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Introduction zmd history of mining

Very small quantities of tin have been.found in a large nmumber of tourmaline-
rich veins which occur principally in quartz monzonite, in the northeastern and
eastermpart of T. 4 S., R. 6 W., and in the western edge of T. 4 S., R. 5 W.,
southeast of Carona, in Riverside County. The tin-bearing area is south and west
of Iake Mathews, a reservoir of the Metropolitan Water District of Southern Cali-
fornia, and is served by paved roads from Corona and Arlington. The Cajalco mine
in this district is one of the few tin occurrences in the United States that has
been productive, although the total yield hos been only 125 to 150 short tons of
metallic tin, ' 7 .

Tin, in the form of cassiterite, was discovered in the veins about the middle
of the last century, probably between 1840 and 1856 1/. In 1860, Don Abel Stearns,
owner of El Rancho Sobrante de San Jacinto, leased the tin-bearing area to S. C.
Bruce who, backed by the Phelps Dodge Corp., started exploration at the Cajalco
mine in September. A vertical shaft (the Robinson) had been sunk 95 feet when the . |
outbreak of the Civil Wat stopped the work. Exploration was resumed in 1868 by
the San Jacinto Tin Mining Co. after acquisition of 49,000 acres of the ranch, and
in 1869 15,34 tons of ore shipped to San Francisco was said to have yielded 6,895 -
pounds of tin. According to Craze 2/and Crossmen 3/Iitigation arose <in 1869 and
little additional work was done before the property was sold to the San Jacinto
Estate, an English company, in 1890. The English company began a 6-1/2 mile
tunnel in Temescal Canyon to crosscut about 40 of the main veins, but the project
was soon abandoned, After refinancing, a mill and smelter were built at the ‘
Cajalco mine, 4/, and in 1891-92, production amounted -to 125 to 145 tons of tin.
Operations were suspended in 1892 and the property was sold to the San Jacinto
Land Company, ' .

1/ Bancroft, H.H., The Works of Herbert Howe Bancroft, vol. XXIV, History of
California, vol, 7, p. 660. (San Francisco, History Co,), 1860-1890.
‘Cronise, T.F. The Natural Wealth of California, p. 103 (San Francisco;
H.H. Bancroft and Co.), 1868. B :
Furness, J.W., Tini Mineral Resources, U.S., 1925, pt. I, .p. .68, 1928,
Hanks, H.G,, Cassiterite: OCalifornia State Mining Bureau. State
Mineralogist!s Report 4, p. 120, 188k, : :

g/ Craze, Cept. Charles, Private report, June 1888.
3/ Crossman, H.H., Mining and Scientific Press, Sept. 6, 1890 (San Francisco).

1
4/ Benedict, W. de L., The San Jacinto (California) Tin mines: Eng. and
Mining Jour., vol. 50, pp. 450-453, 1890.
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Between 1892 and 1927 the Cajalco mine was pumped out and examined several
times but no attempt at mining was made until the Temescal Syndicate.acquired the
mine in 1927. The syndicate was reorganized as the American Tin Corporation in
1928 and-an extensive program of development and prospecting was undertaken under -

-. the direction of George W. Bryant. The veins near the Cajalco mine were prospeci—

. ed, the Cajalco mine was deepened, and many drifts were driven in search-of new
ore shoots. Many veins in the district were stripped and thousands of samples .
were taken; wherever high assays were obtained, shafts or adits were duyg. A small
mill was set up and runs were made on ore from the higher-grade veins, Every
possible attempt was made to develop a mine, but, after spending many thousands
of dollars in sampling and exploration, the project was abandoned. The American
Tin Corporation was reorganized about 1930 as the Temescal Corporation and again
in 1943 as the Tinco Company.

Investigations of the deposits in the last decade have consisted primarily -

of surface sampling. The veins in the area now covered by lake Mathews and in

- the immediate vicinity were extensively sampled in connection with a condemnation
suit by the Metropolitan Water District about 193%. In 1943, Dodge Construction,
Inc., as agent for the Metals Reserve Company, erected a mill near the Cajalco
mine and milled 1% 100-ton lots taken from carefully 1aid out trenches on Cajalco
Hill, from veins No. 4 and 5 east of Cajalco Hill, and from a small blowout in
the Black Rocks area. These tests showed that cassiterite could not be concen-
trated from the tourmaline—bearing rock in any appreciable quantities by com-
mercial gravity methods,

The entire production apparently camc from a single cassiterite ore body in
the Cajalco mine, vhich was worked at three different periods. As shown in the
following table, the main activity was during 1891 and 1892, vhen 97 to 98 per-—
cent of the total tin was mined and the main ore body was mincd out. Iater ef-
forts to produce tin on a commercial scale have been unsuccessful,

Production of tin from the Temescal district, California

Date Pounds of metallic tin
, Prior to 1890 (probably 6,895/
1868 - 1869) : '
1891 , 121,1082
1892 | 163,1312/
1928-1929 1,180/
592, 322

a/ Rolker, C. M., The production of tin in various parts of the world:
U. S. Geol. Survey 16th Ann. Rept., pt. 3, p. 537, 1895.

1)_/ Segerstrom, R. J. ,' Tin in California; California Div. of Iﬁnes,
Jour. Mines and Geology, vol. 37, p. 543, 1941. Production in
1891 and 1892 stated as 56 and 56.2 long tons, respectively.

»
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Field Work and Acknowledgments

The principal tourmaline~bearing veins in the district were mapped in detail:
vy L. B. Page, Theodore lance, Gordon Bell, and Raymond M. Alf, of the Geological
, ‘between October 1940 and February 1941. About 6 square miles in the
vicinity of the Cajalco mine and the Black Rocks are was mapped on a scale of 400

feet to the inch with plame table and telescopic alidade, about one-third on a
topographic base made at the time, and two-thirds on a base furnished by the Metro-
poiitéll Water District. Although most of the underground workings were inacces—
sible, many of the veins were mapped in detail on the surfaces or in accessible
underground workings. Page, assisted by Alf, did additional mapping in April
1943; in August of the same year, T. P. Thayer mapped Cajalco Hill and the Metzls
Reserve Company trenches in great detail, while the sampling was being done.
Nuring the milling, the Cajalco mine was partly unwatered and Thayer and the
jetals Reserve Company Engineers went down into the upper part of the old stope.
John E. Wiese spent two months in the spring of 1945 on petrographic examination
of concentrates,

During. the course of the Geological Survey wark more than 125 samples of
vein material were collected for chemical and microscopic study. JIance, in 1940~
1941, crushed about 110 of the samples and separated fractions with heavy liquids
in the geological laboratories of the California Institute of Technology, and in
the Survey laboratories in Washington. Twenty-two samples were analyzed spectro-—
scopically in 1940 by the Applied Research laboratories of los Angeles, and 43
samples or fractions were analyzed in 1945 by Charles Bentley at the Mining Ex-
periment Station, South Dakota School of Mines, at Rapid City. Samples collected
by D. F. Hewett in 1938 were examined in detail by J. J. Glass, of the Geological
Survey. :

George Bryant, who was concerned with all of the properties as engineer and
geologist for 20 years, accompanied the writer in the field many times and kindly
furnished copies of all of his maps, several of which have been used in this re-
port. The officials of the American Tin Corporation and owners of the other pro-
perties supplied maps and other information. The Metropolitan Water District
gave permission for use of some of .its topographic maps as a base and gave the -
wrii?er free access 1o engineerinz reports on the area.

The field work was done under the gencral supervision of D. F. Hewett, who
first visited the district in 1938, and the report was revised ané critically re-
viewed by T. P. Thayer, D. M. lemmon, and M. E. Dorr.

Geology "

.. Thé tin deposits in the Cajalco district are associated with tourmeline rodks
in veins and irregular pipe-like masses which cut nearly 211 the main rock units
in the district, The oldest rocks are the Elsinore metamorphic series, §/probably
of Triassic age, which were intruded by the Temescal porphyry é/and Cajalco guartz
zonzonite 5/, ‘Three distinct varieties of the quartz monzonite —coarse-grained,

——

5/ Dudley, P. H., 2nd Samoson, R. J., Geology of the Perris Block, Southern

Jalifornia: California Div. of Mines, Jour, of Mines and Geology,
vol, 31, pp. 487-506, 1935. : ,

— iy
-
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Por@ﬁﬂ'ltic’ and fine-grained--were mapped in the field, in addition to closély
related pegmatites and aplites. Trachyte porphyry dikes, younger than the veins, . -
occur northeast of the Cajalco mine. ' S

s Y

Rocks
Elsinore metamorphic series

The Elsinore metamorphic series, probably of Triassic age, the oldest rocks
jn the map area (fig. 2), consist mainly of argillites and quartzites, and some
pica sc.bist and greenstone. They occur in the southern part of the area,

The metamorphosed sedimentary rocks are dark gray to green or black, are
thinly laminated, and have a dense texture. They consist of various proportions
of quartz,- orthotlase, plagioclase, biotite, and muscovite, with accessory titan—
ite, apatite, zircon, magnetite, pyrite, and tourmaline, The greenstones are
darx greenish chloritic rocks, that were probebly pasalt flows. Near the tin—-
bearing veins, all these rocks are bleached and are irrggularly impregnated with
quartz and tourmaline, ) .

