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FHONTISPIECE

TERRANE ABOUT PALA VILLAGE

View looking northward from an airplane flying
at an altitude of about six thousand feet over
a point a few miles east of Lilae¢. Pala village
lies at the exitreme middle left.

a~Pala Mountain

b=-San Luis Rey River valley

c-~Temecula Bagin

d-=Northwestern part of Agua Tibia Mountain

Photo by U.S. Army Air Corps
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INTROCDUCTION
SITUATION AND ROUTES OF ACCESS

The Mesa Grande and Pala regions, with which this report is
chiefly concerned, both lie in the northern part of San Disgo County.
In an airline Pala is 80 miles southeast of Los Angeles and 45 miies
northeast of San Diego. By road these distances ave 100 and 55 miles, -
respectively. Mesa Grande in an airline is 105 miles southeast of
Los Angeles and 40 miles northeast ¢f Sen Diego. Aidng the most conven-
ient route from Los Angalas to Mese Orande the distance is 135 miles;
from San Diego, OD miles. Most of the other localities mentioned in
this report are in the north-central part’of San Dlego County; iwo,
Nuevo and Coshuila, are in Riverside County southeast of Riverside.

The relative position of these places mayvbe seen in the agcompenying
map showing the location of the péineipal pegmatite localities in
Southern California,

Pala and Mesa Grande are most conveniently resched from Zﬁs Angeles .
by way of Corona and Hlsinore to Temecula. A short distance south of
Temeculn the route to Mesa Grande turns eastward and proceeds aslong the
eastern side of Agua Tibia Mountain to the viecinity of Henshaw reservoir.
Two roads from here o Wesa Giandé may be tuken, One goes dirsetly over
the remarkably steep searp, that bounds Heanshew res&rvaii on the south
slde, to Mesa Grande. The other follows southeastward the trace of the
Elsinore fault zone in this vieinity. The turnoff to Messa Grande from
this road is near the Indian church in Santa Ysabel Valley. In order to

reach Pala from the Corona-Temeculsa route, one turns south from the main
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highway at Temecula Bridge. ¥From here the road to Pale is unimpro?ed and
in the stretches that lie in Pala canyon is frequently nerrow and sharply
winding., It is little treveled, however, and is usually in good shape.

From Sen Disgo the best route to Pala follows the so~called Inland
Route as far north as Bonsall, near where the road to Pala, unimproved butb
always in fine condition, procesds up the valley of the San Iuis Rey River,
Te reach HMesa (Grande from Sen Diego an improved highway mey be followed to
Santa Ysabel, when&e the route to Mesa Grande turns morthward, No rail-
roads traverse the regions hersin discussed,

Dt the other localitles shown on the sketch map, Moosa Canyon and
Banner ere difficult of access and relstively unimportant, Aguenga Mountain
and Chihuahua are near good roads but the last few miles to them traverse
steep, fire-protection roads. Nuevo, Rincon, and Reamona are easily access-~

ible. The Fano mine northeast of Coshuils Mountain is difficult to reach.
FIELD WORK AWD ACKNOWLEDGEMENTS

During the spring of 1931 a week was spent in studying the pegmatites
at Mesa Grande, Your weeks Pleld work was done during the summer and fall
of 1934 at Pala and one week in August, 1954, was spent in surveying part
of the Mesa Grande region. Occasional trips of one or two days duration
were made to Pela and Mesa Grande and other San Diego County pegmatite lo-
calities at various times during 1932, 1933, 1934, end 1935. The writer
spent most of the summer of 1932 and two weeks of the 1933 field season
in a study of the Julian district, San Diego County, where %the rock forma-
tions are much like those at Pala and elsewhere in the Peninsular Range.

The results of the Julian investigation have been published as a somewhat



detailed paper in the California Journsl of Mines and Geolagy,l

Mr. 4, F. Johnson, Indian agent at Palz, extended many courtesies
and.plaeaﬁ the use of a cabin at the disposal of the writer. Mrs, F.A.
Salmons of Pala, widow of the developer of the Pala Chief and Tourmaline
fueen mines, kindly permitted access to her properiies and allowed the
writer %c exemine hey collection of the cut and uncut gem stones which
originated from the Pala mines. Mr. Ralph Bushnell, rancher, of Mesa
Grande hes been especially kind and the writer's thenks are due him for
numercus favors., Mr. Kenneth Carver served a volunteer assistant in the
field for three weeks in the summer of 1934. To Dr, Rene Pngel, un®il
recently instructor in minerslogy in the Qalifornia Insiituta and at
whose suggestion the problem was underteken, the writer is deeply oblige-
ted for stimulating eritlecism and penetrating adviece. Professor J. P.
Buwalda and Dr. Ian Campbell, of the Division of Geology and Paleontology
in the California Imstitute, discussed the questions encountered during
the study and the latter eritically reviewed the field and laboratory work,

At the inception of the investigation no other worker appeared to
be actively interested in a study of the pegmatites of South&rn California.
Dr. W, T. Schaller of the U.5. Geological Survey had been working ci the
subject since 1903 and had published numerous papers on the mineralogy and
one paper on the genesis of the lithium pegmatites of Southern California.
When the program of research of the writer was spproved in 1933 no pub-
lished contributions on the California lithium pegmatites from Dr. Schaller

had appeared for about a decade. About the same time that the writer be-
gan intensive field work, in the spring of 1834, Dr, Schaller returned to

1 ‘ 3
Donnelly, Maurice. OCeology and mineral deposits of the Juliam District,
California, Calif. Jour, Mines and Geology 30: 332-368 (1934)



the problem and the writer was so fortunate as to spend a few daya in the
field in Pala with him, Many of the most puzzling questions concerning

the mineial association in the Pala pegmatites have alrsady been clerified,
although not published upon, by Dr. Schaller and he drew freely upon his
wide and intimate knowledge of the problem of the pegmatites in conversa-
tions with the writer. While it has been the intention to specifically
eredit him in this report with ideas sdvanced, it has not wholly been
possible to do so and the writer wishes to take this opportunity to express
his appreciation and admivation for the friendly and whole~hearted manner

with which Dr. Schaller communiceted informstion and ideas.

ECONOMIC SUMMARY

History

The eéarly history of the lithia pegmatite mines of San Diego
cbunty is obscure, The brief account appearing here has been gleaned
from the writinge of Knnz, Schaller, Orcutt, and others., It has not
seemed worth while %o make detailed references to the historical aspects
of their writings.

The earliest recorded discovery of geﬁ tourmaline in California
was in 1872, when a Mr, Gillette found or reported the finding of several
" beautiful achroite (colorless) tourmaline erystals on Thomas Mountain,
near Anza in Riverside County. W. P, Blake, writing in the 2nd Annual
Report of the State Mineralogist in 1882, records the discovery in south-
ern Qalifornia of rubellite and lepidolite. The locality was given as
the Bernapdino range. From the feseription of the material - the ru-
bellite is a "beautiful rose pink, cant?asting well with the matrix of
wvhite lepidolite” ~ the locality from whenge it came is undoubtedly Pala.



The pegmatite dike now known as the Stewart dike, from the mine
which has been developed in its southern part, is visible from the main
road in the San ILuis Rey River valley, u Gmmunieatién voute that has been
in constant use by white men sincle the time of the Spanish missions. The
remarkeble color of the purple lepidolite and pink tourmaline oceurring
in 1% mede the dike known to the Indiens, vho showed specimens from it to
white men. The red color in the toummaline suggested to & prospector
nemed Mﬁgae the péasible presence of ¢innabar and he accordingly staked
out a claim, Pailing to extract mercury from the rock, lMagee abandoned
the claim and it was subsequently relogcated as a merble quarry. As might
be sxpecte& this venture failed too. Some time in the late 80's a Geman
chanced to see a specimen of lepidolite in New York which come from Pala
end informed his American acquaintances of its value. Bunsen had, in
1861, discovered the element rubidium in lepidolite from Saxony end prob-
ably for this reason the German recognized leplidolite. INighteen tons of
leplidolite and rubellite were produced from the Stewart mine at Pala in
;892; moat of this was used as specimen material., Substantial commercial
production of lepidolite seems to have commenced in 1900 and in the next
fsw years several hundred tons of lepidolite and a considerable amount of
amblygonite was produced from the Stewart mine.

The pink tourmaline found at the Stewart mine is usually highly
altered and the gpecimens produced in the sarly dnys wore almost never
utilized as gems. In the epoch of vigorous prospeeting which followed
the discovery of the wvalue of lepidolite, search was made, not for gem
tourmaline, but for lepidolite and vhile in seareh for this the greatly

productive gem toumaline mines of Mesa Grande wers diszcovered by white

men. Previously they had been known %o the Indisns, as seversl multi-



golored itourmaline arﬁstaia of rare beauty had been picked up by Indian
children while at play in en Indian encampment near the site of what is
now Angel's farm. The dikes from which the tourmaline came was not found
until 1898 when prospectors seeking lepidolite discovered the series of
closely spaced dikes called herein the Himalays lode., The Himalaya mine
is on the nerthern end of this lode and the San Disgo mine on the southern
end., The Esmeralda mine at Mesa Grande was discovered a short time after
the Himalaysa was found.

The Himalsya mine at Mesa Grande was operated to about 1914 by
the Himalaya Mining Company. Up until thet time a ready market existed
in China for tourmaline of third or fourth grade. The Ghingsé were deeply
fond of red tourmaline snd apparently were just as esger to possess
flawed as unflawed material, their ressoning being that elear jewels could
be rede artificially but flawed gems could not be so duplicated. The re~
volution in China closed this market and the domestic demand was overe
supplied, In the same year the Tourmeline King mine at Pala was purchased
at a reported price of $10,000 and & formidable program of development was
pursued, The smount of gems produced by this work wes insignificant and
no further work, except assessment vork and very little of that, was done
on any of the gem mines in San Diego County, until 1928, when the General
Fleotric leased a part of the Himelaye lode and sunk a shaft 268 feet deep
in 2 search for the rare aaesiumvfel&spar, pollugite. Pollucite hes been
reported from Vesa Grande, although the repori is ng% ecnfiimed. After &
yearts work no pollucite was foaﬁ&l and techmologie changes caused the

damand Tor pollucite to disappear.

1
General Hleectrie Co., written communication to the writer.



In the past few years practically no work has been done on the
gem mines of San Diego County. The only lithia wine in thes county, the
ﬁtﬁwart,‘has been inactive since 1920, The Indian Service has recently,
1934, declared all mining claims on Indian land void. The effect of this
ruling on gem wining is not now predictable, It will not, of courss,
affect patented claims or mines on patented land, Three of the most ime
portant mines at Pala, the Stewart lithis mine which also contains some
green gem teurmaliﬁe, the Palae Chief and the Tourmaline Cueen mines ave
unpatented. Whether any or 2ll of these mines are on Indian land cun not
now be definitely stated.

About a decade after the first shipment of lepidolite and rubellite
was made from the Stewart mine, M, M., Sickler and his son Frederick M.,
were doing assessment work on a claim held as a lepidolite location on
Hiriart Hill, about a mile and & half esst of the village of Pala, ‘The
elder Bickler was a ploneer resident of the country and had operated for
meny years & grain mill powered by water from the San luis Rey River,
They had uncovered & mass of chalky substance containing very large quartz
oryatals, some welghing nearly a hundred pounds., While removing the
guartz erystals they found ewbedded in some odd-appearing clay, beaut ful
clear crystals, most of which were lilac color, some were straw color,
and some golorless, After a fruitless attempt to identify the mineral,
specimens of it were seni in December, 1902, to Tiffasny & Co., of New York,
where they were pronounced spodumene by Dr, Geo. F. Kunz. Dr. Kunz hed
previously found amall, altered pisces of lilac spodumene at Branchville,
Conn. The nsme kunzite was glven to the clear snd colored variebties

(exeept green) of spodumene by Charles Baskerville in homor of Or. Kunz.



The next year, 1903, the Pala Chief mine was discovered by two Basque
prospectors, Bernerdo Hiriart and Pedro Teiletch, It was worked for
-meny years by Mr, Frank A, Salmons and ylelded most of the kunzite pro-
duced in the United States, as well as abﬁn&&nﬁ and beautiful gem bour-
maline, The Tourmaline Cueen mine, the Tourmaline King and the Ed
Fletcher, Jr., mines were discovered about this time.

The Mountain Lily mine on Aguange Mountein and the Mack and
Vietor mines near ﬁinnon were discovered in 1908, The other gem mines

in San Diego County were found either sboubt this time or a little earlier,

21'0&‘16‘31021

Lithium minerals

The only loeality that has yilelded lithium minerals on a comere
cial scale is Palae, where the Stewart mine worked a rather large deposi®
of lepidolite and e much smaller concentration of amblygonite. The fig~
ures reproduced here represent the only estimates of the production from

the Stewart mine that the writer could fisd in the literaturs,

: Tons Estimated price a ton Total Annual Value
1900 300 $25 $7,500
1901 1500 $256 37,500
1502 900 20 18,000
1905 21 il 262
1918 3000 i8 54,000
Grand total 4174 ,852

Just before the discovery, about 1907, of large amblygonite de-
posits in South Dakota the price of lithium carbonate, the echief commer-

cial form of lithiﬁm, was $2.00 to $2.50 a pound. Shortly after this



disecvery the price fell to B0¢ a pound, The deposit of lepidolite at
the Stewart mine was too low grade %o be worked in competition with the
South Dekota mines, whose reserves of amblygonite and spodumene weve, and
still ave, large., Practically no lepidolite was produced from the Stew-
art mine during the period 1805-1917. 'The rather small body of high
grade amblygonite ore oceurring at the Stewart mine apparently was worked
aﬁt in the early life of the mime. The next production of lepidolite
from the Stewart mine came in the closing months of the World War end
during the boom that immedistely followed it. In order to achieve this
production the mine was gubted and the workings today are in very dangevr-
bus shape, Were it not for the very light overburden the workinés would
be entirely emved. All the higher grade lepidolite ore that could be
sonveniently reached was mined out; that remaining is admixed with much .
guartz, feldspar, and toumaline.

An interesting sidelight on the technology of lithium arises from
the disposition of lithium ore during the first years of the century.
Most of the lepidolite mined in 1900-1905 was shipped %o Germany for
treatment; most of the spodumene was treated in this country. Although
the writer has no means of verifying this hypothesis, it is believed the
Germans had a process for the extraction of rubidium and perhaps caesium
from the Pala lepidolite end that this byproduet helped compensate for
the lower grade in lithium of the lepidolite ore.

Lithium, the lighteat known solid element (2.6., 0.53), also
ccouples the highest position in the electromotive force series of any of
the relatively common metals. It is in virtue of this property that it

has been found useful in storsge batteries, whose manufacture has abe



- sorbed much of the produetion. A considerable amount of lithia salts and
lepidolite is also used in the menufacture of glass. The older literae

ture states thet much of the production of 1ithium was used in medicinal
tablets and weters, but this s doubtfuls A swall amount hes been used
medicinally and is s%ill being presceribed in Burope, particularly for the

treatment of gout. This affliction is not widespread in imericea and the
use of llithium in medicine in varicus forms has virtually ended in the

United Stabes.
Gem Tourmaline and Beryl

The Himalaya lode at Mesa Grende hes been the greatest producer of
gem taumal’im in the world. Of the two mines located on it the north-
erly one, the Himslaya, has been much more productive than the next mins
santh,' the San Diego. Ixact production figures are not avallable, as
expectably, gem miners are not prome to divulge information. The produc-
tion from both mines was estimated to be worth §15,000 in 1801 and §$40,000
to $80,000 in 1904, Probably a fair ecstimate of the value of the yield up
to 1904 would be $100,000. From the first year's work on the Himaleys mine
it is related there was produced 6 tons of towrmaline of which 400 pounds
wa.s riawlass gem mate;t'ial and much of the rest good cabimet material.

The Himslaya mnihg Cos worked this mine for ten yesrs, 1904-1914, during
most of which time they used coolie labor. The total production of gem
tourmaline was extremely large, although no estimate can be made, Green,'
blue, deep red, rose, colorless, and vellow tourmaline of solid colors

and in a variety of multi~colors has . been proiuced from the Himalaya lode.

Red toummaline (rubellite) in various shades predominsted. Acuemarine

10



beryl has been produced to some exient Lrom the Himalays lode and & consid-
erabls smount of rosse beryl, or morganite, has been extracted. Because of
the rather poor appesrence that most of the beryl makes in the rough much of
it was thrown on the dump and has been collected in recent years by sersening
the dump material.

During the sorting of the gem tourmaline obtained in early mining
operations at the Himalaye mine a large amount of third grade specimens
were stored in a eache under the sorting house, This sache was uncoversd in
the past few yeurs by emateur collectors who became thus the possessors of a
large atock of bemutiful orystals, The writer visited the Hinmslaya mine in
1932 and again in 1934. In the short period intervening between the two
trips a great deal of feldspar and tourmeline material hed been carried
away by amateur collectors., The surface matter of all the dumps has been
sereened many times and ons dump, nemed nodule dump, has been entirely
sereened and many handsome specimens of beryl taken from 1%,

The depth at vhich gem tourmaline has been found at the Himalayse
mine is also unique; gem specimens having been found at a depth of 200 feet
or deeper, Gem tourmaline wining in other distriets in the world seldom
attains a depth in exeess of a hundved feeb.

At the Hsmeralda mine, at Mesa Grande, the only economic mineral
found was gem tourmaline., It oscurred as pink, bright red, szure blue,
acuamerine blue and a peculiar blus green which when cut produced a stone
with one set of facets sapphire blue =nd enother emerald green. This last
named gem has not been found slsevhere. Part of the dike at the Ismerslda
mine bottamed at a relatively shallow depth and mining operations, never

extensive, have been suspended for & long btime.



The principael producers of gem tourmsline at Pala are the Pula
Chief, Tourmaline Oueen, and Tourmaline King end Ed. Fleicher, Jr., mines.
The Ed. Fletcher Jr, and Tourmsline King mines worked the same dike and
they are deseribed collectively hereafter as the T ourmaline King mine.

The Pale Chief mine, in addition to being the most important
producer of kunzite, also ylelded a large cuantity of beautiful gem tour-
maline orystals, Some of these were a foot in length and three imches in
thickness. Rubellite predominated over the other colored varieties,
although much dark blue material was produced, While not such a prolific
producer as the Himalaya mine, the Pala Chief mine was an important pro-
ducer and is notable for the large crysials of unfrastured tourmaline
found there. A very rough estimate of the value of gem btourmaline from
this mine, for the rough material as produced, would be about $16,000,
Tourmaline cut stones eurrently sell for $10 to $25 a carat. The mulii-
colored stonss are especially beautiful.

The Tourmaline Gueen mine,‘ ovned and operated for many years by
the late Mr. Frank A, Salmons, was worked prinecipally for gem tourmaline.
The value of the product at the mine may be placed at $10,000, a very
generalized estimate. The Tourmaline King mine produced gem tourmaline
vhich probably had a value between $10,000 and $15,000,

Like all the gem tourmaline profucing districts in southern
California, tourmaline of various colors, chiefly red, green, blue,
yellow, colorless, and cambinations of these, were produced at Palas
of these, however, red has been the dominent colored variety and probably
has yielded by far most of the financial returns,

The pink beryl, named morganite in honor of the late J.P. Morgan

1z



whose great gem collection was donated Yo the American Museum of Natural
History in New York City, has been found in maderata quantity at Pala,
Mepa Grande, Rincon, and other lithis pegmatite localities in southera
Californian. Many of the specimens have bheen found by collectors who
have had them cut for sale, The prige of the cut stones is $10 to $35
a earat, although very fine stones may bring a higher price, The value
of the total praducfion of pink beryl at the mines in Mesa Grande, Palas,
and Rincon is eati@aﬁed %o be between $2,000 snd $5,000. This does not
inglude the waterial surreptitiously found by wandering collectors,

So far as the writer knows, the only loeality in San Eiego County
that has produced green beryl, or aquamarine in notable quantities is
Rineon, where a number of fine stomes were uncovered by working shallow

pits. Those stones were worth in the rough several thousand dollars.
Eunzite

Foliowing the disecovery of kunzite,the lilac spodumene, in large
amounts at the Pala Chief mine in 1908 a fashionable and sizeable demand
was oreated, based on its attractive color and 1ts unique position of
being at that time the only exclusive American gem stons. Stones of a
sufficient transparency and color to be cut for gems sold for $B0 an ounce,
which is the current price today. The Pfollowing figures are litile more
than guesses. The kunzite produced from the Pala Chief mine may have had
& money value at the mine of $15,000 to $25,000. The kunzite produced
from Hirlart Hill, largely by the Slckler family, probebly sold for s
total of less than $6,000. No other mine or distriet hes produced kunzite

in commercial ouantities.
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The teat of time has revesled kunzits %o be somewhat soft as a
gem stone. The sbrasion of silica particles in the air result in a
loss of finely cut edges and a dimming cif the facets. OSome of the deepw
er colored lilsc stones have faded visibly upon exposure %o light.
¥ost soft gém stones are cut en c¢abochon, i.0. with a round face pre=-
sented o the surface of mexinmum sbrasion, but kunzite is said $o lose

brillisnce vhen cut in this menner.
Topaz, Garnet, and other gem stones

Topaz from Ramona and the Mountain Lily mine on Aguange Mountein,
garnet from various distriets, especimlly from Remona, spinel from
Rincon, and clear guaritz from neerly all of the gem mining districts,
have 'been. eut from time to time es gem stomes.  The walue of all this

material at the mine is of the order of $20,000,
Rose Guariz

Seversl deposits of rose ouartz occur in Sen Diego County, al-
though not in direct association with the lithias pegmatites. One of
these, the Rose Cuartz mine, ot Mess Grende, has been worked and a few
tens of tons of quartz has been shinped to Los fngeles. Other deposits
of siliesn in Sen Diego County heve been vorked but their exect geologie

nature is nod kaown bo the writer.



