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SCHEELITE DEPOSITS IN THE NORTHERN PART OF THE
SIERRA DE JUAREZ, NORTHERN TERRITORY,
LOWER CALIFORNIA, MEXICO

’

By Carl Fries, Jr., and Eduardo Schmitter

ABSTRACT

Scheelite deposits occur at many places in the northern part
of the Sierra de Judrez, in the northern part of Lower California.
The Silerra de Judrez forms the east side of the southern exten-
sion of the Peninsular Ranges of southwestern Californla, where
tungsten deposits also occur and have been mined. The region ex-
amined, which covers nearly 600 square kilometers, 1is 65 kilo-
meters by road northeast of Ensenada, a port on Ehe west coast,
and 88 kilometers by road southeast of Tecate, a town on the
railroad at the intermatlonal boundary. .

The rocks in the reglon consist of strongly folded, metamor-
phosed, late Paleozolic sediments intruded by early Mesozolec blo-
tite, hornblende, and quartz dlorite and by pegmatite dikes. The
metamorphle rocks consist mainly of schist but include thin beds
of hornfels, marble, and a little impure.quartzite, and the most
abundant igneous rock is quartz diorite. The metamorphic rocks
occur in northwest-trending belts and less regular groups as roof
pendants 1n the quartz dlorite batholith., Individual pendants
range in length from a few meters to several killometers.

Tactite, composed principally of garnet and pyroxene, has
wholly or partly replaced calcareous beds in the pendants along
or near contacts with the quartz diorite. 8Scheellite, the only
commercial tungsten-bearing mineral in the reglion, occurs mainly
in the tactlite, particulsrly along the under sides of steeply
dipping beds of marble, and its gangue therefore consists mainly
of garnet and pyroxene. A little scheelite is locally dissemi-
nated in all the other rocks. It 1s believed that the tactite
wag formed in part if not wholly after the pegmatite djkes were
emplaced, and that the scheelite was deposited at essentlally the
same time, for tactite minerals and scheelite weakly replace the
borders of soms of the pegmatite dikes that cut through the tung-
sten ore bodles.

Tungsten was first found in the region during World War I,
when the El Pendmeno deposit was discovered and mined. About
4,000 units of W0z was then produced, but at the end of the war,
when the price of tungsten dropped, mining was discontimued. It
was resumed, however, in 1937, and productioy from then until
December 1943, when mining was again discontinued for lack of
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74 GEOLOGIC INVESTIGATIONS IN THE AMERICAN REPUBLICS, 1944-45

ore, amounted to about 60,000 units of WOz, in concentrates aver-
aging about 65 percent WOz. Only the El %enomeno mine has made
any commerclial production.

It is eatimated that only 600 or 700 tons of ore containing
0.4 or 0.5 percent W0z remains in the El Fendmeno deposit, and
150 or 200 tons of ore containing about 1.3 percent WOz in the
La Raza ¥eposit. In the other deposits that have been prospect-
ed, there may be 26,000 tons of scheellte-bearing rock contain-
ing 0.25 or 0.3 percent WOz, but as such rock ls too lean to be
mined commercially at the current price of tungsten, and as none
of these deposlts appears to contain more than 6,000 tons of this
low-grade material, none of them appears to be worth developing.

There is some hope, however, of finding ore bodies larger
than those already known. As the scheelite is in tactite assocl-
ated with marble, new ore bodies are most likely to be discovered
by leoking first for large bodies of marble in and around the
larger bodies of metamorphic rock, and then prospecting any tac-
tlte associlated with them for scheellite. No pendant that does
not contaln marble 1s likely to yleld any significant quantity of
ore.

INTRODUCTION
Location

Tungsten depgsits are scattered through the northern part of
the broad Sierra de Judrez, in the north-central part of Lower
Californla. Those found hitherto lie within a belt 20 kilometers
wlde that extends southeastward for 40 kilometers from a point
about 25 kilometers south of Jacumba, Calif., which is on the
international boundary. The Sierra de Ju¥rez 1s the southeast-
ward extenslon of the Peninsular Ranges of southwestern Califor-.
nia, along the east side of which tungsten deposits have been
mined in several places, and the tungsten deposits in the Sierra
de Judrez form an extension of this southern California tungsten
belt.

The deposits examined lie between latitudes 32°03' and
32°17' N. and longitudes 115°53' and 116°08' W. (see fig. 14).
The Sierra de Judrez is there a rather gently rolling uplend-
having an altitude of about 1,500 meters, above which 1solated
hills rise 100 to 200 meters higher, and in which valleys are
incised to a maximum depth of sbout 200 meters. The region is
reached from Ensenada, on the west coast, or from Tecate or
Mexicall, on the International boundary, by dirt roads passable
for most of the year. The west side of the area is 65 kilometers
by road northeast of Ensenada, and the north end is 88 kilometers
by road southeast of Tecate, the nearest point on a railroad.
Most of the deposits examined can be reached by automobile, but
some lle 1 to 3 kilometers from the nearest road. '

The higher parts of the reglon are covered by a thin stand of
pine, but elsewhere trees are few and there is a fairly heavy
growth of unferbrush, mainly chamiza colorada and manzanita.

Only one arroyo in the area carries a perennial flow of water,
but in most of the large arroyos moderate quantities of water can
be obtained from shallow wells. The one perennial stream has
supplied sufficlent water to operate a 200-ton mill and to supply
the domestic needs of a village, near the El Fendmeno mine, with
over 200 inhabitants. At Los Gavilanes, the only other mining
settlement in the area, sufficient water for more than 150 people
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has been obtained from wells in the nearby é&rroyo, and these
wells were belleved capable of yilelding enough in addition to run
a 50-ton mill.

History

Tungsten ore was first discovered in the reglon during World
War I, when the El Fendmeno deposit, which earlier had been ex-
plored for’copper and gold, was mined for its tungsten. When the
price of tungsten dropped at the end of the war the mine was
closed, and it was not reopened until 1937, when the Cia. Minera
El Fendmeno again began to mine tungsten. Under the stimulus of
this mining operation the surrounding country was explored for
other deposits, but with little success. During 1941 and early
1942 the capacity of the El Fendmeno mill was increased to 200
tons, and in 1942 the Cia. Minera del Gran Oeste acquired some
properties near Cerro El Topo and began construction of a small
mill at a place that is now known as Los Gavilanes (see pl. 25).
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Figure 14.—~Index map showing location of tungsten district studied in Lower

California.

Late in 1942 the El Fendmeno company, realizing that its ore
was nearly gone, intensified its search for extensions of its ore

body and for other ore bodies.

In the spring of 1943 the Gran

Oeste company, having found its small mill unsatisfactory, began

construction of a new 50-ton mill.

Meanwhile the El Fenémeno

company, operated its mill at half capacity and purchased all the
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ore avallable, in an effort to stimulate exploration and develop-
ment by others. The Gran Oeste company carried on exploratory
and development work, as well as mining, during the summer and
fall of 1943, during which period it sold the ore it mined to the
Ei Fenomeno company while 1t continued the bullding of its own
mill,

'Despite the stimulus created by the well-operated El Fencmeno
mill, no deposit deemed rich enough or large enough to be mined
commercially was found, and in August, therefore, all exploratory
work by the El Fenémeno company was halted. Work on the Gran
Oeste mlll was halted in mid~October, and development and mining
of the deposits of this company ceased in mid-November.  The El
Penémeno company continued to feed 1ts mill with ore taken from
plllars and old tallings until the early part of December, when
1t shut down completely and prepared to sell 1ts equipment.

It is unlikely that tungsten mining will be resumed in the
region unless larger or richer deposits than these now known are
found, or unless there is a marked increase in the price of tung-
sten. A unit of W0, in scheelite concentrates containing 60 per-
cent WO, or more briught $22.60 in Mexico in 1943.

Pleld work

. Barly in January 1943 the senlor author spent 3 days in
reconnalssance in the tungsten area, and late in May he spent 5
days accompahied by the junior author in a further brief examlna-
tlon. He began a detalled study of the area in the first week of
September and finished it late in November. In this study the
senlor author was assisted by Kenneth Segerstrom, Topographic
Engineer of the Unlted States (teological Survey, who supervised
the topographic work. Except for a few rocks and minerals studled
in the laboratories of the Instituto de Geologia, in Mexico City,
the rocks and ores were examined only in the fleld, field deter-
minations belng deemed sufficient for this prellminary report.

The elevations shown on the maps are relative to an eleva-
tion, believed to be correct within 15 meters, established by
aneroid at the starting point of the survey, in the arroyo at the
mill site of the Gran Qeste company. The El Fenémeno and Cefro
El Topo sareas were connected by a road traverse, but, owlng to
the pressure of other work, road traverses to the Tio Pepe,
Olivia, and Pinalito deposits (see pl. 25) were not made; these
deposits were located by intersection from earller-establlshed
points, ;
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GEOLOGY

The rocks in the reglon are chiefly igneous but include
numerous bodies of metambrphosed sediments. The original sedl-
mentary rocks were shale Interbsdded with many thin beds of lime-
stone and a few beds of sandstone, all probebly of late Paleozoilc
age, Into these there were intruded, probably in early Mesozolc
time, small bodies of dark dioritic rocks and an extensive body
of light-gray quartz diorite. During the period of intruslon the
sediments were strongly folded and metamorphosed to schist, horn-
fels, and marble. Near the end of this period all the rocks were
Intruded by numerous dikes of pegmatlite, some of the lime beds
were altered to tactite, and the tungsten deposits were formed.
The rocks have since been deeply eroded, so that over much of the
reglon only the downfolded parts of the metamorphosed sediments
remain as pendants in the quartz dlorite batholith.

Metamorphic rocks

The most abundant of the metamorphic rocks 1s a dark-gray,
fairly coarse-grained schist, composed mainly of quartz, plagio-
clase, and blotite, with smaller quantities of muscovite and
chlorite., In general the schist is strongly crenulated and con-
torted. At El Pendmeno this rock occupies the greater part of
" the western side of the area mapped (pl. 27), and near Cerro El
Topo 1t occuples the western margin of that area (pl. 26); it
also underlies much of that part of the region which was ekamined
but not mapped in detail (pl. 25). The topography on the schist
1s smooth and rounded, in contrast to the rough and bouldery
topography on the quartz diorite.

