
UNITE.D STATES DEPARTMENT 0~ THE. INTERIOR 
Harold L. I~kes, Secretary 

GEOLOGICAL SURVEY 
W. E. Wrather, Director 

Bulletin 946-C 

SCHEELITE DEPOSITS IN THE NORTHERN 
PART OF THE SIERRA DE JUAREZ 

NORTHERN TERRITORY 
LOWER CALIFORNIA, MEXICO 

By 

CARL FRIES, Jr., and EDUARDO SCHMITTER 

Prepared in cooperation with the 
UNIVERSIDAD NACIONAL DE MEXICO, INSTITUTO DE GEOLOGIA 

UDder the auspices of the 
INTERDEPARTMENTAL COMMITTEE ON CULTURAL AND 

SCIENTIFIC COOPERATION, DEPARTMENT OF STATE 

GeolCJI(e Investigations In the American Repnblies, 1944 
(Paies 7~101) 

UNITED STATES 

GOVERNMENT PRINTING OFFICE 

WASHINGTON : 1945 

For sale by the Superintendent of Documents, U. S. Government Printing Office, Washington 25," D·. C. 
Price 25 cents 

I 





CONTENTS 

Page 

Abstract. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Y'f3 
Introduction. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 74 

Location.............................................. 74 
History •••••••••••••••••••••••••••••••• .;.............. 75 
Field work. • • • • • • • • • • • • • • • • • • • • • • .. • • • • • • • • • • • • • • • • • • • • 76 
Acknowledgments........................................ 76 

Geology. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 77 
Metamorphic rocks..................................... 77 
Igneous rocks. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 78 
Structure. • • • • • • • • • • • • • • • • • • • • . • • • • • • • • • • • • • • • • • • • • • • • 79 

Tungsten deposits ••••.••••••••••••• :. • • • • • • • • • • • • • • • • • • • • • • 79 
Occurrence •••••••••••••••••••• · •••• ·• • • • • • • • • • • • • • • • • • • • 80 
Mineralogy. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 81 
Orig:tn. • • • . • • . • • • • . . • . . • . • . . • • . • . . . • • • . • . • • . • • . • • • • • • • 82 

Production and reserves.................................... 82 
Mines and prospects........................................ 84 

Deposits ~pped in detail............................. 84 
El Fen6meno...................................... 84 

G'eo1ogy. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 84 
Ore deposit................................. 85 
Mill practice............................... 86 
Production and reserves..................... 87 

E1 Audaz... • • • • • • • • • • • • • • • • • • • • • • • • • • • • . • • • • • • • • • 88 
Le. Raza. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 89 
El Dieciseis de Septiembre....................... 91 
Pearl Harbor..................................... 91 
Los Aliados de America........................... 92 
El Topo... • • • • • • • • • • • • • • • • • . • • • • • • • • • • • • • • • • • • • • • 93 
Tio P~pe......................................... 94 
El Piriali to ••••••••••••••••••••••• : • • • • • • • • • • • • • • 95 
Cienpies. • • • • • • • • • • • • • • • .. • • • • • • • • • • • • • • • • • • • • • • • • 96 
Corte de Madera.................................. 96 
01i via •••••••• .-. • • • • • • • • • • • • • . • • • • • • • • • • • • • • • • • • • 97 

Deposits examined but not mapped in detail............ 97 
La Esperanza..................................... 97 
El Fen6meno del Topo............................. 98 
Los Pinitos, El OsaG.o, and adjoining deposits.... 98 
El Topo Numero Tres and adjoining deposits....... 99 
Los Cinco Hermanos and adjoining deposits........ 99 
V for Victory and adjoining deposits............. 100 
El Socorro and adjoining deposits................ 100 
Pasadena. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 101 

• 
III 

• 



IV 

Plate 25. 

26. 

27. 
28. 

. 29. 
30. 

31. 

32. 

33. 

34. 

35. 

36. 

37. 

38. 

Figure 14. 

• 

ILLUSTRATIONS 

_Page 

Hap of tungsten region examined in Lower 
California ••••••••••••••••••••••••••••••• In pocket 

Geologic map and sections of tungsten area 
near Cerro El Topo ••••••••••••••••••••••• In pocket 

Geologic map of area near El Fenomeno mine. In pocket 
Geologic map, sections, and leve·l maps of 

the El Fenomeno tungsten deposit ••••••••• In pocket 
Flowsheet of mill at El Fenomeno mine ••• ~ •• In pocket 
Geologic map and sections of the El Audaz 

tungsten deposit ••••••••••••••••••••••••• In pocket 
Geologic map and section of the La Raza 

tungsten deposit ••••••••••••••••••••••••• In pocket 
Geologic map and secti'ons of the. Dieciseis 

de Septiembre tungsten deposit ••••••••••• In pocket 
Geologic map and section of the Pearl Har-

bor tungsten deposit •••••••••••••••••• ~ •• In pocket 
Geologic map and section of the eastern-

most tungsten deposit on the Los Alia~os 
de America claim ••••••••••••••••••••••••• In pocket 

Geologic map and section of the El Topo 
tungsten deposit ••••••••••••••••••••••••• In pocket 

Geologic map and section of the T!o Pepe 
tungsten deposit ••••••••••••••••••••••••• In pocket 

Geologic maps of (A) the El Pinalito tung- . 
sten deposit,· (B) the Cienpies deposit, 
and (C) the Corte de Madera tungsten 
deposit ••••••••••••••••••••••••••••••••• , In pocket 

Geologic map and section of the Olivia 
tungsten deposit ••••••••••••••••••••••••• In pocket 

Index map showing location of tungsten 
district studied in Lower California ••••••••••• 75 

• 



SCHEELITE DEPOSITS IN THE NORTHER!~ PART OF THE 

SIERRA DE JUAREZ, NORTHERN TERRITORY, 

LOWER CALIFORNIA, MEXICO 

By carl Fries, Jr., and Eduardo Schm1 tter 

ABSTRACT 

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

The rocks 1n the region consist of strongly folded, metamor­
phosed, late Paleozoic sediments intruded by early Mesozoic bio­
tite, hornblende, and quartz diorite and by pegmatite dikes. The 
metamorphic rocks consist mainly of schist but include thin beds 
of hornfels, marble, and a little impure.qua~tzite, 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 diorite batholith. Individual pendants 
range in length from a few meters to several kilometers. 

Tactite, composed principally of garnet and pyroxene, bas 
wholly or partly replaced calcareous beds 1n the pendants along 
or near contacts with the quartz diorite. Scheelite, the only 
commercial tungsten-bearing mineral in the region, occurs mainly 
in the tactite, particularly along the under sides of steeply 
dipping beds of marble, and its gangue therefore consists mainly 
o~ garnet and pyroxene. A little scheel1te is locally dissemi­
nated 1n all the other rocks. It is believed tha~ the tact1te 
was formed in part if not wholly after the pegmatite d~kes were 
emplaced, and that the scheelite was deposited at essentially the 
same time, for tactite minerals and scheelite weakly replace the 
borders of some of the pegrnati te dikes that cut through the tung­
sten ore bodies. 

Tungsten was first found in the region during Would War I, 
when the El Fen6meno deposit was d1s9(>vered and mined. About 
4, 000 units of wo3 was then produced, but at the. end of the war, 
When the price of tungsten dropped, mining was discontinued. It 
was resumed, however, in 1937, and productio• from then until 
December 1943, when mining was /,again discontinued for lack of 
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ore, amounted to about 60,000 unit~ of W03,· in concentrates aver­
aging about 65 percent W03. Only the Bl Fenomeno mine has made 
any commercial production. 

It is estimated that only 600 or 700 tons of ore containing 
0.4 or 0.5 percent wo3 remains in the El Fen6meno deposit, and 
150 or 200_tons of ore containing about 1.3 percent W03 in the 
La Raza ~eposit. In the other deposits that have been prospect­
ed, there may be 26,000 tons of scheelite-bearing rock contain­
ing 0.25 or 0.3 percent W03, but as such rock is t~o lean to be 
mined commercially at the current price of tungsten, and as none 
of these deposits appears to contain more than 6,000 tons of this 
low-grade material, none of them appears to be worth developing. 

