cerargyrite, although this mineral was not definitely recognized. 

Fluorite (CaF2 ) 

Fluorite is rarely visible in the ores, though microscopically it 
is fairly abundant and widely distributed. Purple cubes of fluorite 
can be seen with the unaided eye in the intruded breccia. 

Under the microscope all thin sections of the vein matter show 
some fluorite, and in most of them it is abundant. It occurs most 
commonly as small grains with angular boundaries which are 
parallel to three cleavage directions (PI. XIV). A little fluorite was 
deposited early with fine-grained quartz containing chlorite and 
specularite, but the bulk of it formed late with the clear, coarse
grained quartz and is essentially contemporaneous with galena 
and chalcopyrite. Part of the fluorite of this stage is in large 
grains deposited in open cavities and closely associated with 
galena. In some vugs the two minerals show mutual boundaries. 

Fluorite is fairly stable in the oxidized zones. In thin sections 
of the oxidized vein matter the fluorite grains are corroded around 
their borders and generally slightly discolored. 

OXIDES AND HYDROUS OXIDES 

Quartz (Si02) 
, 

Quartz is by far the most abundant of the vein minerals. It 
Was the earliest mineral, and its deposition continued throughout 
the hypogene period and to some extent into the supergene period. 
The greatest volume of quartz was deposited in the second stage 
along with specularite and chlorite, most abundantly in the deeper 
zones but also in important amounts in the upper zones. The 
quartz of this stage is light gray to nearly black, with a dull, 
stony appearance caused by included flakes of specularite (Pl. 
XIV) and a fine-grained texture. 

The later quartz is clear with a variety of textures from micro
crystalline and banded to coarse flamboyant and feathered. Much 
of the later quartz was deposited in open fractures and vugs 
where it exhibits beautiful comb structure. Some of the late 
quartz is light amber or yellowish green, and some of it contains 
minute specks of gold. This quartz is extremely fine-grained 
and is intricately banded. Amethyst which formed in veinlets 
with coarse comb structure is the latest of the hypogene quartz. 

The supergene quartz occurs as thin crusts of very fine euhedral 
crystals deposited on leached, spongy remnants of hypogene 
quartz. 
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Climax, Colorado. Consequently the mines at Mammoth re
mained inactive for fourteen years. 

The third period of production began with the increase in the 
price of gold in 1933. During 1934-36 the yield of gold and silver 
amounted to $647,859, divided about equally between the Mam
moth-Collins and Mohawk-New Year mines. In addition $430,819 
worth of lead, molybdenum, and vanadium was recovered. The 
total production for the 1934-36 period was worth $1,078,778. Dur
ing the first half of 1937 production from the Mohawk-New Year 
Mine decreased markedly, whereas that of the Mammoth-Collins 
increased to more than 75 per cent of the total. 

If the price of gold is maintained at $35, the value of future 
production will perhaps equal or exceed that of past production. 

CHARACTER OF THE VEINS 

GENERAL DESCRIPTION 

The ore occurs in veins or lodes within fault fissures or 
brecciated zones. The ore does not occur uniformly throughout 
the veins but forms shoots separated by portions that are too 
narrow or of too low grade to be worked profitably. 

The section of the fault between the Mammoth and Mohawk ore 
bodies is almost lacking in mineralization. The fault appears as 
a closely sheeted zone with little or no gouge. There has been 
some silicification with transparent, colorless quartz, in contrast 
with the dark gray, lemon-yellow, or amethyst quartz of the ore 
shoots. A little clear, white calcite in thin hexagonal plates only 
partly fills the open spaces in breccia. The rocks adjoining the 
barren fracture show only slight hydrothermal alteration, 

The ore appears to have been deposited along sections of the 
faults where shattering and brecciation were relatively intense. 
In the Mohawk and New Year mines fracturing was more intense 
than in the parts of the Mammoth Mine now accessible. In places 
veins grade into lodes up to 40 feet in width, composed of a net
work of narrow, mineralized veins. The entire width was mined, 
although the rock between the veins was barren. These zones 
occur most commonly where one or both walls are of rhyolite, 
which is more brittle and more easily shattered than either the 
granite or the intruded breccia. In the caved section of the 
Mammoth Mine north of the main shaft the Mammoth vein was 
undoubtedly a wide fractured zone with interlacing mineralized 
veins. The stopes in this area are said to have been 60 feet in 
width, which is commensurate with the extent of the cave as seen 
on the surface. 

The vein walls are generally marked by red or greenish-gray 
gouge and slickensides. Within the vein itself are clay gouge 
and slickensides roughly parallel to the walls or crossing from 
one wall to the other with a flatter dip than the vein. As may be 
seen in the 701 stope on the 700-foot level of the Mammoth Mine, 
mineralization spread out below these flat clay seams and con
tracted above them. 
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sulphides is chalcopyrite. In the oxidized ore bodies it has altered 
to copper carbonates and chrysocolla. Chalcopyrite was not 
abundant in these deposits, as the sulphide ore shoots contain an 
average of only 0.47 per cent copper. Apparently it was the only 
hypogene copper mineral. 

Galena (PbS) 

Galena is nearly as abundant as sphalerite in the unoxidized 
veins, and the wide distribution of cerussite, wulfenite, and angle
site in the oxidized veins indicates its abundance in the hypogene 
mineralization. Remnants from less than an ounce to several 
pounds in weight occur enclosed in shells of cerussite and copper 
carbonate in the oxidized veins. Galena remnants are common 
throughout the Collins ore bodies, are much less common in the 
Mammoth Mine, and are comparatively rare in the Mohawk and 
New Year mines. . 

Galena was late in the mineral sequence and followed all the 
sulphide minerals except chalcopyrite and the supergene copper 
sulphides. Nearly all the galena seen in polished sections is a 
replacement of sphalerite or was deposited in open spaces in 
quartz-lined vugs and in veinlets of comb quartz. Galena com
monly shows mutual boundaries with fluorite that formed in a 
similar manner. It rarely replaces pyrite. 

During oxidation lead was immediately fixed in more stable 
forms as anglesite, cerussite, and rarely as complex arsenates. 

Pyrite (FeS2) 

Pyrite is not nearly so abundant as sphalerite and galena in the 
sulphide ore bodies of the Collins Mine. Cubical cavities in 
quartz indicate the earlier existence of pyrite in the oxidized parts 
of the veins. Many of the rhyolite bodies carried abundant pyrite 
as small, euhedral grains disseminated uniformly throughout the 
rock. In the outcrops it is oxidized to limonite or completely 
leached out, leaving cubical cavities surrounded by limonite 
stains. Magnetite of the granite within or close to the veins is 
generally replaced by pyrite. In the unoxidized ores pyrite occurs 
as irregular grains, generally in groups or chains and not inti
mately associated with the other sulphides. 

The deposition of pyrite did not begin until specularite had 
nearly ceased to form. Much of it is older than sphalerite, but a 
little continued to form throughout the ore mineralization. Re
placement of pyrite by later sulphides is insignificant. 

Sphalerite (ZnS) 

Sphalerite is the most abundant sulphide mineral. It occurs in 
irregular masses associated with galena or pyrite in the sulphide 
bodies of the Collins Mine. All the sphalerite is peppered with 
myriads of chalcopyrite inclusions, most of which are visible only 
under high magnification. 

Sphalerite replaces chlorite and quartz but does not replace 
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Pyrite 
Pyrolusite 
Pyromorphite 
Quartz 
Serpentine 
Silver (?) 

Gold (Au) 

Smithsonite 
Sphalerite 
Tenorite 
Vanadinite 
Wulfenite 

NATIVE ELEMENTS 

Gold is by far the most valuable constituent of the ore. The 
average New Year ore contains 0.09 ounce, and the Mammoth ore 
about 0.15 ounce of gold per ton. Gold occurs in veinlets of light 
amber or yellowish-green quartz which formed late in the mineral 
sequence, but whether or not all the hypogene gold is confined 
to this type of quartz could not be determined. 

The distribution of gold .indicates that the sulphides contain 
only a small part of it. 

Native gold is also visible in the intruded breccia that borders 
the veins in the Aguaya tunnel, in the Smith workings, and in the 
Mohawk Extension Mine. It occurs as thin films coating breccia 
fragments that appear to be especially rich in iron. This gold was 
probably deposited from supergene solutions. 

Silver (Ag) 

Minor amounts of silver, generally less than 1.5 ounces per ton, 
are present in the mine-run ore. No native silver or other silver 
minerals were recognized. In the oxidized ore bodies the silver is 
probably present as the chloride. 

SULPHIDES 

Chalcocite (C~S), covellite (CuS), and bornite (C1IcIFeS.) 

Chalcocite, covellite, and bornite occur as very thin films on 
other sulphides and as replacements of chalcopyrite and rarely 
sphalerite. In replacement areas all three generally show pro
gressive replacement, with bornite earliest, followed by covellite 
and chalcocite. In places small masses of galena are replaced and 
surrounded by thin shells of intermixed covellite and chalcocite, 
enclosed in another shell consisting of a mixture of azurite, mala
chite, cerussite, and perhaps a little anglesite which grades out
ward into a thick shell of white cerussite. 

The total amount of these copper sulphides is very small. In 
most polished sections of the ore they are not recognized except 
with the use of medium or high power objectives. 

Chalcopyrite (CuFeS2) 

The chalcopyrite occurs largely as inclusions in sphalerite, 
where it is believed to have separated by unmixing from solid 
solution. Chalcopyrite also occurs as hypogene replacements of 
pyrite, sphalerite, and galena. It is contemporaneous with galena; 
in places chalcopyrite replaces galena and in other places galena 
replaces chalcopyrite. Generally the host of the supergene copper 
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Plate XIII.-Typical breccia of angular rhyolite fragments in a matrix 0f 
quartz, chlorite, and specularite, Collins vein, 300-foot level. % natural 

size. 

