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"FIBLD WORE AND ACKNOWLTDGZWENTS

The present paper is ‘a result of fleld studies carried on in the Julian
region during the summer =and early fall of 1932. Considerable time was spent
in plane table surveying to esteblish & control for aeroplsne pictures used in
part to map the geology amd locate some of the mime openings. 4 portiom of
the Hamons and Cuyamace sheets of the U.3.G.5. topographle atlas enlarged 5
times from a scale of 1" = 2 mi. (approximately) to a éeale of 1" = 2000', was
used to mep ecertain areas, notably along the western edge of the msin sehist
belt. The acecompanying map is a compilation of data plotted on an engineer's
base map prepared by Allen and Kowe, Inc., of 3an Dlegoe. The hypsography is
from portions of the U.3.G.3. Ramona and Cuyamaca Cusdrangle, amended by the
. writer, who has also revised or added certain culture date. (N.B. This is not
the appended msp.)

¥here so many persomns, as at Julian and in 3am Diego, bave cheerfully and
in most cases unreservedly given of their time and information to the investi-
gation, the selection of a few for individual mention is dirfieult; ﬁr. Fred
Farmer and Mr. 3idney Dodge of Julian gave freely their time and knowledge and
the former was instrumental in having trensportation fecilities placed at the
disposel of thg writer. Mr. Howard Williems and Mr. Lou Smith of Jullan as-
sisted in plane table surveying and lir. Arthur Blamc, owner of the Julian Union
Garags, extended many favors. A4ppreciative acknowledgement is made to the fimm
of Allen and Rows, 0i7il enginsers of San Diego, for permmisalon to reproduce
part of their copyrighted Engineers Map of the Jullan-Cuyamsce Distriet, apmd I
am especlally indebted to Mr. R, Robinson Rowe of that fimm for professional
and persomal courtesies. MNMr. Brnest Childs, San Diego County Surveyor, and his
capable office staff rendered valuable assistance. The asroplans plctures used
in the study were copied from & collection in the files of the County Surveyor's

office. The work was made possible by & grent of funds from the California State



Division of Mines end a codperative grant from the San Diego Board of Super-
visors, the larger part of the latter having been retalned by Mr. J. E. Morri-
son who assisted in the fisld for three weeks. To Xr. Rene Engel, Dr. Ian
Campbell, Professor F. L. Rensome, and Professor J. P. Buwalda, of the Baleh
Graduate Sehool of the Gesological Scienees in the Cealifornia Imstitute, I am

partieularly indebted for helpful suggestions and illuminating eriticiam.

GEQOGRAPHY AND ACCESSIBILITY

Systemstic treatment of the physiography will be given in a chapter under
that heading.

To the mountainous belt exterding 300 miles southeast of an irregular line
formmed by San Gorgonio Pess and the 3 ante Apna River in about the latitude of
Los Angeles, through Sam Diego Couniy into Lower California, the name Peninsular
Range has been given. In 3San Diego connty the rangs attains by step-like ag-
cents from the coastal belt elevations exveeding 5000', and, in the central east-
west segment of the eounty, a width of about 50 miles 1s reached,

120 miles socuthwest of Los iAngeles, 40 miles northwest of San Diego, & lit-
tle to the east of the geographical center of San Diego County, und along and
near the crest of the FPeninsular Range as developed in this vicinity, elongate
petehas of metamorphic rooks, moastly nﬁea gohist and quartzite, lying in erup-
tive masses of granitic and gsbbroie roeks, form the geologic base for what has
been variocusly called the Cuyamaca reglon, the Julian-Cuyamace district, and the
Julian region or district. In this report the term Julian district is used to
mcluda,‘ somewbat arbitrarily, the southern part of Volcan Mountain, the northera
an;! eastern slopes of the Cuyamaca massif, the ro}.ling uplands lying between and
about these eminences, Bamner and Cheriot canyons, and the umnamed irregular sub-
mountainous peaks east and south of Chariot eanyon. The boundaries thus defined

are not conterminous with either the original Julian Mining district or the later



formed Julian Consolidated Mining district. For that portion of the rolling up~
land lying between the upper 3un Diego Hiver canyon and Santa Ysabel valley on
the west, Volean Mountain on the northeast, Bamner and Chariot canyons om the
east, and Cedar Creek cunyon on the south, the name Julien Mesa has been propos-
ed (3auer}. Thile there are obvious objectiions to the use of mesa in applica-
tion to a land form rhicﬁ has very slight rssemblance to a tableland, the writer
acgeptis and uses the term Julian Mesa, as dsfined, for lmek of & better one.

The sinuous 15-mils long northwest trending Vclcan_mountain, arcuate in
vertical section with blunt endsa, reaches a summit elevation of 5670 in its
middle paxrt, ebout 5 miles north orl Julian. To the scuth the same distan¢e the
tirst Cuyamacsa, North Feak, rises to 6028', followed by Middle Fesk, 5800', eand
Cuyzmecs Pesk, 6015', higheat in San Diego County. A4lmost due east of the last
named peak is Stonewsll Feak, 5600', whieh bounds Cuysmaes wslley on the south,

Several land grants are partly in or near ths Julian district; Sam F elipe
on tize northwest, Cuyamaoa to the south, and Santa Ysabel on the northeast. The
Cuyamsca land grant has recently passed by purehase into gnvernm‘ntal hands, 4
large Indisn reservation, Samta Ysabel, lies just outeside the northern boundary,
and $wo amall Indian reservations, Cosmit and Inaja, are & short distance southe
east of the western limit of the district.

The largeat town in the region is Julian (elevation 4219') whieh had in 1932
a permanent population of 150, and several general storss, a meat maTket, service
stations, wellwequipped garsges, & hotel, a grammar sehool, and & uaion high school.
On the Julian Mesa are many summer resorts, of which Kentwood-in-the-Pines, Pine
Hills, and Whispering Pineé are the more iuportant, Fower, telephone, und dus.lines
from Sen Diego terminate at Jullam. The town of Banner (elevation 2717'}, omce a
mnmg mining and milling seater of several hundred people, was partially des-
troyéd in the flood of 1916 and almost campletely weshed cut in $the flcod of 1928,

and now eontains only a few inhabitants.



An improved concrete road connects Julian with San Diego, 61 miles distant.
A paved highway from Ramona to Eseondido, completed in the fall of 1932, con-
nects with the so-called Inland Route from Los Angeles to Sen Diego; the opening
of this road links Julian with Los Angeles by an all-paved direct route. Am im-
proved roed runs from Jullian sastward by way of Banner canyon to Benner and to
the Imperiel wvalley; construetion on sections of this road was in progress in
1932, Although the road in Banner canyon is sometimes very difficult to tra-
verse in wet weather, it ia seldam impassable to light automobiles. The old
Julian=-Banner road along the steep western searp of Banuer canyon, which gives
access to many of the mines, has fallen into disuse and, while now almoat im-
passable, it could readily be put into shape for automobile travel. A narrow
road, soon to be widened, straightened, and paved, connects Julian with Lake
Cuysamace and Descanso.

A rediating nstwork of secondary roads connects Julian with San Fellps val~
ley, Henshaw Dam, Chariot canyon, Rattlesnake valley, Pine Hills, Mesa Grande,
and the base of Volcan Mountain. Mining operations _ha’ve ocaused to be built num~-
erous roads or trails which are, or eeasily could be made, passable to automobile

traffic.

CLIMATE AND VEGETATION
The climate in the Julian region varies considersbly from place to place

and may be said to depend upon the a2ltitude and the relation of the place to
ihe nearby massifs, Volean Mountain and the Cuysmeca Peaks. On the broad open
upland eountry called by Sauer(32) the Julien Mesa the climate is temperate,
preecipitation averages abeut 30" per. year or less (U.S.GeS. W.S.P,446~7). Most

of the rainfall comes in the winter months, Junuary being a notable month for
| storms aeecmpanied by high precipitation. 'rlu precipitation on the Cuyamaca

Peaks and on Volcan Mountain is between 35 and 45" per year average and the tem-



peratures rea¢ched on these peaks are mueh lnu§ then those prevailing on the
neighboring lower couniry. East and west of Julian the ruipfall diminishes, the
decrease being gradusl to the west, sheyp amd sudden to ithe eust soc that at Ban~
ner, three miles east of Juliun, the rainfall is estimcted to aversge 12" per
year, while in the lower psrt of 3&n Felipe valley it is under 10" per yesar. |
Thundorstorms occur during the summer months, although & sesscn may pess whoily
without one. ‘

The vagef&tion is & well=haimonized expression of the reinfell conirol and
the vegetational zones between the humid elimate prevailing sbout Julian and the
arid climate found im southern San Fellpe wvalley are sherply merked. Cpen stands
of otk, pine, and cedar, with Iringing clumps of manzanita, developed on the Ju-
lien kKesa and on the nesrby peaks, give way to the sest to thiekets of chaparral,
whichk in turn sre supplanted by sege brush, thinning to the eastward. In the
arid-sloped canyon bottoms sufficient molsture is present in places to support
tree growth. Pear and apple orghards sre successfully cultivated in the broad
valley bottoms end on the slopes of the low hills of the Julian liesa.