There is same hope, however, of finding ore bodies larger 
than those already known. As the scheelite is in tactite associ­
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
tite associated with them for scheelite. No pendant that does 
not contain marble is likely to yield any significant quantity of 
ore. 

INTRODUCTION 

Location 

Tungsten dep~its are scattered through the northern part of 
the broad Sierra de Juarez, 1n the north-central part of Lower 
California. Those found hitherto lie within a belt 20 kilometers 
wide 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 Jutirez is the southeast­
ward extension 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 Juarez 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 Juarez is there a rather gently rolling upland, 
having an altitude of about 1,500 meters, above which isolated 
hills rise 100 to 200 meters higher, and in which valleys are 
incised to a maximum depth of about 200 meters. The regio~ is 
reached from Ensenada, on the west coast, or from Tecate or 
Mexicali, on the international boundary, by dirt roads passable 
for most of the year. The west aide of the area is 65 kilometers 
by road northea&t of Enaenada, and the north end is 88 kilometers 
by road southeast of Tecate, the nearest point on a railroad. 
Moat of the deposits examined can be reached by automobile, but 
some lie l to 3 kilometers from the nearest road. 

The higher parts of the region are covered by a thin stand of 
pine, but elsewhere trees are few and there is a fairly heavy 
growth of underbrush, mainly chamiza colorada and manzanita. 
Only one arroyo in the area carries a perennial flow of water, 
but in moat of the large arroyos moderate quantities of water can 
be obtained from shallow wells. The one perennial stream has 
supplied sufficient ftater to operate a 200-ton mill and to supply 
the domestic needs of a village, near the El Fen6meno mine, wit~ 
over 2QO 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 arroyo, and these 
wells were believed capable of yielding enough in addition to run 
a 50-ton mill. 

History 

Tungsten ore was first discovered in the region during World 
War I, whe~ the El Fen6meno deposit, which earlier had been ex­
plored for copper and gold, was mined for its tungsten. When the 
price of ~tngsten dropped at the end of the war the mine was 
closed, and it was not reopened until 1937, when the Cia. Hinera 
El Fen6meno again began to mine tungsten. Under the stimulus of 
tnis mining operation the surrounding country was explQred for 
other deposits, but with little success. During 1941 and early 
1942 the capacity of the El Fen6meno mill was increased to 200 
tons, and in 1942 the Oia. Hinera del Gran Oeste acquired some 
properties near Cerro El Topo and began construction of a mmall 
mill at a place that is now known as Los Gavilanes (see pl. 25). 

IO.__.__._.__.__..o ___ ..__ __ ~--_._ __ _,40 ~;~~;s 

IQwu~OL--L--L--L--L--L--L-~W~~~~~~ 
EXPLANATION 
EXPLICACION 

ES;J la 
Paved highway 

Carretera pavimentada. 
Dirt road 

Car:retera de tierra 

~isure 14.--Iudex map showing locetion of tungsten district studied in Lower 
Celifornia. 

Late in 1942 the Bl Fen6meno company, realizing that its ore 
was nearly gone, intensified its search for extensions of its ore 
body and fo~ 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 Pen6meno 
company. operated its mill at half capacity and purchased all the 
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ore available, 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 
El Fen6meno company while it continued the bui.lding of its own 
mill. 

'Despite the stimulus created by the well-operated El Fenomeno 
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 Fen6meno company was halted. Work on the Gran 
Oeste mill was halted in mid-October, and development and mining 
of the deposits of this company ceased in mid-November. The El 
Fen6meno company continued to feed its mill with ore taken from 
pillars and old tailings until the early part of December, when 
it shut down completely and prepa~ed to sell its equipment. 

It is unlikely that tungsten mining will be rewumed in the 
region unless larger or richer depo9its than these now known are 
found, or unless there is a marked increase in· the price of tung­
sten. A unit of wo3 in scheelite concentrates containing 60 per­
cent wo3 or more brought $22.60 in Mexico in 1943. 

Field work 

. Early in January 1943 the senior author spent 3 days in 
reconnaissance in the tungsten area, and late in May he spent 5 
days accompahied by the junior author in a further brief examina­
tion. He began a detailed study of the area in the first week of 
September and finished it late in November. In this study the 
senior author was assisted by Kenneth Segerstrom, Topographic 
Engineer of the United States Geological Survey, who supervised 
the- topographic work. Except f'or a few rocks and minerals studied 
in the laboratories of the Instituto de Geologia, in Mexico City, 
the rocks and ores were examined o~ly in the field, f'ield deter­
minations being deemed sufficient for this preliminary 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 Oeste company. The Rl Fen6meno and Ce~o 
El Topo areas were connected by a road traverse, bu:t, owing to 
the pressure of other work, road traverses to the T!o Pepe, 
Olivia, and Pinalito deposits (see pl. 25) were not made; these 
deposits were located by intersection from earlier-~stabliahed 
points. 
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GEOLOGY 

The rocks in the region are chiefly igneous but include 
numerous bodies of metamorphosed sediments. The original sedi­
mentary rooks were shale interbedded with many thin beds of l~e­
stone and a few beds of sandstone, all probably of late Paleozoic 
ageo Into these there were intruded, probably in early Mesozoic 
time, small bodies of dark dioritic rocks and an extensive body 
of light-gray quartz diorite. Du::-ing the period of intrusion the 
sed~ents 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 pegmatite, some of the l~e beds 
-were altered to tactite, and the tungsten deposits were formed. 
The rocks have since been deeply eroded, so that over much of the 
region only the downfolded parts of the metamorphosed sediments 
remain as penaants in the quartz diorite batholith. 

Metamorphic rocks 

The most abundant of the metamorphic rocks is a dark-gray, 
fairly coarse-grained schist, composed mainly of quartz, plagio­
clase, and biotite, with smaller quantities of muscovite and 
chlorite. In general the schist is strongly crenulated and con­
torted. At El Fen6meno this rock occupies the greater part of 
the western side of the area mapped (pl. 27), and near Cerro El 
Topo it occupies the western margin of that area (pl. 26); it 
also underlies much of that part of the region whicb was eX8mined 
but not mapped in detail (pl. 25). The topography on the schist 
is 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 1n part pale-green to nearly 
white, consisting chiefly of plagioclase, pyroxene, and quartz 
but locally containing a little garnet, vesuvianite, and biotiteo 
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 bas been altered to 
s·chist. The beds of hornfels generally pinch out alorig 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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Beds of coarse-grained white to light-gray marble occur in a 
few places. Only a :few o:f these beds are more than 5 meters 
thick; the thickest, at El Fen6meno, is 45 meters thick. The 
marble beds are lenticular, even where not cut off by intrusive 
rocks, and in some places they form a series of lenses more or 
less nearly in a plane. As little definite evidence of faulting 
has been found it 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 Fen6meno 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 is white, though some, containing flakes of graphite, is 
gray, and some has a pale-blue tint which apparently fades out on 
long exposure to sunlight. Moat if not all of the marble con­
sists of calcite rather than dolomite. It is 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 Fen6meno mine. 

Every bed of marble that was examined grades into tactite 
along some part of its outcrop, and almost every zone of tactite 
encloses remnants of marble. The tactite consists principally o:f 
lime-silicate minerals--garnet, diopaide, hedenbergite, veauvian­
ite, axinite, tremolite, wollastonite, and epidote-with quartz, 
calcite, and sulfide minerals--pyrrhotite, pyrite, arsenopyrite, 
and chalcopyrite--and less commonly feldspar~ and mica. The tac­
tite is either pale- to dark-green or pale- to dark-brown, 
depending upon the relative abundance of pyroxene and garnet, and 
is coarse-grained in same places and fine-grained in others. Its 
contacts with adjacent rocks are nowhere sharp; it grades into 
marble on one aide 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 fluids 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 biotite 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 Castilla. They may repre­
sent an early phase of the quartz diorite intrusion. Owing to 
their relative unimportance, they are not distinguished in plate 
26 from the schist and hornfels. 

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

Pegmatite dikes from a few centimeters to as much as .4 meters 
wide are numerous in parts of the region, particularly in meta­
morphosed sediments near the borders of the larger bodies or 
quartz diorite. Many of these dikes contain small quantities of 
tourmaline and, less commonly, of garnet. Only the larger and· 
more conspicuous of these dikes were mapped. 