Within the schist are a few thin beds of fine-grained horn-
fels, mostly light- or dark-gray but In part pale-green to nearly
white, consisting chiefly of plagloclase, pyroxene, and quartz
but locally containing a 1little garnet, vesuvianite, and blotite,
The hornfels, which generally occurs near beds of marble or
between schist and marble, probably represents a somewhat more
calcareous sediment than the shale that has been altered to
schist. The beds of hornfels generally pinch out along. their
strike, forming long thin lenses, In the El Topo area (pl. 26)
the hornfels crops out mainly in the belt east of the schist.

It was not mapped as a separate unit,
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. i

Beds of coarse-grained white to light-gray marble occur in a
few places. Only a few of these beds are more than 5 meters
thick; the thickest, at El Pendmeno, is 45 meters thick. The
marble beds are lentlicular, even where not cut off by Intrusive
rocks, and In some places they form a series of lenses more or
less nearly Iin a plane. As little definite evidence of faulting
has been found 1t seems probable that the original beds of lime-
stone were squeezed and separated into lenses during the forma-
tion of the schist; some beds, however, at El Fendmeno for exam-
ple (pl. 27), may have been cut off by faulting, and others were
cut off by intrusion of the diorite. The greater part of the
marble 1s white, though some, contalning flakes of graphite, 1s
gray, and some has a pale-blue tint which apparently fades out on
long exposure to sunlight. Most 1f not all of the marble con-
sists of calcite rather than dolomite. It 1s highly soluble
under weathering, and many small caverns occur within and along-
side the beds, some extending at least as deep as 90 meters.

No pure quartzite was found in the region, but a few thin
beds of quartzitic rock, apparently derived from sandy beds, were
noted in the schist near the El Fendmeno mine. .

Every bed of marble that was examlined grades into tactite
along some part of its outerop, and almost every zone of tactite
encloses remnants of marble. The tactlte consists principally of
lime~silicate minerals—garnet, diopside, hedenbergite, vesuvian-
ite, axinite, tremolite, wollastonlte, and epldote—with quartz,
calcite, and sulfide minerals—pyrrhotite, pyrite, arsenopyrite,
and chalcopyrite-—and less commonly feldspar and mica. The tac-
tite 1s either pale~ to dark-green or pale- to dark-brown,
depending upon the relative sbundance of pyroxene and garnet, and
i1s coarse-grained in some places and fine-grained in others. Its
contacts with adjacent rocks are nowhere sharp; it grades into,
marble on one side where marble is present, and into hornfels,”
schist, or diorite on the other. The tactite zones range in
width from a few centimeters to as much as 40 meters. The tac-
tite was formed by a reaction of flulds from the intrusive dio-
rite with the more calcareous beds in the Intruded sediments—

a reaction that Involved much chemical change.

Igneous rocks

What are probably the oldest igneous rocks in the region ex-
amined are dark-gray, fine- to coarse-grained blotite and horn-
blende diorite. The biotite diorite is generally darker and .
finer-grained than the less abundant hornblende diorite, which is .
generally somewhat porphyritic. These rocks occur at only a few
places; they are most abundant in the northeastern part of the
El Topo area (pl. 26), though they occur also along the road mid-
way between Los Gavilanes and Rosa de Castlilla. They may repre-
sent an early phase of the quartz diorite intrusion. Owlng to
their relative unimportance, they are not distingulished in plate
26 from the schist and hornfels.

A light-gray, coarse-grained biotite-hornblende diorite near
the center of the El1 Topo area is included in plate 26, with the
main body of quartz diorite, from which it differs only in con-
taining 1little or no quartz, It may have been Intruded before
the quartz dliorite, but no-actual line of division between the
two rocks has been found..
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The prinecipal igneous rock in the region is a light-gray,
coarse-gralned diorite containing abundant quartz and a 1little °
biotite and hornblende. The feldspar is principally andesine but
includes a small quantlity of orthoclase. In general the smaller
bodles are finer-grained and contain more qusrtz and blotite than
the larger ones, and their follation is more  pronounced. The
quartz diorite weathers to a light rusty color and produces &
rugged, bouldery topography. It crops out over a larger area °
than any other rock in the région,.extending northward into the
United States, where it is well exposed along U. S. Highway 80 in
the pass east of Jacumba, Calif. It 1s apparently the source
rock of the tungsten in the regilon. =

Pegmatite dikes from a few centimeters to as much as 4 meters
wlde are numerous in parts of the reglon, particularly in meta-
morphosed sediments near the borders of the larger bodies of
quartz diorite. Many of these dikes contain small quantlties of
tourmaline and, less commonly, of garnet. Only the larger and-
more consplcuous of these dikes were mapped.

A fine-grained quartz-diorite (?) dike that occurs along the
west side of the El Topo area (pl. 26) contains less biotite and
hornblende than the typlcal quartz diorite and may be more close-
1y related to granite in composition. ’

.

Structure

The areas mapped in detail were not large enough to determine
the broad structural features in the Sierra de Jufirez in more
than a general way, but 1t seems evident that the rocks have been
complexly folded, with major %old axes trending north-northwest.
The principal structural trend in the region is N. 25%-35° W.,
with local deviations around embayments of sediments in the dio--
rite, such as that near Los Gavilanes (see pl. 26). The prevail-
ing dips of the metamorphosed sediments are between 40° and 659,
and theodip' of the follation in the schist is,generally greatdr
than 75°. -

For long distances the igneous contacts are nearly parallel
in dip and strike to the adjacent beds, but when followed far
enough along the strilke or down the dip they are found to cut
gradually across the bedding. All beds of marble and tactite
near an igneous contact will presumsbly be thus cut off donnward
by the igneous rock, if they do not pinch out first. This out-
ting off is well illustrated in the El Fenomeno mine (pl. 28}, tn
the La Raza mine (pl. 31), and in the Los Allados de Amérieca mine
(pl. 34). As all the smeller bodlies of metamorphosed sediments
that could be well observed are wedgellke pendants in the blotite
diorite or the quartz diorite, the larger bodies in the ragien
probably have somewhat the same form. )

No major faults were noted in the areas exsmined in detall,
but small-faults were suspected at several places, notahlz nenr
the El Fendmeno mine (pl. 27). These faults are apparently older
than the dlorite intrusion. No faults closely sssociated wifh
the ore bodies were found.

TUNGSTEN DEPOSITS

~

The largest known tungsten deposit in the region 1s th Bl
Pendmeno, which is in the southwestern corner of the ares
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examined (pl. 25). The smaller deposits are most numerous near
Cerro El Topo (pl. 26), where more than 25 separate deposits have
been found within an area of 10 square kilometers. A group of 6
or 8 deposits has been prospected near Corte de Madera, about 10
kilometers northeast of El Fendmeno, and two other deposits a few
kilometers farther nSrth, the Pasadena and El Pinallto, have been
prospected or mined. The Olivia deposit, some 15 kilometers
east-northeast of El Fenémeno, has ylelded a little ore. A group
of four deposits on the S8ocorro claim, which is about 5 kilo-
meters south of Cerro El1 Topo, has been slightly prospected, and
work has been done on some deposits on the Tfo Pepe claim, 11
kilometers east-southeast of Cerro El Topo. All these deposits
were examined, but fdot all of them were mapped in detall.

A deposit is sald to have been found some 25 kilometers by
road northwest of Los Gavilanes, and some ore occurs about 15
kllometers by rocad farther northwest, but neither of these local-
ities was visited. Many others undoubtedly occur in the area
examined, as well as farther north and south, but prospecting has
been rather hampered by the relative inaccessibility of much of
the country and the prospectors?! lack of familiarity with tung-
sten minerals.

Qocurrence .

Scheelite, the only tungsten mineral in the region, occurs
mainly in tactite on or near contacts with quartz diorite. A
scheelite-bearing zone that is mostly in tactite may extend for
@ sbort distance out into the adjacent marble, hornfels, schist,
or quartz diorite, but all the commercial ore is confined to the
tactite, The width of the zones rich in scheeliie ranges from
less than a centimeter to as much as 17 meters, but it 1s gener-
ally less than 2 meters. These zones rarely maintain a constant
wldth for more than a few meters, being rather pockety or lentic-
ular. An ore zone is generally about parallel to the walls of a
body of tactite, which may form an 1ll-defined sheet between mar-
ble and quartz diorite or may replace irregularly.a part or all
of & bed of marble. In some deposits the ore zZone 1s on the mar-
ble side of the body of tactite, in others on the dlorlite side,
and in still others wholly within the tactite. There is no con~
stant relation between the width of the tactite zone and the
width of the scheelite-bearing zone. Many bodles of tactlite are
barren or nearly so. .

The ore bodies generally have dips of 45° to 65°, being
roughly conformable to the enclosing marble beds or to contacts
between quartsz diorite and marble. Where exploratory work has
fully outlined the ore bodles, they seem to narrow downward,
having profilee like that of. a half-opened fan. In the El
Penémeno deposit (pl. 28), the sides converge toward a point
scmewhat more than 93 meters below the outerop, and in the El
Topo deposit {pl. 35) they apparently converge toward a point
abogut 30 meters below the outcrop. In some other deposits,
including ‘the Los Allados de América (pl. 34) and the La Raza
{(pl. 31), the ore bodies are cut off at depths of 10 to 20 meters
by the underlying intrusive rock. It 1s to be expected that
most of the other deposits in the region, when they are thorough-
1y explored, will likewise be found to taper downward or to be
cut off by the diorite., The maximum depth to which a deposit may
be expected to extend is apparently somewhat less than the length
- of 1ta.outcrop. 8
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Prospecting 1s most likely to be successful on and nsar con-
tacts between the quartz diorite and moderately large bodles of
metamorphic rock. Small pendants, even if they contain good ore,
can hardly yileld any considerable tonnage. Large beds of marble
should be sought, and they should be searched for tactite and
scheellite. Most of the beds of marble in the areas examined in
detall are so small that they cannot contain sufflcient ore to
support commercial mining operations.

Mineralogy

The scheelite (CaW0,) in this region forms small equidimen-
sional crystals, which ére white in fresh rock but pale-yellow in
strongly weathered rock, where they are coated with thin films of
secondary tungstic oxide., The fluorescence color of the scheel-
ite 1s bright blue-white, indlcating that the mineral contains
1little or no molybdenum, and a low molybdemum content is more
definitely shown by chemlcal and spectrographlic enalyses.