During the early years of the =ettlement of the rsglom timber wis cut from
gurrounding stands of trees, on Volcan lountain especially, and sawed for local
structural and mining use. Decaying stumps, often severul fset in diameter, now
blanketed by serub growth, attest tc these early logging operstions. In recent
years all structural timber for mining amd other purpcses has been trucked imbo
the dietriet from tidewater ail Sap Diego, although ecvasidersdle wood is cut for

fuel to supply loeal neseds and for shipment to the coaat citles of San Diego

County.

EISTORY
Toward the close of 1889 a party of ex-Confederate soldiers driftsd into the

vieinity of what is now the Julian distriot. Driven from their homes in Georgia



by ths economic collapse of the South during Reconstruction, Mike and Webb Julian,
Jemes and D. D, Bailey, had prospscted in uontﬁna and Arizone with little success.
Plecer mining on & small soale was by this time no longer profitable in thess
states, all the rieh ground acceasible witﬁout the expenditure of capital was work-
ed ocut, and a general exodus to more remote districts took plase. In November,
1869, these men and others organized the Julian or the Cuyamaca mining disirict
and during December worked placers on Coleman Creek near Wynola in a asmall way, ap-
parently attemptiing meanwhile to trace the origin of the float gold. I ¢ is re-
ported that on Februery 22, 1870, e boy in search of firewood in a amall ravine
north of Julian found gold under the roots of a blown-down tree on what wys called,
after the date of its discovery, the George Washington e¢laim. The Van wirt, about
a half mile northeast of town, was located the seme day. The first town, T ent
City, was lgid out in the amell walley east of Julian on the Volcan road.

C. C. Parry(29), W. P. Blake(3), Thomes Antisell(2), and J. S. Rewberry(26)
made geological end topographical recomnaissances across the mountains from San
Diego to the Colorsdo Des;rt in the decade 1840-1868. Most of these exploratory
parties followed the now-litile-traveled route: San Disgo-San Pasqual-Sante Ysabelw
Warners~San Folipo‘thlocito-Carrizo Creek, and the Colorado Desert. C. C. Enrry,
however, in the fall of 1849 followed & route now taken in part by the improved
highway from San Diego to Julian and the Imperial valley. Of his observaticns
made while treveling down Banner canyonm t¢ join the main roasd in San Felipe valley,
Perry records “the geological formation exhibdited along the eastern slope (elong
the west wall of Banner canyon) of the mountain range at this point shows a very
sensible change, and in place of the usual forms of feldspathic or quartz granite
we meet & more preralent‘oharaetar of miseaceous granite, in which the ascales of
mica are frequently of large size, and very confusedly intermixed., With this also
oscur mica and $alcose sletes, traversed by quarts veins. gt this point, then,

we heve an approsch to the gold formation, and in the section of country thus



limited, exist the fairest proaspsscts of mineral discoveries.” Over tweniy years
after Parry made this note gold was found in these quariz veins.

Up to August 30, 1870, 54 cleims had been recorded in the Julian mining dis-
trist by M. S. Julian, Recorder. These included the Owens, High Peak, Eagle, Van
Wirt, Hayden, George Washington, Shamrock (not the present claim), San Diego, and
others.

The discovery of ihe mines in the Banner distriet did not come, az one might
suppose, from prospectors working ascutheastward from Juliam along the strike of
the veins. In August, 1870, a party of men from Julian while locking for wild
grapes in southern San Felipe canyon, as Chariot eanyon was then called, found
the vein named from one of its discoverers, the Redman., Both the vein, 3' wide,
and the sands of the nearby creek were rieh in gold. In a few days after this
discovery the steep snd ohaparral-covered slopes of Banner and Chariot canyons
uai'e alive with prospectorsz and the Ready Relief, Hubbard, Kentuck, Madden, Ante~
lope, Chaparral, and many other elaims were located. Two of the most important
mines i{n the belt were among the last to be discovered, the Helvetia, adbout a
mile east of Jullan, was r&m late in 1870, and the Geolden Chariot, two miles
south of Banner, was discovered in February, 1871.

During the early and vigorous epoch of mining activity, which broughf at
its peak 700 ﬁaoph to Julian and 300 to0 Bamer, these towns eonstituted the
center of separate mining distriets. Im 1881 the two districts were consolidated
intc one and the boundaries of the newly formed Julian Consolidated mining dis~
trict were mede to also embrecs several unimportant districts, including the
Desert mining district, some milss southeast{ of Bamner and containing the Ori-
flazme Mine, n#d the Indian mining district, a short distance northwest of Julian.
Later mearby discoveries, like the Gold King and Gold Queen, the Ranchita and Ele~
vado, were grouped in the Julian district.

The sbsence of capital in the period 1870-1874 has been explained &s & con-



sequence of a suit brought in 1870 by the owners of the Cuyamaca grant who at-
tempted to float their boundaries to include the Julien distriet. The Land De-
partment $§inelly decided in July, 1874, in favor of the miners. Another cause
for the searcity of foreign capital at the same time has .baon assigned to the
prejudice existing during this period in northern and middle California against
the "lower" ecuntry or southern California.

Production reached a maximum in the Julian end Bamner districts in 1878 and
declined very rapidly thereafter. The greatest amauel production, that of 1878,
was probably slightly in excess of $500,000. The production estimates mélnda
the retums from the Stonewall Mine, which although pot & part of the Julian
mining district at any time during its history, is reported in the meager litera-
ture with the mines of the Julian belt and is descrided in this report. In 1876
the Golden Chariot closed down, and according to the report of R. W. Faymond(36)
for 1875 most of the mills were idls and none of the mining operations had proved
pinamatly profitable.

T be discovery of the Gold Cueen amd Gold King mines four miles southeast of
Julian in 1888 almost twenty years after the mein discoveries infused new vigor to
prospecting and development and the building from Sen Diego to Foster of the Cuya~-
maca Bailrced, under construction in 1888, probably also helped to stimulate min-
ing activity so that in 1869 work was renm&! on many of the Jullan mines and some
rich ore discovered. In 1890 many of the mines were taken over by more or less
strongly financed companies and although 1% is probable no large amount of gold wes
produced by them, their exploratory work, coupled with the system of leasing im-
augurate& about this time, and_the general industrial condition of the nation re-
sulted in considerable gold production during the nineties. In 1891 the first
claiin map of the distriet was compiled by D. D. Bailey, J. E. Chamberlin, and
'W. A. Sickler; a revision of thls map was made in 1896. In 1894 20 mines were

operating in the Julian district and some time in the following year the Ranchita



and Elevada mines were discovered. The Stonewall after attaining a depth of €00*
and a production resord of 32,000,000 closed down in 1893 and has never been re-
opened. The Owens ¥ine, sbandoned in 1889, was unwmatered and reconditioned at con=-
siderable expense in 1890-91, but this attempt at reopening failed; in 1896 opera-
tions had been resumed and some good gold-bearing gquartz was found.

In the first two decades of the twentieth century almest no sub#tantial min-
ing ventures were under way in the Julian distriet. A small amount of ore was
found in 1910 on the acuthwest slope of Cranite Mountain in whet was called the
Granite Mountain Mine. During 1913~14 attempta were mads to woxk the Golden
Chariot. In March, 1923, the Goldem Chariot Mine was taken over by the Golden
Ohmriot Mining Corporation and & fomidable program of exploration was laild out.
In the latter part of the ysar the Ready Relief and contigucus mines were consol-
idated and considerable prospeeting is reported to have been done in the next
few years. A number of mmaller mines were being worked in this same periocd. The
totel emount of gold produced by the mining cpsrations in the years 1923-1932 is
not known but it is not regarded e&s being notable. In the fall of 1932, after an
a}leged expenditure of $300,000 with only a amall return in gold production, most
of the surface plant of the Golden Charioi Mine was dismentled and removed from

the property.
 During the writer's visit in the summer of 1932 searvely any mining wark
was being done. The moratorium on nining claim assessment work for the year
snding Inly 1, 1932, and the expected continuation of this moratorium for the

next year, virtually stopped all development work.