A fine-grained quartz-diorite (?) dike that occurs along the 
west side of the Bl Topo area (pl. 26) contains less biotite and 
hornblende than the typical quartz diorite and may be more close-
ly 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 .Juarez 1n more 
than a general way, but it seems evident that the rocks have been 
complexly folded, with major ~ld axes trending north-northWest. 
The principal structural trend in the region is N. 25°-35° w., 
~ith.local deviations around embayments of sediments 1n the dio-· 
rite, such as that near Los Gavilanes (see pl. 26). The prevail­
ing dips of the metamorphosed sediments are between 40° and 66°, 
and the dip of the foliation in the ·schist is1generally great~r 
than 75°. "' 

For long distances the igneous contacts are nearly paral~el 
in dip and strike to the adjacent beds, but when followed rar 
enough along the strike or down the dip they are found to cut 
gradually across the bedding. All beds of marble and t.actite 
near an igneous contact will presumably be thus cut ott 4oftnwa1td 
by the igneous rock, if they do not pinch out first. 'ft11a out­
ting off is well illustrated in the El Fenomeno mine (pl. 28), ln 
the La Raza mine (pl. 31), and in the Los Aliados 4e Ja61"'1oa mine 
(pl. 34). As all the smaller bodies of metamorphosed aedtmenta 
that could be well observed are wedgelike.pen4ants 1n the biotite 
diorite or the quartz diorite, the larger bodies in the PagiGft 
probably have somewhat the same for.R. · 

No major faults were noted 1n the areas aaained in det.all, 
but small•faults were suspected at several plaoe.a, nota~li ~ 
the El Fen6meno mine (pl. 27). These faults are ap~n.t y o~d•:r. 
than the diorite intrusion. No faults cloaelJ aaaoe1ate4 mth 
the ore bodies were found. 

The largest known tungsten deposit 1n the region is th· 11 
Fen6meno, which is in the southwestern corner ot the aree. 
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examined (pl. 25). The smaller deposits are most numerous near 
Oerro Bl 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 Bl Fen6meno, and two other deposits a few 
kilometers farther n!rth, the Pasadena and El Pinalito, have been 
prospected or mined. The Olivia deposit, some 15 kilometers 
east-northeast ot El Fen6meno, has yielded a little ore. A group 
of four deposits on the Socorro claim, which is about 5 kilo­
meters south of Cerro El Topo, has been slightly prospected, and 
,work has been done on some deposits on the Tio Pepe claim, 11 
kilometers east-southeast of Cerro El Topo. All these deposits 
were examined, but not all of them were mapped in detail. 

A deposit is said to have been found some 25 kilometers by 
road northwest of Los Gavilanes, and some ore occurs about 15 
kilometers by road farther northwest, but neither of these local-
1 ties was v1s1 ted. Hany others undoubtedly occur in the area 
examined, as well as farther north and south, but prospecting has 
been rathe-r hampered by the relative inaccessibility of.' much of 
the country and the prospectors' lacx of familiarity with tung­
sten minerals. 

Occurrence 

Scheelite, the only tungsten mineral 1n the region, occurs 
mainly 1n tacti te on or near contacts w1 th quartz diorite. A 
acbeelite-bearing zone that is mostly in tactite may extend for 
a· short distance out into the adjacent marble, hornfels, schist, 
or qu.artz dior1 te, but all the commercial ore is conf.'ined to the 
tactite. The ~dth of the zones rich in scheelite ranges from 
less than a centimeter to as BUCh as 17 meters, but it is gener­
ally leas than 2 meters. !hese zones rarely maintain a constant 
width for more than a few meters, being rather pockety or lentic­
ular. An ore zone is generally about parallel to the walls of a 
bo<fy of tact! te, which ma.y form an 111-def.'ined sheet between mar­
ble and quartz diorite or may replace irregularly,a part or all 
ot a bed or JIIUI'ble. In aome depo&i1 ts the ore z.one is on the mar­
ble aide of the body ot tact1te, in others on the diorite side, 
and in still others •holly within the tactite. There is no con­
stant relation between tbe width of the tactite zone and the 
widtb of the scheelite-bearing zone. Many bodies of tactite are 
barren or nearly so. 

!'be ore bodies generally have dips of 45° to 65°, being 
~'T cont"olWilble to the ~cloaing marble beds or to contacts 
between quarts diorite and marble. Where exploratory work has 
.tully outlined the ore ~odies, they eeem to narrow downward, 
ba"'1J:lg profilee like that ot a halt-opened tan. In the El 
r.6aeno deposit (pl.· 28), the sideli converge toward a point 
eaaewhat more than 93 meters below the outcrop, and 1n the Bl 
Topo deposit (pl. 35) they apparently converge toward a point 
about 30 J.Htera below the outcrop. In some other deposits, 
~ncluding'tbe Los Aliadoe de Am~rica (pl. 34) and the La Raza 
(pl. 31), the ore bodies are cut ott at depths of 10 to 20 meters 
by the underl)'ing intrusive rock. It is to be expected that 
moat of the other deposits in the region, when they are thorough­
ly explored, will likewise be found to taper downward or to be 
cut ott by the diorite. The ma.x1Jmm1 depth to which a deposit may 
be expected to extend ia apparently somewhat lese than the length 
of ite.outcrop. 
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Prospecting is most likely to be successful on and near con­
tacts between the quartz diorite and moderately large bodies or 
metamorphic rock. Small pendants, even if they contain good ore, 
can hardly yield any considerable tonnage. Large beds of marble 
should be sought, and they should be searched for tacti te and 
scheelite. Most of the beds of marble in the areas examined in 
detail are so small that they cannot contain sufficient ore to 
support commercial mining operations. 

I 

Hineralogx 

The scheelite (Oawo4 ) in this region forms small equidimen­
sional crystals, which are white in fresh rock but pale-yellow in 
st~ngly weathered rock, where they are coated with thin films of 
secondary tungstic oxide. The f'luores.cence color of' the scheel­
ite is bright blue-white, indicating that the mineral contains 
little or no molybdenum, and a low molybdenum content is more 
definitely shown by chemical and spectrographic analyses. 

The most abundant 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 minerals 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 tramolite 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 principal sulfide mineral is pjrrhotite (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 at least 
traces of gold have been f'o~d in most of' the ores. 

Preliminary table concentrates of ores in the region consist 
mainly or scheelite and garnet, though they contain small quanti­
ties of' other heavy lime-silicate minerals and of' iron oxides and 
sulfides. An assay !/ of' table concentrates from ore from the 
Bl Topo deposit gave the following percentages: 34.66 W03, 
0.76 S, 0.16 As, 0.14 P, 0.02 Ou, and a trace or Sn. A spectro­
gram made at the s.sme time gave the following re&ults: 

Major metallic elements: W, Oa, Si, and Al. 

Intermediate metallic elements: Mg and Fe. 

Minor metallic elements: 
Percent Percent 

Ti •••••• 1.6 au •••••• 6.65 Co •••••• 
Mn •••••• .1 Zr •••••• • os or •••••• 
Bi •••••• .1 Sn •••••• .01 Ni•••••• 
As •••••• • 1 v ••••••• • 01 Ba •••••.• 
Mo •••••• .os Sr •••••• .005 Ag •••••• 

lereent 
o.oo5 

.001 

.001 

.001 
Present 

Most or the non-metallic and metallic minerals in the table 
concentrates can readily be separated from the scheelite in an 
electro-magnetic separator, leaving high-grade concentrates that 

. };/ Assay by Sm1 th, ·limery & Co. , Los Angeles, tor the C!e. Mtuera m. 
J'en6meno. 
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contain from 60 to 70 percent WQ3. A 30-ton shipment in May 1943 
of concentrates after electro-magnetic separation gave the fol­
lowing assay:g/ 

wo3 • . ,• .......................... . 
As • •••••••••••••••••••••••••••••• 
s ................ ............... . 
Cu • ................................. 
Sn • .•..••..•.•.•...............•• 

Percent 
66.90 

.13 

.06 

.02 

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

Percent 
wo3 ••••.•••••••.....•.••••••.•••• sa.o3 
s. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 08 
As • ••••••••••••••••••••••••••••• o o 04 
Cu. • • • • • • • • . • • • • . . • . • • • . • • . . • . • • • • 00 
Sn. • • • . . . . . • • . . . . . . . • • . . . . • . . . • . • • 00 

• 

The tungsten deposita in the region are of the pyrometasomat­
ic or replacement type. They were fo~ed adjacent to intrusive 
quartz diorite, in chemically favorable beds that were for the 
most part highly calcareous, by reaction of fluids from the dio­
rite'with calcium carbonate. The movement of the fluids was un­
doubtedly directed in part by fractures, which caused some beds 
to be replaced while others were 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 contain a 
proportionately large deposit of scheelite. 

