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cordierite-amphibelite facies, Abukuma-type
facies series (Winkler, 1965, p. 103). Schwarcz
(1960} reports 1he coexisience ol cordierite and
andalusite in the southwestern part of the
metamorphic rock at Double Burte. This is
indicative of the andalusite-cordierite-musco-
vite subfacies of the cordierite-amphibolite
[acies (Winkler, 1965, p. 101).
Impure marble east of the Lakeview Moun-
tains pluton includes the assemblages:
calcite-wollastonite
caleite-diopside-lorsterite
calcite-diopside-grossularite
calcite-diopside-humite group mineral.

Tgneous Rocks

General staternent. More than 90 percent of
the exposed basement in the area is composed of
plutenic rocks belonging to the soutbern Cali-
tornia bathalith. These rocks range in com-
position from olivine-rich gabbro to granitic
pegmatite, with quartz dioritic rocks being
by far most common. The granitic rocks occur
both as bodies of relatively uniform com-
position, termed discrete bodies, and as units of
mixed granitic rock types. The latter com-
monly contain widely different igneous rock
types and some metamorphic rock.

Igneous rocks surrounding the Lakeview
Mountains pluton thar occur in discrete bodies
are discussed in the presumed order of their
emplacement—oldest to youngest. This order
was only partly established 1 the present study
by such criteria as gabbro inclusions in quartz
diorite and quarcz diorite inclusions in quartz
maonzonite; granitic rocks of mixed character
are composed of rocks of probably differing
ages. The general sequence of intrusion—gab-
bro to granite-—was established for the rocks
ol the southern Califernia batholith by Larsen
(1948, p. 137).

Gabbro.  Gabbro crops out south ol the
Lakeview Mountains, principally in one partly
exposed body termed the Green Acres body
and several, assumed to be related, small
lenticular bodies; only ihe larger of the lat-
ter are shown on the geologic map. Most of the
gabbroic rocks are olivine or hornblende
gabbro. They are usually hypidiomorphic-
granular wich some pronounced poikilitic and,
less commonly, porphyritic textures; in some
associated dikes, porphyritic textures are very
pronounced. Protoclastic and/or cataclastic
textures and structures are common in some
rock, resulting, in part, in flaser gabbroic
gneiss or augen gneiss with “eyes” of Lkely-

phitic-rimmed olivine. Several small meta-
gabbro masses are enclosed within the granitic
rocks that separate the Green Acres body from
the Lakeview Mountains pluton. These masses
contain abundant secondary chlorite and blue-
green hornblende.

Several smnall areas underlain by poorly
exposed metamorphic rocks occur within the
Green Acres body. Most are schist of quartzo-
feldspathic, biotite-quartz-feldspar, and graph-
ite-rich composition. Quartzofeldspathic my-
lonite occurs in a few places.

Ouartz diorites. In the eastern part of the
Lakeview Mountains a thin, arcuate body of
quartz diorire. 120 to 1050 m wide, 1s exposed
over a north-south distance of 8§ km. For most
of this distance it is in contact with the Lake-
view Mountains pluton, but the southern 450
m of its western boundary are against a thin
septurn of foliated granitic rock that separates
it from the pluton. To the east, the arcuate
body is 1n contact with foliated granitic rocks
and lesser amounts of metamorphic rocks.

This quartz diorite is medium-grained, com-
monly well-foliated, and contains discoidal to
platelike inclusions. It is distinguished from the
rack of the Lakeview Mountains pluton by
finer grain, rare schlieren, and more abundant
and thinner inclusions. The inclusions are finer
grained and darker than the host rocl wich
typical dimensions of 20- to 30-cm diameter
and 1- to 2.5-cin thickness. Some inclusions are
spindle-shaped with the spindles’ long axes
oriented approximately parallel to the dip of
the foliation of the host rock. The foliation and
orientation of the inclusions parallel ihe outline
ol the body.

