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* Abstract *

This paper describes the geology and ore deposits of
the fanzana quadrangle, an ares of about 40 square miles in =
north-central Los angeles County, California. Topographically
the quadrangle is divisible into two seperate parts: a northern
half covering »parts of alluvium-filled intelope Valley, the
westernmost arm of the Mojave Desert; and a southern half cover-
ing a mountainous region that extends eastward into the San
Gabriel ountains.

Nearly all of the mountainous portion of the fanzana
quadrangle is made up of intrusive igneous rocks. They range
in composition from granite to guartz diorite, but on the aver-
age are thought to approximate a gquartz monzonite or granodio-
rite, These rocks can be traced almost continuocusly into the
Sierran grenites farther north and hence are believed to be of
early Cretaceous age. Genetically related pegmatite and aplite
dikes &re eveceedingly abundant over the entire area of crystal-
line rocks and are especially abundant aslong the northern edge
of the mountains. The pegmatites range in composition from
grenitie to syenitie; perthitie and graphic textures indicate
that replacement has beer an important process in the genesis
of the pegmatites. O0f especial interest is the presence of
£0ld in many pegmatite dikes of widely differing composition.
"his gold is shown to be of hydrothermal origin in one case, but
in other dikes appeers to have been & nrimary constituent of
the pegmatite solutions.

Sedimentary rocks in the gquadrangle are confined to
& number of small isolated roof pendents making up & discontin-
uous belt along the northern edge of the mounteins bordering
intelope Valley. These rofks have “een highly metamorphosed by
the intrusive rocks. The age of the sediments canrot be stated
more definitely than pre-Cretaceous, but they are thought to
be the correlatives of the Bean Canyorn Series (Triassic?)
which hss been described from ar area some 20 miles to the north-
east. :

Volcanie rocks, presumably of "iocene age, occur in
an extensive series of flows and tuffs in the western part of
the quadrangle. These rocks lap up on the intrusive igneous
rocks in depositional contact and dip westward at moderate angles.

The principal struectursl feature of the fanzana
quadrangle is the San indreas rift, which trends thru the soukh-
ern part of the area with a direction of about N75W. Its
position is marked by & series of straight, narrow canyons which
cut across the normal drainage direction of the region almost
at right angles. Other pheiogrephic and structural features
characteristic of "tear" faults are numerous within the fault
gone. Steep vertical and normal feults have played an impor-
tent part in shaping the topography of the rest of the area.

The mineral deposits of the quadrangle include con-
tact metasomatic deposits, and fissure veins, each genetically
related to the intrusive igneous rocks. The contact deposits
are restricted to areas of sedimentary rocks where there has
been a widespread, though lean, dissemination of pyrrhotite,
pyrite, sphalerite and gold. In only & few localities have
these minerals been concentrated enough to induce mining opera-



tions. Mearly the entire production of precious metals from
the gquadrangle has come from fissure veins which, so far as
¥nown, are confined to a relatively small area near the cen-
ter of the quadrangle. These deposits include slightly gin-
eralized gouge-filled faults and guartz veins with walls of
gouge. The latter type shows the following metallic minerals
distributed svaringzly thru white or grey crystalline quartz:
arsenopyrite, chalcopyrite, pyrite, galena, sphalerite, crold
telluride snd gold. The structural and minerelogical features
of the fissure veins indicate that they formed under condi-
tions of moderate tempersture snd pressure, perhaps in the
lower Zpithermal zone of Lidgren. No definite evidence hear-
ing on the extent of supergene enrichment was found in these
denosits.

"he various minersl deposits of the quadrengle sare
thought to renresent different stages in the intrusive his-
tory of the surrounding crystalline igneous rocks. In the
first stage of intrusion, blocks of sedimentary rocke from
the walls of the mafma chamber were engulfed by the intrusive
and metamorphosed to form contact metasomatic deposits. Con-
tinued differentiction of the megma resulted successively in
a pegmatitic rest-magma cortaining small amounts of metals
and hydrothermal solutions containing abundent metals; these
solutions moved upwards thru the crystalline and surrounding
rocks to form various types of mineral deposits. The present
concentration of roof pendants, pegmatite dikes, and hydro-
thermal deposits in a belt along the northern edge of the
mountains is thought to reflect-the original limits of the
batholithic chamber.



The Geology and Ore Deposits of the Manzana Quadrangle,

Los Angeles County, California

by
M. H. Evans
* ¥k k k ok k k k k k k k k k & *k * * k X %k *k % k X * *k ¥ X * * %
* Introduction *

The purpose of this paper is to describe the general
areal geology, structure and minersl deposits of the Manzana
quadrangle, & small area in the north-central portion of Los
Angeles County, California. No previous geologic studies have
been mede in this aree, and it is hoped that the results of this
investigation will be of interest to geologists and of practical
velue to those who are now actively developing the recently dis-
covered ore deposits of the Neenach mining distriet. With these
objectives in view, an attempt has been made in the report to
present & broad, generalized pieture of the gecloglie features and
at the same time & more detailed and technical study of those
features which seemed to merit closer attention.

Field Viork and Acknowledgments: The geologic map accompanying

this report was prepared during numerous brief visits to the
area in the fall of 1935 and the early spring of 1936. The
mepping was done on a rather large scale but the result is regard-
ed by the writer as no more than a reconnaissance survey inasmuch
a8 certain portions of the quadrangle are extremely complicated
and could only be mapned on a very large scale map. Microscopiec
and other laboratory studies were carried on during the same
périod a8 the field work.

The writer is greatly indebted to all those who have

aided this investigation. Thanks are especially due to Professors
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Ian Campbell and H. J. Fraser of the California Institute of
Technology for their help in the field and lsboratory. The
generous cooperation of the mine owners and operators within
the quadrangle is gratefully adknowledged. Mr. D. L. Danielson
has been especially kind in this respect as it was chiefly thru

his efforts that access was had to the mines of the district.

* Geography *

Location and Size: The region described in the following re-

port lies sbout 35 miles north of Los Angeles and comprises the
area known as the Mag;ana~quadranglel. It is bounded by meri-
dians 118°30  and 118° 36’ and parallels 34°42 and 34°49. The
Manzane quadrangle covers approximately 40 square miles with 1ts
northern limit the Los ingeles County--Xern County boundary.

The Neenach mining district lies near the center of the quad-
rengle. The general location of the quadrangle with respect to
southern Californis is shown on the index map of fig. 1.

The principal means of access to the area is a state
highway which passes thru the center of the quadrangle and con-
neets to the east with the Los Angeles--Bishop highway and the
main line of the Southern Pacific Railroad at Lancaster, and
to the west with the Ridge Route highway from Los Angeles to
Bakersfield and the Sen Josguin Valley. Most of the mountainous
portion of the gquadrangle is made easily accessible by the fairly
numerous secondary roads.

Topography: The southern half of the area is made up lergely of

ecrystalline rocks which represent & esmell portion of a huge mass

of similar rocks extending almost continuously to the San Gabriel
Mounteing, 40 miles to the east. The Sen Andreas rift crosses

- — . e o - Gn G Y D Y o D e dh S G WD D G e T S P G R G TN Er I G e D S R T SR SR S R B @ A P WP S G M e W R WD e OO e g

P
lthe Manzana quadrangle is one cof & series of topographic maps
of Los Angeles County prepared by the County in cooperation with
the United States Geological Survey on a scale of 1/24000. It
covers an aree within the Tejon quadrangle of the Geological
Snrvevw.
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this portion of the zrea and divides it roughly into two blocks

heving markedly dissimiler topography. The northern and larger

N

Xern San

Rernardino

Manzane WYuedrargle

Riverside

Ffig. 1: Index map of vart of Southern Jalifornia
showing locetion of the MMenzana Tnusdrengle.with
resnect to southern counties.

of threse hloe%s is en area of rather low relief cheracterized

by rounded hills end centle slopes. Ilereafter this sres will

be referred to as the Neenach IIills. The dreinage is in gener-
al towsrds the north into intelope Valiey, but is partly stag-
neted in the vieinity of the peculiar mid-mountain velley
occupied by Tweedy Leke. The bedrock is deeply weathered within
this portion of the quadrangle and outcrops are scarce even in
the bottcms of canyons.

