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TUNGSTEN DEPOSITS OF THE SOUTHERN PART 

. OF SONORA, MEXICO 

By John H. Wiese 

in collaboration with 

Salvador Cardenas 

ABSTRACT 

Tungsten deposits .occur in more than 20 localities in the 
southern part or the State or Sonora, Mexico. The ore bodies 
are or three types: ( 1) contact-metamorphic deposi.ts in lime
stone, (2) pegmat.1te dikes in granite, and (3) quartz veins in 
granite. Production or tungsten was first recorded in 1916; 
since then a total or 100,000 short ton units 1/ or WO$ has 
probably been produced in this region, although accurate pro
duction figures are not obtainable. Most of the production has 
come from the area drained by the Yaqui River, but in 1943 some 
production came from deposits near Hermosillo. 

. Low-grade cqntact-metamorphic deposits are found throughout 
the region, but the most important deposits of this type are in 
the vicinity of the town or Hermosillo. In these deposits 
scheelite (CaW04, calcium tungstate) occurs disseminated in . 
tactite composed of garnet, epidote, quartz, and calcite, with 
minor amounts of fluorite, pyrite, chalcopyrite, and powellite. 
No facilities for the beneficiation of low7 grade tungsten ores 
are available closer than Nogales, Sonora, and work has there-

~ fore been discontinued at many of these deposits. However, 
they constitute the larger part of the reserves of tungsten ore 
in the southern part of Sonora. 

The pegmatite dikes occur mainly in the eastern part of the 
region, at the margins of many small areas or granite outcrop. 
The dikes consist of quartz, feldspar, and mica, and contain 
various proportions of scheelite, ~uprotungstite, molybdenite, 
powellite, pyrite, and chalcopyrite. The scheelite occurs as 
kidney-shaped masses, clusters of crystals, or as stringers; 

The two known deposits of t~ngsten associated with quartz 
veins are in the Tecoripa district, where steeply dipping veins 
of quartz and calcite, arranged en echelon, lie near the bor
ders of intrusive bodies of granite. In addition to scheeli;e, 
the veins contain pyrite, chalcopyrite, gold, and molybdenite. 
No tungsten has been produced from these deposits, but their 
reserves are important. 

lJ A short ton unit is 20 pounds ot tungsten trioxide (W~) • 
• 
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INTRODUCTION. 

Tungsten deposits are known in many parts of Mexico, but 
almost all of the tungsten ore mined in Mexico has come· from 
the States of Sonora and Sinaloa and the Territory of Baja Cal
ifornia. The locations of the known deposits of the southern 
part of Sonora are shown on·the map, plate 39. The tungsten
bearing area extends east from a line between Hermosillo and _ 
Guaymas almost to the border of Chihuahua, and more than half 
of the deposits are in the area drained by the Yaqui River and 
its tribu·taries. 

Climate and topography 

Eastward from Hermosillo almost to the Yaqui River is a 
desert region of detached rugged hills and ridges separated by 
broad areas of low relief, many of which are in large part ped
iment. The Yaqui River region is one of north-trending paral
lel ranges and valleys, with altitudes ranging from 180 meters 
at Tonichi, on the Yaqui River, to about 1,500 meters at San 
Nicolas. East of San Nicolas is the region of deep westward
draining barrancas along the edge of the Sierra Madre Occiden-
tal. · 

The climate of mos~ of Sonora is much like that of south
western Arizona. The winters are short, and from May to Sep
tember field work is slowed by the high temperatures. Most of 
the precipitation comes in short, heavy, local rains between 
the end of June and the first of October. Other more wide
spread and prolonged rains come during December and January. 

Accessibility 

The main line. of the Sud Pacifico de Mexico Railroad, con
necting Nogales, Ariz., with Guadalajara, lies along the west 
coast of Mexico and passes throughHermosillo and' Guaymas. 
From Corral, where the railroad crosses the Yaqui River, a 
branch line leads up the west bank of the Yaqui to Tonichi. 

I ( 

A gravel highway, passable except during heavy rains, con
nects Nogales, Hermosillo, and Guaymas. Dirt roads lead east
W"}rd from Hermosillo to Urea and to Soyopa, and a road t_q_ J 

Tonichi through La Colorada has recently been improved ·to with
in a few kilometers of Tecoripa. There is no road between 
Tonichi and La Dura, and La Dura can be reached by automobile 
only from Ciudad Obregon or Navojoa. A graded truck road runs 
east from La Dura to the lumbering camps at Campanaro, on the 
Chihuahua border, passing within 25 kilometers of San Nicolas. 
Another truck road connects Tonichi with Bacanora and Sahuaripa. 
Travel during the rainy season is difficult, as only a few 
arroyos are crossed by bridges and the low ground is generally 
boggy. 

The Yaqui River carries water throughout the year but is 
not deep enough to be navigable even for barges. It can be 
crossed at Soyopa, Tonichi, and Corral by means of ferries, and 
over a light suspension bridge at La Dura. The Sonora River 
carries water only during the summer rainy season, but has many 
shall0w pools along ita cou~ae the rest of the year. Wells 
along its banks reach the water. table at depths only a few 
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meters below the channel bottom. Many of the canyons east of 
the Yaqui River have permanent streams, but west of the river 
the arroyos are dry most of the year. 

History and production 

Tungsten was first found in southern Sonora in the pegma
tite dikes of the San Nicolas region shortly before World War 
I. Stimulated by the high prices paid for concentrates at that 
time, active prospecting in the granitic are~ drained by the 
Yaqui River resulted in the discovery of many small concentra
tions of tungsten ore, both in bedrock and as placers. During 
World War I, nearly all the tungsten produced in southe~n 
Sonora came from three mines: the La Cruz at San Nicolas, the 
San Julian at Santa Ana, and the El Trueno near Nacimiento. 

The La Cruz, by far the largest mine in the region, then 
operated by James Douglas, is reported to have produced 1,000 
tons of concentrates from 1917 to 1919. The San Julian is said 
to have produced $250,000 worth of molybdenum concentrates, and 
sone tungsten was very probably recovered as well. Frank Fast 
reports that he ·and his father produced 35-40 tons g/ of con
centrates during 191& and 1917 from the El Trueno mine before 
shutting down because of impending trouble with the Yaqui Indi
ans. 

In the years following the Armistice, interest in tungsten 
lagged until 1929, when Frank Fast reopened the La Cruz mine 
and began buying concentrates in th~ San Nicolas district. 

Fast produced 72 tons of W03 concentrates from the San 
Julian mine during 1929 and 1930, and 216 ·tons from the La Cruz 
mine from 1929 to 1935, although the latter mine was shut down 
from 1931 to 1933. From 1935 to 1942 the La Cruz mine and 
dumps yielded from 1 to 3 tons of concentrates per month under 
the ownership of Emilio Bouvet of Navojoa. 

The beginning of World War II brought on a renewed search 
for tungsten, resulting in the discovery in January 1943 of 
tungsten deposits of contact-metamorphic type at many places 
within a few kilometers of Hermosillo, the capital of Sonora. 
Only deposits of the pegmatite type had been known befbre then, 
and prospecting had been confined to the areas of granite out
crop. Later in 1943 other contact-metamorphic tungsten depos
i~s were located, nearly all of them west of the Yaqui River, 
m6st within 60 kilometers of Hermosillo. 

In 1942 and 1943 production from dry placer operations in 
the Yaqui River region amounted to about 100 tons of concen
trates. 

The gambusinos ~ who work the placer deposits move from 
one district to another, and production from any one district 
fluctuates with the number of men working there. It is esti
mated that from 400 to 500 men were engaged in this occupation 
in southern Sonora in the spring of 1943. 

!/ Tonnage figures in this report ere in short tons. 
~ Gembusinos ere miners who, singly or in small groups, work the pay 

streaks or 8 property which could not be mined profitably by large-scale 
methods. They generally work by permission or the owners ot the p~perty, 
and sell their ore or concentrates to htm or to tree-lance buyera. 
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The mines in the Hermosillo region yielded about 3,000 
units of wo3 ; about a third of this amount was in the form of 
concentrates and the remainder, shipping ore. 

Field work and acknowledgments 

The field work upon which this report is based extended 
from January to November of 1943 as part of the Program for 
Cooperation with the American Republics, sponsored by the 
Department of State. In Mexico, this program, carried out by 
the Geological Survey and the Direcci6n de Minas y Petroleo~, 
entails close cooperation in the fiela between representatives 
of the two agencies. Ing. Salvador Cardenas, of the Direcci6n 
de Minas y Petroleos of the Economla Nacional, collaborated 
with the writer in the field work from January to April 1943, 
and much of the success of the project was du~ to his enthusi
astic cooperation. The staff of the Institute Geologico of 
Mexico and of the Economic Section of the U. S. Embassy in 
Mexico aided in many ways, and their help was much appreciated. 

Space does not permit.naming all those who aided in the 
field, but particular thanks must be given to James E. Coker, 
Howard H. Fields, Mark Fowler, Pedro J. Fruns, A. E. Johnson, 
M. S. McCarthy, Ricardo R. Melendrez, Eduardo Munoz, Juan 
Robinson, Blas F. Salazar, J. P. Sanders, and William c. 
Taylor, Jr., all of whom gave generously of their time and 
assistance. Thanks are also due to the many Mexican min-ers and 
ranchers who supplied much informati~n and acted as guides. 

Mary Elizabeth Dorr and James F. McAllister, of the Geo
logical Survey, offered many helpful suggestions and criticisms 
during the preparation of the rep~rt. 