Tacite porphyry.

Dacite porphyry crops out along the western edge of the district, about 2,000
feet west of the Cajalco mine. It is an aphanitic to mediumgrained, dark gray - - -
to greenish porphyry that contains phenocrysts of feldspar and quartz rarely ex-
ceeding 1/4 inch in length, in a dark fine-grained to aphanitic ground-mass, Some
parts rich in quartz bave not been separately mapped becausg they form dike-like
masses which have indefinite contacts and are poorly exposed. Dudley states that
the composition of the dacite porphyry averages 38 percent andesine, 24 percent
orthoclase, 30 percent quartz, 6 percent biotite, and 1 percent hornblende 6f, .
The phenocrysts, mainly of andesine, are estimated to constitute 40 percent of the
rock. Small amounts of magnetite, ilmenite, .apatite, titanite, and rutile are
also present. The porphyry is bleached at contacts with younger igneous rocks
and weins and contains epidote which gives the rock a variety of yellowish-gregn
colors. : : - '

“Diabase, diorite, and gabbro. o . ‘-

Inclusions of diabase, fiorite, and gabbro occur throughout the quartz mon-
zonite, but none of them are sufficiently large to be shown on the smaller-scale
geologic maps. They range from fresh, black, medium-or coarse—grained diorite
or gabbro to trownish quartz monzonite. Where cut by tourmelinc veins, in which .
epidote is abundant, these basic rocks.are changed to a dark epidote-rich rocke . -
The inclusions are undoubtedly related to the gabbros and other basic rocks mapped
to the south and east by Dudley. - : ‘ ‘ ‘

large masses of these basic rocks are exposed in the lower ‘1eve1s of the
Cajalco minc and in some of the other workings.  The inclusions in places mzke up
50 to 75 percent of exposures, and are partigularly abundant about 2,000 feet

: | B
6/ Dudley, P. H., and Sampson, R. J., op. cit., p. 497.
- " . —1p
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south of Cajalco mine, in Mine Creek and in Cajalco Canydn for a distance.of 1,500
feet below the toe of the Lake Mathews dam. Below an altitude of about 1,150 feet
they are fairly common but above-that they are widely scattered; their. abundance
in Cajeice Canyon and Mine Creek suggests that the floor of the qua.rtz monzonite
.is not fa.r ‘below. )

Cmartz monzonite.

Three textural varieties of quartz monzonite were mapped in the district,
coarse-grained, vporphyritic, and fine-grained. The coarse-grained quartz mon—
zonite underlies most of the tin-bearing areas. 1In some places it appears to
grade into a medium-grained pink to rownish porphyritic variety, which in turn
grades into the fme-grameo. quartz monzonite. Where the fine-grained and coarse-—
grained varieties of the quartz monzonite are in contact, the boundary is usually
well defined.

. The coarse—-gramed quartz monzonite is about 35 percent plagioclase (ol:go—
clase—-andesine), 35 percent microcline and orthoclase, 20 percent quartz, and-10
percent hornblende and biotite, and contains magnetite, apatite, titanite, zircon, .
and other accessory minerals. The texture is sub-porphyntlc or monzonitic and
the grains average about 1/4 inch. The quartz grains commonly are rounded and
where the feldspars are completely altered, the rock appears porphyritic. The
plagioclase feldspars are conspicuously zoned and have been partly replaced by
epidote and a fine-grained agzregrate of granular quartz. The biotite is partly
altered to chlorlte. ‘

The porphyrltlc quartz monzonite consists of elliptical grains of feldspar-
and quartz about the same size as those in the coarse-grained quartz monzomte, -
set in a fine- to medium-grained groundmass, -

-The fme—gralned quartz monzonite contains less plagioclase than' the -coarser
varieties. It is an even-grained rock in which the minerals average 1 to 2 mm,
It crops out as an ‘irregular body in the hills just west of the lake Mathews res-
ervoir, and also along the east side of the map area (fig. 2). The position of

. the outcrops strongly suggests that it is the upper part of the Cajalco quartz
mass described as monzonite by Dudiey. 8/. However, dikes resembling this ‘
rock and also the porphyritic variety cut the coarse-grained quartz monzonite. -

\

~ Aplite and pegmatite.

Irregular masses of aplite and pegmatite are exposed near the contact between
the dacite porphyry and coarse-grained quartz monzonite in secs. 3 and 10, T.
4 5., R. 6 W. The largest of these is_zbout 400 feet long and may be. as much as .
250 feet wide. Narrow dikes of aplite ‘cut all varletles of the quartz monzonite, -
the dacite porphyry, and the metamorphic rocks.- The larger splltlc masses—in-
clude irregular segregatlons of pegmatite, in which quartz and feldspar crystals
range up to 2 or 3 inches in size. The aplite in most places is a sugary, fine-
grained, pink to brown rock composed of feldspar (55 percent), .quartz (40 per-
cent), and biotite (5 percent). Some of the aplite dikes appear to grade into
fine-grained or porphyritic monzonite and others grade into pegmatite.

8/ Mudley, P. H. and Sampson, R. J., op. cit., pp. 502-503.
’ 5 ‘ i
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Monzonite porphyry

A lenticular body of monzonite porphyry, about 1,000 feet long and 400 feet
wide is exposed in the western edge of the Black Rocks area (fig. 4). It is a .
1ight gray, very coarse-grained rock composed chiefly of feldspar phenocrysts up -
to 1 inch long, in a fine—grained matrix containing ferro-magnesian minerals and .
scattered grains of epidote. An inclusion of coarse-grained auartz monzonite was
found in a boulder of this porphyry and at one place aplite appears to intrude “it.

Trachyte porphyry

Trachyte porphyry dikes as much as 6 feet wide occur northeast of the Cajalco
nine (fig. 3), and one of them follows and cuts vein No. 5 (fig. 3). These rocks
are dark grey to greenish-black, finely banded and consist of phenocrysts of
waite feldspar up to 1/% inch long in an aphanitic matrix.

Surficial deposits.

Unconsolidated sedimentary material that obscures the bedrock is found in
numerous places west and south of Lake Mathews. Placer deposits of cassiterite,
ratker significantly, are conspicuously absent. West of Lake Mathews the lower
parts of the valleys contain remmnants, up to a dozen feet thick, of poorly sorted, -
obscurely bedded arkosic material that apparently represent stream deposits.
Thesea, for the most part, have been removed by recent erosion along the main
drainage lines. ' :

South of Lake Mathews, well-—sorted sands and gravels aspparently underlie
large flat areas. South and east of the Black Rocks these sediments are very -
thick, and appear to represent a deltaic deposit the top of which is at an alti-
tude of about 1,540 feet. On the southwest side of the Black Rocks map area, in
secs. 13 and 24, T. 4 S., R. 6 W., a shingled beach gravel occurs at an altitude
of about 1,400 feet, and gravels containing numerous boulders of vein material )
are widespread at or below this altitude. These deposits which may be of Pleisto-
cene age or older have been partly reworked by recent streams,

Structural features

The rocks of the Elsinore metamorphic series strike N. 65° — 750 W, and dip
700 - 800 NE toward the quartz monzonite which was intruded into them. Exposures
of these rocks are poar, and structural dtails could not be mapped, but local
variations in structure were secen. The contact of the coarse-grained quartz mon-
zonite digs steeply westward under the metamorphic rocks, and seams to flatten to
35° to 55° under the dacite parphyry (fig. 2). The coarse-grained quartz mon-
zonite also appears to dip eastward under the fine-grained quartz monzonite on
the eastern side of the Black Rocks area and on the hills north and west of Lake
Yathews. The small patch of metamorphic rocks surrounded by quertz monzonite in
sec. 13 of the Black Rocks area appears to be a roof pendant. Predominence of
fragments of metamorphic rock in the tourmaline breccia in scc. 2i suggests that
the Elsinore metamorphic series may be near the surface therc.

The tin—bearing deposits occupy well-defined fractures or systems of frac--
tures which consist of closely spaced small en echelon fractures. Meny of the -

€
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fracture zones can' be traced for several hundred feet by the “tourmaline in them,
Movement along the fractures has probably been slight, for they pass through basic
jnclusions and aplite dikes without apparent displacement.

The main vein systems are not all parallel, and the dips of the veins vary
from place to place. -Most of the veins occur in the coarse-grained quartz mon-
zonite in a belt, up to 2,400 feet wide, which extends from the SE} sec. 19, T.