The contact with the Lakeview Mountains
pluton can usually be placed within about 19
m. An exception is at the northern part of the
contact where it is gradational over a width of
100 m normal to the contact for about 1.5 km,
The eastern contact of the body is marked by
an increase in the compositional heterogeneity
and commouly by the presence of metamarphic
and metamorphic-appearing rocks. Most of the
eastern contacl dips steeply to the east or is
nearly vertical. Locally the contact is knile-
edge sharp.

No definite age relation can be established
between this body and the Lakeview Moun-
tains pluton, but the gradational contact be-
tween the two bodies suggests litile age dif-
ference. One smabl mass resembling the rock of
the Lakeview Mountains pluton was seen
within this body ncar the contact with the



Lakeview Mountains pluton. As it was possible
to see this mass in two dimensions only, 1t is not
known whether it is an inclusion or an apophysis
of the Lakeview Mountains pluton. A mass of
mesocratic quartz diorire identical to rock of
the Lakeview Mouuntains pluton was also noted.
Again, its relation to the surrounding quartz
diorite was unclear.

Two moderate-sized and nine small elongate
plutons of quartz diorite occur in the Bernas-
coni Hills. These plutons are generally tabular
in outline and rather regular along their
lengths. Most of the rocks are massive, although
some have a foliate texture near the margins of
the smaller bodies. Oriented mafic minerals
occur locally within the bodies. Inclusions
range from 2.5 1o 30 cm in length, although
most are 3 to 13 cm. They are equant to
elongate wich their long dimension parallel to
the preferred orientation of mafic minerals in
the enclosing quartz diorite.

Granodiorite, 'The western half of Double
Butte 1s underlain by a massive plutonic rock
that ranges in composition from granodiorite to
quartz diorite. This represents the northeastern
part of a partly discordant, partly concordant
pluten that forms part of the rock termed the
Domenigoni Valley granodiorite by Larsen
(1948). Ubiquitous equant inclusions lacking
preferred orientation are the most characteristic
feature of the rock. The rock is very uniform,
massive, and medium-grained with a typical
hypidiomorphic-granular 1exture. The absence
ol such primary flow structures as schlieren,
oriented minerals, and discoidal inclusions
common to most of the other granitic rocks ol
the area i1s a distinguishing feature of the
Damenigoni Valley rock.

_Two relatively consistent, steeply dipping
joint sets arc present throughour the Double
Butte area; one sirikes northeast, the other
northwest. South of Double Burre and in the
southern part of Double Butte the north-
western set strikes abour N. 45° to 53° W. In
the northern part of Double Butte the strike
gradually changes to abour N. 80° W. The
joints appear 1o be completely independent of
the boundary of the pluton. Seuth of the area
the northwest-trending joint set continues to
the southern end of the pluton, where it is
essentially normal to the pluton’s conract.

Quartz monzonites.  Leucocratic  quartz
monzonite underlies the southeastern hall of
some stall hills at the eastern edge of the area.
It is medivm- to coarse-grained and inequi-
granular with phenocrysts of potassivm feldspar

up to 1.5 em in length. Much of the rock has a
weak to strong gneissic texture with s-surfaces
marked by smears of fine-grained biotite.
Small aplitic and granitoid bedies occur locally
within this unir,

Between Bernasconi Pass and the Lakeview
Mountains pluton, in the southern part of the
Bernascont Hills, porphyritic quartz monzonite
is dominant. This quartz monzonite js separated
[rom the Lakeview Mountains pluton by a zone
of migmatite 60 to 120 m wide. To the north it
interfingers with a mixed granitic body at
Bernasconi Pass. Included within this unit are
two mappable migmatite bodies and areas
underlain by rock transitional between quartz
monzonite and migmatite. Granitic aplie is
common in the southern part of the umit.

Granitic rocks of mixed character. A wide
variety of mingled granitic rocks, migmarite,
some gneiss, and local schist rims the Lakeview
Mountains pluton znd the adjacent quartz
diorite body. At the south, quartz diorite poor
in potassium feldspar predominates m the
granitic {raction; to the east, potassium
feldspar—bearing quartz diorite, granodiorite,
and quartz monzonite prevail. Some of the
bordering granitic rock contains as lictle as 5
percent mafic minerals, but elsewhere there 1s
up to 30 percent biotite or hornblende. Most
examples are medium-grained and the rexnure
ranges between hypidiomorphic- and xeno-
morphic-granular.