PRODUCTION
T he gold production during the early years of greatest mining activity,
from 1870 to 1876, can only be inferred. For the early production no records

are avallable which are even approximetely based on statistical information.



The following figures represent satimsates foundsd on fragmentary sources:
1870~--$150,000
1871-—- 175,000
1872w~= 490,000 10,000 tons of ore ¢rushed
1873==~ 500,000 10,500 tons of ore erushed
1674=== 190,000
1875=m== 100,000 or less
1876==~ 100,000 or leas
Mr. Chester Gunn of San Disgo, California, estimated the total production
for 1869-1880 at over §2,500,000. As an indication of how the estimated amount
of total production inereased by pesssge of time, the Julian Sentinel in 1889
reported the total production of all mipes at well over five million dollars, de-
spite the amsll amount produced in the eighties.
In a publication issued by the San Diego Chember of Mimes in 1927 entitled
*3an D 1ege County Mines & Minerals” the total gold produstion of the Julian belt
since 1830 is stated to be approximately §7,500,000, an amount about equal to
the published production records of the State Mineralogist for San Diego County
ror thnbsamo period. The records of the State Mineralogist prior to 1907 in-
¢lude the gold production of what is now Imperial County, which was 2 part of San
Diego County until that time, and, whils there is no way of correctly allocating
the production emapating from the Julian belt, the whole amount cannot be credited
to the Julian mines.
The total production of all mines in the Julni-ﬂanﬁer-cnyamca ragion is
believed to be betwsen §4,000,000 snd §5,000,000. The estimated production for

individual important mines tabdbulated in appropriaste order of rank

Stonewall $2,000,000
Golden Chariot 700,000
Ready Relief 500,000
Helvetia 450,000

Owens 450,000



Blue Hill or Gardiner  $200,000
Rorth Hubbard 200,000
Banchita 150,000
The Antelope, Chaparral, Cincimnati, Eegle, Elevado, High Peak, Kentuck S,
Madden, Redman, San Diego, Van Wirt, Warlock, and Weshington probebly produced
between $25,000 and $50,000 each.
The Cable, Chieftan, Eldorado, Ella, Frection, Gold King, Gold Cueen, Gran-
ite Mountsin, Hidden Treasure, Homestake, Neptiune, North Star, Oriflamme, Padlock,
Ruby, Scuth Hubbard, and Tom Scott are believed to have produced less tham $25,000

each .
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HMETAMORPHIC ROCKS

General Statement

Yaolated bodles of metamorphic rocks of sedimentary origin have been report-
ed from many places in the Peninsular Renge. They oscur generally &s roof pen-
dants or flanking bodies having the same general stirike as the northwest trend of
the range, the smaller masses are found in part as sereens between two different
intrusives; all have steep dips. Apparently the bodies lying within the batholith
of the range owe their preservation to downfaulting or downfoldinz, and not, as
has been held, to their slleged ocecupaney of present dey valleys, beceuse they
are found both in valleys and along the summits of the present day topography.
The dcm:lnaht mfonic lines of the range bear northwest and almost all of the
structural units of the range--granitic intrusions, bodies of zlates and schisis,
ma jor pegnatite dikes, sedimentary deds of Creteseocus and Tertiary sage--are re~
lated té these lines. The reflsetion of this northwest tectogeny in physio-

graphic development is striking and will be discussed under physiography.

JULIAN SCHIST

Local Distribution

Numercus bodiss of schist sre found in the Julian regiom; the largest, most
continuous, and economisally most important schistose mass is an elongated, curv-
ing body whieh extends without 2 break from northeast of Wynola to the vieinity
of fattlesnake Valley, somewhat over twelve miles. The width of this body varies
fram & ma;m\m of a mile and a half just southeast of Julian to about a half mile
pear the trail from the Gold Queem mine into Chariot canyon; the average width is
a mile. Several other schist pateheé have been mapped but unless otherwise speci-
fically stated the main mass above defined will be meant when referring to the
main Julien sehist body. Of the other mapped measses, an important omne extends

almost due north four miles from the base of Stonewall Peak to the vieinity of
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Harrison Park. The caved and abandoned workingss of the once productive Stone-
wall Mine are leocated in the lobate end of this body of schist, which like many
of the schist bodies in the vicinity of Pine Hills, occurs as a s¢creen betwsen
the Ouyamsce Basic Irntrusive and the Stonewall quartz dlorite. There are many
snall bodies of schistose rock southwest and northeast of the main Julian sehist

which are not sufficiently large to have warranted field mepping.

Fissile Cuartz-Mica Schist

The main constituent of the Julian aschist body 1s a fissile, quartz, museo=-
vite, biotite sehist in which the schistosity is developed parallsl to the bedding
of the sediments, os Qﬂdemd by the lithologlec variation across the schistosity
and by the agreement in sttitude between the layers of quartzite and the schia-
tosity, Becauss of the ease with which the miesn schist disintegrates and weath-
ers, the writer has heen umble to coclleset fresh specimens of the fissile mica
sehist on the Julian Mesa, most of these collocted bsing the harder, gnarled vari-
ety richer in quartz than the average rock. There is evidence, which is more dis-
‘tinct nearer the ezstern boundary, far the presence of a double schistosity, the
second and less pronounced consisting of lerge flakes of blotite or muscovite
oriented st ar angle %o the primary sehistosity. Irom the assoeiation of andalu-
site on the same secondary surfaces it is thought ‘they are related to contact meta-
morphien, presumably incident to the quartz dioriie intrusion. Much of the mica in
the schist, both muscovite and biotitas, hes bécn hydrothermmally altered, especially
in the vicinity of the quartz veins. Iron oxide (magnetite) resulting fram this
breakdown forms minute specks on both the hydromice and on the associated quarisz,
sometines in amounts visible megascoplecally. A rock of frequsnt eecurrence, which
because of its resistance to disintegration is often found in ereek bottoms, ea-
pecially in Chariot canyon, is a fine grained fissile mica schist in which the

guartz is pressnt as small lenses or knots, giving the rock a humwocky appearance.
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To this rogk the nmme eye schist is applied.

Quartzite
A rock of wide distribution in the Jullian schist, especially in the western

half of the main body 1s a dense, mare or less impure, quartzite. There are
practically all gradatioms from an almost pure blue or cray quartzite to & rock
which may be called & micageous quartzite. Biotite or muscovite, or both, are
found in greater or less amounts in all the quartzite exarined mieroscopically,
along with numerous specks of megnetite, which cre found, however, only in scme
quar%z individuals and not in others. One of the most persistent beds of quartz-
ite extends eontinuously from the gup east of Lake Cuyamaca northward for twe
miles, forming & portion of the main drainage divide; ancother well exposed bed oc-
¢upies = considerable aree on the small flat east of Heckelman's in sestion 23,
T13S, R4E. The ridge forming the main divide scutheast of Julian has a backbone
of quartzite which can be traced fram almost a mile. Included in these gquartzite
beds and in the schist and contact metamorphic rocks are short, dluni-ended lenses
of quartzite snd an unique gquartzose rock, the latter consisting of four-fifths
quartz and one-~{ifth pyroxene, hornblende, and plagicclase. A field determimation
of this pyroxene, gquartz rock would unhesitatingly classify it ss a normal quartz-
ites (wartzite forms the footwsll or hanging wall of acme of the gold guarts
veins, but it is not belleved to have a causal relation to them. An opening on
the Cineinneti Belle, for example, shows an impure quartzite hanging well a&nd &

quartz~injected miea schist footwall,

Actinolite Schist
Intercalated with the schist aeries'and along the western contast-metamor-
'phoseﬁ border are lenses of actinclite schist. A spescimen of actinolite schist

from Hill 5000 on the boundary between sestions 22 and 23, T133, BAE, consists
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almost entirely of green aetinclite in =z medium grained, fribrously interlaced
mess, woich weathers white or slightly reddish, indieating that in camposition
the material spproaches more nearly tremolite. 4 coarse greined aetinolite
schist from Aul's Ridge in the southeast quarter of secetion 5, T13S, R4E, 1s made
up of long fivered aetinolite, with notable emocunts of quartz, minor quantities

of plagioclasse, apatite, and sillimanite,

Coarse Schists snd Paragneliss

Along the western border of the Julian sahist body is a zone of coarse schists
and paragneisses which varies in thickness from several hundred yurds to over a
balf mile. The gup east of Lake Cuyamaca slong the road lsading inte hattlesnake
valley is an excellent plase to study these metamorphosed rocks. Immediately at
the eontact between the schist series and the quartz diorite is & layer of dense,
hard quartzite which mekes off into the schist to the north as though broken or
bent by the intrusive sgtion. Farther in the schist series are layers of para-
gneiss showing elonguted masses interpreted as flattened pebbles. The major part
of the contact zone is a hard, resistant coarse schist made up of bioiite, quartsz,
feldspar, muscovite in layers slightly bent and not at all fissile. Throughout

the zone nre lit-par-lit injections of granite and pegmatitic materisl.