South of the S&n Andresas rift, fhe topogranhy is much
more rus~ed &nd the relief much greeter. The mountains rise
abrun*ly to their highest noints off Sawmill Yountain (5000 feet)
and Liehre Mourtain (5400 feet) in the southwestern cormer of
thé qusdransle. The dreinagce fromthis nortion of the ares has
been preatly deranged by movements on the Sen /ndrecs rift and

is now largely determined by the rift-valleys Oakgrove Canyon
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of the Manzana gusdrangle is composed of coarsely crystalline
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plutonic igneous rocks of rather variable composition. They
represent the extreme western portion of the San Gabriel
"batholith", a huge mass of igneous rocks making up the San
Gabriel mountain range ferther east. The segment of these rocks
north of the Sen indreas rift passes under? a capping of Tertiary
volcanic rocks in the western part of the quadrangle; south of
the San .ndreas rift, the erystalline rocks extend on to the
west & few miles into an area of obscure geology which is not
properly a part of the San Gabriel rsnge. The area of the Man-
zana quadrangle may ?e considered, therefore, as nearly the ex-
treme limit of the Séé Gabriel "batholith".

The crystadline rocks vary widely in compositior from
cranites to quartz diorites., Along the north edge of the Neenach
Fills, the fresh rock exposed by mine workings is generally &

rether basic roeck of gquartz mornzonitiec or gquartz dioritic com-

..f-

;> it is a derk, besic appearing rock

1]

position. In hand specimen

¢

having sbundant large plates of hornblende and biotite scattered
emong coarse crystals of guartz and plagiocliase, In thim sections
these rocks are seen to have as essential minerals quartz asnd
plagioclase feldspar, the latter mineral having a composition
ranging from oligoclase-andesine (4Abp) to andesine {ibg). Strong-
ly pleochroic crystzls of hornblende and smeller flakes of bio-
tite are the principsl esccessories. Minor amounts of titanite,
apatite, magnetite, and pyrite complete the mineral assemblage.
In fresh specimens, alteration is generally confined to
a slight kaclinizstion of the feldspar, chloritization of horn-
blende and biotite, and oxidation of magnetite to hematite, but
wBere these rocks form the walls of hydrothermal minersl deposgits
the alteration may be more intense. In such cases, a stronger

chloritization of the ferromagnesium minerals and the introduc-
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tion of sulfide minerals such as pyrite and chalcopyrite is the
usual result. Some specimens of slightly altered wall rceck
have been observed in which solutions bearing pyrite and chalco-
pyrite penetrated by a selective process along rows of bictite
flakes, chloritizing the biotite and depositing the sulfides
but exerting little effect on the other rock minerels,

Rocks similar to those Jjust described are exposed far-
ther within the batholith in Xings Canyon. Thruout the remain-
der of the Neenach Hills the bedrock is very deeply weathered
and practically no outcrops of fresh roeck can be found. Speci-
meng of float or weaf?ered bedrock from widely scattered locali-
ties over this srea indicate that the average composition of the
igneous rocks approximates a quartz monzonite.

The segment of crystalline rocks south of the San
indreas rift shows considerable difference from the rocks des-
eribved above. In road# cubs along the Forest Service road
which branchs off from the Pine Canyon highway nesr the south-
eastern corner of the guadrangle, the rocks exposed are general-
ly more siliceous then those in the Neensch Hills and over con-
siderable areas show a general absence of ferromagnesium ménerals.
The averege composition is perhaps that of a granodiorite or, in
places, a granite.

A more notable feature of this terrane, howev-er, is
the great sbundance of included and partially assimilated blocks
of schist within the igneous rocks. These schist fragments ocecur
often in discreet masses enclosed by the erystalline rocks, but
over most of the area they are evidenced only by & dark banding
in the igneous roecks. Such delicate banding of original schist
septa leads to the conviectién that injection has played little

or no part in the intrusion of the igneous rocks into the schists.



8)
Over considerable areas the banding of these gneisses shows a
general parsasllelism although it changes abruptly at various
places. The source of the schist ineclusions is not definitely
known, but where they are least metamorphosed they strongly re-
semble the schists of the Pelona Schist series occurring over
wide aress farther east.

The two areas of igneous rocks separated by the San
Andreas rift are thus considerably different in their petrologiec
features. Since they undoubtedly represent portions of the same
intrusive, however, no distinction was made between them in the
field mapping. Neither local and irregular variations in com-
position nor differences in the types of rocks intruded would be
sufficient camse for such a distinction.

Patches of sedimentary rocks, wholly different from
the schists described above, occur along the northern edge of
the Neemach Hills and at various other locadlties within the
range as typical roof-pendants or stoped blocks of the roof and
walls of the batholithic chamber. It is considered significant
that they are especially prominent along the northernmost fringe
of the hills and are not found within the range even at much
higher elevations, This would seem tc indicate that the present
northern limit of the mountaine marks evproximately the rorthern
limit of the batholith, at least st this elevation. it greater
depth, of course, the igneous rocks very likely continue beneath
the entire region to the north, but &t the depth within the bath-
0lith now exposed the abundance and size of the roof-pendants
probably can be tsaken as & safe indication of the proximity of
the waslles of the magma chamber.

The intrusive igneocus rocks of the Manzane guadrangle

meke up a small part of & huge mass of similar rocks which can
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be traced eastward into the San Gabriel “ountains, and north-
ward thru the Tehachapi Mounteins to the Sierra Nevada batholith.
The Neenach intrusives would seem, therefore, %to be the approxi-
mate age egquivealents of the Sierren grenites and lhence lste

Jurassic or early Cretacecus in age.

Sedimentary Rocks: Small petches of sedimentary rocks oceur

et many locslities within the “anzarns guadrangle, but relative-
ly few are sufficlently large to be mapped. Vith & single ex-

cention, the mappeble sreas of sediments are confined to & bel
along fthe northern edge of the Neensch HMills; however many other
smell patches were encountered withir the ares of igneous rocks
end ore occurrence wes noted ss far within the rarge as upper
Kings Cznyon. In all ceases the sreas of seliments are surround-
ed by lgnecus rocks and they unquestionsbly revresent roof-pen-
dentes or stopned-off blocks of the batholithie wall roeks, The
incenstancy of the sediments is well shown in the mines of the

district where & country rock of sediments at the surfece may

change tc igrneous rocks with a few feet of @pth, CGreat diffieculty

—+
)
3

&

wes experienced in mapping the disftribution of the sediments

rocks ard their extent as shown on the geelogic map accompanying
this renort is intended dnly to indicate the limits within which
sedinments are found, Tultitudes of other rcof pendants not ex-
nosed at the surfaced or too small to be shown on the geologic map
were glso found in the course of the field work.

The sedimentary rocks consist chiefly of sandy shales,
sandstones, and limestones in verying stages of metamorphism de-
pending on the size of the mass in which they occur. A thin-
bedded sandy shale showing very little metamcrphism is very abun-

dant in the large roof pendants where igneous rocks are not near-
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by. Near contacts or in small patches, however, metamorphism

hes often been extreme. The more sandy beds have recrystallized

to guartzites whose clastic origin may be unrecognizable except

Fig. 5: Outerops of sedimentary roecks
in & roof pendant near the northern
edre of the Ieensch IHills.

in thin sections. The impure sandy members have formed well
bended biotite schists where metamorphism has been intense,

shundant.
tellization

been added by the

imestones, now recryst

allized to coarse celcite, ere slsc very

The principal metamorphic effect is & simple recrys-

1ocelities considerable material has

The turnel of the .ntelope View

mine passes thru a body of limestone which has been gcompletely
changed to coarse bleded tremolite and vollastonite. In the Teters
mine a mass of limestone has beer recrystallized to a coarse

sceregate of calcite erystals in which there are abundant scattered

grains of sulfide minerals, added by the intrusive. And numerous

cther small roof pendants have been prospected for the slight
“quantities of sulfide minerals or gold which have been added to

them by the ignecus magma.