4 S., R. 5 W. northwestward to the SW sec. 2, T. 4 S., R. 6 W. Beyond Cajalco
Hill, the major veins in quartz monzonite trend northeast over the cantire area,
though they range in strike from sbout N. 20° E. to N. 50° E., and dip 50° to 85°
N#. -The veins in the Black Rocks area in general strike parallecl to those west
of Lake Mathews, tut they dip southeast. The veins in secs. 13 and 18 strike
about N. 30° E. and dip about 60° SE. Two systems of fractures, both dipping 60° -
500 SE., are apparent in sec..19; one system strikes N. 40° E. and the other
strikes N. 60° E,, and there are several pipelike masses of tourmeline breccia.
The veins in dacite porphyry southwest of the Cajalco mine show wider divergence
in attitude; some of the larger ones strike N. 35° - L40© E., and dip 65° - 75° NV,
but most of them strike nearly north and dip 50° - 70° W. Minor cross-fractures.
intersect many of the larger veins at various angles, apparently without any
system. ‘

TIN-BEARING VEINS AND PIFES

Tin, in the mineral cassiterite and possibly also chemically combined in
tourmaline, is associated with veins and pipe-like masses of tourmaline-quartz
rock, principally in the coarse-grained quartz menzonite, Although veins cut the
other rocks, they are narrow and discontinuous, particularly in the fine-grained
quartz monzonite., The only minable ore shoot found in the district was in the
Cajalco vein, and except for a few pillars it has been stoped out. Assays of
samples from almost any of the veins show 0,03 to 0,1 percent tin, but samples
assaying more than 0.1 percent have been found in very few places except the
Cajalco Mine. -

Four varieties of tourmaline-bearing rock have been recognized and distin-
quished in the mapping; mottled, porphyritic, fine-grained, and tourmaline breccia.
The mottled tourmaline rock is pink, white, grey, or black, depending on the pro-
portions of tourmaline, feldspar, and quartz, and containing radiating clusters
or small felt-like masses of tourmaline which have replaced the feldspar. The
porphyritic tourmaline rock is characterized by large elliptical quartz grains in
a black glassy matrix of fine-grained tourmaline and quartz. The fine-grained
tourmaline rock is camposed almost entirely of minute black tourmaline needles. '
The tourmaline breccia consists of angular or ‘rounded fragments of mottled or
porphyritic tourmaline rock in a matrix of fine-grained tourmaline. Although some
contacts between the varieties are well defined, in most places the different
varieties intergrade., - b ' ’

Form, size and structure -

The tourmaline rocks of possible economic interest are restricted to veins
and blowouts, and tin has been mined only from two shoots in the Cajalco vein.
Although the Cajalco vein has been explored contimucusly over a length of 1,000
feet, and the system which comprises veins No. 7 and 8 is about 4,800 feet long,

7
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gost of the veins are 1,000 feet or less in length and are discontinous. The

yeins are very irregular, for two reasons: (1) they were formed along irregular

sractures, and (2) replacement of the country rock was very erratic. The average
width of the weins, including spotted tourmaline rock amd silicified rock, prob-

. gbly averages 1 - 2 feet, although some of the veins are 6 feet wide, and in

' places 2 few are 15 - 20 feet wide. The Cajalco vein was followed to a depth of

&o0 feet, and was not bottomed; it therefore seems likely that' the other veins ex—

tend to considerable depths. ‘

The veins are commonly zored or banded from the center outward. Most veins
g foot or so wide are made up entirely of mottled tourmaline rock or silicified
rock wiiich represents partly replaced country rock. In the wider parts of the
veins vhere mineralization was more intense and replacement was more complete,
tne center of the vein is occupied by a streak of fine-graincd tourmaline a few
jaches wide. The fine-grained tourmaline grades into the mottled or porphyritic
rock, and never farms more than a small fraction of the entire vein width. In
“the east end of No. 2 stope of the Cajalco mine, for excmple, the hanging wall
split of the vein is about 53 feet wide, and the fine—grained tourmaline, which
contains -the only visible cassiterite, is gbout 6 inches wide. In a few places
white quartz occupies the center of the veins. The veins widen at intersections
with cross fractures to form masses similar to blowouts, and & close genetic re-
lation between veins and blowouts seems indisputable. Bryant indicated that the
Cajalco vein runs into the Cajalco Hill blowout in the lower levels of the
Jajalco mine.

The tourmaline rock pipes or blowouts are irregular pipe-like masses which
are known to range in size up to 500 to 600 feet across and some of those which
are partly covered may be considerably larger. The blowouts in the Black Rocks
area appear to be made up largely of tourmaline breccia, but the Cajalco Hill
blowout, as shown in plate 4, consists essentially of mottled and porphyritic
tourmaline rock.. The blowouts in the Black Rocks area consist of blocks of the-
old metamorphic rocks as well as of the quartz monzonite, .in a matrix of fine-
grained tourmaline. Some of the breccias in the vicinity of the Cajalco mine are
believed to contain fragments of dacite porphyry.

The weins are clearly related to fractures, which for the most part are well
defined, but the structural relations of the blowouts are not cdlear. Some of - the
smeller ones appear to be related to interesecting or comwerging fractures, but
many of the larger ones, such as Cajalco Hill and North Black Rocks, apparently
are not. The breccia pipes are regarded as probably of explosive origin, and
the others appear to have been formed by solutions moving along minute fractures -
and joints. The borders of the Cajalco Hill blowout grade into quartz monzonite -
in a distance of a few inches, and the contacts appear to be essentially vertical
where not faulted. R '

Mineralogy 1

Most of the tourmaline veins and pipes are camposed essentially of tourma-
line and quartz. The principal vein minerals are black tourmaline, quartz,
dumortierite, muscovite, bastndsite, and epidote, which are associated with quartz
feldspar, biotite, apatite, zircon, and hornblende derived from partly altered’
country rock. - Cassiterite, mostly in very small grains, has been recognized in

-~
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pand specimens from veins No. 1, No, 2, and No. 8. and in heavy-liguid concentrates
from a number of veins. Mimte grains of cassiterite also have been observed in
thin sections of vein material. Small quantities of chalcopyrite, pyrite, arseno-
ite, gglena, sphalerite, magnetite, limonite, hematite, and malachite are also
pres,ent. Copper is most abundant in the underground workings of vein No. 5, ac- -
cording to assays made by the American Tin Corporation, and galena and sphalerite
were observed only in the vein prospected by adit No, 46. Arsenopyrite was ob-
cerved in vein material on the Cajalco mine dump and from veins in the dacite

Porm-

Cassiterite.—- The cassiterite is chocolate-brown to red-brown in hand
specimen. Specimens of high-grade ore collected by Thayer from pillars in the
%o. 2 stope of the Cajalco mine, show clusters of grains and crystals which aye
e millimeter or less in size, scattered through a fine-grained, felted mass of
tourmaline crystals. Many of the cassiterite grains are clustered around small
vugs into which they project as euhedral crystals. Thin sections show these
grains to be twimmed and dcharacterized by concentric zones which range from color-
less to deep red-orange or yellowish-brown. Some of the cassiterite appears in-
terstitial to the tourmaline and same occurs as small crystals along the edges of
quartz grains. Magnetite is interstitial to cassiterite and tourmaline. Some '
specimens, probably from wein No, 2, show brecciated cassiterite and tourmaline
cemented by epidote and quartz. In these specimens, Miss Glass found cassiterite
crystals penetrated by tourmaline crystals which themselves were cut by veinlets
of cassiterite, suggesting over-lapping periods of deposition of the two minerals. .
Bell tentatively identified flworite and axinite assoclated with cassiterite as
inclusions in quartz. Quartz is not abundant in cassiterite-rich parts of the

- Tourmaline,-- Tourmaline is the most abundant vein mineral. Although it ap-
pears black in hand specimens, in thin section it is commonly zored and may be
colorless, blue-black, indigo, brown, green, blue-green, or greenish-brown. Miss
Glass determined the refractive index of the extraordinary ray (E) as ranging
from 1,60 to 1.655. Individual crystals are rarely over 3 mm, in length. The
mineral usually occurs as a felted mass of crystals with interstitial quartz, but
in some veins radiating needles form spherical masses up to & inch in diameter..
The tourmaline replaces all the original minerals of the wall rocks, and mach of
it is earlier than the cassiterite and other vein minerals.

Epidote,~— An iron-poor variety of epidote is common in the veins, and is
most abundant in those veins that cut inclusions of diabase, diorite, or gabbro.
It is apparently later than the tourmnline and probably formed as a result of the
alteration of feldspars and other calcic minerals. Veinlets of iron-rich epidote
cross the tourmaline-quartz-cassiterite veins and are in turn cut by veinlets of
white quartz. ' : - : :

- Dumortierite.—- Dumortierite was found in some of the veins southwest of
Cajalco Hill, in veins northeast of Black Rocks, and is a praminent constituent -@
of a vein which is well exposed in the road cut just north of the dom across
Cajalco Conyon, in the NWi sec. 12. This vein is well banded, with a central core
of quartz surrounded by denmse black tourmaline rock vhich grades into mottled
tourmaline rock containing dumortierite. The parts of the vein richest in

9.
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rtierite are pink to lavender. Miss TGlass determined the refractive indices
of the dumoritierite to best= 1.676, o= 1.69%, andy= 1.698. The tourmaline
assocz.ated with this mineral is blue-black, lavender, or pale yellow in thin
section. The dumor tierite occurs only in the wall rocks, and vas not found :Ln
the central parts of wveins, :

Wall Rock alteration.

The veins and blowouts alike seem to have been formed by processes of re-
placement in which tourmalinization, saussuritization, and silicification were
most important. The hydrothermal solutions which introduced the vein-forming
minerals along the fractures penetrated the wall rocks for considerable distances,
for alteration may extend several feet beyond the walls of fractures less than
one-fourth of an inch wide, and breccia fragments several feet across commonly
are almost completely tourmalinized., In some of the pipes the channelways for
solutions are obscure.