The most abundent of the minerals that accompany the scheel-
ite in the best-explored deposits are light- to dark-brown gar-
net, brownish-green vesuvianite, dark-green diopside and heden-
bergite, quartz, calcite, and gray to pale-violet axinite. The
relative proportions of these minersls vary from one deposit to
another and from place to place in each deposit. In a few depos-
its other lime-silicate minerals, such as white tremolite and
wollastonite and dark-green epidote, are more abundant than those
named above., Sulfides occur in all the ores below the zone of
weathering, which generally extends to a depth of at least 5
meters. The princlipal sulfide mineral 1s pyrrhotite (magnetic
iron sulfide); pyrite is second in abundance, and chalcopyrite
and arsenopyrite are generally scarce. Small quantities of mag- .
netite and hematite are present in all the deposits and st least
traces of gold have been found in most of the ores.

Preliminary table concentrates of ores in the reglon conslst
mainly of scheelite and garnet, though they contain small quanti-
ties of other heavy lime-silicate minerals and of lron oxides and
sulfides, An assay 1/ of table concentrates from ore from the
El Topo deposit gave the following percentages: 34.66 WOz,

0.76 S, 0.16 As, 0.14 P, 0,02 Cu, and a trace of Sn. A spectro-
gram made at the same time gave the following results: :

Ma jor metallic elements: W, Ca, 81, and Al.

Intermediate metallic elements: Mg and Pe.

Minor metallic elements: :
Percent Percent Percent
Tieeeeos I-a Clececes 5-65 COsevsee «00

Miesosoe ol 5 JRSN .05 Clecsess .001
Blessoos ol SNeseese 01 Niceoseo .001
ABeceess ol Vesoosse 01 BGecooosn ».001
MOeseosne «051 Brececsee +0051 ABevsoee Present

Most of the non-metallic and metalllc minerals in the table
concentrates can readlly be separated from the scheellite in an
electro-magnetic separator, leaving high-grade concentrates that

[

. 1/ Assay by Smith, Emery & Co., Los Angeles, for the Cfa, Minera El
Fenémeno,

-
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contaln from 60 to 70 percent WO3. A 30-ton shipment in May 1943
of concentrates after electro-magnetic separation gave the fol-"
lowing assay:2
Percent
WOBeeseooeoceescsnsnencaccnannans 66.90
ASceeresresencseescsosensacsannana «13
sseessecessssssetosnnsssncnansts <06
CUseesoessceessesssscsnscsasosnssance 02

5 00

Another 30-ton lot shipped in July gave the following:

Percent
WOBeeoeenssnconscosooocosossnsanss 68.03
Sieereeecececnensasssasssosenanas .08
ABeceesceserssncreccescoscsonnssn .04 .
CUeeoresevesoessescascscavsescnsnas .00

Bllevsssicacccevnsocenonscscncanns .00

Origin

The tungsten deposits in the region are of the pyrometasomat-
ic or replacement type. They were formed adjacent to intrusive
quartz dlorite, In chemically favorable beds that were for the
most part highly calcareous, by reaction of fluids from the dlo-
rite ‘with calcium carbonate. The movement of the fluilds was un-
doubtedly directed in part by fractures, which caused some beds
to be replaced while others wers not, but no commercial ore was
formed where calcareous beds, chiefly marble, were not present.
In general the larger bodies of calcareous rock contain the
larger bodies of tungsten ore, but there are exceptions to that
rule, and a large calcareous body does not necessarily contalin a
proportionately large deposit of scheelite.

Intrusion of the quartz diorite was accompanied by metamor-
phlism of the sedlmentary rocks to schist, hornfels, and marble.
After the intrusive rock had consolidated sufficlently to frac-
ture, numerous pegmatite dikes were injected into 1t and the
adjacent metamorphlc rock. Partly, perhaps, during the emplace-
ment of the pegmatite, but certainly in part after its emplace-
ment, flulds escaping from the crystallizling magma reacted with
the calcareous beds to form tactite, as shown by a weak replace-
ment by tactite minerals of some of the pegmatite that cuts the
tactite bodles. The scheelite probably was deposited during and
Immedistely after the formation of the tactite, in which 1t gen-
erally forms euhedral crystals. As a little scheellte occurs in
- the outer borders of the pegmatite dikes that cut through ore
bodies, it apparently was deposited after the pegmatite was
emplaced., The size and richness of the tungsten deposits are
clearly independent of the presence or absence of pegmatite
dikes. The tungsten-bearing fluids contained considerable quan-
titles of sillca, for irregular masses and abundant small crys-
tals of quartz occur in the largest and richest ore bodies.

PRODUCTION AND RESERVES

The production of tungsten from this region during World
War I 1s not known but is roughly estimated at about 4,000 units

2/ Assay by Ledoux & Co., Rew York, for the Cfa. Minera El Fendmeno.
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of WOz, The production between 1937 and December 1943, when min-
ing ceased, amounted to about 60,000 units of W0z, in concen-
trates averaging roughly 65 percent WOz. All bu% 3,300 units was
produced from the El1 Fenémeno deposit, the rest having been mined
during 1943 from nine other deposits In the region. All the
final concentrates were produced in the El Fendmeno mill; about

4 tons of low-grade concentrates produced in the first mill of
the Cia. Minera del Gran Oeste was sold to the El Fendmeno compa-
ny and reconcentrated., An itemlzed account of the sources of the
tungsten 1s given in the following table:

Sources of tungsten produced in Lower California

Average percent|Units of W
Deposit Period Togilggd?re W03 in ore recovered gg
milled concentrates
El Fenémeno....(1917-19 5,0004 0.9% 4,0003¢
El Fenémeno....{1937-43| 100,000 0.7# 56,7004
La RaZBecceecons 1943 1,480# 1.3% 1,650
El AudaZ.cessae 1943 3004 0.9% 2203
El TODPOsesensse 1943 2503t 1.75% 350%
Los Aliados de
América..cee. 1943 703 1.48 835
Bl Dieciséis
de Septlembre 1943 121 0.91 96
La Esperanza... 1943 86 0.80 58
CienpiéS.ceescos 1943 58 0.55 29
Oliviaicecosees 1043 36 1.33 43
El Pinalito..ss 1943 26 0.83 19
108,060 64,000
* Estimated

It has been virtually impossible to explore and measure the
ore bodles iIn advance of mining, because of their pockety, lenti-
cular forms and the unpredictable downward courses of the intru-
sive contacts, which have sharply cut off some ore bodies that
were expected to continue to greater depth. As the shape, size,
and tenor of a deposit havé never been accurately known until the
deposit was mined out, estimates of reserves must necessarily be
very rough. The tonnage and grade of the remaining ore can be
estimated only from what is recorded concerning ore already mined
and from general geologic evidence.

Theé El Fendmeno deposit yielded from the upper levels more
than 70,000 tons of ore, averaging 0.7 percent WOz or more, but
ore from thé two lower levels, mined during 1943, averaged less
than 0.4 percent, and much of that last mined contained less than
0.2 percent. Both sides of the body of commercial ore—material
containin% at least 0.4 percent of WOz—have approached the shaft
in the bottom levels, as if converging toward a point just below
the bottom of the shaft (see pl. 28). The bottom of the ore body
thus appears to have been nearly reached, and it is estimated
that only 600 or 700 tons of ore containing 0.4 or 0.5 percent
W0z, remalns in the mine.

Two other deposits in the region have been virtually mined
out, having been cut off by intrusive rocks. One of these, the
Los Allados de América, produced 703 tons of ore averaging 1.48
percent WOz, and about the same tonnage of rock containing little
or no scheblite was discarded under ultraviolet light. The other
deposlt, the La Raza, produced about 1,500 tons of ore averaging
1.3 percent wos, and probably not more than 150-or 200 tons of
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ore of the same grade remains in the mine. This ore also was
carefully sorted under ultraviolet 1light, somewhat more rock be-
ing discarded than was milled. With the exception of the El
Fenomeno deposit, these two have ylelded larger tonnages of high-
grade ore than any of the other deposits in the region. Yet the
aggregate cost of exploration, road construction, mining, trans-
portation, milling, and taxes was greater than the value of the
ore recovered. These deposits did, indeed, come close to paying
for themselves, but all the others mined in the region, except
the El Fendmeno, have caused considerable loss to the owners.

The geology of all the other deposits examined in the region,
again excepting the El Fendmeno deposit, is similar to that of
the La Raza and Los Alliados de América deposits. None seems to -
hold much promise of being significantly larger, and, moreover,
the ore bodies exposed are lower in grade than those mined.
Although a deposlt of ore containing as 1little as 0.4 percent
WO, was generally considered commercial at the 1943 prlce of
tuggsten if 1t was fairly large, the small size of the umined
deposits would prevent them, in the writers'! opinion, from being
profitably mined even though they were found to contaln some
high-grade ore. Where ore must be hauled to a mill more than. a
few killometers away, a deposit containing less than 2,000 tons
generally cannot be considered commercial unless the ore averages
better than 0.8 percent WOz. No deposit with more than 100 tons
of ore as rich as this is known to remain ummined 1n the region,
except the El Fenbémeno and La Raza deposits, which contaln in all
somewhat less than 1,000 tons.

The tonnage and grade of tungsten-bearing rock estimated to
remain in each of the deposits that have been explored are given
in the table on the next page, which does not include the indi-
cated ore in the El Fendmeno and La Raza deposits. If the data
in this table are correct, none of these deposits can be mined
commercially at the 1943 price of tungsten.

MINES AND PROSPECTS
Deposits mapped in detall

El Fendémeno

The Bl Fendmeno mine is in the southwestern corner of the
area examined (pl. 25). In 1943 1t was under lease to the
Cfa. Minera El Fendmeno, by which it was being operated.

