TRACHYBASALT FROX,I THE
OLIVINE-SANIDINE
SIERRA NEVADA, CALIFORNIA*
WannnN B. Heurr.roN AND GnoncB J. NouennuRG, U. 5-'
Geologi col Surttey,Denaer,Colorad'o
ABSTRACT
Near Huntington Lake in the central Sierra Nevada are three peaks formed of Cenozoic
olivine-sanidine trachybasalt Intrusive massesform Black Point and Red Mountain; Chinese Peak is capped by flows. The Black Point mass,largest of the exposures,is half a mile
in diameter. Surrounding rocks are Mesozoic granites.
Most of the trachybasalts consist of granular mosaics of sanidine crystals, which are
densely cro$,ded with microlites and minute granules of plagioclase (An-u6), augite, and
magnetite, and contain abundant phenocrysts and microphenocrysts of olivine and augite'
Sanidine content of holocr)'stalline specimensranges from 15 to 30 per cent' olivine ranges
from 5 to 25 per cent, and augite from 20 to 30 per cent. The rocks contain many vuggy
ellipsoiclal masses of augite and sanicline and ellipsoiilal aggregates of augite. Many of the
larger augite crystals are poikilitic and enclose numerous anhedra of sanidine'
The average chemical composition of 3 anaiyzed specimens of intrusive trachybasalt
and one of the extrusive type is SiOz:54 per cent, AlzO::14, FezO:*FeO:9, MgO:7,
CaO:7, Na2O:3, KzO:3, and TiOg:1.
Magmatic differentiation is inadequate to explain the composition of the rocks. Assimilation of granitic rock is shown by relationships of xenoliths and xenocrysts, and the origin
of the trachybasalts seems best explained as the result of assimilation of large cluantities
of wall rock in a basaltic masma.

INrnolucrrorq
Olivine-sanidine trachybasalt, a rock type not recognized previously
in Caiifornia, forms three peaks in the Huntington Lake area of the
Sierra Nevada (Fig. 1). The peaks are on the central part of the west
slopeof the Sierra,and have summit elevationsbetween8,100and 10,000
feet. The trachybasalt is younger than the surrounding granitic rocks of
late Mesozoicage, and formation of the volcanic rocks was followed by
major erosion so that the intrusive massesof trachybasalt of Red Mountain and Black Point now stand as peaks. Of whatever extrusive lavas
were formed, only the tiny remnant capping ChinesePeak remainsThe trachybasalts are composed of subequal amounts of sanidine,
olivine, augite, and calcic plagioclase.Except for the sanidine,the mineral content (though not the mineral proportions) is basaitic, and the
rocks are best classedas potassicbasalts or trachybasalts.The combination of large amounts of both potassium feldspar and the ferromagnesian minerals olivine and augite is uncommon in igneous rocks' The
association is commonest in the lamprophyres, and particularly in the
volcanic lamprophyres as designatedby Williams (1936).
* Publication authorized by Director, U. S. Geological Survey.
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The composition of these trachybasalts is unique as far as now known
among the rocks of the Sierra region, although latites (trachyandesites)
are known in the northern Sierra Nevada (Ransome,1900,p. 6). Basaitic lavas and brecciaswhich sharesome of the textural, but not compositional (?), pecularitiesof the trachybasaltsare present as the remnant
on the high ridge oI Volcanic Knob, some miles northeast of the present
areasl the Volcanic Knob rocks are being studied by P. Lydon. In view
of the fragmentary knowledge of the widely separated Cenozoic volcanic rocks of the central Sierra Nevada, no suggestionsof regional correlations seem warranted.
Modal analysesof 13 specimensare given in Table 1, and chemical
analysesof 4 samplesin Table 4.
FrBr,n RprarroNSurps AND NlEGASCoprcCHARAcTER
Black Point Largest of the exposures of trachybasalt is that of
Black Point, an intrusive mass with a roughly circular plan and an area
of about I of a squaremile (Fig. 2). Outcropsare virtually limited to the
central summit area, as the rest of the mass is covered by block rubble.
The rocks are very fine-grained to aphanitic holocrystalline trachybasalt, commonly gray but locally reddish, with scattered phenocrysts
of green augite and red-stained olivine. Variations in texture are mostiy
irregularly gradational, with changing grain sizes and varying propor-

xxxxxlxlxxxx

N

r
ffi
m

xxxlxx

l)--

' '
x

x/x

x

r,"d.j
'*ij-;r;".t

VI;ge';*:
IOOO

O

lO0O

Trochybosoll rubble

Leucogronile

l--l

Leucocrolic
quorfz diorile

ffi

Fine- groined
dork gronific rocks

lx x xl

,'=t*j1:::-2

Trochybosoll oufcrop

/"'

4'
\

flow plones
inlersecling
flow plones

2 O O OF e e l

Frc. 2. Geologic map of Black Point. Contour interval 80 feet; base from USGS
Shaver Lake quadrangle.