Tourmalinization:— Tourmalinization is the most prominent wall rock altera-
tion. The degree of alteration differs not only from vein to vein, but also
within a single vein. Most veins show small scattered tourmaline aggregates
which decrease in number from the fracture outward into the walls. Plagioclase
appears to be replaced first, then potash feldspar and, finally, quartz; the
texture of the host rock is preserved until all minerals have been replaced.
Although quartz probably was deposited shortly after the earliest tourmalire,
silicification appears to be dominant only where the feldspars were completely
tourmalinized. The mottled tourmaline rock represents the early stages in the
replacement process, the porphyritic rock represents thc stage at which all Wt
quartz had been replaced, and the fine-grained tourmaline appears to be the end
product. Most of the porphyritic tourmaline rock was probably derived from
coarse-grained quartz monzonite,

Silicificatian:— Deposition of quartz accompanied tourmalinization in
most places after introduction of the early tourmaline and before deposition of
the last tourmaline. Fine-grained aggregates and wormy intergrowths of late
quartz replace the feldspars and original quartz and fill the spaces between .
tourmaline crystals. As a result the host rocks and earlier loose-textured tour-
maline rock are changed to hard, grey, glassy rocks. In the Black Rocks area
part of the quartz monzonite has been silicified but not tourmalinized.- Two
veins near the west edge of SEi sec. 2, show silicification only, and the vein
material resembles white, fine-grained pebble quartzite. The feldspars were
completely replaced by a fine-grained gramlar agegregate of quartz and sericite
vhich swrrounds the rounded quartz grains of the original quartz monzonite.
The walls of the vein grade into umaltered coarse—-grained quartz monzonite.

Saussurltlzatlon.-—- Alteration of tm plagioclase in the rock bordering the
_veins to epidote is best shown vhere the veins cut basic inclusions. The
pPlagioclase of the quartz monzonite commonly is partly replaced by low-iron
epidote, and the rock takes on a bleachcd appearance, being greenish, buff or
dull vhite. In the basic rocks the epidote is much richer in iron, and in
epidote commonly forms veins vhich cut across and replace the tourmaline-rich

vein matcrial, The iron-rich epidote clearly is later than the tourmaline amd
Cassiterite.’

10
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Origin -

A The systematic distribution of the tin—bearing rocks in the Temeécal disu'ict"
shows. clearly that they were localized along fractures or in brecciated portions

"of the quartz monzonite and older rocks. The gradational redations of the several:‘ i

varieties of tourmaline rock with each other and with' the various country rocks -
is good evidence that replacement had a dominant part in the process of vein for—
pation, and only a very small part of the vein material shows definite evidence
of deposition in open fractures. Although some of the fine—grained tourmaline
rock may have been deposited as vein filling, most of it appears to be the enmd

oduct of the replacement process. The concentration of cassiterite around
mirmte cavities and as veinlets in the tourmaline rock shows that it was formed
later than much of the tourmaline, although some tourmaline followed the cassito-
rite in 3pec:unens from the Ga,]alco mine adds emphas:.s to the importance of re-
placement in the process of vein formation.

The deposits are believed to have been formed at great depth soon after the
quartz monzonite had crystallized and while it was still very hot, for the
association of cassiterite with tourmaline, arsenopyrite, and dumortierite is
characteristic of deposits formed under high temperature and pressure. The re-
striction of the main veins to the coarse-grained quartz monzonite also is evi-
dence that the principal deposition occurred before the vein-bearing ananatlons
reached the cooler rocks surrounding the quartz monzonite.

RESERVES AND GRAIE OF TIN BEARING ROCK
Grade of the- deposits and recoverability of the tin

The veins in the Temescal district have been thoroughly sampled and their
grade is accurately known. The American Tin Corporation collected and assayed
- thousands of samples; a large proportion of them showed 0.03 to 0.1 percent of
tin, a few showed more than 0.5 percent f£in, and many were reported as barren.
Where assays of 0.5 percent or more were obtained the veins were explored by under-
ground workings, with uniformly discouragipg results.” Their assays indicate that .
the average grade of the vein material is between 0.03 and 0.05 percent, or 0.6
to 1 pound of tin per short ton. The results obtained by other private companies
and engineers are comparable. The ore mined in the Cajalco vein is said to have
averaged about 2 percent tin, .

In 1943 the Metals Reserve Compa.ny acting through Dodge Comstruction, Inc.,
of Fallon, Nevada, mined and milled about 1,400 tons of tin-bearing rock, The
samples consisted of 1% lots of about 100 tons each, from trenches laid out
: essen’clally in accordance with recommendations ty Bryant, as follows: eleven
from various parts of the CaJaJ.co Hill blowout, two from veins Nos. 4 and 5, and
one from the blowout on the NW: scc. 18, T. % S., R. 5 W. The gcology of the
- areas sampled was mapped in detail by T. P. Thayer of the Geological Survey-at

the request of the Metals Reserve Company (see figs. 5, 6, 7). As the following
table shows, the samples represent all the principal types of tin-bearing rock.
. During.the mill tests some of the samples were ground finer than others, and all
were concentrated on Deister tables. The tompany assayer found traces of tin in.
a few samples, and could find no appreciable difference between the grade of heads

1
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And ‘concentrates. _ijec? samples were analyzed'»spectrogr'aphically in the Geologi-
cal Survey laboratory with the following results, in percent Sni

1 ) ,
E’ 10t No. : Heads - , - Middlings - ‘%ncegtrates :
oy 0.007 - o.00 0.02

6 0.005 . 0.007 © 0.01

11 0.006 0.01 0.02 .

Superpamner tests of screened fractions of the mill products from samples
2, T-3, and B-7 showed fewer grains of cassiterite in the plus 100 mesh material
than in the finer sizes, and the proportion of visible cassiterite in all frac-
tions was very small. Similar tests on tailings from the old mill showed abundant
cassiterite grains avereging about 0.02 mm in the mimus—20C mesh fraction.

The apparent wide distribution of small quantities of tin in the veins of the
district led the Geological Survey to a program of detailed sampling of all the
types of vein material and wall rock. In all, 116 samples, some from specimens
and from channels, were examined petrographically. From the crushed smeples, 100 -

fractions were taken with a Jones splitter and these fractions were screened.
The minus-80 plus~200 mesh material was separated in bromoform (sp. gr. 2.8), and
the heavy iraction was separated again in methylene iodide (sp. gr. 3.3). The _
heavy minerals were separated magnetically, and part of the non-magnetic fraction - -
(about 0.008 g.) taken cut with a Jones-type microsplit was mounted in balsam for
petrographic examination. . ’

- Cassiterite was identified in 55 of 113 samples prepared in this manner, but
none of the slides contained cassiterite equivalent to 0.0l percent tin in the (
original sample. The results of this work are given in table 2. Concentrates and
minus-200 mesh fractions of severzl samples analyzed by Cnarles Bentley at the. -
South Dakota School of Mines, Mining Experiment Station, were found to contain .
only traces of tin —- less than 0,05 percent. Qualitative spectrographic analyses
were made of 25 samples, including 9 used in the heavy mineral study, with the
results shown in table 3. The analyses, made by M. F. Basler of the Applied Re-.
search Iaboratories, Los Angeles, show 2 range in tin content from 0.0E to 0.25
percent,

. Comparison of heavy mineral studies of samples P35, P47, and P48, with
spectrographic and chemical analyses suggests.that part of the tin may be contain-
ed in minerals other than cassiterite.. Microscopic examination of grain mounts
of the plus—-200 mesh fraction of the concentrates revealed only one grain of
cassiterite in each, equivalent to less than 0.0l percent tin. The spectrographic
analyses of the whole samples, however, indicate 0.08 to 0.25 percent tin. The
failure to concentrate the tin in the heavy fractions mey be explained in two
ways: (1) the tin is chemically combined with the tourmaline, or (2) it is im °~
fine-grained cassiterite which is so intimately intergrown with the tourmaline
that it cannot be effectively separated, even with heavy solutions. In view of
the impossibility of sampling the veins quantitatively by thin sections, the prob-
lem of distribution of the tin where it is present only in small quantities must -
remain unanswered for the present, but it is obvious that separation of most of
the tin from average tourmaline rock is not econamically feasibtle.

12
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The absence of placer deposits of cass:.terlte in the district is a general ‘
confirmation of all the sampling programs. I moderately coarse-gralned cassite-
rite occurred in appreciable quantities in the veins, placers of econamic mterest
would almost certainly have been formed,

i

A

Size and localization of ore shoots

e only kmown minable .ore in the Temescal district occurred in two shoots
in the Cajalco mine. Maps of the mine (flgs. 10 & 11) indicate that the shoots
were about 70 and 160 feet, respectively, in strike length, and the larger one had
a dip length of about 240 feet. The stopes were inaccessible vhen most of the '
Geological Swurvey mapping was done, but Thayer was able to get into stope No. 2
during the Metals Reserve Company milling tests. He collected some samples of
high-grade ore, and made the ollmng observations regarding ore left in the
pillars:

"Specimens of high-grade cassiterite were obtained from the smaller of the
two pillars shown on Bryant'!s map in stope No. 2 at the first level. The-high-
grade streak of coarse-grained oasgsiterite is 5 to 6 inches wide and was traced
about 3 feet down the dip. It is 1 - 1,5 feet from the hanging wall of the vein,
vhich here consists of two splits, the hanging wall split being somewhat over 4
feet wide. The cassiterite is in dense blatk tourmaline rock which contains
scattered clusters of quartz grains and grades into mottled tourmaline-quartz rock
along the edge of the vein. The cassiterite lens lies at a slight angle to the
main wein, so that the lower end impinges against the mottled rock. Specimens
from .the lower end show euhedral cassiterite replacing the large quartz grains
in the mottled rock. The cassiterite grains are irregularly disseminated and show
no evidence of having been deposited along a fracture. Two similar masses of
cassiterite an inch or two across were found elsewhere on the same pillar, also
in the dense tourmaline rock. The coarser cassiterite cammonly forms crystals
lining mimute cavities, in some of which slender tourmaline needles have grown on
the cassiterite. .