Minor peonomic Minersls

A number of other minerals cccur in the lithia pegmatités of
San Diego County which up to the present time, at least, are not found
there in sufficient quantity or proper grade to be worked ecommercially.
small concentrations of cassiterite have been found in Chihuahua Valléy
and at the Himaleya mine. The same distriets have yielded very small
amounts of columbite, and stibiotantalite has been found at the Himslaya
mine., Biotite and muscovite, extensively mined in some pegmatitéé in
other parts of the United States and the world, do mot occur in the
San Diego Couaty pegmatites in a sufficient size or quentity to be uti-
lized, Massive beryl, the present chief source of beryllium, recently
in demand in metallurgy, has up to the present time not been found even
in moderate quantities in San Diego County. The bismuth and phosphate
minerals in the Pala pegmatites do not occur in sufficient quantities or
purity to be considered even a potential economie source of their con-
stituents. Feldspar for ceramie purposes is mined from some of the peg~
matites of southern San Diego County, but the lithis pegmatites are, in
general, too small or too low grade to be potential sources of feldspar
for the ceramic industry. The same thing ie true of the keolin minerals
which occur in the lithie pegmatites.

One source of revenue which gem mine owners in San Diego County
have almost completely overlooked is that which might be derived from the
sale of specimens to visitors who come o inspect the deposits. They
have also failed to realize that the deposits are famous among mineralog=-
ists the world over end that a considerable income might be derived from

8 fee charged visitors, especially if a few pockets were opened up %o
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show the mode of oceurrence of the gem minerals, As it is now, the
deposits do not yield an income large enough to warrant the services of
a watchman and such material ss is exposed is rapidly being carried o:t

to decorate fish ponds or gether dust on forgotten shelves.

Future of Mining

A discussion of the future of mining in the lithia pegmatites of
Southern Géliforhia‘resolves itself into a consideration of four economic
" products; gem tourmaline, gem beryl, lithium, and kunzite. Of the four
- mines at ?alé which have produced gem tourmaline, two, the Pala Chief
mine and the Touwrmaline King mine, do not present likely prospects for
_the future. The Towmaline King mine was rather thoroughly prospected
in an efficient mamner about 20 years ago and 1ittle of worih was founa.
The Pals Chief mine has been practically worked out. The Pala Chief
dike is definitely cut off Sy erosion on three sides and most of the
favorable ground has been well prospected. The Stewart mine has in re-
cent years produced & small quantity of very fine towrmaline. 1t is
considered a likely place to seek bourmelinme in the future. A rather
brief exemination of the Tourmeline Cueen mine leads the writer to be-
lieve that further prospecting here might reveal additionsl tourmaline.
The mines on Hiriart Eill have never yielded very much gem material
even during the epoch of vigorous prospeciing and they are not thought
to be favorable places in which to do further work. This bellef,
admittedly, is founded mosily on past production, as the Sicklers would
not allow the writer to inspect thelr properties, vhich cover most of

Hirlart Hill, ‘The Esmeralde mine, at lesa Grande, does not appear to
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contain mueh favorable ground in vhich to do further prospecting.
The Himaleye lode, at Mesa Grande, is not worked out but mining hers
in the future will be ex@gﬁsiva and the pockets vhere found at depth
will not be so highly altered ez they vere nesr the surfsce and the
dike gaterial will be barder to bresk =nd extraet. The Himalaya lode
offers the best opportunity for gem tourmsline and pink beryl pro+
duetion in the futurs.

 The praépeetﬁ for 1lithia production in Sen Diege County in
the future sve not bright. This arises not only from the countrywide
situation as to lithia reserves, but alse from the condition and re~
serves In the only mine in Celifornia, the Stewart, which has produced
lithia.miﬁarals on & commercial seale., The chief lithiz mineral in
the Steward depoéits is lepidolite, which conteins the least percent-
gge of lithium of any of the seonomiec lithie wminerals, The subjoined

table shows the comparison between these minerals.

Percent of 110  Market price in 1919
Lepidolite 4 $14 « $20 2 ton
Spodumene 7.6 $20 ~ $26 a ton
Amblygonite 9.8 $50 -~ 360 a ton

The reserves of awblygonite and epodumene in the Black Hille of
Houth Dakolta are beileved o be &uffiéienﬁ to supply %he domestic de~
mand for lithium. sven though there is a substandisl incresss in demand
begause of techundlogic developments,

The presence of mubidium (abaut'ﬁ.ﬁsﬁ) and cassium (variablg,
but abvout 0.20%) in the Pala lepidolite mekes this materisl a pobential
sour¢e of these rare elements, Whether they alse oceur in significant
amounts in the South Dakata'amblygcnita and spodumene is not known o

the writer,
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As indicated in the discussion on the future of gem tourmaline
wining, the Pale Chief mine, vhieh has been the chief end only impori-
ant producer of kunzite, is almost worked out. There is on hand in the
gwgsessiﬁn of mineral deszlers in Sen Diego County, Los fngeles, and
New York, & substential emount of out apnd unout gem kunzite., Mrs. Frank
'-.&. Salmens, of Pala, widow of the late F.A. Salmons, owns & large
-stoek of elemy or slightly flowed zem kunzite.

| ma_&agas'cm* hag ylelded a large qugn‘hity of bezutiful kunzite
| end the potential reserves on this islend may be large. Nevertheless,
unless new deposits are opened up in bitherto unproductive reglons or
in the old, well known logelities, this asaleable supply of kungite may
be mz;pgactaﬁ to dwindle and the demand way drive the price %o a much

higher level than now exista,






PLATE

THE GABBRO HILLS NORTH OF PALA

a=—Tourmaline Queen Mountain
b~—Pala Chief Mountain
c—Hirart Hill

These three hills are all gabbroic nmasses,
cut by lithies peguatite dikes which dip south-
westerly. The names are those locally spplied.
d-—Cliffs in Pasla conglomerate.

The part of the cliffs marked by the letter
is over a hundred feet in height.
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BROAD TOPOGRAPHIC FEATURES

The mountainous region of San Diego County, in which are situated
most of the lithie pegnatites of southern California, ie a part of the Pen
insular Renge of southern and Lower Califorais, The term Peninsular in
this application has not been popularly used so that ii seems advisable to
briefly defins it.

The Santa Ana River and San Gorgonio Pass form en irregular easts
west line, in sbout the latitude of Los Angeles, which separates a complex
geologle province on the north from a rather simple group of mountains and
valleys on the south to which the name Peninsular Renge has been applied.
The term is an apt one. It was introduced by W. P. ‘Blakal who recognized
that were it not for the deltaic flood of debris laid down by the Colorado
River at the head of the Gulf of Californis, the waters of the Gulf would
spread over the valley of the Colorado Desert as far north as the site of
the present day town of Indio, nearly reaching the latitude of San Jacinto
Pesk, the loftiest eminence (10,805 feet) in the Peninsular Range &s de~
veloped in southern California.

The eastern margin of the range is in most places fommed by steep,

sast~facing scarps produced by feulting. The east sides of the San Jacinto-

Santa Rosa block end the Laguna Mountain block are particularly steep and
well~defined. The western margin is obscure. The lithologie boundary

between the Cretaceous and Tertiary sedimentary formations bordering the

_ 3‘Blake, W. P. Pacific Railroad Surveys, vol., V, p., 138, (1856)
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Pacifiec Ccean and the ignecus-metamorphlc rocks of the interiox, may be
considered the western margin.

The Peninsular Renge embrages such well known topogrephic entities
| a‘ss the San Jacinto and Santa Rose Mounteins; the Perris Peneplaing the
Sante Ans and Elsinore Mountsins: Volesn, Agua \amm, laguna, Cuyamses,
and Hot Springs Mountains, |

From its northern temminus as defined above the range oxtends
southeastward for three hundred miles, of which the northern one~third
is in Orange, Riveralde, and Saen Diego eounties, California, and ‘the
southers two~thirds is in Lower Coliformia., In San Diego County the range
atteins, by step~like ascents from the coastal belt, slevations exceeding
5000 feet, and, in the middle part of the county, reaches 2 widih of ab~
out 50 miles, _

The physiography of the Peninsular Renge is little known in detail,
| but sven in casual observations the influence of faulting is obvious.

Four parallel major fsmi*ba which trend scutheast are pmzﬁinenﬁy develop~
8d in ifs northern part, From east to west these are the Santa Rosa feult,
bounding the eastern side, snd the San Jacinto fault, bounding the western
aide of the Smn Jaocinto-Santa Rosa Mountelns block; the Agum Caliente
fault, so nemed from its development about Warnex's Hob Springs; and the
Elsinore foult zone, on which crustal movements have produced a graben in
the vieinity of the town of Elsinore. Part of this grsben is oscupied by
Lake Tleinorve. Paralleling these major faults are subsidiary orustal
failures. Several eross faults have also been postulated.

iueh of the Penlnsular Hange, end all of the terrane deseribed in
this report, is Arained to the Paeific Ocean, The area specifically
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AGUA TIBIA MOUNTAIN AND THE PALOMAR SURFACE

Airplane view looking northeast over Agua Tibia
Mountain. The Palomar surface which lises on

the top of this mountain is one of the many sur-
faces of low relief found in the Peninsular Range.
The Elsinore fault zone, as developed in this
vicinity, lies near the base of Agua Tibia Moun-
tain. Its position is marked, approximately, by
the road which cuts across the photo from lower
middle left to middle right.

a—Southwest flank of Agua Tibia Mountain
b—The Palomar surface
c~—Denuded slopes in granodiorite

PLATE VI
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treated herein is drained by two master streams, the San Iuis Rey River
and the Sen Dieguito Biver.. The lower reaches of these rivers bearg
southwestward in conformity to the consequent slope initisted by uplift,
thelr upper reaches snd headwater branches are largely fault comtrolled
and trend in direstions roughly paralleling the mein northwest strike of
the Penlnsular Range.,

The oversimplified picture of the northern one-third of the Pen-
insular Range is‘that of & peneplain, during the productica of which
erosion has cut so deeply that the metamorphosed sedimentary cover has
been largely removed and plutonic rocks are exposed over mnst of the
country. Tilting and uplift along major feultshave modified this pene-
plain. Although some of this faulting is recent and in places is agt-
ually going on at the present time, the initial Breaks probably came &
long time ago and the blocks outlined thereby have had individual histor-

ies for a long period.

THE TOPOGRAPHY OF THE PALA DISTRICT

About halfway between the canyon of the Santa Ana River and the
Mexican border the western mergin of the Peninsular Renge is broadly
warped downward and a hemicircular re-entrant of lowlying county projects
 inwerd to the base of Ague Tibie Mountain. Near the eastern extremity of
this re-entrant and along the banks of the San Iuis Rey River lies the
Indian village of Pala, The Sén Iuis Rey River in this wvicinity mekes a
wide swing from the northwest to the southwest and a broad unsymmetrical
valley, about a mile wide near Pala, has been formed near the bend.

The rocky hills which surround Pala rise to an elevation of






SOUTHERN PART OF MESA GRANDE

View from the southeastern slope of Gem
Mountain. The rolling nature of liesa
Grande is well depicted in this view.
The three peaks on the skyline are, from
left to right, North, Middle, and Cuya-
maca Peaks. These eminences of gabbroic
rock dominate the landscape in this part
of the Peninsular Range.

PLATE w11



1000-1500 feet above the floor of the San Luie Rey River valley, which a3
this point ranges from 400-800 feet sbove sem level. The slopes of the
hille are steep and meet the relatively flst river valley with s moderately
gherp break in profile. The hille {mmediately about Pals sre rounded, are
of very irregular shape, and have no umii‘_@m trend. To the northeast the
long spurs of Agua Tibis Mountain rise to the oldland surface which forms
the upland portion of this block,

The amiﬁéga i3 al) to the San Iuis Rey River, ‘ﬁ:aw ave few
springs in the district. Most of the inhaebitante obtain their water supply
from wells sunk in the gravels of the stresm bed, No figures on the raine

a1l are available; it is estimated to be under 20 inches annually.
THE TOPOGRAPHY OF THE MESA GRANDE DISTRICT

& few miles south of Henshaw Reservoir rises a steep scarp. Surw
motnting this scarp is an uplend region which, because of its extent and
because 1t is out off frow most of the surrounding coun¥ry by siteep de-
elivities, has been named Mosa Grande., The surface of the broad and undula-
ting mesa is about 4000 feet above sea level, Rising 700 feet %0 a 1000
feet above its surface are & few rounded hills.

Most of the drainage is to the Santa Ysabel River, which is called
the San Dieguito River in its lower course, 4 few short streams, dry most
of the year, have out back precipitous channels in the northeast scarp and
drein %t Henshaw Reservolr snd the San Luls Rey River., The rvainfall is
considerable in comparison %o neayrby distriets; an average yearly precipi-
tetion of 35 inches has been recorded. Springs are numerous and supply
the inhabitents with most of their potable water supply. There are many

‘¢ienegas, or marshy lands, in the region.
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ANGEL FIELD, MESA GRANDE

View looking north. The steep-walled, deep
trench of the stream which drains this small
valley is a very youthful feature, probably not
more than a century old. Most of the upland
valleys are, like the oje shown here, being dis-
sected by gully erosion, in some cases at an
alarming rate,

PLATE VIII



GENERAL, GEOLOGY

SUMMAHY

The generasl geoclogy of that pert of the Peninsulsr Honge cone
stituting the mounteinous region of San Diego County, is essentially the
geclogy of an ignecus-melamorphic complex in which igneocus rocks predomin-
ate, No well-gorted or welleconsolldated unmeitsmorphosed sediments are
found and only a relatively smsll body of poorliy-sorted, little-rounded
Guaternary conglomerate occurs. Over wide areas denuded bedrock forms
the surface and elsewhere the soll covering, except in valleys and benches,
is generslly thin. |

The oldest rocks recopnized are the Pela quartzite and Indian
gneiss, metamorphic rocks which contain a8 large proportion of initially
sedinentary material. Thelr exact age is unkpnown; they may possibly be
Triassic. ?hese rocks have been invaded on a butholithic sesle by medium-
grained plutonites. The order of such invasion is (1) gabbro, (2) quartz-
diorite and diorite, {(3) granodiorite., QGabbre, generelly in small masses,
is & widespread rock. Guartz diorite and grenodiorite are also widely
distribvuted, Irequently in bodies of considersble sime. Probably the
dominant rock regiomally is guariz diorite. |

Long continued ervsion has cut deeply into the rocks of the ares.
The stugze of ervsion reacﬁsé is the endobetholithic stese of Nmmons,t
in which the inveded (metasedimentery) bodies lie es islands or roof
pendante surrounded by the inveding woecks. The end products of this

erosion are surfaces of low reliel’ such as the Palomar surface, which

lEmmons, We He Ore deposits of the western stubes.

Pe 546, AJl.MaE. Ra¥. (1083)
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forms the upland of Agua Tibia Mountain.

Uplift by broad arching and by block faulting have caused youthe
ful valleys to be produced in parts of the region. Some of these valleys
were filled to a considerable depth with coarse, angular debris, and in

places this is now being removed by wesiward-flowing streams.



PLATE 1X

A, EAST SIDE OF TOURMALINE QUEEN MOUNTAIN, PALA

Panorama of the east side of Tourmaline Queen
Mountuin from a point on the western slope of
Pala Chief Mountain. The contact between San
Marcos gabbro (left) and Pala quartzite (right)
is marked by the line. The pronounced fiifference
in surficial expression of these two rock types
is well shown.
a--3tewart mine
b--Gem mine
¢—Tourmaline Queen mine

Both of these are on the Stewart dike

B. LITTLE PALA CHIEF MOUNTAIN,
PALA

View looking northwest from the
Sickler homestead. The mountain
is composed of luis quartz
diorite cut by numerous westerly-
dipping pegmatite dikes.




ROCK FORMATIONS

Palas tuartzite

Small beds of guartzite are scattered widely throughout the
region, largely as inclusions In plutonic and gneissi¢ rocks. In viriue
of their superior resistance to assimilation they frequently have sure
wived as recognizable unite when all other ssdimentary vaterizl has been
changeds QCenerally most of the guarit:ite beds are too small to permit
of their belng differentisted in mapping. 4% Pale, however, & large body
of guartzite, herein ¢alled the ?alg onartzite, has been separately mapped.
It outerops as & curved, gontinucus band & short distance north of the
village of Pals, The southern boundary of this body of gquartzite is
San Mareos gebbro. The intrusive contact between thsse two rock formoe
© tions is sharp aﬁd in most places well defined. To ths north the quart«

zite prades into Carver pranodiorite. The contact relntions hers are
intrusive, but the conteet is so gradetional that no line can be drawm
delineating it, and on the pecloglo map of the Pala distriet included in
this report the guartzite ia shown as merging inte grancdiorite. The
thickness of that psrt of the Palas guartzite formetion clearly recognigable
a8 guartzite ranges from & hundred feet to several bhundred feet. Carver
Hill, the steep rocky knob near the head of the canyon between Tourmaline
fueen Mountain and Pala Chief Mountain, is composed mﬁinly of Pala quart-
zite {See Plate TX A). Exeellent exposures of Pala quartzite sre found
in the vieinity of the Tourmaline Gueen mine and the Tourmaline King mine.

In its most typlesl form the Pala gquartzite is a fine-grained,
sandy, thinly-laminated ropk made up largely of quartw. Biotite is a

frequent gonstituent, usually in small amounts, occasionslly in large sm~



PLATE ¢

ZONED PLAGIOCLASE IN MIGMATITE

Photomicrograph showing zoned plagioclase
in & thin section from & rock from the
Pala gquartzite and Carver granodiorite
contact zone, The fine-grained groundmass
is largely quartz.

Crossed nigols x22
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ounts so that the rock becomes en impure quartzite or schist. On freshly
broken surfaces the lamination is not well seenj weathered surfaces show
it plainly. Other forms of the Pala quardzite whieh are obviously quarte
zite in the hand specimen are revealed by the microscope to contain
important quantities of microcline and slbite or oligoeclass, A specimen
of dense, tough quartzite from near the contact with San Marcos gabbro
was found to contain numerous rounded grains of pyrrhotite and a few
ragged grains or’grean hornblende. Pyrrhotite is & common accessory mine-
eral in the gabbro and it may be reasonably inferred that pyrrhoiite
present in Pala quartzite came from the gabbro,

In going from the contact between gabbro and quartzite toward the
Carver grenodiorite, the quartzite becomes coarser grained, biotite com=-
monly inereases in amount, and the rock assumes a more gneissic appear
ence. The microscope reveals large, irreguler grains of quartz, and scme=
what smaller grains of oligoclase and microcline intercalated in rude
layers between fine-grained quartz. The proportion between the coarse-
grained quartz and oligoclase and microecline suggests that some of this
quarty repreaents recrystallized sedimentary quartz. Biotite is developed
parallel to the badding.

The zone between undoubted quartzite and uﬁdoubtad grancdiorite
is a hybrid rock, partly metasedimentary end partly igneous. BSuch rocks
are palled migmatites, or mized rocks. The best notion of the appearance
of much of the Pala quartzite is furnished by the fact that earlier in-

vestigators in the district considered it to be an igneous rock,



The Pala quarizite shows a number of interesting structural fea«
tures. The western contact between the quartzite and gabbro dips under
the gabbro; the northeastern contact between these same rocks dips under
the quartzite; on the northwest the contuet is nearly vertical, This
relation suggests that the gabbro has been intruded into quartzite as e
sill~like body., The oceurrence, near the Tourmaline Queen mine, of a
lerge mass of gabbro interfingered in quartzite strengthens énd supports
this interpretation. It might be pointed out that, broadly viewed, the
quartzite mass being discussed occurs as 8 sereen between two kinds of
plutonic rocks, namely, gabbro and granodiorite., Professor Isper 5.
lazen~ bas stated thad meny of the metamorphic bodies of the rezion
oecupy such e position. Professor Larsen calls these bodies "sereens.”
The writer has cbéerved similar spatial relations in rock bodies in the
Julian distriet. The schistosity of thelyala guartzite coineides with
the bedding. This is not an unusual feature but is prevalent in most of
the metasedimentary rocks of the Peninsular Renge.

The rocks now repgeaented by the Pala gquartzite were initially
fine-grained sandstones, in places quite pure, They were regionally meta-
morphosed and that parﬁ of them forming the quartzite mass herein des-
eribed was intruded by (1) a sill~like body of gebbro and (2) a batho-
lithie body of grenodiorite. The gabbro had litile contact action on the
quartzite other than a slight baking effect, accompanied by the introduc~
tion into the quartzite of a small amount of basic minerals and pyrrhotite.
The granodiorite "granitized" the contact zone between it and the gquari-

d
%Written communication to the writer.
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The age of iy Pela gquardzite ls weertain. Ho fossils beve
beon found or ere likely Yo be found in Ibt. Hostb of the netusediventary
rooks in the psglon haws besn cozreloted with the Janta ans slates of
- upper Trisssic sge. The Jlerra Nevedan disturbones, thch WaS A0CURpERe
ied by epormous butholidhie Intrision, took pluce some btime in the uypper
Turnasic, The Ban Mereos gebbro snd other plutenic rocks iz the Pela
and Mesa Geande districls were preswmbly emplaced during the Slerrs
Hovedan disturbangae. The oply definite stolement which ven be mude at
the present time concerning the aze of the Pala guartzite is that 1% is
nra-3leres ﬁev&&an;ﬁnenea pre-upper Jursssic, The probeabilidlss are
that the Pala quarteite is of Trdeassie age,

As indicnted elsewhere In this secdion, there sre numerous bodles
of guartezlie incliudsd in the pludonic rooks of the reglon. These are
probubly referable to the Pale guartsite. There are seversl euch quarite
zite mupses in the pabbro of Tourmalline fueen Mountedn snd Pals Chief

Hountain.
Indinn Cneins

Hoany of the pludonie rocks of scuthern California are mors o
lsos gneissic. In Pacd, & fruly messive soid plutonite is compsrstively
rare, In the Pale and Mess Grende roglon the quarts diorite, purbieu~
ilarly, possceses & Foliation visible plainly on & lurge cuterop.
Hevertheless, 1% is ususily possible to distlugulish in the fisld between
gnelssice quartz diorite or ga&iﬁsie grencdicrite and paragneiss., There

are doubitful cassa, especially as beilween gneiss and gusrtz diorite.