OLIVINB-SANIDINE TRACHYBASALTFROM THE SIERRA NEVADA

855

tions of phenocrysts, vesicles, ellipsoidal structures of augite, and inclusions.
Some contacts between diverse types are sharp, as is a steep and irregular contact zone less than an inch thick between vesicular and less
vesicular gray trachybasalt. The more vesicular rock is coarser grained
than the other, and has two generations of vesicles-one with biotite
and calcite, the other empty or with an analcime (?) crust.
Inclusions are small and mostly feldspathic, with some inclusions of
volcanic rocks. No breccias,tuffs, or other fragmental rocks are present.
Planar flow structuresare discerniblein most of the outcrop area, and
are in general steep (Fig.2). The structures are marked by streaks of
vesicularrock, by elongationof vesiclesand vugs, and locally by orientation of tabular crystals of sanidine. Flow structures with drusy coatings of tabular sanidine in eiongate vesiclesare present over considerable
areas.Steepflow structures intersect and crossin many exposures(Fig.

Pr,err 1. Intersecting florv structures, Black Point. The structure parallel to the knife
is marked by elongation of vesicles. The structure parallel to the pencil is marked by elongate vesicles with drusy coatings of tabular crystals of sanidine. A small xenolith of granite
is present to the right of the knife.
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2, and Plate 1), indicating diverse directions of movement at a stage
when the mass was still mobile enough to deform viscously.
Red,Mountain. The trachybasalt of Red Mountain forms an elliptical
intrusive mass with dimensions of 1,500 by 2,000 feet, and is exposed
for a vertical distanceof 500 feet (Fig. 3, and Plate 2). The granitic country rock is leucocratic medium-grained biotite qtartz monzonite. The
contact between trachybasalt and quartz monzonite is covered by rock
waste, but the topographic expression of the contact shows it to be
steep.
The western and northern part of the Red Nlountain mass is composed
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Frc. 3. Geologic map of Red Mountain. Contour interval 80 feet; base from USGS
Huntington Lake quadrangle.

of reddish trachybasalt which has few outcrops, most of the surface
being covered with a rubble of big blocks. The rocks are red brown where
weathered, and where fresh are reddish, purplish, or chocolate brown.
The trachybasalt is aphanitic and vesicular, and much of it contains
glass.Inclusions are common in it, and are mostly of red volcanic rocks,
either dense or coarsely vesicular; other types of inclusions include
coarse and highly vesicular feldspar porphyry, pyroxenite, and graphic
granite.
The trachybasalt of the southeastern part of Red Mountain is gray,
with flow structures indicating that it underlies the red rocks with a
west-dipping contactl the contact between gray and red rocks was not
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Plarn 2. Red Mountain, seen from the south across Red Lake. The upper part of
the mountain is formed of dark trachybasalt, and the lower slopes are of white quartz
monzonite.

observed. Within the gray trachybasait, the lower and southeasternpart
has much glass, whereas the upper part has littie or no glass; the contact between glassy and holocrystalline rock is smoothly gradational
over tens of feet. The gray trachybasalt forms many clifis, but the rock
disintegrates to a fine rubble. A northwest-dipping dike, 20 feet thick,
in the west part of the gray trachybasalt, is of reddish-brown crystalline
trachybasait with abundant empty shells of augite.
Most exposuresof the gray trachybasalt show conspicuousflow structures, with parallel joints and elongate vesicles. X{ost of the measured
flow structures dip westerly, with the dip decreasingeastward (Fig. 3) ;
although this suggests an intrusive body shaped like an asymmetric
funnel, the eastern contact is steeper than the flow structures near it.
No fragmental rocks were seen.
Chinese Peah. The small thin remnant of flows of trachybasalt on
Chinese Peak is of bluish and reddish gray aphanitic rocks, sparsely
porphyritic. The rocks are microvesicular and contain scattered ellipsoids of augite and sanidine and of augite alone.
Pnrnocnr\pnv
Table 1 shows modes of trachybasalt specimensfrom the three peaks.
Two of the modal analyses were rnade with the point counter method,
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and these two served as a guide for visual estimates of mineral proport i o n so f t h e o t h e r s p e c i m e n s .
The specimensstudied are composedof subequalamounts of sanidine
(15-30 per cent), plagioclase(20-29 per cent), olivine (5-25 per cent),
and augite (24-32 per cent). In three specimensfrom Red Nlountain, tbe
place of the sanidineis taken by glass;the chemicalcompositionof the
one such specimen analyzed shows that the glassmust be largeiy of sanidine composition. Olivine is in general less abundant at Red Nlountain
than at Black Point and ChinesePeak. l,,Iagnetitemakes up 5 to 10 per
cent of the rocks.
Most of the specimensstudied are similar, with seriatephenocrystsof
olivine and augite in a xenomorphicmatrix of sanidinewhich is packed
with microlites and minute granules of plagioclase,augite, and magnetite. Sanidine enclosesall of the other pyrogenic minerals. Nlost minerals other than sanidine neither enclosenor interfere with each other,
although augite uncommonly enclosesminute amounts of plagioclase
and apatite (?), and olivine commonly enclosesa few magnetite crystals.
Phenocrystsof olivine and augite have an averagegrain size of 0.5 to 1
mm.
Three of the specimensof Red \{ountain rocks, both gray and reddish, are similar to the holocrystalline specimensexcept that they contain glass in place of sanidine. Abundant phenocrysts of olivine and
augite and xenocrysts are set in a very fine-grainedfelted microvesicular
hypocrystalline groundmass. Xenocrysts include qtrartz, plagioclase,
and biotite (?) pseudomorphedby magnetite. The groundmassis composed of nearly colorlesspinkish-brown glass,plagioclase(An-56), and
minor quantities of augite and olivine granules.
Ellipsoidal aggregates of granular augite are abundant, and many
ellipsoids are rimmed with sanidine.
Sanidine. Sanidine differs widely in grain size among the thin sections
studied. In two of the Black Point specimensit averages0.1 mm., in
two others it rangesfrom 0.4 to 1 mm., and in the fifth it rangesfrom
0.1 to 1mm. In the samplesfrom ChinesePeak, sanidine rangesfrom
0.01 to 0.1 mm., and averages0.02 mm. In the holocrystallinespecimens
from Red lVlountain,sanidinehas an averagegrain sizeof 0.01-0.02mm.
in one sectionand 0.1 mm. in the other section.A coarsesanidinefabric
is illustrated on Plate 3, and a fine sanidinefabric on Plate 4.
Sanidine is densely crowded with inclusions. Exceedingly fi.ne-grained
sanidine replaced cores of zoned piagioclase xenocrysts and rims of
qvartz xenocrysts. No aiterations of sanidine were seen. Around microvesicles,common in the coarserrocks, sanidineis coarserthan average
and contains fewer inclusions of other minerals. In the finer erained
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Plarn 3. Tabular nragnetite pseudomorphs (?) after biotite in vesicular trachybasalt
olivine. Picture
containing masses o{ clear sanidine and microphenocrysts of augite and
area is about 4 mm. long. Ordinary light.