The most commen nongranitic portion, oc-
curring in masses | to 10 m long, is mesocratic,
fine-grained, massive to foliated rock that s
composed of biotite, hornblende, and quartzo-
leldspathic layers. Constituent minerals are
thus generally the same as those of the sur-
rounding granitic rock, but many of the
quartzofeldspathic layers cross the foliation
defined by the mafic minerals or are pryg-
matically folded. Because calc-silicate rock
and marble form a minor part of this unit,
much ol it is considered to be metasedimentary.

In the southern part of the Bernasconi Hillsa
layer of foliated granodiorite, 60 to 120 m wide,
separates the Lakeview Mountains pluton from
a porphyritic quartz monzonite. lnclusions of
this rock up to 1 m long are found in the Lake-
view Mountains pluton. The foliated granodio-
rite is fine- to medium-grained, light-colored,
with some streaks of fine-grained biodte.
Discoidal mafic-rich inclusions are common and
range from 2.5 to 15 em in length. Throughout
the foliated granodiorite are masses of quartz
diorite of the Lakeview Mountains type, some
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up to 3 in length. Most of the masses are
tabular in  plan, elongated approximately
partallel to the foliation of the granodiorite.
Contacts between the foliated granodiorite
and quartz diorite are transitional over 2 to
7 cm. The [oliation of the granodiorite is not
deflected around the massive quarrz diorite.

Structure in the mixed gramitic rocks. In the
mixed granitic rock south and cast of the Lake-
view Mountains pluton, the strike of the
foliation or oriented inclusions, or both, paral-
lels the contacts of the Lakeview Mountains
pluton and the adjacent quartz diorite body
except south of the latter, where attitudes are
apparently haphazard. At the northern end of
the Green Acres gabbro body the foliation is
discordant to the gabbro contact, although in
the northeasternmost exposure it is concordant.

“Healed” shear zones abour 2.5 cm thick
are common south of the Lakeview Mountains
pluton and are less common to the east of the
pluton 1n these mixed granitic rocks (PL 4}).
The zones are spaced from less than [5 em
to more than [ m apart and are oriented at a
smzll angle to the foliation in the quartz
diorite and at 2 moderate angle 1o the foliation
southeast of the pluton. Closely spaced shear
planes, or shear sets, locally give rise to [olds.
Within the zones ol shear, constituent grains
of the quartz diorite are oriented parallel to
shear planes. Along these shears the general
foliation, elongare inclusions, and other planar
structures are offser or beat. No cataclastic
textures were observed, indicating that move-
ment along shear planes occurred prior 1o the
final consolidation of the rock. Granitc
pegmatite dikes are not affected by the shear
ZONES.

Paired shear zones subparallel to the general
foliation are Jess common. Malic minerals and
inclusions between these paired shear zones are
prelerentially odented at a small angle o the
shear zones (see PL. 4A). Taclusions between the
shear zones are more equant than cn the out-
side. Inclusions cut by a shear are slightly
oflset, or bent, and drawn out parallel to the
shear. This shearing appears o be a likely
mechanism to explain “flattening” of the in-
clasions.

EMPLACEMENT OF THE LAKEVIEW
MOUNTAINS FPLUTON

Tnterpretation from the Couniry Rocks

The emplacement of the pluron was preceded
by the formation of mixed granmtic rocks and

was essentially contemporaneous with emplace-
ment of the adjacent quartz diorite body. The
genetic relationship between the pluton and
the mixed granitic rock and quartz diorite,
however, is unresolved. These mixed granitic
rocks appear to have formed in part through
the assimilation or transformanon of large
quantities of metamorphic rocks as shown by
widespread recognizable remnants of marble,
calc-silicate rocks, and schist,