PLATE ¢

i

A, BLOCKY IRDIAN GNEISS,
MESA GRANDE

Indien gneiss exposed at the
northern end of Angel field.
The trend of the bloek is
parallel to the attitude of
the foliation, which strikes
northwest and dips steeply to
the southwest. View is north.

B, GABBRO XENOLITH IN QUARTZ DICRITE,
MESA GRANDE

Inclusion of San Marcos gabbro
in Angel quartz diorite. The
contact of the quartz diorite
with the gabbro is a few feet
to the right (south) of this
outerop. The gabbro xenolith
is about a foot across,



In the Pala distriet no roeks have been recognized which are undoubtedly
paragneisses or lit-par~1lit gneisses., In the Mess Grande district,
however, there is a thick seetion of paragneiss which has been injected
in places litepar-lit. This formetion is c¢alled Indian gneiss, J4really
it is probably the most important rock auﬁarﬁyping on the mest. Exe
eellent sxposures of it are found near the Indian chureh; on the southe
eastern end of Gem Mountelin on Rushnell's ranch; and on the road to the
Rose ngrﬁz miﬁé. The formstion &s mapped inoludes much rock that de~
tailed investigetion would probably reveal o be quartz diorite or
diorite orthogneiss.

The most widespread faclies of the Indian gnelss is 3 grey to
dark grey rock consisting of white feldspar, quartz, biotite, and horn-
blende, Layers of well-~banded met&seﬁimanﬁéry material having this
composition alternate with layers having poor, irregular, or interrupted
banding. The layers of highly metasedimentary material frequently con-
tain more of the mafic minerals than the contiguous rosk. 4 thin section
cut from a %aek from one of these metasedimentary layers contains quaris,
acid plagloclese, biotite, and hornblende. The foliation in the thin
section is well marked by the blotite and hornblende, Other rocks from
the Indian gueiss of this same general neture ave disclosed microsecopi-
cally to contain orthoslase in varying amounts, in one instance greater
than the plagioclase, In scme of the thin sections examined the plagio-
clase is andesine. Wherever orthoelase 1s an imporidant conatituent
biotite is the dominating femag.

Several other types of metamorphic rocks included in the Indian

gneiss have been selscted for deseription:
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The country rock of the Rose Quariz mine is & grey-green,
coarsely banded gneiss, layers of varying thickness ecomposed largely
of black hornblende alternate with greenish or grayish layers of quartz and
plagioclase. The microscope reveals layers of green hormblende, diopside,
quartz and plagioclase alternating with layers of plagioclase and guariz,
The plagioclase has a composition about midway betwesn that of andesine
and labradorite. |

The country rock of the Shenandosh mine, which is in sec, 23,

Ts 11 S., Re 2 E., outside the boundaries of the geologic map of the Mesa
Grande district included in this report, is a rather dense, well<banded
rock., . o Hornblende, which makes up a large propor-
tion of the rock, is. the only constltuent megascopically determinable.
The mieroscope discloses brown and green hormnblende and quartz in thin,
well-marked continuous layers, adjoining discontinuous, lens~like layers
of quartz. Acid plagioclase is a scanty constituent.

A specimen of quarizite which is representative of many smell
bodieas of such rock includeé in ‘the Indian gneiss, is a dense, blue, fine=-
grained, thin-bedded quartzite. Under the microscope are seen parallel
layers of quartz with a few stringefs of hornblende, alternating with
layers of quartz, labradorite, and hornblende. Guartz makes up the lar-
gest part of the rock., In some layers hornblende is visible meguscopi-
cally.

Aplite and cuarts veins are common in the Indian gneiss, usually
as very small concordant stringers. Frequently the aplite, and the
quartz even more so, is found forming the struetures known as ptygmatic

folds,

O



PLATE XII

A. INDIAN GNEISS, MESA GRANDE

Indien gneiss exposed on a
rollinghill west of the Indian
schoolhouse. Such bare out-
crops, on which are strewn ex-
foliated plates and angular
scraps of the gneiss, are char-
geteristic of hilly -sectionsun-
derlain by this type of rock.

B. INDIAN GNEISS, MESA GRANDE

Close up view of Indian gneiss,
not however, at the same
locality as the one depicted
above. The round depressions
are Indian mortar holes, in
which the Indians at one time
ground meal for food.



Foliation in the Indian gneiss, vhich seems to be roughly con=
formable to the stratification, strikes northwest end dips steeply
northeast or southwest. The prevailing strike is N, BO° W. This di-
rection is roughly parallel to the mein structursl grain of the Penine
sular Range,

The Indian gneiss represents the product of recional metamorphism
of & series of sedimentary roeks vhose initial nature is not now decipher~
abhle with any dﬁgree of preaimiaﬁ. The series sertainly contained beds
of fine clastic sediments, No limestonss have been found in it. The meta-
seﬁtmsntar§ portion of the Indian gneiss has been injected, largely 1it-
par~lit by igneous julces vwhich deposited materisl having the composition
of quartz diorite or granodiorite. Bodies of gabbro, quartz diorite, end
grapodiorite of oanaidar&ble size have been intruded into the Indian
gnelsse, ©&mall bodies of quartz diorite, of the order of a few feet ac-
ross, are comzonly included within the main body of Indien gneiss. The
contact effects of subjacent bodies of gabbro, granodiorite, snd quartz

diorite on Indian gneiss sppear to be insignifisant,



PLATE XIII

Qe
be
Coe

B.

PHOTOMICROGRAPH OF OLIVINE GABBRO

Olivine
Auglite largely altered to green hornblende
Green hornblende
The feldspar is bytownite
Crossed nicols X22

PHOTOMICROGRAFH OF HORNBLENDE GABBRO

The lower left quadrant is almos®t all hornblende.
The light area in the right portion of the figure
is labradorite. Remaining areas are either green
hornblende or labradorite

Crossed nicols X22






Ban Marcos Gabbro

G abbro is a widespread rock 1in the mounteinous region of San Diego
County. As & rule it forms small messes whose horizontel outlines, while
rounded, are frecuently elongated in a northwest-southeast direction, The
gabbre oulteropping in the Mesa Gyande and Palz regions has been mappéd 88
San Marcos gabbro. This formation was first named in the literature in a
paper by Hillerl, one of Prof. Esper 3. larsen's students. Miller~ has
apparently studied in detuail the San Marcos gebbre that cutcrays in the
San Luls Rey ocuadrangle.

Within the area mapped by the writer at Mess CGrande, San Marcos
gabbro forms ensslarge mass and seversl smaller ones, The large mass makes
up most of Gem Mountsin and Hill 4001, A% Pala, gabbro forms most of Toure
maline Queen Mountain, Pala Chief Mountain, Hiriart Hill, and Pals Mountein.
Several other masses of gebbro occur near Pala, either within or just oute
side the limits of the geologlc mup prepered for this report,

The petrography of the San Mercos gahbro is complex. The Sexture
varies, even within ansll bodies and over short disteneces, from fine-grained
to coarse-grained. Because of the nature of the gabbro and the character
of gabbroie outerops it has not been Peasible to map the intra-formational
fagies.

The most typleal facies of San Marcos gabbro, if it can be said to
show 8 typical facies, is a dark gxey massive rock in which the femags

luiller, Framklin 3.
Anorthite from California, Am, Mineralogist 20: 130-146 (1938)
%Miller, Franklin S,

Petrology of the San larcgos Gabbro, San Luis Rey cuadrangle, (alif.
Unpublished doctorate thesis, Harvard University, May 1934,



PLATE x1v

ZONED AND UNZONED PLAGIOCLASE

Photomicrograph of part of a thin
section of cuartz gabbro, showing
zoned and unzoned plagioclase

Crossed nicols x22






appeay megascopically to make up about two-thirds of the rock, the remain-
der being largely ﬁiagioclﬁae; & aspecimen having this megascopic appear=
ance is found to contain in order of abundance green hornblende (uralitie],
bytownite, olivine, sugite, and hypersthene, Augite occurs as islends en-
elosed polkilitically by uralitic hornblende.,

A fine~grained facies, common as the wall rock of part of the Stewe
art dike, is a greenish, massive rock, which microscopically is seen to
consist\maiﬁly of labradorite {ca 80%) and green hornblende (ea 154), MNege
netite is an sbundant accesgsory mineral,

Two Speeimens of & medium grained gabbro collected on Hiriart Hill,
Pala, within a feﬁ feet of each other were exsmined mieroscopically. The
first is a gray colored rock which megsscopically is segen to be rish in
feldspar. The microscope discldses hypersthens, biotite, green h;rnblenﬁa,
and labradorite. The second specimen is highly mafie, megascopically about
four-fifths of the rock appears to be made up of hornblende. The microscope
proves this to be the case. Hornblende, zreen in color and rageged in out-
line, is revealed tb make up the largeat part of the section. The remainder
is mostly labradorite,

The souniry of the Himslsya lode is largely a mediumegrained, zrey=~
ish to greenish rock, Megasecopically the rock resembles a diorite or
gquartz diorite, The microseope shows the rock %o be mostly aeid plagloelase,
green hornblende, and blotite. Cuartz is present in varieial proportions.
Normally a rook of this campasi%ien would not be called a gabbro. It is so
ealled here bhecause it occurs in and cannot be conveniently separated from

a formation which ls undoubtedly gabbroic.
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To summarize the petrography of the San Marcos gabbro: The forma-
tion is made up of fineugrainea,to goarse-grained gabbrole roeks, & greyish
to greenish, massive, medium-grained rock seems to predominate. FPFlagioglase,
augite, hypersthene, olivine, snd locally blotite, are the main primery ¢on-
stituents, Aupite and hypevsthene cre more or less altered to araliiei The
extent of uralitization is highly veriable and spotby. Some of the plagiow
clase is zopned. A4 rough estimate of the mmount of zoning is that about one
grain in six is zoned. The composition of plagiocelsse varies from aeid
labradorite in rosoks Ehat contain quardsz, to basic bytownite or anorthite
in rocks conteining olivine.

The only internmel é%ruﬁtura in the San Mercos gebbro that the writer
has observed which seems to be worth comment iz the banding faunﬁ‘in paris of
the formation. The areas exhibiting this structure are small in extent and
of infrequent occcurrvence, The strike of the banding is nortbwest and the
dip is steep or vertieal. A4s noted under the discussion on the Pala cuarize
ite, the gabbrole mass which makes up most of Tourmaline Gueen Mountain,
Pala Chlef Mountain, anﬁiﬂiriart Hiil is a sill=like body which has been
intruded into the metamorphie navar; Subjacent bodies of cuartzm dicrite
and of granodiorite have intruded the fan Marcos gabbro, but have produced
little contact metamorphic effeet upon it.

The plutonic rocks of the mountainous region of & apn Disgo County
ware all epparently intruded during the same epoch of igneous invasion.

This gpoch is thought to be referable to the upper Juragsic. Sabbro w&a
the first plutoni&aintraded during the epoch. The age relstions beibween
gabbro and the metamorphle roecks is, of course, clear. Gebbre is intrusive

into Pala cuartzite and into Indian gneiss snd is younger than these meta-



FLATE X7

BANDED HORNBLENDE GABBRO

Photomicrograph of banded gabbro. The
section here represented 1s composed
mostly of green hornblends and labra=-
dorite. The banding, not well shown
in thin section, is nsarly parallel to
the right hand edge of the sheet
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morphic formetions. 7T he age relations between the various plutonites now
gseems clear, Inclusions of gabbro are very common in cuartz diorite near
the conteet between gabbro and gquartz diorite. This indicates that gabbro
is older than quartiz ﬁieﬁiteﬁ ¢martz diorite appears to be older than
granodiorites Other gabbroic roeks ogeurring in the mountains of San Diego
County are petrologically similar to these of the San Marecos gabbro. Both
the writer and F. S. Hudson (184) believed that the Cuyameea basic intrusive
composing the Cuyameca massif, south of Julian in San Diego County, is
younger than the assog¢iated quartz diorite and granodiorite. The evidence
in this case sesmed to be convineing, but in the light of local study by
the writer in Pala-and Mesa Grande and of regionel studies by Prof. Esper
3. Larsen and his students in the 5 an Luls Rey quadrangle and =2djoining
quadrangles, the problem of the age relations of the Cuyamaca basic intru~
sive needs re-sxamination. Tue conelusion reached by the writer and by
Prof, Larsen is that gabbro is the youngest of the plutonic rocks of the

San Luis Rey and Remonas quadrangles,



Angel Guartez Diorite
and
Luis Guartz Diorite

In the foregoing discussion gquartz diorite has been treated, in
the main, as a rock type without abtbempting to discriminate formabionsl
or compositionsl varietiss. Prof., Larsen and his students have been
. able to distinguish and sepavately map several verieties of quarts diorite
in the San Luls Rey quadrangle. Formational nemes have been given to
tﬁaae varieties of quartz diorite, but the writer doss not have at hand
sufficiently detailed infmrﬁa%ion to permit his correlating the quartsz
diorite mapped by hin at Pals and at Mesa CGrande with the Tormations set
up by Prof. lavsen et al. The quartz diorite in the Mesa Grande district
has been ﬁeﬁignat&d'gngel guarts diorite. The quartz diorite of the Pala
distriet has been designated Luis guartz diorite. These nenes are 1o be |
regarded as tentatively éppli&&. Further work in the region will probably
show that verious rock bodiss included in the Angel quardz diorite and
Luis guartz diorite may be referred to one of the formatiomns set up by
Prof. Larsen, whose nomenclature should prevaeil.

Although regiopally quartz diorite is perhaps the most important
rook, it is relstively subordinate in the llesa Grande snd Pale districis.
At Pala, Luis quartz diorite mekes up Little Pala Chief Mountain; the
small knoll a mile east of Pala village; and the low hills just west of
Pala village. At Hesa Orande, Angel quariz diorite underliies a consider-
able area east of the ingel homestesad.

Angel quartz diowrite is well exposed near the Angel homestead, from

whence the name is taken. The rock here is a medium-grained massive grey



FLATE

A, ANGEL QUARTZ DIORITE,
MESA GRANDE

Weathered Angel quartz diorite
exposed in road cut & few hun-
dred yards west of the Mesa
Grande store.

B. ROSE QUARTZ, ROSE CUARTZ MINE,
MESA GRANDE

The mass of rose cuartz pletured
here is part of & large tabular
body of pegmatite
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aggregate which contains in order of sbundance plegioclase (basic andesine),
gquartz, blotite, and green hornblende, Biovite, in addition to being scat-
tered in small grains thruughouﬁ’thg rock, also occurs as small flattened
¢lusters about a centimeter in diasmeter.

Luis quartz diorite from the small knoll & miles east of Pala village
is in the hand speclmen & falrly massive medium-grsined rock consisting of
plagioclase {andesige),‘quartz, green hornblende and biotite. In the field
a rude foliation is vigible. The strike of the foliation is east-west; the
dip is steeply northwerd. A& gpecimen of Luis quarts diorite from Little
Pala Chisf Mountaein is finer grained than that just described. | MNegascopi=~
cally it is a dark grey, medium fine-grained roek, in which the foliation
: is perceptible even in the hand specimen. The microscope reveals plagio-
clagen(oligoclase), quartz, blotite, and gresn hornblende. Blotite and
hornblende are intergrown in a pecullar jexture.

, Where Luis and aAngel quaritz diorite are in contact with gabbro, they
frequently contszin numerous inclusions of gabbro. Broedly viewed the folie-
tion in quartz diorite, Wheré it is present, is northwest, parallel to the
main grain of the Peninsular Range. Locally, however, it may trend in a :
direction parallel to nearby conteets with other roek bodies.

Both angel end Luis quartz diorite are younger than San Marcos gab-
bro. With the grancdiorite %o be ﬁiséussaa in the next heading, the quariz

diorite and gabbro constitute a closely related series of lntrusions.



PLATE XVII

A. PILOT BUTTE GRANODIORITE

Monolithic weathering typical
of this rock formation. Photo-
graph of an outerop near the
eastern end of Pilot Butte,
Mesa Grande.

B. PILOT BUTTE GRANODIORITE

Close up view of the exposure seen
in the above photo. A rude foliation,
not visible in the hand specimen, is
perceptible on the broader scale
included in this photo.
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Pilot Buite Granodiorite
and
Carver Grznodiorite

The same remarks that have been made concerning the nomenclature
of quartz diorite apply to granodiorite. Several msppable units of
granodiorite have been recognized as a result of regional studies by
Prof. Larsen. The writer is not sble %o correlabte the granodiorite found
in the Mesa Grande and Pula districts with the formations distinguished
by Profs larsen, so for cartographic purposes he hus devised a separste
terminologys Granodiorite cutcropping in Hess Grande is hers designsted
Pilot Butte granodiorite; thet ouiteropping in the Pala distriet is
designated Carver granodiorite. The distribution of these two formations
is brought out on iha mans »

Garver grenodiorite as exposed in Pala Canyon three miles north
of Pale is a greyish~white medium grained rock composed largely of
plagicclase, potash feldspar, and guartz, Blotite is present but makes
up only a small part of the rocks. Carver granodiorite from near the
head of the smell canyon betwsen Tourmsline CQueen Mountain and Pale (hief
Mountain is composed, in the order of abundance, of quarita, orthoclase,
plagioclase({oligoclase), microeline, and biotite., This specimen is from
near the contact betweén Carver granodiorite and P&l&rquartzite, which
accounts for the upususl proporiion of guartz.

A specimen of Pilot Butte granodiorite from near the eastern end
of Pilot Butte, Mesa Grande, is a sugary, white, medium to Tine grained
rock. Secanty biotite forms very thin somewhat wavy layers. These layers

are the principal mark of the foliztion.



PLATE Xv71II

A, MICROCLINE IN CARVER GRANODIORITE

Photomicrograph of mierocline showing

grating structure, The light and dark

untwinned areas are mainly cuartz
Crossed nicols x22

B. MICROCLINE IN CARVER GRANODIORITE

Photomicrograph of a specimen of Carver
granodiorite showing:
a, Twinned microcline
b. Anhedral quartz
¢o Myrmekite
Crossed nicols x22






Most of the grancodiorite of Pele and Mesa Grande is well foliated.
The attitude of this foliation is in the mein parallel in strike to the
dominating northwest regional trend. At Pala, however, much of the grance
diorite lying north of the Pala guartzite has s foliation which trends
parallel to that of the quartzite. In the writer's opinion much of the
granodiorite of the regipn is 8 granivized sediment, It appears that the
dominant process of gabbro emplacement was stoping: guartz diorite eme
placement was largely by stoping, assimilation, snd injection; granodio-
rite emplacement was mainly by granitization.

The granodiorites constitute the end members of & consanguineocus
series of plutoniec intrusions; The sedimentary iécor& in the Santa Ana
Mountains, where (retaceous sed&ments lie on eroded batholithic surfaces,
indicates that these intrusioné, which presumably began in upper Juraesic,

were probably completed before the beginning of the Cretaceous.
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Quaternary (ravels
and
Alluvium

The only alluvial body in the region which mepits deseription
in this report is that koown as ihe Pala conglomesrate. Bllis and Lee
{179) mapped under that nzme the alluvium occupying the floor of San
Luls Rey River valley from the vicinlty of Pala to Rinecon. &Q exposed
Jqnear Pala this formation is composed of coarse, poorly-sorted, angular
fragments that have suffered very little transportation, The maximunm
gxposed thickness is slightly over a hundred feet. The rock fragments
are largely quariz dicritg and grencdiorites

The San Luis Rey River has cut a deep trench in the Pale con-~
glomerate. Side streams draining into the San Luis Rey River have also
entrenched their courses. This downcutting of sliuvium hag significance,

in that it may indicate compuratively recent uplift,



STRUCTURE

Summary
If faulting and & few minor structures are excepted, the prineipal

structural features of the Pala end Mesa Grende districts involve bathow

lithic emplacement. The terrane exemined by the writer is not sufficiently

large to pexmit of many well~substantiated conclusions on this problem.
The rock bodies, on the whole, are not large. Any concept of batholithie
intrusion involving a single mass vhose bounding walls diverge in depth
muaf be cast aside. =Rather, in the writer's opinion, the plubonic rocks
were intruded in small messes, vhose bounding walls probably ‘csnverge
downward, This implies thet the megmatic chember had great breadth and
length, but was relatively thin.

Ptyematie folds are rather common in the paragneisses of the re-
gion. As developed at Mesa Grande and Pala, these peculiar structures
are usually amall and consi st mainly of quartz, or of aplite., Study of
an occurrence of ptygmatic folding on Pale Chief Mountain, Pals, leads
to the conclusion thﬁt the cuartz which forms the folds is later then

most of the deformation. The openings which controlled quartz deposition

were set up in a layered rock by compression which caused, at first, some

of the layers to slip past one another., Later the layers were thrown in

@



rather sharp folds, which in some cases broke. Into the voids created
by this deformation guartéz has been deposited. Probably some post-quartz
deformation has taken place.

The Elsinore fault is a major tectonic feature which extends from
Santa Ana Cenyon, at the northern boundary of the Peninsular Renge, into
Lower California, This fault is strongly developed near Mesa Grande and
Pala, ZHast of Pala, it foms the southwestern base of Agua Tibie Mountain,
a feult block that has been uplifted on merginal faults, Apparently
faulting on the margins of Agua Tibla Mountain between Magee's ranch
(sec.‘lz, T ¢ S, R W) and La Jolla Amago has been quiescent for a long
time as there ia no expression of it in the physiography other than the
steepness of the slopes. From Ls Jolla Amago southeastward through Henshaw
damsite and along the scarp that bounds Mesa Grande on the northeast, the
physiography is indicative of more recent faulting, although even here
there is no one diagnostic feature which can be used to prove very recent
movement, Earthquake shocks have been recorded whose epicenters fall
along this segment of the fault.