Origin

From the (1) presence of beds of quartzite paralleling the primary schis=-
tosity, (2) the lithologie variation normal to the primary sehistosity indlicative
of sedimentary bedding, and (3) the mineralogic composition, & sedimentary origin
is sscribed to fha Julisn sehist. Many weathered outerops of the less metamor-
phosed fissile schist resemble thin bedded sediments more than weathered crystal-
1ine sghists. It is believed that the Julisn schist ssries represents the product

of regionsl and contact metamorphism of relstively pure quartz sandstones, ciayoy
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sandstones, end shales, Hudson(l9) interpreted the layers of amphibolite and
sctinolite sehist intercslated in the sehist seriss as products of metsmorphism
of andesitic snd bmsaltiec laves. This may be the case with the layers of aectino=
lite and amphibolite schists actually within the sechist series, but for the ac=

tinolite 100k occurring et the contsct a contoet metermorphic origin is suggested.

Age of the Julian Schist

The only direct evidence founi up to the present time in the Julian region
whicl; may lead to an inference as to the age of the Julian schist series is a
fossil found by the late ¥r. D. D. Balley of Julian in a small area of metamore
phie roek that lies in the granite about a mile southeast of Bannsr. Hudson(l9},
who reports the disecovery of this find and the deseription of the fossil, states
that Dr. J. P. 3mith in an oral examination proncunced it "a slender ammonite
that is without mueh doubt Triassic.” No additional mhonté;ogic information can
be supplisd by the present writer. The other basis for tentatively allocating
the time of sedimentation of the rocks now represented in part by the Jylian
schist to a more or less definite plaece in the geclogic time scale is the correla-
tion with similar roeks and their intrusive ascompaniments in the Peninsular

Renge and the 3ierra Nevada.

Comparison and Corrslation

The principal exposurs of pre-batholithic (pre-Sierran disturbance of Schu-
chert, or pre~Cordflleran revolution of J. P. Smith) meta-sedimentary of the
Poninaulai’ Range rogks oceurs in the Senta Apna Mountains. The determination ch
the age of these rocks, dominently sl'ates', offers the best known approaeh to the
dati#g of the pericd of folding and batholithic intrusion whieh apparently af-
‘fecteé at sbout the same time the rocks now represented by the Jullen schists,

Hudson{19) has reviewed the literature pertaining %o the palsontologie and
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lithologic age determinatiocn of ths Santa Ana meta-ssdimentary rocks. The sume
mery of the results seems to be that the Bants Apa slates ure Triussiec in sge,
al thoush all paleontologie atudies reviewed by Hudsop appear to be based on
scant and geographicelly-uncertain fossil eollections. B. N. Moore (unpublished
manuseript) worked on the rocks of the Santa 4Ana Mountains during 1926-30. Much
light on the structural details of the Senta Apna slates was thrown by Moore's
studies, but since he d4id not find any fossils in the slates his work did not
help to strengthen the age determinpation of the slute series. Here Engel, of the
Californis Institute of Technology, has been recently en@aged in a study of the
Santa Ana Mounteins and hes found additiomal foesil material in the slate series
of this most northwesterly division «f the Perninsular Range. Ve may expeet from
him, therefore, a criiieal review of the past geologie work and a deseription of
the recent investigstion to sppear soon in the litemmture. 3Suffiece to say here
that Bngel {oral communication) on the basis of fossil content believes the slates
of the Santa Ans Mountains to be upper Triassic in supe.

Three investigators, Fairbanks{8), Merrill(24), and Hudson({l9), have exsmined
the metamorphie¢ rocks of the Juliaen region and pﬁblished thelr views of the com~
parative features with similar rocks in the 3anta Ana Mounteins and in the Sierra _
Nevada, Fajirbanks correlated the metsmorphie rocks of the Sants Anc Mountains,
in which he found fossila,detorﬁined by the Rational Museum as Carbonifercus, with
the metamorphic rocks of Sun Diego County. Merrill, onr the basia of structural
position and lithologie characters, suggested that the Julian schists were prob-
ably equivalent to thelcalaveras group described in the Mother Lode Follio of ithe
Ue 3a Geologicai Survey. Aadolph Knopf (39, p.l0) states that "the Calaveras fore~
mation, as that term is used in the gold-belt folios, includes all rocks older
than the Mariposa slate, execept the amphibolite schist that has been separately

mapped. It is considered to be mainly of Carboniferous age, but it mey include
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some Triassic rocks and sowe older than Carboniferous.” It should be inserted
here that . . Mendenhall(4l) believed the slates of the Sante Ana Mountains
resembled the Mariposs slates of central Celifornia, with the gualification that
the Mariposa rocks are more extensively altered. fuoting Enopf agsin (p.l14)
"the cee of the Mariposa rocks has been spscially studlied by Hyatt, Diller and
Stanton, and Smith. They agree that the Mariposa is of lats, 'though m;;t latest,*
Juressic age. Smith, indeed, refers it %o an early Upper Jurassie age. The evi-
dence from fossil plants hammonizes clossly with this conciusion. Knowlton was
inclined to regard the Mariposa slate s of Middle Jurmssic age.” In bdrief Mer-
rill eorrelsted the Julian sehist with the Celaveras formation of Central Califor-
nia, Fairbanks correlated the Santa Ans slates with the Julian schists, and Men-
denhall thought the 3anta Ana slates resembled the Mariposa slates.

Hudson in addition to dringing forth the lone fossil discovery in the Julian
schist estzblished two approaches to a possible correlation between the Santa ina
slates and the Julian schist: (1) "The beds of the Santa Ana Mountains, as des~
eribed by Mendenhall, would, if subjected to further meciamorphism, yleld schists
like those at Julian(19,p.190)." (&) Hudson examined metamorphiec rocks im hail-
road eanyon, north of Elsinore in Riverside County, which were referred by Menden-
hall on the basis of their lithologie similarity with roeks of the Ssnta Ana Moun-
tsins, and found intercalated within this series of dark slates and ;ray quertz-
ites, gray cherts interbedded with green shale. Lenses of fine-grained quartz-
rhodonite-rhodochrosite roek are found ljring parallel to the bedding within the
chert layérs. imilar occurrences of menganese minerals in chert lenses inclosed
in small messes of metamorphic rocks were found by Hudaon a short distauce north-
east vof Deer Park, and botween Campo and Jacumba, in 3an Diego County. The in-
closiné; metanmorpaie rocks are guartz-mica schist similur to the Juliun echist,

1f the Railroad canyon Trocks are the correlatives of the 3ante Ans slates, and if
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the Deer Park and other similar rocks are the correlatives of the Julian schist,
then the peculiar association of menganese~bearing chert is indieative of some
relation between the Santa Ana slates and the Julien sehist,

I have examined the slates in the Santa Ana Mountains outeropping in Silver-
ado canyon. The materials that make up most of the slates is much like that
which probably constituted the Julian sshist before the dovelo;mént of the 8chist
minerals. There is, however, nothing distinctive about a series of sedimentary
rocks consisting dominantly of shales with interbedded sandstones and I do not
feel that a resemdlance between the Santa Ana slates and the Julian schist based
on general lithology can be much more than confirmatory evidence for their cor-
relation.