GEOLOGY 

The geology of the southern part of .sonora has been well 
described by King!/ of Sonora. Paleozoic limestones, Triassic 
and Jurassic quartzite and shale, and Cretaceous limestones are 
overlain by ·cretaceous and Tertiary volcanic rocks, mostly 
andesite and basalt. The intrusive rocks are probably of Ter~ 
tiary age and include granite and some quartz porphyry and 
rhyolite. 

The structure of the rocks is complex. Normal and thrust 
faults with a general nOrth trend have broken the rocks into a 
number of Jubparallel blocks now carved by erosion into a 
series of north-striking ridges and valleys. 

All the tungsten deposits and most of the mineral deposits 
of southern Sonora are directly related to the granite intru
sives. Small areas of granite crop out in many places through
out the area, and it is likely that the whole of southern 
Sonora is underlain b'y a batholith of Tertiary age, the roof •or 
which was very near the present land surface, partly above and 
partly below it. 

!/ King, R. E. , Geological reconnaissance in northern Sierra Madra 
Occidental ot Mexico: Geol. Soc. America Bull., vol. 50, no. 11, pp. 1625· 
1'122, 1939. 
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The tungsten deposits are of three types: {1) contact
metamorphic deposits in limestone, (2) pegmatite deposita, and 
(3) deposits in quartz veins in granite. The known placer con
centrations were derived from deposits of the pegmatite type. 
Scheelite is the only tungsten mineral found in southern i. 
Sonora; in northern Sonora, however, considerable quantities of 
wolframite have been mined. 

CONTAOT-METAMOR?HI0 DEPOSITS 

Contact-metamorphic deposits were first discovered in 
southern Sonora in January 1943, in the vicinity of Hermosillo. 
Most of the known contact deposits are within a radius of 60 
kilometers of Hermosillo; others are near Guaymas, Sahuaripa, 
and Bacanora. Little tungsten was produced from these deposits 
in 1943 an~, because of the uncertainty of the tungsten market 
during the closing months of that year, work was stopped on 
most of them. The largest part of the known re~erves of tung
sten ore in southern Sonora is contained in these deposita; in 
consequence they were stu4ied in greatest detail. 

Geology 

The limestone host rock of the contact-metamorphic tungsten 
deposits is believed to be Paleozoic in age. It is gray and 
well stratified, and contains some interbedded shale. King§/ 
has. identified limestones of Ordovician and Permian age in the 
region, and believes that some of the unfossiliferous strata 
are of middle Paleozoic age. 

The granite which has intruded and metamorphosed the lime
stone is probably the same as that containing the pegmatite and 
the vein deposits; A few•small scheelite-bearing pegmatite 
bodies occur with the contact-replacement ore bodies in the 
Hermosillo district. 

Mineralogy 

The mineralogy of these deposits is typical of that of many 
contact-metamorphic tungsten deposits in the United States.§/ 
Three zones may be distinguished, from the granite outward into 
the limestone: (1) a well-defined zone of dark silicate miner
als, forming 11 tactite" rock, extendinl! from a few centimeters 
to as much as 100 meters from the granite contact, (2) a zone 
of light-colored silicate minerals extending as much as several 
hundred meters from the contact and grading ~perceptibly into 
zone (3), in which the limestone and its impu~ities are recrys
tallized without addition of material.from th~ intrusive. 

Scheelite is found only in the tactite, although not all 
tactite contains.scheelite. The tactite is made up of various 
proportions ·of garnet, epidote, quartz, calcite, scheelite, 
hornblende, idocrase, fluorite, pyrite, molybdenite, and chal
copyrite. Its color is usually dark red or green, depending~ 

~ King, R. E., op. cit., pp. 1641-1645 •. 
!/ Hess, 7. L., and Larsen, E. s., Contect-metomorphic tW188ten depoe

its ot the United States: U. s. Geol. Survey Bull. 725, pp .. 251·255, 192o. 
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on whether garnet or epidote is the predominant mineral. It is 
heavy, hard, and in many cases is very resistant to erosion. 

The light-colored silicate zone contains calcite, tremo
lite, wollastonite, idocrase, and diopside. In the outer zone 
the only silicate minerals are those formed by the recrystalli
zation of material originally present in the limestone. 

Orig;n 

During the later stages in the ~mplacement of the intrusive 
igneous body, heated solutions bearing silica, iron, and alumi
na, as well as lesser amounts of other metals, were given off 
by the cooling magma. Apparently the granite adjacent to the 
contact was the first part to cool, and readjustments along its 
outer edge caused fracturing and fissuring between rt and the 
limestone, forming channelways for the rising solutions. The 
limestone at the contact was replaced first, and in places the 
replacing solutions moved outward into the limestone along fis
sures or along certain permeable limestone beds. Thus the ore 
bodies are found directly at the contact between limestone and 
granite or in the limestone a short distance away from the con
tact, where chemical and physical conditions were favorable ·for 
replacement. · 

Mining 

In many places in southern Sonora, the hardness of the 
scheelite-bearing tactite makes mining of these deposits by the 
hand methods employed both costly and laborious. The tactite 
at the Nublado prospect, for example, is so hard that a man 
using hand steel requires two days to drill a blasting hole 50 
centimeters long. In parts of the Hermosillo district, now
ever, the tactite contains a large proportion of easily weath
ered calcite, and the garnet and quar~z in the rock have been 
shattered by faulting. As a result, the ore is softer than the 
surrounding g·ranite and limestone and is easily mined. 

The only mill for beneficiating tungsten ores in southern 
Sonora is one of 3 tons capacity which processes ore from the 
Maria Luisa mine at Hermosillo. Ore from all ~he other depos
its must be sorted to attain a· grade of about 2.0 percent of 
W03 to pay the costs of shipping to Nogales, Sonora, fo~_mill
ing. Sorting is usually done by hand, under-ultraviolet light. 
The softer tactite ore is passed over a screen of 1 centimeter 
mesh and, as the scheelite is soft and friable, a higher pro
portion of it is found in the fines. By screening alone ore of 
1 percent grade can be brought up to a grade of 2 to 3 percent 
of wo3 •. 

No placer mining has been attempted in the washes adjacent 
to any of the contact-metamorphic tungsten deposits, nor have 
the washes been prospected for placer scheelite. When the 
mines shut down it is probable that the gambusinos will bring 
in their nand-operated dry washers and concentrate the gravel 
around the workings. They may also discover small placer 
deposits in the adjacent arroyos; as the bedrock deposits are 
so small and scattered it is not probable that any large placer 
deposits will be found. 
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Hermosillo district 

Location and history 

Scheelite was discovered in January 1943 in the Hermosillo 
district along the intrusive contact between granite and lime
stone at the edge of Villa Seris, the small town directly 
across the Sonora River and a kilometer south of Hermosillo 
(pl. 40}. In the period of active prospecting that followed 
the discovery, other tungsten deposits were found south and 
west of Villa Seris and also at the eastern outskirts of Hermo
sillo. More than 45 claims were recorded during 1943. But of 
these, only 18 were on deposits containing more than a few tons 
of ore. During the year several mills were planned and con
struction begun on four, but only the 3-ton Maria 'Luisa mill 
was completed, and it operated for only a few months. 

The deposits are in low hills at the edge of a pediment. 
All are within a radius·of 11 kilometers from town, and are 
reached from Hermosillo by dirt roads. 

The writer was able to examine all the deposits with an 
ultraviolet lamp before excavating began, and later as explora
tion and mining progressed. The plane-table maps which accom
pany the report were made in July 1943 and revised in December 
of that year. 

Production 

Sales of ore and concentrates from the Hermosillo district 
during 1943 amounted to about 2,800 units of W03 from the Maria 
Luisa, Tungsteno, Noche, Cuate, and Santa Eduviges mines. In 
addition, at the end of 1943 ore containing about 1,640 units · 
of W03 was stored on the mine dumps of the district, but, as 
most of it contained between 1.3 and 2.0 percent of W03, it was 
not marketable under the conditions then obtaining. 

Mining and beneficiation 

Most of the ore of the district is easily broken and all 
drillin~, as well as hoisting, is done by hand. Some selective 
mining guided by an ultraviolet lamp is done, but no panning or 
dry-washing. The ground holds open easily to the depths mined 
so far and no timbering is required. All the workings are dry 
and probably no water will be encountered above the level of 
the Sonora River. An abundant supply of water for mining and 
milling purposes may be obtained from shallow wells along the 
banks of the river. The local supply of electric power is 
small and variable. 

In 1943 a small plant was erected in Hermosillo to treat 
ore from the Maria Luisa mine. It had a capacity of about 3 
tons per day, and consisted of two small ball mills, a screen, 
and a table. A product containing 20 percent of W~ was 
obtained, the low recovery being due to the high proportion of 
slimes made. 

All or& and concentrates produced in the district during 
1943 were sold to the Tungsteno Mexicane agency in Nogales,,the 
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only buyers of low-grade tungsten ore in the State, who accept
ed only ore containing 2.0 1 percent or more of wo3 • As the ore 
from most of the mines carried between 1.0 and 2.0 percent of 
wo3 , much of it could not be sold. , 

Although most of the tactite ore bodies were found by the 
tracing of scheelite-bearing float to its source, no attempt 
has been made to locate deposits of placer scheelite. The soil 
mantle on the pediment surface adjacent to the deposits con
tains more scheelite than many of the placer deposits being 
worked in other districts, and possibly the shallow washes also 
hold some placer concentrations. As the individual tactite 
bodies are small and scattered, and the drainage pattern is 
complex, it is unlikely that any large placer accumulations 
will be found. When the bedrock deposits ar~abandoned gam
businos will probably clean the loose scheelite-bearing debris 
near the deposit~ and also prospect the washes. 

Rocks 

The rocks of the Hermosillo district comprise a sequence of 
·metamorphosed limestones and shales of Permian (?) age which 

have been intruded by granite. Diabase dikes intrude the meta
morphic rocks and the granite. 