"Four facts seem clear: (1) the h1gh~grade ore is 1ocallzed in or near the
dense all-tourmaline portion of the vein; (R2) the cassiterite is disseminated in
the tourmaline rock and was not localized along fractures;. (3) .cassiterite has re—
placed the original quartz grains; and (14) it is older than the last tourmaline.
The scattered clusters of q;artz grains in the tourmaline facies are regarded as.
"incompletely replaced remnants of country rock quartz monzonite. It seems probable
that the cassiterite was emplaced simultaneously with the tourmaline where mineral-
ization was most intense, and that the dense tcurmalms rock itself vas formed 'by
replacement,

The genetlc relation between disseminated cassiterite and that deposited
along fractures in tourmaline rock found on the 0ld -dump is not known, but it
‘probably is very close, The writer is inclined to believe that the amount of
disseminated cassiterite probably far exceeds that deposited along fissures as -
fillinss.®

Efforts to find other ore shoots have been unsuccessful, as all concentra~
tions of high-grade material explored by the American Tin Corporation were found
to be very small, The factors controlling concentration of the cassiterite are
therefore very 1mperfectly known. :
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Most of the cassiterite is disseminated in the velvety fine-grained towrmaline
which occupies the center of some of the veins., The richest concentrations are
in the wider parts of the veins, but they may be scattered anywhere in those parts, .
and in the absence of obvious .structural controls, would be hard to find. !Ene U
.wide parts of veins at intersections with minor fractures do not appear to de.
especially promising, for they closely resemble the pipes, which have been shown
to be essentially barren. ‘Some of the more promlslng parts of the veins appear
to e in northward bends, ‘but the evidence for using this as a guide in the sea.rch
for ore is meager.

Puture of the District

The geologic monotony of the veins over an area of several square miles and
a vertical range of 400~500 feet shows that the conditions under which the tin-
bearing deposits were formed werc not conducive to rapid changes in the character
of the veins, and the potentialitics of the district as a producer of tin may
therefore best be judged by the available surface and underground exposures of -
the veins. ,

El‘."ne lack of minable ore shoots exposed at the surface, despite the thousands
of linear feet of exposed veins, is not conducive to optlmlsm about the future of -
the dlstr;ct. Ore shoots, to be of commercial size in veins.of the width en- :
countered in the Cajalco mine, would have to be hundreds of fcet in length and
depth, and if many werc present within reasonable distances of the surface, a few
might be expected to crop out. The lack of exposed ore bodles, shown by con—"
sistenly low assay values of thce veins, and the absence of placer deposrcs may be -
interpreted in two ways: (1) the entire vein system is very poar in tin; or (2 -
the main zone of tin deposits hos not yet been reached by crosion and underground
exploration. Hope for the district obviously lies in the second alternatlve. '

Tin-bearing quartz-tourmeline veins, where mined elsewhere in the world,
have been found to persist through vertical ranges of hundreds or thousands of -
feet, and the Temescal veins probably also persist dowmward for long distances.
The Cagalcc mine workings, however, show that the veins pinch and swell downward .
as they do horizontally; it would appear, therefore, that the character of the
veins does not change appreciably within a few hundred feet of the surface.

" The geologlcal structure of the district indicates that the veins now ex- )
posed at the surface represent a much greater geological range than the surface -
exposures would suggest. Since the veins are genetically related to the quartz
monzonite, their distance from the original surface of the quartz monzonite mass, .
rather than their present topographic position, is the controlling factor in pré-.
dicting their behaviour at depth. The distance erosion has cut into the quartz
monzonite cannot be accurately measured, but it may be several thousand feet, for
the contacts dip 30° or more under the older rocks, and the qo.artz monzonite is ex-
posed over a width of two miles in the vicinity of the Cajalco mine 2_/ . If the
contact with the dacite porphyry west of the Cajelco mine be projected eastward
at an angle of 459, the awerage dip of the contact, it would pass about 2,000

‘2_/‘D,L~idle“y,‘P. H., and Sampscn, R, J., op. cit., map facing p. 506.
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feet above the mine, and would be much higher above the veins to the east. Even -
if the contact were assumed to flatten toward the east in a broad arch, it would
pass many hundred feet gbove the mine. The contact with thc old metemorphic
rocks dips much more steeply, and some of the rocks exposed in the Black Rocks
area may oe much farther below the original surface of the quartz monzonite. . It

. seems probzble, therefore, that the veins in the dacite porphyry and near the .. -
mergins of the quartz monzonite were. formed many hundreds or thousands of feet
higher in the quartz monzonite than those exposed in the-central parts of the
mass. The uniformity of the veins, accordingly, is regarded as evidence that
they probably will not materially improve in grade with depth.

‘All the available evidence, geological and otherwise, "indicates that although-
- the tourmaline-quartz veins of the Temescal district consistently carry small
-amounts of tin, the veins are not likely to improve in grade with depth, and
their economic possibilities are accurately indicated by the present exposures.
The probability of finding minable ore bodies by underground exploration is
believed to be slight.

Mines and -Prospects

The following description of individual mines and prospccts is based on sur-
face mapping vy the Geological Survey. Only adit No. 3 and adit No. 9 were
accessible at the time the work was done, arid information furnished by Mr. George
Bryant was used in descnhmg, the other underground workings. 4merican Tin Corpo-
ration assays and vein widths have been used, except where noted.

Cajalco or No. 1 Vein
(Cajalco mine)

The Cajalco mine is in the NW, SWi, of sec. 2, T. 4 S., R. 6 E, on the
Cajalco or No. 1 vein. The workings consist of an adit at an altitude of 1,159
feet¥ a vertical shaft (the Robinson) now caved, an inclined shaft (the Williams
or No. 1) that extends to a vertical depth of 540 feet, a raisc to the surface
from stope No. 1, and more than 5,800 feet of drifts and crosscuts on seven
levels. The extent of workings on different levels and the range in thickness of
vein are shown in table XX, compiled from maps by Bryont. -

Table XX. Iength of workings and thickness of vein in the Cajalco mine

. Extent of workings (in feet) Thickness of

Level Altitude Drifts Cross cuts vein (feet and inches)
1 1,150 480 Lo . 2 in, - 5 ft.6 in.
2 1,080 C 735 . 185 . 2 in. - 4 ft.6 in.
3 1,030 880. 780
4 990 135 Lo , 8 in, - 4 ft.
5. 905 L25 - 20 : 6 in. - 4 ft.2 in.
6 830 880 130 - 1 in. - 5 £t.10 in,
75 690 360 - . 735 > . :

_ 3,895 1,930

* Bryant's map shows an altitude of 1,150 feet. Geological Survey altitudes -
“are ‘bc.sea. on altitude of Cagalco dam of Metropolitan Water district.
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-

On the swface, vein material ‘is exposed discontimiously over a length of
550 feet, and ranges in thickness up to 5 feet. The vein is 5 feet thick'at the
Robinson shaft, pinches out at the road, is 1 foot thick at the portal of the No;.l
adit, farther northeast ranges from 2 few inches to 5 feet, is 2.5 to 3 feet ,
“ghick at the Williams shaft, and pinches out a few feet beyond. . It is composed . -:
mainly of mottled tourmaline rock, with a narrow band of black.tourmaline in the
center. Surface sampleés taken by the American Tin Corporation assayed 0.08 to
0.20 percent of tin. In the workings of the Cajalco mine, the vein scems to have
apout the same range in thickness. . :

In spite of all the workings in the Cajalco vein, only 2 small shoots of
ore were discovered, and both of these were above the third level. The larger
ore body was removed in No. 2 stope, which had a strike length of about 70 feet
and a pitch length of 240 feet. The No. 1 stope had a sirike length of 160 feet,
and was mostly between levels 1 and 2. The average grade of the ore removed was
approximately 2 percent of tin. Samples cut from the walls of these stopes
showed commercial ore in only a fewplaces. The remainder of the vein, exposed
in thousands of feet of drifts, contains no commericial ore, and the aversge
grade is less than 0.15 percent of tin.-

" Vhen the mine was partially dewatered in 1943, Thayer examined stope No. 2,
and made the following observations. The eastern edge of No. 2 ore body lensed
out rapidly. Although the footwall split of the vein is 5.5 feet wide, including
6 to 8 inches of dense tourmaline rock, at the east edge of the stope at the first
level, it pinches out completely 50 to 55 feet cast in the drift. The hanging
wall split, though 3 to 4 feet wide in the edge of the stopc, does not extend to
the short crosscut 10 feet farther edst. Fiftecen feet below the floor of lovel
No. 1 the vein pinches from 5.5 foet to 6 inches in a strike distance of 6 fcet,
partly as a result of minor faulting, :

Other workings comnected with vein No, 1 include the No. 3 tumnel (fig. 10),
-275 feet long, in the pipe callcd the Cajalco Hill "blowout®, This adit is'in
various types of tourmaline rotk cut by a.fault zone., Samples taken by the
Survey contaired only traces of tin (samples TIL~-22C to 29C; 40, table 2) though
the American Tin Corporation obtained assays of as much as 0.10 percent of tin.
The Metals Reserve Company's sampling of the surface.of this "blowout" indicated
a grade of less than 0.0l percent of tin. :

. A 50-foot vertical “shaft, No. 4, 180 feet south of Shaft No. 1, is on a smell |
vein that may comect with the Cajalco Hill pipe at adit No. 3.