Postmineral movement along the faults -crushed and shattered 
the vein matter. Because of consequent oxidation and leaching 
the original character of the mineralization cannot be accurately 
reconstructed. As now seen in underground workings the vein 
matter is a porous, earthy mass in which most of the constituent 
minerals are more or less masked by red or brown iron oxides and 
hydrates and black powdery manganese oxides. Quartz occurs 
in narrow, discontinuous stringers with lemon-yellow, crustified 
borders and coarse, amethystine comb structures in the center. 
Open spaces are generally present in the mid-portion of the vein
lets. Dark-gray, stony quartz in the spaces between· angular rhyo
lite fragments forms a cemented breccia (PI. XIII), that is very 
conspicuous in parts of the vein where crushing has been relatively 
less intense. In more open parts of the vein yellow and orange 
crystals of wulfenite and vanadinite conspicuously line cavities 
or coat fragments of loose breccia. Scintillating crusts of descloi
zite and mottramite occur in a similar manner. Small lenses of 
sooty, black calcite, generally less than a foot thick by 20 feet 
long, are common in the veins. White calcite is present through
out but becomes more prominent where the vein is of low grade. 
Clay gouge is widely dispersed throughout the veins. Where 
the veins are narrow they contain a greater proportion of clayey 
material and are less porous. These places commonly show 
copper stains as well as fragments of galena surrounded by shells 
of cerussite and copper carbonates. 
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Replacement of rhyolite fragments by quartz was probably 
active in the most open part of the channel, where the remnants 
of rhyolite are generally less than 1/2 inch in greatest dimension. 
Farther from the central part of the vein the proportion of un
replaced rock and the size of the fragments gradually increase 
until only threadlike veinlets of quartz cut the rock. The vein 
proper commonly contains horses of unmineralized rhyolite that 
are not shattered in blasting and can easily be sorted from the 
broken ore in the stopes. The rhyolite fragments appear only 
slightly affected by the solutions that deposited the quartz. 

The granite was less completely brecciated than the more brittle 
rhyolite and tended to form greater amounts of clay gouge. The 
original quartz was deposited as veinlets an inch or more wid.e 
between the granite blocks, or, in places where crushing was 
intense, completely replaced the granite. Where the vein is 
wide, blocks of unreplaced granite up to several feet in length 

_ remain. Due to suhsequent crushing and leaching, these parts of 
the vein are soft and ashy ip. appearance and spotted with rounded, 
white, kaolinized remnants of the unreplaced granite. The 
crushed vein quartz between the rubble of unreplaced granite is 
loose and porous, stained dark brown or red by limonite, and 
intermixed with clay and crushed granite. 

The intruded breccia appears to have been less amenable to 
replacement by the mineralizing solutions than either the rhyolite 
or the granite. Where both walls are breccia the vein is narrow, 
and the grade is below the limits of commercial ore. According 
to Vanderwilt/o the southeast end of the 391 stope between the 
200- and 300-foot levels of the Mohawk Mine becomes too narrow 
to stope profitably where the vein passes into the breccia. As this 
vein was not followed far, however, it can not be concluded that 
the intruded breccia is not a favorable rock for ore. 

Intruded breccia commonly forms one wall of the veins in the 
Mohawk Mine but is separated by a gouge seam from the miner
alized portion, which always occurs in the adjoining rhyolite. In 
the Mammoth Mine the breccia is rarely in contact with the vein. 
On the 700-foot level it occurs at the north limit of 701 stope where 
the mineralization diminishes below the limit of commercial ore. 
Since, however, the same decrease in grade occurs on the level 
above where no intruded breccia is present in a similar relation 
to the ore, it cannot be concluded that the decrease in grade is due 
to the unfavorable rock. 

THE SULPHIDE ORE BODY 

The sulphide ore bodies developed on the 700-foot level of the 
Collins Mine 'do not share the general characteristics of the other 
veins in the area. Three ore shoots 160 feet to 240 feet long by 
5 feet in average width have been opened by drifts along the 
vein. As the intervals between the shoots are unexplored, their 
continuity as a single vein is not established. A line connecting 

10 J . W . Vanderwilt, Private report on Mohawk-New Year Mine, 1934. 
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the three segments forms a broad arc, convex toward the north
east and roughly parallel to the Mammoth vein. The north end 
of the east shoot and the south end of the middle shoot are only 
80 feet apart, and the relation of the strikes is such that the con
tinuity of these two segments can safely be inferred (PI. X). 

The central core of the shoots consists of elongated masses of 
galena interspersed with quartz, silicified country rock, and a 
little sphalerite. The amount of galena diminishes sharply to
ward the borders, a~d sphalerite becomes more prominent hi a 
gangue of wall-rock breccia recemented with dark quartz con
taining specularite and abundant chlorite. At the ends of the ore 
shoots the galena gives way to disseminated pyrite and sphalerite 
in a gangue of dark quartz, glistening with flakes of specularite. 
Chlorite becomes sufficiently abundant to give the vein a green
ish cast. There is a progressive decrease in the amount of sul
phides and an increase in the speculari te toward the ends of the 
shoots. Transverse faults, definitely premineral, affect the con
tinuity of the vein fracture slightly but exert a noticeable in
fluence on the volume of the mineralization on opposite sides of 
the gouge filling. 

The veins on the lower levels of the Collins Mine do not appear 
to have been affected by the later periods of movement along the 
vein ,faults, which so thoroughly shattered the veins elsewhere 
in the area. Probably for this reason they have been only slightly 
affected by supergene oxidation. Small areas of the vein are 
thoroughly oxidized, but the most noticeable change is a tarnish 
of copper sulphides on the cleavage faces of the galena. Meager 
deposits of wulfenite, vanadinite, and descloizite occur where 
there is open brecciation. The crystals are much smaller than is 
characteristic for these minerals in the other ore bodies of the 
area. 

The Collins vein on the 700-foot level and portions of it as high 
as the 300-foot level are probably typical of the hypogene miner
alization of the area. 

MINERALS OF THE ORE DEPOSITS 

The following minerals are associated with the ore deposits of 
the Mamrpoth area: 

Adularia (orthoclase) 
Anglesite 
Azurite 
Barite 
Beudantite 
Biotite 
Bornite 
Calcite 
Cerargyrite (?) 
Cerussite 
Chalcocite 
Chalcopyrite 
Chillagite (?) 
Chlorite 
Chrysocolla 

Covellite 
Desc10izite 
Ecdemite 
Fluorite 
Gold (native) 
Galena 
Hematite 
Hemimorphi te (calamine) 
Kaolin 
Limonite 
Magnetite 
Malachite 
Mimetite 
Mottramite 
Psilomelane 
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THE present case his tory deals wi th 
the examination of an almost forgotten 
nickel prospect, near Winesap, Chelan 
County, Washington. Although the final 
results yielded no ore body of commercial 
importance, the integration of surface and 
underground exploration, geophysical sur
vey and diamond drilling endow the 
story with interest. The program is 
significant because it is illustrative of 
how the most disappointing expenditures 
in mining exploration, the "not-finding" 
sosts, could have been reduced had geo
physical methods been applied at an 
appropriate stage in the prospecting work. 

The Chelan nickel deposit was dis
covered about 1900, on a sage-brush
covered hillside with a southerly slope, 
adjacent to Winesap Canyon; the paved 
highway now extending from Wenatchee 
northward, up the Columbia River and 
into Okanogan Valley, is only a mile away. 
After the deposit was found, three short 
prospect tunnels were driven into it, 
and the prospect then remained dormant 
for 40 years. No. I tunnel was 80 ft. 
long, running north into the hillside. 
For the first 35 ft. this adit exposed a 
typical, iron-stained gossan with streaks 
and stains of malachite, and sm'all seams 
of water-soluble nickel sulphate. Beyond 
this, it encountered a relatively fresh 

Manuscript received at the office of the 
Institute Aug. 6, 1945. 

Listed for New York Meeting. February 
1945. which was canceled. 

* Vice President and General Manager, 
Gold Placers Inc., Seattle, Washington. 

t President, Sherwin F. Kelly Geophysical 
Services, Inc., Wilmington, Del. President, 
Geophysical Explorations Ltd. Toronto, 
Canada. 

peridotite, well mineralized with blebs of 
pentlar=~ : ~:'::.:=:. :: : sampling yielded 
an average assay of 1.5 per cent nickel 
and 0.3 per cent copper. Down the hillside 
to the south and 35 ft. lower in elevation, 
No. 2 tunnel was driven under No. I 

and in the same direction, traversing 50 ft. 
of gneiss before it reached the peridotite. 
At this point the latter formation showed 
only scattered blebs of sulphides, not of 
commercial grade. To the west, on the 
same contour line as No. I tunnel, and 
800 ft. around the hillside from it, NO.3 
tunnel was driven 50 ft. into the hill to 
explore a strong gossan outcrop that 
assayed 0.5 per cent nickel (Fig. I). 

From the geological exposures on the 
hillside and in the tunnels, it appears 
that the main mass of the hill is formed of 
an ancient and altered gneiss complex. 
Into this, a sill-like injection of amphibolite 
(altered peridotite) was intruded, which, 
at least in some places, contains com
mercial quantities of nickel sulphide. Its 
structure is obscure, but it appears to 
dip into the hill at an angle of about 15°. 
In the vicinity of No. 3 tunnel a large 
dike of quartz diorite cuts the peridotite or 
amphibolite; about 140 ft. north of the 
portal of the tunnel, a dike of andesite 
90 ft. wide cuts boldly up the hillside to 
break the continuity of the peridotite in 
that direction. 

The geological evidence available was 
not adequate to decide whether the 
peridotite forms a continuous sill, or 
occurs as isolated bodies in the gneiss. Not 
all of this peridotite carries commercial 
amounts of pentlandite, but if the mineral-
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liminary drilling results can point the 
way for further exploration to reveal the 
significance of the ore occurrence. 
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ized section of this formation extended all 
the way from No. I to No. 3 tunnel, a 
commercial orebody might be anticipated. 
To check this possibility a large number 

single, continuous band, which had been 
missed in the test pitting; and second, 
whether the ore exposed in NO.3 tunnel 
had any extensions, or neighboring sulphide 

FIG. 2.- SPONTANEOUS POLARIZATION EQUIPMENT IN USE ON CHELAN NICKEL SURVEY. 

of open cuts and test pits were recently 
pu t down through the deep overburden of 
the hillside. Although many of these pits 
disclosed the altered periodotite or amphi
bolite, nickel mineralization was found at 
only a few points. The results of this test 
pitting were discouraging, but the strong 
gossan exposure at NO.3 tunnel could not 
be disregarded, so this tunnel was continued 
into the hill, and shortly broke into fresh 
sulphides averaging 1.5 per cent nickel 
and 0.3 per cent copper. Branches of 
the tunnel were driven, which outlined 
an elliptical body of ore 200 ft. long, and 
30 ft. thick (measuring about 120 ft. wide 
on the horizontal). Then the various 
headings from NO.3 tunnel started run
ning out of commercial ore in every 
direction. 

