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EMPLACEMENT OF PLUTONIC INTRUSIONS IN THE SmRRA NEVADA WEST OF 

6 5 A U l 1 (.' SEQUOIA NATIONAL PARK 
. . . I .1/ . S- " r f r f BY CORDELL DURRELL * 

'B£ ~JC"e ~'I' A" ii<.'31r Roof pendants of schist are embedded in p!utonic bodies which range in composition 
",' fI:om gabbro to granite. Individual plutonic masses average about 15 square miles 

in area. 
The roof pendants, up to 15 miles in length, are exceedingly irregular in outline, 

with steeply dipping walls and nearly flat floors which are exposed in many places. 
Internal folds, both anticlines and synclines, are mappable and behave in a normal 

manner. 
A zone of dike injection at the edges of the roof pendants passes into a zone of 

inclusions in the plutonic bodies. T he plutonic bodies everywhere dip beneath the 

wall rocks. 
Fold axes and thick sections of metamorphosed bedded rocks are truncated at intru-

sive contacts, and evidence of large-scale dislocation of wall rocks by plutonic bodies 
is totally lacking. Proto clastic structures in the plutonic rocks are also completely 
absent. Antistress minerals are found everywhere in the contact-metamorphosed 

facies of the roof pendants. 
Migmatites, inj ection gneisses, and plutonic breccias occur locally along the contacts. 
These data seem to require a passive mode of emplacement, and piecemeal stoping 

seems to have been the method operative at least in the later stages of consolidation . 
The method of opening of the magma chambers at an earlier stage may have been 
through assimilation. This is indicated by ·the local injection gneisses and by the 
general absence of stoped blocks in the central areas of the plutonic bodies. Evidently 

forceful injection played no part in intrusion. i 



GRANlTIZATION IN THE SIERRA 

Charles C. Bradley 

Department of Geography and Geology, Montana State College, M issouia, Mont. 

A study of the publications on the Sierra batholith shows that, while this granite body is cited as 

an example of a typical plutonic complex, many of the writers have not been completely satisfied with 

the theory of magmatic differentiation as the unique solution to the problem of petrogenesis. 

Petrographic evidence collected in the vicinity of Mt. Whitney indicates that, at the very least, 

one-fourth of the bulk of the granite of this area has been derived from pre-existing metamorphic 

rocks, that the mineral alterations followed in part a base-exchange pattern whereby andesine and 

biotite were altered to oligoclase, hornblende, and orthoclase, and finally that, while potash and 

soda traveled with a mobile or liquid fraction, other changes seemed to have been accomplished under 

solid or mushy conditions. 
Albitic metacrysts which occur in the metamorphic border rocks survived the granitization process 

and are found, in somewhat reduced numbers, in the granite. Their relative abundance is used as a 

clue to the quantity of metamorphic rock altered to granite. Evidence for other mineral changes lies 

in the identification of certain mineral features which are interpreted as vestiges of reactions which 

did not go to completion. 
A theory of cellular origin for the spectacular orthoclase metacrysts of the Cathedral Peak granite 

is presented. 

• 



EDWARD WISSER 
MINING GEOLOGIST 

422 ACH ESON BLDG. 

2131 UNIVERSITY AVE. 

BERKELEV 4. CALIF. 

TELEPHONE ASHBERRY 3 -1366 



• I 

ISOSTATIC COMPENSATION FOR THE SIERRA NEVADA, CALIFORNIA 

[' <) !L to //"'c 7 C /'}J ! ) Howard W. Oliver 
C /1 j,>L-lJ...' 1'-/,-, U.S.GeologicaJ.Su1'1Iey,Washington25,D.C. 