Intrusion of the quartz diorite was accompanied by metamor­
phism of the sedimentary rocks to schist, hornfels, and marble. 
After the intrusive rock had consolidated sufficiently to frac­
ture, ~umerous pegmatite dikes were injected into it and the 
adjacent metamorphic rock. Partly, perhaps, during the emplace­
ment of the pegmatite, but certainly in part after its emplace­
ment, fluids escaping from the crystallizing 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 bodies. The scheelite probably was deposited during and 
~ediately after the formation of the tactite, in which it gen­
erally forms euhedral crystals. As a little scheelite 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
tities of silica, for ir~egular 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 is not known but is roughly estimated at about 4,000 units 

!/ Assay by Ledoux & co., R8! York, tor the C{a. MinerA El Fen6meno. 
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of wo3 • The production between 1937 and December 1943, when min­
ing ceased, amounted to about 60,000 units of wo3 , ~n concen­
trates averaging roughly 65 percent wo3 • All but 3,300 units was 
produced from the El Fen6meno deposit, the rest having been mined 
during 1943 from nine other deposits in the region. All the 
final concentrates were produced in the El Fen6meno mill; about 
4 tons of low-grade concentrates produced in the first mill of 
the Cia. Hinera del Gran Oeste was sold to the El Fenomeno compa­
ny and reconcentrated. An itemized account of the sources of the 
tungsten is given in the following table: 

Sources of tungsten produced in Lower California 

Tons of ore Average percent Units of W% 
Deposit Period milled W03 in ore recovered in 

milled concentrates 

El Fen6meno •••• 1917-19 5,000* 0.9* 4,000* 
El Fen6meno •••• 1937-43 100,000* 0.7* 56,700* 
La Raza •••••••• 1943 1,480* 1.3* 1,650* 
El Audaz ••••••• 1943 300* 0.9* 220* 
El Topo •••••••• 1943 250* 1.75* 350* 
Los Aliados de 

America •••••• 1943 703 1.48 835 
El Dieciseis 

de Septiembre 1943 121 0.91 96 
La Esperanza ••• 1943 86 o.8o 58 
Cienpies ••••••• 1943 58 0.55 29 
Olivia •••• o•••• 1943 36 1.33 43 
El Pinalito •••• 1943 2.6 0.83 19 

108,060 64,000 

• Estimated 

It has been virtually impossible to explore and measure the 
ore bodies in 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 have 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. 

The El Fen6meno deposit yielded from the upper levels more 
than 70,000 tons of ore, averaging 0.7 percent wo3 or more, but 
ore from the 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 
containing at least 0.4 percent of wo3--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 estu1ated 
that only 600 or 700 tons of ore containing 0.4 ,or 0.5 percent 
W03, remains 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 Aliados de America, produced 703 tons of ore averaging 1.48 
percent wo3 , and about the same tonnage of rock containing little 
or no scheelite was discarded under ultraviolet light. The other 
deposit, the La Raza, produced about 1,500 tons of ore averaging 
1.3 percent wo3 , 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.light, somewhat more rock be­
ing discarded than was milled. With the exception of' the E1 · 
Fenomeno deposit, these two have yielded 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 t~an the value of' the 
ore recovered. These deposits did, indeed, came close to paying 
for themselves, but all the others mined in the region, except 
the El Fen6meno, have caused considerable loss to the owners. 

The geology of all the other deposita examined in the region, 
again excepting the El Fenomeno deposit, is similar to that of' 
the La Raza and Loa Aliados de America deposits. None seems tQ 
hold much promise of being significantly larger, and, moreover, 
the ore bodies exposed are lower in grade than those mined. 
Although a deposit of ore containing as little as 0.4 percent 
~03 was generally considered commercial at the 1943 price of' 
~gsten if it was fairly large, the small size of the unmined 
deposits would prevent them, in the writers• opinion, from being 
profitably mined even though they were .found to contain some 
high-grade ore. Where ore must be hauled to a mill more than.a 
few kilometers away, a deposit containing less than 2,000 tons 
generally cannot be considered commercial unless the ore averages 
bett~r than 0.8 percent wo3 • No deposit with more than 100 tons 
of ore as rich as this is known to remain unmined in the region, 
except the El Fen6meno and La Raza deposits, which contain 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 Fen6meno and La Raza deposits. If the data 
in this table are correct, none of these deposits can be mined 
commercia~ly at the 1943 price of tungsten. 

MINES AND PROS·PECTS 

Deposits mapped ~n detail 

El Fen6meno 

The El Fen6meno mine is in the &euthwestern corner of' the 
area examined (pl. 25}. In 1943 it was under lease to the 
Cfa. Minera El Fen6meno, by which it was being operated. 

Geolo~.--The El Fen6meno deposit extends along an intrusive 
contact b~ween quartz diorite and metamorphosed sediments (see 
pls. 27 and 28). The quartz diorite, 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 ~arble forms two principal belts, the largest of' 
which extends continuously along the cain intrusive contact f'or 
330 meters and has a maximum thickness of about 45 meters. A 
second, smaller belt lies a few meters f'arther west. The marble 
is white, light-gray, or pale-blue and is coarsely crystalline. 
It is rather soluble and contains caverns and wide fissures that 
extend as deep as the deepest workings, 93 meters below the sur­
face. 
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Tactite, consisting mainly of garnet and diopside, occurs 
around the edges of the marble at many places and also forms 
irregular masses within tne marble. A few pegmatite dikes, cut 
through all the rocks, being especially numerous in the metamor­
phic rocks near the diorite contact. In some places they contain 
small quantities of tourmaline and garnet; in other places they 
consist mainly of quartz. 

Tungsten-bearing rock in explored deposits 

Average ', 

Name of deposit mining width Estimated tonnage Percent WOs 
in meters 

El Audaz •••••••••• 1.3 2,000 0.3 -0.4 
Bl Dieciseis de 

Septiembre •••••• 1.2 4,000 .1 - .2 
Pearl Harbor •••••• 1.2 6,000 .2 - .3 
El Topo ••••••••••• 1.2 6,000 .a- .3 
El Pinalito ••••••• 1.2 500 .2 - .3 
Cienpies •••••••••• 4.0 2,000 •3- .4 
Olivia •••••••••••• 1.2 3,000 .3 - .4 
Pasadena •••••••••• 1.2 2,500 .3 - .4 

TOTAL ••••••• • • 26,000 0.25-0•3 

The metamorphic ro~ks strike northwest. The beds of marble 
dip, on the average, 65° sw., but the foliation of the schist is 
everywhere nearly vertical. The larger belt of marble is cut.off 
at both ends by the diorite, and exposures of the contact in the 
underground workings indicate, also, that the marble terminates 
downward against diorite. The smaller belt of marble 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 diorite (see 
pl. 28). The diorite contact is rather irregular in both strike 
and dip. Its dip, though locally a· little steeper than the bed­
ding of the sediments, is generally somewhat flatter. At two 
places west of the main body the diorite 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 p~nch out down­
ward in the diorite. The marble beds are apparently cut off just 
north of the center of the area shown in plate 28, by a fault, 
which, as it does not affect the main diorite contact, is presum­
ably older than the diorite. Some of the principal pegmatite 
dikes are parallel, and the others about perpendicular, to tqe 
strike of the metamorphic rocks. 