It is my conclusion that the sge of the Julian schist 1s still uncertein,
especlially as regards the lower or ‘older 1limit. It is probably not older than
the Carboniferous., The upper limit is somewhat more sharp. Ko instances of Cre-
tageous granitic rocks are known to the writer in Californis and in lower Califor-
nia and in the Sents Ana Mountains. Cretaceous rocks rest on the eroded surfaces
of great batholithic masses, which are presumsbly the correlatives of the quartz
diorite and granodiorite that intrude the Julian schist, so that the pericd of
sedimentation of the Julian meta~sedimentary rocks must have been pre~Cretacecus.
4 pore definite statemsnt of the sge of the Julian sehist than that they are late
Paleozole and/or early Mesozoice does not seem warranted by the facts. The writer

hopes by diligent search to find within the Julian schist additional fossil mater-

isal.
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Peninsuler Range Rocks

The dominant petrographic type exposed in the Peninsular Range is a coarse
greined intrusive rock which varies in composition frog gabbro to granite, Sur-
ficlally the outerops of these rocks or their metamorphic equivalents greatly ex~
ceed all others, as may be scen from & mere reconnaissance through the mountains,
and this general comclusion iz testified to by the few maps which have bDeen pub~
lished or made avalilable on the srea., (Preliminary Geologic Map of San Diego
County, A. J« Ellls, U. S. Geclogical Survey Water Supply Paper 446, 1919; Geo-
logie Map of the San Jacinto Quadrangle, D. M. Freser, 27th Dept. State Mineral~
ogist, 1931; A Ceological Reconnaissance of Two Tunnel Lines from the Imperial
Velley to the San Diego Reglon, F. L. Bansome, Rept. No., 542, Metropolitan Water
District of "Southern Cslifornia.) Rene Engel!{4Z) reported that in the portion of
the Santa Ana Mountains and Elsinore Mountains (next mountains southeast of the
Santa Ana Mountains) examined by him the assemblage of metamorphics of ignecus
effusive and sedimentary origin are intruded by diorite and various hypabysasal
rocks, which are in turn intruded by granitic rocks, the latter cecupying & large
portion of the area., 4. O. Woodford believes (personal communication, 1932) as
a result of reconnaissance observations that the dominant rock of the San Pedro
Martir Mountains in Baja California is probsbly a2 quartz~biotite~hornblende-dio~
rite. W. J. Miller{25) has recently (19033) given the results of petrologie stud-
ies on the roeks found along & section from La Mesa, San Diego County, to Coyote
Wells, Imperial County, in which the principal formations are found to be & meta-
sedimentary schist and a volcanic series; an extensive diorite series, varying
from acidie quartz diorite to olivine gabbro-diorite; a lste Jurassic grenodiorite
whibh definitely cuts the diorite aories,'aams Tertiary sediments; end late Ter~
tiary or early Cuaternary volcemies., Ransome{3l) found mainly diorite, granodio-

rite, and gneiss having the composition of a grenite to granodiorite. In the
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San Jacinto quadrengle Fraser{l2) has shown the dominent rock to be a typical
granite with a marginal gneissoid phase. E. S, larsen states (personsl communica-
tion, 1933) his work in the San Luls Rey quadrangle snd in parts of the Elsinore
and Remons quadrangles reveals the earliest granitic imtrusiorn to be a norite or
gabbro mostly pyroxenic, but in part carrying much hornblende. This gabbro was
followed by several guartzediorites-end finally by granocdiorites. The average
rock of the dbatholith (of southarn California) esscording to Larsen is probably a

quartz~diorite.

Granodiorite and Related Rocks

To the coarse grained scidic intrusive rock which ocuterops along the western
border of the Julian sechist body Hudson(19) has applied the name Stomswall quartz
diorite frar the good exposure on Stonewall Peak. A thin section of a specimen
of this rock eollected on Stonewall Peak shows plagioclase {oligoclase), quartz,
orthoclase, and biotite in textural relations forming apparently a combination of
mortar and pseudo-cataclastic texture (G. H., Anderson-1l). Mymmekitic replace~
ments are devsloped on the orthoclase individuals and similar material has been
deposited {n the interstices betwesn the feldspar and quartz. Megaseopically the
corresponding hand specimen exhibits a moderate stage of foliatlon, curving plates
of biotite arranged in discontinuous layers altermate with layers of flattened
feldspar and quartz. The writer's determination of this rock indicates that in
places at least it chould be classed as a grenodiorite and herein it will be so
ealled for convenience in discussion. Other sections are made up almost solely
of acid plagiociase and quartz, with minor smounts of biotite, and are hence rep-
resentetive of a cuartz diorite. Sueh a specimen wes collected from the south-
-eastern slope of Volcan Mountain neer the emi of the Volean Road in See. 19, T125,

R4E. In & number of slides examined, notably one from a specimen collected in &
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roed cut in Sec. 12, T123, R3E, on the Pime Hills road, a feldspar, ecnsiderably
altered and pseudo-cataclastically replaced, sgrees with the eriteris for dls~
tinguishing arthoelrse, exgept that it gives a positive sign. 7The determination
of this mineral is of considerable impartance in classifying the rock as a grano=
diorite or quartz diorite, but such determmination must cwait further study. The
minerasl may poszibly be isorthoeclsce. Much of the quartz diorite and granodiorite
18 foliated and the chnructer of this foliation depends directly on the nearness
to sehistose bodies. Along the immediate contact with such bodies the foliation
in the grapodiorite i{s sharp, the layers are thin and have the seme general trend
as those of the contiguous sehist. Awey fram the contact the folia in the grano-
diorite increase ip thickpess and decreamse in sharpness, indicating that the
gneissosity developed in the igneous rock is either dus to flowage in a viscous
magma around a solid mass, or to pressure crystallization of the viscous, par-
tially frozen grenodioritic magma under hydrostatie pressure against the solid
schist body, or to both. The present writer believes that pressure crystalliza-
tion (piesoerystallization) Las been more important than flowage in developing
the gneissosmity. The granodiorite is in intrusive contact with most of the sechist
bodies, Igneous injections in the schist, the development of contact metamorphie
minerals in the schict, the presence of unoriented xenoliths of achlst in the
granodiorite mass, the gradusl change from a non-injeeted quartz-mioa sechist to
injected schist and gneissie granodiorite to massive granodiorite - all polnt to
intrusive relations. On the east side of the Julian achist body faulting has
taken plaée between the zranodiorite and schist, indicated in the Golden Charioct
¥ine and in Cuayle Bros. Contact mine in Sec. 3, T13S, R4E, just south of Banner.
In boﬁh cases the faulting is apparently of the reverse type, the east member,
}granodiiorite, has apparently moved upward with reference to the schist on the

west along a smp eastward dipping fault plane, with the development of gouge,
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brecciation, and sheared quartz bodles. In most other places along the eastern

schist~grancdiorite eontaet normsl intrusive relations prevail,

Age and General Structure

The granodiorite is younger than the schist and spparently older than the
Cuyamace Basie Intrusive, as the latter rosk cuts across the structures of both
the schist and the granodiorite anl at the contast between granodiorite and the
basic intrusive the grain size of the basie rock increases away from the con-
tact. The writer is as yet, however, only incompletely convinced of the relative
age of the intrusive rocks and hopes to easteblish more clearly the eriteria ap-
plicsble to the problem by more fleld work. The schist i{s considered here to be
lates Paleozoie to lower Mesozole in ape., In & nuwmber of places in Califommia
Cretageous rocks rest upon the eroded surfacea of batholithie granite messes and
no instances 'ar post-Cretaceous grenlites are known $0 the writer in California.
'ﬁw age of the granodiorite and associated rocks 1s here inferred to be upper
iésozoic, prolubly related to the post-Mariposa intrusion of the Sierrs Nevada
batholith. From the presence of contact metamorphic minerals in seversl places
along & cross-section through the Julilan sehist body it is believed the contacts
between granodiorite and schist dipat a low angle and thet the schist maas has
a wedge shaped cross section of no grest depth. The widespread oeccurrence of
rocks throughout the Peninsulsr Range similar to the granodiorite outeropping
here lsads to the conclusion we are dealing with intrusion on a2 batholithie
scale; the individusl members, however, have no great continuity, are ususily
el onga ted north and south, and in this area at least, are separsted by rocks of

other categories.