The straightness and continuity of Pame Valley snd Temescal Valley,
which lie to the west and southwest of Mesa Grande are strongly indicative
of faulting. On the fault mep of Califormia prepared (1922) by the Seis~
mological Society of America, a dead fault, well located, is shown as
traversing Pamo and Temescal Valleys,

The structure of pegmatite dikes is deseribed under a later heading.
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GHOLOGIC HISTORY

SUMMARY

Deposition of fine grained clastic sediments. ‘Time of deposition
ungertain; probably Triassic.

Broad folding, accompanied by intrusion on a batholithic seale of
gabbro, quartz diorite, and grancdiorite,

Fr&ctures'davelOpé& in gabbro, less so in qﬁartz diorite and grano-
diorite, parallel to the northwest érain of the country.

Injéaﬁion into these fractures, chiefly in gabbro, of pegmatitic
matter, probably derived by differentistion in the magmatic reser-
voir which furnished the plutonic rocks,

Differentintion in situ in flst-lying chennels of an agueous magma,
yielding pegmatites having (1) a cosrse grained graphic granite
and guartz (massive) and feldspar (massive) upper phase, snd
(2) a fine grained quartzealbite~-garnet rock lower phase.

Fracturing of the flat-lying pegmatites. The rift (direction of greate
est ease of fracture) developed parallel to plane of dikes. Intro-
duction into the pegmatites of wewe-idee hydrothermel solutions
which replaced earlier formed pegmetite minerals with a complex
group of later minerals,

Long~continued erosion, which removed a rock cover many thousands of
feet thick. Surfaces of low relief were developed as an end prod-
uet of this erosion,

Uplift (1) by broad arching and (2) by bloek faulting, along faults
$rending northwest.

Deposition of the Pala conglomerate, and its subsequent partial removal

by entrenching streams, a process now going on.



THE PEGMATITES

SUMMARY OF PRESENT ST&TUE oF PEGMATI%E PROBLEM

The natural history of pegmatites h&s fundamantal application to
the fields of minerslogy, ore deposition, petrology, and to eertain
branches of chemistry. For this reason the problem of the pegmatites has
received much attention from various>workers in these fields.

Jemes Furman Kbmp(?a) in 1824 summar$zea tﬁe ideas previously held
and gave a lucid statement of the then-prevailing view of the origin of
pegmatives, This view postulates an aqueous-magmatic origin for pegmatites.
Hydrothermal replacement 1s not reccgnized as an Important factor, Varis-
tions in composition are believed to &usult-from e variation in compésition
of the pegmatitic magma initially intruded,. | |

1 working with Wright, on the use of quartz as a geologie

larsen,
thermometer, had found that the quartz of graphic granite is high quartz
(svove 576°), whereas the quartz in pegmatites occurring in masses associe=-
ted with, but not in grephie granite, is low guartz (formed below 575°%).
Apparently this Important fact was the experimental basis for the fare
reaching géneralization later reached, but apparently ﬂever published, by
Larsen on the origin‘of pegmatites, In 1925 one of Larsen's students,
K. K. Landes,'"") and one of his colleagues, W. T. Schaller,‘ %8} pubiishea
papers on the pegmatite problem. At sbout the same time F. L. HbSB(??)
also published a psper on the same subje¢t. The thesis advanced in these

pepers is substantially this~-meny pegmatites, and practically all of the

lﬁright, F. E. and larsen, E. S, CQuartz as a geologic thermometer.
Amer. Jour. Sei. 27; 421-47 (1909)

B
.



45

more interesting pegmatites, represent (1) the consolidetion of & magma
rich in volatiles, which after consolidation underwent (2) a series of
replacement chenges by introduced hydrothermal solubtions which dissolved
earlier‘féxmed minerals and deposited later ones. Stated in a &ifferanﬁ
way, this means that many pegmatites were formed by two different pro-
cesses, the first mainly igneous, and the second much like that prevailing
in the formation of metalliferous veins.

Among the pegmetites which have hed an important hydrothermal
history are those which contain in sppreciable quantities any of the
following: 1ithium, beryllium, phosphorus, rere-earth metals, graphite,
cagsiterite or sulphide ore minersls. Vein quartz, if it csn be go dis~
tinguished, inﬁieates hydrothermal setivity where 1t occurs in & pegmatite
or can be traced &iiectly into & pegmatite bedy. Albite occcurring in in-
dividual crystals (i.e. exeluding the albite in perthite) indicates hydro-
thermal replacement,

Ian&es(ag)

summerized in 1933 the literature bearing on pegmatite
genesis aend has given his views on this question and on the question of the
classification of pegmatites. His scheme of classification is simple end
logical, It is based partly on genetical and partly on compositional con~
siderations. Pegmatites which show no sign of having had a post-consolida~
tion hydrothermal history arve ¢alled simple pegmatites. Numerieslly, the
vast bulk of pegmatites are simple in character. Pegmatites are further
subdivided into (a) acid, (b) intermmediate end (¢) basic classes. Acid
pegmatites include those in which the initially deposited material has the
eamposit@an of one of the following: alaskite, normal granite, alkaline

granite, granodiorite, quartz monzonite, and quartz diorite. Intermediate
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pegmatites include those in which the initielly consolidated materisl

has the composition of one of the following: syenite, alkeline syenite,
monzonite, and diorite. Basle pegmatites embrace those whose initial come
poaition iz one of ‘the following: gebbro disbase, anortﬁeaita, and
pyroxenite, It should be here noted thet most pegmatites £all into the
seid class, and mainly in the upper brackets of that class. Fesgmatites
which have had & post-consolidation hydrothermal history are ezlled come
plex, The name of the phase, or phases, present is jolned with the composi-
tional neme as above outlined. For example, s normal granite pegmatite
possessing a phosphate phase would be eelled a phosphate granite pegmatite.
Actually, granite pegmatites are so prevalent that in practice the woxd
granite is dropped smnd a gxénits composition is understood if not other~
wise cuslified. |

(81a) has"raeently gompiled the existing knowledge on the

Landes
age and distribution of pegmatites, He reports that pegmatites have been
formed during periods of intrusive setivity from the pre~Cembrian to the
present., The lithium pegmatites of the Rocky Mountains (including those
of the Black Hills) and the rare earth pegmetites of Llano County, Texas,
are pre-Cambrian in age. Meny of the complex pegmatites (containing
lithium, boron, phosphate and other phases) of the New Englend Appalach-
ian belt are Paleozoic in sges The pegmatites of San Diego County are
thought by Rene Engell to be of Mesozoic sge, probably Jurassic. Pegmaw

tites are widely and sbundantly distributed through the shield aress of
the world and ave common in weglions where erosion has penetrated deeply

into metamorphic and plutonic rocks.

lwritten communication to K. XK. Lendes and reported by him in the
paper (8la) in the bibliography.



GENERaL, SERTING OF THE LITHIA PEGMATITLE OF PaLa AND MESA CR4NDE

Composition

The lithis pegmstites of Pala and Wesa Crande are complex grasnite
or aleskite pepmatifes which contain an sbundance of such minerals as
micas{gresn and white muscovite and white and purple lepidolite), brown
or red garnets{mainly spesssrtite, the mang&nese garnet), tourmmline
{black and colored), euhedral quawriz{clear snd smoky), and euledral and
musaive potash feldspar{microcline and orthoclase}. They freguently con~
tain small guantities of beryl{green and pinkj. Some of the lithia pegmse-
tites at Pala exhibitv eclesr épaéamﬁne{eolarless, straw colored, and lilac
¢olored), Bismuth and ﬁhﬂaph&ta phases are alsv developed in several of
the dikes at Pala. | |

Most of the lithis pegmatites which form dabular bodies that dip
at gentle angles show a two=fvld or three-fold character, The upper pore
tion is composed mainly of graphic granite. The feldspsr in the graphic
granite is mierccline perthite or microcline microperihite. Assoclated
with the graphic granite are clumps of quartsz and black tourmaline. The
lower portion of the dikes is meinly banded gernet slbite splite. This
agpregote is usually called line roeck by the miners, Between the graphic
granite in the upper pert snd the gplite in fthe lower purt is & zomne called
the pay sireak. The pay streak is not always strongly developed. In the
pay streek is found mosd of the complex, hydrothermally-deposited minersls
listed in the preceding parsgraph. They cccur here asg ilrregulsy masses or
as suhedral minersls lining open or clay~filled pockets. HNot infreguently
the complex minerals asre found as clumps in the graphic granite or line

rock. Those clumps often exhibiit & rude zoning.
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Oeeurrence

The lithia pegmatite dikes of Psls and Mesa Grande are couparztive=.

ly few in number. At Pala they are restricted to the three gabbroic hills
situated about a mile nartk and a&sﬁ of the village of Pala. From west o
gast these hills are called Tourmaline Gueen Mountain, Pals Chief Mountain,
and Hiriert Hill.

On Tourmaline Queen Mountain there are four large dikes whose at-
titudes are roughly pasrallel. They strike northwesterly and dip gently
westward, From the top of the bill to the bottom these arei Tourmaline
Xing dike, which has been worked by the Tourmaline King mine and the Ed
Fletcher, Jr., mine; the Tourmaline Queen dike, worked by the Tourmaline
Queen mine; the Stewart dike, the southern end of which bus been worked
by the Stewart mine; and the Douglas dike. In sddition to the four main
dikes there areAsevaral smaller ones which have much the seme characteris-
tics es the larger ones. The Stewart and Douglas dikes are entirely in
gabbro, The ?0uﬁmaiine fueen and Tourmaline King dikes are 1argely in
gabbro, their northern exiremities project in Pala quarizite,

Pala Chief Mountain contains one large lithia-bearing dike, the
Pala Chief dike, so named from the mine which has been developed in it.
The dike strikes northwest and dips gently westward. The gebbro couniry
rock is less vesistent than the pegmatite, so that the dike outerops as
a "blanket" dike which covers a considerable part of the western side of
Pala Chief Mountsin. A short distance to the southwsst of the Pals Chiel
dike ii/sﬁill larger barren dike, which, having a similar attitude, also
outerops as & dip slope. Beveral smaller complex dikes and several large

barren dikes are found on Pala Chief Mountains A4ll of the lithia pegms-
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tites of Pala (hief Mountuln aXe in m gebbroic country rock.

Hiriart Hill contains numerous lithia pegmatite Gikes. ‘They all
strike northerliy or norithwesterly and dip westerly. ost of ﬁiriart Hill
is owned by the Sicklers, who refused Vo grant the writer permission to
exemine their properties. Hence, most of the writer's knowledge of the
geology of HiriartHill hes been gained from long rapnge wbservations. The
dip of the dikes on the Hill ie from fifteen degrees to about sixty de~
grees we$€¢ It sppears certain that most of the rare minerals and gem~
worthy minerals have come from the dikes having a gentle dip. The steeper
dikes appear to be entirely barren. The pegmetite dike in whidh tle Sicke
ler tunnel hes been driven occurs on the southwest side of {he Hill and
dips ca 15%° west. The Bickler tunnel yielded an unﬁéual suite of phos=-
phate minerals. Hiriasrt Hill also possesses historic interest in that
it was here that the Sicklers are alleged to have made the original find
of the trausparent lilsc~colored variety of spodumene $¢ which the nawe
kunzite was given. The pegmetites occurring on Hiriart Hill sre also
noteworthy because the banded garnet aplite is often exceedinply well-de~
weloped in them. The country rock of all the pegmatites of Hirlart
Hill is gabbro.

The Lithia pegmatites at Pala range in thickness I'rom & Tew feet
to a maximum of sbout a hundred feet{the thickest part of the Stewari

dike}. The average thickness is sbout twelve Teet,



Thpre are only itwo important occurrences of lithia pegmstite
at Mesa (Grands. Qne.is the Himalays lode on Gem Mountain; the other is
the irregular pegmatite body thet has been worked by the Esmerslde mine,

The Himslays lode outcrops on the northeast side of Gem Mountain,
It has been exposed by eroslon or by mining operations over a length of
2000 feet, The lode consists of four parellel pegmutite dikes which
strike N 15° W and dip, nesr the surfuce, ca 25° SW. The dikes are, in
comparison to those at Pala, rather thin, ranging in thickness from a
foot to three feet, The dikes are separate by layers of the gsbbro
sountry rooks These liyers aversge about fifty feet thick. Most of the
wall rock of the Himaleya lode is quariz gabbro, described in the chapter
on Rock Formations,

The irregular mass of lithia pegmstite worked by the Esmerslda
mine consists in the main of an unsymmetrical anticlinal-shsped body of
pegmatite, with unoriented offshoots. The axis of the anticline strikes
northeast, the noryhern limb dips 30° NW; the southern limb is steeper,
the dip is about 45° SW. The lithia-rieh portion, indicated by a con-
contration of lepidolite, occurs neaxr the creat of the snticline. Of
course, anticline is used here merely as a structursl term. It should
be emphasized that the dike was not initialiy Tormed as & horizontal bhody
and afterwards folded isio a structure heving enticlinel tendencies. The
country rock of the EZsmeralda mine is & coarse gruined gabbro, exhibitijg

numerous poikilitic phenocrysts of hornblende.
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The contact of pegmatite dikes with the wall rock is almost aslways
sharpe. The wall rock, which in the msjority of ceses is a variety of gabbro,
is altered for s few feet on each side of the dike. The thickness of the
altered zone is the same above end below the dikes. The sltered product is
commonly & chalky, incoherent substance containing numerous biotive flakes,
The ﬁature of the sltered rock is the same irrespective of the original
character of the ggbbro. The minefals and the structures of the pegmutite
dikes seem to be, in the main, independent of the type of gabbro in which
they are enclosed. Stated in a different way, the gabbro seems to have
had little chemical effect on the pegmsbite except for e possible reaction

which may have produced biotite in the grsphic granite.



Structure

The structure of most of the 1ithia pegmatites under discussion is
shown in graphic form in the asccompanying disgrem. These relations pre-
vail (1) in practically all the lithia pegmatites on Tourmsline Queen Moun-
tain, (2) ip the Pale Chief dike, (3) in many of the pegmatites of Hiriart
Hill, and (4) in the Himalays lode, It should be noted that in many of
these exsmples the’banﬁs& gornet aplite is not strongly developed, although
it is almost always pr@sent; in the Shinner pegmatite dlkes of the Himalaya
lode, replacement has frequently attained o stage in which the earlier
graphic granite hes been completely replaced by complex minerals.,

Considerable variation in structure snd composition is found along
the sitrike of & single pegmatite dike. To illustrate this the Stewart
dike will be described:

The northern end of the Stewsrt dike is about 12 feet thick. The
upper six feet is chiefly quartz and feldspar{both microcline and albite).
Graphie granite, élthﬁugh present, is not well developed. White nuscovite
in smsll smounts is widespread. Microeline is present in fine grained and
coarge syrained forms. The cozrse grained crystals sre of the order off &
few inches and are suhedral. Brown garnet is seatiered thﬁwugha&ﬁ' The
lower six feet is much like the upper six feet, except that alblite exists
in smeller proportion andbroken crystals of black tourmsline are abunﬁaﬁﬁ.
The sverage size of these tourmaline crystals is 1/8*x3%, Some of them
‘are stretehed and the openings so produced have been healed with quarts
and feldspar. Many of the coarse grained masses of microgline ars fringed

with guartz, albite, and black tourmaline.
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Some three hundred feet south of the locality above described, the
Stewart dike is exposed over a vertical distance of eighteen feet. The
footwall is hidden. The upper eight is mostly fine grained graphic granite,
with clumps of quertz, miecrocline and black tourmaline. In these clumps
quartz and mieroeline are frequently intergrown in graphic‘texture. White
muscovite coeurs in clusters with guartz and microcline, Near the center
the dike has been :;&ctured and gouge has been produced. The fractures
are parsllel to the walle. There has not been aapoéite& in the middle any
of the minerals ordinarily found in the pay streak, so that this sectian.
of the dike, like the previous one, does not exhibit a pay streak. The
lower ten feet of the dike is composed almost entirely of fine grained,
rudely banded rock, containing guartz, microcline, slbite, black tourmaline,
and gernet. (The microcline and albite were microscopically detected).
The jointing in the dike at this point is charscteristic of thai in meny
of the dikes. The rift is parallel to the walls. There are two sets of
joint, about equally strong, normsl to the walls. One strikes parallel
with the strike of the dike, the other at right angles to that strike.
About & thousand feet south of ite northern end, the Stewart dike consists
of two segments, separated by a few feet of gabbro. The upper segmanf is
ten feet thick end is made up largely of graphie grenite. The lower seg-
ment, although noi entifely exposed, ;s gbout twenty feet thick. The
whole lower part contains abundant albite. Much of the lower dike ls
graphic granite, but there is a large emount of black tourmsline, quarts,
albite and microcline in irregular masses in the graphic granlte. Many
of the crystals of tourmsline are siretched and split. Qﬁartz is often

found in the central part of black tourmaline erystel. Some of the compact



¢icrocline is greyish. On the other hand, most of the microcline found

in graphic granite is chalky white, freyuently slightly iron stt}neﬁ. Al
though the banded garmet rock is well developed at this point, crystuls of
spessartite about & half inch across are common in the bottom rocks Lusco-
vite is found throughout the dike in radiating clusters; these are more
sbundant in the bottom portvion.

About a thousand feet north of the main eust workings of the Stewart
mine there is exposed in the Steward dike the first assemblage of lithie
minerals. The dike here, while not fully exposed, is estimated to have a
thickness of about twenby-five feet. The upper part is muinly graphic
granite. The lower part is & fine grained rock composed of yuartz und
feldspar. This fine grained rock is cut (see Plate XXVI A) by welnlets
of quartz, grey microcline, white muscovite, albite, black tourmaline and
scanty pink tourmaline and lepidolite. In the middle of the dike are large
masges (several feet in diameter) of black tourmsline, grey microcline,
albite{var. cleavelan&ite), and quartz in a host rock consisting largely
of grey microcline. Irregular aggregates of pink tourmaline, elesavelandite,
end lepidolite slso transect grey microcline, Pink tourmaline hes been
completely altered to & pinkish substance.

At the Stewart m%pa the dike is about a hundred feet thick. The
top part is graphic grenite. The puy stresk here is very thick, of the
order of fifty feet. It contuins, or did contein, monominerallic messes
of quartz and amblygonite. There were also large masses rich in lepidolite,
most of which have been removed during mining. These larger bodies of
later minerals were, on the whole, lens shaped, with their long end inter-

mediate axes lying in the plene of the dike. In additidn %o these large



bodies in the pay streak, there oceur grey microcline musses cut and re-
placed by veins of slbite, garnet, and 1lithis tourmaline; masses of ru~
bellite, lepidolite, snd querts; and of rubellite, lepidolite, gquartdz,

and albite.
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On the disgram ahowing an ldealized cross section of lithia pege
matites occurring on Tourmaline QJueen MHountain, it will be observed
that the dip increases with depth and that the nudber of pockets decresse
with a steepening of the dip. This structure is well illustrated in the
Tourmalins King dike, in which the upper pert dips soubhwest st about
209250, whereas the lower part dips sbout 40° in the msme direction.
The upper part has’yielde&,‘by far, the largest puart of the total gem
tourmaline production from this dike. It zeens to be genaraily true in
the dikes at Pals end Mesa Grande that the stesp portiome are poor or
barren in pockets. This point is emphasized here because ip the thesis
advanced in this report the factor of stespening in depth, with the accom-
panying impoverishment in complex minerals, is of critical inportance.

fhere minerals whose habit is elongate, sueh as quartz, biotite,
and tourmzline, are found in the dikes, they show a tendency to be oriented
normel to the walls of the dike. This, in the writerts opinion, is also
significant as showing a structural control inherent in the attitude of
the dikes.

A fTew of the dikes have been effseted by post-minersl faulting.

The offsets are small, resuliing in displacemenis of a few inches or feet.
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ANALYSES OF MINERALS,

8i0g| Alg0x| Fagly| FeO | Mgh | Gal | Nagl | Xg0 | HgOf | HeO~ | Ti0p | P05
) l Tourmaline 9 blasgk |35.98|33.28 ll 04 3148 Q 142 2,18 | None ﬁtﬁl Q -35
Bl " blagk [35.21 36.07 J1.11| Q.12 0,856 L.92 | None| B.51 0.23
sl " blaack Detect] None
&l w pale green |36.73|41.87 1.13| Hone | 0.87| 8.23 | Nong| B.33 ¢.08
5| ¢ deep green Str. | Te.
6f emeralite Str. | None
7 ° achrolte Mod. | None
g " rabellite Mod. | None
9 * pink 37.57|48.18 0.19| Nome | 1.20| 2.05| Nona| 3.30 Tr.
10 " “ink* 36 098 43069 TI‘. 0.25 2&02 2‘29 416’? 1916
A1l " nd mickt 57.056| 44..25 0.10| 0.28| 1,06 1.95(10.81 | 0.83
12| Spodumene (kunzite) |64.42| 87.32| None None | Hone | Q.39 | 0,08
13{Beryl, pink Tr. | Hone
il4| Amblygonite 33.70| 0.18 0.8 0.14 5,985 48.89
A5 " None | Weak | None
‘16| Miorocline, grey | Bir.
7| white 5tr.
18| 0rthoclase,clear Str, | 8tr. | Extr
19 n perthitic Str. | Str. | Exir
‘20l v ¢lear weak | Str. | Extr
21| Cleavelandite None
22|Halloysite 45,62[(35.55| Q.81 0.19 ]| 1.02| 0.12 | 0.03[12.25 | 6§.63 | None
23| Muscovite, pink 45,63 |37.42| Tr. Hone | lione | 1.43 [ 9.95| 4.458 Tr.
24| Green mieca None | Weak | Exvr
25| Lepidolite,red pro45i.12{22.280| 0,80 2.28 10,00 2.0 0.04
28/ ® blue purpie |[50.85|83.97| 0.82 2,39 [16.69| 1,91 0.04
g7 " purple 50.54(28,71] 0.11] Tr, | None | Tr, | 1.00 L0.87| S5.10
gal " whibe 51.26|25.62| 0.12| None| Nome | Tr. | 1.91 L0.68] 1.60
29| - ¥ Brdr.muscovite (B0.85(26.78| 0.80 Te, | 0,10] 1.41 LO.B0O| 1.74
%0l Lepidolite
31 v red purple Hone | Mod.
38| Cookeite 35.55|44.23 Tr, | Tr. | 2.11 | 0.81|13.67 | 0.61
33| Garnet, 1%. brown Str.| None | Extr]| Weak | None
B4 line roek Str. | BExtr] Str.