Ore deposit.--Virtually all the tungsten is in the mineral 
scheeli~e, which is a~ost everywhere accompanied by garnet but 
is not constantly associated with any other mineral. Garnet pre­
dominates in most of the ore, but locally vesuvianite, axinite, 
diopside, quartz, or calcite predominates. A small percentage of 
the ore has a gangue of quartz diorite, with a scattering bf 
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 in 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 zone of tac­
tite between the marble and the quartz diorite is commercial ore, 

668013 0 - 45 - 2 
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that is not usually the case. In general most of the best ore is 
on the marble side of the tactite zone, but at some places the 
tactite near the marble is barren and that near the diorite 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 their 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 is ·only 120 
meters. The ore body has a profile somewhat like that of a fan, 
and the shaft has by c-hance been placed in the center (see pl. 
28). The sides appear to be converging toward a point just 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
ied from 0.2 to 17 meters, averaging about 4 meters. Much of the 
best ore was in large pockets or thick lenses. Same 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 2.50-foot level (see pl. 28). 

The middle part of the northwestward extension of the 200-
foot level is in rock containing less than 0.2 percent wo3 , but 
the rock is somewhat richer near the end of the drift, just 
beyond which the marble and tactite are cut off by the diorite. 
There may be another, though smaller, fanlike ore body in the 
northend of the mine, where some ore has been stoped from above 
the 200-foot level, but that ore was so ~rrow (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 costa, 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 contain less than 0.1 percent wo3 , they have 
not been explored. Where the first zone was cut, opposite 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 somewha~ smaller outcrop is explored 
by the westernmost trench, just west of the center of the area, 
but no commercial ore was uncovered. Trenches on the diorite 
contact at three places north of the north end of the mine (see 
pl. 27) revealed no trace of tactite or scheelite. 

Hill practice.--The mill at the El Fen6meno mine comprises 
two nearly identical units, which together can mill about 200 
tons~ day (see pl. 29). After passing over a 3/4-inch grizzly, 
the ore is put through a jaw crusher and sent to a 16-mesh 
vibrating screen, where it is 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 undersize is 
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 or Overstrom 
tables. The concentrates and tails from these tables are treated 
like 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 retabled on a small Overstrom table, from which 
the concentrates go to another storage bin for magneticsepara­
tion. The middlings and tails go back to the first set of 
tables. The final table concentrates, which consist mainly or 
scheelite and garnet but include sulfides, iron oxides, and sev­
eral heavy lime-silicate minerals, contain from 25 to 35 percent 
wo3 • 

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 is returned to the drier and 
roasted, after which it is again put through the separator~ The 
final non-magnetic concentrate is nearly pure scheelite and con­
tains from 65 to 70 percent W03. A middlings product take~ 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 separately and is 
periodically returned to the mill circuit. Thus the only scheel­
ite lost is that carried away in the main tailings discharge. 

Tailings from hard fresh ore have assayed 0.05 to 0.08 per­
cent in.wo3 , averaging a little less than 0.07 percent. As cal­
culated fram assays of the tailings and the amount of wo3 recov­
ered in the final concentra tea, 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 or 
the ore milled, being better from high-grade than from low-grade 
ore. It also depends upon physical con~ition: soft weathered 
scheelite slimes readily, which causes a loss or tungsten, tail­
ings from small runs having assayed as high as•O.l5 percent W03 ; 

-but, since nearly all the weathered ore milled 1n the past year 
contained more than 0.8 percent wo3 , final recovery was better 
than 80 percent. 

Production and reserves.--Production from the El Fen6meno 
deposit during World War I is not known, but it is estimated to 
have been, very roughly 4,000 units of WO~. Between the time 
the deposit was reopened in 1937 and Decemner 1943, when mining 
ceased, about 60,000 units of wo3 was produced in concentrates 
avc~aging about 65 percent wo3 • During the first two or three 
years of renewed mining the average wo3 content of the ore varied 
from 0.8 to 1.0 percent, but later it dropped to about 0.7 per­
ce:qt. After the middle of 1942, when the enlarged mill was put 
in service, leaner ore was mined, so that the W03 content dropped 
rather abruptly, until 1n February 1943 it was leas than 0.2 per-
cent. · 

Between the beginning of October 1942 and the end of February 
1943, 21,590 tons of ore, averaging 0.30 percent wo3 , was mined 
and milled. From February until late in July, when systematic 
mining ceased, the ore probably did not carry more than 0.3 per­
cent of wo3 , even though production was cut in half and an effort 
was made to·min~ only the best ore available in the lower part of 
the deposit. The mill heads, however, were kept somewhat higher _ 
by admixture or higher-grade ore from other deposits. Between 
October and December the company milled all old tai~ings from 
earlier operations, all dumps containing 0.25 percent wo3 or 
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more, and all slabs and pillars or high-grade ore that could 
sarely be taken from the mine. About 500 units in concentrates 
was produced during this clean-up period. ftining and milling 
ceased early in December 1943. -

More than 1,000 tons of ore containing at least 0.5 percent 
wo3 remains in pillars in the mine, but this ore cannot safely be 
removed. The results of past mining operations indicate that 500 
or 700 tons of ore containing 0.4 or 0.5 percent W05 remain in 
the bottom of the mine. Without the aid of extensive exploratory 
work, there can be no basis ror believing that there is a larger 
tonnage. Some ore may possibly remain at deeper levels in the 
north part of the mine, and there may be ore along one or the 
diorite contacts west of the main contact and below the bottom of 
the mine, but the chance of finding other ore bodies is 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 sufficient ore to justify ito 

El Audaz 

The El Audaz mine (pl. 30) is located just across the arroyo 
from Loa Gavilanes, in the northeastern corner of the El Topo 
area (pl. 25). The deposit is controlled and was operated by the 
O!a. Hinera del Grand Oeste. It is 1ri a small pendant of marble 
and tactite, 90 meters long and 15 to 50 meters wide, in schist 
intruded by dark-gray fine-grained biotite diorite, about 120 
meters northwest of the main body or quartz diorite. On the sur­
face the pendant is cut off at both ends by biotite diorite, 
which probably cuts it orr underground, also, at relatively shal­
low depth. Small irregular masses of quartz diorite crop out 
just east of the center of the tactite body, and presumably the 
diorite increases in abundance downward. 

The entire pendant may originally have been a single bed of 
limestone, most or which was altered to tactite arter intrusion 
of the quartz diorite. Several small dikes or pegmatite, the 
largest of which are shown on the map (pl. 30), cut all the 
rocks. 

The marble is white to light-gray, and most or it is coarsely 
crystalline. Its contacts with the tactite are irregular, though 
in general nearly para'llel to the bedding, which strikes north­
east and dips 50° to 50° NW. The tactite consists mainly of 
light-gray to pale-green pyroxene but everywhere contains garnet; 
1n 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 w.orkings. 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 adi ta, one of which is 
connected with the surface by an incline shaft and has a 10-meter 
winze. Four nearly parallel scheelite-bearing zones of tactfte 
are exposed, each on the southeast side of a marble bed. Only 
one of the scheelite-bearing ~ones found thus far is wide enough 
and rich enough to be regarded as possible commercial 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 



SCHEELITB DEPOSITS, LOWER CALIFORNIA, riEXIOO 89 

to be abou~ 35 meters, and its width in the part explored varies 
from a few centimeters to 2 meters, averaging about.l meter. In 
one plfce 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 W03, has 
been selected from the rock mined and has been milled at El 
Fen6meno. The last hundred tons or so· of selected ore averaged 
somewhat less than 0.8. percent wo3 , bu:t the grade could have been 
raised a little by more careful selection. About 200 or 250 tons 
of rock was mined from the winze, whic~ 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 WQ5 and would have to be re-so~ted before shipping. 
Although moat-loose waste rock had to be removed because of the 
cavernous nature of the material in tbe winze, it is douptf'ul 
whether the ore body could have been mined at a profit even if 
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 about 2,,000 tons of rock averaging 
0.3 or 0.4 percent wo3 • By careful selection under ultravio~et 
light a somewhat smaller tonnage of higher-grade ore could be 
sort~d out. As the production cost of. the ore already mined has 
been several times its value, it is high"ly 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 control:led by the O.!a. Minera del 
Gran Oeste, is 600 meters west of Los Gavilanes, in the north­
eastern corner of the El Topo area (pl:. 26). It is 1n a small 
pendant of metamorphic rock, 21 meters, long, 13 meters wide, and 
16 meters deep, in quartz diorite and biotite diorite (se~ pl. 
31). On the east side the pendant is cut off by the dark dio­
rite, and on the other aides and the bottom it is cut off by the 
quartz diorite, Which also cuts off the darker biotite diorite. 
'l'b.is pendant consists mainly or garnet~diops1de tactite but con­
tains hornfels and schist. The tacti te probably was formed by 

'complete replace~ent of thin beds of l~estone. 