The rocKs may be divided into three units. The lower unit, 
which crops out on Cerro Marta, was originally ~ shale and has 
been altered to thin-bedded hornfels containing a few small 
lenses of tactite at its contact with the granite. The middle 
unit consists of thick beds of coarse-grained recrystallized 
gray limestone containing very little hornfels. It is in con
tact with the granite for a distance of 6 kilometers south and 
west of Villa Saris, and is the host rock for most of the ore 
bodies. The apparent minimum thickness of this unit is 600 
meters. The upper unit consists of hornfels with a few thin 
interbedded limestone layers. It forms the ridges of Cerro 
Tecoripa and Cerro Lujan, and is well exposed in the area north 
of the Rancho de las Viboras, where the limestone layers have 
been altered to tactite. 

Most of the granite is medium-grained and light-colored and 
contains small amounts of ~iotite and hornblende. North of j 
Hermosillo the granite is darker, due to a greater proportion 
of biotite. In several places near the edge of the intrll:_si ve~ 
there are irregular stringers of pegmatite, a few of which con
tain small am9unts of gray or white scheelite, some of it as 
euhedral crystals~ 

Dikes of dark- green diab·ase are found in all parts pf the 
district, cut~ing all other rocks. In many places they have 
invaded the ore bodies. 

Structure 

The outline of the intrusive contact forms a crescent open 
toward the east {pl. 40) , within which an area of granite out
crop 8 kilometers in diameter is enclosed by the metamorphic 
rocks. The dip of the contact ranges from vertical to 70° 
toward the metamorphosed lime~tone. Bedding in the limestone 
in most places dips parallel to the contact. The strike of the 
contact is parallel to that of the b~dding for short distances, 
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then truncates it obliquely in such a manner that, as the con
tact is followed southwestward from Villa Seris to the Rancho 
de las v!boras, beds progressively higher in the limestone sec
tion are found against the granite. 

Faults of two ages were mapped. The earlier faults are 
nearly parallel, having strikes ranging from N. 15° W. to 
N. 40° W. and dips of from 80° E. to vertical. Dikes of dia
base ranging in width from a few decimeters to 15 meters were 
intruded along these older ~aults. Younger faults of various 
attitudes cut the dikes. One, between the Noche and Cuate 
mines, has a horizontal displacement of more than 250 meters. 
~ne faults are not mineralized. 

Ore deposits 

Mineralogy.--The ore mineral, scheelite, occurs in tactite 
which consists of garnet, calcite, epidote, and quartz. In the 
deposits north of Hermosillo and near Villa Seris, epidote is 
the predominant gangue mineral. In the mines of Cerro Tecoripa 
and Cerro Lujan the scheelite is in a matrix of quartz with 
minor amounts of garnet and epidote. The tactite of the Rancho 
de las Viboras area is mostly garnet with minor epidote and 
almost no quartz. 

~e ore of the mines of Cerro Tecoripa and Cerro Lujan is 
soft and does not crop out, whereas that in the other parts of 
the district is hard and resistant to erosion. This difference 
must be due mainly to the leaching out of pyrite, which was 
present in a much larger proportion in the unleached ore in the 
western part of the district. Pyrite is found in the .outcrop 
at the Tungsteno mine, and pseudomorphs and casts of pyrite 
crystals occur in the ores of the other mines of that section, 
which all contain notable quantities of iron oxide and brown 
calcite. 

A secondary reason for the softness of the ore in the west
ern part of the district may be that most of the ore lenses 
have.a north trend, parallel or nea~ly parallel to the system 
of faults and diabase dikes. Along some of the ore lenses, as 
at the Cuate and Noche mines, there has been brecciation by 
minor fault movement. 

At-least a little powellite is presen't in nearly all the' 
scheelite-bearing tactite of the district, but no molybdenite 
has been noted. The scheelite from all the mines is white in 
ordinary light. The mineral fluoresces a brilliant blue-white 
in ultraviolet light and probably contains less than 0.1 per
cent of molybdenum. No cuprotungstite has been found, and the 
only copper stains occur as scattered specks in the ore at the 
Beatriz mine. Scheelite is~the only mineral of value that 
occurs in the tactite, and o other metalliferous deposits are 
known in the district. 

Size and shape of ore bodies.--The exploited ore bodies 
have roughly tabular shapes, averaging about half a meter wide 
and from 3 to 20 meters long. The depth of an individual ore 
body is at least equal to its strike length in nearly all cases 
and a few had depths of nearly three times their strike 
lengths. All but one of the ore bodies are within 4 meters of 
an intrusive contact between limestone and granite, and most of 
them have granite on one wall and limestone on the other. The 



112 GEOLOGIC INVESTIGATIONS IN THE AMERICAN REPUBLICS, 1944-45 

scheelite at the Beatriz mine, however, is 250'meters from the 
nearest exposed granite, but granite may lie beneath the depos
it at a shallower depth. 

Apparently the mineralizing solutions,penetrated a maximum 
of 4 meters outward from the contact, usually less, and tra~el
ed along the bedding planes in the limestone. Thus the longer 
tactite bodies were formed where the bedding intersects the 
intrusive contact at a very acute angle. Where the bedding is 
nearly normal to the contact, the ore bodies are only 3 or 4 
meters long. No tactite'was formed where the bedding and the 
contact are parallel. 

Areas where tongues of granite have penetrated either 
upward or laterally into the limestone for some distance from 
the main contact were especially favorable for ore deposition. 
Tongues of granite are especially prominent at the Maria Luisa, 
Maravilla, Cuate, and Tungsteno deposits, and at the Noche the 
exposed part of the ore-bearing limestone has been completely 
cut off from the main l~estone ma~s. This association of ore 
and granite tongues probably is not mere coincidence and it may 
in some way be due to greater heating of the limestone. It is. 
also possible that the tongues, which cooled and solidified 
more rapidly than the main granite mass, may have given a 
greater rigidity to that part of the limestone in which they 
occur. Thus the readjustments during the later stage of cool
ing would shatter these areas and make channelways for solu
tions, while the more homogeneous masses of limestone would 
yield by flowage of the limestone without shattering. 

Ore reserves 

No reserves of measured ore can be calculated in the Hermo
sillo district because no systematic development work is done 
in the mines, and ore is removed as soon as it is found. The 
term "indicated ore" refers to ore fuat is exposed on one or 
two sides either by the workings or in the outcrop. The extent 
of the known ore bodies can be closely estimated, for they are 
all controlled by geologic structure. and are of small size •. 
Ore bodies that are not exposed at the surface may be discover
ed by additional underground work, but the only one found sor~ 
far was the small pegmatite body in the Noche workings. The 
small size of the ore bodies which could be expected makes it 
unlikely that a profit;able exploratory program could be.u::ill.er
taken. 

In the following table, tonnage figures for reserves o~ 
indicated ore are given in short tons, as tungsten ore is sold 
in short ton units in the United States, the nearest available 
market for the ores of this district. 

Future of the district 

At the end of 1943 only the Maria Luisa, Noche, Cuate, and 
Tungsteno mines were producing. Three other properties were 
doing development work, and the remainder were idle. It seemed 
likely that all work would be discontinued in 1944, and that 
about 25,000 units of wo3 in indicated ore of 1 percent grade 
or higher would be left in the ground. 
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Table 6.--Estimated reserves of indicated tungsten ore in the 
aermosillo district 

Property 

La Cruz ••.•••••••••••••••••• 
Santa Ana and La Providencia. 
El Espejo •••.••••..••••••.••• 
Carnaval ••••••••••••••••••••• 
San Juan de Dios •.••.•••••••• 
Santa Eduviges ••••••••••••••• · 
Maravilla ••.••••••.••.••••••• 
Marfa Luisa ••••••••••••• 0 •••• 

Noche •• o ••••••••••••••••••••• 

Cua te •••••••••••.••......••.• 
Tungsteno ••.••.••• o •••••••••• 

Cinco de Mayo •••••.•..•••.•.• 
La Luz Azul and La Leonora ••• 
El Camino ••.•.••••••••••.••.• 
Josefina, Los Andes, and 

Carmeli ta ••••••••••.• · •.•••• 

Short tons 

150 
120 
160 
250 

1,000 
500 
500 

{
3,000 
1,500 

180 
1,200 
1,200 
1,200 

400 
1,200 

100 

12,660 

Percent 
wo3 

1.0 
1.0 
1.0 

1.0-2.0 
1.5 

l.l)-2.0 
1.5-:-2.0 

{ 
3.0 

1.5-2.0 
1.7 

2.0-2.5 
1.5-2.0 
2.0-2.5 

1.0 
1.5 

1.0 

Deposits at northeast edge of Hermosillo 

Units 

150 
120 
160 
375 

1,.5oo 
875 
875 

{9 ,ooo 
2,625 

306 
2,700 
2,100 
2,700 

400 
1,800 

100 

25,?86 

La Cruz prospect.--The La Cruz claim covers a roof pendant 
of vertically dipping limestone completely surrounded by gran
ite. The rock of the pendant is more resistant to erosion than 
the granite, and forms the top of a steep ridge at the north
eastern outskirts of Hermosillo. Much of the limestone has 
been changed to garnet-epidote tactite, in wh~ch there are a 
few scattered scheelite crystals. The only concentration is in 
a layer of massive tactite half a meter wide and 10 meters long 
at the east end of the outcrop, which may contain 1.0 percent 
of wo3 • The size and shape of the pendant suggest that it ex
tends downward to a maximum depth of 10 meters~ It probably 