after biotite'
Pr-arn 4. Tabular mosaic of magnetite granules, possibly pseudomorphous
very fineand
augite
and
olivine
of
in trachl.basalt with phenocrysts and microphenocrysts
light'
grained sanidine andplagiociase. Picture area is about 3 mm' long' Ordinary
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fabrics, sanidine is anhedral and equantl in the coarser fabrics, it is
tabular euhedralto subhedral.The range of 2V" is from 38o to 57o,with
most measurements near 42o to 45o. Different optic angles are found
within single crystals as well as in separate grains. The extinction angle
X to a ranges from 2o to 6o. fndices of the sanidine analyzed"chemically
(see below) were determined by B. H. Bieler as cv:1.528-1.530, B
- 1 . 5 3 4 a, n d . y: 1 . 5 3 5 - 1 . 5 3 9 .
: 1.531
A chemical analysis of a sanidine separate from tabuiar vugs is given
in Table 2. The specimen contains nearly 2 per cent of non-feldspathic
Tsr:-l. 2. CHnurc.lr, Colrlosrrrow or SeNprNn lnou SpocrunN HL 561 A,
TnacHylesarr
rnou WBsr P.tnr ol Suuurr Sunr..a.cBor Br,lcr porNr
sanidine analyzed came mostly from ellipsoids rather than rock groundmass. Majorelement analysis by Faye H. Neuerburg, Denver rock analysis laboratory, Lee c. peck,
supervisor, spectrographic analysis by Ray Havens

sio,

64.40
19.50
0 .3 5
0.05
0.07
1.19
4.19
9.40
0 .1 0
0.03
0.27
0.03
0.27

Al2os
Fe:Oa
FeO

Mso
CaO
NazO
KrO
HrO(-)
HrO(+)
Ti02
PzOs
BaO

Cr 0.00X1t
Cu 0.00X+
Ga 0.00XMn 0.00X-

Ni 0.00x+
Pb 0.00xSr

0.X-

v 0.00xZr 0.00X-

99.85
I X-denotes an amount between I
and 2.76, X, between 2.76 and 4.64 and X*.
b e t w e e n4 . 6 4 a n d 1 0 .

impurities. The normative composition of the analyzed feldspar,
calculated to a sum of 100 (from 98.2), is as follows:
KAISiso8