Three other larger pendants, compo~ed 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 
50° HW. Two of these contain thin lenses of tactite, which 
because or their discontinuity and poo~ outcrops were not mapped 
separately. Pegmatite dikes, which trend north-northeast, are 
more numerous near the La Raza mine th~n at any other place in 
the region. The intrusive contacts are steeper than the bedding 
in some 'places and less steep in o~hera. 

Scheelite occurs in the pendants a't six or seven places. In 
the southernmost exploratory workings in the long-southeast pend­
ant, the scheelite is associated with hornfels, but elsewhere it 
is associated with tactite. More or it is associated with the 
green diopside tactite than with the b~wn garnet tactite, though 
high-grade ore occurs in both. The fr;eah 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 is in the coarse-grained rock. 

Scheelite-bearing rock has been explored in six places by 
means of pita, trenches, adlts, and shafts. The adit in the 
southeast pendant (see pl. 31) cuts two scheelite-bearing zones 
inhornfels, and one of the zones is also cut in the two pits 
jus~ north of the adit, but scheelite is extremely scarce in all 
these exposures. Tactite containing a little scheelite is 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; it 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 lit­
tle promise of yielding commercial ore, for it is little more 
than half a meter wide at the surface. 

:Wo zones of scheelite-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 is less than 
half a meter wide and contains very little scheelite at the sur­
face;· the western zone is still narrower and contains even lass 
scheelite. 

The principal deposit in 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 or·the incline shaft, 
which is at nearly the same level as the bottom of the open cut, 
the ore having been considered too lean to be worth mining. Host 
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 metamorphic rocks, and conse­
quently the ore body, are cut off by the quartz diorite. This 
deposit has been sufficiently explored to locate the limits of 
the ore body rather definitely. 

The La Raza deposit has yielded about 1,480 tons of ore, 
which averaged roughly 1.3 percent wo3 • Except for the lower end 
of the vertical shaft, not much dead development work has been 
done. Host of the rock mined was regarded as ore, though it had 
to be very carefully selected under ultraviolet light to maintain 
a tungstic oxide 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 
re.moved. Past mining operations indloate that 150 or 200 tons of 
ore containing 1.2 or 1.3 percent wo3 can still be obtained by 
carefUl selection from the rock around the north end of the ver­
tical shaft, though removing this ore would of course destroy the 
shaft. 
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El Dieciseis de Septie.mbre 

The El Dieciseis de Septiembre deposit is 450 meters south­
west o~ Los Gavilanes (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 meter~ long, cut o~~ on all 
sides and probably at shallow depth by the dark biotite diorite 
(see pl. 32). A mnall mass o~ quartz diorite is intruded into 
the pendant and into the dark diorite just south of the sba~t; 
the contact of the main body o~ quartz diorite is 260 meters 
southeast o~ the deposit. The pendant consists mainly o~ horn­
~els, but near the north end it contains a body o~ marble, which 
has been replaced by tactite at three or ~our 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 o~ the pendant is less 
steep than the bedding, and the northwes~ contact somewhat steep­
er, so that the pendant wedges out downward, Pegmatite dikes are 
numerous in the deposit. The principal dike extends ~rom within 
the outcrops o~ the main body o~ quartz diorite northwestward 
through the La Raza open cut (see pl. 26). 

Scheelite occurs in narrow zones of tactite in and around the 
marble. The gangue is chie~ly garnet. It replaces the borders 
o~ the pegmatite dikes where they cut the ore bodies; elsewnere 
the pegmatite is completely barren. The best ore is in the most 
coarsely crystalline tactite. At the sur~ace three principal 
zones o~ scheelite-bearing rock crop out, but in the adit ~ive 
zones are exposed (see map o~ adit in pl. 32). Apparently only 
the three principal zones contain ore that is near commercial 
grade. The maximum length o~ the northernmost zone is 40 meters, 
that o~ the second 25 meters, and that o~ the third about 35 
meters. The zones vary in width :from 0.1 to 2 meters, averaging 
little more than hal~ a meter. As in all the other deposits, the 
ore bodies are lenticular and pockety. Assuming that they are 
similar in ~orm to the El Fen6meno deposit, their maximum depth 
would be less than 35 meters. 

The El Die.ciseis de Septiembre daposi t has yielded 121 tons 
o~ ore, averaging 0.91 percent wo3 , and 30 or 35 tons o~ ore of 
nearly the same grade has been sorted out into piles on the 
dumps. Out o~ some 250 or 300 tons o~ rock excavated ~rom the 
22.6-meter sha~t, 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 work, and even the rock removed ~rom the adit was in 
l~rge part barren. Even without counting in the expense o~ 
building the road to ship the ore, the value. o~ the tungsten in 
the ore sold has not paid the cost o~ mining. At best, the 
deposit may contain roughly 2,500 tons o~· ore averaging 0.3 or 
0.4 percent W03, from which perhaps 1,000 tons of ore Cintaining 
Oo8 or 0.9 percent W~ might be sorted. But, owing to the nar­
rowness of the ore boUles, so much barren rock would have to be 
mined that the total amount o~ rock to be removed would be about 
4,000 tons, and its average wo3 content would not exceed 0.2 per­
cent. That is o~ course too low to permit profitable mining. 

Pearl Harbor· 

The Pearl Harbor deposit is near the center of the El Topo 
area, near the middle o~ 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. 1 The pendant is in 
contact on both sides with intrusive diorite, which probably cuts 
it of.f at shallow depth (see pl. 33). The pendant consists main­
ly of horn.fels and schist, but it includes, in a north-northeast­
·trendtng zone, five separate bodies of marble, and the tungsten 
deposit is in the middle body. The marble at the principal work­
ings .for.ms 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 is 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 o.ff by the diorite 
at a depth of 35 meters or less; the eastern bed mBy extend some­
what deeper. 

Scheelite occurs in some of the tactite along the east side 
of· each of the two beds of marble. Its gangue is chiefly garnet 
in the eastern tactite 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
cite,· 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 is about 60 meters. It is explored by an open pit 
and a 3-meter adit. The western ore body, which is 0.1 to 0.5 of 
a meter wide and about 40 meters long, is 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 it. 

About 15 tons of ore, containing 0.5 to 0.7 percent wo3 , has 
been sorted out in the course of the exploratory work, but none 
has been.shipped. By comparison with other deposits mined, it is 
inferred that the maximum tonnage of ore in the eastern zone is 
about 3,000 tons averaging roughly 0.5 percent wo3 , which, owing 
to the narrowness of the ore zones, could be obtained only by 
mining a nearly equal amount of barren rock. Similarly, the ton ... 
nage o.f ore of the same grade in the western zone is 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 mine'd to obtain the ore, which makes the 
overall wo3 content 0.2 or 0.3 percent. At 1943 prices, it would 
not pay to mine ore of that grade. 