CHOICE OF GEOPHYSICAL METHOD 

At this point in the exploration program 
it was decided to make a geophysical 
survey for the purpose of determining, 
first, whether the showings in the vicinities 
of No. I tunnel and NO.3 tunnel were 
separate or constituted two exposures of a 

lenses. The following factors influenced the 
choice of geophysical technique best 
adapted to answering these questions. 

Although pyrrhotite accompanying the 
pen tlandi te would yield a magnetic re
action, similar anomalies due to the 
amphibolite would almost certainly be
cloud the results. Furthermore, sulphides 
containing little or no pyrrhotite would 
give no magnetic indication of their 
presence, rendering the magnetic results 
worse than useless under such circum
stances. For these reasons the magnetic 
technique was ruled out. 

Although electrical resistivity measure
ments would show zones of low resistance 
over sulphide mineralization, wet faults 
and shear zones would also produce similar 
anomalies, with consequent confusion in 
the interpretation of results; this method 
was therefore eliminated. 

The spontaneous polarization method 
was decided upon as being the mos t 
direct and simple procedure for obtaining 
the desired information. This method, 
sometimes called the self-potential tech
nique, is direct and rapid; it relies upon 
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detecting, at the surface of 'the ground, 
those electrical currents that are spon
taneously generated by sulphide mineral
iza tion, as a result of electrochemical 
reactions between the sulphides (metallic 
conductors of electricity) and the ad
jacent ground moisture (electrolytes). 
Readings were taken at 50-ft. intervals 
along profile lines spaced 100 ft. apart, 
and cu tting across the s trike of the mineral
bearing formation. For greater detail, 
some readings were taken closer, even 
at 5-ft. intervals; lines of observations 
were also run in No. I tunnel and NO.3 
tunnel. The locations of the profiles thus 
read are shown on Fig. I. An area abou t 
1500 ft. east and west by 1000 ft. north 
and south was thus surveyed by the 
spontaneous polarization method in 1944. 

The equipment is shown in Fig. 2. 

RESULTS OF GEOPHYSICAL SURVEY 

The results of the geophysical survey 
are depicted in two ways on the accom
panying maps (Figs. I and 3 to 5). First, 
the readings taken along a profile line are 
plotted against the corresponding observa
.tion stations. Since the point of primary 
interest is the magnitude of the electrical 
activity over the apex of the sulphide body, 
which is the negative pole of the battery, 
or point of inflow of the current from the 
surrounding rocks , the negative potentials 
are plotted above the line. The resultant 
profile of electrical activity therefore 
rises to a peak over the causative sulphide 
mass. Second, a series of related profiles, 
usually along parallel lines, can be used to 
construct a map of equipotential curves. 
Each equipotential curve joins the points 
that are at the same potential, or electrical 
level; they may thus be thought of as 
the con tour lines of the mountain of 
electrical activi ty centered on the sulphide 
body. In the vicinity of tunnel No. I, 

only the profiles were plotted, because the 
activity is tqo weak and irregular to 
justify drawing in the equipotential curves. 

In the vicinity of tunnel NO.3, both the 
observed profiles and the equipotential 
curves drawn from them are shown. 

During the geophysical work three areas 
of electrical activity were recorded, only 
one of which was of important magnitude. 
They are all of interest, however, because 
the reactions observed are typical of 
different modes of sulphide occurrence. 
Examples are found of reactions indica ti ve 
of low sulphide content in a broad zone, 
of very small pockets of stronger sulphide 
mineralization, and of a moderately large 
body of fairly good sulphide content. 

The area in the immediate vicinity of 
tunnel No. I exhibits a very weak electrical 
activity, which in this instance, may be 
ascribed to the presence of sparsely dis
seminated sulphides. The maximum poten
tials observed at the surface, of the order 
of only 25 millivolts , were in a zone about 
ISO ft. wide, extending south from the base 
line between profiles 5 + 00 and 7 + 50. 
The appearance of the electrical profiles 
suggests that the strongest mineralization 
will be found between lines 5 + ooA and 
6 + 00. The maximum width of the 
band is nearly ISO ft. on profiles 6 + 00, 
6 + ooA and 6 + ooe, and then narrows 
east and wes t, to pinch out between 
profiles 4 + 50 and 5 + 00 on the eas t. 
and between 7 + 50 and 8 + 00 on the 
wes t. The detailed readings taken along 
the profile lines in this zone are shown in 
Fig. 3, where the profiles have been plotted 
as though they were all parallel, in order 
to avoid confusion of intersecting lines. 

The weak electrical reactions just 
described are of the order of magnitude 
of those which can be produced by forma
tional contacts, or by purely superficial 
effects. In the present instance, however, 
the resulting minor irregularities in the 
electrical profiles offer some con tras t with 
the flatter appearance presented by those 
i'n the surrounding area. This, combined 
with the fact that the known occurrence 
of sulphides here provides a basis of cor-
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the previous prospecting work, and also 
revealed no reason to anticipate additional, 
or better mineralization in the vicinity. 
The owners therefore decided to spend no 
more money on the venture, but made 
their information available to the U. S. 
Bureau of Mines, which conducted about 
1000 ft. of diamond drilling on the property 
in the summer of 1944. This drilling was 
carried out principally in the vicinity 
of NO.3 tunnel, and outlines an ore body 
of limited horizontal extent, as indicated 
by the geophysical work. The general 
mass of the peridotite was shown to carry 
some sulphide mineralization, in two and 
three bands, but in only a small zone is 
the content of nickel and copper high 
enough to constitute ore, as shown on 
the plan map, Fig. 1. The Bureau of 
Mines estimated the ore zone to contain 
30,000 tons with 0.6 to 1. 7 per cent nickel 
and up to 0.7 per cent copper. No drilling 
was done to test beneath the zone of 
peak electrical activity, to see whether 
or not the sulphides are heavier there. 
The drilling also left open the question of 
how far down the dip the ore body may be 
expected to extend. Geophysical methods 
do not give quantitative indications of the 
depth to the root of a sulphide body, but 
only a rough measure of whether it lies at 
depth, or close to the surface. The appear
ance of the profiles of electrical activity 
over this body would normally be taken to 
indicate a somewhat greater extension 
downdip than that shown by the outlines of 
the ore body traced by the Bureau of 
Mines. The possibility is therefore pre
sented that the sulphides may extend 
further down the dip, under the quartz 
diorite roof. Whether it does or not is 
probably an academic question, because 
the drilling has indicated an ore body of too 
small a horizontal extent to be of commer
cial importance. The lack of any electrical 
activity in the hanging-wall side of the 
quartz diorite dike indicates no sulphide 
mineralization northeast of this intrusive; 

the geological data and the drilling suggest 
that the faulting, which probably preceded 
or accompanied this intrusion, had lifted 
the deeper extension of the ore body up
ward, and that this faulted section in the 
hanging wall of the dike has since been 
removed by erosion. The immediate area 
therefore lacks commercial interest. 

LOGICAL ORDER OF EXPLORATION 

The work on this prospect clearly 
indicates the logical order in which to 
conduct an exploration program for the 
maximum efficiency and economy. Geo
physical exploration methods are but one 
step in the progressive narrowing of the 
search for ore, and normally should occupy 
a position intermediate between the 
geological reconnaisance and the under
ground exploration by drilling, shaft or 
tunnel. In such an instance as the present 
one (ignoring for purposes of illustration 
the fact that the tunnels were driven 40 
years ago), the discovery of the deposi t 
should be followed by a geological recon
naisance to determine the approximate 
zone favorable for ore deposition. Following 
this, a geophysical survey would reveal 
the locations and relative importance of 
the sulphide deposits. The uninteresting 
ones, such as between profiles 5 + 00 
and 9 + 50, could be eliminated at once 
(all the expense of tunneling here would 
be eliminated, as well as of test pitting 
in the barren areas) and attention con
centrated on the better reactions between 
profiles 12 + 00 and IS + 00. The only 
question to be answered would be whether 
the sulphides responsible for the stronger 
electrical reactions occur in quanti ty and 
values sufficient to constitute an ore body. 
A moderate amount of diamond drilling, 
with possibly some tunneling, would usu
ally answer that question, if it is to be a 
negative answer, thereby saving much 
costly, and wasted, underground develop
ment. If the answer. on the other hand, is 
encouraging, the geophysical and pre-
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of this geophysical deduction, the cost of 
test-pitting the hillside could have been 
obviated. 

The only interesting area of electrical 
activity discovered in the course of this 
survey is in the vicinity of tunnel NO.3. 
It extends from profile 12 + 50 to profile 
IS + 00, and for a maximum width of 300 
ft. north from the base line. The profiles 
of the electrical potentials observed here 
contrast strongly with those recorded in 
the first zones described; see Fig. 4. 
The peak reactions are from 125 to ISO mv., 
and the plotted curves, with their broad 
bases, make a striking contrast to the 
type of reaction recorded near tunnel No. I. 
The fact that the electrical activity in the 
vicinity of tunnel NO.3 is spread over a 
width of 200 to 300 ft. is indicative of a 
fair extension in depth of the causative 
sulphide mass, or masses. The alignment 
of the points of maximum reaction implies 
the presence of two bands of sulphide 
mineralization. or one band with heavier 
streaks on the hanging wall and footwall. 

The electrical readings taken in tunnel 
NO.3 provide an illuminating comparison 
with those taken in tunnel No. I (Figs. 3 
and 5). It will be recalled that in tunnel 
No. I an acute peak of nearly ISO mv. was 
welf-nigh masked by the overburden, so 
that only very minor activity was recorded 
at the surface above it. In tmmel NO.3, 
however, a peak of over ISO mv. occurs at 
station ,iE, almost immediately below one 
of 130 mv. on profile 13 + 00. The electrical 
activity from the underlying sulphide 
body is so well spread through the country 
rock, by reason of the depth to the positive 
pole of the body, that the overburden 
reduces this-peak hardly at all. The same 
obser~atiori· applies to the peak of 175 
mv. on the line north from station 4E, and 
the surface maximum of 125 to ISO mv. 
above it. 