During the L~~r:;f 1951, 1952, and 1956, about 1500 gravity stations were occupied in a 
13,OOO-square-mile area of the Sierra Nevada, extending 120 miles north and south of the Mt. Whit
ney regio)'l. Complete Bouguer anomaly values range from - 20 mgal at the western edge of the 
Sierra to a minimum of -250 mgal just west of the Sierra crest, a distance of only 65 miles. Other 
studies show that, farther eastward, a positive regional gradient of 1 mgal per mile continues at 
least as far as Death Valley. The form of this west-to-east Bouguer anomaly profile persists all along 
the strike of the Sierra; the maximum anomaly relief of 230 mgal is midway between Sequoia and 
Yosemite national parks. The anomaly relief drops off much more rapidly to the south than to the 
north; Bouguer anomaly values in the Bakersfield-Inyokern profile range from -40 mgal to -140 

mgal, so the anomaly relief is only 100 mgal. 
Isostatic anomalies corrected for local geologic effects are very close to zero at the western edge 

of the Sierra Nevada. The central and eastern Sierra regions are overcompensated by 40-50 mgal, 
suggesting that current uplift along the Sierra Nevada fault zone may be caused by isostatic forces. 
However, there is no local isostatic response to the 10,OOO-foot eastern scarp. Gravity determinations 
of the thickness of the earth's crust are in general agreement with seismological work in the Sierra 

Nevada by Byerly, Gutenberg, and Press . 
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STRUCTURAL SURVEY OF THE GRANODIORITE SOUTH .Q! MARIPOSA,CALIFOIplU. 

Ernat Cl.o.a. 

American Journal .~ SCience,April,l932. 

S uth of ~aripG8a the Mother Llde zone ia terminated by a large 
offahoot of grnodiorite,extending westward fr the main m&aa ot the 
Sierra NeTada batholith. There i. a pr nounced atructural difference 
between the granodi rite of the main ma •• and the Mariposa intru8ion. 
The latter shows a diatinct fl w-atructure, ' by the parallelism at mica 
and hornblende cryatala, the paralleli.m of dark inclu.ion. (basic clots 
and autelith., and xenGlith.)and the rientati n of awarms ot inclu
sion.,schlieren and segregati n •• i~e paralleliam is either linear * 
(preduced by element. with one 1 ng and two short axea, aa hornblende 
needls and ~indle-ahaped 'inclusi na,) r platy, pr duced by elementa 
with two approximately equal and ne appreciably shorter axia, aa mica 
crystals r pancake-like inclusiona. HoweTer, r ck exposurea without 
any distinct .tructure, or with equi-dimensional inclu.iona, are alao 
c mmon. The linear paralleliam preTaila in the western p rtion, but on 
approaching the eaat contact f the Karip 'S& intruaion, a platy parall
eli.. f the minerala becomes m re and more eonapicueua. 

The main batholith (eaat of Mariposa) Shows an intense feliation 
and linear parallelia. If the mineral. (tlow-linea)within the felia
tion planea. The dark inclusions are elangated and appear a. thin sheet. 
of dark material, in regular order and perfect parallelism, like ga.!s
ses in certain places. Thi. ia most pronounced al ng the contact. 

M~thod !! structural Survey,(KaDl C10.a.) This consiat. in recording 
and meaauring syatematically the distribution, mutual relation. and o
rientation ot all stiuctural fea~ure. r Melement.",in •• far ae they , 
resulted frlm the intrusion and incipient con •• lidation of the igBeoua 
r.ek. 

structural Elementa~~Maripoaa Intruaion. 

I.Element. ot the Viscous Phaae. 
1. Linear structurea. 

&.Paralleli~ of needle-shaped crystals.(Hlrniblende.) 
b.· • spindle-shaped inclusiona.(Autoliths or xe-

nolith •• ) 
c. Schli~ren of linear e1lngation. --
d. Chain-like .warms f incluaiona af all kinds. 

2. Platy atructurea. ' 
a. Parall~li .. of crystals of discoid snape (Mica.) 
b. " • inclusions ef discoid shape. 
c. Platy schlieren. 

II. Element. o~ the Closing Viscoua and Incipient Solid stage. 
1. Schlieren-like primary flexure • 
2. Primordial faults, filled with dike material. 