56.6 per cent

NaAlSi:Os
CaAlzSi:Os
BaAl:SizOs
SrAlzSi:Os

36.2
6.0
0.7
0 .5 "
100.0

a A contgnt of 0.15 per cent Sr

,,0.X-.',
is assumed
from the semiquantitative
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The sanidine appears clear and uniform under microscopic examination, but a\ n-ray difiraction study by A. J. Gude III showed the presence of distinct lattices of sanidine and plagioclase;the feldspar must be
submicroscopically perthitic.
Plagioclose. Except for xenocrysts, plagioclase is confined to the
groundmass and is present only as tabular polysynthetically twinned
microlitesaveragingabout 0.01 or 0.02 mm, in length in all specimensexcept one from ChinesePeak, in which the averagelength is about 0.002
mm. Plagioclasegives the groundmassof the Red Mountain and Chinese
Peak rocks a felted appearance, lacking in the Black Point rocks although the plagioclasecontents of the rocks of the three areasare similar.
Plagioclasemicrolites are crowded between the mafic minerals, and the
visual estimates of their abundance are uncertain. The composition is
estimated from relief and from difficult measurementsof maximum extinction anglesin the (010) zoneto be about Anro.
Oli'rine, Olivine crystals are short subhedral prisms, many of them
apparently broken fragments of larger grains. Olivine is confined to
phenocrysts and microphenocrysts; the crystals range to small sizes,but
not as small as the groundmass grains. The range of 2V* is from 85o to
95o, indicating a magnesian composition. The variation in optic angle is
not a zonal feature of single crystals, but is between difierent grains in
any slide; similar variations in olivine of the volcanic rocks of the Hakone
caldera have been described by Kuno (1950, p. 970). Alteration of olivine is ubiquitous, and consists of dark red-brown staining, probably
iddingsite, Iargely along cracks and margins of grains; anhedral magnetite is enclosedin the more densely stained olivines. The stain renders
most grains opaque or nearly so, and particularly near augite-sanidine
ellipsoids.
Augite. Augite shows the greatest range in grain sizein the rocks, varying from the largest of the phenocrysts to barely visible microlites in the
groundmass. The larger grains are subhedral, and some appear to be
broken from still larger crystalsl smaller grains are short subhedral
prisms. Some grains are twinned polysynthetically. The augite of the
phenocrysts and of the groundmass is a very light grass green, whereas
that in the ellipsoidsis light yellowish green. fn thin section, the augite is
faintly greenish, non-pleochroic, with a 36" extinction angle between Z
and c. The 2V, is about 60", without apparent dispersion. Indices, given
in Table 3, are within the range I.682-1.715. A semi-quantiative spectroscopic analysis, by A. A. Chodos of the California Institute of Technology, of an inadequate amount of pyroxene from an ellipsoid suggested
Mg and Si as major elements,Fe and AI as less than major elements,
J\{n and Ca as minor elements, and Ba as a trace. These data do not fit
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A: Groundmass pyroxene, specimen HL 558 C, trachybasalt below east end of Black
Point summit surface.
B: Groundmass pyroxene, specimen 561 A, trachybasalt from west part of summit
surface of Black Point
C: Pyroxene in ellipsoid, trachybasalt from Ited Mountain.
Determinations b1. B. H. Bieler.

B

n-

1 690 1 69+
1.6921 698
1.715
1.700

.690
1.685-1
1.690-1.695
1.703-1708

C

1. 682-1.688
r.685-1.692
r.692-1.704

any of the pyroxenesin Trdger's tables (Trciger,1952,pp. 53-64)' but, as
the pyroxene is aluminous,it is tentatively named augite; if this designation be correct, then Ca must be more abundant than the minor
amount suggestedby the spectrographicanalysis.
Cores of many of the larger augite crystals are poikilitic or vesicular'

Pr.,s,TE5. Augite phenocryst with vesicular core. The vesicles are fitled with sanidine.
Picture area is 2 mm. Iong' Ordinary light'
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variously empty or filled with fine-grained xenomorphic sanidine with
minute apatite inclusions(Plate 5), or, rarely, nearly empty but partially
Iined with analcime. A few large soiid phenocrysts have cores with a
faintly purplish color like that of titaniferous augite.
Accessoryand.second,ary
tninerals. Dust and small euhedra of titaniferous magnetite crowd the groundmass.In the coarserspecimens,there is
a slight clustering of magnetite on peripheries of olivine crystals. Magnetite is generally absent from ellipsoid interiors. Apatite forms swarms
of minute slender prisms in sanidine, and a few larger prisms are present
in the plagioclasexenocrysts. Nlost of the identifiable apatite is in and
around the augite-sanidineellipsoids.
Biotite is almost confined to the Black Point rocks. where its occur-

Pr,q.rr 6. Granular augite vug, with internal crusts of sanidine, prismatic augite, and
reniform analcime crystals. Black bodies in groundmass are dense masses of granular magnetite, possibly pseudomorphous after biotite xenocrysts. Picture area is 2 mm. Iong. Ordinary Iight.
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rence varies from specimen to specimen.Thin tabular euhedral crystals
project into many vuggy elipsoids, and small anhedra are strewn sparingly in the groundmass. Biotite is pleochroic from very light yellow
(X) to reddish brown (Y, Z).
Amphibole occurs as short, minute prisms projecting into vesiclesin
rocks of Chinese Peak and Red nrlountain. These crystals are colorless
except for their terminated ends, which are pale olive brown. The extinction angle is small, and 2V*:79".
Reniform crusts of analcime and of carbonate partly iine some of the
vuggy ellipsoids and microvesicles. Carbonate is the more abundant,
and fills some cavities in ellipsoids.It is variable in grain size from submicroscopic to 0.1 mm. Analcime occurs mostly in microvesicieswhere
it commonly forms one or several small reniform massesattached to a
small fraction of the cavity wall (Plate 6). Where analcime and carbonate are present in the same cavity, the carbonate is perched on the
analcime crusts. In two specimens,sanidine crystais contain 0.1-0"5mm. ellipsoidal cavities, like bubbles in quartz, successivelyand incompletely lined with augite and analcime.
Xenocrysts. Xenocrysts oI quartz and plagioclase are abundant in
specimensfrom Red lrlountain and are present in some specimens
from Black Point and ChinesePeak. Tabular aggregatesof minute magnetite granules which may be pseudomorphousafter biotite xenocrysts
are present in most thin sections,and make up 10 per cent of one of them
( P l a t e s3 , 4 , 6 ) ; s m a l l a m o u n t s o f i n t e r g r o w nb i o t i t e ( ? ) a r e p r e s e n ti n
someof the magnetitemasses.
Quartz and plagioclasexenocrysts are fragmental and partly embayed'
Some of the quartz xenocrysts are rimmed by augite (Piate 7) or contain
rings of augite, one granuie thick, two-thirds of the distance from their
centers. Otherwise, quartz is in corroded subrounded fragments partly
rimmed by replacement aggregates of extremely fine-grained sanidine.
The plagioclasexenocrysts have had a complex thermal and chemical
history, and optical determinations of their composition are unreliable.
Universal-stage determinations of 26 gtains, using high-temperature
curves, are mostly within the range Anao-so,and all but one are within
the range Anzo_ooi
the most calcic part of one crystal was determined as
Anza. If low-temperature curves were used, all but the most calcic determination would be increasedby Anr-a. Relief of the crystals suggests
that none are more sodic than An3e,and few more than Ana6.
One of the specimensfrom Chinese Peak contains an inclusion of a
fine- and even-grained (0.3 mm.) xenoblastic and gneissicrock, composed
largely of layers of altered.labradorite alternating with layers of augite,
amphibole, and magnetite. The magnetite is in dense tabular aggre-
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gates, intergrown with biotite (?), and appears to be pseudomorphous
after biotite.
Ellipsoidal anil aesicular structures. Ellipsoidal augite-rich masses
from 5 to 20 mm. in diameter are common in trachybasalts from all
three areas. I{ost ellipsoids also contain sanidine, though in smaller
quantity than in the enclosingrock, in 0.3-mm. grains. The ellipsoids are
composed principally of subhedral to euhedral granules of augite, 0.1
X0.2 mm. in size,variously aggregatedinto densemassesor into shells
and rings. The centersof some are occupiedby xenocrysts(Plate 7) or