Cuysmae¢a Basie Intrusive
To the relatively cosrse grained plutonie rocks cuteropping in the Cuyammea
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peeks and surrounding territory, Hudson{1l9) hes applied the name Cuyamsoa Basie
Intrusive, and this writer follows such terminology. These rocks have been so
well deseribed by Hudason that nothing will be nowadded to his deseription, parti-
ecularly s they are not apparently related to the gold veins which are the priam-
cipal resson for making this study. In summary they are medium to fipe greined
basie rocks eontaining basie plagioclase, pyroxene (hypsrsthenms or sugite), horn-
blende, amall amounts of pyrrhotite, along with certain other minor minerals. The
presence of the well-nigh ubigquitous pyrrhotite, which is also congsentrated in
medium-8ized magses within the gabbroie rocks elong with sufficient nickel and
copper to have warranted some rrospecting for those metals, led to the thorough
investigation by Budson on the origin of the nickeliferous pyrrhotite.

The Cuyamaca Basic Intrusive has been interpreted by Hudson(1l9) as being
later than the granodiorite on the basis of its (1) tramsecting structures in the
schists end granodiorite, (2) massive cherscter, (3) relation to dikes and plugs
of gabbro anab norite which cut the grancdiorite &and schist, The evidence seems
good, yet the writer bas collected gubbroic rocks at a considerable distance
{Sec. 29, T12S, R4E) from the mein basic mmss. E. S. L arsen (personal commmnica-
tion) found, in the sres mapped by him in the San Luis Rey, Elsinare, end Ramoma
quedrangles, the sarliest intruaion to be morite and gabbro and saye "it is (a)
widely distributed (rock) but (oscurs) in meost part im relstively small masses.”
It may well be that the dikes and plugs of porite and gabbro are not directly re~
lated to the C uysmaca Basic Intrusive anl henge cannot be used as & criterion of
age relation.

Assaming the Cuyasmeca Basic Intrusive to be later than the granodiorite, it
is prébably genetieslly eonnected with th§ seme period of intrusion as the more
acid r&eka and perhaps is late Juressic in ags. From its form and attitude of

bounding walls it may be classified as a ehonolith (Daly-6), in which the intrusioz
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took plsce rather quietly (Ilahee~21), probably toward the waning end of & period
of orogeny in which ﬂMa compressionsl deformation, intrusion, and broad up-
1ift were brought to a more gentle close with the development of spaces under
less compression, of which the chambers occupied by the Cuyamsea Basic Intrusive

and the Rattleanake zranite mey bde examples.

Rattlesnake G ranite

4 true granite, conasisting of very coarse-grained orthoeclase, quartz and
muscovite, outerops msar the southeastem limits of the map. The present writer
has nothing to add to the petrographic deseription of this rock named by Hudson
from the valley in which it outerops. The formation has no apparent relation to
the cold-bearing quartz veins snd has not appreciably metsmorphosed the schist

which it has intruded.

Aplite

An aplite dike, $roken in the middle, averaging 10°' in width and 2 miles in
length 1s found within the schist series, conformable with the schistosity, in
the eastern part of the Cuyamaca Grant, th_a road to Rattlesnske Valley passes
ovar its northern end. T he strike is slightly west of north at its northern
end and the dip steeply east., The dike stands out sharply from the encasing
schistose rocks. MNinar offshoots strike off to the northeast and disappear in
the schist. Microseopically the aplite is made up of phenoerysts of querts and
plagioclase in a fine grained groundmsass orl cuertz and muscovite. Megascopically
the roek is sugary in texture, possesses & rude foliation, is white in color except

where slightly iron-stained.

. Pegmatite Velins
Pegmatite veing eut all the erystalline rooks in the Julian region and in

places, as along the old Banner road, form large irregular shaped masses. Most
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of the pegmatites may be ¢lassified as "simple", following the classifieation
propossed by K. £. Landes(38), their further elassification depends upon the min=-
eral composition. The seversl exarples determined by the writer were "simple
granite pegnatites," eontaining essentially oi‘thoclaso, quartz, and muscovite,
A specimen from Recetrack Hill, the small eminences east of the Julian Union High
School amd south of the main roed to Bsnmer, has the foregoingz composition, with
additional clumps of quartz and tourmeline, As there is mo evidence of albiti-
zation sueh zpecimen is representative of the "simple™ type. A nother specimen
is from & dike = few inches wide, in which the ecenter is composed of guartz and
large black tourmaline crystzls and the walle are made up principally of light
blne orthoclaze with some quartz.

In generel the pegmatites in the schist comform to the structure therecf,
the larger pegmatites in the granodiorite have the same general trend at the fo-
liation, tut many psgmatite bodies are found withont apparent structural control.

As might bs expescted if the gold-bearing qmﬁz voins are viswed as genseti-
cally conneoted to meagmatic intrusion, a relation exists between the pegmsiites
and the quaritz veins, the latter being here viewed as lower temperature events
than the pegmatitez in the same general post~sonsolidation phenomena of the grano-
diorite. 3Jome of the pegmatites have been prospected and oecasionally contain up
%o 32 per ton of 20ld. Transition from barren quartz veins to pegmatite veins

have been noted.

CQuartz veins

The gold-bearing quartz veims will be discussed under the section on ore
deposits. The other type of guartz vein, the "bull"” quartz of the miper, occixrs
extensively in the schist and grancdiorite; it may be regarded as a pegmatite in
whieh quartz has been the only mineral deposited. The relation between barren

quartz end gold-bearing quartz will be discussed under the heading of ore deposits.
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In many of the depressions throughout the region reeent unconsolidated
alluvium has been deposited. In the open walley to the nortk of North Peak one
of the branches of Cedar Creek hes sut deeply into this alluvium and cliffs 20
or mare in height have been eut. Exposed in these cliffs are rudely stratified,
poorly sorted layers of angular sad sabangular fragments, which in the upper two-
thirds have bheen weasthered to a dark brown soil. A few feet from the top are
lenses of boulders &t & concordant level. Intercalated in the alluvium is a bed
of dark, carbonacecus material, apparently the result of the dburial of vegetal
material. This last feature is seen throughout the area in a number of the
stream cuts. The cause for stream cutting in the alluviuw will be considered in
the seotion on physiography.

The reecent deposits in San Felipe valley have been interpreted by EFllis(7)
as lascustrine in orizin. The writer examined the outcrops exposed in the val~
ley and could £ind no evidence to support a theory of lake depoesition. T he layers
exposed in the middle of the valley are poorly delimited and the mmterials in them
are e¢rudely sorted. The lithology differs on two sides of the stream and the beds
frequantly lans out downstresm., 1In mechanical composition the layers very from
coarse pebbles and boulders in a finer-greined matrix, to fine sands and fine
sandy muds. In the upper pert of the walley scarcely any stratificatiorn can be
seen in the exposures of slluvium in stream cuts. In the lower part of Sen Felipe
valley the alluvium has not been significantly trenched by streaming and the fens
issuingz from the steep eastern side of Volcen Mountain merge creduslly with the
alluviun of the valley. An interesting remnant of fanglomerate ocuterops in the
aenter of the falley 8 short distance west of the raneh bulldings.

"It is belisved that the elluvium of San FPelipe valley is, like the other
alluvium in the ares, fluviatile in origin, the result of inwash from the sur-

rounding higher lands. I t does not differ grestly from fenglomerate except in
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the greater amount of wator handling and sorting to whieh it has been sudjected.

STRUCTURE

General Statement

On & large scale the atructure of the rocks as imferred from the exposures
in the Julian region is comparatively simple. The uliimate mechanics of these
structures-~folding and development of schistosity in originally sedimentary
rocks, intrusion of large masses of granitic to gabbrole magmss, the exhalatioa
of large quantities of quartz snd pegmatitie material from some of the more aecid
magmas, the uplift by complex and repsated grossraltung and/or bloek faulting of
all these rocks from a deep position in the earth's erust to such an estate that
they were grrdually wbrn down by ordinary erosional processes to & surface of
low relief, the faulting 2nd break-up of this surface with the conseguences of
deep canyon eutting, and the bending of the strata of the schist toward the di-
rection of relief--are moot guestions in geology, the answers to which are still
to be attained. Only sueh speculation covering the ultimate causes will be in-
¢luded here as seims fmmediately pertinent to the discussion. |

Disregerding the svents and geologic status of the region prior to sedimen=-
tation of the materials now represented by remmant metamorphic patehes, of whieh
the Julien schist body 1s the most praminent in this area, the domiment ugeney
operating in the Juliep region has been compression; regiomel, hydrostetic in~
trusive, and zrevitative. The effects of each of these three types of compres~
sion will be discussed with reference to the (1) the nearly structureless Cuy-
emnce Basic Intiusive and Rattlesneke granite, (2} the some-places foliated gran-

odiorite, (3) the strongly foliasted Julisn schist, (4) the region as a whole.