· contains 150 tons of mineralized rock containing 1 percent of 
wo3 • 

Santa Ana and La Providencia- prospects.--The Santa Ana and 
La Providencia· prospects are in two small roof pendants of 
metamorphosed limestone adjoining the La Cruz claim. The 
scheelite-bearing rock is hard, massive quartz-epidote tactite 
which extends to only a shallow depth. A few pits have indica
ted a reserve of 120 tons of rock containing 1.0 percent of 
wo3 • 

El Espejo prospect.--The El Espejo prospect is in a roof 
pendant of vertically dipping limestone about 40 meters long 
and 15 meters wide, surrounded by granite. It has one scheel
ite-bearing tactite layer half a meter wide and 15 meters long 
which probably extends to a depth of 8 meters and contains 160 
tons of mineralized rock containing 1.0 percent of wo3 • 
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Deposits near Villa Seris 

Beatriz mine.--The Beatriz mine (also known as Hercules or 
Argentina) is in limestone at the eastern edge of Villa Seris, 
at the foot of Cerro Marta. Bedding in the limestone strikes 
east and dips nearly vertically. One bed of gray recrystalliz- · 
ed limestone a meter thick haa been partly replaced for a 
strike length 1-:>f 2 meters and to a depth of at least 15 meters 
by garnet, fine-grained quartz, coarse-graine~ brown calcite, a 
little pyrite, and epidote. Irregular crystals of honey-color
ed scheelite as much as 5 centimeters across occur in small 
clusters and stringers in the replaced zone. Sever~l years ago 
a vertical shaft was sunk on the mineralized zone to a depth of 
15 me.ters in search of silver but scheelite was not recognized. 
The dump was hand-sorted in 1943 and yielded 3 tons of scheel
ite ore which contained about 35 units of wo3 • No ore remains 
in place or in the dump. 

Carnaval mine.--The Carnaval mine is on the main intrusive 
contact between limestone and granite on the pediment at the 
foot of Cerro Marta, just east of• the highway to Guaymas. 
Scheelite-bearing tactite was formed where the contact cuts 
across the. bedding in the limestone (pl. 41). Individual tac
tite bodies are small and contain fine-grained scheelite in 
stringers 20-30 centimeters wide which parallel the bedding. 
The seven exposed ,lenses contain a reserve of 250 tons of indi
cated ore with from 1 to 2 percent of wo3 • It is inferred that 
the lenses are 7 meters deep, twice the aepth of the deepest · 
working. The property was idle during the latter part of 1943. 

San Juan de Dios mine.--The San Juan de Dios mine is west 
of the Carnaval claim at the south edge of Villa Seris. Seven 
short lenses of tactite crop out along the contact over a 
strike length of 150 meters (pl. 41). The tactite is composed 
of about 50 percent of epidote and 50 percent of quartz, gar
net, and scheelite. Scheelite occurs as subhedral crystals as 
much as 5 centimeters across, in stringers and disseminated in 
the tactite. If, as seems probable, each exposed body contin
ues to a depth equal to its outcrop length, the prospect has a 
reserve of 1,000 tons of indicated ore. An assay of a compos
ite "sample of the dumps of the pits gave 1. 5 percent of wo3. 

Deposits in Cerro T~coripa and Cerro Lujan 

Santa Eduviges mine.--The Santa Eduviges mine (pl. 41) is 
in seven lenses of tactite, two of them very small, on the 
intrusive contact at the north end of Cerro Tecoripa. The con
tact is here irregular, with tongues of granite in the lime
stone and several small mineralized inclusions of limestone in 
the granite. Four diabase dikes follow the planes of preexist
ing faults. Two .of the dikes bound the main ore body, which 
lies along the south edge of a wedge-shaped fault block of 
limestone. A few euhedral crystals of gray scheelite occur in 
an irregular vein of quartz and muscovite, too small to be 
shown on ·the map, in an outcrop of granite about 10 meters 
south of the ~dit portal. 

The largest ore body has been opened to a depth of 9 meters 
by means of an adit; three of the other tactite lenses have 
been opened to depths of 3 meters by means of two pits and two 
shallow shafts. Should· the main ore body extend to a depth of 
12 meters and the other ore bodies to depths of 5 meters each, 
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re·serves of indicated ore would be 500 tons containing 1.,5 to 
2.0 percent of W03. Work was stopped in September 1943, after 
50 tons of hand-sorted ore containing 2.5 percent of wo3 had 
been accumulated from all the workings. 

Maravilla mine.--The Maravilla claim covers the intrusive 
cont~ct for 500 meters along the steep east slope of Cerro 
Tecorlpa. Except for two small tactite lenses which probably 
contain less than 5 tons each, all the ore bodies are· at the 
south end of the claim (pl. 41). Here the contact is very 
irregular and several narrow granite tongues. extend into the 
limestone, confining the ore bodies to short strike lengths and 
possibly cutting them off at depth. Two shafts, sunk on sepa
rate ore bodies, were still in ore at a depth of 6 meters. 
Another working {the Mica shaft), 3 meters deep, cut a small 
body of muscovite-rich scheelite-bearing pegmatite which con
tained about 2 percent of wo3 • However, the pegmatite extended 
only to a depth of 3 meters. If the two tactite ore bodies ex
posed in the 6-meter. shafts extend to depths of 10 meters, the 
two together contain 400 tons of ore. The total re.serves of 
indicated ore contained in all the ore bodies are 500 tons con
taining an average of about 1.5 to 2.0 percent of wo3 • 

Maria Luisa mine.--The Mar!a Luisa claim is at the south 
end of Cerro Tecoripa, and includes at least 15 scheelite-~ear
ing tactite lenses wqich crop~ut along the contact. Only the 
tactite at the south end of the claim has been worked. Here 
four shafts have been sunk to depths of 15 to 20 meters and 
some stoping has been done (pl. 42). The three largest .ore 
bodies replace favorable beds in the limestone and are arranged 
en echelon. The north ore body is cut by a diabase dike 1 to 2 
meters ~hick, intruded along a fault of 2 meters horizontal 
displacement. 

Originally the scheelite was in a gangae of quartz, cal
cite, garnet and epidote, with abundant pyrite. The pyrite has 
all been oxidized, and much of the calcite, garnet, and epidote 
have been weathered out, leaving a porous, partly brecciated 
ore composed of quartz, scheelite, soft iron oxide, and fine
grained brown calcite. There probably has oeen a decrease in 
volume of about half in the upper part of the vein, and as no 
scheelite has been removed the tungsten content is now 6 per~ 
cent wo3 at the surface, gradually decreasing to around 3 per
cent at a depth of 20 meters, and even at this depth there has 
been some increase in grade. No unoxidized sulfides have been 
founQ at the Mar!a Luisa, although pyrite is found in the out
crops on the El Tungsteno claim, only a short distance away.· 
The Marfa Luisa workings are dry, although several water-worn 
caves in the limestone underground indicate that tl;le circula
tion of ground water was once vigorous. No supergene scheelite 
was noted, and most of the scheelite crystals are hard and• · 
unaltered. 

The reserves of indicated ore above the 30-meter level in 
the tactite bodies at the south end of the claim are 3,000 tons 
containing 3 percent of wo3 • The ore bodies at the north end 
of the claim (not shown on pl. 42) probably contaiTh 1,500 tons 
of inferred ore with from 1.5 to 2.0 percent of wo3 to a depth 
of from 5 to 10 meters. North of the workings, other ore 
bodies may be discovered at greater depths. 

Noche mine.--The Noche mine is in the pass between Cerro 
Tecoripa and Cerro Lujan. Scheelite-bearing tactite has been 
found at the eastern edge of a small block of limestone which 
is separated from the main limestone mass by a tongue of 
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fine-grained granite 5 meters wide {pl. 42). Two parallel dia
base dikes which intrude the ore body do not crop out,·tut are 
well exposed in a crosscut.on the 7-meter level. 

The crosscut exposed a small body of granite pegmatite, 
about 2 meters in diameter, almost entirely enclosed within the 
limestone and apparently connected with the granite· only by a 
stringer of pegmatitic granite 25 centimeters wide leadin~ 
upward. The granite pegmatite body was composed of coarse- · 
grained quartz, feldspar, and greenish muscovite, and contained 
5 to 10 percent of scheelite in coarse subhedral crystals as 
much as 8 centimeters across. 

The main tactite body dips west and probably does not con
tinue downward for more than 10 meters below the 7-meter level. 
Reserves of indicated ore to a depth of 17 meters are 180 tons 
containing 1.7 percent of wo3 • Fifty tons of ore which assayed 
1.9 percent of wo3 was produced from the property. 

Cuate mine.--The Cuate claim is at the north end of the 
Cerro Lujan, and covers several lenses of scheelite-bearing 
tactite along the intrusive contact (pl. 42). The main ore 
body, developed by a shaft 16 meters deep, shows a spotty 
scheelite mineralization. At the surface the ore body is 20 
meters long and 3 meters wide from wall to wall, but this width 
includes that of an intruded diabase dike. The segment of the 
ore body east of the dike pinches out at a'depth of 5 meters. 

Another shaft, 60 meters north of the main shaft, inter
sected an east-dipping fault and encountered granite at a depth 
of 5 meters; a crosscut driven into.the footwall from the bot
tom of this shaft was entirely in granite. ~he fault and the 
intrusive contact intersect at the surface 15 meters farther 
north. Thus it appears that the·ore bodies lie along the east , 
side of a wedge-shaped_fault block of limestone, and are cut 
off at depth at the south-pitching intersection of the fault 
and the contact. A crosscut into the footwall to the contact 
may neveal the faulted segments of the ore bodies. 