Plern 7. Ellipsoid of sanidine with internal shell of augite granules enclosing a qrafiz
xenocryst. Adjacent augite phenocryst has vesicular core. Picture area is 5 mm. long. Ordinary light.

by vugs containing biotite, analcime and carbonate. The ellipsoids are
bounded sharply against the finer or glassyfabrics, gradationally against
the coarser.
At Black Point, ellipsoids of sanidine with medial shellsof augite make
up several per cent of some outcropsl less common ellipsoids or hollow
shells are of augite alone. At Red Mountain, ellipsoidal aggregatesof
augite with interstitial plagioclase, quartz, and sanidine, all crowded
with acicular apatite, are common. Vuggy ellipsoids are locally common
in the gray rocks, but rare in the reddish rocks, which are generally more
microvesicular than the trachybasalts from the other areas. The red
rocks contrast further in having a larger proportion of xenoliths of
various sorts than was noted in the trachybasalts containing abundant
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ellipsoidalmasses.The ellipsoidsof ChinesePeak are composedmostly
of augite alone, but some have a minor developmentof coarsesanidine
c r y s l a l sa r o u n d t h e i r m a r g i n s .
The microvesiclesof the trachybasalts contrast with the eliipsoidat
structures. Microvesicles are sharply bounded by the fabric of the
trachybasalt,and commonly contain partial crusts of analcime.Rarely,
they contain carbonate or projecting crystals of groundmassminerals.
Very rarely, they are surrounded by groundmass of coarsenedtexture.
In many of the Black Point rocks, carbonate is virtually confi.ned to
ellipsoids and analcime to microvesicles;these contrasting structures
within singlespecimensmust have formed at different times.

Platn

8 Hand specimen of vugs containing partly attached shells of granular augite
One vug has a core of calcite. Picture area is 1 cm. long.

A peculiarvariety of vug was noted only at ChinesePeak. Thesevugs
contain loosely attached shelis of augite, the walls of which are one
crystal thick (Plate 8). The surroundingtrachybasalt,from which project
terminated crystals of amphibole, is notabiy coarsened.Partial fillings
of analcimeand/or carbonateare commonly present(Plate 8), and a single
biotite crystal was noted.
Vesicular and vuggy flow structures, examined only in outcrop, consist of vesicular and vuggy shear pianes along which the trachybasalt
texture is coarsenedand into which euhedrai crystals of sanidine project
from the groundmass. The planes commoniy contain a small number of
biotite tablets and perhaps also secondary minerals. Such vesicular
structures are abundantly developedat Black Point (Plate 1), but only
poorly at Red Mountain.
Sequenceof crystallization. The salient feature of the texture of these
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rocks is the almost complete lack of interferenceof crystals with one
another and the general lack of inclusions of one mineral speciesin
another, except that sanidineincludesall other minerals.Except around
microvesiclesand ellipsoids,all other minerals are evenly strewn throughout the sanidine (or glass) matrix and densely crowd this matrix. This
suggests that the bulk of the minerals other than sanidine (or glass)
crystallized concurrently, and the fine grain suggeststhey crystallized
rapidly. The sanidine in textural situations indicating early crystallization, such as in poikilitic coresof augites,might not have the sameorigin
as does that comprising the bulk of the groundmass'as it might be a
product of reaction.
Sanidine was the last pyrogenic mineral to finish crystallizing at
Black Point, for euhedralcrystals of it project into vesicles.At Chinese
Peak, augite occursin vugs and was the last pyrogenic minerai to complete crystallization if these vugs are a late feature of the rocks; in any
case, anhydrous augite formed later than did hydrous amphibole in
these vugs. Plagioclaseand magnetite have positionsbarely within the
outer confines of microvesicles,so that they must have finished crystallizing eariier than did sanidine. Olivine finished crystallizing early, for it
is confined to the phenocrysts. A small proportion of the magnetite
present is included in olivine; the euhedral cubesmay indicate that magnetite had begun crystallization concurrently with or before olivine, but
the anhedral crystals are closely related to the deep red staining and
may be an alteration effect.
Cneltrsrnv
Chemical analysesof major oxides in four specimensand of minor
elementsin one of them are presentedin Table 4. Al1 analysesare similar.
The glass in the hypocrystalline specimen must be composedlargely of
sanidine, as that specimen is obviously a trachybasalt chemically. The
unusual mineralogic composition of the trachybasaitsis reflected most
obviously in the high content of magnesia and the low content of
alumina. The major-element analyses differ markedly from published
analyses of trachybasaltic and kindred rocks from other areas: e.g.,
latites of the northern SierraNevada, normai trachybasaltsand mugearites of basaltic provinces, and volcanic lamprophyres of provinces such as
Arizona, \,Iontana-Wyoming, and East Africa. Published anaiyses of
rocks reminiscent in their mineralogy of the trachybasalts near Huntington Lake are generally strikingly different in at least several oxides. Thus
the average of two analyses of Tertiary latites of the northern Sierra
Nevada (Table 4, no. 6), rocks rvhich may be related geneticallyto the
trachybasalts, is a little higher in SiOz,much higher in A12O3,and much
Iower in MeO.
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Tlsro 4. Crrnurcar-ANar,vsrs or.TnecnvsesAlTs or rnr lfuxrrlroroN Lnrr Anua.
lwo ol Larrrns lRoM TrrENonrrmnN Smna Nrvloe
(1)
SiOz
Al2o3
Fezorl(Total