The individual potential maxima read 
in these tunnel lines are probably due to 
local concentr~tions of sulphide mineraliza-

tion, and the saddle 40 ft. east of station 
4E, between the first two maxima, coincides 
with a low-grade zone. The plotted curves 
show a good width and rounded ou tline 
entirely lacking from the profile read in 
tunnel No. I, all of which points to a 
stronger and deeper sulphide mineralization 
in the vicinity of tunnel NO.3. 

A striking feature of the profile read 
along the main tunnel is the pronounced 
development of positive potentials at the 
eastern end of the line. The last two read
ings were in the quartz diorite dike, much 
broken by faulting and the third from 
the last reading was close to a fault zone 
bordering the dike. It seems probable that 
the positive potentials recorded are the 
result of a current flow through the faulted 
dike and shear zone toward the surface, 
from the positive pole of the sulphide 
body lower down the dip. 

In sum, the electrical activity recorded 
in the vicinity of tunnel NO.3 implies a 
small, moderately strong sulphide mineral
ization, with some extension in depth. 
A band of sulphides probably 200 ft. or 
so long and about 60 ft. wide is indicated, 
with the surface trace striking between 
N. 35° W. and N. 77° W. The results 
point to two bands of mineralization, 
or a single band with heavier mineraliza
tion along the footwall and hanging wall, 
but of limited horizontal extent. The 
appearance of the electrical profiles sug
gests a northeast dip for the sulphide mass. 
Preliminary drilling, based on geophysical 
results, could have yielded information 
indica ting the best places at which to 
carry out further investigations. Some 
tunneling might have been required before 
finally condemning the deposit, but the 
cost of test pitting and much of the expense 
of tunneling could have been saved; as was 
demonstrated by subsequent events. 

WORK BY BUREAU OF MINES 

The geophysical work confirmed the 
deductions drawn from the results of 

ERNEST N. PATTY AND SRERWIN .F. KELLY 5 

relation, is the only excuse for drawing 
conclusions from their general appearance. 
On this basis, they are taken to indicate a 
small region in which the average sulphide 

o 
10 
+ r-

5 + ooA and 6 + ooe, are two small 
electrical peaks approximately above this 
tunnel reaction, which demonstrate that 
even a shallow overburden (10 to IS ft.) 
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FIG. 3.-DETAILS OF SPONTANEOUS POLARIZATION PROFILES NEAR TUNNEL No. I, CHELAN NICKEL 
PROSPECT. 

content is very low, probably less than 
5 per cent. Irregular and pockety occur
rences of slightly stronger mineralization 
are responsible for the individual peaks. 

Tunnel No. I penetrates the hillside _ 
beneath this zone of weak electrical' 
activity, and the observations made in it 
provide an interesting comparison with 
the readings at the surface. About 50 ft. 
in from the tunnel portal a peak of nearly 
ISO mv. was recorded {Fig. 3). The acute 
shape and narrow base of the plotted 
readings are striking, and are typical of 
the reaction set up by a sulphide pocket 
of extremely limited vertical extent. At 
the surface of the ground on profiles 

nearly masks the electrical activity of 
this small sulphide pocket, reinforcing 
the conclusion that its vertical extent is 
insignifican t. 

The deduction to be drawn from these 
phenomena is that this zone of low average 
sulphide content may yet contain small 
pockets of appreciably stronger sulphide 

. mineraliza tiQ1;l. The se bodies will be small 
and of irregular occurrence, and are ' too 
limited to produce distinctive reactions 
at the surface. It is therefore possible that 
such insignificant blebs may occur with 
sufficient frequency to "sweeten" slightly 
the average sulphide content. 

It is probably just such a small sulphide 
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pocket that yielded the favorable assays 
recorded in tunnel No. I. In the samples 
taken between 35 ft. and 50 ft. in from 
the tunnel portal, the assay figures for 
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approached close enough- to its lower 
portion to encounter the weak positive 
potentials associated with the bottom of a 
sulphide formation. In any event, the 
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copper and nickel are in general somewhat 
higher than elsewhere in the tunnel. 
This would imply that the sulphide content 
is somewhat higher here, which is also 
the zone in which the maximum potentials 
were recorded on the line of readings in 
the tunnel. Since the electrical reactions 
elsewhere in this general region indicate 
a lower average sulphide content, it is 
reasonable to assume that the copper
nickel content would also be lower. 

Just east of this area of weak negative 
potentials there lies a zone of equally weak 
positive potentials, where a draw cuts back 
into the hillside. This could be due either to 
a fault which serves to conduct the out
flowing current from the lower part of the 
sulphide body to the surface, to a forma
tional contact, to purely superficial effects 
or to the sulphide mineralization extending 
to such a shallow depth that the draw 

ore exposed in No. I tunnel is an isolated, 
mineralized area of very limited extent, 
both horizontally and vertically, carrying 
only weakly disseminated sulphides. 

The deductions drawn from the surface 
geophysical survey would most assuredly 
not have warranted the expense of driving 
any adits into the hillside at this point. 

The only electrical activity ascribable 
to sulphide mineralization between No. I 

tunnel and NO.3 tunnel was found on 
profiles 8 + 50 to 9 + 50. The potentials 
are even weaker than in the vicinity of 
tunnel No. I, so this small area could be 
ruled out from the point of view of com
mercial interest. The geophysical survey 
therefore indicated that there IS no 
mineralization between No. I tunnel and 
NO.3 tunnel, and that the sulphides en
countered in those two tunnels have no 
connection near the surface. On the basis 
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Mr. F. M. Stevens 
American Smelting & Refining Co. 
Post Office Box 2229 
Tucson. i\r1zona 

Dear Mr. Stevens: 

November 12, 1~46 

As requested by ~r. Wilson of your organization, I sent him 
information regarding the La Cholla Placer as this was obtained 
from Tom G. Young, and I hope that same will meet b1s requ1rements. 

Some months ago I believe that you told me that your company 
beld some property in the vicinity of' San Manuel and expected to 
develop same at a later date. I have recently been informed that 
some friends and clients of mine are interested in the very large 
area 1n this section, and since they are not min1ng people, I 
presune that they might be glad to do bUsiness with your company 
if you sbould believe that their ground is lIkely to prove well 
mineralized. 

I note that they are particularly interested in sections 
24 and 25, townsh1p 8 south, range 16 east, also in po'rtlons of 
sections 19, 30 and 31 y township r south, range l' east, and you 
or some member of your staff are probably well ~aqualnted witb all 
th1s area and would be in a position to have some opinion con
cerning its possibilities. 

The area in question seems to be close to the holdings o'f 
the Magma Company and those of tbe Anaconda Company, and it 1s very 
llk.ely that my friends 'r!i111 have some exploration or development 
work carried out in the near future before they attempt to officially 
bring it to the attention of any of the large mining companies, 
If meantime you would care to gi ve me any general data or have any 
duplioate maps covering th1s part1cular district, I should appre
ciate hearing from you, and we might start a preliminary discussion 
of the matter which, perhaps, might eventually prove to be mutually 
profitable. 

Personal regards. 

Yours very truly, 

GMC: IM 

,,' 



Mrs. W. H. Singleton 
2016 East Water Street 
Tucson, -lir1zoDa 

Dear Mrs. Singleton: 

October 16, 1947 

BE: 

Thank you for your letter of September 19 1n 

reference to the A. I. II. E. maps and data COD

cernlng the San Manuel Dt·str1ot. 

I am sorry that these appear to have been lost 

in some manner end should tbey turn up, I would be 

very glad to have you forward them to me; h01leyer I 

preswae that much of the data 1s now obsolete since 

such a large amount ot drilling and other exploration 

has been done during the last few montbs, and I hope 

that your property 1s develop1ng In 8 very sst'lsfao

tory manner. 

Personal regards. 

Yours very truly, 

GKC:. 

- --------------------------------------------



SHERWIN F. KELLY GEOPHYSICAL SERVICES, INC. 
ROOM 318 900 MARKET STREET 

WILMINGTON, DEL A WARE 

Mr. George M. Colvocoresses 
1102 Luhrs Tower 
Phoenix, Arizona, 

Dear Mr. Colvocoresses: 

Lima, Peru 
January 20th,1947 

It was a disappointment to me to miss'you when 
I passed through Phoenix, but I hope that next time my 
stay will be longer and that a better opportunity will be 
provided for us to get together. Your letter of Nov. 27th 
reached me after my return to New York City in December. 
I was there and at our Toronto office only briefly before 
leaving for Peru. We have been carrying out geophysical 
work in this country since last spring, and I have come 
down to look over the resul ts and plan the contj.nuation 
of the work, 

The San Manuel area to which you refer is one 
/ wherein the use of geophysical methods has already been 

,: envisaged. Mr. Baragwanath had asked me to look at it 
i with that in mind, which I did on my way from Tucson to 

I Phoenix. One problem related to the determination of the 
depth of the Gila conglomerate where it overlies the ore~ 
bearing monzonite. In other words, the idea would be to 
pick places of shallow cover for the first drilling sites. 
This could be done in cases of fairly shallow cover by 
applying the electrical,resistiv1ty technique of determin
ing depths. The seismic method would also be applicable~ 
even in case of great depth but would cost more. In view 
of the sulphide mineralization, I had envisaged the 
possibility of employing the spontaneous polarization 
technique, but my conversation with Mr. Rubley at San 
Manuel convinced me that the depth to the sulphide 

, mineralization was probably too great. 

It therefore seems as though geophysical methods 
would have only a limited application in that area, but 
that they might nevertheless be useful. I should be very 
glad indeed to look over any geological data with which you 
can furnish me, referring to your own interests in the 
area, and advise you whether or not application could be 
made along the lines outlined above, or along other lines. 

The same invitation to let me look over the 
geology of your prospeot will naturally apply to any other 
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problem which you may have in hand at any time. IvIy mail 
will be forwarded to me while I am in South America and 
I expect to be back in the States in March. 

With cordial personal regards, I am 

SFK/m Sincerely yours 

, 1r/4 
F. Kelly ! 

( 
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lanuary 24, 1941 

Mr. Sherw1n F. Kelly 
Sherwin F. Kelly Geophysical Service, Inc. 
RO·ODl 318---900 Market Street 
WIlmIngton, Delaware 

BE: San Manuel 

Dear Mr. Kelly: 

Thank you for your very 1nteresting letter written from 
Lima, Peru, on January 20. Theslr mail service from Peru 
is certainly excellent sine. I received it yesterday. 