Several small lenses of tactite near the south end of the 
claim contain some powellite, but little scheelite. The Cuate 
cl~im has reserves of about 1,200, tons of indicated ore con
taining 2.0 to 2.5 percent of wo3 above the projected positio~ 
of the fault. The 50 tons of sorted ore shipped from the prqp-
erty in 1943 assayed 3.5 percent of W03. · 

Tungsteno mine.--The workings of the El Tungsteno mine:lie 
in an embayment of the intrusive contact at the edge of the . 
pediment on the east side of Cerro Lujan (pl. 42). There are 
nine shallow shafts and six pits, each on separate small lenses 
of scheelite-bearing tactite. Host of these workings are shown 
on plate 42. Four lenses pinched out at a depth of 9 meters, 
and the others were even shallower. The tactite was formed in 
beds of coarse-grained recrystallized limestone favorable for 
replacement, and, as the contact truncates the bedding at an 
obtuse .angle, the ore bodies are of small lateral extent. At 
the southwest corner of the mapped area a few stringers of peg
matite containing a little scheelite adjoin the ore bodies. 

Reserves of indicated ore on the Tungsteno cla~ above the 
level of the deepest working are 1,200 tons· containing 1.5 to 
2.0 percent of wo3 • Shipments to the end of 1943 were about 
250 tons of screened ore with an average content of 2.3 percent 
of wo3 • 
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Cinco de Mayo mine.-The Cinco de Mayo. claim is on the 
intrusive contact along the southeast end of Cerro Lujan. Six 
short lenses of tactite have been discovered, all on projec
tions of limestone which jut out into the granite (pl. 43). 
The tactite is composed principally of garnet with lesser 
amounts of scheelite, calcite, epidote and quartz; some second
ary.iron oxides and powellite accompany the scheelite. Several 
small kidney-shaped masses.of nearly pure scheelite were found 
at about the 8-meter level in the shaft at the north end of the 
mapped area, lying exactly on the-contact between granite and 
tactite. The largest of these masses weighed about 6 kilograms 
and was coated with muscovite. 

The workings consist of one shaft 23 meters.deep at the 
north end of the claim, three shafts of from 4 to 15 meters' 
depth, and several prospect pits. The 23-meter shaft, which is 
inclined toward the east, penetrated the granite at 10 meters' 
depth. It is reported that no ore was found in a crosscut 
driven to the contact on the 23-meter level~ The average depth 
of the outcropping ore bodies was about 7 met.ers, in all cases 
at least equal to their strike length. Total reserves of indi
cated ore in the six lenses are 1,200 tons containing from 2.0 
to 2.5 percent of wo3 • Nearly 300 tons of ore reported to con
tain 2.75 percent of wo3 had been extracted by the end of 1943 
and was stored on the dumps. 

Deposits near Rancho de las Viboras 

La Luz Azul and La Leonora prospects.--The La Luz Azul and 
the La Leonora prospects are along the granite contact just 
west of the highway to Guaymas, about 10 kilometers south of 
Hermosillo. Scheelite occurs in lenses of massive garnet-epi
dote tactite against the granite. Separate ore bodies on these 
claims have been opened by means of five shallow shafts. 
Reserves of ind:icated ore are·400 tons containing about 1.0 
percent of wo3. 

El Camino mlne.--The El Camino claim covers a block of 
limestone 200 meters long, with a maximum width of 70 meters. 
The south side of the block is in fault contact with the gran
ite, but the irregular contact on the other sides is intrusive, 
and several bodies of tactite have been formed at this contact 
(pl. 43). Most of the tactite'bodies are composed of nearly 
barr.en garnet, 'but two of them, one 20 meters long and the 
other 2'5 meters long, contain about 1.5 percent of wo3.• The 
width of the ore bodies ranges from a few decimeters ~o 2 
meters. Total reserves of indicated ore to a depth of 10 
meters are 1,200 tons containing 1.5 percent of wo3 • No ore 
has been shipped from this property.and no new{eorR is planned. 
The scheelite-bearing tactite is hard and unaltered and the ore 
cannot be rai.sed to shippipg grade by screenin alone. 

Josefina, L,os Andes, and Carmelita prospects.--The Jose
fina, Los Andes, and Carmelita claims extend along the contact 
between granite and limestone for 4 kilometers southeast of the 
El Camino prospect (pl. 40). A few small lenses of scheelite-' 
bearing tactite have been discovered. Total reserves of indi
cated ore on all four claims are less than tOO tons co~taining 
1.0 percent of wo3 • The sedimentary rocks along this part of 
the contact are not favorable for replacement, as most·of the 
beds belong to the upper hornfels member of the limestone · 
series, and the bedding dips at low angles away from a steeply 
dipping contact. 
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Deposits north or Hermosillo 

In the region around Agua Salada, about 35 kilometers north 
or Hermosillo (pl. 39), four tungsten claims were recorded dur
ing 1943. These were not visited and it is not known whether 
any tungsten has been produced from them. Outcrops or tactite 
containing sparsely disseminated scheelite were found on both 
sides of the highway between Nogales and Hermosillo, about 50 
kilometers north of Hermosillo. Additional prospecting or the 
intrusive contacts in this region may disclose some minable ore 
bodies. 

Deposits northeast of Hermosillo 

El Saturno mine.--In 1942 Pedro J. Fruns and Frank Fast 
produced 164 units of WO from a small scheelite-bearing tac
tite body near Pozo de T~yos, about 22 kilometers northeast of 
Hermosillo (pl. 39). The mine, known as the El Saturno, is at 
the edge of a body of silicated and silicified limestone, near 
a c.ontact with altered andesite or diorite. Scheelite occurs 
as stringers in the metamorphosed limestone associated with 
pyrite, chalcopyrite, and quartz. No ore remains in sight on 
the property. 

Picacho district.--Tungsten-bearing tactite was discovered 
in 1943 at the east side of El Picacho, an isolated peak at the 
edge or the dirt road between Urea and Hermosillo, about 25 
kilometers northeast of Hermosillo and 4 kilometers north of 
Pozo de Toyos (pl. 39). Three claims were recorded, the El 
Nublado, El Picacho, and La Florencia. Only a little work was 
done at these claims in the fall of 1943, and no ore was mined. 

The El Nublado prospect is in a northwest-striking belt of 
discontinuous tactite outcrops surrounded by metamorphosed 
limestone and hornfels (pl. 44). The limestone is probably 
underlain by granite which intrudes all the other rocks of the 
district. An outcrop or granite, 200 meters west of the lime
stone, is separated from it by an area of silicified volcanic 
breccia which is in contact with the limestone along a pre
intrusive fault. 

The tactite, representing the more easily replaced beds in/ 
the limestone aeries, consists of epidote and garnet with. 
smaller amounts of scheelite, powellite, and oxidized copper 
minerals, The scheelite is disseminated in the tactite'and 
only in two lenses is there a sufficient concentration to be 
considered as ore. About 300 tons of indicated ore, with 2 
percent of wo3 , and 1,000 tons containing 1 percent pf wo3 may 
be.estimated to depths of 10 meters from exposures in the one 
shallow pit and at the outcrops. The tactite is very hard and 
dense and is difficult to work by hand methodso 

The El Picacho and La Florencia claims are adjacent to the 
El Nublado claim, on the continuation of the belt of tactlte 
outcrops for 400 meters to the south. Discontinuous tactite 
lenses similar 'to those on the El Nublado claim carry small 
amounts of scheelite and oxidized copper minerals, but no ore 
reserves.are indicated by the outcrops or by the old pits put 
down in the past in search of silver and copper. Exploration 
work was begun the first of 1944 but discontinued shortly 
thereafter. 
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Zubiate district 

Granata prospect.--The Granata claim, located in 1943, cnv
ered part of a poorly exposed contact between limestone and 
granite about 30 kilometers east of Hermos'illo and about 8 kil
ometers southwest of Las Norias, just west of the road between 
Las Norias and Zubiate (pl. 39). Some scheelite was found as 1 

float along the contact, but none was found in place and the 
prospect was abandoned. 
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The Virgen de Guadalupe is the only tungsten deposit that 
has been discovered in the Guaymas district. Granite crops 
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out in several places no~theast of Guaymas and there is a good 
chance that other deposits in or near those areas- may be dis
covered as a result of prospecting. 

Virgen de Guadalupe mine.--The Virgen de Guadalupe mine is 
about 6 kilometers east of Rancho Nochebuena and 25 kilometers 
north of Guaymas. It lies about 4 kilometers east of the ·high
way between Hermosillo and Guaymas, and is accessible from it 
by 9 kilometers of dirt road. 

The copper-stained outcrops of tactite were prospected 
years ago for copper and silver, but probably no ore was ship
ped. The old workings were re-denounced by Fernando Navarro 
and Pablo Ramirez in June 1943 when scheelite was found in one 
of the dumps. Seven small lenses of scheelite-bearing tactite 
were outlined by subsequent prospecting (fig. 15} •. Development 
work continued to the end of 1943, but attempts to mine the 
hard, dense tactite by hand methods proved unsuccessful. 
Twelve tons of ore containing 10 percent wo3 and 85 tons con
taining 1.5 percent wo3 was taken out. 

Outcrops of tactite lenses in vertically dipping limestone, 
altered by contact metamorphism, form a lo~ strike ridge com
pletely surrounded by alluvium which rises above the smooth 
slope of the western flank of the Nochebuena Range. There are 
no other outcrops of limestone nearby, nor is any intrusive 
rock exposed. The adjacent range is composed of basalt.flows. 

Garnet, epidote, calcite, and quartz make up the tactite, 
which contains secondary oxides of copper and iron as well as 
disseminated crystals of scheelite. The known ore bodies con
tain about 1,000 tons of ore containing l.0-1.5 percent of wo3 to a depth of 10 meters, the depth of the deepest working. I~ 
is not unlikely that granite will be reached at this depth 
beneath the intensely metamorphosed tactite at the north end of 
the outcrop, although the tactite at the south end may continue 
to several times this depth. 