Geology.—The El1 Fendémeno deposlt extends along an intrusive
contac etween quartz diorite and metamorphosed sediments (see
pls. 27 and 28). The quartz dlorite, the main body of which
occupies the eastern part of the area, has been intruded into a
series of sediments consisting chiefly of shale but including
beds of limestone and impure sandstone, and has metamorphosed.
them to schist, phyllite, hornfels, marble, and Impure quartzite.
West of the main body there are three small areas of the quartz
diorite. The marble forms two principal belts, the largest of
which extends continuously along the main intrusive contact for
330 meters and has a maximum thickness of about 45 meters. A
second, smaller belt lies a few meters farther west. The marble
is white, light-gray, or pale-blue and 1s coarsely crystalllne,
It 1s rather soluble and contains caverns and wilde fissures that
extend as deep as the deepest workings, 93 meters below the sur-
face.
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Tactite, consisting malnly of garnet and diopside, occurs
around the edges of the marble at many places and also forms
irregular masses within the marble. A few pegmatite dikes cut
through all the rocks, being especlally numerous in the metamor-
phic rocks near the diorite contact. In some places they contain
small quantities of tourmaline and garnet; in other placea they
consist mainly of quartz.

Tungsten-bearing rock in explored deposits

: Average )
Name of deposit | mining width | Estimated tonnage |Percent \n»i()5
in meters
El Audaz...-...... 103 2,000 0.3 =-0.4
El Dieciséis de :

Septiembre....s. 1.2 4,000 1 - 2
Pearl Harbor...... 1.2 6,000 2 = 3
El TOPO.-...-...O. 1.2 6,000 2 = o3
El Pin&lito.....o. 102 500 .2 - 03
Cienpiés.-........ 4.0 2’000 D =~ o4
01iviQeececoosssas 1.2 3,000 o3 =~ o4
Pasadenf...cccecee 1.2 2,500 3 = o4

TOTAL...Q..... 26,000 0.25“0&3

The metamorphic rocks strike northwest, The beds of marble
dip, on the average, 65° SW., but the follation of the schist is
everywhere nearly vertical. The larger belt of marble is cut off
at both ends by the dlorite, and exposures of the contact in the
underground workings indicate, also, that the marble terminates
downward against diorite. The smaller belt of merble pinches out
at the south end and is probably cut off by a fault at the north
end, and it may be cut off at shallow depth by the dlorite (see
pl. 28). The diorite contact is rather irregular in both strike
and dip. Its dip, though locally a 1little steeper than the bed-
ding of the sediments, 1s generally somewhat flatter. At two
places west of the main body the dlorite has invaded the metamor-
phic rocks and has separated most of the marble from the rest of
the metamorphic rocks, so that wedges of marble pinch out down-
ward in the diorite. The marble beds are apparently cut off jJust
north of the center of the area shown in plate 28, by a fault,
which, as 1t does not affect the main dlorite contact, is presum-
ably older than the diorite. Some of the principal pegmatite
dikes are parallel, and the others about perpendicular, to the
strike of the metamorphic rocks. .

‘ Ore deposit.—~—Virtually all the tungsten is 1n the mineral
scheellte, which 1s almost everywhere accompanled by garnet but
1s not constantly associated with any other mineral. Garnet pre-
dominates in most of the ore, but locally vesuvianite, axinlte,
dilopside, quartz, or calcite predominates. A small percentage of
the ore has a gangue of quartz diorite, with a scattering of
lime-silicate minerals. Minor quantities of iron oxides and sec-
ondary copper minerals occur in the weathered part of the ore
body, and sulfide minerals (pyrite, pyrrhotite, chalcopyrite, and
arsenopyrite) occur in the fresh rock. In ore near the surface
and along caverns and open fissures ln the marble, where the rock
is strongly weathered, the scheelite is so friable that there is
considerable loss by sliming in the mill, but in fresh rock the
scheelite is firmer and more easily recovered.

Although in some parts of the deposit the entire zoné of tac=-
tite between the marble and the quartz diorite is commercial ore,

668013 O - 45 - 2
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that 1s not usually the case. In general most of the best ore 1is
on the marble side of the tactite zone, but at some places the '
tactite near the marble is barren and that near the dlorite is
good ore. The few pegmatite dikes that cut through the ore body
are barren except where they come in contact with the ore body;
there they contain a few crystals of scheelite in thelr outer
borders. .

The main ore body is in the zone of tactite between the large
mass of marble and the main body of diorite (see pl. 28). The
full length of the scheelite~bearing zone at the surface is 185
meters, but the length of the commercial ore body 1s only 120
meters. The ore body has a profile somewhat like that of a fan,
and the shaft has by chance been placed in the center (see pl.
28). The sldes appear to be converging toward a point jJjust below
the bottom of the shaft, which has reached a depth of 93 meters,
for at that depth the ore is only 4 or 5 meters long and about 3
meters wide. Its width in the upper part of the deposit has var-
led from 0.2 to 17 meters, averaging about 4 meters. Much of the
best ore was in large pockets or thick lenses. Some ore has been
mined from irregular veinlike masses of tactite extending from
the main body into the marble, as shown at the south end of the
tunnel and on the 250-foot level (see pl. 28).

The middle part of the northwestward extension of the 200-
foot level 1s in rock containing less than 0.2 percent WOz, but
the rock 1s somewhat richer near the end of the drift, Jjust
beyond which the marble and tactite are cut off by the dlorite.
There may be another, though smaller, fanllke ore body in the
north end of the mine, where some ore has been stoped from above
the 200-foot level, but that ore was so narrow (generally less
than 1 meter wide) that much barren rock had to be removed and
mining was not profitable. Owing to this fact and to the pres-
ence of deep, broad fissures along the marble, which further
tended to increase mining costs, no exploratory drifts were run
at lower levels.

In the crosscut leading to the mill, traces of scheelite
occur at three places west of the main ore body, but as these
zones are narrow and contaln less than Q.1 percent WO., they have
not been explored. Where the first zoné was cut, oppgsite the
shaft on the 200- and 300~foot levels, it is less than 0.3 of a
meter wide. Outcrops of scheelite-bearing rock separate from the
principal ore body occur at two other places in the area. The
larger outcrop is in the tactite zone west of the main bed of
marble, just south of the center of the area shown in plate 28,
and near a quartzose part of a pegmatite dike. As the outcrop is
not extensive and the rock not of commercial grade, no explora-
tory work has been done. A somewhat smaller outcrop is explored
by the westermmost trench, just west of the center of the aresa,
but no commercial ore was uncovered. Trenches on the dilorite
contact at three places north of the north end of the mine (see
pl. 27) revealed no trace of tactite or scheelilte.

Mill practice.—The mill at the El Fendmeno mine comprises
two nearly identical units, which together can mill about 200
tons a day (see pl. 29). After passing over a 3/4-1inch grizzly,
the ore is put through a Jaw crusher and sent to a 16-mesh
vibrating screen, where it 1s mixed with water. The oversize
from the screen goes to a 4- by 4-foot center-discharge ball
mill, whose discharge returns to the screen. The underslze 1s
separated in a rake classifier into sands and slimes, the sands
going to Overstrom tables and the slimes to a Wilfley table. The
concentrates from the tables go to a storage bin; the tails to a
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thickener, where water is recovered and the solids are discharged
to the dump; and the middlings go to another set of Overstrom
tables. The concentrates and tails from these tables are treated
1like those from the primary tables, and the middlings go to a
third set of Overstrom tables. From these tables the tails are
discharged to the thickener, and the concentrates and middlings
go back to the first set of tables. The concentrates from the
storage bin are retebled on a small Overstrom table, from which
the concentrates go to another storage bin for magnetic-separa-
tion. The middlings and tails go back to the first set of
tables. The final table concentrates, which consist mainly of
acheelite and garnet but include sulfides, iron oxides, and sev-
eral heavy lime-silicate minerals, contain from 25 to 35 percent
N05.

These final table concentrates are dried in an oil-heated
rotary drier and fed to a magnetic separator, where three magnets
of successively higher intensity pull out the iron-bearing min-
erals. The non-magnetic concentrate 1s returned to the drier and
roasted, after which it 1is again put through the separator. The
final non-magnetic concentrate 1s nearly pure scheellte and con-
tains from 65 to 70 percent WOz. A middlings product taken at
the second and third magnets and at the non-magnetic discharge is
sent back to the vibrating screen. The rest of the material )
pulled out by the magnetic separator is stored ssparately and 1is
periodically returned to the mill circuit, Thus the only scheel-
1te lost is that carried away in the main tallings discharge.

Tallings from hard fresh ore have assayed 0.05 to 0.08 per-
cent in WOz, averaging a 1little less than 0.07 percent. A4s cal-
culated frgm assays of the tailings and the amount of W0, recov-
ered in the final concentrates, mill recovery has varied from 75
to a little better than 90 percent and averaged about 85 percent.
Recovery largely depends, of course, upon the tungsten content of
the ore milled, being better from high-grade than from low-grade
ore. It also depends upon physical condition: soft weathered
scheellte slimes readily, which causes a loss of tungsten, tall-
ings from smaell runs having assayed as high as+«0.15 percent WO,;
-but, since nearly all the weathered ore milled In the past yea§
contained more than 0.8 percent W0z, flnal recovery was better
than 80 percent.

Production and reserves.——Production from the El Fenémeno
deposit during World War I is not known, but it i1s estimated to
have been, very roughly, 4,000 units of W0,. Between the time
the deposit was reopened in 1937 and DecemBer 1943, when mining
ceased, about 60,000 units of W0z was produced in concentrates
averaging gbout 85 percent WO0z. During the first two or three
years of renewed mining the average WO, content of the ore varled
from 0.8 to 1.0 percent, but later it aropped to about 0.7 per-
cent. After the middle of 1942, when the enlarged mill was put
in service, leaner ore was mined, so that the WOz content dropped
rather abruptly, until 1n February 1943 1t was lgss than 0.2 per-
cent, ' i

Between the beginning of October 1942 and the end of February
1943, 21,590 tons of ore, averaging 0.30 percent W0,, was mined
and milled. From February until late in July, when systematlc
mining ceased, the ore probably did not carry more than 0.3 per-
cent of WOz, even though productlon was cut in half and an effort
was made to-mine only the best ore available in the lower part of
the deposit. The mill heads, however, were kept somewhat higher .
by admixture of higher-grade ore from other deposits. Between
October and December the company milled all old tailings from
earlier operations, all dumps contalning 0.25 percent WOz or
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more, and 8ll slabs and pillars of high-grade ore that could
safely be taken from the mine. About 500 units 1n concentrates
was produced during this clean-up period. Mining and milling
ceased early in December 1943,

More than 1,000 tons of ore containing at least 0.6 percent
WOz remains in plllars in the mlne, but this ore cannot safely be
removed. The results of past mining operations indicate that 600
or 700 tons of ore containing 0.4 or 0.5 percent WOz remasin in
the bottom of the mine. Without the aid of extensive exploratory
work, there can be no basis for believing that there is a larger
tonnage. Some ore may possibly remain at deeper levels 1n the
north part of the mine, and there may be ore along one of the
diorite contacts weat of the maln contact and below the bottom of
the mine, but the chance of finding other ore bodies 1s hardly
good enough to warrant the expense of exploration by means of
crosscuts and drifts. Diamond drilling seems to be the only
feasible method of exploration, and mining should not be resumed
until drilling has revealed sufficlent ore to justify it.