| -^

FeO J FeO)
Mgo
CaO
Na:o
KrO
Tio:
PrO,
MnO
HrO
COs
Total

B
Ba
Be
Co
Cr
Cu
Ga
Mn
Ni
Pb
Sc
Sr
V
Y
Yb
Zr

53.8
13.2
-6' -r 1) " ' - !

(2)
55.4
L4.4
64)

f8 . 7
3.r)

l 7. 8
2.o)

6.9
7.2
3.0
2.5
1.5
0.48
o.t2
1.4
0.05-

5.6
6.6
3.0
2.6
0.94
0.48
0.10
2.2
0.05-

99.45

99.77

(3)

(4\

(6)

54.4

52.r

lJ.J

l.t.

3
" '6- )!

/

o" -o )
I

53.9
13.6
6 . 3t 1l

56.7
18.8
3.el

18.2
le.4
f8.s
l6.s
s.Oj
1.3r) 2.e)
3.0J
8.6
7. 2
2.8
2.2
1.1
0.44
0.r4
0.63
0 . 0 5-

8.5
6.8
2.fr
3.06
1.38
0.71
0.24
n.d.
n.d.

99.46

99.40

0.004
0.1
0.0002
0.0o1
0.01
0.003
0.002
0.06
0.02
0.001
0.003
0.1
0.01
0.004
0.0004
0.01

7.4
6.9
2.9
2.6
1.2
.5
.15
1.4
.05

1.7
5.9
4.0
3.7
1.5
0.5
?

n.d.

0.2
n.d.

0.003
0.003
n.d.

0.003
0.1
0.003
0.002
0.2
0.02
0.004
n.d.

0.03

(1) Holocrystalline trachybasalt specimen HL 75 A, Chinese Peak. Rapid-method
analysis by H. F. Phillips, P. L. D. Elmore, and K. E. White.
(2) Hypocrystalline trachybasalt specimen HL 84A-4, Red Mountain. Rapid-method
analysis by Phillips, Elmore, and White.
(3) Holocrystalline trachybasalt specimen HL 85, Red Mountain. Rapid-method
analysis by Phillips, Elmore, and White.
(4) Holocrystalline trachybasalt specimen HL 199-1, Black Point. Major-element
analysis by W. Blake; spectrographic analysis by A. A. Chodos.
(5) Average of 1-4.
(6) Average of two water-free analyses of Tertiary latites from the northern Sierra
Nevada (Nockolds and Allen, 1954, p. 280, numbers 4 and 5, major elements recalculated to oxides). Major-element analysis by Halsey, spectrographic analysis
by Nockolds and Allen.
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The minor-element content of the one specimen atalyzed spectrographically is similar to that in analyzed rocks of similar silica content in
a number of basaltic provinces.
Determinations of uranium and thorium have been made of several
trachybasalt specimens(Table 5), showing an average content of 3 ppm
uranium and 17 ppm thorium. The uranium content is higher than that
common in volcanic rocks of similar silica content, and the thorium content is higher by a factor of several times. Both are comparable with the
Tesln

ol rHE

5. CoNrnNt ol UnENruu lNo Tnonruu rN TnecnvslselTs
HuNrrwcroN La.rn Ar,ne

u ppm
Bl,achPoi.nt
HL 199-1
HL 559
HL 560A2
IIL 56OC
HL 561A
HL 56182
ReiJMountai.n
HL 553
HL 557

4.8
4.0
,,

?'

Th ppm

32.21
n.d.
l.)..)