Deposits north of Tonichi 

, Tecolote prospect.--Early in 1943 Martiniano Encinas of r 
Tonichi found a little scheelite in contact-metamorphosed lime~ 
s~one_on the Tecolote Ranch, about 20 kilometers northeast of· 
Tonichi, just east of the truck road to Bacanora. No minable 
ore bodies were discovered, however, and the property w~s-aban
doned_ in the·fall of that year. 

Extension de Uranio prospect.--The Extension de Uranio 
prospect is at Bajlo de Los Rastritos, about 10 kilometers 
southeast of Bacanora, and may be reached from there on horse
back in 5 hours. It is owned by Harry A. Pitts of Bacanora who 
reports that a spectrogram of a green mineral (hornblende) from 
the outcrop showed the presence of uranium. He has been unable 
to confirm this occurrence by subsequent analyses. Scheelite 
and cuprotungstite occur sparsely disseminated in a small peg
matite dike, and other traces of scheelite have been found in 
an outcrop of tactite nearby. 

Cadena de Cobra prospect.--Homer L. Carr reported that in 
1943 he discovere~ scheeljte on his copper claim, the Cadena de 
Cobre, located about 14 kilometers north of Sahuaripa on the 
south bank of the Yequi River. Fine-grained scheelite occurs 
in tactite along an intrusive contact between lime~tone and 



TUNGSTEN DEPOSITS, SONORA, MEXICO 121 

granite. The copper mineralization is in a separate part of 
the oontact zone which carries no tungsten. Selected samples 
of the best ore contained as much as 3.75 percent of wo3 , but 
the whole mineralized zone contains considerably less than 
this. The known mineralized body is about 50 meters long and 
is reported to range up to several meters in width. 

Coker prospect.--James E. Coker of Soyopa reports that in 
the spring of 1943 he discovered scheelite at El Saucito and 
Chiquiquelite, about 4 kilometers west of the Yaqui River and 
34 kilometers north of Soyopa. The prospect may be reached by 
traveling on horseback from Soyopa. 

Scheelite occurs in discontinuous bodies of tactite for a 
distance of several hundred meters along a contact between 
granite and limestone. The scheelite ls medium- to fine-grain
ed and.erratically distributed in the tactite lenses, some of 
which probably contain as much as 2.0 percent of wo3 • Explora
tion~ork was carried enduring the fall of 1943 and the first 
few months of 1944, then discontinued. It is not known if the 
adjacent washes were prospected for placer deposits. 

PEGMATITE' DEPOSITS 

Most of the production of tungsten from the southern part 
of Sonora has come from pegmatite deposits; however, the known 
deposits of this type are almost worked out and the reserves 
are of low grade. 

The principal deposits are east of the Yaqui River in the 
districts of San Nicolas, Santa Ana, Santa Rosa, and El Encinal; 
others are along the Yaqui at La Dura and Nacimiento. Coarse 
placer scheelite in the ri~er gravels north of La Dura suggests 
that still other deposits may be discovered in that region. 

Scheel.i te is found in steeply dipping pegmatite dikes or 
segregations at the top or sides of the intrusive bodies of 
granite. Most of these dikes are within 75 meters of the 
enclosing quartzite or andesite, but only a few thin stringers 
extend into the surrounding rock. Possibly this is because the 
invaded rock in most cases is massive quartzite. At San 
Nicolas, the quartzite roof of the intrusive has been removed . 
by erosion, but the contact, as projected from exposures on . 
nearb-yhills, would pass less than 100 meters above the outcrop 
of the dike. 

In general, the pegmatites are harder than the surrounding 
granite and stand out above the surface of the ground as low 
ridges. The dike at the La Cruz mine forms the backbone of a 
steep ridge which rises high above the more subaued topography 
of the surrounding granite hills. 

Mineralogy 

The mineralogy of the pegmatite dikes is simple. The pre
dominant gangue minerals are_quartz and·orthoclase feldspar, 
with varying amounts of muscovite, chlorite, hornblende, epi
dote, magnetite, sphene, ·and pyrite. Chalcopyrite is prominent 
in the ore of the La Cruz mine, and molybdenite and its altera
tion product, powellite, are present in nearly all the dikes. 
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Scheelite occurs as irregular anhedral crystals except 
where it lines vugs, where it has the common pyramidal fonm. 
Its co1or is white, grayish or yellowish, or a shade of green. 
The green color is. due to the replacement of the calcium of the 
scheelite by copper to form cuprotungstite. Partial replace
ment along and outward from cleavage planes of thescheelite is 
responsible for the lighter green color; more ne·arly complete 
replacement results in the darker green crystals, some of which 
are almost wholly composed of cuprotungstite. . 

In ultraviolet light much of the scheelite has a yellowish 
tinge, showing that it contains a small amount of molybden~, 
generally less than 1 percent. 

Mining 

In the past the pegmatite dikes themselves were mined, but 
in the years since 1935 the old mine dumps and placer gravels 
derived from the dikes have been worked and have furnished most 
of the ore produced. A little underground work is being car
ried on in a random manner at the La Cruz and San Julian mines. 
In other places high-grade pockets in the outcrops of the dikes 
are gouged out by hand methods and concentrated in dry washers. 
In some districts ultraviolet lamps are used to find the high
grade spots, but most of the work still is guided by panning~ 

The placer deposits and the dumps ·or the old mines are 
worked by small portable dry washers each operated by one or 
two men. Only the.material which passes a screen of about 1 
centimeter mesh is worked, although the operator watches all 
the oversize as the material is being screened to find nuggets. 
In ground containing about 0.5 percent of W03, one man can take 
out about 1 to 1.5 kilograms of concentrates per day py this 
method. The concentrate is usually cleaned by panning if water 
is available nearby, as cleaned concentrates bring a higher 
price. 

San Nicolas district 

La Cruz mine. -The La Cruz mine, a pegmatite dike as much/ 
as 8 meters wide and 150 meters long, crops out at the crest,of 
a steep ridge 1 kilometer southeast of the town of Sari ~icolas. 
The nearest water supply is in the small stream that flows 
through the town at an elevation of 200 meters below the mine 
workings. 

The property was denounced 7/ as a copper deposit in 1910 
by, John H. King. He sold it later to the Phelps Dodge inter
ests, who operated it during World War I, and are reported to 
have taken out apout 1,000 tons of tungsten concentrates, a 
large proportion of which was hauled by mules to Nacozari. 
Frank Fast operated the mine from 1929 to 1935, extracting more 
than 200 tons of concentrates. Emilio Bouvet of Navajoa bought 
the property irr 1935 and set up an agency to purchase concen
trates from the gambusinos who were thenworking the deposit. 
In 1943 he sold the mine to the Sociedad Financiera of Mexico 
City, which continued to purchase concentrates from the gam
businos during that year •. In April l943,·about 150 men were 

1/ Oral communication from Ricb~rd KiDS· 
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operating 75 dry washers on the dump·meterial, extracting about 
5 short tons of 50-percent W03 concentrates :per month, and 
selling the concentrates to the local buyer for 3.25 to 3.50 
pesos per kilogram. · 

Scheelite, which is associated with chalcopyrite, molyb
denite, chlorite, and pyrite in the dikes, is concentrated in 
pods and stringers. Because much of the scheelite is partly 
altered to cuprotungstite, the concentrates have a high copper 
content which lowers their value. Molybdenum is also present' 
in the scheelite, but in unimportant amounts. It is reported 
that one pocket of 20 tons of nearly pure scheelite was foun~; 
another contained 4 tons. 

An adit 50 meters long driven into the east side of the 
hill intersects the dike at a point 50 meters below the out
crop. From the adit, drifts follow the dike to the northeast 
and southwest. The northeast driTt is 10 meters long; that to 
the southwest is accessible for 30 meters, beyond which it and 
extensive stapes above it are caved. In 1943, gambusinos were 
drawing from the caved stopes some of the dike rock which, 
according to several assays, contains about 0.7 percent of W03. 
As the caved material is drawn out· the surface of the ground 
above it se~tles. 

A little scheelite may be seen in the drift and there are a 
few pods at the edges of the accessible stapes, but in neither 
place is there an appreciable tonnage of ore. It is reported 
that no ore was found in the workings below the adit level and 
that these workings are now filled. If so, the mine is worked 
out, as all the dike above the adit level has been explored. 

Gambusinos ,concentrating and reconcentrating the materia~ 
of the old dump have spread it out as an uneven layer up to a 
meter or two thick on the slope below. This material, accord
ing to several assays, contains from 0.2 to 0.5 percent of W03 
and can be worked only by small-scale dry placer methods. 

El BUfalo mine.--The El Bufalo mine, owned by Ygnacio 
Garcia of San Nicolas, is on a steep hillside near the head of 
the Arroyo del Aguaji to, about .. 1 kilometer southwest of San 
Nicolas. The property was denounced in 1934, and 2 tons of 
concentrates was produced that year, mainly from small placers 
on the hillside below th~mine and in the adjacent arroyo. In 
1942 and 1943, 2 tons of concentrate was produced from hand
sorted high-grade ore which was treated in the owner's arrastre. 