El Audaz

The El Audaz mine (pl. 30) 1s located just across the arroyo
from Los Gavilanes, in the northeastern corner of the El Topo
area (pl. 26). The deposit 1s controlled and was operated by the
Cfa. Minera del Grand Oeste. It is in a small pendant of marble
and tactite, 90 meters long and 15 to 50 meters wlde, in schist
intruded by dark-gray fine-grained blotite diorite, about 120
meters northwest of the main body of quartz diorite. On the sur-
face the pendant is cut off at both ends by biotite diorite,
which probably cuts it off underground, also, at relatively shal-
low depth. Small i1rregular masses of quartz diorite crop out
Just east of the center of the tactite body, and presumably the
dlorite Increases in abundance downward.

The entire pendant may originally have been & single bed of
limestone, most of which was altered to tactite after Ilntrusion
of the quartz dlorite. Several small dlkes of pegmatite, the
largest of which are shown on the map (pl., 30), cut all the
rocks.

The marble 1s white to light-gray, and most of it 1s coarsely
crystalline. Its contacts with the tactite are irregular, though
in general nearly parallel to the beddlng, which strikes north-
east and dips 50° to 60° RW. The tactite consists mainly of
light-gray to pale-green pyroxene but everywhere contalns garnet;
in places it also contains abundant quartz, calcite, and vesuvi- !
anite. Sulfide minerals, though weathered to oxides near the sur-
face, occur in fresh rock in the deepest workings. The scheel-
ite, general forming very small white grains, occurs in dense
fine-grained tactite, more abundantly in the green tactite than
in the brown.

The workings include four pits and two adits, one of which is
connected with the surface by an incline shaft and has a lO-meter
winze. Four nearly parallel acheelite-bearing zones of tactlte
are exposed, each on the southeast side of a marble bed. Only
one of the scheelite-bearing zones found thus far is wide enough
and rich enough to be regarded as possible commerclal ore. This
zone crops out farthest south and is exposed in the drift and
winze in the largest workings (see sections and map of adit on
pl. 30). The maximum length of this zone at the surface appears
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to be aboutt 35 meters, and its width in the part explored varles
from a few centimeters to 2 meters, averaging about 1 meter. In
one place this zone has been followed for a distance of 28 meters
down the dip. At that depth the ore~bearing zone is about 0.7 of
a meter wide. Two pegmatite dikes that cut through the ore body
are barren.

About 300 tons of ore, averaging roughly 0.9 percent WOz, has
been selected from the rock mined and has been milled at El
PFendémeno. The last hundred tons or so of selected ore averaged
somewhat less than 0.8 percent W0z, but the grade could have been
raised a l1ittle by more careful selection. About 200 or 250 tons
of rock was mined from the winze, which was sunk on the ore body,
and about 60 tons of this rock has been selected for milling.
Probably this selected material does not contain more than 0.4
percent W03 and would have to be re-sorted before shipping.
Although most . loose waste rock had to be removed because of the
cavernous nature of the material in the winze, it is doubtful
whether the ore body could have been mined at a profit even 1f
the rock had been solid. ‘

Assuming that the ore body is mined at a minimum width (1.3
meters or less), the maximum tonnage that might be expected from
the deposit is estimated to be mbout 2,000 tons of rock averaging
0.3 or 0.4 percent W0,. By careful selection under ultraviolet
light a somewhat smaller tonnage of higher-grade ore could be
sorted out. As the production cost of the ore already mined has
been several times its value, it is highly improbable that this
deposit could be mined commercially even at the present stage of
development., Without further exploration it cannot be presumed
that this pendant contains any other body ef ore.

La Raza

The La Raza mine, which is controlled by the Cia. Minera del
Gran Oeste, 18 600 meters west of Los Gavilanes, in the north-
eastern corner of the El Topo area {pl. 26). It is in a small
pendant of metamorphic rock, 21 meters long, 13 meters wide, and
16 meters deep, in quartz diorite and biotite diorite (see pl.
31l). On the east side the pendant is cut off by the dark dlo-
rite, and on the other sides and the bottom it is cut off by the
quartz dlorite, which also cuts off the darker blotite diorlite.
This pendant consists malnly of garnet-diopside tactlte but con-
tains hornfels and schist., The tactite probably was formed by
'gomplete replacement of thin beds of limestone.

Three other larger pendants, composed mainly of hornfels and
schist, near the La Raza mine are wholly or partly Included in
the area shown in plate 31. They strike northeast and dip about
509 W. Two of these contain thin lenses of tactite, which
because of their discontinuity and poor outcrops were not mapped
separately. Pegmatite dikes, which trend north-northeast, are
more numerous near the La Raza mine than at any other place in
the region. The intrusive contacts are steeper than the bedding
in some places and less steep in others. .

Scheelite occurs in the pendants at six or seven placea. In
the southermmost exploratory workings in the long southeast pend-
ant, the scheelite is assoclated with hornfels, but elsewhere 1t
1s assoclated with tactite. More of 1t is assocliated with the
green diopside tactite than with the brown garnet tactite, though
high-grade ore occurs in both. The fresh rock in the deepest
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workings contains sulfide minerals. In general the tdctite and
scheelite are fine-grained, but in places they are coarsely crys-
talline, and the richest ore 1s in the coarse-grained rock.

Scheelite-bearing rock has been explored in six places by
means of pits, trenches, adits, and shafts. The adit in the
southeast pendant (see pl. 31) cuts two scheelite-bearing zones
in hornfels, and one of the zones is also cut in the two pits
Just north of the adit, but scheelite is extremely scarce in all
these exposures. Tactite containing a little scheelite 1s expos-
ed in the pit near the center of the same pendant, but it is much
too narrow and low-grade to be mined. Just north of this pit a
6-meter shaft, from the bottom of which a 4-meter crosscut has
been driven, was put down on the outcrop of a narrow zone of tac-
tite, which contained scheelite along its contact with quartz
diorite. The tactite and scheelite seem to pinch out at a depth
of 2 meters, but they may dip at a low angle toward the north-
west. The crosscut may not have reached the extension of the
scheelite zone; 1t should have been driven northwestward instead
of westward. The zone may, however, have been cut off by the
quartz diorite before reaching that depth. At best it gives 1it-
tle promlse of yielding cormercial ore, for it is little more
than half a meter wide at the surface.

Jwo zones of scheellite-bearing tactite crop out in the small
pendant just east of the principal workings, north of the center
of the area shown in plate 31. The eastern zone 1s less than
half a meter wide and contains very little scheelite at the sur-
face;- the western zone is still narrower and contains even laess
scheelite,

The principal deposit 1n the La Raza property has been ex-
plored by means of a small glory hole and 70 meters of under-
ground workings, which include a vertical shaft, an incline
shaft, and some short drifts and crosscuts. At the level of the
open cut, scheelite occurs in tactite in two parallel zones which
Join at the north end against the intrusive contact with the dark
diorite (see section and mine level maps in pl. 31). The eastern
zone was not explored below the bottom of ‘the incline shaft,
which is at nearly the same level as the bottom of the open cut,
the ore having been consildered too lean to be worth mining. Most
of the western zone has been mined, with the exception of some
ore that could not be removed without destroying the shaft. At
2 meters below the first level the metamorphlc rocks, and conse-
quently the ore body, are cut off by the quartz dlorite. This
deposit has been sufficlently explored to locate the limlts of
the ore body rather definitely. ' .

The La Raza deposit has yielded ebout 1,480 tons of ore,
which averaged roughly 1.3 percent WO:;. BExcept for the lower end
of the vertical shaft, not much dead development work has been
done. Most of the rock mined was regarded as ore, though 1t had
to be very carefully selected under ultraviolet light to malntain
a tungstic oxlide content of more than 1.0 percent. The larger
part of the ore came from the small glory hole in the southwest
corner of the open pit, but all the ore there seems to have been
removed. Past mining operations indicate that 150 or 200 tons of
ore contalning 1.2 or 1.3 percent WO, can still be obtained by
careful selection from the rock aroufid the north end of the ver-
ticg% shaft, though removing this ore would of course destroy the
sha .
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Bl Dieciséis de Septiembre

The El Dieciséis de Septiembre deposit 1s 450 meters south—
west of Los Gavllanes (see pl. 26). It is controlled by the Cia.
Minera del Gran Oeste. The scheelite is in a small pendant 20
meters wide and somewhat more than 85 meters long, cut off on all
sides and probably at shallow depth by the dark biotite diorite
(see pl. 32). A small mass of quartz diorite is intruded into
the pendant and into the dark diorite just south of the shaft;
the contact of the maln body of quartz dlorite 1s 260 meters
southeast of the deposit. The pendant consista malnly of horn-
fels, but near the north end it contains a body of marble, which
has been repldaced by tactite at three or four places along the
bedding planes. The beddin§ in the metamorphic rocks strikes
about N. 70° E. and dips 45° to 70° NW. Foliation in the diorite
strikes northeast and dips more steeply than the beds in the
pendant. The southeast intrusive contact of the pendant is less
steep than the bedding, and the northwest contact somewhat steep-
er, so that the pendant wedges out downward. Pegmatite dlkes are
numerous in the deposit. The principal dlke extends from within
the outcrops of the main body of quartz dlorite northwestward
through the La Raza open cut (see pl. 26). :

Scheelite occurs in narrow zones of tactite in and around the
marble. The gangue 1s chiefly garnet. It replaces the borders
of the pegmatite dikes where they cut the ore bodies; elsewhere
the pegmatite 1s completely barren. The best ore is 1n the most
coarsely crystalline tactite. At the surface three principal
zones of scheelite~bearing rock crop out, but in the adit five
zones are exposed (see map of adit in pl, 32). Apparently only
the three principal zones contain ore that 1s near commercial
grade. The maximum length of the northernmost zone is 40 meters,
that of the second 25 meters, and that of the third about 35
meters. The zones vary in width from 0.1 to 2 meters, averaging
little more than half a meter. As in all the other deposits, the
ore bodies are lenticular and pockety. Assuming that they are
similar in form to the El Fendmeno deposit, thelr maximum depth
would be less than 35 meters.