Cuyamace Basic Imtrusive and Rattlesnske Granite

As pointed out in the sections on the Cuyameca Basic Intrusive and Rattle-
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snake grsnite, 1t is believed, frcgn the lack of flowage or pressure ¢yrstalliza-
tion effects and from the inferred shape of thelir magmatie chembers, that they
occupled openings conditioped by waning orogeny that permitted places of less
compression into which magmn was hydrostatieslly pressed in such =z way that the
top of the magna chamber was as large or larger then the bottom. These places
of less compression mey be sssocinted with once-existing fault zonss related to
the regional iteotonic limes. A4As most of the outerops of basie rocks ars coversd
by heavy soil and tree growth, gravitastive action in the form of lendsiiding has
not boen important and from their mé.s.siv'e éharacter it may be deduged that such
action is probsbly the only one possible from purs gravitative compression. The

Rattlesnake granite has been too little studled to pemmit making further comments.

Granodiorite

It bas already been astated and the relevant reason given for the bellef that
the granodiorite owes its close-spaced i_’olia tion to flowage in & viscous magna
and/or pressure crystallization. Muoh rock of the approximate camposition of the
granodiorite has been observed throughout this area and in other places in the
Peninsular Renge which would be classed 'ae; a grasodiorite gneiss, the structure
of which must have originated in regional metamorphism. Gravitsiive affects re-~
sult in the farmation of numercus landslides in the granodiorite, both on ateap
and gentle slopes, but the debris produced 1s so short-lived thai no large masses

of landslide breccia were obaserved.

Julian Sobist

It seems likely that the primury schistosity as developed pesrallel to the
sedimentary bedding has resulted from the'reg,ional compression of ipitially flat-
1ying sediments. Tight folding probadbly tock place before the trarsformstion of

the sedimentary minerals into the schistose minerals, blotite end muscovite, and
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before the recrystallization of the quertz. Either the folds were isoelinal, to
account for the sedimentary-schistose perallelism, or we zre desling with & single
1limd of metamorphosed sedimentary series in which the folds, if not isoclinal,
were on a sufficiently large seale not to cause development of schistosity at an
angle to the sedimentary beddimg. The latter explamation is lmprobable, The
present writer does not follow Hudson(1l9) in his interpretstion of southwest dips
in the achist series &8s being indicative of extension of these dips in depth, but
explains this reversesl of dip by enother method.

The intrusive prescure, presumably acting hydroctatically, cuused the devel~-
opment of & secondéry folistion in the sehist, in which plates made up of flakes
of biotite or muscovite curve off from the primery schistosity and lis at an
angle to it. 3Some of thess flskes of bilotite are large in sizs and sre intimately
associated with long, slender primms of andslusits, an association which strength-
ens the postulate of contact me tamorphie origin.

Dips §n the main schist nmess are predominantly toward the northeast, except
on steep, eastward facing slopes, where southwest dipa have been observed. The
writer believes that thess southwest dips ;,vre due to preasure of overburden whieh
has caused the folia to bend, like the leaves of a book, toward the area of re-
lief of pressure engendered by removal of material along Banner eanyon and Cheriot
canyon. In some nlaces (Blue Hill Mine) this bending has proseeded to the point
where the folis lie almost horizontal, and in a number of the mine crosscut tun-
pels Tun southwest in the schist series, gradunl change from much-bent to little-
bent tolia 13 well seen, no reversal of southwest dipping wes seem in any of these
tunnels, however., On same of the morye gentle slopes along the Banner sesrp dips
to the southwest were steeper, this was éspecially the czse where = thick bed of
cuartéite determined or was associzted vith the rentler slope. Upon this intere

pretation the effect of arrvitative compression on the main schist mess has been
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notsble in determining the surficiul appesrance of the schist and the evaluation
of its inviuence seems necsssary in arriving at & correct view of the structure
in depth. Before drawing strudture sectioms I wish to check tais deduction by

further field observations.

Region as a Whole

T he effect of intrusive and gravitative campression hes been sufficiently
treated under the varicus fomationanl headings., The effect of regiomal compres-
sion will de here briefly treated.

The writer is tentatively of the opinion that the major part of the uplirt
acoomplished prior toc and coneomitant with the development of the surfaee of low
relief now found on the Julian Mesa and on the summit of Volean Mountain was in
the mature of very broad arching or grossfaltung following a period of intense
deformation with somsequent menmo_rphim of the ssdimentary cover api intrusion
on & batholithic seale. ¥Whether the compression stresses caused the intrusien,
were caused by 1t, or were gomplementary to it are speculations beyond the logi~
eal inferance of the writer. hat compresaive stresses existed during intrusion
which were oriented normal to the modern tectonie lines is inferred fram the north-
west elongation of the igneocus bodies.

The principal regional structure susceptiible to reasonable proof are the
faults in the area. On the Fault Map of California{33) Banner canyon is occupied
by a "probably active fault, uncertainly located.” The atraightness of this
canyon snd of its fault prolopgation to the scutheast past the Ranehite Mine and
down Rodriquez canyon; the asymmetry of the canyon walls on the two sides of
Banner ereek--the east side being little dissected, the west side much dissected;
“the physiographie extension of this same lime northward to areas of well located
dead or active feulting; the correlation between the surface of low relief found

on top of Volean Mountain with that of the Julian Mesa; snd the suspected presence
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of seg ponds now dry alons the fault zone, point ummistakahbly to comparatively
racent faulting along Banner canyon and 1o the northwest and scutheast. The
physiographic evidence is greatly strengthened by gougé &and breecciation in the
granocdiorite exposed im road cuts on the Foster grade near the head of Banner
canyon. 4n estinmate of the amount of throw based on the differences in altitude
between the two surfaces thoucht to be wrenched apart by faulting is about 1000°'.

Ellis(‘?) believed that Creen vallaey and Chariot canyon constitute with the
eastern base of Volean Fountain a line of toporraphic expression suggesting faulte
ing. An aplite dike crosses the upper part of Green valley without offset.
Chariot canyon on the U. S. Geologlcel Survey topographie sheet is shown stralght
snd simple in outline, which on closer inépecticn is not the case. The uttuched
sketeh gives sore idéa of the differences in outline betwsen Chariot canyon und
Benner capyon end illustrates why an extension of the simple Banner scarp base
eannot be prolonged into Chariot canvon. A physiograpbtic line sugzgestive of
faulting follows in & geperul way the rdad to the Colden Chariot Vine, snd while
on the sketeh & probable frult zome is indicated ms followine this lipe, 1t should
be regarded merely &s & suggestion. The writer has no additlional 1n‘fom;?tion on
the other postulated major faults ir or near the areas “epieted on the Fault Nap 4
of California(33)=-two dead faults, well loceted, on esch side of “=n Felipe val~
ley, and two probable dead faults, ome folloring Dye ctnyon (e western tributery
of the upper part of ths San Diego River) and striking slmost due north along the
boundary between RZE and R3E eg far ae‘ San Josze valley, one followine Sants Ysshsl
Creek to the southwestern base of Volean Mountzin. The steep eastern north-sirik-
ingz dboundary of Sante Ysabel valley may well be the remmant of a much eroded fault
searp, and this physiographic evidencs may he extrapclated scuthwesterly to a§-
. eéunt for the course of the uprer part of the 3an Diego River.
Minor foults oncur within the scehist series, with displacements of 2 Tew

inches or feet., Faulting slonz the eastern comtact of the schist and granodiorite
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hes been discussed under the contect relations of these bodies.

Piysmatie Folding or "Rolls"

Structuresof great interest in the mein sehist body ars ptygmatie folds,
or "rolls" as they are known wherever exposed in ths mine workings. More detail~
ed statements on the specifie occurrencea aof this unicue structure wiil be giveam
undsr the section on ore deposits, those made here will be of 2 general nature.

Ptyomatie folds esre irregular layers of quertz which in cross section form
a nmore or less eontinuous sinuocus band which lies partly parsllel, partly trans~
verse to the folistion. An individusl fold constitutes what might be called &
small saddle or trough resf (Lindgren-22). Directly associnted with the folds
are quartz veins purallelingz the foliation.