Scheelite occurs in irregular stringers and pods of quartz 
and as thin coatings on joint planes of the graniteo The vein
lets are probably of pegmatite origin, and also contain small 
amounts of pyrite and chalcopyrite. Nearly all the scheelite 
is white and free of molytrdenum and copper, but some contains a 
little cuprotungstite. The stringers, each generally less than 
a met~r long and 10 centimeters wide, are arranged with no sys
tematic orientation in a zone of mineralization at least 20 
meters squ~re on ·the surface. This zone has been exposed to a 
depth of 10 meters by an open cut. However, the adjacent ~ill
side is covered by colluvium, and the size of the mineralized 
block may be larger than is now known. . ~ 

One large open cut and two smaller ones ~ave yielded about 
500 tons of scheelite-bearing rock which probably contained 
around 0.5 percent of wo3 • Within 5 meters of the workings 
there are 1,000 tons of mineralized rock that may contain an 
average of 0.5 percent of W03 •. This material would be ~lassed 
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as indicated ore if the content of W03 were higher. It is pos
sible that there may be a larger tonnage of this material but 
exposures at the time of the examination were insufficient for 
a closer estimate. The granite is hard and unaltered, and the 
scheelite in the included veinlets can be separated from ~t 
only with difficulty by the hand methods in use at the deposit. 

San Julian mine.-The San Julian mine, also known as the 
San Carlos and the Puerto de Buenavista, is 1 kilometer north 
of the town of Santa Ana and about 10 kilometers south of San 
Nicolas beside the trail that connects the two towns. The 
nearest source of water is the small creek.at Santa Ana, about 
1~0 meters lowero Scheelite occurs in a zone of stringers and 
pods of pegmatite in granite. This mineralized zone, which is 
5 meters wide and 30 meters long, is about 50 meters down the 
slope of the hill from the contact between granite and quartz
ite. The stringers are small, averaging from :t-O to 20 centi
meters across, and less than a meter in length. The whole min
eralized zone has lJeen decomposed by weathering and the scheel
ite can be partially separated from the rock by screening. 

The workings consist of irregular shallow open cuts and 
small burrowlike openings along the seams of high-grade materi
al. In March 1943, 6 men were gouging out the high-grade pock
ets in the workings and 30 others reworking the dump material 
and the placer gravel in the arroyo below the mine with dry 
washers produced about 40 kilograms of 50-percent w~3 concen
trates per day. As the scheelite is white and contains very 
little molybdenum, it sells for a higher price than the concen
trates from the La Cruz mine. 

It is difficult to estimate the reserves of the property 
because many of the workings are caved and much of the surfa~e 
adjacent to the mine is covered. The pillars in· the block 
which was being mined in March 1943 contained about 500 tons of 
mineralized rock. A small amount of development work might 
prove the presence of a few thousand tons of mineralized rock 
containing an average of about 0.5 percent of wo3 within 10 
meters of the workings. The dump material and tfie placer grav
els contain less than 0.3 percent of W03 o 

Other properties in the San Nicolas district.-Scheelite 
has been reported occurrin~ with molybdenite at the La Mexieana, 
Galaviz, and General Obregon mines ne~ Santa Ana and at the -
Tres Piedras mine near Santa Rosa. In addition, gambusinos ' 
work small scheelite placers throughout the district, furnish
ing a small but fairly constant production. All the known· 
occurrences are probably of the pegmatite type, and it is 
unlikely that production from them could be increased markedly. 

El Encinal district 

El Encinal is a small town about 30 kilometers east of 
Tonichi, situated in a small summit valley on the drainage 
divide between the Sahuarip~ River and the Yaqui River. It ,is 
most readily reached from Tonichi, by a two-day trip on horse
back over a trail which climbs from an altitude of 180 meters 
at Tonichi to 1,000 meters at El Encinal. 

Small amounts of molybdenum concentrates have been produced 
from the mines and prospects of the district since the first 
World War. In 1934 scheelite was discovered in the old mine 
working'· and in other places nearby, and forty claims were 
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located within a few months, but nearly all soon were abandon
ed. There are two mines in the district, the Lydia and the 
Veta Rey, and a score of prospects. 

The town of El Encinal is near the center of a nearly cir
cular outcrop of granite about 2 kilometers across, surrounded· 
by a rim of hills of volcanic rocks. At the western edge, the 
granite is faulted against the volcanic rocks, but on the o'ther 
sides the granite apparently is intrusive into the v~lcanic 
rocks. The granite is th~ marginal phase of the ~nderlying 
batholith and has a wide range of texture and composition. In 
the eastern half of the area, especially along the contacts 
between different facies of the granite, there are many small. 
pegmatite dikes and lenses containing scheelite, molybdenite, 
and a little pyrite and chalcopyrite. 

Lydia mine;-The Lydia mine is 1 kilometer southeast of 
El Encinal, only a few hundred meters inside the margin of the 
intrusive. It is owned by the Compania Minera de Sonora, s. A., 
which is reported to have produced 170 tons of hand-sorted ore 
containing 30 percent MoS2 and 35 tons containing 10 percent 
MoS2• No scheelite has been produced, and the mine has been 
idle for several years. 

The Lydia 11 vein 11 is a zone of tabular lenses of pegmatite 
in granite. Individual lenses are a few meters long and less 
than a meter thick, and for.m a northeast-trending zone 30 
meters long and up to 2 meters across. The zone has been fol
lowed to a depth of 20 meters by an inclined shaft ~hich is 
intersected by an adit on the 10-meter level. Molybdenite is 
present throughout the zone, but scheelite was found only 
between the 5-meter and 15-meter levels in the shaft and for a 
distance of 15 meters along the drift. 

The known pockets of molybdenite ore have all been removed, 
and none of the scheelite stringers is large anough to be mined 
except by gambusino methods. 

Veta Rey mine.--The Vet~ Rey mine is about 700 meters 
northeast of El Encinal. It is owned by Francisco Othon, of El 
Encinal, who, in March 1943, had a crew of three men taking out 
tungsten ore from the underground workings and from a few shal
lpw cuts on the surface. The ore is mined selectively with the 
aid of an ultraviolet lamp, crushed by.hand, and concentrated 
by panning. The molybdenite in the pan is floated out by add
ing a spoonful of lard to each pan of mixed conc'entrates. · 

The Veta Rey "vein11 is an irregular tabular zone of lanse~;~ 
and stringers of fine-grained pegmatite in granite. The zone 
is' 50 meters long and has a maximum width of 2 meters. Crys
tals of scheelite, molybdenite, pyrite, and a little chalcopy
rite occur as small scattered clusters in the pegmatite. The 
vein zone as a whole contains less than about 0.5 percent of 
W03 and 2 percent MoS2• 

.Two inclined shafts have been sunk' on the zone to a depth 
of 10 meters and are connected at their bases by a drift 20 
meters long. A crosscut adit 20 meters long reaches the drift 
from the side of the hill. All the ore above the drift level 
has been stoped, and two short winzes put down in the floor of 
the drift found o~ly very lean ore. 

Other properties in .. the El _Encinal distri'ct. -Between the 
town of El Encinal and the Lydia mine are a dozen or so small 
surface workings in discontinuous pegmatite lenses. All the 



1~6 GEOLOGIC INVESTIGATIONS IN THE AMERICAN REPUBLICS, 1944-45 

exposed lenses are less than 10 meters long and half a meter 
wide; most are less than 10 centimeters wide; Schaeli te is 
sparsely disseminated in the lenses, but nowhere is it abundant 
enough to be exploited. 

• 

• 
La Dura district 

A few kilometers east of La Dura ls.a small body of granite 
intruded into quartzite. Quartzite outliers also cap several 
of the low hills within the granite area, suggesting that the 
exposed granite is very near the roof of the intrusive. Dis
continuous dikes and irregular masses of scheelite-bearing peg
matite occur at several places in the granite. The small tung
sten production of the district has come mainly from placer 
deposits, and only a few shallow pits have explored the bedrock 
deposits, which are of low grade. There is no water nearer 
than the Yaqui River about 5 kilometers away, and all work is 
dona by gambusinos using portable dry washers. The two princi
pal properties are the El Tungsteno and the La Libertad. Total 
production of the district to May 1943 is estimated at 30 tons 
of concentrates containing 55 percent of wo3 • 

El Tungstano claim.--The El Tungsteno claim is about 5 kil
ometers from La Dura, on the east side of the road to Ciudad 
Obregon. Three discontinuous parallel pegmatite dikes strike 
north and form low steep-sided ridges separated by narrow ·grav
el-floored ~ashes. At the west side of the claim, quartzite 
caps a mesa only a few meters higher than the mineralized dikes 
(.fig. 16). 
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Figure 16.--Geologic section through E1 Tungsteno claim, 
La Dura. 

The minerals of the pegmatite include feldspar,.quartz, 
epidote, amphibole, muscovite, schealite, and magnetit~, all 
medium-grained. Numerous vugs are lined with intergrown coarse 
crystals of quartz, feldspar, and schaalite. The scheelite is 
blue white in ultraviolet light and cream-colored in ordinary' 
light. . . 

Some scheelite is present in the soil mantle on the hill
sides below the outcrops and scattered through the grave·l of 
the arroyos, but the richest concentration is in a thin layer a 
few centimeters thick just above bedrock at the bottom o.f the 
gravel. The gravel is as much as 2 meters thick in the middle 

,of the channel, and the scheelite-bearing layer is mined by 
~eans of small untimbered burrows, just large enough for a man 
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to crawl through, along the bedrock surface. Nearly all the 
high-gra4e material had been removed by this method by April 
1943, when a few ga.mbusinos were then dry-washing the upper 
gravels and others were gouging out the richer pockets in the 
outcrops. The lenses of pegmatite rock are so small and dis-· 
continuous that they could not be mined profitably on a large 
scale. 