1.5
2.6
2.5

n.d.
24.3
4.6

2.6
2.1

lo.l

Average

ll

I A mistaken analysis of 130 ppm was reported previously (Neuerburg and Hamilton,

rgss).
Analyst:J. C. Antweiler,1 9 5 5 .

volcanic lamprophyresof the Colorado Plateau (Shoemaker,1955),and
the uranium content is comparable with potassic basalts in Table Mountain near Golden, Colorado (Neuerburg, Antweiler, and Bieler, unpub.
data, 1956). Like the Sierran trachybasalts, the basalts from Table
X{ountain contain groundmass sanidine, but are otherwise chemically
dissimilar (Waldschmidt, 1939,p. 31).
PBrnocoNosrs
Among the mechanismsadvocated for the formation of basaltic rocks
with alkali feldspars are (1) difierentiation of a normal basaltic magma,
(2) assimilation of felsic rocks into basaltic magma, (3) a combination of
(1) and (2), and (4) the selective fusion of a complex of rocks.
The composition of the trachybasalts of the Huntington Lake area
indicates that magmatic difierentiation of the common type documented
for many basaltic provinces could not have been a dominant processin
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forming the rocks, although it might have been a complicating factor.
Theserocks are distant in both chemicaland mineralogicalcontent from
the basaltic andesites,oligoclaseandesites,and normal trachybasaltsof
the types presentin many basalticsuites.
Direct evidenceshows that assimilationoperated.The area is underlain almost entirely by granitic rocks, mostly leucocratic,which range
in composition from alaskite to qtartz diorite, with an average composition of qrartz monzonite; the granitics are in steep-walled intrusive
plutons, and metamorphic rocks at the surface are restricted to smail
areasof contact-metamorphosed
rocks (Hamilton, in press).The granitic
rocks are composedmostly oI quartz, andesineand oligoclase,and potash
feldspar, with lesser amounts of biotite and hornblende. Xenocrystic
qrartz and plagioclasewith corroded outlines are present in the trachybasalt, and these can in part be attributed to contamination by the
granitic wallrock, although much of the xenocrystic plagiociaseappears
to be tqo calcic to have been derived directly from granitic rocks. Xenocrystic biotite is believedto have been pseudomorphedby magnetite as
most of its componentswent into the magma. (Similar pseudomorphing
of xenocrystic biotite by magnetite in intrusive basalt in the Owens
Valley was describedby Knopf [1938, p. 374].) Potash feldspar and
hornblendemust also have been incorporated,and as they are not preserved must have dissolved completely.
Both the ellipsoidal augite structures and the vesicular cores of some
augite phenocrystsmay have an origin in reaction of basic magma with
silicic rocks. Quartz xenocrysts (?) form the cores of some augite ellipsoids.The poikilitic coresof somephenocrysts may be due to the replacement by augite of the mafic components of fine-grained metamorphic (?)
rocks, Ieaving the felsic components as chadacrysts, some of which were
Iater removed.Augite reactioncoronason quartz and feldsparxenocrysts
were also noted by Knopf (1938) in the Owens Valley.
Table 6 shows the composition of two hypothetical parent magmas
calculatedby assumingthat the trachybasaltscontain large quantities
of material assimilated from granitic rocks. The calculated composition
of the "average granitic rock" of the area is based on a detailed petrographicstudy (Hamilton, in press).The hypothetical magmasof columns
3 and 4 are basaltic, suggestingolivine-rich slightly sodic basalts. The
compositionof the trachybasaltsmight thus be explained as the result
of assimilation of large amounts of granitic rock in an unusual olivinerich basaltic magma, perhaps modified by differentiation to produce the
fi.nalrock. Comparedto most basalts,however,the hypothetical parents
thus calculated are notably low in alumina and notably high in magnesia.
N{any analysesof individual specimensof olivine basalt similar to these
hypothetical compositionsare present in the literature, but none of the
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6. Hyporrlnrrcar
PaenNr Mlclres, AssunrrNc Fonlrerrox ol TRecuvnesar,r
sv Assndrlarrox ol GneNrrrc Rocr rN B.rsrc Macue

SiOz
Al203
Fe:Os
FeO

(1)

(2)

(3)

(4)

55.2
14.0

69.3
15.8
.9
1.2
1.2

50.0

4 5. 0
12.5
10.3
4.3
12.2
10.0

o.4

29

Meo

/.o

CaO
Na,O
KrO
TiOz

7.2
2.9
2.6
1.2

J,I

2.8
5.5
-z

tJ..t

8.3
3.6
9.8
8.5
3.1
1.8
1.6

J.I

.7
1.9

(1) Average of four analyses of trachl'12,s1It from the Huntington Lake area, recalculated to 100/6 lor the oxides listed
(2) Average granitic rock of Huntington Lake area, calculated from ideal formulas
assuming 25 per cent by rveight quartz, 30 per cent potash feldspar, 23 a\bite, 12
anorthite, 5 hornblende, 4 biotite, 0.5 magnetite, and 0.5 sphene.
(3) Hypothetical parent magma of 50 per cent SiO2, assuming contamination by
granitic rock of column 2. Amounts to 25 per cent granite assimilated.
(4) Hypothetical parent magma of 45 per cent SiOz Amounts to 41 per cent granite
assimilated.