Although the areas of sedimentery rocks show extremely
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complicated structures, the broader sitructural features of the
roof pendents are still discernible. The prevailing attitude
of the beds in the larger roof pendents is &an east-west strike
and a steep dip to the south. The present isolated messes appear
to have originated from & continucus belt of southwerd dipping
beds which was brocken up by intrusion and possibly by later
faulting along a north-south set of faults., The contacts between
the sediments and the intrusive rocks are very ofter found to be
marked by zones of gouge and 1t might be supposed that the two
groups of rocks are entirely in fault contaect. However such
gouge zones &are us&aliy sc small as %to indicate only very slight
movements insufficient t¢ account for the position c¢f the sedi-
ments within the igneous rocks. It seems more reassonable to
suppose that originally the contacts were entirely intrusive
and that later the readjustments whiech necesserily accompsny the
crystallization of a magma selected such consacts as planes of
movement; or the intrusive may have come in slong £ fault zones
which remained &€ planes of weakness and responde& to later sitresses
by slight movements.

No more definite age than pre-Cretaceous is known fBr

the sedimentary rocks as they contain no fossils so far as known

and their relations with other sedimentary rocks of adjoining

1 has described

regions can not be determined. However Simpson
roof pendants of similar rocks which ocecur in the intrusive rocks
of the Tehachani Mountains about 20 miles to the northeast. These
sediments were named by him the RBean Canyon Series and their age

set at probably in part Triessic and possidbly in part Jurassic.

From Simpson's description of the Bean Canyon Series it appears

- - W - g G T W e M eSS A 2 W G S e D B WS Gun M M RO W DY MR S W

lSimpson, E.C.: Geology and Mineral Deposits of the Elizabeth Lake
Quadrangle, Calif. Jour. Mines and Geology, Oct., 1934.
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probable that the sediments of the Manzana quadrangle belong to

the same group.

Volcanic Rocks: In the western portion of the Neenach Hills

the intrusive rocks are covered by an extensive series of volcanie
rocks., The series comprises a complex group of variable flows,
breccias and tuffs which extends beyond the Manzana quadrangle for
many miles to the west,

In composition the vodcanic rocks are chiefly highly
siliceeunm rhyolites, but scme andesitic and basaltic types are
also represented, TﬁZy have almost every possible shade of cclor
from white to green, red and black, and they stand out brilliantly
against the drab slopes of intrusive rocks. Texturally, these
rocks are almost exlusively fine grained. The flow rocks are
chiefly cryptocrystalline flows, vitrophyres, or glasses and
thick flows of green, red and black obsidians are among the most
common types found. ZEven the flow breccias, which mescroscopically
are coerse grained, are very fine greined in both metrix and in-
clufded fragments. Flow textures of remarkable delicacy are
rather characteristic features of these rocks; where they are
expecially regular, they are useful in determining the attitude
of the floﬁs, but commonly they are highly contorted and of no
help in deciphering the structure.

Along the southern part of the contact between volcanie
and plutonic rocks, the flows appear to lap up &n depositional
contact on the intrusive rocks and to dip westward at moderate
angles. 4Along the northern part of the contact, however, the
flows have been rotated into vertical attitudes along a large

e

fault which forms the contact from Spencer Canyon onfthe north-

east to the alluvium of Antelope Vallgy. The glassy volcanie
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rocks beside this fault have bheen thoroughly brecciateld and
pulverized by movement on the fsult,

There ig no direct means in the lanzana quadrangle of
dating the volcamic rocks aside from the probability that they
are post-Cretaceous. The most logical sssumption is thét they

bvelong to the grestesgt period of voleanic setivity in scuthern
] & & o

Oslifornis which came in Ifiocerne time.,

Dike Rocks: The Neenach mining distriet, on the northern

gdge of the Neenach Hills, lies in an asres of quartz dicrite which

has been injected with great numbers of pegmatite and aplite dikes

Locslly thése dikes are so abundant that their erosioconal debris

o

conceals the coutry rock and gives arn impression thet the entire
terrein is composed of pegmatite., Ilsewhere in the region peg-
matite dikes ere commen but less asbundent. This concentration

of dike roecks slong the northern edge of the mountains may be
more spparent thet resl as exposures beccme poor and outcrops
very scerce within the body of the range while they are relative-

ly sbundsnt along *he fringe of the mountains. Towever the con-

centration of pesmetites slong the mergins of & batholithi

£}

an expectable vphenomenocn and in this case would indicate tha

bde

the limit of the batholithic irvasion was near the present north-
ern limit of the mountains--& fact which is alsc suggested by

the abundence of roof pendants slong the northern edge of the
mouvntains.

Tn mos® cases the dike rocks are typicel pegmatites
consisting essentially of pinkish microcline end glassy quartz
crystals which range up to several inches in diameter; lesser
amounts of ccarse biotite and fine grained megnetite are also

common constituents. The textures of different dikes range from
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aplitic to graphic depending on the grain size and relative
distribution of the feldspar and quartz crystals. Very coarse
grained dikes show no definite arrangement of the minerals,

HMeny pegmetites of intermediate grain size consist of hypidio=-
morghic grainsg of quartz and feldspear having en srrangement best
described es "granitic; +these rocks can be called e=imply "gren-
ited dikes"”. Small dikes c¢f aplite are common but less sbundant
then pegmatites. They consist of small arhedral grains of feld-
spar and quartz having a typilcal "aplitie” textural arrangement,
“herever the relations could be seen, the aplite dikes were found

.

to be older than the pegmatites.

A uvnusual variation of the preveiling dike rock of the
region is exposed in the Tuttle mine. In hend specimens it is =z

light colored, fine to medium grained rock, consisting almost en-

"

tirely of feldspar with & littile guartz and small amounts of
dark chlorite grains. Texturelly, the fine grained facies ap-

rears almost aplitic, but thru most of the dike the individusal

e

graing have & nore subhedrsl outline than in a tynical aplite,

In thin sections, two feldspars--orthoclase and elbite-~sre seen
to be present, meking up perhsaps nine-tenths of the roelr with
quertz forming the remainder., A peculiar feature of this roek

ig that 1t conteins great numbers of small cavities between the
component mineral grains. In general these cevities are very
minute and nhighly irregular, but occasionally they reach &f size
of around one centimeter and then msy be filled with small, pris-
matic erystels of clear gquartz. These cavities are possibly due
in part to leaching out of the chlorite grains, but their abun-
aaﬁce, irregular shepe and even distribution suggest thet they

have gome genetic implicstion. Since the chemical composition of
& D

the rock suggests a high temperature of formation,gleewssssr & The
and Tyerfore probably
hig h pressure
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mos# plausible explanation would be that the dike "magma" crys-
tallized to & porous mass with & final, interstitial liquid which
was then either squeezed out, or finally crystallized without
filling the voids. The zsame effect might be produced by injection
of the dike under lower pressures than usually obtein in pegma-
titie solutions, but this sppears unlikely in view of the high
temperature of formation,

The Tuttle dike described above is perhaps best called
a syenite pegmatite, although it is unusually fine grained for
& true pegmatite, Eiyever granite pegmatites are also exposed
in the Tuttle mine and it is possible that the two types have some
genetic relestion, Unfortunately the exposures in the Tuttle mine
are too poor to permit a detailed examination but several observa-
tions suggested to the writer that the two types of pegmatite
were gradational--that is, differentiates of some common source
solution. The Tuttle dike is a large and complex body of pegma-
tite and the occurrence within it of a syenitic body unigue
among hundreds of other pegmatites# in the region plainly shows
that unusual faetors were involved in its formation. This sub-
jeet will be discussed further below,

Two occurrences of a peculiar dike rock composed solely
of guartz and albite were found in the district. One of these
outerops on the hill above the intelope View mine gdd is also
exposed in the tunnel of the mine; the other occurs near the
mouth of Raldwin Grade €snyon. At the former locelity, the al-
bite occurs as the brilliant white platy variety known eas
cleasvelandite, and is intergrown with large masses of grey crys-
talline quartz. Individual crystals in this rock range up to six
inches in diameter. Both of these quartz-albite dikes have been

prospected and assays show them to contain small amounts of gold.
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A group of prospect holes in upper Baldwin Grade
Canyon have exposed numerous pegmatite dikes which illustrate
a rather more complex paragenetic history than most of the dikes
in the region. Two of these dikes are lens-shaped bodies dipping
only about 30 from the horizontal, They show a remarkable
varietion in width; one of them dwindles from 8 feet to & few
inches in thickness within a horizontal distance of 15 feet along
the strike.