La Libertad claim.-The La Libertad claim adjoins the west
ern edge of the El ~ngsteno claim, a~d lies mostly west of the 
road to Ciudad Obregon. Four short pegmatite dikes with spotty 

, scheelite mineralization have been prospected by means of seven' 
shallow pits,·but little ore was found. Ga.mbu~inos worked the 
soil mantle on the slopes adjacent to the prospect pits and the 
gravel of the shallow nearby washes. The property~as examined 
with an ultraviolet lamp and very little scheelite was seen on. 
the surface or in the workings. · 

Other prospects in the La Dura district.--At the San Mar
cial and the La Zoila prospects just south of the El Tungsteno 
claim small amounts of scheelite are said to have been mined 
from scattered placer deposits, but no economically workable 
bedrock deposits have been found. The district has been pros
pected rathe~ ·thoroughly and although some smaller placer 
deposits may be found from time to time, it is unlikely that 
any of them will be larger than the deposits already known. 

Nacimiento district 

Nacimiento is a station on the railroad between Corral and 
Tonichi,. about 15 kilometers south of La Dura and 150 kilo
meters southeast of Hermosillo. It is accessible only by the 
railroad or by horseback, as the automobile road between La 
Dura and Ciudad Obregon passes 15 kilometers to the east, on 
the other side of a mountain range. 

The station is near the center of a northwest-trending area 
of granite about 5 kilometers wide and 15 kilometers long. The 
granite, which intrudes quartzite and andesite, weathers more 
rapidly than those rocks. As a result, erosion has carved from 
the granite a basin-shaped valley, surrounded by rugged hi.lls, 
wb.ich is bisected by the ~qui River. Scheelite is found in 
some of the pegmatite dikes and stringers in the granite, as 
well as in the placer gravels derived from them. The distribu
tion of-most of the dikes is irregular; they trend in many 
directions. Most are only a few meters long and less than half 
a meter wide. 

Deposits near Nacimiento.--About a ton of tungsten concen
trates was mined in 1943 from a dike and the adjacent placer 
gravel 1 kilometer west of Nacimiento. A few flakes of molyb
denite occur with the scheelite. Most of the ore production 
was from the placer gravels. 

Small scheelite-bearing stringers were discoverea on the 
east bank of the ~iver in May 1943. The shallow placer depos
its yielded only about a hundred kilograms. 

The recent gravel bhrs on both sides of the channel of the 
Yaqui River from Nacimiento downstream for several kilometers 
are kno~n to contain gold and scheelite, and they have been 
worked intermittently by gambusinos for many years. The bars 
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are at least 10 meters thick in some places, and may contain as 
much as a million cubic meters of gravel. and sand. Because the 
granite is highly jointed, the ~edrock surface under the bars 
is very uneven, and there are many large boulders which would 
interfere with dredging operations. It is reported that the 
gold values are fairly constant in all the bars, but that the 
percentage of scheelite decreases downstream from Nacimiento. 
The highest assay of a reliable sample of the bar nearest Naci
miento gave 0.1 percent of wo3 and 2.00 pesos of gold per cubic 
meter, but this content is severa~ times the average values. 

El Trueno mine.--The El Trueno mine is about 10 kilometers 
west of Nacimiento. It was not examined by the author. The 
mine is in granite, and probably is a pegmatite dike si~ilar to 
those at Naotmiento. During 1916 and 1917 it yielded 40 tons 
of scheeli te .concentrates, according to Frank Fast, and was 
abandoned in 1917. Since then it has been worked intermittent
ly by gambusinos, and the old workings are caved. Most ~f the 
gambusino production, which only amounts to a few tons of con
centrate, came from the dumps and from nearby placers. The 
property was idle ~uring most of 1943. 

Llano Colorado deposit 

Small stringers of scheelite-bearing pegmatite were discov
ered in 1943 in the hills about 7 kilometers north of Llano 
Colorado, a small settlement on the road between Hermosillo and 
Soyopa. A small body of granite intrudes quartzite and volcan
ic rocks, and the geology is similar to that of the La Dura 

.deposits. Some scheelite was mined from shallow pits in bed
rock but most of it was taken from the adjacent washes. About 
150 kilograms of concentrates containing 35 percent of wo3 had 
been taken out by the end of 1943. The district has not oeen 
thoroughly prospected and in the future other deposits may be 
found. 

VEINS IN GRANITE 

The tungsten-bearing quartz veins are probably closely 
related in origin to the pegmatite dikes. Two such deposits _, 
are known, the La Paz and the El Cobre. They lie at the mar-! 
gins of intrusive bodies of granite, and the El Oobre veins are 
adjacent to a small body of pegmatite. The mineral assemblage, 
however, is different from· that of .the pegmatite dikes;-

The La Paz and the El Cobre mines are in the Tecoripa dis
trict, about 100 kilometers east ·of Hermosillo. The El Cobre 
deposit had been worked for its coppe1· and molybdenum as early 
as 1910, but tungsten was not discovered there until 1942. The 
La Paz claims were located in 1943 on the westward extension of 
the veins of the abandoned Realito copper property. 

Mineralogy 

The gangue at the El Cobre mine is principally quartz and_ 
calcite. Metallic minerals are scheelite, chalcopyrite, molyb
denite, pyrite, and a little powellite and chalcocite. Second
ary iron oxides are prominent in the upper ·40 feet of the 
veins. The La Paz veins contain pyri.te and sche.eli te in a 
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gangue of quartz and calcite. Assays showed the presence of a 
little gold in one shoot ar..d barite is found in another shoot' 
but not associated with sct.eelite. The Realito mine, which 
worked the same veins 300 n.eters east of the La Paz claims, 
produced chalcopyrite and e~ld in a matrix of magnetite, 
pyrite, specularite, and V€ry little quartz. No feldspar, 
mica, or chlorite were notEd in the veins of either property. 

Tecc·ripa district 

Only two deposits of tt.ngsten are known in the Tecoripa 
district, the El Cobre and the La Paz. The Alaska, Dieciseis, 
Veta Grande, La Verde, Amal·gosa, and Realito copper mines, all 
in the same vicinity, were examined with the aid of an ultra
violet lamp but no scheelit.e was seen. The mineral deposits 
are all in steeply dipping quartz veins in grani t·~ near the 
periphery of the intrusive body. 1 

El Cobra mine.--The El Cobra mine is 15 kilometers north
west of Tecoripa and 120 kllometers east of Hermosillo, from 
whence it may be reached b~' automobile. The property was first 
worked in 1910 for gold, sllver, and copper. In 1923 the 
International Minerals Syndicate did some exploratory work, and 
in 1937 additional work wa~1 done by the Pefioles Company. In 
1943 the American Smelting & Refining Company acquired the 
property from W. C. Taylorl Jr., and was doing some underground 
exploratory work at the enCl of that year. Total production has 
been between 600 and 1,000 tons of ore containing copper, gold, 
silver, and molybdenum. Some of this ore must have contained 
some tungsten as well, but scheelite was not recognized in the 
mine until 1942. 

The country rock of thE• ore is fine-grained granite, with 
many local variations in cc1mposi tion and texture, which 
intrudes quartzite (fig. 1~'). Near the contact is an irregular 
body of medium-grained pe~tatite made up of quartz and pink 
orthoclase, much of it in graphic intergrowth, black biotite 
and abundant epidote, but no scheelite. 

The El Cobra vein s ystElm includes a group of more or less 
parallel, locally branching and curving veins which form a zone 
15 meters wide and 230 metE,rs long. Individual veins are from 
a few centimeters to 2. metE1rs wide, and average about l meter 
wide. In the veins the gr~mi te has been replaced by scheeli te, 
chalcopyrite, pyrite, and nolybdeni te in a matrix of quartz and 
calcite, and some pyrite and chalcopyrite are disseminated 
through the granite for several meters away from the veins. 
Thin stringers and anhedra:. crystals of 'scheeli te are scattered 
through most of the veins l>ut are most prominent in two shoots 
at the southwestern end of the vein zone. 

The workings consist of two inclined shafts 43 meters deep 
and 120 meters apart, more than 200 meters of drifts and cross
cuts, and several small stopes above the 21-meter level. 

The tungsten ore shoots probably contain 2.0 percent of 
wo3 , 1.0 percent of MoS2 , and as much as 6 percent of Cu. In 
the remainder of the veins there is 0.1 to 0.5 percent of wo3 , 
from 0.1 to 1.0 percent Mos2 , and as much as 12 percent of Cu,. 
according to a few assays. Th~ two known tungsten shoots prob
ably extend from the 21-meter level to at least 10 meters below 
the 45-meter level, and may contain as much as 4,000 .tons of 
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ore within these limits. Tungsten mineralization is as strong 
on the 43-meter level a·s it is in the higher levels, and may 
continue conside~ably deeper than is now known. 

La Paz deposit.--The La Paz tungsten deposit is about 8 
kilometers east of the ·El Cobre mine and about 20 kilometers 
north of Tecoripa. It can be reached by automobile from the 
El Cobre or from the road betwe~n Hermosillo and Soyopa. 
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Figure 17.--Geologic sketch map of El Cobre mine, Tecoripa 
district, Sonora. 

The three claims of the La Paz group are owned by William 
C. Taylor, Jr., of Nogales,.and cover the western extension of 
the veins of the old Realito copper mine. From April 1943 .to 
the end of that year 15 pits were dug on the veins and 3 shafts 
were sunk, one to a depth of 20 meters, but no ore was shipped. 
The~e is no water on the property, and the nearest spring is at 
La Oienega, 5 kilometers east and at least 100 meters lower. 

Tungsten occurs in a series of northeast-striking, verti
cally dipping replacement veins in granite. The veins consist 
of quartz, calcite, pyrite, and scheelite; one small shoot con
tains a 1i ttle gold. The pr.ese~t exposures indicate about 
3,000 tons of ore containing 2.0 percent of WQ5 to a depth of 
20 meters, the depth of the deepest shaft. All workings were 
still in ore at the end of 1943. 
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