Based on the map evidence (PL. 1) along the
southern and eastern sides of the Lakeview
Mounrtains pluton, it is concluded that the
pluton was emplaced principally by the forcing
aside of its wall rocks. The chief evidence for
this is cthe local deflection of ihe regional
structural grain and the concordance berwcen
the outline of the pluton and the wall-rock
structures. The concordance suggests that licile
of the wall rock was assimilated in making room
for the platon. The local discordance of at-
titudes along part of the sputheastern contact of
the mixed granitic rocks with the pluton is most
likely the result of a piacerlike movement by
the pluton on three sides of the “‘bay” in
whiclk these discordant attitudes occur. The
discordance between the outline of the Green
Acres gabbro and planar structures of the
mixed granitic rocks is considered to be the
result of the southeastward expansion of the
pluton, crumpling the mixed granine rocks
against the gabbro. The gabbro, although ap-
parently deflected itsell, was more resistant to
deformarion than the mixed granitic rocks and
acted as a butrress against the expansion of the
pluten.

The healed shear zones within the mixed
granitic rocks, south and east of the pluton, are
probably due to distention within these rocks
as the pluton expanded outward against them.

Interpreiation of Internal Features

The pluton 1 incerpreted as initially a
lenticular-in-plan, essentially concordant body.
During the course of its growrh, outward and
upward, most of the magma entered into the
cast-central part of the initial, elongate body.
This caused considerable distention to the
north, east. and south, giving the body its
present curved, teardrop shape.

Most of the internal structures (that is,
schlieren) are parallel to the outline of the
pluton, although, as stated carlier, some are
oriented at a large angle to the outline of the
pluton and some rocks display multiple planar
structures. The schlieren parallel to the



EMPLACEMENT OF LAKEVIEW MOUNTAINS PLUTON

matgins of the pluton {concordant, PL 2B) fic
the concept of a pluton formed by outward
expansion. Furthermore, their over-all con-
einuity indicates that the pluten formation was
by a single, integral process, not muluple 1n-
jection.

Schlieren, or other planar features considered
1o be of primary origin, that are oriented at an
angle to one another have been described
previously in the literature, but generally the
angle berween the planar structures is small.
Often a definire age difference can be estab-
lished because one planar structure truncates
the other. However, recorded instances of
interpenetrating planar stractures are very few.
Osborn (1937, 1939) lound two sets on the
scale of a thin section in a pecrolabric study of
the Val Verde tonalite, occurring 8 km west of
this area. These structures were defined by the
orientztion of the {001} cleavage in biotite and
the (010} faces of plagioclase. He artributed
this compound fabric to a combination of
“flowage” and later recrystallization. Osborn
quotes E. B. Mayo as indicating intersecting
sets of ariented minerals are common in the
granitic rocks of the Sierra Nevada batholith.
More recently, Oertel (1955) has described
intersecting planar structures from the Loch
Doon pluton in Scotland. Oertel was ap-
parently the first investigator o show the
distribution and orientarion of interpenetrating
primary planar structures over a large part of a
pluton.

The primary planar structures parallel to the
outline of the pluton (concordant structures)
were abstracted from the total primary struc-
rures (Pl 2B). The remaining discordant
structures comprise two sets: a northwest-
striking set (Pl 2C) and a portheast-striking
set {PL 2D). At the center of the pluton it is
difficult, il not impossible, to assign an in-
dividual seructure to any one of the three sets.
The geometry of the discordant schlieren
obviously does not fit the concept of an our-
ward-expanding pluton. Discordant structural
features in plutonic rocks have, In some in-
stances, resulted from intrapluton deformation.
A breaking up and rotation of selidified blocks
m a parily crystallized body could give rise
to discordant structures, or upward or ourward
growth, or both, of a pluton could deform any
solidified or partially solidified rock during the
course ol the movements. The lormer case
should give rise to haphazardly oriented
“blocks” and any included structures; the
lateer case should give rise to some systematic
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arrangement. The discordant structures of the
Lakeview Mountains pluton are not haphazard
in erientation.