% Partly altered

#* pbout completely sltered




PLATE XXVII
&{9 PEGMATITES OF SAN DIEGO COUNTY, CALIFORNIA
{
Ligh | Rbp0 | Gegl| Bglz Total| Locality Analyst Reference
None 10.61|F Nome [100.75/Lost Valley | W.T.Schaller| USGS Bull.419 1910
“Pr. 10.48 99,95 Ramona = . " I "
Weak | None | None Mesa Grande | M.Donnelly |Spectroscople determ.
1.76 10.80|F 0.81 | 99,76 ¢ . %.T.Schaller| USGS Bull. 419 1910
Str. | None | None " " M.Domnnelly |Speciroscople determ.
Str. | None | None Pals - i "
Str. | None | None n " w " 4y
Str. | None | Tr. ' " n " n "
1.92 10.65/F 0.20 | 99.77 Mesa Grande | W,T.Schaller| U3GS Bull. 419 1910
1.28 7.66|F Undet| 98.84] Pala L i " n & "
1.27 2.46| F Undet, 99.17 © " . e i " "
7.20 " " . T UCPBDG 3:274 1903
Str. | None | Stx. Hesa Grande | M.Donnelly |Spectroscopic determ.
.89 F 8,29 Pala W.T.ochaller| Am.J.5ei{4)17:192 1904
Extr. None | None - » M.Donnelly |Spectroscople determ.
Mod, | None | None " ki " " g
T Mod. | None | None n % y ¥ .
| B S%r. | None | None »:_' T w i
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Figure 1.—

Idealized crogg-~section of pegmatites of Tourmaline Queen

Iountain, Pala. The thicknegs of the dikes ranges from

ten t0.a hundred feet; the average thickness is about twelve
feet., The graphic granite upper portion usually makes up
8lightly more than half the dike. Cem~bearing pockets

range in size Trom a few incheg to several feet in height;

they are generally lenticular, with their longer dimensions
parallel to the walls.
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MINERALOGY
Graphie Granite

Although graphic granite is a minersl aggregate that answers the
definition of a rock, it is convenient %o deseribe it here.

The Abbeé Haly applied the temm pegmetite to the rock now generally
called graphic granite. Pégmatite was later extended to cover all igneous
rocks coarser grained and usually more irregularly grained than their plu=
tonig equivalsnt. Johannaen; coneidered that rocks possesaing a graphie
texture bear a close resemblance to Runie charactsrs (characters uséd by
Teutonic, or Germanic peoples fram the 3rd century A.D.) and deviaed the
term runite to replace graphic granite. He said runites consist essentially
of quartz and potash feldspar, generally microcline or microcline-micro=-
perthite, intergrown in such & manner that adjecent patches of these con-
stitﬁents extinguish betwesn crossed nicols at the same time.

The ideas on the origin of graphic grenite are well summarized by
Johannsenﬁz Two main views have dominated. In the older view graphic grane
ite is held to represent the simultanepus crystaliizetlon of two minerals at
the eutectic point of these two minerals., Yor guartz and microcline this
point is 26% quartz, 74% microcline. The points in favor of an origim by
eutectic crystallization are (1) the rather uniform compbsitian of graphic
granite, (2) the rrequént occurrence of a feldspar (usually perthite) erystal
which passes with a rather sharp boundary 1nto graphic granite, (8) the chare

acter of the quartz in the intergrowth, it beinz alumost always high quurtz.

Yrohannsen, A, Petrography, vol. II, p. 84 (1982)

21dem, pp. B84-01,



A more recent view ascyibes & replacement origin to the guarts in
graphic granite. Beslides the evidence cited hy :rohannsenl in favor of this
view two additional facts may be mentioned. Dr. ﬁ’.: T. Schaller (oral commu~
nication) found that the angles present in the quartz in graphie ﬁrfmite
are not the some as tﬁe.sa found in cuartz which has grown in free space«-
he belleved this indicated the influsnce of the pre-existing space lattice
of the feldspar in modifying the secondarily-deposited quartz. He also
stated that during the course of petrogenetical experiments conducted in
the Ceophysical Isboratory over 1500 mixtures of sutectic propnrtians had
been made and examined snd in none of them had been found a graphie texiure.
It should be noted, however, that all of these mixtures were dry melts, a
chemiesl condition which prebably did not obiain during the erystallization
of graphie granite in n’atuzée'. |

The writer is disposed to consider graephie intergrowths of quartz
and feldspar to be an expression of the seme phenomena as intergrowths of
feldspar, l.e,, perthites. As discussed elsevhere in this report, Olaf An-
dersen, concluded that most perthites are a result of replaaement and cer-
tainly one gains the impression from microscopic study that the albite in
microeline-microperthite has replaced microcline. There is, however, no
preponderance of evidence in favor of origin by replacement or by eutectic
eryetallization, end the question must atill be considered open. If after
an exsmination of an apprecisble number of the crystallized products of
wet melts of eutectic proportions, experiments now under way &t the Geo~

physical Lsboratory, no reasonably high percentage of graphie textures ars

Johannsen, A, Petrography, vol. II, pp. 89=-91 (1932)
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- found, we may conclude eutectic crystallizaetion has not been the cone
trolling process. '

Fine grained graphie granite from the uppsr portion of the Stewart
dike is describsd as a typieal example of this kind of rock. Megascopi~
eally it is a grayish-white aggregate in which quartz occurs as rod~like
bodles, arranged in parallel fashion. Quartz appsars as shiny slivers on
rréeturea in the zone 01l0~001 of microcline, and sas triangular merkings on
fractures nearlyrﬁarallel to (100) of mierocline,

Albite is usually not visible in hand specimens. Where visible
megascopically it forms tiny, eross-cutting veins which are clearly later
than the body of the rock, Small smounts of bluish~black tourmaline,
silvery muscovite, and brown garngt freguently ocour and are visible in
hand specimens, The fracture parallel to the (100) face is often remarke
ably good and might be mistaken for either of the cleavage direections, (001)
or (010) of microcline, In the field it is observed that on the whole the
guariz rods are oriented normal to the walls, although many exceptions to
this are found. Under the microscope the feldspar is seen to be a mierocline-~
microperthite. 4 sectlon cut about normal to the elongation of the quartz
rods was round to be sensidly parallel to the (100) face of both the albite
and microcline., Guartz in this section was disclosed to have irregular,
rounded outlines and to be orisnted with the c~axis making an angle of
about 15° with the sectlion., %he albite twinning in miexocline and albite
is paraliel, but the twinning lines in alblie are straight snd sharp, those
in microcline are blurred, scmetimes slightly curved, and almost slways
dise-shaped. The cleavage parallel to (00L) is superior to that parsllel
to (010) and the cleavage lines cut across microcline and albite without

offset at the boundary,



Another ssction of the smme rock cui nearly parallel to the elonga-

tion of the quartz rods wes found to be nearly parallel to the (001) face
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of microcline., The cquartz rods were disposed in sherp-pointed lentils which

were parallel to or at high angles with the (0l0) =~ microcline ~- cleavage

direction, The (010) eleavage of microcline was not well developed in
the section. The grating strueture due to elbite and mierocline twinning
was well shown in the microeline seen in thils section. An interesting
feature brought out in the eppesnded Resiwsl analysis is the difference in
proporiion of alblite in the sections, it being noticeably higher in the
transverse than in the longitudinal one.

The question of the orientation of the quartz rods in the graphie
granite from the gem tourmeline field of southern Califormie has been
carefully investignted by W. T Schaller. The accompanying diagram is

based on oral information from Dr. Schaller.
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Figure 2.,=—- Diagram showing orientation of quartz rods in
graphic granite, In the figures a, b, and ¢
are the three crystallographic axes of microcline.
C, is the vertical crystallographic axis of quartz.
Aipha is a small angle, whose value is not knowne.
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Jehannsenl eltes 17 modes (mineral composition) of graphic grenite.
In 16 of these the feldspar is microcline-microperthite. (evidently there
iz an error in this table as he states on psge 88 that Holmes found the
constituents of graphic granite from Mozambigue to be quartz and microeline~-
mieroperthite, whereas in ihe table on pige 85 the feldsper is listed as
microperthite). Only one specimen cited has micraclinﬁ as the feldspar.

The average of sixteen modal analyses of mierocline-microperthite is

Average Range
Quartz 25,37 34,00 ~17.85
Fﬂldsp&r ?*163 81 g‘g “56 .00

The average of 10 chemieal enalyses of graphic granite cited by

Johannseng
Average Range
810g 73.48 74.58 - 71,00
Alo0z 14,57 16.31 « 13,37
Fepls 13 50 =
Cal 27 +72 -« ,00
Nag0 2.28 344 - 1.18
Kp0 9.00 10.09 « 7.06
Hy0 17 57 -

1
Johennsen, A. Petrography, vol. II, p. 85 (1932)

%rdem. p. 87,



The results of three Hoslwal snalyses, two of them on the same
rock, are here set forth, A megascopic planimetrie analysis of the
cparse grained graphic granite was made on a smoothly ground seé%ion
normsl Yo the quartz elongutionn. The procedure was as follows: The
section wos coaded with smbroid, a fast drying cellulose compound, "The
areas underiain by quarte were cut away and the seraps of ambroid colle
ected and weighed., The remsining ambroid, which was underlain by feld-
spar, was peeled off and weighed. The weight of the ambroid which over-
lay guartz and the weight of the smbroid vwhich overlay feldspar give a
falr measure of the respective quantities of these two substances.

Larsen and ﬁil&erl have recently evaluated the Rosiwal method
for detemining the modal composition of & rock. They conclude that a
Rosiwal analysis should not be expressed closer than the nearest per cent.
With this conelusion the writer is in accord, but the sppended figures on
geveral Rosiwal analyses are allowed to stand as they wers computed, to
the nearest tenth of a per gent, It is to be understood thet thely scoure

agy i orly to the nearsst pereent.

b

larsen, E. 8. and Milier, ¥, 3. The Hosiwal method and the modal
determination of rocks. Am. Minermlogisi, vol. 20, pp. 260-273,
April (1936).



ROGIWAL ANALYZIS OF COARSHE GRAINED GRAFHIC GRANITE

Minersl Vol. % S W B
Hierocline 0.1 59,5
Quartz 8.2 18,7
Albite 2L.7 21.8
100.0 100.0
Misrocline duarts 4lbite Graphie Granlte
& AxBRLSE 4 AxIBLYE A Ax2L.6%
Silica 64,7 B8.4 100 18,7 68,7 15.0 72.1
Alumina 18.4 10,9 9 4 19.5 4480 15.8
Fotash 8.0 10.1 o ¢ ¢ 0 10,1
Soda G - 0 9. 1.8 2,87 28
5944 18.7 £1.82 100,0

Anelysis of same roek but larger section (BOmmxS0mm), made by
painting with embroid, separsating aress underlain by quartz from those

underlain by feldspar. The sgreement between the two anelyses is very

close.
Mineral e %
Quayts 1.8

Feldaper B8l.2



ROSIWAL ANALYSIS OF FINE GRAINED GRAPHIC GRANITE

Section cut parallel to slongation of auartz rods

Mineral Vol. % Wt %
Microaline 56.8 B55.9
Quariz 22.1 B2.7
Albite Bl.3 2l.4
100.0 100.0
Wieroaline Guartz Albite Granite
A& AxB5,0% A  Ax22.7% A Ax21,.4%
Ailica 64.7 3B.%2 100 Be.? 6B.Y 14,7 73.8
Alumina 1B.4 10.3 8.5 4.2 4.5
Potbush 16,9 F.5 o @ 9.5
Soda 0 0 . 11.8 _2.5 2.5
22,7

56.0

214 100.1

Seaction cuf normal to elongation csf quartz rods

Mineral Intervals Vol. % 3
Microcline 182,17 Bl.4 2.56 152.0 50,8
257,45 100.0 260.0  100.0

Mieroeline . Quartz Albite Granite

A AxBO.&% A Ax23.4% A Ax25.9%

Silies 64,7 52.8 100 23.4 68.7 17.7 73.9
Alumina 18.4 9.4 0 0 19.5 5.0 14.4
Potash 16.9 8.6 4] 0 0 4] 8.8
Sode 0 0 0 0 1.8 3.1 3,1 .
100.0

Sy G Product k‘%"’« % A

Although there is probably some soda in microcline and some potash in
glbite, it wes not posaible to estimate the percentage in each case,
It geems likely that if both factors are neglected, the resulis are
reasonably correct.



FLATE IX

A. PHOTOMICROGRAPH OF GRAPHIC GRANITE

The derk twinned areas are miecrocline.
The light twinned areas are albite.
The untwinned areas are quartz

Crossed nicols x22

B. CLEAVELANDITE VEINING MICROCLINE

Photomicrograph showlng mieroeline
beined by cleavelandite., The micro~
¢line 1s recognized by its grating
gtructure

Orossed nicols x22






frihoclase

I% has only recently been recognized that the dominunt feldspar
of grenite pegmatites is microcline. Bome writers give the reuder the
impression, at least, that orthoclsse is predominant, or is found in
amounts about egual o mierosline. Hatoh end wellsl state grenite~peg~
matites consist essentislly of guartz, feldspar{orthoclese or microcline)
and mica(muscovite and biotiie). Eastallg states the feldspar(of peg~
matites) is usually of the most alkaline type, orthoclase, miegrocline,
albite, and perthite. Tyrrellg is less specific, he notes that “granite
pegmatites are nainly composed of alkali-Telspars and quarta." Pirrson-
Kﬂopf4 state the "chief minerals(of granite pegmstites) are quartz and
feldspar, the letter being mostly orthoclass or the vaerieby of it called
microcline, though albite also aacﬁra‘" Bastin® lists orthoclase as one
of the minerals reported from the pegmatite deposits and says "orthoclase——
preosent with microcline ls nearly all of the pegmatites, the two being
commonly intergrown in the same crystel.®

1Hatch, s Hey and Wells, 4. K. The petrology of the igneous rocks.
Ppe 342344 (1D26)

2Rastall, Rs Ho The geology of the metalliferous deposite, p.44 (1923)
®pyrreil, G. W, The principles of petrology. p. 162 (1936)

4ﬁirrson. Louis Ve, and XnopP, 4. Roeks and rock minersls. &nd ed. reve.,
Pe 219 (192@)

sﬁaétin. Bdson 5. Gsology of the pegmatites and associated rocks of
Maine. U.5,0.8, Bull, 445, Do 17 (lgll)
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On the other hand, in describing the pegmatites of central Maine, Laﬁﬁesl
wrote "potash feldspar, usually mieroceline, is a leading minersl in the
granite pegmatites of central ﬁainé;'anﬁ elsewhers.” Although Landes®
does not definitely state thet he did not fine orthoclase in the pegma-
‘titea of central Maine, he does not liat or describe it. Johannsen®

has recently summerized the literature on pepmstites and correctly, in
the opinion of the present writer, states thet microcline-microperthite
is the nmost nmmmanAfelaepar ﬂfvgﬁanitewpﬁgmatitas, Jﬁh&nn&an4 coneiders
the aaaential constituents of granite~pegnatites ta be qnartz, orthoclase,
mierocline, and perthite. In a communication to the editor of Wardt's
Mineral Bulletin, Dr. Hs Le ﬁllingﬁ wrote "Microscopically they{msaning
orthoclase and microcline) are quite distinet becsuse microcline is
usually twinned in its cherecteristic way. You wili never find in a
pegmatite true orthoclase in large cleavable messes because it does not
exist.™

lLandes, Kenneth L. The paragenesis of the granite pegmetites of
central Maine. Am. Miverzlogist, 10, p. 368  (1925)

Bldem, p. 565-405

3Johannsen, As A descriptive petrography of ignecus rocks.
1l: 78«84 (1032}

drdem, p. 74

“&lling, He Ley in potes from dmrraspondents Ward's Mineral Bulletin,
1l: pe 8 (1034)
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In this connoetion it may be recalled thet .I..e.ndosl found the characteris-
tic albite 'md pericline twimming to be commonly sbsent from the microcline
he examined Prom the pegmetites of centrel Meine., Prof, Charles Palachaz
writing to the editor of Ward®s Mineral Bulletin said, "I am inclined to
think you are cuite right that orthoclase dces not occcur in pegmatites.”
The guestion as to the abundant occurrence of orthocless in
ecleavable masses in granite pegmatites is complicated by the belief of
some workers ’chat microeline and orthoclase are not separate species,
orthoelase belng viewed by them as & sube-nmicroscoplenlly twinned variety

of microcline, MNallard and Michel~Lovy strongly advocated this view.

3 &

It has elso received support in the writings of H. L. 4Alling.” Schaller,
one of the most experienced of the pegnatite investigators, believed

orthoglase should he régardsd es & sube-microscopically twinned variety of
miéroaiima. The recent work of Alexander Kahler,5 who heated microcline
nsarly free from albite to 1000° C for 500 ixours gnd found no. evidence of
& monoclinic modification in the material so treated; tsken with (1) the

X-ray svidence reported by Barth,a {2) the previousz studies on specific

1Landaa, Kenneth X., The paragenesis of the graunite pegmatites of
central Maine. Am. Minerslogist, 10, p. 367 (1925)

2palache, Charles, in Notes from correspondents: Ward's Mineral Bulletin,
vole. II, p. 8 (19034)

$Alling, He Le, The mineralography of the feldspars. Jour. Geol. 29

194~-294 (1921)

‘Sahaller, We Tyy Oral communication (1954)

BKtmler, Alexunder., The dimorphism of potash feldspar: Centr, Mineral,

GeOle Aa PP 113-21 (1033)

6Barth, Tom, ¥.W., Polymorphic phenomepe and ¢rystal stiructure:

Am, Jour, Soi,, vol. XXVII pp.278«283 {(1934)
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gravity, optic sngle, and refrsctive indices, and {3) the experimental
cbservation that orthoclsse does invert at about 900°C., would seem %o
sufficiently establish & separate identity of orthoclase and mierceline,
As used by the present writer orthoclase is the potash Peldspar wvhich is
not multiple twinned and has an extinetion angle on (001) of 0% Micro-
sline is the potesh feldspar, which mey or may not be multiple twinned
and hes en extinetion sngle on (001) of 16.18°,

Much wméa},me hus been found in the gomplex pegmatites of
Mese Grande snd Pala, S&akizﬁ"wﬁm. It oseurs mainly in the middle portion,
oy puy stpesk of the dikes, and Torms eubedral perthitic orystels of conw
sidersble size. Oriented thin sections cut from a svecimen eollected st
Pals show the mineral %o be orthoolase, with perthitie imclusicns of
slbite. Ho tvwinning of wny kind s psroepiible in ssetions of orthoolase
cut parsllel %o the side pinscoid (010} end only very faint mierocliine
twinning on those cut psrslliel to the base (001l). The sections cut parae
ilel %o the base show parallel extinetion fo the trace of the 010 cleavage.
in this specimen inversion of orthoclase o microeline has been very
siight and may be due wholly to thin section grinding.

A specimen of polash feldspay from Psle was examined in consider~
able detail. Beversl $thin sections Waz*é ground, Some were made with the
uinowt eare, using as Tine sbrasive as possible and as Jittle pressure as
posaible throughout the npﬁm‘hﬁ.mﬁ%, Others wers ground with the applica=
tion of considerable pressure snd with the use of a8 conrss sbrasive as
possible. Une of the sectionsg wes made by encasing ihe mineral chlp in
& shesth of solder end grinding the chip so protectsd in a slow, careful

manner, - 411 of these sections were found to show perceptible microeline



twinning aﬁ& no difference could be noted im the smount of microeline
twinning in the wvarious slides, regardless of the way they were ground.
Most of the sections from the Interlor of the specimen gul parallel to
the base sxtinguish between eross nicols to the trage of the 010 clesvage
indicating the mineral is orthoelase, The structure and composition of
the transparent end of a specimen collected ai Pale show a number of ipe
terestling features. It can be seen megescopically that the fransparent
portion is not perthitic. 7The microscope revenls this part to be strongly
twinned on the alvite lew and the lamellss are plainly visible both in
thin section and in powdered fragments, This part of the erystsl is ob~
viously mierocliine. gﬁpaetrmaaapic examination of the transparent and of
the perthitic parte disclose a higher percent of lithium in the transparent
part than in the main body. The relation betwsen tranaparency, mierecline
inversion, absance of perthitic albiﬁe, and pergent of lithiuﬁ is note~
worthy, but its natural history ls not clear., %he mineral being discussed
is mainly orthoeclase, which hes inverted pertly to microcline.s The inverw
sion has been accelerated of aocompanied by inerease in the 1lithium content,
It seems probable that the stysins set up during thin section grinding
have ingreesed the inversion of orthoelase to microcline: how mueh this
inersase has been 1% 1s not posasible o stete, except thet it appesrs cer-
tain that the stresses a§pliad even in very csreful grinding are suffisient
to produce gwinning atriations in the orthoclese examined during tﬁia study .
Admittedly, microsline perthite is the predominant feldspar in the
complex negmatites of southern Californie snd mekes up & large proportion
of these dikes., Orthoclase, however, in several stages of inversion to

microeline, doss ocour abundantly in cosrse cleavable masses. It is frege
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uently not possible to determine the extont of neturel inversion of
orthasliase to microsline because sirains induced by thin aaetlanfgrindm

ing may develop or inerease the extent of luversion.