The El Dieciséis de Septiembre dsposit has ylelded 121 tons
of ore, averaging 0.91 percent W0z, and 30 or 36 tons of ore of
nearly the same grade has been sorted out into piles on the
dumps. Out of some 250 or 300 tons of rock excavated from the
22,6-meter shaft, only 8 or 10 tons of ore, averaging 0.9 or 1.0
percent WO, has been obtained. The open cuts have represented
much dead ork and even the rock removed from the sdit was in
large part barren. Even without counting in the expense of
building the road to ship the ore, the valué of the tungsten in
the ore sold has not paid the cost of mining. At best, the
deposlt may contaln roughly 2,500 tons of ore averaging 0.3 or
0.4 percent WOz, from which perhaps 1,000 tons of ore cgntaining
0.8 or 0,9 percent WOz might be sorted. But, owing to tThe nar-
rowness of the ore bodles, so much barren rock would have to be
mined that the total amount of rock to be removed would be about
4,000 tons, and its average WO, content would not exceed 0.2 per~
cent, That is of course too lgw to permit profitable mining.

Pearl Harbor

The Pearl Harbor deposit is near the center of the El Topo
area, near the middle of cross section line B-B' in plate 26.
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The tungsten is in a long pendantlike extension, 20 meters wide,
of a fairly large body of metamorphic rock.' The pendant 1s in
contact on both sldes with intrusive dlorite, which probably cuts
i1t off at shallow depth (see pl. 33). The pendant consists main-
1y of hornfels and schist, but it includes, in a north-northeast-
-trending zone, five separate bodies of marble, and the tungsten
deposit 1s in the middle body. The marble at the principal work-
ings forms two parallel beds, striking N. 15° E. and dipping 65°
‘to 70° W., both of which are cut off by the diorite. The western
bed 1s 45 meters long and 2 to 3 meters wide, and the eastern one
60 meters long and 7 meters wide. Sheets of tactite from 0.5 to
2 meters wide extend along the east side of the marble. The tac-
tite and marble in the western bed may be cut off by the dlorite
at a depth of 35 meters or less; the eastern bed may extend some-
what deeper,

Scheelite occurs in some of the tactite along the east slide
of each of the two beds of marble. Its gangue l1ls chiefly garnet
in the eastern tactlite zone but contains much epidote in the
western one. The best ore exposed in the eastern zone is in
coarsely crystalline rock composed of garnet, vesuvianite, cal-
clte, quartz, and axinite. The ore body is from 0.2 to 1 meter
wide and apparently extends throughout the length of the tactite
zone, which 1s about 60 meters. It 1s explored by an open plt
snd a 3-meter adit. The western ore body, which is 0.1 to 0.5 of
& meter wide and about 40 meters long, 1s explored by a trench 7
meters long, 1.5 meters wide, and 1.5 meters deep. The adit was
begun with the object of cutting the western ore body but was not
driven far enough to reach 1t.

About 15 tons of ore, contalning 0.5 to 0.7 percent WOz, has
been sorted out in the course of the exploratory work, but none
has been ,shipped. By comparison with other deposits mlned, it 1s
inferred that the maximum tonnage of ore in the eastern zone is
about 3,000 tons averaging roughly 0.5 percent W0z, which, owlng
to the narrowness of the ore zones, could be obta?ned only by
mining a nearly equal amount of barren rock. Similarly, the ton-
nage of ore of the same grade in the western zZone 1s estimated to
be about 500 tons, but that could be obtained only by mining
about twice its weight of barren rock. About 7,000 tons of rock
would thus have to be mined to obtain the ore, which makes the
overall WOz content 0.2 or 0.3 percent. At 1943 prices, 1t would
not pay to mine ore of that grade.

Los Aliados de América

The Los Aliados de América mine, the easternmost tungsten
deposit on the claim of that name, lles near the center of the
El Topo area. It 1s crossed by the eastern part of cross section
line B-Bf in plate 26. The deposit was mined by the Cfa. Minera
Bl Fenémeno. The tungsten ore is in a small pendant of hornfels,
tactite, and marble in dark biotite diorite, 80 meters northwest
of the contact with the main body of quartz diorite. A smaller
body of quartz diorite lies 60 meters west of the deposit, and
othsr masses too small and irregular to be shown on the map (pl.
34) occur in and around the pendant. The main pendant, not
counting a tall of metamorphic rock, is 20 meters long and 10’
meters wide, and it has been sufficiently explored to prove that
it 1s completely cut off by the blotite dlorite at a depth of 6
meters. A remnant of marble 15 meters long and 3 meters wlde
extends along the south side of the pendant. North of the mar-
ble are three zones of tactite separated by zones of hornfels,



SCHEELITE DEPOSITS, LOWER CALIFORNIA, MEXICO 93

and a narrow zone of tactite extends along the south side of the
marble between it and the blotite dlorite. An inclusion of horn-
fels and tactite a few meters long lies in the quartz diorite
across the arroyo from the mine.

The main workings consist of an open pit copnected by a short
incline with an adit 17 meters long. B8everal shallow trenches
explore the bedrock around the pit, and a small cut was made in
the small Inclusicn jJust mentioned. Scheelite occurs in most of
the tactite and rarely in the hornfels. Most of it 1ls assoclated
with garnet-pyroxene tactite in the open pit, but some good ore
has contained abundant epidote, calcite, and guartz, and less
commonly vesuvianite and exinite. Most of the rich ore was
coarsely crystalline. The greater part of the ore mined was on
the north side of the marble and around the west end. The tac-
tlte zone on the south side of the marble averages barely half a
meter in wldth, and moreover, it contains little scheelite. The
adit and incline, though extending under the outcrop of the pend-
ant, are wholly in diorite, and the lowest part of the open pit,
near the west end, has reached the dlorite under the pendant.

The small inclusion east of open pit contains a' 1ittle scheelite-
bearing tactite, but it is of low grade and not worth prospecting
further, The pit in t he inclusion on the west side of the arroyo
is mainly in hornfels; the narrow zone of tactite exposed in the

pit contains very little scheelite.

The mine has ylelded 703 tons of ore, which averaged 1.48
porcent WOz. The ore was carefully selected under ultraviolet
light, and a nearly equal amount of lean oy barren rock was dis-
carded. Probably no more than 50 tons of ore containing as much
as 1.0 percent WOz could be gotten from the rock remaining in the
deposit, and, as ?t would be necessary to mine much waste, the
over-all tenor would be a good deal less than 1 percent. The
deposlt can therefore be regarded as mined out. The small ton-
nage of ore that was obtained d1d not pay expenses, which includ-
ed the cost of making a road and of hauling the ore to the mill,
20 miles away. This deposit should nevertheless be closely ex-
amined by those interested in tungsten in the reglon, because 1t
is one of the best of the known small deposits and illustrates
the form that many of the others would be found to have if they
were developed.

Bl Topo

The El1 Topo deposit lles south of the center of the E1 Topo
srsa, 1n the southern part of the El Topo claim. It 2s near the
middle of cross section line C-C!' in plate 26, The claim is con-
trolled and was explored by the Cfa. Minera El Fenémeno. The
scheelite occurs along the east side of a moderately large pend-
ant in the quartz dlorite. The pendant 1s & llttle more than a
kilometer long and has a maximum width of 270 meters, but, being
rather deeply invaded by the quartz diorite at three places, it
probably does not extend to as great a depth as its length might
suggest. A small tungsten deposit, the La Esperanzs, occurs at
the north end of th& pendant, and a smaller deposit occurs near
the south end, in the El Topo No. 2 claim., The rock along the
west slde of the pendent is mainly schist and that along the east
slde interbedded hornfels and schist. Three nearly parallel beds
of marble occur east of the center of the pendant, and there 1s a
small lenticular bed near the south end. The north tip of the
pendant consists of tactite without marble.

\
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\ The E1 Topo deposit (pl. 35) extends along the eastermmost
bed of marble, which is cut off at both ends by the quartz dio-
rite. The bed is 85 meters long and has a maximum width of 13
meters. It strikes northwest and dips 45° to 55° SW. The schist
west of the marhle has very nearly the same strike but dips rmuch
more steeply. A narrow zone of tactite 1lles northeast of the
marble, along 1ts contact with the quartz dlorite, which at the
_Incline shaft has the same dip as the marble. The other marble
beds contain smaller, less regular masses of tactite.
»

Scheelite 1s associated only with the tactite along the main
quartz diorite contact. The tactite there contains less garnet
than most of the deposits, and more diopside, hedenbergite, and
quartz. Although some of the ore contains a high proportion of
garnet, the highest-grade ore has been green rock containing
pyrrhotite (magnetic iron sulfide) and little or no garnet. The
scheelite~bearing zone is 70 meters long and 0.5 to 2 meters
wilde, averaglng about 1 meter where exposed. It has been explor-
ed for 27 meters down the dip by an incline shaft, from the bot-
tom of which two drifts extend 3 meters to the northwest and
southeast. Near the bottom of the inecline there is a narrow zone
of schist between the quartz diorite and the tactite. As the ore
zone there narrows to a width of less than 1 meter, being less
than half a meter wide at the ends of the drifts, the bottom of
the ore body may have been nearly reached. This is not certsin,
however, for the dlorite contact probably will flatten and cut
Into the marble again at a slightly greater depth, and in that
case the width of the tactite and of the scheelite zone may in-
crease downward. Owing to the irregular dip of the contact, a
vertical shaft to serve for removing the ore was begun 40 meters
southwest of the incline. This shaft was discontinued at a depth
of 25 meters, when it was decided that the ore body could not be
profitably mined.