These dikes are made up of huge masses of pink micro-
cline, white albite, snd glassy quartz as much as 12 inches in
length. The feldspa;; are concentrated slong the margsins of the
dikes and grey or white crystalline quartz fills in the center to
form a tabular vein-like mass in the very center of the dike., 1In
one case the only mineral present besides quartz snd feldspar is
biotite, in black lustrous plates up to & inches in diameter; in
another, fine grained masses of green muscovite are rather abun-
dent. These dikes are generally "frozen" tight to the walls,
but sometimes narrow seams of gouge #can be found along their
margins which appeared to the writer to be of pre-intrusive
origin in view of the general absence of fracturing within the
dikes.

Some difficulty was experienced in identifying the
abundant pihk feldspar of these dikeg. In thin sections i%
showg none of the characteristic cross-twinning of mieroceline
snd for scme time it was thought to be orthoclese rather then
mierceline, This conclusion was so opposed to the generally-held
oyinion of petrologists that orthoclase is non-existent or very
rére in pegmatites, that a more detailed study of the mineral
was made. ZFExaminations were made of cleavage graing in immersion

0oils and of numercus thin sections.
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In thin sections, the pink feldspar shows several
peculiar microscopic structures. It is commonly filled with
gbundsnt veinlets and irregular spindles of albite arrenged
perallel to one ancther in the form of "vein" perthite. A
neculiar variety of this perthite consists of mierocline(?) corn-

-

toinine slbite laths bent intc sharp angles resembling the lLent

have not heretofore heern described and the deserivptive term

herefore suggested. (see pages 2¥ -3zo0
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tested in immersion oils. DPerh
diseriminating between corthoeclase and micpocline is the megsure-
ment of the extinction sngle orn the 010 clesvage frace. Cleav-
age frasments cof either mineral parallel to 0CL ( the most ver-
fect clesvage) show the trace of the well develoved 010 clesvage.
Orthoclase shows extinetion parallel to this direction, while
microcline has an extinction angle of around 15 degrees. This
discrimination is ordinarily not possible in this seetions ard
thé customery vrocedure is to rely on the presence or absence of

microeline twinning in differentiating the two minerals. IHow-

ever several recent investigators heve pointed out that ortho-
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e

clese may invert to microcline during the grinding of the thin

section, end this eriterion cannot, therefore, be relied upon
too mueh.

Probably the determination of all potash feldspars
shonld te made on thin chips becsuse cleavage fragments of the
oproner orientation to give the maximum extinction sngle can
he readily selected, snd there is little or nc danger of arti-
ficial inversion. In the case of the doubtful feldsper deseribed
here, COl cleavage chips showed extinection angleé on 010 ranging
un to 15 degrees, definitely vproving the mineral to be microeline
rather than orthocluose. IMoreover, the thinrest edges of chips
showed the cherszeteristic cross-hatched twinning of microcline
developed on an unusually small secele. JApperently the twinring
ig tooc delicate to be evident in thin sgections of standard thick-
ness and apnpears only as an obscure texture without cross-hatching.

The micrpeline vein perthites such as those described
sbove have been shown by ‘ndersont to be slbite redvlacements a-
long small frectures in the micrccline, This is berne out by
much other evidence of replacement in the dikes of Baldwin Crade
Canyon, showing that albite has replaced mierocline., Fink miecro-
cline commonly oceurs ss residual messes within albite in such
a pattern as to strongly suggest replacement. Thim sections ¢
such structures show transitions from vein perthite to patceh
verthite or artiperthite in which small "patches" of micrccline
oceur as residuel islands in large albite crystals.

Both microcline and albite in these dikes show deliceate
graphic intergrowths with quartz. The intergrowths are always
fine grained structures and msy not even be apparent except in

thin sections. These also are regarded as replacement structures

for ressons which will appeer below.

I---———-—-———---———--— aad e Bl R et R R Rt R R R T ikl L LT

Anderson, Olaf: Genesis of some types of feldspar from granite
vermatites, Norsk Geologisk Tidsskrift, Vol 10, pp 116-207, 1928,




19)
A detailed microscopic and field study of the dikes
of Beldwin Grade Csnyon suggests to the writer the following
seguence of events as the probable parageretic history:

1) after ppening of the channels, V"grenitic” pegmatites
of microeline, albite and quartz crystsllized along the channel
walls, the relestively fine grain size being due *teo chilling.
RBoth albite and quartz sre essentiaglly later then microcline in
tre dikes but theg‘appear to have formed to some extent in this
stage.

2) contirued and slower crystellizetion resulted in the
formation of very large masses of mieroecline with some albite
and quartz until the quantity of microeline in the cerystallizing
golutions had beern exhausted. This was egséntially a microcline
stage but was overlepped by succeeding albite ard quartz stages.

Z2) alblte continued to crystallize, replacing to & consid-
erable extent the previously formed micerocline, This stage is
represented by perthites and other, large scale replacement
structures.

4) the remaining silica-rich solutions actively attacked
the elbite and microcline, forming delicate graphic intergrowhkhs
by replacement of the feldspars.

5) the remaining onpen spaces in the center of the dikes
were filled by glassy quartz.

The graphic intergrowths of quartz and f§ldspar such
as are described here are believed by some writers to represent
simulteneous crystallization from a solution of eutedtie compo-
gition; otherg regard them as due entirely to replscement. 1In
deciding which of these ppocesses has been operative in the

occurrence described here, it must be noted that by the eutectic

hypothesis it is necessary to account for two eutectics, one
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between quartz and microcline and the other between gquartz and
albite. Now it is impossible for two eutectics involving a
common constituent to form from a single solution and it is there-
fore necessary under this hypothesis to suppose either that they
formed from & continuously flowing solution of gradually changing
composition, or from several distinet surges of solutions having
different compositions. In the writer's opinion these explana-
tiongs sre unlikely because they must assume a very repid change
in the composition of the pegmatite solution. ‘*oreover they de-
mend that the pegmatite chambers were continuously or repeatedly
opened to the flow of ‘solution. The discontirnuity and lenticu-
larity of the dikes, however, would seem to indicate that the
first beginning of crystellization would tend to close off the
channels and largely inhibit a continued flow of solution. Some
flow must be assumed to account for the removal of replaced
material and the decrease in volume of & crystallization solution,
but it seems physically impossible that there could have been a
of this kind. It is therefore helieved that no great quantity
of solution entered or left the pegmatite chambers after the
initial influx and that the resulting dikes were essentially the
crysi&llization nroducts of the initial sclutions. TUnder this
nypothesis the graphic intergrowths of quartz-microcline end
gquartz-albite must be of replacement origin. The removal of the
repleced feldspars demands the outflow of solution from the dike
chembers, but since only & relatively small volume of the dikes
has been affected by replacement the removal of this material
could be accomplished by a small volume of solution passing out

into the surrounding rocks.,
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Economic Aspects of the Pegmatites: Particular interest

attaches to the pegmatites of the Neenach distriet because many
of them have been prospected and are known to contain natived gold.
The group of dikes in Baldwin Grade Canyomn described abefe have

been extensively investigated as gokd prospects by numerous short

prospect tunnels and shellow open-cuts. The quantity of gold
contained in these dikes ig not known, however, as no assay