70
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Mierocline

Mierveline is found in all the simple lithia pegmatites of
southern Culifornia. With quartz, it mekes up the bulk of these pegma-
tites. Microeline is found in graphic intergrowith with quartz and as
rather large coarse masses sssociated with grephic granite and guarts
masses in the middle and upper payrt of the dikes; as fine-grained aphedrons
in the garnet~albite~aplite in the bottom of the dikes; and as euhedral or
subhedral crystals in the pay-stresk. The coarsc-grained varieties are
almost always perthitic, the guest feldsper is, in all cases sxamined
mieroscopienlly, albite or highly albitic plagioclase, The occurrence
of perthitic texture produced under a variety of conditions may, with
careful study, lead to a better understanding of their origin.

The microeline of graphic grenite is commonly white or a very
light grey. Frequently i% is faint pink; the typicsl rather strong shade
of pink or red seen in migrocline from most pegmatites has not been found
common in the pegmatites herein deseribed, Mieroeline, in coarse masses
in the middle and upper part of the dikes, forms two rather different
types. One type of mierocline is white or very light in color and seems
to be characteristiec of the dikes or parts of dikes in which the paye
streaks are small or restricted and lepidolite is absent or exiguous.

In the dikes that show much hydrothermal effects, uéually but not always
indicuted by lepidolite, lithis tourmaline, or other lithiewbearing
min@mis, a grey colored microcline is prevalent, Both are perthitic,
the white variety probably more highly albitic then the grey. It seems
clear that the grey microcline is younger then the white and one might
suspect a slightly different alkali composition for it. With this in



mind, specimens of white snd of grey microcline were examined by queli<~
tative spectral analyses for 1ithium, csesium, and rubidiwm. Rubidium
and casslum were found io be sbeent, except perhags in extremely small
smounts., Lithium was found in both and while 1t was not paaaihlé’te
even approximately estimete the percent of lithium in the specimens, the
intensity of the lines of lithiun in the visible spectrum was about the
szme in both types of microoline,

Most, but not ull, the mierocline examined microscopisally ia
twinned on the albite and micrccline twinning lows. The polysynthetic:
twinning in all the feldspar exemined which exhiblt it, is always much
more promounced in thin section then in powdered grains,

Wihere the deposition of ﬁyérwthanmal, postwoonsclidation minerals
has been most pronounced a peeuliar femture is often found in the structs
ure of grey microcline. A levge individusl crystal of grey mieroeline is
geen $o be surrounded op all sides by hydrothermsal minerals - white snd
bluish~white albite, black tourmaline, brown gernet, green muscovite, snd
ounrdz « in such & woy as to suggest very strongly that grey microcline
was deposited earlier and repleced by the later minerals, replacement
being less around each large microcline individusl. The preservation
of sarlier formed minersls as residusls in later minersls is, of course,
one of the best oriteria of age relentions wherever the svidence, which
usuzlly is best seen in the field, 1s clear, Dr, Schuller conceived the
hypothesis thet residusls of microeline found in the lower psxt of the
dikes, in the so-culled line rock, could be used %o prove thet the lower
pard of the dikes were once composed of micrpeline, most of whieh has

been replaced by quartz and slbite rock. During the course of o field
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trip with Dr. Schaller the writer had pointed out to him many examples
of textures in the lower part of the dlke which suggesied to Dr. Schaller

the foregeoing interpretation, but the writer regurds these as inconclusive.



PLATE XX

A, CLEAVELANDITE

Photomicrograph showing cleavelandite,
the platy varlety of albite
Crossed nicols x22

B. CLEAVELANDITE, QUARTZ, AND LEPIDOLITE

Photomicrograph showing (a) cleavelandite,
(b) quartz, and (¢) lepidolite
Crossed nicols x22
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A sketch illustrating the appearance of perthitic veinlets

of albite on cleavage surfaces of microcline perthite.
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Albite

Albite is Pound in the lithis pegmatites of southern California
in several differsnt forms. 4As a perthitic intergrowth with miaraciine
1n,miaroaiine»microparmhita,-which may or mey not contsin quartz and hence
constitule graphic granite, it mekes up en appreciable proportion of the
goarse grained upper part of the dikes. Albite is also found as a pere-
thitie intergrowth in euhedral mierocline amd orthoclusge from the pay~
streak. Frequently the twinning striae on slbite are visible on the
eleavages of these crystals.

Albite is ebundent in garnmet albite aplite, which occurs in the
bottom §arts of most of the lithls pegmatite dikes.

The variety of albite ealled cleavelandite is sbundant in lithia
pegmatite. It ls found in the pay-streak as platy aggregates that ob-
viously have replaced part of the assoeiated minerals. It also occurs
at numerous veinlets cutting older minerals, The lithis minersls are
almost always acoompsnied by more or less cleavelandite and its presence,
generally clearly visible, s a &efinite sign that the particular sece
tion of the dike in whish it occurs has undergone a postwgonsolidation
history. Meny, but not all, of the laurge erystals of black tourmaline
are rimmed by albite.
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Quartz

Quartz is, after mierocline, the most important mineral of the
pegmatites from the standpoint of bulk. It is an essentisl constituent
of the line rock and of graphic granite. It has been introduced at
practically every hydrothermel stage and in well-orystallized form has
been founénmost of the pockeis. ZLepidolite is always sssocited guardz
aﬁ& is never found absolutely pure,

In the dikes in which hydrothermsl action has been most intense, for
example in the Polae Chief dike and in some of the dikes on Hiriart Hill;

guartz formed large, euhedral crysitals, some welghing more then & hundred

pounds, Most of these crystals were suoky.
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Huscovite

HMuscovite is an abundant and widespread mineral in the pegme~-
tites hereiﬁ discussed. It occurs in two forms. In the graphic granite
and 1line rock it oecurs ss fine grained white plates. In the pay streak
muscovite ocours in coarse greained green erystels. It is belleved thet
the green coloration indicates a higher proportion of fluorine than is

present in the white variety of muscovite.
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Blotite

Eiatita‘is found in some of the lithia pegmatites of Pals and
Mesa Grande. It almost always ocours in assceistion with graphic granite
in the upper portions of the dikes., Whers present in this enviromment
it usually forms flat, thin plates which seem to line fractures in the
graphic granite. These plates are geverslly oriented normal tp the
walle of the dike. PFrom the fielﬁ reloationghips the writer has paiped
the impression iﬁatjbiuﬁita in the lithia pepmatite dikes has been Form-

ed by resction with the gebbrole wall rock.

i



Lepidolite

Le;éidolite, the lithium mice, in small quantities is & common
constituents in neny of the dikes st Pols wnd Mess Grende. It is found
both fine greined and coarse graiped, Wherever it ocecurs in large
masses it is usually fine grained. 4t the Stewart mine, ¢t Pzla,
lepidolite occu rred in lsrge smounts. Rubellite, albite, snd gueariz
are found with it. Lepidolite is almost slways found where gem tour-
maline hos been deposited; the mipers found this to be g0 constsnt an
agsoeistion that they believed thet where lepidolite was absent, genm

fournaline would not be found.
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Garnet

Red or brown garnet is sbundantly developed in most of the lithia
pegmatite, It is one of the chief constituents of the so-called line rock,
or garnet aplite, where it occurs es amall, euhedral erystals which are
banded in layers rvoughly paregllel to the footwall, or in curved layers
which resemble open folds. In the pay streak garnet is common as rather
large crystals, of the order of & centimeter or two in diameter., Some of
these garnet erystals in the paystreak are clear and unflawed, but most
of them are badly fractured. Most of the reports on the gem stones of
Efan Diego County refer to these garnets as being essonite (grossularite).
Those examined by the present writer are all spessartite, the manganese

garnet,



Tourmaline

Tourmaline is extensively and sbundantly developed in the complex
and lithia pegmatites of southern California. In the pegmatites of Mesa
Grande and Pala it occurs in two chief classes, (1) ordinary blaek or
bluish~black, an& {2) lLithiaebeasring. The lithia~bearing class is alvays
more or less transparent and is colored or colorless. As will be under-
stood from.the later discussion of the origin of some of the lithia tourma~
line, patches or residual ends of black toumaline are often found én
single amaial_,s of lithis tourmealine. Several colors may be present in s
single Lithis tourmaline crystel. These colors may be arranged in bands
parallel to the base, or in concentrie zones about the veriical axis, or
in an irregular, random fashion. Both the lithias and common tourmaline
are frequently bent and broken ahd the fractures sealed. In the cuse of
black tourmaline the cementing materiasl is commonly quartz or albite;
in the case of lithis tourmaline the cementing material may be quartz,
or albite, or later toumaline.

Black tourmsline is an important constituent of much of the upper
part of the dikes and of the paystresk material. In the upper part of
the dikes it is frequently associated with quartz, with which it often
forms elumps that seem to have been introduged into the body of the dike
from some point near the middle and have made their way upward, Albite
is also frequently found associated with black tourmaline, often as a
corone. or rim sbout the sides of a erysisl of black tourmaline. The var~

ious kinds of colored tourmaline, in addition to having lithium ss @

common character, are restricted to the pay streak of the dikes, generally
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to pockets which eppear along the pay streak.

No published chemical analyses of black tourmaline from Mesa
Grande or Pala are available. Sehallerl has given ue the msulfa of
analyses made on blagk tourmmaline from Lost Valley and from Remona,
San Diego County. These analyses sre reproduced on Plate XXVII.
A feature of interest in comparison of these two snalyses is the rather
high percentage of magnesium, 5.48%, in the Lost Valley material, in con-
trast to the low percentage of magnesium, 0.19%, in the Ramona material.
Iike most of the black toummaline reported in the litemtu;'él,‘ ihe spocimens
from Lost Valley and Remona are low in fluorine. I is not possible by
optical means alone to throw,\zﬁggt on the composition of black tourmeline

2 who has recently made a detailed chemi~

from Mesa Gmn&a end Pala, Ward,
eal and optical investigation of the black toummalines, was able %o con-
elude that an increase in total iron ylelded an increase in refringence
and birefringence, but this fact in itsslf is of little use in estimating
the chemical composition of a particular specimen. Ward also noted that
the more the iron in the black tourmaline, the blacker the color. The
chemical analyses of black tourmaline reprofuced on Plate ZXVII appear to
the writer %o be of value in esteblishing the point that during the early
erystallization fluorine was either in a too active state to be "frozen"
out of the pegmatitic magma, or it has not yet been introduced. Of these

two hypotheses the latier seems %o be more probable,

The black toumaline exsmined optically by the present writer was

13311311@1" W. T. Bull. 4219, Ue 8. G, 8. P 280 (1910)

' 8!)Vaz'»:!, Géerga W. A chemical and optical study of the black tourmalines.
Am, Minerslogist, vol. 16, pp. 145-189 (1931).



dichroie in blue (%) end violet (X) tints. Absorption parallel %o Z
varies in different specimens, in some it is much less strong than in
others. Where the absorption is less strong the dichroism exhibits lighter
tints, the colo:rf of the X ray epproaching the colorless state of lithia
tourmaline, the color of the Z ray approaching the light blue of the
lithia tourmaline, The generaligation may be made that an increazse in
totael alkali (pr@neipally sodium, but possibly some potassium and 1ithium)
causes a diminution in the amount and nature of absorption, which, of
gourse, results in e change in the dichrolsm. |

| Colored or colorless tourmeline always has In 1% more or less
lithium. This fact is attested by the chemical analyses made by Schaller
and reproduced on Plate XXVII and by su;pplementary spectral analyses made
by the present writer, the results of which are slso set forth on Plate
XIVII. The prineipsl colors found in tourmaline are pink (or red), green,
-and blue. These are known as rubellite, emeralite, and indicolite, rea=-
pectively. The colorless variety is known as achroite, In the Pala and
Mese Grande dikes all or neerly all of the color pheses oecuyr, slthough
one dike or a particular section of a dike may have & preponderance of
tourmaline of one color,

The colored, or 1lithia tourmaline, appears to have heen formed in
the pay-streak both by replaeeme;zt of earlier formed black tourmsline and
by deposition of initially lithia tourmsline, There is positive evidence
fo? the first type of formetion as some specimens show a gradation from
black into colored phases in the same crystal. Origin by deposition of
material, either by replacement or cavity filling, as initislly lithia

tourmaline seems 1likely.

Since all colored tourmaline contains lithia, some other reason



should be loocked to for the esuse of color variation. To be sure, one
might hypothesize thet veriations in the perecentage of lithium or in the
alkeli ratic csuse: the color changes, but this seems unlikely. Scheller
has done a large amount of work on this problem, but his resulis are not
avallsble. The writer attempted to aj)ply spectiral methods to disclose the
elements present in the various coclored phases of tourmaline in the hope
thet light might be thra% on the problem of eolor variation., While
spectral methods are not of great value here, because the radiations given
off by manganese and iron are not easily and surely detectable with the
visual spectrometer, it seems possible to draw the following conclusions
on the cause of color and of color variation in the lithia tourmaline of
Mega Grande snd Pala, If we take as our starting point a multicolored or
zoned crystal of tourmaline which has in it bleck, greenish or bluish,
pink and colorless phases, these changes in composition appear probable.
The introduction, by replacement, of lithium and manganese converis the
black tourmaline into green tourmaline., Aluminum, ealthough not ordinarily
considered to be a mobile element, is also evidently introduced at this
stage,. Obviously none of these reactions go to completion over the whole
erystal, otherwise 1t would not now be multicolored. The chief element
lost during this process 1s iron, presumably most of this was in the
ferrous state, With further decrease in iron, increase in manganese and
lithium end slumipum, part of the crystal becomes colorless,

With further decrease in 11*@1; and an inersase in the manganese~iron
ratio {manganese increasing), the part of the tourmaline so affected be-
comes pink or red, Potassium may or may not be introduced at this stage.

Fluorine and water have been introduced from the stari; a considerable sm-
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cunt of water was already existent in the blsek toummaline and this smount
has been relatively and absolutely iporessed., The deep shades of blue
are ihought to be due %o a high iron content, plus a considerable amount
of imbrodused lithiwm. It should be omphesized that the chief role of
the 1ithiws seems to be in Pendering the ecrystal trenspstent, Tust how
this is sccomplished is not known. T, G. Kennard [persomal comnunieation}
found that there exists & dirvect relation between the transpurency of
emoky: nuardz from the Rinocon pegmatites snd the proportion of 1ithium;
the higher the Lithium content ihe clesrer the quartz. The weiter has
shown that pocket orthoelase {partly inverted o microeline) iz clesyer
in those portions in whick the iithium content is higher. The elsar vars
iety of beryl, morpenite, from Mese Grande has been detemmined by the
writer to contain lithium as an impordant constituents. Floally, weniion
may be made of the transperent varleties of pocket spodumene, kunzite and
straw~colored snd colorless spodumene, which have s very high proportion
of 1ithium, It is grented that hydrothermal conditions of deposition are

novded for the davelopment of $ransparency in these ninerals,

84



Beryl

Beryl is foupd in sparing smounts in the pay siresks of some
of the dikes. It is found both gs the common green beryl and as the
pink beryl. The latter variety is known zs morganite. Morganite has
been found ot the Pale Chlef mine, Pala, snd at the Eimalaya lode. In
both of these occurrences 1t exlsted in pockets, Plak beryl has also

probably been found in small quantities at the Tourmaline Queen mine

and the Tourmaline King mine.
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Spodumense

The colorless, yellow, and lilac mfie’aiea of spodumene, which
are found in gem form in only one obher region of ihe world, the island
of Madagasear, were first discovered at Pals in 1902 on Hiriart Hill.
Early in 1803 the Pala Chief mine was discovered and has yielded a large
number of beautiful specimens of delicetely tinted transparent spodumense.
ALL of the transparent varieties of aspodumene, except green, are called
kunzite, although to the popular view this name refers to the lilae
tinted material only. |

Meny of the crystals from the Pala Chisf mine were large. The
writer has seen a tabular erystal of a deep lilae color thet is an inch
and & half wide, about & half inch thick, and over s foot and a half
long. $ahaln.erl has deseribed the clear spodumene from the Pals Chief
mine and the specimens available to the writer do not show any unusual
or differsnt features from those mentioned by him. The proncunced pleo~
chroism is an adtractive properiy. Clear pieces msy be nearly colorless
when examined in light coming through the crystal at right angles to
the cleavage (perfsct 110). In the seme crystal, when the light $ravels
parallsl to the cleavage, & rather deep lilac tint is revealed. The
X and ¥ raya of the lilee varieties are both colored amethystine; their
directions of vibration are nearly at right angles to the cleavage,

The cleavage of kunzite renders it dlfficult to cut. As else-

where pointed out it is rather soft (H &6~7) for s gem stone and in same

1
Bohaller, W. T.
Univ, Cal. Dept. Geol., Bull. 3: 265~278



cases loses 1ts color after long exposure to sunlight,

The lila¢ color of kunzite may be due to mangsnese. Senallarl
has determined 0.15% of NMnglz in kunzite Pfrom the Pala Chief mine, Pala.
on the other hand, the color mey be due o the state of ionization of
one of the alaﬁents in the mineral. It is tentstively suggested that
a very minute quantity of one element, the writer is inglined to think
it 1s lithium, hes been reduced to & neutral state in the spuce lattice
of the apodumene melecule., The element may be manganese, however, in
such & neutral state. Suech view is taken because of the action of
radistions of low wave length on kunzite. Some erystals of kunzite
after exposure to eunlight have lost their pink eolor. It has been obe
served that radium emanations and Xeyays also have the power of render~
ing pink kunzite, volorless, Mrs, F. 4. Salmons, of Psla, showed the
writer a cut kunzite gem that had beey initlally pink and after exposure
to radium emanations for s certsin period of time was rendered colorless.

8

Baskerville and Xunz report the phosphorescent effect on kunzite by var~

ious radiations, but they do not stete the color of the mineral after

|XPOBUTE .

1
Sehallﬁr’ ?gi mi
Spodumene from Sen Diege County, Calif. U.C, Publ. Dept. Geol.,
vol, B: 265275 (1903)

2Baskarvizla, C. and Kunz, G, F.
Kunzite snd its unique propertles. im. J. Sei, {4) 18: 25 (1904)
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BISMUTH MINFBALS

Bismath
& mass of native blomuth welghing about & hundred pounds, was
found embedded in a lavge quariz body in the Stewart mine, Pala., The
guartz body was nesy the main shoot of lepldolite ores 4 large mmss of
amblygonite, mined for lithium, was also found embedded in the quartz
bo&y; The bilsmith was entirely removed during mining opers xsimé* Hoat
of 1%, prewumably was used as zyscimen material.

i roveriying the great mass of amblygonite a%

Avgcording to Kunz
the lepldolite mine (the Stewart mine, Pale) ia a henvy capping of course
granite, throughout which both metallic bismubh and bismite are present
in more or less profusiofi.... The nedive bismuth is generally in Jong
irregulay crystals, alwnys foyming & cepplng over snother mineral, evie
dently tourmeline; it also &ppmm in plety erystalline masses, several
millimeters in lengih snd breedth, up ¥ 12 02 18 sseveveare Une bismuth

erystal, an inch in length, was evidently a pssudomorph or replasement of

bianuth after a feldapur{?).”
Bismauthinite

ficheller {160} roports blsmuthinite cceurring ss an oxidation
produst of nedive bismuth at the Stewart mine. Assoelated with it is bis-
mutosphesrite {(BisCUs). Schaller deseribed both blamuthinite snd blsmubo-
spheerite as oxidatlion products of native bismuth. The emount of bismuthi~

nite found a% the Sf%ewart mine was very smell and there i¢ no rescord of 1%

X‘K:mz’ Gﬁﬁq }?*
Native blemuth =nd blumite from Pala, Oulifornis,
Ao« Ja Sels, 4%h ser, 16: 508-399 (1903)
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having bosn found slsewhere in San Disgo founty.
Bismutosphaerite

This very rare mineral was found in small amount as an alters-
tion product of native bismuth at the Stewart mine. It occurs as

grayish-~black masses and as a yellow powder.
Bismite

Although the formula of this mineral is given in Dana~Ford,
Textbook of Mineralogy (4th ed.} as Biglz, it is noted thai the anhydrous
oxide may not ccour in nature and the mineral may be bismuth hydroxide,

Bi (0H)z. This was Sehallerts'169)

conclusion after a study of the bis-
muth ochers from San Diego County. 4% Pals bismite is found, usually
admixed with more or less pucherite (Bi VOu), as an earthy alteration
produst of native biasmuth, or bismuthinite., dccording to Kunz L2
bismite was found (1) as & coating, orange-yellow to grey, permeating
the quartz and associuted minerals; and (2} betwsen the qrysta},line platy
masses of the bianuth, from which it is unguestionably derived.

Bismuth ocher, containing bismuth hydroxide, has been identified

in specimens from the Stewart, Tourmaline King, and Tourmaline Queen

mines, a8ll at Pala; and from the Vietor mine at Kincon.
Bismutite

Bismutite is an smorphous earthy mineral (Bip(COz) HyU) found
as anp alteration product with other bismuih nminersls s% Pala. Bismutite

has been found at the Stewart mine and may cceur at the Tourmaline GQueen
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wine and Tourmaline King mine,

Pugherite

160
A% Pale pucherite was found by Sehaller( ) as a yellow or

gray ocher, mixed with bismite, bismuth hydroxide.

Schaller thought thet the venadium in pucherite, BiV0y, an aliera-
tion product of native bimmuth, may have come from the gabbroie wall
rock. The writer plenned t¢ guelitatively snalyse for vanadium s sample
of gabbro from Pala by spectroscopic methods. Inasmuch as ¥he prinecipel
lines of wvanadium lie in the ultra-violet region it was no* feuslvle to
do so« 1t is entirely reasomsble to suppose that the wvanadium in pugher~
ite at Pals may have come from the enclosing gabbroic wall rogks.