Onentation of planar features originating
from outward distention of a pluton should bear
some systematic relation to the shape of the
pluton. Even in bodies of a very complex
shape a relation exisis between early-formed
structures, which have been intraplutonically
moved, and the shape of the body (for ex-
ample, MacColl, 1964}. Also, if the structural
[eatures are a result ol a postemplacement
mechanism within the body, and genetically
related to the body, there also should be some
definite relation berween the structures and the
body (for example, Compton, 1955). The
orientation of the discordant structurcs appears
to be independent of the shape of the Lakeview
Mountains pluron.

Ocrtel (1955) proposed a mechanism to
obtain the interpenetrating planar structures
he lound in the Loch Doon pluton, Scotland,
which scems to cxplain best the discordant
schlieren 1n the Lakeview Mountains pluton.
In essence, repeated planar fracturing along
two divergent orientations, with attendant
crystallization along the fractures, would give
rise to pervasive interseciing planar scructures
{schlieren or foliaon). The strucrurcs thus
do not necessarily result from extensive dil-
[erential movement, although movement can
oceur along discrete zones. This mechanism
alse explains how inclusions can be oriented in
two different directions (see Oerrel, 1955, p.
39).

It i1s postulated that during the later, out-
ward growth of the pluton a superposed force
or forces, considered to be independent of the
forces emplacing the magma, resulted in the
lormation ol discordant conjugate schlieren
sets. The schlieren are presumed to have
originated by repeated ‘“‘fracturing” and
healing of the rock of the pluton. Diffecential
movement resulted in the orentation of in-
clusions along some of the fractures. The
postulated superposed force(s) mainly resulted
in the (ormation of less pronounced structures
than those formed by the expansion of the
body.

The conjugate schlieren in the Lakeview
Mountains pluton and the joint sets in the
Domenigoni Valley pluton {exposed at Double
Butte) are parallel. It is thought that in both
cases these planar structures were formed by
processes independent of those responsible for
the emplacement of the plutons. The parallel-
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ism suggests that both were formed in response
to regional forces active in this general area
during the tme ol the emplacement of the
southern California bathelith.

Deformed schlieren  (for example, folded
schlieren) indicate movement was continuing
after formation of some of the schlieren.
Obviously any conjugate schlieren formed
prior to final ourward growth of rhe piuton
would be delormed into arientations sub-
parallel to the outline of the expanding body.
Thus, the conjugate schlieren had ro form late
in the history of the pluton, bur while there
was still “‘magma’ available,

The lack of gently dipping schlieren, in all
but rare and local instances, indicates that the
exposed level of the pluton is not near the roof.
Near the rool a domal structure would be
expected, a product of upward movement.

Granitic pegmatite bodies are concentrated

in the geometrically and structurally defined
center of the exposed level of the pluron.
Assumning the pluion crystallized from its
margins inward, this center should mark the
spot of the last magma to crystallize. The
pegmatites are here considered to be the
praduct of the fugitive constituents of the
pluton-forming magma. Many of the pegmatite
dikes appear to be haphazard in their dis-
posicion, although many are oriented north-
west or northeast, essentially parallel to the
conjugate schlieren sets.

The movement picture of an outward- and
upward-growing pluton negates the possibility
of any but the outermost inclusions being
derived from wall rocks at the presently
exposed level. The rather uniform natuse and
distribution of inclusions, and their mineralogic
similarity to the rock of the pluton, suggest
that they were in the magma for some time.
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APPENDIX: RADIOMETRIC AGE DATES

Sample locality Mineral At K10 Age (in years)
16 Biotite 0.00521 87.0{+2.9) x 10°
17 Biotite- 0.00590 98.1(£3.0) x 10°
hornblende
mixture
18 Biotite 0.00546 91.0(£3.4) x 10
18A Biotite 0.00558 93.0(£2.8) x 108

472 X 107 /year

I

Constants used: Mg

Ae = (.585 X 107 vear
K®/K = 1.22 X 10-%g/g

1 Ao+ hg A
Age = - In [ " X e +1

Ar®* refers to radiogenic Ar*®
Data provided by Geochron Laboratories, Inc., 1966,
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