I felt very confident that you or others had already 
considered the use of geophysical methods for the purpose of 
carrying on p·rellm1nary explorat1on at the San Manuel depos-
1ts, and I agree with you in believing that such a procedure 
might prove very useful; although as you say, there are 
doubtless l1mitations. 

My own investigation o.f theare'a, which . is owned by my 
clients in that p~r\lcu18r ~eetlon. bas beett delayed partly 
at my own requeB~jand partly 1n order W permit the surveyors 
who are now workIng · .on the propel'ty to . complete the outlining 
of the claims and the looation work 1Vbtcb 1s ~Oll 111 progress, 
end I feel tbat I can meKe 6 much morec·omprebensl va study of 
tl\e entire situation after theYhaveeomple1i.ed the survey and 
ob'tained further information regarding tbegeology of the area 
in question. 

The,resent outlook. 1s that my exam-iaation "t11 be made 
. sometime durtng the month of February an.d . ·~.rter S'~.h8S been 
completed, I will certainly communicate wtt.b y6u ~~tl~~'her con
cerning the geolog1cal cona1 tlon and the poss'lblesppllcat-1oJ'l 
of geophysical methods of exploration. 

I gather that you will probably be back in ."he United 
States during-the month of March and meantime I .llope that you 
are enjoying your stay in Peru and 19i1lnotmeet ;"'ita any 
unpleasant experiences by reason of th_es:ome"batun~ettled 
political conditions. 

Personal regards. 

\. 

GMC:IM ",. '·L-.··l·· l~':.· :-· l ,' C /. {· .. ·.·.'.·~: .. 7'~ .. 1'/ . '.' .g:.-'.t .. Cj. ~ ; ~::;o' ;.~~,,: ,, -"'- ' 

t/ / (:J ,~-' 



December 12, 1~46 

Director, U. S. Geological Survey 
Washington 25, D. C. 

Dear S1r: 

Will you k1ndly advise me 1t you have 

available 8 copy of the r6port made by . 

engineers of your bureau covering the dr1lling 

and other exploration work carried on in the 

San Manuel mining distr1ct of Arizona. 

I understand that a copy ot this report 

could at one time be obtained trom your offioe 

for the sum of '1.00 per copy whicb I shell be 

prepared to reml~ 1~ you advise me that tbe 

report can be sent. 

Yours very truly, 

GMC: 1M 



TUCSON 

COLLEGE OF MINES 
ARIZONA BUREAU OF MINES 

~~. George M. Co1vocoresses 
1102 Luhrs Tower 
Phoenix, Arizona 

Dear Mr. Colvocoresses: 

December 4, 1946 

If the report on the San Manuel area is still avail
able it will be from the Washington Office address: 
Director, U. S. Geological Survey, Washington 25, D.C., 
at a cost of $1.00. 

There is a copy on file in the Arizona Bureau of Mines, 
but no extra copies for distribution. 

BSB:bf 

Very sincerely, 

B. S. Butler 
Head,Dept. of Geology 



November 26, 1946 

U. S. Geological Survey 
University of Arizona 
Tucson, Arizona 

Gentlemen: 

.(/ 
i 

~~1:~~'~ ._) ;" 
" :"..:-

~t ... • ' ') -

I would much like to secure a c·opy of 

.fDS Strategic Minerals Investigations w1tb 

prellmlnery maps 3-180 ent1tled "Geology of 

the SaD lianuel Area, Ptnal County, Arizo'nan • 

by G. M. Schwartz. 

...... -t ._ .rr':,!·"'''' ' ... ,..,z.. .. .. ,.~ ... :y< - ~~ ... J "t 

If tbis paper Is available tor free 

d'Lstri1butlon, will you kind·iy send me s copy 

particularly the maps and otherwise advise me 

as to the cost of obtalnlng same. 

Yours very truly~ 

GMC.: IM 
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Mrs. Vivian H. S1ngleton 
Delta Chi House 
1501 East Fl.rst Street 
Tucson, Arizona 

Dear Mrs. ~lngleton: 

February 10" 1947 

RE: San Manuel -_ ...................... 
This 1s merely written to request a l1ttle informat1on as to 

tbe progress which 1s being made by your surveyors at your claims 
near San Manuel and to ask it you caD give me a more definite idea 
as to the date when you are l1kely to bave use for my services in 
makIng an examination of the prcperty. 

I have no w1sh to burry this matter. In fact, I believe tbat 
it w1ll be better to postpone it unt1l sometime in March or perhaps 
even later, but I have to make plans for my own engagements some
wbat in advance and 19snt to be able to be at your servIce without 
too much delay anytime that you are likely to be ready for me. 

Mr. Brophy has not returned tbe pamphlet OD San Manuel wb1ch 
you took from my off1ce and whlch I understood you turned over to 
h1m, but I am sure that I can get hol.d of that .at almost a.nytime. 

MeanwhIle I have obtained from Washington some add1t1onal data 
regarding the geology and ore occurrence in the vicin1ty of your 
property which wl11, ·Ithlnk. be of cons1derable value in further1ng 
my study of your ground. 

Also I recently bad an interesting conversat1on with an 
eng1neer represent1ng the Freeport Sulphur Company who have taKen 
over some claims in your v1cinity and are drilling or prepar'1ng 
to drill on quite en extensi.ve scale. Oontact with these people 
may prove of ,,·slue somewhat,;;.~; later •. 

Best personal regards. 

Slnoerely~ 

GMC:IM 

- - --------------------------------............-



Mrs. Vivian B. Singleton 
Delta Chi House 
1501 East First Street 
Tucson, Arizona 

Dear Mrs. S1ngleton: 

· . 

November 16~ 1946 

HE: San Malluel 

I am . sending tbl$ lett • . r in duplIcate and addressing the 
enyelope to your son In Tucson. No doubt he wl11 forward one 
copy to you. 

I alA maltIng cons1derable progress 1n o,btaln1ng maps a-ud 
data concern1ng the San Manuel district an~ property which 1s 
being developed oy the min1ng companies 1ntbet vlc1n1ty_ and 
in this connection I am told that a man nemed. lohn Dal1~ 
togetber .ith h1s associates have recently locatea epprQxlmate17 
100 cla1ms, some of whlcb appear to be eitber lnoont'11ot or 
ad~ln1ng your property, ana Mr. Daily b.es promised these to at 
least one large mln1ng company. 

Will you please advise me 1t the sold Mr. Dally is 
usso~18ted ~lth you? 

As soon 88 I receive some data trom your sUl'veyo-r Includtng 
the maps of four claims, I 1Itl1 make definite plane tor 8x&1\1-
nettoD ot the property which I believe we agreea to deter tmtl1 
sometime in Dec~mber when the surveying .111 be further advance-d. 

Merely to confirm O~ verbal arrangement, 1t is understood 
that my tee for examination and report on tbe property .. 111 be 
the sum ot $500 plus expens·ee wbloh expenses w111 not ' exceed 
ilOO and probably w111 be 8 considerably smaller sum. 

Yours very truly, 

OMC:IM 



MEMO 

November 13, lB46 

Call from Mrs. Vivian H. Singleton and her son, W. H. 

Singleton who may be addressed at the Delta Chi House, 1501 

East First Street, Tucson, Arizona. These are the friends of 

Frank Brophy who hold a large area in the vicinity of San 

Manuel and adjoinin g the ground which is now being drilled by 

the Magma dnd Anaconda Companies. General locati on of same is 

shown on township map copy of which they left with me and on 

which their claims are marked in red. 

At the present time they have a surveyor staking out their 

claims and it is my advise in which Brophy concurs that no 

examination should be made of the property ~ntil the surveyor 

has made sufficient progress t o draw up a map showing the exact 

location of the Singleton property. They have 81 claims and 

are carrying on the location work along with the survey. 

I explained that I was not in physical shape to do any 

large amount of walking, but would be able to obtain competent 

assistance so that I can undertake to supervise an examination 

of this property perhaps around the middle of December and after 

they have furnished me with the surveyor's maps and other data 

and I will subsequently advise them in regard to holding their 

property or dropping portions of same and in respect to the 

location of drill holes and/or other development work. Fee to 

be $500.00 plus expenses which would not exceed ~lOO.OO and 

this was satisfactory. 

They believe that the upper portion of tbeir sulphide ore 

body V'Jill be found approximately 1300' below the surface and 
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bottom of sane approximately 2300' below the surface. They 

claim that the ore is rising toward the surface as it extends 

to the northeast and their claims lie northeast of the ground 

which has so far been developed by the Magma ~nd the Anaconda. -
~ Phone Frank Brophy who approves of my recomrJ.endation. 
f'. 



Mr. Sherw 1n F. Kelly 
Room 318 
900 Market Street 
W1lmington, Delaware 

Dear Mr. Kelly: 
RE: San Uc.nuel ~I / ,L _ JIlQ A-.. \../ L 

I ! 
(J 

Replying to your letter of July 17, I never did 
make an eX8JDlnat1on ot the San MaDuel prospects con
cerning wh1ch I wrote you last winter. 

My advice to the owners was to postpone any 
exam1nation by an engineer unt1l they bad completed 
surveying their cla1me and noting the various outcrops 
if' any, and I also suggested some geophysical worlc. 

I have heard· indirectly that they dld arrange for 
a geophysical examinat10n for at least a portion ot 
the property which I believe 'fIas carried on by some 
local people, und I rather doubt if I shall be asked 
to do anything further in connection with this venture 
but should such be the case I may have occas1on to 
communicate with you again. 

I was glad to learn that you did not have any 
unpleasant personal experiences during your stay in 
South .America and 1 t seems as if Americans were 
becoming less and less welcome .in many of those 
countries which 1s probably due to lack of gratitude 
for the help which was given them by the United States 
dur1ng the last war, and also perhaps to a cer·taln 
amount ot communist1c influence. 

Personal regards. 

Yours very truly, 

GAtC: D4 



SHERWIN F. KELLY GEOPHYSICAL SERVICES, INC. 
ROOM 318 900 MARKET STREET 

WILMINGTON, DELAWARE 

Mr George M. Colvocoresses 
1102 Luhrs Tower 
Phoenix, Arizona. 