Los Aliados de America 

The Los Aliados de America mine, the easternmost tungsten 
deposit on the claim of that name, lies near the center of the 
El Topo area. It is crossed by the eastern part of cross section 
line B-B- in plate 26. The deposit was mined by the C!a. Hinera 
Bl Pen6meno. The tungsten ore is in a small pendant of horn.fels, 
tactite, and marble in dark biotite 'diorite, 80 meters northwest 
of the contact with the main body of quartz diorite. A Sll18.ller 
body of quartz diorite lies 60 meters west of the deposit, and 
other 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 tail of metamorphic rock, is 20 meters long and 10· 
meters wide, and it has been sufficiently explored to prove that 
it is completely cut o.ff by the biotite diorite at a depth o.f 6 
meters. A remnant of marble 15 meters long and 3 meters wide 
extends along the south side of the pendant. North o.f the mar­
ble are three zones of tactite separated by zones of hornfels, 
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and a narrow zone of tactite extends along the south side of the . 
marble between it and the biotite diorite. 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 co~ected by a short 
incline with an adit 17 meters long. Several shallow trenches 
explore the bedrock around the pit, and a small cut was made in 
the small inclusicn just mentioned. Scheelite occurs in most of · 
the tactite and rarely in the hornfels. Host of it is associated 
with garnet-pyroxene tactite in the open pit, but some good ore 
has contained abundant epidote, calcite, and quartz, and less 
commonly vesuvianite and axinite. Host 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
tite zone on the south side of the marble averages barely half a 
meter in width, 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 diorite under the pendant. 
The small inclusion east of open pit contains a· little scheelite­
bearing tactite, but it is of low grade and not worth prospecting 
.further. The pit in the 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 yielded 703 tons of ore, which averaged 1.48 
percent wo3 • The ore was care.fully selected under ultraviolet 
light, and a nearly equal ·amount of lean o~ barren rock was dis­
carded. Probably no more than 50 tons of ore containing as much 
as 1.0 percent W03 could be gotten .from the rock remaining in the 
deposit, and, as it would be necessary to mine much waste, the 
over-all tenor would be a good deal less than 1 percent. The 
deposit can therefore be regarded as mined out. The small ton­
nage .of ore that was obtained did not pay expenses, which includ­
ed the cost o.f 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 region, because it 
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 .. 

El Topo 

The El Topo deposit lisa south of the center of the El Topo 
area, in the southern part of the El Topo claim. It ts near the 
·middle of cross section line C-C' in plate 26. The claim is con­
trolled and was explored by the Cia. Minera E1 Fen6meno. The 
scheelite occurs along the east side of a moderately large pend­
ant in the quartz diorite. The pendant is a little 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 Esperanza, 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 side of the pendant is mainly schist and that along the east 
side interbedded hornfels and schist. Three nearly parallel beds 
of marble occur east of the center of the pendant, and there is a 
small lenticular Qed near the south end. The north tip of the 
pendant consists o.f.tactite without marble. 
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1 The El Tope deposit (pl. 35) extends along the easternmost 
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 marble has very nearly the same strike but dips much 
more steeply. A narrow zone of tactite lies northeast of the 
marble, along its contact with the quartz diorite, which at the 
incline shaft has the same dip as the marble. The other marble 
beds contain smaller, less regular masses of tactite • 

• 
Scheelite is associated only with the tactite along the main 

quartz diorite contact. The ~actite 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 
wide, averaging 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 incline 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 certain, 
however, for the diorite 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 tl1e 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 wo 3 , was 
sorted out of the rock mined from the incline shaft and was mill­
ed at El Fen6meno, 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 a whole may not average more ~han 0.5 percent in wo3 • 
Moreover, as the ore body is of less than minable width, consid­
erable barren rock would have to be removed; in order to obtain 
the ore, therefore, about 6,000 tons in all would have to be 
mined, which probably would not average more than 0.3 percent 
wo3 • Apparently, then, it would not pay to mine the deposit. 

Tio Pepe 

The T{o Pe~e deposit lies 12 kilometers east-southeast of 
Los Gavilanes {see pl. 25) fromwhich it is reached by a round­
about road 25 kilometers long, the last part of which leads 

.northward from the Laguna Hanson road, and a 2-kilometer trail. 
The deposit is in an area of metamorphic rocks irregularly in­
truded by the quartz diorite, 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. Seven 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 is replaced by tactite at one or more 
places along its 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, mainly 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 is main­
ly 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 
pits, but acheelite occurs ih only five of these openings, and in 
four of them it is very scarce. The main opening is a shaft 4.5 
meters deep, sunk on the beat showing of ore, which is 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 
acheelite-bearing zone may be no more than 30 meters long. 

No ore from the Tfo Pepe deposit has been milled. Ten or 15 
tons, containing 0.4 or 0.6 percent wo3 , has been sorted out in a 
pile at the shaft, but it would have to be re-sorted to pay the 
cost of hauling to the El Fen6meno mill. Even the best ore body 
is evidently too lean to be mined commercially. The amount of 
ore to be expected from the deposit is too small to repay the 
cost of mining and of the road improvements that would be requir­
ed. 

El Pinalito 

The El Pinalito 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 Fen6meno 
and El Topo areas at a point about midway between the two. The 
tungsten is in a bed of tactite and liornfels in a small pendant 
in the quartz diorite (see pl. 37, [l}. The pendant consists 
mainly of schist, which strikes east and has a steep dip to the 
north. Its maximum width is 40 meters, and its length is 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. Quartz diorite in­
vades the pendant in at least two places, as shown in plate 37, ,!, 
and probably, to judge from float, in several other places not 
indicated on the map. 1 

Scheelite occurs in the tactite, mostly in the more coarsely 
crystalline rock. As the tactite exposed in all the pits is near 
the middle of the b~d, it presumably was formed by replacement of 
a thin bed of marble, though no remnant of marbl.e appears in the 
outcrops or the workings. The scheelite-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 ore averaging 0.83 percent 
wo3 has been sorted out and milled at El Fen6meno. In addition, 
15 or 20 tons of ore averaging 0.7 or 0.8 percent wo3 has been 
sorted out and piled at the deposit. As all this ore came out of 
the westernmost pit 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 wo3 • Probably no more than 
500 tons of even this low grade is obtainable from the deposit, 
and consequently there is little incentive for 'further mining or 
development. The value of the scheelite recovered was consider-· 
ably less than the cost of obtaining it. 

Cienpies 

The Cienpies deposit is 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 diorite, near the edge of a 
fairly large body of metamorphic rock. The pendant is 22 meters 
long and has a maximum width of 18 meters (see pl. 37, ~). A f'ew 
meters east of it is a smaller one, 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 remnants of marble have yet been found in the 
workings. 

Scheelite is scattered irregularly through the central part 
of the outcrop of the larger pendant~ in a gangue that consists 
mainly of garnet and a dark-green mineral that appears to be an 
amphibole. The weathered rock is deeply stained with black man­
ganese oxide, no more than a trace of which was noted 1n any of 
the other deposits examined. Two pits 1.5 meters deep have been 
made in the scheelite-bearing rock. The ltmits of the deposit 
are not well established, but it may be a pocket somewhat like 
the Los Aliados de America. 

Production from the deposit amounted to 58 tons or· ore, aver­
aging 0.55 percent wo3 , which was milled at.El Fen6meno; 15 or 20 
tons of ore of the same grade has been piled at the deposit. As 
the selected ore constitutes about two-thi:rds of the rock mined, 
the average wo3 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 wo3 content of 0.3 or 0.4 per­
cent, so that the deposit hardly warrants further development. 
~e value of the ore thus far mined ia leas than the cost of min-
ing it. . 

Corte de l'fadera 

· The Corte de l'fadera deposit lies 250 meters south of the 
Ci~npies, 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. Tbis pendant consists mainly of 
hornfels and schist, with two parallel thin beds of marble, 
striking northwest and dipping 65° D., one of them 5 meters 
thick and the other 2 meters (see pl. 37, Q). Eleven meters to 
the northwest is another pendant, 16 meters long and 5 meters 
wide, which contains the same two marble beds. lfost of the mar­
ble has been irregularly replaced by taotite. 
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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 1 tactite gangue consists mainly of garnet, tramo­
lite, diopside, calcite, and quartz. The scheelite-bearing 
zones, where exposed in the trench that cuts across the two beds 
of marble, are pnly a few tenths.of a meter wide. A few tons of 
ore, probably averaging less than 0.5 percent W03, has been sort-
ed out, but none of it has been milled. As it seems doubtful , 
whether rock mined at a minimum width along the scheelite-bear~g 
zones would contain even 0.2 percent ~3, and as the tonnage 
would be insignificant, no further mining or development is war­
ranted. 