figures were avallable to the writer,

Neer the intelore View mine severel small cpenings

cave assey filgures of aréumd $-1% pennyweights of gold per ton.
isssys from two of the pedulisr guartz-cleavelandite dikes gave
similar values. In none of these cases are Veins or mineralized
figsures ir evidence to whieh nmight be attributed the source of
the metallizing solutions Mumerons mecheniecel concentrations

of these rocks were made in an effort tc determine wvhether or

3

rot ary other minersle indicative ¢f & hydrothermal origin of
the gold were present In all ceses the only heavy mireral be-
sides slight amountes of native gold was very fine grained dis-
gseminated megnetite, s will be shown lster, the typical hydro-
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of the following minerals in addition to gold: arsencpyrite, galenc
sphalerite, pyrite, chelcopyrite, and gold telluride, afic native
gold is =z relatively rare constituent. The complete lack of any

of these characteristic hydrothermal minersals snd the lack of

any field eviderce pointing to & hydrothermal introduction of

the gold intc the dikes, seem to the writer fairly good prcof

that such gold represents & primary constituent of the pegmatite

solutions. TUnfortunately it oceurs in such minute quantities that
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The interesting problem of genesis presented by this
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deposit could not be fully elucidated to the writer's satisfac-
tion becsuse of the conditions at the mine at the time of his
visit. DPreparations were then being made to install a small test
mill and +o begin deepening the shaft (then only 65 feet deep).
The sheft was deeply flooded and the walls completely boarded as
far as sinking hed progressed. The only exnosures availeable to
exsmination were in four small crosscuts from the shaft at a short
distance below the surface,

L significant exposure occurs in the uppermos* of these
crosseuts (only fifteen feet below the surface), where a wall of
the porous syenitie pégmatite is traversed by two narrow seams of
souge. These small faults and the pegmatite immediately adjacent
tce them sare rélatively rieh in cosrse native gold; at increasing
distances from the faults, the gold values progressively drop
off until the guantity of gold becomes inappreciasble in the rock
8 or 10 feet away. The two faults are only the more well-defined
of & number of similer seams of gouge making up a general zZone
of fracturing in the pegmatite. The gouge within these fractures

. fine, white material, too inccherent tc be examined micro-

(W8
wm
javl

scopically, but showing no effects of oxidation. Numerous mechen-
icel concentrations of this material were made to determine whsat
heavy minerals might be present. In no case was any heavy minersl
other than native gold found to be present.

Aside from the mineralogy, the above dats are certainly
strong evidence for introduction §f the gold by hydrothermsal solu-
tions &fter consolidation of the pegmatite mass. 41l significant
features of the deposit point to this conclusion--the occurrence
of small, mineralized faults within the pegmatite, the gradual
decrease in tenor of the rock away from the faults, and the associ-

ation of the gold with chlorite, suggesting hydrothermsl alteration
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of a primery ferromagnesium mineral in the dike by the gold-
bearing solutions. Moreover, the porous nature of the pegmatite
weuld afford & particularly favorable site forthe wide diffusion
of tre mineralizings solutions ard would leed to a genersl dissem-
ination of gold thruout the entire dike.

It should be noted however that these hydrothermal
soluticns must have been wholly different fromthose that formed
the other fissure vein deposits of the district. It will be
showr later that native gold is relatively rare in all other
hydrothermal deposits_ and that several sulfide minerals are al-
ways present. The mineralized fissures of the Tuttle pegmatite
thus represent & unique type among numerous sulfide-bearing veins
ocecurring over & considerable ares and within a short distance
of the Tuttle mine. In other words, the gold of the Tuttle
pegnatite cen not be explained as part of & general hydrothermal
period which followed formation of the pegmatites of the region
and produced the numerons veins of the district,

While no definite proof can be adveanced at this tine,
the writer feels that the several unigque features of this peg-
matite must have some gmnetic relationship. The composition,
abundence of gold, and character of metallization ofthis dike
are features unduplicated anywhere else in the region and seenm
to require a common genetic explesnation. A pbssible explanation
that has occurred to the writer? is that the dike has evolved by
a sort of minor differentiation within its own chamber. The
original solution may have differed somewhat from the normal in
containing relatively little silica and an umusual amount of gold.
The crystellizationmdifferentiation of this sclution in the finsl

chamber, or somewhere along the channel, or in some chamber removed
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from the parent magma, might produce the complex body of syen-
itic and granitic pegmatites such as the Tuttle dike. The final
residuum of the differentiation would be a watery solution con-
teining the concentrated gold cof the entire original mass. Finally,
this soclution might move upwards along cooling-fractures in the
" econsolidated rock to produce the deposits that we now see.

This theory is presented only as s suggestion for the
possible genesis of the mTittle dike &nd remeins et present with-
out definite proof. thile it may appear somewhet fantastic, it
is felt that unususl theories are no less valid than widely-
accepted ones when the?‘are applied to unusual phenomena. The
Tuttle pegmatite, being a unique feature may require a unigque

explanation.
ua&"“'ﬁpﬁe
Alluvium: The northern half of the lanzanafls completely

covered with o veneer of alluvisl meterisl washed down intoc
intelope Valley from the Neenach Hills to the south and the
Tehachapi founteins to the north. It consists of loose, uncon-
solidated materials renging in size from coarse sands and boulders
nesr the edge of the mountains to fine silts farther out in the
velley. The slluvium is &ll of Juaternary age dbut a digtinction
in mapping was mede between alluvium and older alluvium, on the
basis of erosional history.

The older alluvium includes alluvial fans which are no
longer receiving additions of sediment and have undergone some
measure of dissection. They are especially noticeable in the
western portion of the quadrangle, where streams from Spencer and
other camyons have deeply incised a huge, flat-topped fan belong-
ing to an earlier period of deposition. Outwards into Antelope

Valley, the older fans gradually merge with the recent alluvium.
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Numerous other¥ small remnants of older alluvium are
found at many places along the edge of the Neenach Hills. They
‘are all attributable to a slight uplift of the region in Juater-

nary time, perhaps alcng the San :sndreas rift.

Two smell patches of older alluvium, resembling bench

Fig. 6: 014 alluvial fan now underrsoing
dissection. Photo taken near mouth of
Spencer Canyonr.

gravels, occur in Tings Canyon near its present mouth and testify
to an interesting case of stream capture. The stream in Kings
Cenyon formerly turned sharply northward near the eastern edd of
the canyon and flowed into intelope Valley via a broad, flat
canyon deeply filled with alluvium. Small benches of e&lluvium,
now almost eroded sway, mark the former extent of this alluvium-
filled canyon far up into Kings Canyon. The streams of Kings
Cenyon have now abandoned their former course and flow eastwerd
into intelope Valley by a shorter and steeper course; consequently
the 0ld elluviated chhnnel has been cut across by the present
rock-cut channel. The position of the present stream-course may
be partly controlled by the location of the Xings Cenyon fault,

but it is probabl} in large part simply the result of headward
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erosion from intelope Valley which established a steeper gradient
than existed in the o0ld canyon and the latter was consequently
abandoned. inother factor may have been an increased flow of
water in Kings Canyon because of some topographic disturbance in
the hesdwaters of the canyon along the San indreas rift. This
might permit a rough correlation of the alluvium in the o0ld stream-
course of Xings Canyon with the o0ld alluvial fans of asntelope
Valley, since the latter slso were probably the result of fault
movements.

What appearg%to be & still older genersatiorn of slluvium,
lying at elevations of from 100 to 300 feet higher than the old
fans, occurs just east of Spencer Canyon overlying flow rocks of
the volecanic series. It consists of rounded boulders of granitic
and volcanic rocks, in general much coarser then any meterial found
in the more recent alluvium. At present it is nearly sll eroded
away and now consiste of only & thin veneer of boulders lapping
up onto the volcaniec rocks. This slluvium would seem tu indicate

8 still earlier uplift of the region in Juaternary time.