averagesof basaltspresentedby Greenand Poldervaart (1955)for several
scoresof continental basaltic provinces are closeiy similar to the hypothetical compositions.
Nearly all of the rocks of the Huntington Lake area are granitic, and
there is no sign of changein the preponderanceof granitic rocks in the
lowest parts of the deep gorges of the central Sierra Nevada. Nevertheless,non-granitic rocks might have been assimilatedby basaltic magma
to produce the trachybasalts.It might be argued on theoreticalgrounds
that the leucocraticgranitic rocks of the Sierra give way at depth to a
complexof metamorphosedrocks including many mafic and intermediate
types such as amphibolite, eclogite, biotite-rich schist, and metaperidotite. Basic contamination of the trachybasalt is suggestedby the
calciccompositionof someof the xenocrysticplagioclase,and by the rare
inclusions of mafic and ultramafic rocks, coarse-grainedcrystallobiastic
aggregatesrich in hedenbergiticpyroxene.
Table 7 presentshypothetical contaminants, calculatedby assuming
the trachybasaltsto have formed by contamination of ordinary basaltic
magmas. The calculationswere thus made in the opposite direction to
those of Table 6. The hypothetical contaminants must have SiOr contents greater than that of the trachybasalt, as the assumedparental
basalts have lower contents of SiOzand likely contaminating rocks or
combinations of rocks have SiOgcontents of less than 70 per cent. The
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Tnsr.n 7. Hvpotsrucel CoNraurNeNrs,Assuurxc FonlrlrroN or Tnacnvseserr
sv CoNtaMrwarroNol Nonuer, Beser,rrc Mlclrls
(1)

sio,
54.8
Al,o3
139
-te,Url
6.4]
I a sF e o
ls z
I
FeO J
2. e )
Mso
7.5
CaO
7.I
Na,O
2.9
K,O
2.6
TiOr
1.2
P,O5
.s
MnO
,2.22

(2)

(3)

(4)

(s)

(6)

(7)

(8)

47 8
15.4

51.0
156

65.0
1r.7

700
1 0 .8

600
1 1. 6

65.0
9.7

65.0
11.0

4 8l
r.rl
frz.s
lro.a
8.2)
e.s]
6.6
9.5
3.2
1.4
2.4
.5

7.0
10.5
2.2
1.0
1.4
.2

5.8

11

88
3.7
2.1

.2

9.5
1.9
2.2
5.2
.5
.2

8.2
2.4
3.9
4.8
.9
.9
.2

J , I

88
0*
4.8
69
.7

88
2.O
4.4
5.3
.2

.2

* Calcutation gives small negative value; totals in these columns may be >100.
(1) Average of 4 analysesof trachybasalt, water free, from the Huntington Lake area.
(2) Assumed olivine baslt parent magma: average of averages {ron Otago, Victoria, and the Midland
Valley
(3) Assumed olivine-poor bault parent magma: Green and Poldervaart (1955, p. 1E5,column 67)
(4) Hypothetical contaminant with 6516 SiO, to have produced (1) from (2) ; requires 4116 of contaninant.
(5) Hypothetical contaminant with 70/6 SiOr to have produced (t) Irom (2) ; requires 3270 of contaminant.
(6) Hypothetical contaminant with 60% SiOzto have produced (t) from (3); requires 427a ot cottaminant.
(7) H.vpotheticalcontaminantwith65/pSiO,tohaveproduced(1)from(3);requires2T%ofcontaminant
(8) Averageof (4)-(7).

calculations are based on assumed SiOz contents of the contaminants,
and the upper Iimit of SiO2in hypothetical contaminants of the olivinepoor basalt magma was chosenas slightly above that at which the calculation for CaO gave a negative value. (The calculated small negative
quantities of TiOz in hypothetical contaminants of the olivine basalt
magma are regarded as of little consequenceto the discussionbecauseof
the wide variability of abundance of this oxide in basaltic provinces.)
The calculated contaminants do not resembleany single reasonablerock
type; the high l,{gO and low ALOg are incompatible with the SiOr and
alkalies. The petrographic evidence shows the probable incorporation of
both granitic and mafic or ultramafic material. If the actual contaminants
had a compositionnear the hypothetical onesof Table 7, then a combination of several times as much felsic rock as ultramafic rock would probably satisfy the chemical requirements.
The hypothetical parent magmas of Table 6 and the hypothetical contaminants of Table 7 would require that the trachybasalt be composed
of about 25 to more than 40 per cent assimilated rock. The mechanism
of assimilation of such proportions deserves an adequate explanation
which is not now possible.Unusual volatile action at an early stage of
crystallization is shown by the augitic ellipsoidal structures and by the
poikilitic cores of many augite phenocrysts; the volatile activity repre-
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sented might have aided assimilation. If the parental magma rose into
the Sierran granitic rocks when they were still hot, assimilation might
have been made easy.
Conclusions.Differentiation is inadequate to explain the composition
of the trachybasalts from the Huntington Lake area, and a source in
varied materials seems likely. The petrographic evidence shows the
assimilation of both felsic and mafic materials, and chemical calculations
suggest that the most likely origin of the rocks is in the assimilation of
large amounts of granitic rock and lesser amounts of mafic and ultramafic rock in a basaltic magma. Similar conclusionshave been reached
by other petrologists for the genesisof somewhat similar rocks in other
provinces,e.g.by Williams (1936),and by Turner and Verhoogen(1951,

p. r7Q.
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