Hs S Washingtonl reproduces nurerous analyses of fresh basic récks in
which venadium oxide, Vg0z, was reported in small emounts, usually 0.01%
t0 0.05%. In answer to the obvious criticism that so smell amount of

materizl in a rock would not likely be concentrated in a mineral, 1%

should be pointed out thut pucherite is found in very sparing quantities,

4
VWashington, He 8. Chemicsl analyses of igneous rocks; U.S8. Geol.
Survey, Prof. Paper 89 (1917)



Triphylite ~ Lithiophilite

From these two primary lithium~ircn~manganese phosphates all the
other secondary phosphates have been derived, Pure triphylite is
1i Fe PO4; pure lithiophilite is ILi Mn POg. 4s found in pature triphylite
always contuins some mangenese and lithiophilite slways contains some
iron. A t Pala triphylite apparently altered more resdily than lithioph~
1lite.

The most notable locelity for manganese phosphate minersls is
the étewart mine, Pale. Here lithiophilite, polarite, hureaulite,
stewartite and associated phosphate minersls were found in & fine-grained

mass of albite and lepidolite.
Triplite

Triplite, & massive and probably primary phosphate, is mentioned

by Shaller (161) as occurring at Pala with other phosphates,
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FOUR MANGANESE PHOSPH.TES FOUND ONLY AT PALA

In 1912, W. T. Schallerl desoribed four new mangsnese phosphates
Tound in the lithia pegmatites at Pals, Pala is still the only locality
from which they have been indubitably reported, Because of the unique-
ness of these minerals, the original descriptions given by Schaller are

suwmmarized here,
Palaite

Palaite is & flesh-colored hydrous mangsnese phosphate, resulting
from the alteration of lithiophilite. It forms crystalline masses in the
cavities of which are found distinct erystals. Palaite alters to hureau-
lite. It occurs in the Stewart mine at Pala, from which the neme of the

mineral is derived,
Salmonsite

Selmonsite is found at the Stewart mine, Pala, It results from
the partial oxidetion and hydration of huresulite, and formms cleavable
masses of a buff color, seamed by smell veins of fibrous palaite and

sprinkied with small masses of blue strengite.
Bleklerite

Sicklerite is found in cleavable masses at the Vanderburg-Naylor
mine on Hiriart Hill neer Pala. It is dark brown in color, with a light
yellow-brown streak. Sicklerite results from the alteration of lithi-

ophilite.

1Schaller, WeTs New mangenese phosphstes from the gem tourmeline fleld
of southern Californis. J. Wash. Acy. Sci. 2; 144-145 ° 1(1912)
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Stewartite

Stewartite is a hydrous manganese phosphaets found at the Stewsrt
mine, Pala, after which it is nemed. It is very abundant as an alterstion
product of lithiophilite which it replaces slong its cleavage cracks. The
Tirst formation of stewartite is in fine fibers arranged normal to the
cleavage cracks of the lithiophilite. Irregularly bounded areas and minute
but distinet erystals of stewartite also ccour., Although abundant, it is
intimately intermingled with the other minerals. Stewartite has also been
reported from the Tourmaline XKing, Tourmaline Queen, and Sickler mines

(Hiriart Hill) at Pala and from the Mack Tourmsline mine at Rincon.



[Le]
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Strengite

Strengite is found rather frequently at Pala as an alteration
product of triphylite, and perhsps, lithiophilite. It is orthorhombic;
usually forms a blue erystalline coating on triphylite. Schaller stutes
strengite is egquivalent Yo angelardite deseribed by Lacroix.t Of NS~
lardite Lacroix® says, "Les phosphates résultant de la transformation de
la triphylite et de la triplite des Hurdéaux en Saint Sylvestrs,...."
Strengite has been reported from the Stewart, Tourmaline King, Tourmaline
fHueen, and Sickler mines at Palae, and from the Maek Tourmaline mine at

Rincon,

lLacreix, A
Mineralogie de France et des Colonies, Tome IV, pp. 522-024 (1910)

A
Idem p. 522



Hureaulite

Scaaller ldentified from Pals this uncommon acid ‘hydraus phosphate
as an alberation produect of palaite, In turn huresulite alters to salmons-
ite., It seems probable that huresulite also ogcurs as a direct alteration
produet of 1ithiophili§e. Hursaulite is listed as monoclinic, the Pale
material is mostly messive or compsctly fibrous, Huresulite has been ve-
ported from the Stewart mine, Tourmaline King mine, Tourmalibe {ueen mine, '

and Hiriert Hill, sll a% Pals, and from the Meek Tourssline mine &t Rineon.



Purpurite

Scanty smounts of {this rare secondery phosphete, Tirst deseribsd
by Schaller and Graton,l have been found on Hiriard Hill, associsted with
triphylite. It is probably orthorhombie, has a deep purplish color, ard

is near the manganese end of the isomorphous series 2(Fe, Mn) POy . Hp0.

1S«clmllex', %e Te, and Graton, L. C.
Purpurite, a new mineral. 4. J. S. (4) 20:146-161  (19085)



Manganlte, Psilomelans

Hydrous oxldes of mangenese are found associated with other
menganese minersls in the lithis pegmetites st Pala. Monganite, and

psilomelsne have been identified.
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Zeolites

Heulaudite, stilbite, and laumontite have been reported by
Rogersl from the Victor mine, Rincon. Probsbly careful search would

reveal zeolites elsewhere in the pegmatites of southern Cslifornia.

1
Rogers, L. P. ‘

Minerals from the pegmatite veins of Rineon, San Diego County,
Calif, School of Mines (uarterly Bl: 208:218 (1910)
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MISCULLANEOUS MINERALS

Included in the list of minersls on Plaete III are a number which
fall into one of three categorias:

le Interesting or unusual minersls which have been found in
small smounts in only one or iwo leoecalities. In this group is fluorite,
occurring at the Mt. Lily mine on Aguange Mt., and spinel, reported by
Rogers to ocecur at the Mack mine, Rincon.

2+ Mineral ogourrences usnreliably reported, Pyrite, molybdenite,
and siderite have been reported to oceur st Pala. They mey actuslly
peeur there, bubt the report needs confirmation.

3. Minersls customarily found everywhere as hydrothermal or
supergene products associated with rock assemblages similar to those ex-
poaed ih the region herein described. Among these are epidote and the
clogely related zoisite. Hemetite and mangsnese oxides are frequently

found costing and filling tiny fractures in other minerals and rocks.



NORTHERN END, HIMALYA LODE, MESA GRANDE

The northern end of the Himalya lode terminates

in an erosional surface, The ground here and

for several hundred feet to the southeast along
the strike, has been excavated by open pit mining
operations to a depth of about twenty-five feet.,
Beyond this depth the amount of overburden neces-
sitated underground mining methods.

PLATE XXI



PLATE XXII

A. TUNNEL PORTAL, HIMALAYA LODE,
MESA GRANDE

Portal of one of the numerous tun-
nels that have been driven in a
southwesterly direction to tup the
Himalaya lode at depth. This tun-
nel is on the ground of the Ssn
Diego Mine.

B. OPEN PIT, HIMALAYA LODE, MESA
GRANDE

Part of the open workings along

the Himalaya lode. Open pits, now
evergrown with trees and brush, ex-
tend continuously for over seven
hundred feet southeasterly from the
northern end of the lode.




PLATE xx111

A+ SHAFT PORTAL, HIMALAYA LODE,
MESA GRANDE

Portal of the Over and Montgomery in-
c¢line shaft on the San Diego Mine,
near the middle of the Himslaya lode,
This shaft was being cleaned out and
reconditioned during the spring of
1038.

B. The hoist and surface plent of the
above shaft.



Classificetion of the Pegmatites of Pale and Mesa (rande

A classification adapted from Landes(80) @f the pegmatites of
Pala and Mesa (Grande is used by the writer. There are in these districts
meny pegmatites which do not contain minerals deposited by hydeothermal
replacement. With these pegmatites this report is little concerned. In
the main they consist of microeline perthite and quartz. These two
minerals are found intergrown in graphic granite and in nearly pure
masses. Such pegmatites are ealled simple alaskite pogmatites.

The pegmatites which indicate that they have undergone some hydro-
thermal replacement are called complex pegmatites. They are subdivided
by the writer into (a) burren pegmttites, {b) gem=-bearing without lepido~
lite, and (¢} lepidolite~bearing. The barran complex pegmabites which

show considerable albitization and tourmalinization, but contain noipay

streak. Gem bearing, non-lepidolite pegmatites are those which have ylelded

gemworthy specimens, but do not show lepidolite. Speeiral snalysis reveals
that 1lithium hes been introduced into these dikes but not in sufficient
amounts to form lepldelite. The majority of the pegmatites discussed in

this report contain more or less lithium at some point in their exposed

length.
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PLATE xx1v

A. NORTH SIDE OF TOURMALINE
QUEEN MOUNTAILR, PAlA

The Tourmaline King mine,
which is on the north side of
this mountain near its summit,
is indicated by the arrow.

B. PAlLA CHIEF MOUNTAIN, PALA

View looking eastward from Salmons camp

site.
a=-Pala Chief liine
b==Margarita mine



PLATE XXV

A. BANDED GARNET APLITE,
STEWART DIKE, PALA

Taken near Sickir's tunnel,
which is the first drift tun-
nel encountered in going along
the dike from north to south.
The banding, here rather faint,
is parallel to the footwall,
which is just out of sight at
the bottom of the photo.

B. BLACK TOURMALINE IN AL~
BITIZED PHGMATITE, STEWART
DIKE, PALA

The tourmaline crystals show a
rude orientation normal to the
walls (which are parasllel to the
top and bottom of the photo)




PLATE XXVI

A. DETAIL OF STEWART DIKE, PALA

At this point is exposed the first lithia
mineral assemblage found in going from
north to south along the dike. The fine
grained rock (f) has been fractured and
replaced by veinlets (r) of complex miner-
als (grey mierocline, muscovite, quartz,
lepidolite, albite, black tourmaline,

pink tourmaline.)

B. MICROCLINE REPLACED BY ALBITE VEINLETS

Large fragment of complex pegmatite, Stew-
art mine, Pala. Mierocline (m) cut by
veinlets (a) of albite, tourmaline, and
lepidolite. Scale, about one inch to the
foot.
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GENEZIS OF THY LITHIA PRGIMATLIES OF PALA AND MESA CRaNDE

Origin of the Openings Now Occupied by Lithis Pegmutites

The openings now occupled by lithia pegmatites have had a tee~
toniec origin, This is attested to in part by their parsllel arrange-
ment. They all strike northwesterly end dip westerly. To be sure, the
westerly dip is verieble, but for the mejority of the cases studied, it
is between 10° and 45°. Further, the openings have the same sirike as
that of most of the fsults of the Peninmsulur Renge, i.e. northwest,
These strustursl reletions do not appear explicable extept on tectonie
grounds,

The frocturing which produced the openings leter filled with
pegmatite magma, secms to have yilelded clean cut bresks. In many of
the dikes exsmined the hanging wall shows step~like offsets, which sre
¢learly pre-mineral. %There sre many occcurrences of horses of altered
gaburo within the pegmatiﬁé. These glve the impression thet they have
rebained, voughly, an orientation in whieh their longer dimensions,
being onece parallel to the walls, remained so after pegmutitic intrusion.
léhis might, possibly, indicate to some thet they sre supported fragments
remaining after the roek which once uttached them to the main body of
gabbro had been replaced by permatites, To the writer this does not seen

to explain the field relotions as well ss the shove explanztion,



fod
=
[Av]

Source of the Pegmatitic Materisl

There is ample evidence that the pegmbtitic material which now
forms the lithia peguutites of Pale and Mesa Grande had its asource in a
magnatic reservolrs The pegmetites are viewed by the writer as an ine
tegral part of the igneous phenomens which began with the differentiation
of a magms that ylelded the Sen lMercos gabbro, the Angel and Luis quartz
diorite, and the Carver and Pilot Butte grangdiorite, The end products
of #hia.differentiation wag & rest-mogus rich in volatile constituents
and invrarer elements. After the solidification of the eralier plutonie
phases of igneous activity, these more agqueous and mobile constituents
moved out of the mugma chember. One of the mosi convincing arguments of
the source of the material in the pegmatites being discussed is furnished
by a consideration of the wall rocks in which they lie. The materisl
eould not have come from gabbro, which contalins most of the lithia pegms~
tites. Therefore, it came elther from above or below. It could not have
camé from & source higher up. All geologists todey are in sgreement that
such mineral concentrations as the pegmatites are not formed by downward-
moving waters. There vemains only one source, & body of materisl at depth,
which for some resson moved upward sometize after the consolidation of the

piutonie series of rocks discussed earlier in this repors,



Nature of the Depositing Solutions

There are not many dats available on the chemical nature of the
depositing solutions, It is the writer's opinion that, judged by the
large =smounts of quartz carried during the sarlier or magmatic phass, the
solutions were alkaline., During this magmatic phase the solutions, whieh
were mainly water and dissolved rock-forming minerals, had a low content
of sueh fugitives as fluorine and boron. IJron was introduced at an early
stage, but later was dissolved and carried away. This apparently indica-
tes that the solutions heceme more scid in the later stages., Manganese
wag not commonly introduced during the earlier phases, but became a prom-
inent constituent in the later phases. All of the rarer elements, lithium,
beryllium, caesium, rubidium, phosphorus, and bismuth were brought in
during the later or hydrothermsal phases of deposition.

It might be pointed out that the solutions are believed tOJhaVB
contained more or less water from the start, This being the case;;the
questian of the use snd meaning of hydrothermal might be raised. As will
be discussed under the sequence of the minerals, the initial injection of
aqueous magme 18 believed to be pyrogenic. It ylelded a solidified mass
which was not much amaeller than the introduced body of liguid. All later
chenges, which were mostly by replacement, are considered to be hydro-
thermal. In this proceas the.vcluma of dissolved solld substance is much
smaller then the total volume of liquid. The ratio of liquid %o solid be~
comes inereasingly larger ss the later phases of hydrothermal deposition

are reached,
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gegyuence of Minersl Deposition

Mineral depopition is divided into two phases: (1) an earijer,
megmatic period, and (2} a later, hydrothermsl period. The hydrothermal

period is divided into several sioges.
Period of Magmatic ﬁapogition

1+ The injection into curved openings of s liguid mass. The
openings flattened in dip upwazrd and scted ss a trep rur the solutions,
A8 & resuld differentiation took place in the stagnent liguid. Where
the dip was sufficiently low this resulited in a separation of & conrse
grained graphic granite upper part and o fine grained banded goarnet ap-
lite lower part. The mother liguor was concentrated in the middle of
the dikes and erystallized to form clumps of gquartz and black tourma-
line. Muscovite was formed ss small white flakes, mainly deposited in
the upper part. Where biotite has been formed, it appears to be a re-
action product with the gabbroic wall rock,

At some time during the drothermsl phases, it is not poasible
to say when, the graphic grenite underwent an increase in crystal size.
This process, known as sammelerystallization, probably became increasingly

active st about the time lithium was first introduced,
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Period of Hydrothermal Deposition

1. Albitization and tourmalinization are among the earliest hydro-
thermal phases. Although mostly commonly developed in the central part of
the dikes, albite and black tourmaline frequently replace both the line
rock and much of the graephic granite.

2. TFracturing of the dikes. Complex minerals deposited along
these fractures replacing the earlier formed roek. The lithia minerals
are lepidolite and lithia tourmaline, assoclated with them are grey micro-
¢cline, muscovite(green), guartz, albite, clesr garnet an& black tourmsline.,
The albite produced during this and the subseguent stages is the platy
variety, cleavelandite, Small bodlies of massive quariz were deposited
during this phase.

3. FPormation of pockets. Dissolution for the first time seems to
have predominated over deposition. The earlier replacements are aot cone
fined to any part of the dike, slthough they sre more pronounced in the
middle part. In the phase in which pockets were developed replacement
activity is largely confined to the middle part of the dikes. Only rarely
iz it found in the upper and lower part. The pocket minerals, gem beryl,
gem tourmaline, euhedral quartz and feldspar, coarse cleavelsndite, musco-
vite{green), and spessartite were deposited.

4, Large masses of guartza, lepidolite, and amblygonite were de-
posited, Quartz was deposited during nearly every siage.

5. Mangenese phosphate and bismuth minerals replece pre-existing
minerals. |

8. Supergene alteration of many of the above minerals, particularly
the mangenese phosphate, bismuth, and some of the pocket minerals. Thess

pocket minerals were probavly already altered by hypogene solutions.
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Figure 4.-- Vertical airplane photo of Gem Mountain, Mesa Grande,
showing location of the Himalaya lode. The lode is
marked in green.
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Figure S.=— Vertical airplane photo showing location of the Esmeralda
mine, Mesa Grande. The pegmatite outerop is marked in
greemn.
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Figure 6.--Vertical airplane photo of Tourmaline Queen Mountain,
showing location of principal mines, Pala



Figure 7.--Vertical airplane photo of Pala Chief Mountain, and
Hiriart Hill, Pala, showing location of principal
mines
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APPENDIX A

Yiineralogical Spegtroscopy
| General Principles

The chief interest of the mineralogist in spectroscopy is in
(a) determination of minerals, {b) & rapid detection of elements present
in a mineral or im a chemical product derived from & mineral, (c) the de~
tection of smell émaunzs of elements difficult or laboriocus to detect by
ordinary aheﬁical methods, and (d) & cuantitative messure of elements pres-
ent in a mineral or derived product.

There are two kinds of radiation with which minsersloglcal spectros-
gopy is concerned, namely, radiations absorbed by a minerel and those om-
itted by @ mineral, If e beam of white light is passed through a mineral,
bands of certain wave lengths may be absorbed more thsm others. The kind
and amount of light that is absorbed depends in anisotroplic minerals on the
direction vhich the light tekes in passing through. The light which is
transmitted to the observer will be a composite of nll the visible light
which has not been absorbed. This phenomenon of differential absorption
of white light is discussed in the slementary textbooks of optical minerale
ogy as absorption and pleochroism. The kind of light absorbed in passing
through & mineral is not necessarily the same ss that absorbad when light
is reflected from ite surface, which is to say that the color of a mineral
in the hand specimen is not necessarily the same, even in isotropic minere
als, as the color in thin section. This subject need not be pursued fur-
ther; suffice to say that a study of the gross effects of absorpiion is

constantly employed in thin section observations. MNore refined metheds



for the study of absorption spectrum with the mieroscope gall for a
microscope eyeplece fitted with a direct-vision spectrometer. The
spectrometers in use for this purpose are of two kinds, one with rela-
tively small dispersion which ylelds the more intense effects, but does
not permit of wave length measurement, the other with relatively large
dispersion, yielding fainter bands of light but providing for accurate
measurement of their wave lengths.

The subjest of absorption spectrum applied to mineralogy has been
investigated by several workers, Wharryl gives an up to date account
which is generally accessible, Speaking generally, it may be said that
absorption in narrow bands or lines is shown by certain of the rare-earth
metals and by uranium, absorption in broader bands by chromium, cobalt,
ecopper, iron, manganese, vanadium, and occasionally others.

A possibility in minerslogical spectroscopy which has probably
already been suggested or spplied by other investigators, althcugh the
present writer has not found reference to it in print, lies in the analy-
sis of absorption spectra of solutions prepared from minerals, In this
type of work, and in all studies of absorption spsctra for that matter, the
spectrophotometer as now designed for biological and biochemical investiga=
tions should be found useful. The spectrophotometer not only breaks light
into its component parts, but also measures the guantity of light of any
particular wave length. If a non-opague body be placed in the light path
of & spectrophotometer the kind and emount of light absorbed mey be measured.

Atoms and molecules under proper conditions send out radiations

i1



which are known as their emission spectra, The study of emission spectra
has becoms so important and the literature on it so voluminous that it
constitutes almost an independent science, All that physicists know of the
composition of c¢elestlal bodies, with the exception of the testimony of
meteorites, is gained from spectrum analysis of light emanating from celes~
tial bodies. T. G. Kannardl has written a rather popular, yet sclentific
summary of the chemieal aspects of speciral analysis and Fitchg has given

us a brief, concise statement of spectrum analysis in mineralogy. The latter
paper contains a bibliography on mineralogical spectroscopy.

Spectrun analysis in its mineralogicel aspects is most conveniently
discussed as to methods of producing the emission, in other words the method
of excitation, and the instruments for observing the radiations produced.
The commonest mesns of exeitation, heating in & high-temperature flame, is
familiar to all who have manipulsted the blowpipe. The ordinary gas flame
does not glve & sufficiently high heat for most observations. Any of the
flsmes fed with pure oxygen, such as the oxy-coal gas flame, the oxy-hydrogen
fleme, and the oxy-acetylene flame are suitable. The electrie arec is the
best and probably the most convenient method of excitation. Lxecitation by
the condensed spark is not generally employed in mineralogical speciroscopy,
except for the detection of some elaments whose are spectrum ies not well
marked, The characteristics of the radiation emitted by an atom by the vare

jous methods of excitation is im general not identical, some lines being

1Kannarﬁ, T.G.
Chemical spectral smalysis, the Hexagon of Alpha Chi Sigma, XXII,
115-130, 1951,

Zpiteh, A.A.
31’)ectrum analysis in mineralogy, Adma Hilger, Ltd., London, Fngland
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visible, for example in the spark specirum which are not wvisible or are
weak in the are spectrum.