Fig. 7: View showing the o0ld slluviated
velley of the Kings Canyon streem now cut
aeross by its present course. In the fore-
eround is a "bench" of alluvium formerly
continuous with the old valley.

ees |



Plate I



Plate I

Photomierographs of Pegmatite Feldspars
from dikes of Baldwin Grade Canyonx

A: Inecipient vein perthite; large vein
is twinned alblte; poorly defined veins
of albite run across section; beginnings
of albite replacement can be seen in
mierocline along fractures parallel to
the large vein., X-nicols, X48.

B: Vein petthite of albite in'miero-
cline. White areas are quartz. X-nicols,
X48.
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Plate II



Plate IT
Pegmatite Feldspars (cont'd)

A: Vein perthite; slbite veinlets re-
plaecing microcline along fracture ecracks.
X-nicols, X48.

B: "Chevron'" perthite, a variety of
vein perthite; elbite replescing miero-
cline. X-nicols, X48.









i [
a0 W
IS I S
€0 4> L

o © R4 oy
W EEER N O B W
- e sl ol )
R A 5 b
(&) @ G
3 £ el
w977 4

IS

el o

e g £

Bow

o poed G

(A )

© i wpe]

»= e R

o Ay ord

wd ed L4 D

L3 by b

S H e
ored F ] o5
43 @ el W
o e s oped
# LR by £

&

B Ol

Pe

fe ﬁ oped W
A S
R e R
SR STE oI I




g,




W
et

i, e

ol
&

i
o
%M
ormf R
B 4 X *
£ o i ot
) wy e
. o B a - %,
3 £ 4 -
o &0 et W%
& @ oo &
% owd o o o
b 6 . o 3
Wooe ¢ ww
& b &
[ < 1
o 57 o
[ )] o
Lok 4 ﬂww
oy -t
- @
[ & [
i fe] .
pa [ o e
Fea- i
© + o @
,, o f
o3 @
: % ot o
o a\zuw © (] w
= apf egnd
* & @ © ’
g o
& i o
- $ut
@ “ o
el i Gl
» q& e@%w wynf
mm od g
4 o o
o @ %)
@ Gy
G
@W wi‘w (&
e o
5 o
St @
By ] ot
o & e




g

aperd

5

=

3
-t

-

]






o

TOUYLO

oy
&~

is

(]
wend

S o

3
{1
e g

¢
e

P




e~

pig
e
[ 6]
L
wa

&
o

o

[

e
<
[ [&Y
o
ol

28
gk







&

e
bt

y

pe

-
S

o
Buf

4
HE »
LA

b/ o
ALTIEES
o

@

o]

i

Gl
ol

mﬁw
e

-

d ecanyons

ecte

ply diss

deern

I

ne



ot

e

e

G

@O
-







PR

L

g

E

5

=

el

Pl

ﬁ
o

o

&
)

g
-

syt
£3

G4
]

Gk

&

v

-

el

Gt

red
i w

k!

W
el
i

o

[

P
St

ord 0]

B

pd







[
of ¥ mNM mwwuv
gt g
R
B w
e g
s
k 4
ot

O] ®
W @
e B
L™ pou]
emsv
(5] L}
o o
= Bt
i e
4]
[
@ on
- 3]
ol [*]
o
© 4
H &
LS L
el
[
4
[ w%
» &
4 L]
o red

apd

el opd

. - H
2
£y
@
i

WA

e )

£y
@
Lo

54




43)

M“

vhich have been prospected at numerous localities for the

yvtite dikes have salresdy

be desceribed in the orier
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Tertiary Ore Deposits: Within the ares of volcenic rocks

Heenach quadrangle, numerous small

oy R 4 o s ey =] - 3
pits and tunnels have been opened up in an effort to

locate ore deposits within these rocks. At the present time no
nommercial bodies of ¢ are X » i in feaet no metellic min-
gonmnme e Do les oI yrﬁ are \Q«CE'ni and Ly Iacty no m T S 4 jHg a1
erals whatsoever were evident in any of the prospects examined by

the writer. 7n most cases prospectors seem ito have been attract-
ed by the most brightly colored rocks rather than by geologie
conditions favorable for the occurrence of ore.

Ixtensive areas of the flows and tuffs of the wvolcanic
series have been silicified by innumerable smeall veinlets of
chalcedony, chalcedonic quartz and opal. These silicified areasg
stand out vividly in the landscame in conseguence of their white
color but they do not seem to have attracted many prospectors,
although geologically they are favorable sites for the location
of ore deposits. This gilicification is, no doubt, an end-stagé
phenomenon of the volcanic activity and providing that ¥metallie

elements were present in sufficient amount in the source magms,

foube

fied

oo

it is likely that ore depcsits will be found in these silic
areas. Many of the spectacularly rich gold and silver bonanzas
of the western United States have formed in a similar flanner.

The only evidence of metallic minerslization found by

the writer in the area of volcanic¢ rocks was in & small specimen

of float found in Spencer Canyon. This rock conteined minute
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the only properties beéng actively developed at the time of

writing.

Structural Features: In many of the mines of the district, numer-

ous Taults sre exposed, ranging in size from slight fractures in
the igneous rocks to large faults having zones of gouge up to 5
feet or more in thiekness. These fissures have served as the
prineipal structural control of the formation of the ore deposits
by determining the peths of the mineralizing solutions. The
largze faults appear to fall into two main groups having north-
south and esst-west gtrikes. The principal mineralization hes
been along the faults of the east-vest set, while.the northe
sonth group is of later origin and offsets all eest-west struc-
tures. The fanults range in attitude from vertical to dips of
around 45 degrees but they are generally very steep.

In all of the mines of the district these faults have
controlled the passace of mineralizing solutions. Cenerally,
however, they are filled with thick, pnasty gouge which in most
cases has prevented the active circulation of solution necesscry
to form a high grade ore deposit. Solutions have slowly risen
thru and sround the zones of gouge and have permeated to some
extent the wall rocks, forming mineral deposits of generally
low grade. In most of the prospects of the distriet, such miner-
alization is evidenced only the reddish and yellowish colored
gouge where smell guantities of sulfides have been oxidized. In
a few cases, the sscending sclutions appear to have had sufficient
viscosity to make their way thru the gouge and form definite
quartz veins. One of the controlling factors here was no doubt
the amount of quartz contained in solution; where silice was
abundant, the solutions had enough "strength" to force their way

thru the restraining gouge; where little silica was present, the
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solutions were relatively "weak" and were limited to a sluggish
flow. TFrom the present character of the gouge it seems very un-
likely that écontinuous open fractures could have ever existed
within it; more probébly the openings were created and maintained
by the hydirostatic pressure of the mineralizing solutions, with
perhaps the force of crystallization of quartz contributing in
smell measure to this pressure. ‘here such channels were once
established they would permit longer and more rapid circulation
of solution and thus make possible the formation of large quartz

veins.

P

Definite quartz veins have been found in the district
only in the Rogers-Gentry and Camp mines. In these mines there
is exposed a group of parallel guartz veins sitriking in a gen-
eral east-west direction and dipping southwards at steep angles.
without exception, the veins lie in zones of gouge, which, in
these mines, is generally black in color.

The structural features of the quartz veins are well
illustrated in the Camp mine. In the west drift on the 100-
level of this mine is & rather flat-lying vein, 4 to 6 inches
wide carrying sbundant sulfides. Thewin lies in the center of
a couge zone about 12 inches wide and apnears to have formed
from silica-rich sclutions which had enough hydrostatic pressure
to push their way thru the pasty gouge. TFarther west the drift
fcllows &nother large fault marked by a wide zone of black gouge.
This gouge zone ig filled with inrumersble anastomosing stringers
end veinlete of gquartz contasining only small amounts of sulfides.
A similer zore of quartz veinlefs in gouge 1is exposed in the
shéft of the Rogers-Gentry mire.