Bast of the No. 1 shaft, the Cajalco vein pinches out, but another group of
veins striking in a more easterly direction and dipping 50 to 550 NW continues
for another 600 fect., Tese are cxposed in inclined shaft Mo. 3 and in a number
of trenches. . - : :

Vein No. 2 \
Vein No. 2, 380 fect southeast from Shaft No. 1 (see fig. 3), is opened by

"2 inclined shafts 150 feet apart, Shaft No. 5 is 100 feet decp on a 7C degree
“incline, and from the-85 foot point, it is connected by a drift with - -
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Jith the potton of Shaft 6, and by a crosscut with Shaft No. % on a different. vem._ J
crosscuts driven south from the Cagalco mine exposed vhat was believed to be same
<gin on the Yo. 3. level and the No. 75 level. -On the No. 3 level (equivalent to

1853‘9" el of Shaft No. 5) drifts in No. 2 vein were extended 125 feet SW and 300

e

 fopt NB of the crosscut. The dip of the vein decreascd from 70 degrees above the
%,foot level to 53 degrees between the 185- -and 520-foot 1evels.

- On the ‘surface, vein No. 2 consists of three lenses connected by thln tour-

m1me strlngers’ and appears to feather out about 50 fect southwest of shaft

%. 5. T vein strikes No. 500 - 559 E. and dips 65° - 700 NW. At shaft Yo. 5
3t is cut by a normal fault of a few inches displacement that strikes N. 400 E,
and dips 60 O SE. At shaft No. 6 a normal fault, with 2 fect of vertical displace—
pent, strikes cast and dips 65° S. The vein is 2 feet thick at the west cdge of
gnaft No. 5, but narrows abruptly in both directions; the average is about 8

s. The vein appears to have becen brecciated during mineralization amd num-
erous epidote veins cut the tourmaline rock. Silicification is unusually strong;
the lenses of £ ine-grained tourmaline in the center .of the vein are very dis-
continuous and less than 3 inches thick. These pods probably furnished the high

orc that was mined in 1929 from a.pit 50 fecet long by 10 fect deep, just
mrthcast of shaft No. 6.

The weighted average of 46 samplces taken by .the American Tin Corporation on .

| “the 50-foot level excluding those mentioned below, was 0.12 percent of tin over

. 8 1l6-inch width. Three assays showed 1 to 2 percent tin near the shafts and 1

percent at one spot on the 50-foot level. A specimen representing 2 inches of

1he vein assayed 67.87 percent and a M-inch sample 4,96 perccnt. On the 185-foot

 lovel, southwest of the crosscut, the vein has an average width of 12 inchkes.

and 23 assays are said to_have aveéraged 0.10 percent tin. Northeast of thc cross—

~ ecut the vein was said to be 6 inches thick and 40 samplcs averaged 0,06 percent

of tin. On the 520-foot level the vein was 3b4 inches thick and assayed 0.08 to
0.10 percent of tin and 0.8 percent of copper (as chalcopyrite).

About 1,200 feet southwest of and in line w1th, vein No.. 2 arc two veins

ﬁuch have been exposed by strlpmng for 200 to 400 feet along the strike. Thesc

have been assumed to te part of vein No. 2, and likewise the veins 800 feet to .
the northeast have been assumed to be part of the same system. Geologlcal Survey ,
samplcs (P: and P5) from these vcins contained traces of cassiterite.

- | ‘ o ‘ Vem No. 3

Vein No. 3, 210 fect southwest of vein No. 2, is cﬁposed 1ntcrm1ttently for
750 feet; about 370 fect was stripped and it was crossed by two trenches. Shaft
Yo. 7 80 to 100 fect deep on a 65 degrce incline, prospects the vein about 50
fecet from its southwest end The vein is also cut, at thc 500-foot level, by thc

crosscut from the No. 75 lovel of the Cajalco mine,

TELTEL A e

On the southwest side of the shaft the vein strikes N. 50° E and dips 720"
¥ and on the northeast side it strikes N. 60° E and dips 600 MW. It is cut by

8 gouge zonc that strikes N, 65° E and dips 65° NW. At the shaft the hanging wall
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ghe vein is aplite and the footwall is coarse-grained quartz monzonite. South-
west of the shaft, the vein consists of 6 to 18 inches of brecciated fine- to
warsa—grained mottled tourmaline rock with .a one to 3-inch fine-grained tourme-
“13n6 rock with a one to 3~inch fine-grained tourmelinc center, and -a@ppears to

v Feanlted of .. Northeast of -the shaft the 12- to 30-inch vein lenses out -
’*‘Liithinm feet and another starts 3 feet to the south. This strikes N. 470°E.
*and 1s largely brecciated fine, glassy, tourmaline rock and is up to 4 feet thick. .

. . Of 21 assays from surfacc somples of this vein half contained no tin, and the
others 0.05 to 0.29 percent of tin. The weighted averages of these showed 0.10
cent of tin over an avcrage width of 16 inches. Four samplcs in the upper 80 -
- foct of the shaft showed 0.08 to 0.18.percent of tin over 20-to 30-inch widths
end at the 500-foot level the vein assayed 0.08 percent of tin over 38 inches.

" About 1,000 feet to the northeast there is a group of small veins, onc of
which may be an extension of the No. 3 vein structure. Southwest of saft No. 7,
1,100 to 1,400 feet and 2,050 to 2,350 feet, veins which may te part of the sme
vein structure have becn prospected by trenches. The vein segment from 1,100 to
1,400 fecet soutlwest of the shaft is 6 to 30 inches thick, and averages about 12

jnches. - .

Assays ranged from nothing to 0.15 percent of tin. The other vein is 2 to 6
feet thick, and seven assays spaced over 300 feet of strike length averaged 0.23
cent of tin over an average width of 15 inches. Individual assays ranged from -
0,05 to 0.140 percent. - : ’ o :

Veins No. 4 and No. 5 B

) Vein No. % extends 950 feet northeastward from a.point about 250 feet south-
oast of Shaft No. 7 (Fig. 3); it crops out again 250 feet to thc northeast for a
distance of 700. feet. The southwest part of the vein consists of a serics of over-
~ lepping. and interlocking vein segments, individually as much as 15 feet wide,
, ‘which have been cxposed by stripping and by a saries of cross trenches. This part
;. of the vein is cxposed underground in Shaft No. 12, .
On the surfacec, southwest of Shaft No. 12, Vein Fo., ¥ includes a group of
. mottled tourmaline veins of irregular strike and dip. Fine-grained tourmelinc
; in the center of thesc veins-is as mach as 3 inches thick. The quartz monzonite
- ‘walls and the vein itself contain sbundant cpidotc probably derived from the mum-
;. Grous basic inclusions which occur in the arca. DNortheast of the shaft, the veins
. &rc morc shorply ‘defined although they commonly pinch and swell. In places the
. mottled tourmaline rock is 15 fect wide, tut the finc-graincd centers are at most
‘ only a few inches-wide, Assays of samples token from the surfacc on this south-. -
western part of Vein No. 4 gave the following results: ‘

e
-

3

Southwest of shaft 12 ' - 0.05 - O.io pereent tin )
' 1 sample (30" width) - 1.10-1.73% copper

Near the collar of shoft No. 12 - 1.90 percent tin) 24 inch
. . . © 1,75 porcent tin) widths.
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‘Northeast of shaft No, 12 ~ 1 sample - 0.0 :porcent tin
3 samples - 0.25 percent tin
2 samples — 0,10 percent tin

. 1 sample - Q.08 perceat tin
B, ’ ' 1 sample - 0.05 percent tin ’

~ Underground, the vein is roported to be from 4 “to 24 inches wide, The -

‘ yeighted average of assays of 40 samples was 0,008 percent tin, 4.0 percent copper,
4,0 oz. silver, and 0.05 oz. gold over an average width of 12 inches. Individual
assays showed as much as 0.15 percent tin, 8.2 percent copper, and 7.6 oz. of
gilver. Samples from the shaft where it cut the vein showed from 0.0 to 0.15 per—
cont tin over widths of 6 to 40 inches.

The northeast extension of Vein No, 4 is 6 inches to 3 feet wide. Near its
southwest end, at Geological Survey sample P9, the vein is composed of radiating
tourmeline needles in quartz monzonite. Fifteen samples across 6~ to 40-inch
widths showed 0.0 - 0.10 pcrcent tin and Sample P9 contained traces of cassiterite.