Olivia 

The Olivia deposit, 15 kilometers east-northeast of Rosa de 
Castilla, is reached by a road that leaves the Laguna Hinson road 
a few kilometers east of a line connecting the Olivia and T!o 
Pepe deposits (see pl. 25). Its distance by road from Rosa de 
Castilla is 49 kilometers and from Los Gavilanes 28.kilameters. 
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° NW., occur in the 
southwestern part of the ~endant (see pl. 38). Bach 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, associated mainly with garnet and diopside, occurs 
in each of the three zones of tactite. The deposit has been ex­
plored by two trenches, from which there extend short adits, and 
by a shaft 14 meters deep. The north trench exposes a scheelite­
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 is 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 W03, which was milled at El Fen6meno. 
All the ore was mined from the northernmost trench. As very lit­
tle of the rock taken o~t was discarded, the W03 content of tne 
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'W03 but probably less than 0.8 percent. The two zones at 
the south end of the·pendant may contain a nearly equal tonnage 
of ~re with a somewhat lower percentage of wo3 • In mining these 
two southern zones a 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 wo3 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 ex~ined but not mapped in detail 

La Esperanza 

The only deposit in the region, other than those already 
described, that has produced any tungsten is known as La Esperan­
za. This deposit lies just south of the center of the El Topo · 
area (see pl. 26, ~) and is 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 little 
hornfels. Scheelite 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 fairly 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 it there contains only a few tenths of a percent of 
wo3. The deposit is probably cut off by diorite a few meters 
below the bottoms of the shafts. 

Production from the La Esperanz~ deposit has amounted to 86 
tons of eire, averaging 0.8 percent in W03, which was sold to the 
El Fen6meno 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 leas 
than 0.4 percent W03• The operation was not profitable. No ore 
approaching commercial grade is exposed in the workings, nor does 
there seem to be much likelihood that any can be found. 

El Fen6meno del Topo 

The El Fen6meno del Topo deposit is 1n the northeast corner 
of the El Topo area (see pl. 26, B), between the El Audaz and the 
El Dieciseis de Septiembre deposits. The tungsten ore is in a 
pendant, 170 meters long and 20 meters wide, in the dark biotite 
diorite. The southern part consists chiefly 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-diopaide tactite. 
The ore is pockety and generally of rather low grade. 

The ore sorted out, of which there is 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 better 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 yielding 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 Dieciseis de Septiembre claim (see pl. 26, ~). 
From several of the axcavations 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 NUmero Tres and adjoining deposits 

The El Topo NUmero Tres claim is in the northwestern part of 
the El Topo area (pl. 26, ~), northwest of the 'Pearl Harbor 
deposit. Near the south·end of the claim there are two separate 
beds of marble associated with hornfels and schist. The marble 
strikes northwest and dips southwestward at the unusually low 
angle of 2.5° to 40°. Of the six or seven shallow excavations in 
and around these beds, only the northernmost reveals more than a 
trace of scheelite, and even there all the scheelite seems to be 
in a pocket only 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 NUmero Tres claim. It strikes west-north­
west and dips about 60° s. Narrow zones of tacti te 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 scheelite-bearing zone 0.4 ·of a meter wide, in a 
zone of tactite that is not much wider, between the marble and 
the underlying hornfels and schist. The W03 content of the 
scheelite-bearing zone is probably less than 0.4 percent. The 
deposit seems to offer no promise of yielding commercial ore. 

Los Cinco Her.manos and adjoining deposita 

The Los Cinco Her.manos claim is in the center of the El Topo 
area (pl. 26, ~), adjoining the Los Aliados de America claim. An 
elongate pendant of hornfels and schist in the quartz diorite, 
extending southward through these claims and ending opposite the 
La Esperanza claim, contains .four separate beds o.f marble with 
tactite, besides the beds shown in pl~te 34. The northernmost of 
these beds is the largest, having a length o.f 250 meters and a 
maximum width o.f 40 meters. It strikes north-northeast and dips 
70° W. Tactite occurs mainly along the east side of the bed, 
and small irregular masses o.f quartz diorite invade the marble as 
well as the adjoining horn.fels and schist. The tactite in the 
marble has been explored by .four shallow pits and an incline 
sha.ft 6 or 7 meters deep. Only traces o.f scheelite have been 
.found in the pits, but the sha.ft exposes a scheelite-bearing zone 
that varies in width .from a few tenths of a meter to about 1.5 
meters. The ore in 'this zone is low-grade, and it is doubtful 
whether the rock mined averaged even 0.2 percent wo5 • A .few tons 
of ore has been sorted out,but it was considered to5 lean to be 
wor-th shipping to the El Fenomerio mill. The deposit gives no · 

' promise of yielding commercial ore. · 

A bed o.f tactite a few meters long with remnants of marble 
occurs 40 meters south of the large bed. A small shaft in this 
bed revealed only traces o.f 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 aide, 
where it is. in contact with the main body of quartz diorite. A 
small shaft near the center of the bed exposes a narrow zone 
containing a little scheelite. Although a few tons of low-grade 
ore has been sorted out of the rock mined, the average wo3 c.on­
tent for a minable width is probably less than 0.3 percent, and 
the deposit is unlikely to yield any commercial ore. 

Another bed of marble, 225 meters long and about 10 meters 
wide, crops out 180 meters south of the Los Cinco He~anos 

I 
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incline shaft. The bed strikes noi'th and dips 65° w. Quartz 
diorite is intruded into it along the east side and cuts it o.ff 
at both ends. At the south end, three small trenches b.a,ve been 
excavated across a zone o.f scheelite-bearing tactite. This zone 
contains one small pocket of .fair ore, 8 or 10 tons o.f w~ich, 
averaging roughly 1.0 percent W03, has been sorted out, but the 
rock remaining 1n the walls o.f the trenches contains only traces 
o.f scheeli te. The work done thus .far has a.f.forded no evidence 
that tne deposit contains commercial ore. 

V for Victory and adjoining deposita 

The V .for Victory claim lies west o.f the La Esperanza, south 
of the center o.f the El Topo area (pl. 26, B). The deposit is 
one or a group in and near the edge or the rarge body or metamor­
phic rocks that occupies the west.ern part of the area mapped. 
Scheelite occurs along the west side of a lo~g bed or marble and 
tactite that strikes north and dips 75° a. The single pit that 
has b~en made 1n the scheelite-bearing zone exposes a narrow zone 
or tactite between marble and hprnfels. As the tungsten content 
ot the zone at that place is tar below any pOssible commercial 
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 these, at the south end of a narrow embayment or 
quartz diorite in the metamorphic rocks and just south of cross 
section line B-B' in plate 26, ~, there is a shallow trench and a 
shaft 2 meters deep. Only traces of scheelite have been found in 
these openings. Although not enough exploratory work has been 
done in this belt to prove that it contains no commercial ore, 
there seems to be little chance that it contains enough to be 
worth mining. 

El Socorro and adjoining deposits 

The Bl Socorro deposit lies 3 kilometers south of the El 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 or 
schist and hornfels in the quartz diorite. Three pits, 1.5 . 
meters deep, in the tactite have revealed little scheelite. No 
ore or 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 
marble and hornfels, a .few meters from a contact with a large 
body of quartz diorite. The bed of marble is apparently not more 
than 30 meters long, and the scheelite-bearing tactite is less 
than half a meter wide where exposed. There is no commercial ore . 
in sight, and it seems unlikely that the deposit can be mined 
commercially. · 

~ small pits have been dug in a deposit 500 meters north­
east o.f the El Socorro, about 100 meters east of the road. A 
very little sc~eelite occurs there in a hal.f~eter wide zone of 
tactite in schist, a few meters east o.f a contact with the quartz 
diorite. 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 yield any. 
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Pasadena 

The Pasadena deposit, 3 kilometers south of the El Pinalito 
(pl. 25), is connected with the nearest road by a trail 3 kilo­
meters long. The tungsten ore is in 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 diopside. The deposit has been 
explored by an adit 8 meters long, driven many years ago in a 
search for commercial garnet. Near ita face the adit cuts 
through the tactite and exposes a acheelite-bearing zone about 
1.5 m~tera wide. Assays of this zone are said to have averaged 
0.5 percent wo3 , and from inspection of the outcrops under ultra­
violet light, ita average content was estimated to be between Oo3 
and 0.5 percent wo3 • 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 is 30 meters long, has a 
max~ depth of 20 meters, and averages 1 meter in width, it 
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 kilometers distant, it is highly doubtful whether the 
depos.it could be profitably mined. 
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