The sbundence cf the sulfide minerals in *these quartz

veins seems to be related directly to the pressure and viscosity



50)
of the minermlizing solutions and indirectly to the charscter
of the solution channelways. Solutiors with high hydrostatic
pressure end with muech discolved silica (conseguently with
relatively high viscosity) were especially sble to peretreate
thru zones cf goure along lerge channels and to continue active
cirevlstion along suck peths as were once esteblished. »8 the

‘ 0? ,;lim
goluticns teceme more hirshly attenuated by »recipitetiorf or il

o

v“\

origirelly the; ccrtained lese silics end vere ¢t lower pressure,
they were legs eble to creste large chennels end conversely,
were more zhle to utilize the smaller chennels, »t the geme tine,

however, *he nossibility c¢f continued circulation thru open

.

chenrelways diminighed and consecuently there was less oportunity
for corcentration of sulfides. The combinetion of persistent
guaertz veins snd concenitrated sulfide minerals is thus nct merely
ore of chance but lepends on certain corditions of genesis-
perticulerly on *the composition and hylrostetic pressure of the
solutions.

Yinerslosy:  The minerslogy of the quartz veins 1s rather simple.

Smell masses of various metallic minerals sre dissemineted thru
the quartz with only rarely a concentrgtion In*tc veine or learge
hodies of sulfides. Iven the richest cres show only finely
divided sulfides scastered thru the quartz, anéd of course in
lower gzrades of cre the percentesge of sulfides is still lover.
The sulfide minerals vpresent sre, in order of zbundence: arseno-
oyrite, chalcopyrite, gelena, and sphalerite. The veluable
congtituents of tke ores are native gcld and gold telluride,

both of which occur almost entirely as aurifercus sulfides, that
is,within other minerals. Hand specimers or mechanical concen-
tretes of the ores show practically no indicstion that gold is

present and assays or polished sections are necessary to show
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the vresence of the metal.

Ore Minerals: Native gold is a rather rare constituent

of tkhe quartz veins. It is occasionally found in polished sec-
tions in smell masses associazted with various sulfide minersals.

Tprom its pale color it is apparent that the gold is #lloyed

with considerable silver, and sn occesioral reddish tinge sugeests

the n»resence of some ccpper. .ssay figures indicete that the
gold-silver retiof varies from about 10 to 1 to 5 to 1, which
is equivalent to & range of from 900 to arcund 800 fine.

™e scarcity of netive gold in the richest ores in-
dicates what further observetions have seemed to beer out--that
the valne of the ore is largely dependent on the abundance of
s0ld telluride. In »olished sections this mineral is Tound as
minute »in pointsg of hirh reflectivity, generally occurring
within arsenonyrite. It ocecurs in such emall masses that en
estimate of its abundance in the ores is almost impossitle, hut
it is sigrificant that the richest ores are those containing
arsenopyrite in greatest sbundance. No masses of sufficient
size were found on which a determination of the minersal srpecies
conld be made; however the ratio of gold to silver in these
ores suggests that the gold telluride is more likely calaverite
than sylvanite, krennerite or petzite.

The most abundsnt metellic mineral in the quartz veins
ig arsenopyrite. This mineral occurs usually in small, widely
disseminated grains, but occasionally makes up narrov concen-
trated veinlets. “‘hen it is mechenicelly separated from quartz
it is often found to be in perfect prismatic crystals terminated
and flattered verticelly by brachydomes.

The remasining sulfides--chalcopyrite, pyrite, galena
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and sphalerite--are less abundant and do not occur at &ll in
some of the rich veins.

The associations of the sulfide and gold minerals &re
well illustrated by two veins in the Camp mine. The metallie
constituents of the rich vein on the 200-level consist almost
entirely of arsenopyrite with gold telluride, and there is
1ittle or no sold or other sulfides. On the 100-level is a
smaller vein of lower tenor which contains a little native gold
with chalccpyrite, galene and sphalerite and only small amounts
of arsenonyrite. Thq%essociation of arsenopyrite and gold
telluride is thus of greater value than that of native gold with
other sulfides than arsenonyrite.

rangue Minerals: Quartz appears to be the only gangde mir-

eral in the fissure vein deposits. It is somewhat variable in
character but is generally coarsely crystelline and white or
srey in cclor. Rich specimens from# the Camp mine show & chsar-
ascteristic banding; the outer edges of the vein are £ of grey
erystalline quartz with abundant fine crained arsenopyrite; the
center portions are of cosrsely crystalline white quartz with
fewer and larger masses of arsenopyrite. Ifuch of this quartz

ig "loosely" erystalline and consequently very friable; some
veins, on the other hand, are composed of very much more compact
quertz.

i few specimens of pegmatite containing numerous small
veinlets of calcite were found on the dump of the Richardson
mine. No trace of the veins could be found within the tunnel
and the mode of occurrence is therefore not known. Thin and
palished sections of this rock show a microbrecciated aggregate

of quartz and microcline grains penetrated by an anastomosing
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network of cosrsely crystalline calcite veinlets ranging in
width from iz inch down to microscopic dimensions. That some
metallic minersls have been introduced into the rock by the car-
bonate solutions is evidenced by a few minute grains of sphalerite
in one polished section that was examined.

This locality is the only one ¥nown in the district
where definite veins of celcite have been formed. It seems
vnlikely theat o single, unique deposit of celcite could have
formed during the same period of hydrothermal activity in the
region when elsewheri\large gquantities of guartz were being
carried in sclution. 4 more plausib;e cource of the carbonate
might be the sedimentary rocks--particularly limestones--which
were intruded by the igneous rocks. During the early stages of
intrusion when the advancing magme was at a very high tempera-
ture, the heating of limestone would very likely be sufficient
to cause a partial dissocistion of cslcite into lime and carbon
dioxide. The lime would actively react with silica to form
various lime-silicate minerals, while the carbon dioxide would
be carried into the surrounding fractured rocks in the gaseous
state or in solutions given off by the magma. ‘/hen precipitation
began in a coqler environment, veins of celcite would be formed.
This process is regarded as the proper ewplenation of the ecal-
cite veins described above. Similar veins may later be found
where other bvodies of limestone have beer intruded and lime-
silicete minerals formed.

One occurrence of epidote as a gangue minersal was noted
at a small prospect a short distance east of the entrance to
Baldwin Grade Canyon. The epidote occurs in very coarsely crys-
talline masses in & quartz vein of quite different character than

those of the mining district. The presence of epidote and the
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glassy appearance of the quartz suggest that this vein was formed
at very high temperattires. No metsllic minerals could be found.

Paragenesis: The paragenetic sequence of ore minerals as

determined from polished sections of ore from the Camp mine is

as follows, from earliest to latest: arsenopyrite(?), pyrite,
chslcopyrite, galens and sphalirite(?) (the relation of sphalerite
to galena is not known). The position of the gold minerels in
this sequence is not exactly knovwvn but gold telluride is prob-
ably earlier than arsenopyrite. Native gold possibly formed
after chalconyrite byt may be later than all sulfides. Arseno-
pyrite appears to have crystallized contemporaneously with quartz,

but began later than quartz.

Oxidation and Supergene Inrichment: The depth to which rocks are

altered by atmospheric agents is chiefly dependent on the depth
below the surface at which the ground-water level lies. .ibove
this level fractured surface rocks areemposed tothe oxygen of the
atmosphere and to downward percoleting surface waters containing
oxygen and carbon dioxide. In ore deposits the soluble oxidsation
nroducts of eulfide minersls are also added to the descending
surface waters and these suvbstances exert a potent oxidizing
effect on the rocks below. IRelow the level of ground water, oxy-
cen is excludel and no oxidation of the rocks is possible. The
level of permanent ground water thus roughly divides a gone above
in which oxidation is going on, from a zone below in which reduc-
tion is the dominant procecss.

There are two mechanisms by which gold deposgits may be
enriched by such supergene processes: a mechanical "enrichment!
may result if valueless material is carried off from the ore

deposit during weathering; or chemically, gold may be taken into
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solution under certain conditions by descending solutions and
later re-precipitated at lower levels where oxidizing agents are
not present. In the case of either mechanical or chemical en-
richment of gold deposits, the result is a zone of enriched ore
which is succeeded below by the relatively lean primery ore.