Vein No. 5 has been prospected by trenches and by shaft No. 8 (fig. 9). The
vein is-one to four feet thick ut has been split over most of its length by a 2-
to 6-foot trachyte porphyry dike. Ten assays from the southwestern 800 feet of .
the vein show an average of 0.22 percent of ‘tin over an avcrage width of 28 inches. -
Near shaft No. 8 the vein is up to 3 of & feet thick and assayed 0.05 to 0.25 per-
ccnt of tin over 2-inch.widths, though some parts were barren. Samples in the
shaft to a depth of 130 feet showed 6 to 36 inches of vein assaying 0,03 to 0.10
percent, and one samplc was barreca. On the surface the vein appears to contain
widths of fine-grained tourmaline rock and malachite stains are common. ‘

Near the common corner of sccs, 2, 3, 10, and 11 (fig. 3) two groups of
veins are designated as vein Ho., 52 and No. 5b; they arc not cxtensions of veins
No. 4 or 5. Vein No. 5a consists of two segments, each 300 fect long, in the
southwest corner of section 2. The eastern segment has been stripped and is 1 to
11 feect wide.  The western part, 3 feet thick, strikes N. 63° E. and dips 70° W,
for ebout 25 feet; widens abruptly to 7 fecet for about 30 fect along a N. 250 E.
dircction; then changes strikc to N. 55° E and widens to 11 foct; splits into two.
parts vhich rejoin 50 feet farther northeast; and continucs with an average thick-
ness of 18 inches to the cnd of the cxposurc. Accordinz to Bryant, of %0 sarples
taken across 12 to 60 inch widths, 5 assayed 0.05, 10 assayced 0.02 percent of tin
and the rest were barren. A Geological Survcy sample (P49) of the finc—-grained
glassy tourmaline in the wide part of thc vein showed lcss than 0.001 percent of
cassiterite in the heavy concentrates of the plus 200 mesh fraction. The western.
eﬁosure of vein No. 5a has been explored by 6 cross trenches and is 1 to 4 feet .
thick. ‘

.~ Vein No. 5b, which lies about 200 feet southeast of No. 5a, is a serics of®
en echelon lcnses trending N. '50° E., which has been cxplored by 20 trenches in
a distance of about 2,000 feet between the dacite porphyry-quartz monzonite con-
tact and Mine creek. American Tin Corporation assays of  samples from these
veins show zero to 0.20 percent of tin over widths up to 36 inches. The vein
consists mostly of mottled tourmaline rock and attains a width of 10 feet in
pPlaces. Heavy concentrates of Geological Survey samples P42-U48, inclusive,
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selded 2 grains or less of cassiterite per slide, indicating less than 0.001 per-
¥ t of tin in the plus-200 mesh fracticn of the semple., Qualitative spectro- '
;‘;phic analyses of - samples P47 and P48 showed 0.1 and 0.08 percent of tin re-
: 5peci-,iveil.y. « : o N

Vein No. 6

Vein No. 6 is about 520 feet southeast of vein No. 4 and includes a series
about 20 weak, discontimious mineralized fractures that extend 4,000 feet

sortheast from the dacite porphyry contact. Although two of the mineralized areas
are 30 to 40 feet wide, the individual veins are less than 300 feet long and the
intervals between them are-as much as 1,200 feet. The rock is mainly mottled
tourmaline of which-few American Tin Corporation samples assayed as much as 0.10
percellt of tin. Workings in the veins consist of two 15-foot shafts and a _
qumber of trenches. One Geological Survey sample, P7, contained traces of cassit-

eritec

Veins No. 7 and No. 8

Veins No. 7 and 8 crqp out about 1950 and 2,150 feet respectively southeas?t -
of shaft Jo. 1. These discontinous vein structures are the strongest in the
Cajalco mine area (fig. 3). They appear to converge in the NW. %, sec. 11, but.
a vein continues southwest and converges with vein No. 6 near the dacite porphyry
contact. The total lenzth of this structure is 4,800 feet and over at least
half the distance there are two distinct veins., About 4,200 feet of the vein has
been stripped and it appears to be discontinuous.

These veins are explored underground by shafts No. 13 and No, 14 on vein
No. 8 and by adit No. 46 on vein No. 7 southeast of its convergence with vein
No. 8. Shaft No. 13 inclined 60° NW., was started where samples 8 to 60 inches
long assayed from 1 to 2.10 percent of tin. At 15 feet below the outcrop the -
vein assayed 1.16 percent over 20 inches and at 30 feet 0,32 percent of tin. A
Below this part of the vein all but one of the samples assayed less than C.03 per—
cent of tin. Geological Survey samples 130 to 36 were taken in the area of the. -
high assays but only & showed traces of cassiterite, According to Bryant the véin
is cut off by a slip that strikes N. 40° E. and dips 140 NW., at the 50-foot level.
Shaft No. 13 is 80 feet deep with 50 feet of crosscut at the base. At the 50-
foot level drifts were made 65 feet to the. southwest and 58 feet to the northeast.

Shaft No. 14, 820 feet northeast, also was sunk in a high-grade cassiterite
pod which was exposed in the pit southwest of the shaft, The shaft is 103 feet
deep and slopes 78° NW. At the 70-foot level drifts extend about 53 feet to both
the northeast and the southwest. : In the shaft the vein pinches and swells as it
passes quartz monzonite and basic inclusions. Samples taken by the American Tin
Corporation from the pit at the surface contained from 0.28 to 1,9% percent of
tin over widths of 6 to 26 inches; the weighted average of 8 samples is 0,73 per—
cent for a 12-inch width. Eight samples from the upper 25 feet of the shaft con-
tained between 0,26 and 0.75 percent of tin; the weighted average was 0,43 per-
cent tin over a li-inch average width, The average weighted assay of 23 samples
a%ong the drift on the 70-foot level is 0.13 percent of tin over an average width
of 19 inches,- ' “
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Adit No. 46 prospects vein No. 7 on the southwest side of Mine Creek. The
adit follows the vein southwest for 330 feet and at 150 feet there are 75 feet of |
crosscuts: The vein dips 68° NI at the surface and is from 6 to 60 inches wide. :
Apove the adit it crops out as two separate lenses that pinch out at either end.
The -vein is largely mottled tourmaline rock with a narrow center of fine-grained
tourmaline, but southwest of the adit the center consists of loose-textured
tourmaline, fine-grained white mica, and iron sulphides. Galena and sphalerite
were picked up on the dump from this vein, With few exceptions, the American Tin
gorporation samples contained less taan 0.10 percent of tin. Two of the four
Geological Survey samples showed less than 0.001 percent of cassiterite in the
concentrates, tut spectrographic analysis of P-11 showed 0.15 percent of tin,.

About 760 feet east of adit No. 46 there are exposures of a vein that has,
in the past, been incorrectly correlated with vein No. 8. These appear to be part
of a two parallel vein structures, to 150 feet apart, which can be traced -
intermittently to the dacite porphyry contact, about 2,600 feet soutnwest. The
average grade of these exposures is probably gbout 0.03 percent of tin,

Veins No. 9 and No. 10 |

Veins No. 9 and No. 10 crop out southwest of, and above, adit No. 9 which is
2,300 feet southeast of adit No. 46. The two veins are parallel and about 50 feet
apart. On surface vein No. 9 is exposed continuously for 400 feet and had been -
stripped for 325 feet. MAmerican Tin Corporation samples from the northern part -
of the stripped area assayed from 0,30 to 1.60 percent of tin, "

Vein No. 10 crops out almost continuously from 180 to 900 fect southwest of
the portal of adit No. 9 and has been stripped for 500 feet at its southwestern
end. For 300 feet at the southwest end of the trench the vein consists of two
splits., It ranges from 8 inches to 6 feet in thickness and shows a large pro-
portion of fine-grained-tourmaline rock. That part of the vein from 800 to 1,100
feet southwest of the adit portal is 12 to 100 inches wide. Samples taken by
the American Tin Corporation assayed 0.10 to 0.35 percent of tin.

Adit No. 9 prospects this vein. The underground workings include 135 feet of
crosscut to vein No. 10, alonz vhich a drift was driven for 475 feet. A 6 to 12~ -
inch vein, intersected in the crosscut 32 fcet east of vein No. 10, was explored”
to the southwest by a 20-foot drift. At 40Q feet on the main drift, a crosscut
was driven 175 feet to the northwest. This cut vein No. 9 at 50 feet, where it
was 10 inches thick. Vein No. 10 is irrecgular in width and consists of a series
of lenses that are brecciated by a group of small strike faults. The northeast
end of the vein may have been faulted off, The vein rock is largely mottled .
tourmaline rock, though in the wider parts fine-grained tourmaline, up to 2 feet
thick, forms the center of the vein. Most of the assays recorded by the American -
Tin Corporation along the underground workings are from 0.03 1 0.05 percent of
tin, though a 60-foot section of the vein, 175 to 235 feet southwest of the north |
end of the vein, assayed from 0.10 to 0.18 percent of tin for 18 to 24 inch.
widths. Vein No. 9 was cut undarground, just northeast and below the point where
high assays were obtained on surface but on the adit level it assayed only 0.0%5
percent-of tin. ‘ - '
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N Mumerous veins east of No. 9 and No. 10 in sec. ll have been sampled but most
assays show 1little, if any, tln.