About 250 tons of ore, averaging nearly 1,75 percent WOz, was
sorted out of the rock mined from the incline shaft and was mill-
ed at El Fenémeno, but about twice as much was mined. The cost.
of exploring and developing this deposit considerably exceeded
the value of the tungsten In the ore milled. On the assumption
that the ore body is 60 meters long, has a maximum depth of 30
meters, and averages a meter in width, and that it has a fanlike
profile, it is roughly estimated that the deposit contains about
3,000 tons of ore. The rock exposed in the two trenches south-
east of the shaft is much leaner than that in the shaft, and the
same may be true of other parts of the deposit, so that the ore
body as & whole may not average more than 0.5 percent in WOgz.
Moreover, as the ore body 1s of less than minable width, consid-
erable barren rock would have to be removed; in order to obtain ~
the ore, therefore, sbout 6,000 tons in all would have to be
mined, which probably would not average more than 0.3 percent
WOz. Apparently, then, it would not pay to mine the deposit.

T{o Pepe

The Tio Pepe deposit lies 12 kilometers edst-southeast of
Los Gavilanes %see pl. 25) from which it is reached by a round-
about road 25 kilometers long, the last part of which leads
-northward from the Laguna Hénson road, and a 2-kilometer trail.
The deposit 1s in an area of metsmorphic rocks irregularly in-
truded by the quartz dlorite, large bodies of which crop out at
short distances east, north, and west of the deposit. On the
Tio Pepe claim there are two small pendants, composed of hornfels
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interbedded with nearly parallel thin layers of marble and tac-
tite (see pl. 36). The contacts between the diorite and the
metamorphic rocks are not as regular as they appear on the map in
plate 36, but because of poor outcrops they could not everywhere
be accurately located. The pendant seems to be pervaded by tiny
dikelets of diorite and pegmatite, only the largest of which are
shown on the map. 8Seven beds of marble, ranging in width from
0.5 to 4 meters, cross the pendant and are cut off at the ends by
the diorite. They strike northwest and dip 70° to 80° SW.

Each of these beds 1s replaced by tactite at one or more
places along 1ts outcrop, principally on the under or northeast
side. A fault that is apparently older than the diorite dis-
places the beds in the northwestern part of the small area map-
ped. Scheelite occurs in some of the tactite, malnly in the
second and third beds counting from the west, and to a lesser ex-
tent in the fourth and fifth beds. Like the tactite, it 1s main-~
1y on the northeast sides of the beds. The gangue of the ore is
mainly garnet dnd diopside. The best ore is in coarsely crystal-
line rock. The pendant has been explored by eight trenches and
plts, but scheelite occurs in only five of these openings, and in
four of them it is very scarce. The main opening 1s a shaft 4.5
meters deep, sunk on the best showing of ore, which 1s shown on
cross section line A-A', just west of the center of the area
shown in plate 36. The scheelite-bearing zone varies from 0.3 to
1.0 meter in width, averaging barely half a meter, and although
the marble-tactite bed is 45 meters long at the surface, the
scheelite-bearing zone may be no more than 30 meters long.

No ore from the Tio Pepe deposit has been milled. Ten or 15
tons, containing 0.4 or 0.6 percent W0z, has been sorted out in a
pile at the shaft, but 1t would have to be re-sorted to pay the
cost of hauling to the El Fendémeno mill. Even the best ore body
is evidently too lean to be mined commercially. The amount of
ore to be expected from the deposit 1s too small to repay the
cost of mining and of the road improvements that would be requir-
ed.

El Pinalito

The El Pinallito deposit lies 13 kilometers southwest of Los
Gavilanes (see pl., 25). It is reached by a road, about 7 kilo-
meters long, that leaves the main road between the El Fendémeno
and El Topo areas at a point about midway between the two. The
tungsten 1s in a bed of tactite and Hornfels in a small pendant
in the quartz diorite (see pl. 37, A). The pendant conslsts
mainly of schist, which strikes east and has a steep dip to the
north, Its maximum width is 20 meters, and its length 1s some-
what more than 100 meters. A bed of tactite and hornfels 3 to 4
meters wide extends throughout the length of the pendant, being
cut off at both ends by the quartz diorite. Guartz diorite in-
vades the pendant in at least two places, as shown in plate 37, A,
and probably, to judge from float, in several other places not
indicated on the map.

Scheelite occurs in the tactite, mostly in the more coarsely
crystalline rock. As the tactite exposed in all the pits 1s near
the middle of the bed, it presumably was formed by replacement of
a thin bed of marble, though no remnant of marble appears in the
outcrops or the workings. The scheellte-bearing zone has been
explored by four pits 1 to 3 meters deep. The pit farthest west
exposes the greatest width of ore-—about 1 meter.
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By careful selection, 26 tons of orse averaging 0.83 percent
W0z has been sorted out and milled at El Fenémeno. In addition,
157or 20 tons of ore averaging 0.7 or 0.8 percent WOz has been
sorted out and piled at the deposit. As all this ore came out of
the westermmost plt and constitutes about one-fourth of the rock
that had to be mined, a minable width of rock at that place would
presumably average about 0.2 percent WO Probably no more than
500 tons of even this low grade 1is obta?nable from the deposit,
and consequently there is little incentive for further mining or
development. The value of the acheellte recovered was consider-~
ably less than the cost of obtaining 1t.

Cienpiés

The Clenpids deposit 1s one of a group of six or seven lying
7 kilometers airline and 11 kilometers by road northeast of Rosa
de Castilla (see pl. 25). The tungsten is in a small pendant of
tactite and hornfels in the quartz dlorite, near the edge of =a
fairly large body of metamorphic rock. The pendant 1s 22 meters
long and has a maximum width of 18 meters (see pl. 37, B). A few
meters east of 1t is a smaller ons, 18 meters long and 2 to 3
meters wide. The pendants consist mainly of tactite, the smaller
one includes a thin bed of hornfels striking N. 10° W. and dip-
ping 65° E. No remnsnts of marble have yet been found in the
workings. .

Scheelite 1s scattered irregularly through the central part
of the outcrop of the larger pendant, in a gangue that conslsts
mainly of garnet and a dark-green mineral that appears to be an
amphibole. The weathered rock 1s deeply stained with black man-
ganese oxlde, no more than a trace of which was noted ln any of
the other deposits examined. Two plts 1.5 meters deep have been
made in the scheelite-bearing rock. The limits of the deposit
are not well established, but it may be a pocket somewhat llke
the Los Allados de América.

Production from the deposit amounted to 58 tons of ore, aver-
aging 0.55 percent WOz, which was milled at El Fenfmenoj 15 or 20
tons of ore of the same grade has been piled at the deposit. As
the selected ore constitutes about two-thirds of the rock mined,
the average WOz content of all the rock removed was about 0.4
percent. The tonnage minable from this deposit probably does not
exceed 2,000 tons with an average Wog content of 0.3 or 0.4 per-
cent, so that the deposit hardly warrants further development.
The value of the ore thus far mined il less than the cost of min-
ing 1it.

Corte de Madera

The Corte de Madera deposit lies 250 meters south of the
Cienpiés, 11 kilometers by road north-northeast of Rosa de
Castilla (see pl. 25). It is in a small pendant just east of a
large body of quartz diorite. This pendant conslsts mainly of
hornfels and schist, with two parallel thin beds of marble,
striking northwest and dipp 65° NE., one of them 5 meters
thick and the other 2 meters (see pl. 37, C). Eleven meters to
the northwest is another pendant, 16 meters long and 5 meters
wide, which contains the same two marble beds. Most of the mar-
ble has been irregularly replaced by taotlte.
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Scheelite occurs in tactite on the southwest side of the
thinner bed of marble and in two zones of tactite within the
larger bed. The, tactite gangue consists mainly of garnet, tremo-~
lite, diopside, calcite, and quartz. The scheelite-besring
zones where exposed in the trench that cuts across the two beds
of marble, are only a few tenths.of a meter wide. A few tons of
ore, probably averaging less than 0.5 percent W03z, has been sort-
ed out but none of it has been milled. As 1t seems doubtful
whether rock mined at a minimum width along the scheelite-bearing
zones would contain even 0.2 psrcent WOz, and as the tonnage
would be insignificant, no further mining or development is war-
ranted. - .

Olivia

The Olivla deposit, 15 kilometers east~northoast of Rosa de
Castilla, is reached by a road that leaves the Laguna Hénson road
a few kilometers east of a line connecting the Olivia and Tfo
Pepe deposits (see pl. 25) Its distance by road from Rosa de
Castilla is 49 kilometers and from Los Gavlilanes 28 kilometers.
The tungsten ore occurs near one end of a long, narrow pendant,
composed mainly of hornfels, in the quartz diorite. Three beds
of tactite, striking northeast and dipping 75° MW., occur in the
southwestern part of the pendant (see pl. 38). Each is about 20
meters long and either pinches out or is cut off by the diorite.
The tactite probably replaces thin beds of marble, but no marble
remains in the part exposed.

Scheelite, assoclated mainly with garnet and dlopside, occurs
in each of the three zones of tactite. The deposlt has been ex-
plored by two trenches, from which there extend short edits, and
by a shaft 14 meters deep. The north trench exposes a scheellte-
bearing zone 2 meters wide, and the south trench exposes two
zones from 0.5 to 1 meter wide; both zones dip steeply to the
northwest. The shaft 1s in hornfels, diorite, and pegmatite that
contain no tactite or scheelite.

Production from the Olivia deposit has amounted to 36 tons of
ore, averaging 1.33 percent WOz, which was milled at El Fenémeno.
All the ore was mined from the northernmost trench. As very lit-
tle of the rock taken out was discarded, the WOz content of th'e
zone at that place is about 1.0 percent. At a rough estimate,
this zone may contain 750 tons of ore averaging more than 0.5
percent W0z but probably less than 0.8 percent. The two zones at
the south end of the pendant may contain a nearly equal tonnage
of ore with a somewhat lower percentage of WO0z. In mining these
two southern zones & moderately large amount Of barren rock would
have to be removed; about 3,000 tons in all would therefore have
to be mined, and its W03 content would probably average less than
0.4 percent. Considering the small size of the ore.bodies and
the long distance the ore would have to be hauled, it does not
seem possible that this deposit could be mined commercially.