In the Neenach district the ground weater level lies

at verying depths below the surface depending on the location
of the mine. On ridge tops, no water may be struck above 150
or 200 feet of depth; in canyons, the water level may be less
than 50 feet below the surface. o definite evidence was found
in the mines bearing on the question of supergene enrichment.

In the Smith mine (ahandoned), oxidized ore of good grade is
said to have been exposed until an inclined winze was sunk be-
yond the level of ground water into the zone of primsry ore.

4t thie point the ~o0ld velues asbruptly gave out and almost
barren sulfide ore slone remained. Unfortunately this mine was
deeply flooded at the time of the writer's visit, but specimens
of the primary ore found on the dump resemble the ore of the
Camp mine in which auriferous arsenopyrite is the valuable con-
stituént. These facts strongly suggest that some enrichment
has taken place, but no confirmatory evidence from other mines
has been found. The study of many polished sections of the
rimary ores has given no indication of any chemical enrichment.
It is therefore likely that in those mines which have penetrated
below the level of vpermanent ground water the high grade ores

will continue so wifh depth.

Deposition of the Ores#: The mineralogical composition of the

quartz veins indicates that they formed at moderate depths

within the earth's crust, possibly a few thousands of feet be-
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nesth the surface. According to the gernerally accepted classi-
fication of Lindgren, they might be placed in the upper HMeso-
thermsl zone and fall into the same general category as the veins
of the lother Lode system of northern California. Howeverthe
occasional presence of druses and comb structures in the vein
quarté and the abundance of gold telluride in the Neenach veins
are suggestive of less intense conditions of temperature and
pressure than are supposed to have preveiled during formation of
the other Lode veins. For this reason, they are perhaps best
pleced in the lower Epithermal of Lindgren, or the "leptothermal'
of Craton. .

The hydrothermal solutions which formed the queartz
veins are believed to have formed as an end-stage differentiate
of the large betholith now represented by the surrounding igreous
rocks.

Post~‘ineral Deformation: The ore deposits and country rocks

are often shettered and broken by innumerable small fractures
which formed after deposition of the ores. In places the rocks
are so "heavy"™ as to have handicapped mining operations by re-
quiring an excessive amount of timbering. As far as mining has
now progressed, no fractures large enough to be called faults
have been found cutting the veins, but it is possible that they
are cut off by & north-south set of faults slightly younger
than the east-west faults within which the veins lie. The ex-
tensive facturing of the rocks in this distriet is not surpris-
ing when it is remembered that it lies very near to the San
Andreaé fault--a major zone of fracturing in the earth's crust
that has been seismicadly active from at least Miocene time
(perhaps 30 midlion years ago) up to the present day.

Age of the Deposits: Since they are genetically related to the
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surrounding plutonic igneous rocks, the ore deposits are &ightly

younger than the intrusives, and hence &ariy Cretaceous in age.

* k k K ok k ok Kk ok K Kk Kk k K ok ok *k *k *k % & * k * >k *k * kX * *k kX * ¥ *

* Genesis of the Mineral Deposits *

One of the most striking features of the Manzana quad-
rangle is the apparent concentration of pegmatite dikes, hydro-
thermal mineral deposits, and roof pendants of metamorphosed
sedimentary rocks slong the northern edge of the Neenach IHills.
This association of features related both in space and time 1is
too regular to be merely fortuitous and seems to the writer
definite proof of a genetic relation.

48 has been repeatedly intimated above, each of these
cssociated features considered seperately suggests that they
approximately define one wall of the intrusive vatholith. Thus
the abundance of xenoliths or roof PYpenddnts in an igneous rock
is commonly tasken to indicate proximity to the walls of the
original macma chamber; likewise, pegmatite dikes and hydrother-
mel solutions, both of which are end-stage phenomena of magma-
tic differentiation, form in greatest abundance around the
periphery of their parent magma. 'hen all three features are found
in & narrow and well-defined ¥belt, the implication is overwhelm-
ingly strong that they result from & commor cause. The connect-
ing link is, of course, the mass of intrusive igneous rocks in
which they occur, and it is to the original composition of the
magma &and fhe spatial distribution of its emplacement chamber,
that the concentration of roof pendants, pegmatite dikes, and
hydrothermal mineral deposits in a reldsively small area must be
attributed.

With this principle in mind, the genesis of the varied
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mineral deposits of the Manzana quadrangle may be outlined in
the following series of steps.

1) In late Jurassic or early Cretaceous time, a huge batho-
lith of igneous rocks was intruded into a series of sedimentary
rocks. At the depth now exposed within the batholith by erosion,
the limits of intrusion were aporoximetely at the present rorth-
ern edge of the Neenach Hills. Blocks of the sedimentaryrocks
were stoped off during intrusion, engulfed within the igneous
rocks and heated to temperatures high enough tc cause their re-
crystallization intoapetamorphic rocks. Gaseousemd liquid eman-
ations given off by the crystallizing mesma permeated the sedi-
ments to »roduce a widesnread but lesn mineralization.

2) As crystallization proceeded, a ref®*magmea especially
rich in the constituents of quartz, potéssic and sodic feldspar,
and water was formed. Numerous fissures, opened by cooling-
stresses in the main mass of the crystalline rock, were closed
by successive invasiocns of the negmatitic rest-magma to form
various types of pepmatite and aplite dikes. These solutions
conteined little or no metallic minerals with the exception of
small quantities of gold and magnetite.

3) Subsequent stresses fmulted and fractured the intrusive,
sedimentary, and dike rocks and admitted the remaining, more
highly attenuated solutions of the rest-magma. These solutions
contained sbundant silica and a relatively high concentration
of gold, copper, iron, lead, zinec, sulfur and arsenic, and by

their crystallization fissure vein deposits were formed.

The development of the ore deposits, beginning with
the originel emplacement of the intrusive rocks, probably took

place as &a continuous process without long periods of time be-
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tween the different stages. Although they differ widely in
character, the mineral deposits formed in each of the three stages
of magmatic history outlined above are thus closely related in a
genetic way.

To complete the séquence 6f mineralization in the
Manzana quadrangle, there began in Ifiocene time a widespread
extrusion of volcanic rocks over much of the area. The last
stage in this effusion brought a permeation gthru the flows of
silicse~rich solutions containing small amounts of metallic
elements., These sol%tions erystallized into innumerable vein-
lets of opaline and chalcedonic silica. The mineral deposits
thus formed are wholly unrelated to those formed fromthe in-

trusive rocks at a much earlier date in geologic history.
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Plate IV
Photomiecroeraphs of Ore Specimens

A: Polished specimen of ore from Peters
mine; sphalerite(sp) replacing pyrite(py)
in calcite gangue(esa). X52

B: Pyrrhotite(po) in quartzite from
small roof pendant near mouth of Baldwin
Grade Canyon. X59.
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Plate V
Photomicrographs of Ore Specimens

e(ep) veining pyrrhotite

A:  Chelcopyrit
ite gangue. Peters Yine.

U

o
{(po) in calec
I37 .

R: Galena(g), sphalerite(sp) and
chalcopyrite(ep) in gquartz(q). Camp
mine. X52.
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Plate VI

Ore Specimens (cont'd)

:  Arsenopyrite(FeisS) in gquartz.
igh-grade ore from 200-level, Camp
ine. X52.
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Ore from vein on 100-level, Camp
mine. Gold(Au), chalcopyrite(cp),
and arsenopyritve(FeisS) in guertz(q).
X225,
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Plate VII



Plate VII
Ore Specimens (cont'd)

A: Gelena(g) and sphalerite(sp) in
fractured quartz(q). Camp Mine. X44

B: Thin section of pegmatite from
Richardson tunnel. Calcite veining
microbrecciated quartz and microcline
grains. Dark areas are grains near
extinction. (picture taken with gyp-
sum plate) X38.
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