-

Veins North ‘and West of Cajaleco Hill

A group of ‘veins crop out intermittently for about 1,000 feet northeast of
2 point 2,780 feet north of the corner of secs. 2, 3, 10, and 11. These are -
similar to others in the district but are more irregular in strike and ‘dip. They
are rarely over 1 foot in width and show less than 1 inch of fine tourmaline in .
the center of mottled tourmaline rock. The northeastern ones show an wwsual type
of silicification which results in a greenish glassy quartz-rich rock at the edges
of the mottled tourmaline rock.

Just west of - Cajalco hill a branchinz vein has been stripped for 250 feet
and hos been explored by a pit at its northern end (fig. 12). Geological Survey
samples P2 and P18-22 showed less than 0.001 percent of cassiterite in heavy -
concentrates and P22 contained 0,2C percent of tin according to spectrographlc
analyses. About 520 feet west of this vein is a small exposurc in which cassit-
erite was recognized in hand spec:Lmen. Geological Survey samples P23-25 failed
to show appreciable cassiterite in .concentrates. P23 contained less than 0.0001
percent of cassiterite in the heavy concentrates, but by spectographic analysis
contained about 0.1 percent of tin.

About L50 feet south of the branching vein are two other vein exposures. The
northernmost and branching vein contains dumortierite with tourmaline. The
southernmost vein outcrop is brecciated amd veined with epidote. Southwest and -
west of this exposure a number of short veins in the monzonite have been explored
by trenches and one shallow shaft. Only a few of the American Tin Corporatlon's
assays showed as much as 0.10 percent of tin in these outcrops.

4

Veins in the Dacite Porphyry

The dacite porphyry near the sectlon line between sec. 3 and sec. 10 contains
a number of tourmaline veins which strike from N. 20° W. to N. 4o° E. and in ‘
general dip fram 25 to 80 degrecs to the west, though a fcw dlp to the east. Ton
of these veins have been partly stripped, and three veins have been prospected
by two inclined shafts (No. 15 and Mo. 17) and one vertical shaft (No. 16). Of
about 100 samples taken by the American Tin Corporation on these veins, all cxcept
4 taken near incline No. 1'7, and 9 taken near incline No. 15, containad less than
0.08 percent of tin.

Shaft No. 15, which slopes 15 to 20 degrees to tne northwest, is on a 3 to §
foot vein which differs markedly from the other veins of the district. It is a
rubbly-appearing light buff to greenish grey rock in which nodular masses of fine—-
grained grey tcmmallne—arsenonyrlte masses up to 6 inches or more in diamcter
are enclosed in a white to tuff talcosc and micaceous groundmass. According to-
Bryant 8 samples, 12 to 60 inches in width assayed 0.2h to 1.62 percent of tin.
One 2-foot chammel sample collected by the Geological Survey from the upper part.
of the vein on the west wall of the shaft'at the portal assayed 0.32 percent tin
according to Charles Bentley of Rapid Clty, South Dekota. @ectrographlc analyses
of semples P34, P34A, and P35 from thls vein showed 0.1, 0.2, and 0.25 percent
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| £ tin, respectively. . The .plus 200~-mesh 'fracfioh of sexnnle P35 between 2.8 and
o .3 specific gravity, contained 0.20 peroent -of -tin,, 1n.chcat1ng 1ts presence in
gmcrals o'mcr than cass1ter1‘be. ’ ,

' Shaft’ mo. 16 was -sunk vertlcally to ;rospect the .mtersectlon of a group of
~th trending and west chppmg wveins with the vein followed by shaft No. 15,
gpis was not successful in finding more than traces of tin. Results of micro-
pic study of Geological Survey samples (P28-33) from veins to the north are
given in teble 3. A spectrographic analysis of sample P35 showed about 0.25 per—
cent of tin and the presence of cassiterite was confirmed by microscopic studies,
ugh it was less and 0.001 parcent of the heavy concentrates. ‘

Shaft No. 17 was sunk on a vein dipping 35° W. which was assumed by Bryant
to be the same one encountered in shaft No. 15. There is no evidence to prove
that these two are connected. Seven assays of samples teken by the American Tin
CQrporatlon along the outtrop arc reported to be 0.11 to 0.40 percent of tin.
rTraccs of cassiterite was found in heavy concentrates of Geological Survey samples
P38 and P39. Samples P39 oontamed 0. 15 percent of tin according to spectro-

graphlc analysis.
Veins in ‘Sections ll and 12

A group of towrmaline-veins in the SW %, sec. 1 and the N7 %, sec. 12 trend
gbout N. 20° E. and for the most part dip 50° to 80° NW. A few veins dip 60° %o
650 SE. These veins are well exposed in the road cuts and tne spillway of the
Cajalco dam. According to Bryant about 210 samples from veins cxposed in the NW
sec. 12 contained less than 0.11 percent of tin. However, with but few exceptions
the assays showed only 0.03 to 0.05 percent. The thickness of these veins are
shown on flgure 2. The extension of these veins in.the SW % of sec. 1 are of
similar grade according. to Bryant. Fifteen samples werc taken by the Gevlogical
Survey “and concentrated by means of heavy liquids. Samples P50, 51, 52, 53,.59,
61, and 62, contained traces of cass:.terlte c(1pro‘r>ably less than 0.001 percent).

Tourmaline Veins and Pipes of the Black Rocks Area
A
‘Three groups- of tourmaline veins and pipeés occur in/the Black Rocks area

(fig. ¥). One group in the NW § scc. 18, T. 4 S., R, 5.2, is known 2s North Bluck
Rocks, Another group near the common corner of secs. 13, 24, 18, and 19 has no
special demgnatlon. The third-group in the NW 4, sec. 19 arc lmown as thé South
Black Rocks group. - The name Black Rocks is derived from the outcrops of these
tourmaline pipes which risc prommontly above the flat country. Tﬂe areas between
veins are covered by alluvium or sanas and gravel.

" The Black Rocks Tin Syndicate *thoroughl sampled about 40 veins in the IW %,
sec. 18 in 1927-29. One inclined shaft (No. 8) and a few pits prospect thc veins,
Only part of this group is shown in fi igurc 2, namely those in the immediate
vicinity of shaft No. 8. Additional veins occur to the north, cast, and south of
those mapped. - No mapping was done in sec. 18 east of the road to Black Rocks or -
inside the Metropolitan Water District fence in sections 12 and 7. Detailed
geologic nappmg was not carricd out west of the arez of Elsinore petamorphics in
sec. 13.
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About 310 samples were taken by ‘the Black Rocks Tin Syndicate and only oc—
casional assays showed more than 0.08 percent of tin. Most of the assays were
plack, trace, 0.03, or 0.05 percent. The highest was 0.18 percent.

Shaft No. 8 is reported to be about 180 feet deep and is inclined about 72°.
o the east. The vein is porphyritic tourmaline rock. - B

The group of veins near the cammon corner of secs. 13, 24, 18, and 19 lies
aortheast of a group of -tourmaline breccias in sec. 24. A ringshaped and also a
jenticular breccia pipe occur in the SW % of scc. 18, The veins range in width -
srom 6 inches to 15 feet in thickness. They strike from north to N. 60° E. Asso-
ciated with the tourmaline veins are silicified monzonite veins or masses elongated
¥. 45° W. No cassiterite is visible in any of the outcrops, though these like
other veins in the district have narrow scams of-fine-grained tourmaline in the
center. One of the largest veins is axplorcd by a shallow shaft, inclined 70° SE.
jin the upper part, and vertical at the basc. " No assays are availablc to indicate
the grade of these veins, but it would be surprising if they contained more tin
than the other veins of the district. :

Tne South Black Rock group of veins and pipes includes two veins that have
been prospected by shafts No. 1 and No. 2 and others that were prospected by g
trenches. The vcins strike ¥. 30° - 60° E. and, for the most part, dip 65° - 80°
'SE. In places they attain a width of 30 fect and are continuously exposed for
ras much as 800 fcet. They show more branches than most of the veins in other
parts of the district, tut there is less fine-grained, loosce-textured tourmaline
'rock than in veins No. 1 to No. 10 in the Cajalco mine arca, Some of the vein
paterial is breccia similar to that in the breccia pipes. The outcrops of the
breccia pipes, as indicated on the maps, probably outline their shape rather
closely because the tourmalinized rocks appear to be much morc resistant than the
surrounding monzonite. However, the intervening arcas are in part gravel or
alluviun which cover the details of the contacts. One small mottled tourmaline
pipe north of the Black Rocks pipe shows about 5 feet of dumortierite rock on its-
southern contact. ' ‘ :

One semi-circular pipe northcast of Black Rocks contains no breccia. It is
nede up of mottled tourmaline and porphyritic tourmeline rock. (fig. %) Frac~
tures with more intense altcration appear to have bcen the chamelway for re-
placing solutions. The outline of this pipc has been mepped, in part, on the
presence of flcat which appears not to hawve moved apprcciable - distances,

More than 150 assays of samples taken by the Black Rocks Tin Syndicate at
the Black Rocks breccia pipe and the véins to the south and west indicate that
the averagec grade of thesc veins is probably between 0.03 and 0.05 percent of
tin, The upper 30 fect of shaft No. 2, which is inclined 75° SE averages about
0.10 percent of tin over an aversge width of 56 inches. This is the most
promising place assayed.
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