Dear Mr. Colvocoresses: 

July 17th,1947 

On picking up the loose ends of corres
pondenoe sinoe returning from Peru (I returned only 
in June, far later than I had expeoted) I notice 
that we had .. exchanged some letters on the subject of 
of the San Manuel prospect, and that you were ex
pecting to examine that area in February. I am 
wondering whether or not that produoed interesting 
and useful information, and whether or not it 1s 
apropos to raise again the question of geophysios. 

My stay in Peru was most interesting, 
and before returning to the States I had the _ 
opportunity of paying a visit to one of the Patino 
tin mines in Bolivia. I had no unpleasant experienoes 
myself, although I landed at the Patino camp in the 
middle of a serious strike at a neighboring camp, 
where several . of the American engineers were being 
held incommunicado. The camp I was visiting was 
serving as headquarters for negotiations, and 
therefore was in a somewhat excited state. Eventually 
the matter passed off peacefully and the engineers 
who were be1ng held were released and returned to the 
camp where I was staying. By one of thoS3 interesting 
ooinc1denoes, whioh are frequent enough 1n mining not 
to be considered ooincidenoes, one of these engineers 
turned out to be the engineer of a property at which 
we made a 80physical survey some 10 yeaps. ago in 
Mexico, and at whose house I had been a guest! 

With best personal regards, I am 

SFK/m Sincerely yours 

F'Kelly 



JAr. Frank C. Brophy 
46 West Monroe 
Phoenix, Arizona 

Dear Frank: 

August 29, 1947 

RE: Sen Manuel 

Sorry that we have not been able to make contact, but 
perhaps it 1s just as well that I should write to you con
cern1ng what I have 1n mind. 

You 11111 recall that Mrs. Vlvan Singleton c's •• to •• at 
your suggestion last winter concerning her mln1ng proper'y 1n 
the Baa liIenuel D1s'trlct which at tbet time she thought that sbe 
might wlsb to beve me examine. 

On the occasion of her last visit which was, I believe, in 
February, I showed her a geolog10al map and descrIption ot the 
ent1re d1strlct wh1cb bad been made up by tbe A .. I.M.E. and of 
whlch only 8 tew copies were available. 

Mrs. Singleton was extremely anxious to have you look over 
this doc1.»nent and therefore borrowed 1 t w1 th the Ullderstand01hat 
she would return It to this of:tice in the near future or ask to 
have 1t returned to m.e trom your office, but so tar l' ~as Bot 
COOle to band. 

It happens that I shall have to be In Tucson around the 
middle of September in conneotion with some other work and may 
tiDO it advantageous to look oyer some portioDs of the Baa 
.aDuel DistrIct 1n "hloh 08sel would very muob like to have the 
map and description mentioned above. 

It by cha'nee tn1 e document was lett '111 th you, w ill you 
please advise so that I can send up for it or otberwlse please 
inform. me as to Mrs. S1ngleton's present address so that I can 
write to her direct and ask for its return. 

Personal regards. 

aile: nt 



Mrs. Vly1sD S1ngleton 
2016 East Water 8treet 
Tucson, Arizona 

Dear ~rs. Singleton; 

September 4, 1~47 

HE: San Manuel· - . 

You w1ll probably recall that last February you 
borrowed froll my office 8 map and a short geological 
description of' the d1strict a:t San Manuel. 

At that time you said tbat you were anxious to 
show 1t to Mr. Frank Brophy and that you would either 
bring it back here later or that it would be returned 
to me from his office. 

Mr. Bropby's off.lce advises that there 1s no 
such document in their possession and therefore I 
presume that you may have it end if 80 will you 
kindly return it by mail at your early convenience. 
The map and document to which I refer was issued at 8 
meeting or the local section of the A.I.M.E., and I 
do not think 1 t would be possible for me t ,o secure 
another copy at present. 

I hope that everything is going well • th you 
and with your mining development in the vio1n1ty of 
San Manuel. 

Yours very truly, 

GAle: 1M 



February 3, 1~47 

i'~ 

t 

C: r ~c_ 

Mr. R. C. Shelse'J Chief Clerk 
Un1ted States Department of the Interior 
Geological Survey 
Wasbington 25, D. c. 
Dear Sir: 

I wish to express my thanks for the 

copy of the pamphlets and maps entitled 

"Geology of the San Manuel area, Pinal 

County, Arizona" which has been duly received 

1n accordance w1th your letter of 1anuary 27. 

alle: III 

Yours very truly, 

.. / 
(. 



UNITED STATES ~ ~ . 0 ,: A . !( , 
. "'-"'" ' t41A.,...,~~# .""",,) 

DEPARTMENT OF THE INTERIOR 
GEOLOGICAL SURVEY JAN 27 19(;7 

Mr. Georp M. Colvocoreseea·t 
1102 Luhrs Tower. 
Phoenix, Ari z. 

My dear Mr. Colvocoressee: 

WASHINGTON 25, D. C. 

01j···'" . . r-) 

.. .. r( 
J 0PC;~1 

Beoause of the delST in replying to your letter of. necember12. 
the Geological Survey has sent you a OOP7 of Map 3-180, 'Geo1~ of the 
San Manuel area, Pinal County, Ariz." without charge from a few placed 
at the disposal of the Director. 

Very truly yours, 

JR. C. Sheba' f Chief Clerk. 

, 



, INFOR]\A/\'TION SERVICE 

For Release DECEi:vI:BER 10, 1945 

GEOLOGY OF THE SAN HAlWEL AREA. PINAL COUNTY, ARI ZONA 

Recen t eicploration in the San Manuel area, about a mile south o'f the \\'ell-

known Mammoth-St. Anthony mine at Tiger, l~.riz., has revealed a large lo\i-gradt?' 

copper deposit, it Has announced today by the Geological Survey of the Department 

of the Interior. 

The San Manuel copper deposit has some features in common with the large 

disseminated copper deposi ts known as the "porphyry coppers, II whose e::"'1')loi taticn 

on a large scale has become in recent .years a dominant factor in the domestic 

copper-mining industry, the report stated. If prosent indications of its size 

and grade are . substantip.ted, and if sui table mining and metallurgical methods are 
-'\' 

devel~ped, this maY . prove to be the most important Arizona copper\ discovery in 

the last decade. 

A detailed geological study of the area and correlation of surface geology 

with subsurface information, obtained from drill cuttings furnished by the Bureau 

of Mine s and by pri va..te ccmpanie-s, has been carri ad out by the Geological Survey 

since .January 1944. The Survey has prepared a p£eliminaryreport to the public 

on the geologic aspects of the nev" discovery. Preliminary maps and ~ections, 

together with a brief description of the geology of the San Manuel area, depict 

the general characteristics of the ore body and its geologic Getting. 

Small outcrops of lo~~grade copper are in the area led to shallow prospecting, 

probably at an early dB,te, but the low grade of the mineralized rock discourag'ed 



deep exploration. Recent interest in the area was stimulated by the possibi1itl 

of obtaining quick produc.tion of copper for the war. At the request of the War 

Production Board, a brief examination of the area ~TaS made by Survey geologists in 

l'4arch 1943, and recofl1r.1endations for further eJo..1-iloration were submi tted. Drilling 

by the :Bureau of Mines vras begun in November 1943 and terminated in February 1945. 

Further drilling is being carried on by private companies. 

The San lJIanuel ore body appears to be a tabular mass about 400 feet \-lide, 

dipping steeply southeast and coinciding with a zone of sericitic alteration in 

quartz monzoni te alld monzoni te porphyry. Except for small outcrops near the center 

of the area, the deposit is conceale~ by a thick cover of Gila conglomer~te, but 

by February 1945 exploratory drill holes had found copper rninerali zation exte";Ldin~g 

under the conglomerate over a strike~length of 2,000 feet an"d. to depths of more 

than 1,000 feet. The ore body has been oxidize,i to an averCl,ge depth of about 70() 

feet. Below this oxidized zone is a zone of enriched chalcocite ore, which has an 

a.verage thiclmess in '!he cen tral part of a":Jcut 250 feet. This zone is underlain by 

primar;)T ore of 10Her grade. " The size of the ore body '''ill not be knovm until its 

limits can be determined by further exploration, but by late 1944 drilling ha.d in:

dicated 30,000,000 tons of tow-grade ore containing an average of 0.8 to 0.9 per

cen t copper and SlM'!.ll 8moun ts of molybclenum ancl gold. 

Copies of this nlDterial consisting of the maps and sections and a brief de

scription of the a,rea and issued as Strategic lVlinerals Investigations, 'PreliminP.'.ry 

Maps 3-180, may be l)urchased at a cost of $1".00 per copy from the Director, Geo .... 

logical Survey, \vashington 25, D. C't 

xxx 

P.N. 122170 2 
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we baYe had no reoeat news trom Alden and d·a not know 
v~hether 01' not he 1s in 310111'. but $trongly suspect . that such 
is the oa$e.. l't Qoes 100& as it the \'i;ar is movillg along prett:t 
\1181.1 and tl~ pl'eJ)on(h~r1;inc~ of a 11'" power is certainly"" turning the 
seale rapldl.~t 1n our tavoI~ a.Q.dmay br1n{& 8 collapse otff~J1 tle.ri te 
GCJ?ocuy fT betol~t3 r16llY lnonths have gone 'b1. 

}~ar'1an is en~1oy1~g her stay in Iowa. and r am vral"Y e,lad to 
h[nrc~ her 811!ay fran the h0at in Fhoenl:4 \ihiCh has beetl p.retty 
severe of late, 

I have been kept much bu.ster than usual d nrln..g the past few 
yreelts and it lOOks fiS it ~ugust\7ould '00 qui 'teact1ve; although 
I can never look ahead ro~ mOl.~e 'than a v(~ry brief per-itHl. Inci
dentally IWllS much 1nterestQd to, llote the many 1mprovemel1ta 
which have be~nmo.de 1£1 your Qf:f1ce bu11dll1~~ and. sliQIHs. You 
c 1e:rtai nly bave 8 fin(; lay-out and I was· gl a d to kn(Jn tba't your 
busitl~S$ .1s sO active J but Binc61'ely hope tlv~ t you JotU~.$elf will 
' ·'O '~· 4. l'lZ>~1'. . tf.'~ d·t'>< .. . ~ (., .. ,., .. r···· '·c l · ... · "1 ;~ "~. ,,,~ .;., .. ;. '-'···' n' '.'t ·-· ~,. w' ·· '~·· Y ''''' 1~ "'!:') n O'~ -'il· 1".," r'l.r~ U . \.., t. "".., .. ...., .\.1 v IV ~;;;' ~A ~ v.1. V .... u.~ ". \.. , ~'q.~+ j \...., l...;..!. l;~~ . .;.; 1\.., c.t_ .\0 . i.U~ v ... v .. ,. 