Deposits examined but not magged In detall

La Espersanza

The only deposit in the reglon, other than those already
described, that has produced any tungsten 1s known as La Esperan-
za, This deposit lies just south of the center of the El Topo’
area (see pl. 26, B) and 1s in the north end of the pendant that '
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contains the El Topo deposit. The pendant is there little more
than 2 meters wide and consists mainly of tactite with a 1little
hornfels. 8Scheellite occurs in a zone 0.5 to 1 meter wide in gar-
net-diopside tactite. The ore zone has been explored by two
shafts 6 meters deep and 15 meters apart. Although some pockets
of falrly good ore were mined in the upper parts of the shafts,
the ore zone is less than half a meter wide at the bottom of the
shafts, and i1t there contalns only a few tenths of a percent of
WO The deposit 1s probably cut off by dlorite a few meters

be ow the bottoms of the shafts.

Production from the La Esperanza deposit has amounted to 86
tons of ore, averaging 0.8 percent in WOz, which was sold to the
El Fenémeno mill. This ore was carefully picked out under ultra-
violet light, and more than half of the rock was discarded; as a
whole, therefore, the rock removed from the deposit averaged less
than 0.4 percent WOz. The operation was not profitable. No ore
approaching commercial grade 1s exposed in the workings, nor does
there seem to be much likelihood that any can be found.

El Fendmeno del Topo

The E1 Pendmeno del Topo deposit 1s in the northeast corner
of the El Topo area (see pl. 26, B), between the El Audaz and the
El Dieciséis de Septiembre deposifs. The tungsten ore is in a
pendant, 170 meters long and 20 meters wide, 1In the dark bilotite
diorite. The southern part consists chlefly of marble and the

northern part chiefly of tactite and hornfels. The beds strike
- northeast and dip 70° NW. A shaft 3 meters deep excavated at the
north end of the marble part of the pendant exposes a scheelite-
bearing zone about half a meter wide in garnet-dlopside tactite.
The ore 1is pockety and generally of rather low grade.

The ore sorted out, of which there 1s between 5 and 8 tons,
does not contain enough scheelite to repay the cost of recovery.
As the outcrops along the zone contain very little scheelite, it
is doubtful whether any ore bsetter than that exposed In the shaft
could be found, apart from small high-grade pockets. The tonnage
of scheelite-bearing rock in the deposit must be small, for the
zone seems to be no more than 10 meters long,

Los Pinitos, El Osado, and adjoining deposits

In a group of small deposits lying for the most part in the
Los Pinitos and El Osado claims (pl. 26, B), there are some
twenty pits, trenches, and adits, all of which expose tactite or
hornfels that contains at least a trace of scheelite. None of
the deposits offer any promise of ylelding commercial ore, unless
it be those in the interrupted marble-tactite bed that extends
northeastward from the center of the Los Pinitos claim to the
center of the Dieciséis de Septiembre claim (see pl. 26, B).
From several of the excavations in this zone a few tons of ore
has been sorted out, but it has not been milled. Judging, how-
ever, from the results of work done here and in other deposits
nearby, it seems highly doubtful whether any of these deposits
can be mined commercially, The ore that has been sorted out cer-
tainly could not be sold on the open market for enough to repay
the cost of mining.
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El Topo Nimero Tres and adjolning deposits

The E1 Topo MNimero Tres claim is in the northwestern part of
the El Topo area (pl. 26, B), northwest of the Pearl Harbor
deposit. Near the south' end of the clalm there are two separate
beds of marble assoclated with hornfels and schist. The marble
strikes northwest and dips southwestward at the unusually low
angle of 25° to 40°. Of the six or seven shallow excavations in
and around these beds, only the northerrmost reveals more than a
trace of scheelite, and even there all the scheelite seems to be
in a pocket omnly a few tenths of a meter wide, in a slightly
wider zone of tactite along the east side of the marble.

A larger bed of marble occurs in the schist and hornfels Just
north of the El Topo Nimero Tres claim. It strikes west-north-
west and dips about 60° S. Narrow zones of tactite in and near
the marble have been explored by three shallow pits and a shaft 3
meters deep. The pits reveal only traces of scheelite, but the
shaft exposes a scheellte-bearing zone 0.4 -of a meter wide, in a
zone of tactite that 1s not much wider, between the marble and
the underlying hornfels and schist. The WOz content of the
scheelite-bearing zone 1s probably less than 0.4 percent. The
deposit seems to offer no promise of ylelding commercial ore.

Los Cinco Hermsnos and adjolning deposits

The Los Cinco Hermanos claim 1s in the center of the El Topo
area (pl. 26, B), adjoining the Los Aliados de América claim. An
elongate pendant of hornfels and schist in the quartz diorite,
oextending southward through these claims and ending opposite the
La Esperanza claim, contains four separate beds of marble with
tactite, besides the beds shown in plate 34. The northermmost of
these beds is the largest, having a length of 250 meters and a
maximum width of 40 meters. It strikes north-northeast and dips
70° W. Tactite occurs mainly along the east side of the bed,
and small 1rregular masses of quartz diorite Invade the marble as
well as the adjoining hornfels and schist. The tactite In the
marble has been explored by four shallow pits and an incline
shaft 6 or 7 meters deep. Only traces of scheelite have been
found in the pits, but the shaft exposes a scheelite-bearing zone
that varies in width from a few tenths of a meter to about 1.5
moeters. The ore in 'this zone is low-grade, and it is doubtful
whether the rock mined averaged even 0.2 percent WO,. A few tons
of ore has been sorted out,but it was considered tod lean to be
worth shipping to the El Fendémeno mill. The deposit glves no
' promise of yielding commercial ore.

A bed of tactite a few meters long with remnants of marble
occurs 40 meters south of the large bed. A small shaft 1n this
bed revealed only traces of scheelite. About 60 meters farther
south is a somewhat larger one, 180 meters long and 20 meters
wide. This bed is flanked by hornfels except on the east side,
where 1t 1s in contact with the main body of quartz diorite. A
small shaft near the center of the bed exposes a narrow zone
containing a 1little ascheelite. Although a few tons of low-grade .
ore has been sorted out of the rock mined, the average WOz con-
tent for a minable width is probably less than 0.3 percen%, and
the deposlt is unlikely to yleld any commercial ore.

Another bed of marble, 225 meters long and about 10 meters
wide, crops out 180 meters south of the Los Cinco Hermanos
. i
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incline shaft. The bed strikes north and dips 65° W. Quartz
dlorite 1s intruded into it along the east side and cuts it off
at both ends. At the south end, three small trenches have been
sxcavated across a zone of scheellite-bearing tactite. This zone
contalns one small pocket of fair ore, 8 or 10 tons of which,
averaging roughly 1.0 percent W0z, has been sorted out, but the
rock remaining in the walls of the trenches contsins only traces
of scheelite. The work done thus far has afforded no evidence
that the deposit contains commercial ore. ‘

V for Victory and adjoining deposits

The V for Victory claim lieas west of the La Esperanza, south
of the center of the El Topo area (pl. 26, B). The deposit is
one of a group in and near the edge of the large body of metamor-
phic rocks that occuples the western part of the area mapped.
8Scheelite occurs along the west side of a long bed of marble and
tactite that strikes north and dips 75° B. The single pit that
has bsen made in the scheellte-bearing zone exposes & narrow zone
of tactite between marble and hprnfels. As the tungsten content
of the zone at that place is far below any possible commerclal .
value, there seems to be little hope that the deposit can be
mined commercially.

In a belt extending north-northwestward from the V for Victo-
ry deposit, there are at least 14 small beds of marble and tac-
tite. In one of thease, at the south end of a narrow embayment of
quartz dlorite in the metamorphlic rocks and Jjust south of cross
section line B-B'! 1in plate 26, B, there is a shallow trench and a
shaft 2 meters desep. Only traces of scheelite have been found in
these openings. Although not enough exploratory work has been
done 1n thils belt to prove that it contalns no commercial ore,
there seems to be little chance that 1t contains enough to be
worth mining. .

El Socorro and adjoining deposits

The El Socorro deposit lies 3 kilometers south of the El1 Topo
area and 400 meters west of the main road (see pl. 25). Scheel-
ite occurs there in tactite without marble, in a small pendant of
schist and hornfels in the quartz diorite. Three pits, 1.5 ‘
meters deep, in the tactite have revealed little scheelite. No
ore of commercial grade could be sorted out of the rock mined,
and the deposit does not merit further development. -

In a small deposit some 800 meters southwest of the El Socor-
ro, a pit 2 meters deep exposes scheelite-bearing tactite between
merble and hornfels, a few meters from a contact with a large
body of quartz dlorite. The bed of marble 1s apparently not more
than 30 meters long, and the scheelite-bearing tactite 1s less
than half a meter wide where exposed. There 1s no commercial ore.
in sight, and 1t seems unlikely that the deposit can be mined
commercially. '

Two small pits have been dug in a deposit 500 meters north-
east of the El Socorro, gbout 100 meters east of the road. A
very little scheelite occurs there in a half-meter wide zone of
tactite in schist, a few meters east of a contact with the quartz
dlorite., There is no marble in or near the deposit. No commer-
cial ore is in sight, and it does not seem possible that the
deposit can yleld any.
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Pasadena

The Pasadena deposit, 3 kilometers south of the El Pinalito
(pl. 25), 1s connected with the nearest road by a trall 3 kilo-
meters long. The tungsten ore is iIn a tactite zone about 30
meters long and 1 to 4 meters wide, in hornfels and schist, some

- 20 meters east of a large body of quartz diorite. The tactite
consists mainly of garnet and dlopside. The deposit has been
explored by an adlt 8 meters long, driven many years ago in a
search for commercial garnet. Near its face the adit cuts
through the tactite and exposes a scheelite-bearing zone about
1.5 meters wide. Assays of thils zone are sald to have averaged
0.5 percent W0z, and from inspection of the outcrops under ultra-
violet 1light, ?ts average content was estimated to be between 0.3
and 0.5 percent WOz. As no ore has been produced from the depos-
it, the tungsten content over a minable width has not been well
established. Assuming that the ore body 1s 30 meters long, has a
maximum depth of 20 meters, and averages 1 meter in width, 1t
would contain about 2,000 tons of ore. As a road 3 kilometers
long must be built to the deposit and the ore hauled to a mill at
least 15 kllometers distant, 1t is highly doubtful whether the
deposit could be profitably mined.

668013 O - 45 - 3