Meny hypotheses have been suggested to account for these folds or "rolls,."
Hanks{15) believed the vein was formed by aclfatsrie action in plastic mud before
the mountains were elevated und thet the vein has been plicated by its own welight
vhile still in a soft condition. Pfairbanks(iO), one of the most acute early ob-
servers, records an opinion that at the time of development of the second sohis-
tosity, & feature which he was the first t;) reccznize, zigzeg flssures were de-
veloped ncross the strats, the courses of which were determined by the compelence
of the beds;. cireulating waters deposited quertz in these fissures, which in time
| were rounded by absorption of the rough edges. There is much to be =:id for Fair-
banks' hypothesis. The writer does not regard &s temable an hypothesis of post-
quertz foldinz because most of the fdlia in the schist are not significantly dis-
turbed where they abut against the quartz "rolls.”

The writer bes been unable to find & previous reference to the widespresd
natui'e of minor folding in the schist wiﬁh or without guartz deposition or to the
widespread develdpment uf individual quertz saddle and trough reefs throughout

the schist series, but especially in the quartzite members. These are all ap~
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perently related to the stme forces which produced the more cpectzculsr "rolls®
in the keady Pelief and other nezrby mines, and should be explained in the saume
manner. Neither hes the writer found on record the rzther obvious fact that the
axes of folds in the seme rock are oriented in different directions, for example
at the North Hubbard apn outerop shows pitygmatic folding In whieh the axial planes
of the folds atrike west of north sund fold axes are inferyed to be vertical; withe-
i the mine the fold axisl planes have a similar strike but the sxes are approximate-
1y horizontzl or plunge northweste. Dre. Isn Cazpbell (oxel comxunicatiorn; hus found
in the A:chean of the GCremd Cenyon plygnatic folding in & single outcrop im which
therc are three eategcries of fold sxes, lwo pé:callel and with axi=l plumnes at
richt angles, and a third perpendicular to the first two. Bused on this fuct and
on the absence of megascopic grmnuluition in the ggartz, Lre Campbell senlutively
favoi's an hypotheslis o origin due to rcplaceneut. The writer advances the opine
ion that the "rolls™ heve besn formed as the result of fissurc filling tod re~
placenent along loci determinsd by diastroupnic novement before gusriz deposition.
Purther, I lean to the view that simce the folds sre espeeislly well developed in
richly siliceous rocks, 1t 1s possible scre of the cuartz has bsen provided lo-
cully, oither by zolution and redeposiiion In :itu or by sclutlon of downward pro-

jecting siliceous layers =nd redepositior Ligher up in the saur or ncorby beds.

Physiogruphy end Historiesl Geology ere not ircated in the preliminary re-

port for lack of time.
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Generul Statsment

Lindsren{9) hes given & summury of the festures of the gold production of
Forth smerics, some oi his remerks sre cuoted herewith: "Pructically all the gold
out=put of North anerics is derived from lissure-veins or from deposits which pose
sess8 ¢lose relationship to figsure-veimes....The deposits in lissure~vsins are be-
1ieved to have besn fomed chiefly by uscerndiny hot waters.....testimony indicates
that the gold is rather brought up frowr lower levels than derived from rocks near
the surfuce. f}olﬁ-beaﬁng fissure~veins or scuiwvalent deposits ogcur in practi-
cully 211 kinds of rocks kKnown on the continent;.s«.i critiesl exaxination will
reveal the fzet thit wuny veln-systers are masped sbout tbe contsets of intrue
sive masscs, wiich consolideted fer below the originsl surface of the earth at
the tiwe of izmecus =metivity, an¢ wiek have been exposed by subsegusnt 2rosion.
Under favorzble conditions it cen often be proved, and in other csses established
v1th probability, that the uppsr part of the vein hms been removed by the same
erosion wiich 1xid bare the intruded rock masses. Iin other words the top of the
velr hus besn yemoved, the rcot remains, It peems pluusible that in these cases
the igneous iuntrusion was ons, perhaps me/principal, of the genetie causes.
Dynemice actior producin: fissures in and aboﬁt the intrusives 1s ancther genetic
csuse.  The age of thece veins must in ceneral be considersble, for the great
erozion involved hes ususlly recuired a long time-intervsl.....The most important
¢old=belt in Forth fmerica extends along the Pacific coast. It is throughout
eharzeterized by cunrtzose ores with free gold and suriferous sulphides. 4 great
ercsion hes token place since the veins were formed; and herey.....we have to deal
with the lowsr parts of veins, the upper parts having generally been removed in
LADY vplaces to the extent of thousends of' feet,”

‘;Begimxing in Lower Gali.fornir—;, ¥Mexico, a hundred miles or more south of the

boundary line, thia srest belt continues through Sen Diego, Loes Angeles, and Kerm
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counties; through the central part of Californin, where it is developed in great
gtren th; then on to Horﬂiern.California, soathwesterr and northenstern Oregom
and Idaho." Northward it is exposed in & number of places as far north ss the
Klondike region, where it bends westward and follows the Yukon to the wesitern end
of the eontinent at Nome, on ithe Seward Penlinsulsa.

From the foregoing it should not be considered thet the gold-bearing quartz
veins in 32n Diego county are the extension or continuation in southern California
of the lother Lode system of gold-besring veins of central Californis; rather the
view should be taken that all the Mesozole gold-bearing veins of California are
genetically releted to upper Mesozoie bafholithic intrusions that were injected
along a zone parelleling and in the case of southern California south of the lati-
tude of Los Angeles, bordering directly upon the Pec¢cific Oecsan. The roocts of
these bathclithé, now exposed by deep erosion, testify to the enormous igneocus
activity initieted in southern Celifornia toward the end of the Triassic.

The sold beering quartz veins of the Julien district are unique in many res-
peets and differ from the vains of the Motper Lode system. The significant fea-
tures respecting the Julian veins are

1. Kichness, qusrtz yielding seversl dollars to the pound was in the early
days of the camp no rarity and most of the profitable ore assayed more than $50
a8 ton.

2. Structure: no very strong veins continuous either in depih or strike have
been discovered. The zone of mineralization is falrly continuous but individual
ore bcdieg; small fissure veins, lsnses arranged en echelon, and "rolls"™ of
quartz, have po great continuity. The oginion that there are four continuous,
traceable veins in the district is erroneous.

3. The mineralogy indicates a higher temperature of formation than tbat under

which the Mother Lode system veins were deposited. The canditions of débositioa
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probably compured to the hypothermal environment of Lindgren. This view is predi-
eated on the presence of pyrrhotite, arsemopyrite, and tourmaline in the veins
along with pyrite, albite, and glassy, semi-transparent quariz. Large flakes of
museovite and brown biotite are found on the walls of same of the guartz bodies,
apparently directly essociated with the ore. The very scant amount of sulphide
mineralization is notewortihy.

4, Secondary enrichment; this hus besn denied by some observers, but the
writer must tentatively offer the opinion that the gold in the Julian veins has
been, at least in pért, affected by chemical processes since deposition. This
opinion is founded on the (a) proximity of the possible source of salt, (b) the
uwnusuzlly rieh concentrations of gold mesr the surfece, (c¢) the lack of sizeeble
placer deposits winich normelly might be expected to result fror the disintegra-
tion of rich, coarae-gold veins, {(d) the known relation between the present sur-
face and purity of gold mined, thus the mines on tne Julian Mesa produced gold
800-500 fine, the mines related to the young canyons sbout Banner ylelded gold
wirtich averaged between 600 and 750 fins.

Ge Reversal of dip going from east to west, interpreted by this writer as
being due to bending of the folia toward tne peints of relief caused by eanyom
cuttinze No hypothesis as to the vertical extent of this bending can be formulated
et present. |

G. ¥ron the minerslogic and physiographic evidence the quariz bodies mey be
expected to extend, although not continuously, some distance below any depth
reached by mining operations,

7. Most of the quartz bodies apparently did not have at the time of deposi-
tion well defined walls, thet 1s, the quartz was not deposited in a fault fissure
having definite walls. The postulated iepth of deposition is im 1iself contrary

to the idea of strong, continuous fissuring. 1% appears that wherever mors or
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less definite siickensided walls exist, they are the result of postemineral de-
formetion. The protlem of the mode of formation of scme of the danded quartiz
ore seems to the writer to be 1dentical with the prohlcm of lit-par-lit injeo-
tion. Tentatively, the writer believes tint deposition &pd replacement along
zones conditioned by dynamie moverents offers the best explanation. in alterna~
tive and likely explanztion is the injection under pressure along the foliationm

at & time when the heat of intrusion had rendered the metamorphie rock pasty or

viscous.