·71 ·th best X-iSF18 1-ds, and 1e t 1:;'6 heul"' trOl"d. Y OU:. when you have 
an opp-ortun1 ty.. ·" r . 

Jincer~.ly j 

GldGtb 
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Mr. W •. H. Slngl:etoli 
Delta Ob1 Bouse 
1501 East F'lrst Street 
Tucson" Arizona 

. 'n.ar Single·toD': 

Deeeaber ,3.1Q46 

RE·: San Manue~ 

'1 .bave not 88 'yet had any re:ply 'to ... 
letter o~ Xovember 18 addressed ~oyour 

. JIOtber ·1n [ ' or e,are. sndl' em anxlousto 
know "beD , :~. ~ aJIl likely to receive . tile mflPs 'and 
data trom ' , >e surveyor • . ho 1s lIork'1D,g over ' 
your cl.1~lt. )Ula mark1~g the corn • . ra s1nce I 
tbink that .,~\ ls' eS'sentlal to have thls 
tntorJllattoQ ~ .. tore I a'tempt to .eke 8~ . 
eX8Illnatton t)fthe pNperty. . 

, I 40 not know your l1othe·r' ·s ·address but 
please let me b.ar rrom you ortrom berln 
regard , t ,o tbe a~ov.as ·thave 'to telte atrl, 
t08o·uthern OalS:forat.a tn, the very near 
ru'ture and may .. ve ·, topos",p·on8· the V ·l 'p ,'to 
Baflllaliuel untl1af'te~ I re1urn trOll Calltorala 
liftless 1 ca·n secuve, 'the de tat.r'. tbe sllrveyor ' 
in the ver~ neer f~ture. 

Personal reger«a. 

lour's very truly; 

GIiOIDi 



. , 

Mr. Brent Rickard 
A. I. M~ I. 
810 Valley Bent Building 
Tucson, Arizona 

Dear Rickard: 

November 12, 1946 

.' -. ~ ... ~ 

Many thanks for your kind letter of October 24 an·d I can 
s.ssure you that I at·ost deepljrt regretted my 1nabl1i ty to att·end 
the meeting of the Ar1zona Section of the A. I. M. E_ 

From my son, Alden, and othe·rs who were at tbe meetIng, 
I understand that you had a most interesting aud instructIve 
session as well as very pleasant soclal gathering. I cert81~ly 
hQpeto be wi tb you on future similar oocasions ,. . . 

I .a~ieveryglad to receive~be tecbnical pa·pers on the 
ore oqe~~.tpee ,etc. at the Iron KlngMlne also on the m1neral 
re~ourse's ' br ' Germany. If you ,~appen to have an extra copy ot 
:the paper which was presented on the San Manuel prospect, your 
NO.9., I should be greatly obliged to have a' copy of th1s as 
I am 1nte~e8ted lnsome areas 1n ' that sectlon of- the state con~ 
earning wbich I am writing today to your Mr. Stevens. 

Persol1al regards. 

S1ncerely, 

QIIC:I14 

• .:. , •• j ~ .-. 



.. \ 

IIr. F. 11. Stephens 
Amer1can SmeltIng & RefIn1ng Co. 
Post Cttlce Box 2229 
Tucson, Arizona 

Dear Mr. Stepbens; 

November 15, 1~46 

BE; San Manuel 
0181118 

'!'hank you very mucb tor your letter of November 13 
in reference ' to the above. I have not heerdof John 
Daily in connection wit,b the aotivity ot ray friends in 
that vicinity, but I w111 find out It be is by chance 
associated with them or perhaps developing some claims 
in tbQlr immediate vicinity. 

I tbank you very mucn for the referen'ce to t.be 
Wtbk.)..m.8·n. ~ue.drangle which I shall obtain, also I have 
8~-1reBdy secured some , other date 1nclud1ng the paper 01!l 
the San Mannel developments presented at the Tucson 
meeting of the A .. I.M.I. concerning wblcb I ,,;rote to 1Ir. 
Rickard on tbe 12th. ' 

In all probabilities I sball be tn TUOSOD sometime 
tn the near future, and w111 then have an opportun1ty to 
diseuss this matterw1tb you in person. Meantime Ith1nk 
that I can arrange to obtain the prelim1narY ,data and I 
tbank you very much for the information 'given 1n your 
letter. 

Personal regards. 

Yours very truly. 

allo: 1M 



D.J. POPE 
MANAGER 

Aa-16A.13.19B 

AMERICAN SMELTING AND REFINING COMPANY 
SOUTHWESTERN MINING DEPARTMENT 

P. O. BOX 2229 

TUCSON, ARIZONA 

Mr. George M. Co1vocoresses 
1102 Luhrs Tower 
Phoenix, ArizoIJa! 

Dear Mro Colvocoresses: in the 
SanMm. uel area 

VALLEY NATIONAL BLDG. 
TELEPHONE 503 

November 13, 1946 

I have yours of the twelfth advis ing tha t some friends of yours 
are interested in certain sections of land near Mammoth - as having 
prospective value' in the 'Way of potential copper mineralization. I also 
note the t these people expect to carry out some' exploration or develop
ment before officially presenting their holdings to any of the large 
companies, for consideration. 

For your information I might say that Mr. John Daily was in 
the office a couple of weeks ago and stated that he and associates had 
located some 100 claims in the very sections you mention. 

Although we have no property in tbis San Manuel area (you prob
ably refer. in the second paragraph of your letter., to my mention ' of 
our Silver Bell property northwest of Tucson) we ,of course J are somewhat 
familiar with the ground in the vic init.y northeast of San Manuel. Thi3 
ground is entirely covered by wash and therefore is a prospect for 
either a grophysical surveyor a few random drill holes. 

We have advised Mr. Daily that should his work develop something 
of special interest we would be glad of the opportunity to look further 
into the matter. 

Regarding maps of this area, we have nothing that 1s at all 
reliable. Our chief source of information is the U. S. G. S. topo
graphical sheet on the Winkelman Quadrangle. The San ~uel orebody 
is, I believe, in about the center of section 35 of T 8 5, R 16 E. 
You no doubt have this Q.uadrangle sheet and can get the general rela-,. 
tionship of the' various holdings fran 1 t. 

If w& bad anything of help to you, we would be gla_d to let you 
have it. With best regards f 

Yours very trulYI 

G !J11 ~/.t;j8u4 
FMS:ar F. M. STEPHE1~ 

i 
i 



BRENT N. RICKARD 
MANAGER 

AMERICAN SMELTING AND REFINING COMPANY 
SOUTHWESTERN ORE PURCHASING DEPARTMENT 

810 VALLEY BANK BUILDING 

P. O. BOX 2229 

TUCSON, ARIZONA 

November 13, 1946 

Mr. George M. Colvocoresses 
1102 Luhrs Tower 
Phoenix, Arizona 

Dear Mr. Colvocoresses: 

I thank you for your letter of November 12th. We 
had a fine meeting here in Tucson for the Arizona Section 
and were sorry you were unable to attend o 

I regret to say that I do not have copy of the San 
Manuel paper presented at the meeting. You might possibly 
obtain one by writing to Mr. W. P. Goss, General Manager, 
Magma Copper Company, Superior, Arizona. 

~~v_ery tru()~ 
BRENT N. RICKARD 

d/~~ ;m:;~~~r-
a.__ ;>;:C:~ -fo ~_ c::O~ - ,a;~-s~e#lL~_-. 

,. / 

~74'~~~~. 
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d·:rit'an4 ,10, •• *.,,1 •• :.l)owria. I\uoh ••. 2.1 __ le.4 en4 1." . 
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. . 0". . . 
hO"tl1.' ri:::~ ~;' oould 1 .... " ••• 1oP." ill e-''''Ital qua.,!" .1tbe • 

• , It~hlt,ttr dtpt.b or along 'be .tr1 •• of 'b. vei.a. 

Th. eol1er ot ttl. 'Or. 81«1t' 1s ., .a el. '.~"o. 01' 1900' 

o.r ,e'bout 100' 10 •• " '._a ' ;he' Oolli.n. Sftatt ea, ' 'her'.t... " 
was to be .x:, •• t •• ;thei lUI"'" .ou1-4 , ••• OOl1ft',., ~ •••• ort 41,. 

't •••• below. tbe p.r •••• , .0I'e1 ..... Ad •• fl. ••• out •. e·.;r':8lal., 

be exu."·l1 b ••• ,. 

Pl"aoticall1 ell ot 'he (hfv'·el0·,.eAt wotlt .. a-$ 40a. to tae · 

, nort ••• ,., ''''''II ·tbe _haft .l1d 'r ard ieof tb.e .pln10. thet bet'.' 

, · •• ult,. 111ptbGve b •• ll olrtel, •• b, «rlttt., ' olon, tile fault to 

tn. ..ut.~ ••• t. b., I •• ~148.. CI,f.) 1,tull •• 't(u\$ , •• , .taGh Wti}\t1a 

,ba,. · b •• atll. oa ••• 114 "~t.l.lr ttl.,. 18 ao j_'1,fl'6'1~Ul tor

.,nlilnula" ,... ••• 10,. •• t ~Olt' ta -1 t'lt.~ dt~·eo ."·t_· . 

D.~t»a th .... , •• ·• ot op,e, ... ·loae a ftu .... ,o:, •• .,1 •.• we". 
, ,..... ..a. ., •.. ,.. " til. ,I 't. Attltll:o'nr COli;,. • ., ~ , A ,.. of t :)I, •• 

_blOb .",er.Btl, ... p., •••• ,." •••• l, ·,10u·4 8,.0.1;" ••• ho •••• 

: hI8b' .011' •• ' '"A 1., .... 4 ••• O;~.19· cS '.f. ,ol,; ,·.11.... Bo •• of , " 

tbe .tbe, •· .. m'l ••• ·b.... al1f ,a" ••• 'ablt".:t1tl. " ot IO,Ld.,1'· . '1"1.,, 
, . d " 
'fn ~_ 'lie, ,.lllda.4 "1, 'nee. or .~l,......e .tUl_lll. _" •.. 
• ' . .'.1': . . , 

I tb$:t ,·· tb.z.. .... ao' ." ••• to be H, .~"'.,t.'l.~l.' .,th , .. 
. . 