Two types of instruments are employed for cbeserving emission
spectra., The first ie; a dirsctwvision spectromeder, or spectroscope. A
monochromator may alse be used for the same purpose. The other type of in-
strument is a spectrograph, on which is photographed the speetrum of the
subjeet. A prism, rather then a grating, is used to disperse the light be-
cause only one speetrum is produced by a prism, hence the intensity of the
light is greater and no overlapping takes place. GQuaritz, whieh is trans-
parent to ultra-violet rays, is utilized almost exclusively in the prisms
of spectrographs because meny of the elements have their major lines in
the ultra-violet reglon. Most of the spectrographs in use in chemiesl and
mineralogicnl laboratories cover the range between 2000° and 10,0000,

The orxdinary photographie plates are sensitive to ultra«violet light down
to about 2100°. The band between 8000° and 10,000° is not very broad as
quartz hes & smell dispersion for light in this region. Visual observa=-
tions ere limited to the region betweon 4000° and 8000°, The exnat limits
depend on the individual. The medium ouartz speetrograph as manufaciured
by fdsm Hilger, Lid., covers the range 2000° to 10,000° on a 4x10 inch
plate. This suffices for most work. Where the dominant constituent is
one of the following metals; chromium, cobalt, iron, molybdenum, nickel,
titanium, tupgsten, urenium, or zirconium, an instrument having a wider
dispersion is needed. This larger instrument {s preferable, but not
essential for the snalysis of minerals whose major constituent is one of
the following; manganese, thorium, or vanadium. In the larger instrument

the range 2000° to 10,000° is photographed on four 4x10 inch plates. An

iv



instrument wanpufactured by Gueriner and in use in the chemical laboratory
at Pomons College photographs the range 2000° to 8000° in two purts, the

visible spectrum on a 4x10 inch plate and the ultra-violet spectrum on &

plate of the same size.

The writer has made qualitative use of are spectral analysis on
minerals from the pegmatites of San Diego County. This method has yielded
many dsta discussed in the maln body of this paper. It is the writer's
opinion that spectroscopie methods, both qualitative and quantitative, are
especially well adapted to the mineralogical investipastions of the pegma=

tites.
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APPIDIX B

Staining iMinerals

The principles underlying the staining of minerals arefinree:

{a) The mineral is & natural absorbent of certain dyes or can be
nade =0 by.etahing with certain aecids. In the cese of silicctes the act-
ion of the acidria ususlly to precipitate a layoer of cslloidal or gelatine
ous silica whieh hae high absorptive powers for sone dyes.

{b) The mineral hes in 1t an element or elements which form
colered compounds. In desling with silieates the element forming the
colored compound must usually be r@n@ei@d goluble by stching in a atreag
a¢id, sueh &s hydrofluoric or hydrorxuésilicie agid.

- (¢) The mineral exhibits the phenomenon of surface polarity, l.e.
its surface has an electrienl charge which renders 1t positive or negative.
Certain aniline dyes nre nlso polar. 4 negative dye will be :etained by
a positively polar minersi, and vice versa, This fmet is utilized in
bioclogy, but so far as the writer knows, has never been investigated in
mineralogy.

Gabriel and caxl evolved a method for separating certain rock
minerals by rendering potassium in some of these minarala goluble and pre=
eipitating on the surface & yellow iusoluble compound of petassium, po-
tassium cobaltinitrite. The reagent is sodium cotaliinitrite and there
is some sodium in the precipitated potassium coﬁaltinitrite.

The writer has been interested in methods for staining and separa~

1
Gabriel, A. and Cox, E. P. A staining method for the guantitative

determination of certain roek minerals. Am, Mlneraleglst 14
290-292 (1929) '



ting the fsldspar. The method of Gabriel and Cox was tested on numer~
ous feldspar grains. The results may be stated, tentatively, as follows:

1. The method may be used suecessfully to separate potash
from soda~llme feldspars,

2., The petrological problem of estimating the amount of potash
in the more scid plagioclase feldspar and the amount of sods in potash
feldspar may be attacked with hope of some success by staining methods.

Other conclusions, tentative in part, from the siaining investi-
gations carried on by the writer are

1. The separation by staining methods of the plagioclase feld-
spars into compositional varieties comparable with those disseminated
optically, does not appear feasible. | »

- 2. Etching by liquid HF or liquid HpSiFg has proved to be more

uniform and more convenient than etehing with gaseous HF.

3« The separation of potash and plagioclase feldspars by staining
the etched surfaces with certain aniline dyes appears feasible.

4, ZHRtching frequently brings out twinning and other struetures

in feldspar not rendily visible megascopically.

)
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STAINS

Bodium

Etching
&
Staining

Eteh: HF, 12 min.

Cobaltinitrite Stain: 10 min.

"

Gantian violet

Malachite
green

" "

Msthylene blue

Hema toxylene

Congo red
Safraneen

Eosin dye

Wagh: water
Eteh: HP, 12 min,
Stain: 10 min.
Wash: aleochol

Ko eteh

Stain: 10 min.
Wash: water
Eteh: BF, 12 min,
Stain: 10 min.
Viash: water

No eteh

S8tain: 10 min.
Wiagh: water
Eteh: HF, 12 min.
Stain: 10 min.
Wash: water

No etoh

Stain: 10 min.
Wash: water
Eteh: HF, 12 min.
Stain: 10 min,
Wash: water
E4eh: HP, 12 min,
Stain: 10 min,
Wash: water

No etch

Stain: 10 min,

“Wash: water

Eteh: HF, 12 min.
Stain: 10 min.

.Wash: water
-~ K%eh: HF, 12 min,

Stain: 10 min.
Wash: water

Eteh: HF, 12 min.
Stain: 10 min.
Wash: water

Bteh: HF gas 4min.
Vash: 4il.HCl.
Stain: 10 min.
Btch: HF gas 4min.
Ko wash

Stain: 10 min.

Dist. = Distinetly

Orthdalaa&
Dist. yellow
Dist. yellow
No stain
Mod. violet
Mod, violet
Dist. green

MOd »* “'”ak
green

Dist, blue
Weak tint
No stein
No stain
Faint pink
Pink

No stain

MINERALS

Mierocline
(perthite)

Dist. yellow
Dist., yellow
No stain

Dist. violet
Mod. violet

Dist., green

Dist. green

Dist. blue

Weak tint

No stain
Trace of
pink
Light pink
Light red

Perthite
Dist. yellow
Dist, yellow
No stain
Dist. violet
Dist. violet

Dist. green

Dist, blue

VWeak tint
Weak tint
No stain

Light red
Light red

Miceroperthite
Dist. yellow
Dist, yellow
Ko stain
Mod, violet
Mod. violet
Dist. green

Dist.~Mod,
‘green

Mod. blue

Weak tint

Brownish
tint

Light pink
(edges pink)

Pink

Mod, = Moderately



Anorthoclase

Dist. yellow

Dist, vellow

Ho stain

Dist, violet

Mod. violet

Dist. green

Weak green

Strong blue

Yeak tint

Alblite

Slightly
yellow
Slightly

yellow

Fo stain

Wod., viclet

Diat, violet

Dist. green

Wod. gresn

Dist., blue

Weak«Mod.
brown

Faint browne

Brownish tint ish tint

Light pink

Pink

Med. pink

Pink

MINIRALS {Cont'd.)

Albiclase

Digt. yellow

Dist. yellow

No stain

Weak violet

Week violet

Dist. green

Hod, green

Mod, blue

Feak-Mod,
brown

Brownish
tint

Reddish
pink

Jied. red

Dligoclase

Mod. yellow

Mod, yellow

No stain

Mod. viclet

Weak violet

Mod. green

Dist. green

Dist, blue
Mod. brown

Brownish
$int

Jright pink

Light red

Labradorite

Mod, yellow

Weak yellow

No stzin

Mod, violetd

Hod. violet

Dist.~strong

areen

Mod,~Dist,
green

Dist. blue

Pist. brown

Fesbhle
pink

Light pink

Pink

Anorthite
No stain
No gtain
No stain
Dist. violet
Week viclet

Dist. green

lod. green

Dist. blue

Dist, brown

Brownish
tint

Light pink

Pink



APPENDIX C

Sage Pegmatite

The Sage pegmatite is in Sec. 22, T 8 8, R 1 E, San Bernardino
Meridian, Riverside County, Czalif. Red Mountain is about a mile and a
half to the southeast. The most convenient route of access is as follows:
From Hemet proceed almost due south on the road to Sage. About eight
miles from Heme$ turn sast and follow a narrow winding road for a distance
of about four miles, The Sage pegmatite outorops as & small, rounded knoll
" visible from the road. Cars may be driven directly to it.

The Sage pegmatite is e tabular body that ranges in thickness from
ten to fifty feet. Like most complex pegmatites of southern California |
the dip is gentle, in this case about 15° to the west. The strike is
northerly. The hanging wall has been almost entirely removed by erosion
and much of the upper part of the dike 1¥self has been cut away, The foot-
wall is quartz diorite (megascopic determination). The country rock near
the footwall and inclusions of the country rock within the dike are highly
altered and contein a large proportion of biotite.

The Sage pegmatite is made up largely of feldspar and quartz, much
of it in graphic texture, and black tourmaline. Garnet albite aplite has
not been found. A small amount of lithia minerals, coarse lepidolite,
green and pink tourmaline have been deposited. These are associanted with
albite (cleavelandite), a very light colored brown garnet, microcline, and
evhedral cuartz. The lithia and associated minerals seem to be confined to
pockets or irregular masses in the middle and lower part of the dike,

" In the upper part of the dike are found large suhedrons of miero-

eline, which contain ineclusions of graphic quartz, black tourmaline, and



graphic granite. Such evhedrons oceur in the solid rock and are commonly
surrounded by messive quartz. They range in size from & few inches to
several feet in longest dimension. Such structures eppear to the writer
t0 be genetically significant as brfexring- support to the hypothesis t’hat‘
sanmel~grystellization, or orystal growith in the solid from mta‘xjial on
band, has taken place in complex pegmatites. This erystal grm’éh"haa
probably been dependent upon, or accelerated by, post-consolidetion intro-
duetion of solutions.

In the lower part of the dike an unusual and interesting structure
is found, Feldspar is found with many ammall, elongate mvﬁ&as," partly
filled with green tourmaline. OGreen tourmeline has also replaced part of
the feldspar host., This structure seems to have been once graphic granite,
Prom which the guertz has been leached and 2nto which green tourmaline has
béan depoaited partly by replacement and partly by cavity filling.

Tourmeline cecurs in the Sage pegmatite in a few places as large
orystals, several inches moross and up to a foot long, which have a black
aea‘sm}. gore apd 2 red or green exterior. ‘;‘ihey indicate, in the writer's
opinion, the alteration by replacement of initially black tourmaline to

1ithis tourmeline.



APPENDIX A

Mineralogical Spectroscopy

General Principles

The chief interest of the mineralogist in spectroscopy is in
(a) determination of minerals, (b) a rapid detection of elements present
in a mineral or in a chemical product derived from a mineral, (e¢) the de-
tection of small amounts of elements difficult or laborious to detect by
ordinary chemicel methods, and (d) & quantitative measure of elements pres-
ent in a mineral or derived product.
There are two kinds of radiation with which mineralogical spectros-
_copy is concerned, namely, radiations absorbed by a minerzl and those‘%m~
itted by a mineral. If & beam of vhite light is passed through a mineral,
bands of certain wave lengths may be absorbed more than others. The kind
and amount of light that is absorbed depends in anisotropic minerals on the
direction vhich the light tekes in passing through. The light which is
transmitted to the observer will be a composite of all the visible light
which has not been absorbed. This phenomenon of differential absorption
of white light is discussed in the elementary texthooks of optiecal mineral-
ogy &as absorption and pleochroism. The kind of light absorbed in passing
through a mineral is not necessarily the same as that absorbed when light
is reflected from its surface, vhich is to say that the color of a mineral
in the hand specimen is not necessarily the same, even in isotropic miner-
als, as the color in thin section. This subject need not be pursued fur-
ther; suffice to say that a study of the gross effects of absorption is

constantly employed in thin section observetions. More refined metheds



for the study of absorption spectrum with the microscope call for a
microscope eyepiece fitted with a direct-vision specirometer. The
spectrometers in use for this purpose are of two kinds, one with rela-
tively small dispersion which yields the more intense effects, but does
not pernit of wave length measurement, the other with relatively large
dispersion, yielding fainter bands of light but providing for accurate
measurement of their wave lengths.

The subject of absorption spectrum applied to mineralogy has been
investigated by several workers. Wherryl gives an up to date account
which is generally accessible. Speaking generally, it may be said that
absorption in narrow bends or lines is showvn by certain of the rare-~earth
metals and by uranium, absorption -in broader bands by chromium, cobalt,
copper, iron, manganese, vanadium, and occasionally others.

A possibility in mineralogical spectroscopy which has probably
already been suggested or spplied by other investigators, although the
present writer has not found reference to it in print, lies in the analy-
sis of absorption spectra of solutions prepared from minerals., In this
type of work, and in all studies of absorption spectra for that matter, the
spectrpphotometer as now designed for biological and biochemical investiga~
tions should be found useful. The spectrophotometer not only breaks light
into its component parts, but alsoc measures the qguantity of light of any
particular wave length. If a non-opaque body be placed in the light path
of a spectrophotometer the kind and emount of light absorbed may be measured.

Atoms and molecules under proper conditions send out radiations

ii
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which are known as their emission spectra. The study of emission spectra

has become so important and the literature on it so voluminous that it
constitutes almost an independent science. All that physicists know of the
composition of celestial bodies, with the exception of the testimony of
meteorites, is gained from spectrum enalysis of light emanating from celes-
tial bodies. T. G. Kennardl has written a rather popular, yet scientifie
summary of the chemical aspects of spectral analysis ang Fitchz has given

us a brief, concise statement of speetrum analysis in mineralogy. The latter
paper contains a bibliography on mineralogical spectroscopy.

Spectrun analysis in its minerslogical aspects is most conveniently
discussed as to methods of producing the emission, in other words the method
of excitation, and the instruments for observing the radiations produced.
The commonest means of excitation, heating in a high-temperature flame, is
familiar to all who have manipulated the blowpipe. The ordinary gas flame
does not give a.sufficiently high heat for most observafions. Any of the
flames fed with pure oxygen, such as the oxy-coal gas flame, the oxy-hydrogen
flame, and the oxy-acebtylene flame are suitable. The electric arc is the
best and probably the most convenient method of excitation. ZExcitation by
the condensed spark is not generally employed in mineralogical spectroscopy,
except for the detection of some elements whose arc spectrum is not well
marked. The characteristics of the radiation emitted by an atom by the var-~

ious methods of excitation is in general not identical, some lines being

Ixennard s TG
Chemical spectral emnalysis, the Hexagon of Alpha Chi Sigma, XXII,

115-130, 1931,

%piteh, A.4.
Spectrum analysis in mineralogy, Adma Hilger, Ltd., London, ZEngland



visible, for example in the spark spectrum which are not visible or are
weak in the are spectrum.

Two types of instruments are employed for observing emission
spectra. The first is a dirsct-vision spectrometer, or spectroscope. A4
morochromator may also be used for the same purpose. The other type of in-
strument is a spectrograph, on which is photographed the spectrum of the
subject. A prism, rather than a grating, is used to disperse the light be-
cause only one spectrum is produced by a prism, hence the intensity of the
light is grqater and no overlapping takes place. Quartz, which is trans-
parent to ultra~violet rays, is utilized almost exclusively in the prisms
of spectrographs because many of the elements have their major lines in
the ultra~-violet region. Nost of the spectrographs in use in chemical and
mineralogical laboratories cover the range between 2000° and 10,000°.

The ordinary photogfaphic plates are sensitive to ultra~violet light down
tc about 2100°. The band between 8000° and 10,000° is not very broad as
guartz has a small dispersion for light in this region. Visual observa-
tions are limited to the region between 4000° and 8000°, The exact limits
depend on the individual. The medium guartz specirograph as manufactured
by Adam Hilger, Ltd., covers the range 2000° to lO,OOOo on a 4x10 inch
plate. This suffices for most work. Where the dominant constituent is
one of the following metals; chromium, cobalt, iron, molybdenum, nickel,
titanium, tungsten, uranium, or zirconium, an instrument having a wider
dispersion is needed. This larger instrument is preferable, but not
essential for the analysis of minerals whose major constituent is one of
the following; menganese, thorium, or vanadium. In the larger instrument

the range 2000° to 10,000o is photographed on four 4x10 inch plates. An

iv



instrument manufactured by Gaeriner and in use in the chemical laboratory
at Pomona College photographs the range £000° to 8000° in two parts, the
visible spectrum on a 4x10 inch plate and the ultra-violet spectrum on a
plate of the same size.

The writer has made qualitative use of are spectral analysis on
minerals from the pegmatites of San Diego County. This method has yielded
many data discussed in the main body of this paper. It is the writer's
opinion that spectroscopic methods, both gualitative and quantitative, are
especially well adapted to the mineralogical investigations of the pegma-

tites.
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APPENDIX B

Staining Minerals

The principles underlying the staining of minerals are three:

(a) The mineral is a natural.absorbent of certain dyes or can be
made so by etching with certain acids. In the case of silicates the act-
ion of the acid is usually to precipitate a layer of colloidal or gelatin-
ous silica which has high absorptive powers for some dyes.

(b) The mineral has in it an element or elements which form
colored compounds. In dealing with silicates the element forming the
colored compound must usually be rendered soluble by etching in a strong
acid, such as hydrofluoric or hydrofluosilicic acid,

(¢) The mineral exhibits the phencmenon of surface polarity, i.e.
its surface has an electrical charge which renders it positive or negative.
Certain aniline dyes are also polar. A negative dye will be retained by
a positively polar mineral, and vice versa. This faet is utilized in
biology, but so far as the writer knows, has never been investigated in
mineralogy.

Gabriel and coxl evolved a method for separating certain rock
minerals by rendering potassium in some of these minerals soluble and pre=
cipitating on the surface a yellow insoluble compound of potassium, po-
tassium cobaltinitrite. The reagent is sodium cobaltinitrite and thére
is some sodium in the precipitated potassium cobaltinitrite.

The writer has been interested in methods for staining and separa-

lGabriel, A, and Cox, E, P, A staining method for the quantitative

determination of certain rock minerals. Am. Mineralogist 14:
290-292 (1929)



ting the feldspar. The method of Gabriel and Cox was tested on numere
cus feldspar grains. The results may be stated, tentatively, ss follows:

1. The method may be used successfully to separate potash
fram sode-lime feldspars.

2, The petrological problem of estimating the smount of potash
in the more acid plagioclase feldspar and the amount of sode in potash
feldspar may be attacked with hope of some success by staining methods.

Other conclusions, tentative in part, from the stalning investi-
gations earried on by the writer ere

1. The separation by staining methods of the plagioclase feld-
spars into compositionel varieties comparsble with those disseminated
optically, does not appear feasible.

2. Etehing by liquid HF or ligquid HgSiFg has proved to be more

uniform and more convenient than eteching with gaseous HF.

3. The separstion of potash and plegioeclese feldspars by staining
the etched surfaces with certain aniline dyes appears feasible.

4, Etching frequently brings out twinning and other structures

in feldspar not reasdily visible megascopically.
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'i . STAINS
Sodium

tobaltinitrite

Fent ian violet

L] "

lachite
green

" "

ethylene blue

ematoxylene

jongo red

lafraneen

osin dye

Etching
&
Staining

Btch: HF, 12 nmin.
Stains 10 min.
Wash: water
Etch: HF, 12 min.
Stain: 10 min.
Wash: aleohol

No eteh

Stain: 10 min.
Wash: water
Eteh: HF, 12 nin.
Stain: 10 nin.
Wash: water

No etch

Stain: 10 min.
Wash: water
Etch: HF, 12 min.
Stain: 10 min.
Wash: water

No etech

Steins 10 min.
Wash: water
Etech: HF, 12 min.
Stain: 10 min,
Wash: water
Eteh: HF, 12 min.
Stein: 10 min.
Wash: water

No etch

Stain: 10 min.
Wash: water
Eteh: HF, 12 min,
Stain: 10 min.
Wash: water
Eteh: HF, 12 min.,
Stain: 10 min.
Wash: water
Eteh: HF, 12 min.
Stain: 10 min.
Washs water
Etch: HF gas 4min.
Wash: dil.HCl.
Stain: 10 min.
Etch: HF gas 4min.
No wash

Stain: 10 min.

Dist. = Distinetly

Orthoclase

Dist. yellow

Dist. yellow

No stain

Mod. violet

Mod, violet

Dist. green

MOd ® —W&k
green

Dist. blue

Weak tint

No stain

No stain

Faint pink

Pink

Med. pink

No stain

MINERALS

Microcline
(perthite)

Dist. yellow

Dist. yellow

No stain

Dist. violet

Mod. violet

Dist. green

Dist. green

Dist. blue

Weak tint

No stain
Trace of
pink
Light pink

Light red

Perthite

Dist. yellow

Dist. yellow

No stain

Dist. violet

Dist. violet

Dist. green

Dist. blue

Weak tint

Weak tint

No stain

Light red

Light red

Mieroperthite
Dist. yellow
Dist. yellow
No stain
Mod. violet
Mod, violet
Dist. green

Dist.=Mod.,
green

Mod. blue

Weak tint

Brownish
tint

Light pink
(edges pink)

Pink

Mod. = Moderately



Anorthoclase

Dist, yellow

Dist. yellow

No stain

Dist. violet

Mod. violet

Dist. green

Weak green

Strong blue

Weak tint

Albite

Slightly
yellow
Slightly

yellow

No stain
Mod. violet
Dist. violet

Dist. green

Mod. green
Dist. blue

Weak-Mod .
brown

Faint brown=-

Brownish tint ish tint

Light pink

Pink

Med. pink

Pink

MINERALS (Cont'd.)

Albiclase

Dist. yellow

Dist., yellow

No stain

Weak violet

Weak violet

Dist. green

Mod. green

Mod. bhlue

Weak=-Mod.,
brown

Brownish
tint

Reddish
pink

Med. red

Oligoclase

Mod. yellow

Mod. yellow

No stain

Mod. violet

Weak violet

Mod. green

Dist. green

Dist. blue

Mod. brown
Brownish
tint

Bright pink

Light red

Labradorite

Mod,., yellow

Weak yellow

No stain

Mod. violet

Mod. violet

Dist.~strong
green

Mod.~Dist.
green

Dist. blue

Dist. browmn

Feeble
pink

Light pink

Pink

Anorthite

No stain

No stain

No stain
Dist. violet
Weak violet

Dist. green

Mod. green
Dist. blue

Dist. brown
Brownish
tint

Light pink

Pink