·",1.,1 ••• ,,.. tal _ •• jloth-St •• atho.,ala •• 

'u etta.le •• a'.1t '(B.lllb1t A) «t:y, ... 1he '10.'." •• , .t 

·tb ...... ' •• nt Col1' • .• '''6ft;. " And •• '.'$ ea4 ... oqk ~.'l$R •• ' 

" .. ~ 

I,: 



'be wo,.lag. oa '.100' t , •• , •• ,) 1 ••• 1 ,. tbeOo1.1111tJ '.:lI1. 
'romtbt. ·$ketch l' w111 be noted tbat Ul1aaOO' l .... el. 'WhiJi*. 

tbe Oft l1e,. fUl'tllttuJ,t te 'h~ . ·e.trl t 1 •. Jwt't stout 1000' 1)0rtl1 

of the t;vusas$.1 at de line of tbe 014010-», ,fj. Ola1m. Slno,. 
. . ~ ~ . 

thi a ,.10 dip. '0 tA$ ,ou~,.e,.t 1 t mlgb't flT8G'f1tilly efto •• ' ,be 

••• , 11 ... · of U.le Ir't~.'ob 01al. but 'h1s eO\lltl .al,b8p,.1l ( •• 

le •• l' tl •• 'en. out) at •• «., .. 11 of .oR 1000·· 'Q wk.1ob t t a ••• ,. 

w111 an4 aeT',,. (Jan be .c •• a 'e.au·le 'be present lalt •• or W8.HJ- . 

1. 8000 88110 •• p •• 1tl1.a\.lM ta'101"11l1 • p.,ia·1 eo.' or ~aIQt:OG 
per da, 6adao a't:em,' to 8¢ deepe.r 11111 h .. _4~ b1 'ae mt.Aa· 
'tl?loa, (}·0IIPtaD7. 

Mor .... " •• a4 t:bt.t.. ",.11", a,e.t •• ,.t.,lle tBt. A.lftil~AYO". 

,aml •• ve .take. ol:al~$.loac tb. t'HitOz.-OP Oft.0Jex of th 00111,,, 

V 81 tl tOI' II lineal dte '.Iloe o.f O\fer " .t 1...G4 even, elaould , • .• 

.. ,ta dt, 80"0.,8$ thel:p 81- 11nee at· 'an, :polnt aloBI 1 ,. at!'l" 

-the ' A'pe:l La •• ~ti~ «l"e ift •• tb. l'S4t-1 Jflp'lto tollow " ·d ••• ,.-

1()1J :\h • . «1.81u. ot~ otaer perti •• ond to· miDe .." c)H tba' l 'lie, at8ltt 

tba ' ••• 10.1" • 

•• IiJrft. 'Q~.l"4 ,M.~ger) :. £~l(t:li.Fa. ,M1n,-, i !'upt • . i aa4 ,&" .. -,,, 
4Jll@! •• .., an. (:$010&18') tov Ute"_ Al\iheAI 0<*11881 '1:fI:I, ktnf,l, 

eh¢HM-d •• ' ·all or 'b~sUr,.e, mapa of tbeilr .... k1Ags aDfi tkf; .... t . 

l'il04€il otth. 1i.1ft$all. e'·· wh,lch t~~lr ooat1;rmetl tbf; ·.bo'e ._&, ..... ,. 
8114 'tUJ f'e \1·«t8 aClt tile 811ailte8't lr~uile.t1Q.0f In.r WOtt. At ,0" ' •••• 

to 'he 1,1 ... -.t ... l.a Lt... 4,11 of ' •• 11' alainl be;. b •• lf d,o.a ••• 

, •• Coll'a_fet,R •••• a tile ..... ,. 'i.:aOltdlal tile ~_bawk emd an 
'.:ft,l .tJloh • ." ••• m.ta 'be u,,.,r •• pe.t ot tis:. 0·,11' •• tat' .. " -. 



to '8. •· •• t ... eli' 1000' by· tbe ..... ta t ·.ut,.. f~., b." "1,.4 to 

fiat! ore 1ft tbe Or ••• V'in . ·nd 00111 •• liaa' Velm i bvt ~H~ rtl ~' wlth 

no au.Ooea:8. 'Th., ba't;: he,.'rtouA.4elaY &' ~n ~t .,!"oa. '.:10111 wJ$tob 

~tlht ."'l'lk. 0 •• 1" latG' 'be T\$el' i.ttnus1Gn .I~eWl~ U4 tbo, bay. 

a.'er rteoptz'e4 08 tlurl~l .. o\tb(l •• , e."oAstoD of t,ne fOl' • . 'f.tt.n. 

!be it. A.,h0at C.p • ., .eon·ot eonsi·'.r .etittras below the tOO.' 

l.evol be ••• , •• ot the 1\ •• ,1' .04 lac~.a.la& £1 •• of .a\e.~ '., ••. ,t.tl, 

actS tDe 1 •• 4-·.1ao *,,1p.blool'· ••• 10_''', are new m1.,a;1n.·I'laer-e 

oall ".el1 ,.,elt. e •• ' au. '0 '~e .011U8 'prl •• ' :.ht,(lb ·the 

"09 4trQaelltallttiJe fo%' t&1Q ... ...... 1.... Ac~-er41n.. 1;0 .rel.le:,b,l.e ,.e,o..1rt.· 

'. ·he at •• mt hoflf Q~0Il'6n, tn., •. 1.e •• ., •• at aay lIlOJaell' &n;.l. q~t' • . 

O.~'.ln. a 40 ,(to ~. 800ft •• ' ·tile })OQQ. ~.".Gat • .• re ·ataoeatlnu.t. 

f:.e etn.e1ale of , •• . S'. AGtb.oDl Oom.PI., U'. th11 'be: 

all«b' •• ' . ....... 1. It • . ll.,''. 'lUI t.ae fl.e·r I~t.·a.l" Ill:a. b.a., • ., 

Y·.itt. eDt tb.r.tov~ w¢ w.,ft n,(rt eOmGld'u~ act le.e~ ~r,v.ae~.r:tI\f 

~1s TU'.'~"'1 8,lt,110_ ' be, flo"itt 'e onl1 t:oo 'Ilad ,. ~'.k. OV8r 

aa, .1De lllfbi. vi.lat",. ?illlOb b.14 a p;·Ql\1.,. of lUllla& w"I'kefl 

wt t~ 'P ,"011 t .• 

. • 4 lolder" •• " ,(w;bo,aX . : •• b.tor- 'ftel'tea .. ata • . ) 'tot4 .M 

,tbe" .1h • .•••. , . f •• o ••• 1. ,.,la108 ea •• 'I,., i .. ,e.81ea ,~, ' h. _ot 
.... 1'.:1,,. •••••.••• ,.' 'a, • • ·.tt .. , •• , , •• G-oll11i$ Veill . ;llb·' 4,"p 

0".' ·1111. UJe:l ... po\U).4 ., 4.,.-.. ,Ie 114 co", . PO •• "fs~ ·'b. 

,,, ..... , ... kla.$ . :ere ~r'OIJ 'til. llru,. "U", 'tJ •• 'r"',a' 'be,' ,.lab' . 
b..bout 100' _.a, ., I.~ •• ',r. be •• ta 'tu~t .t_,~ !be b$' 1 •• :1' •• " .t 

••• er, b •• If, tl •• et ~a"~~ 1 ••• ~,. Aniboar 100· 18 •• 1 •• 

".s11'.,d'ba' .ft, wor-kttt Cl'tUi"." 4 • .,t,1\ . '.. .,~, ·of t)Ut (~,tli$ *'t Oft 

fAtuI , ;0u.14 flO' ".,1 tll_' ~., tlse. BzM •• l.ab.4 • ., •• 1: ... 

-. --



Slalla.. opta10 •••• It •• x·p.,.,,,. b, ~1;·1111 •• 'a,fd e:aeep' 

tbe' atter lo$.t~1 0'.". .b.ml:~.b. " • . &1.1". \.8$,' ihe .~1;1.1 • 

.. tbe Coll·tAI! 'etll .(ff''- M.,. a,Mr1y 1000' , ••• 100' ••• , tt'oa 

,~. 1'11:1,.1" 1., ... 101.&· Orou84. 

A~.a ••• ,.'14 •• I •• - 'h1 •• , -_1 I.e •• ' to . '~ ..... ·.1.".1' .... 
11,'1 •• lull ooa'la •• 4 Ile 'bat tbee 1. &"eol\1u1, 80 , ... tl1 ta. 

tbe 8U8plG'oa tl.' •••• ,. i.,,'hoay C .. , • ., a" ·ILlal •••••••• 

_.f •• ' •..• · -&1 .... l.a tate 'l ••• i .. ' .... l;.a Comp_., :., .... 'O~ 

t ,Dr-b." ...... '_-Ir 11 ... ·• 'lb. 't_ "Il'l\o~., Ooa, • ., pl •• ao 1\l •• 

'ber 4 • .,.:1.,..11:' :8,'... 1& de,t. ..It to.... "0 t·. a.th· _ •• 

Oo11111:1f Vela; ·.,tteft'eibe pa, ·o:re doet ••• el'.8th of oal, 110' • 

• , " ... a·t 'he,. .......... 1' _o,~, 'Of : ... '0 • .,.,.,. llae ".tt •• 

po.\10b .ttllel. ,0". alAe . ,.ta.,.- " " 11ft of 1) •. otl' 1. '' ' ••• '0 

.. t •••• l,' · ... p'll •• t' tbe·' . '1Il.,-t11$·"u' ... A ' __ ,$,."1, 48'-

'.11 t'el.r • .,.".'"oa •• ·' ea, '·l... lof' .• 11· ,. •••••••.••• '1Ia,~' 

1. ht tl\; • .remotei·' •• ·.a •• 'hat ,be 'I_ ,qtllo'U' C~l.P"'.f>uW 'e , 
1.'flr.~'." 'a pure •• lGI or lo.· .. ,i .• ' "., •• 4 11'10 . • , p.eNa:" •• " 
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