III. Element. of the S lid stage. 
1. Early joints filled with aplite,pegmatite or basic dikes. 
2:. 
2. Primary r early barren j int •• 

The orientation ot tnese element. was measured mpass and 
clinometer < plotted on the map and in the bl ck 
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structure Element. ef the Sf~e. r Vi.c.aity &leng the Centacta. There 
are twe typel et ceiitacta. 1. Between the gran.di.ri te and the wall 
rock •. , the CalaTera. and llaripeaa f rmati.n •• Thi. type of centact i. 
sharp. (2). l~e centact between the l4ar1lpe.a intrusien and the main 
mass f the Sierra Nevada bathelith. Thi. type ia gradatienal. 

fhe centact f the Marip.aa intrusien fell ws the structure of the 
surro6nding ceuntry reCk almost everywhere. ~he normal regional trend 
of all reck. aleng the weatern alepe f the Sierra Nevada i. NW-SB.~he 
rocks haTe been locally bent out of their normal directi.n, and the 
granedi.rite which eccupiea the apace between thetl diaterted wall. is 
inaerted cenc rdantly,intruding between the slates and schiat layers 
rather than cutting acr.as thea. 

~be c.ntact between the main Sierra Nevada bath lith and the Ka
ripoaa intru8i.n· is represented by a &h ar-z,ne of the clo.ing atage of 
Tisc •• ity, indicating intense mevement •• The difference between the 
reck • •• 'ppoaite sides of the contact zene lies in the intenaityo.f 
the ·fl,,-atructure. and their erientatien, which differs up t. 90 • 

App~eaching. tnt_ centact,the granedi.rite f th~ main mas. Show. 
signs of pressure and primary a vement. by inc~easingly inten.. fl •• -
structure •• This Ilinner centact zen.- 'dees not eTerywhere f.llew the 
granedierite~schi8tbQundary. It leaTes the beundary 5 miles SB af 
llariposa',where the schist salient swerTes te the west, and the pressure 

. zene c ntinues SB clear acre •• the granedierite,separating the main 
mas. frem the Maripesa intru.iTe. This pressure zene is the SR exten
sion of the ]I ther L de z ne in genera1" ,and can be traced inte the ' 
granedierite f r miles. It ah W8 a rig roua_ orientation of the struc
tural elements, such as cleaTage,flew-lines, inclusiens, many dikes, 
flexures and fault •• 

On approaching this zone frem the Uaripeaa intrusion on the weet, 
the fl.w-structure, which, se far,strikes E-W,bends within a few hun
dred yards inte the NV-sm directiGn of the pressure zene. Platy elemnts 
become m re and mere imp rtant. they are j.ined by cleavage planes; and 
flow-linea, strike faulta!cress fault. and flexures appear. The zone is 
about half a mile wide. lbe grnedierite of the east side i. more str ng 
ly feliated than ia the r ck n the west, and its parallelism fellows 
the general NW-SE directien. Incluai.ns, cleavage and linear parallel
i811 dip steep.ly east or stand Te~1cal. 

Flexures and faults in the preesure zene dip west,at 50°-70°. 
Filled with pegmatite and aplite,they represent m vements during the 
close or the Tiae us stage. Cleavage planes are bent into their direc
ti~ns. The boundaries of the flexures and faults are not clean-cut,but 
schlieren-like, and sh w a distinct drag. Mica crystals a.e turned out 
of their normal p si tion into parallelism with the' faults and flexures. 
To judge frem the drag along the faults and flexure zone8,the east block 
has been uplifted with reference t the west black, i.e. tpe main mass 

J has been uplifted with reference te the Mariposa intrusi n. 

• 
Steeply-dipping cr sa-faults 

along them indicate that the ~ bl 
SW bleck. The m vement. al ng each 
few inches. 

are abundant,and the displacements 
ck m ved NW with reference t. the 

ne of these planes rarely exceed a 

Internal structure -1 the Mariposa Intrusion. The arrange~nt of the 
flGw-structures within the intrusiTe depends entirely on the f rm of the 
space which was available f r the intrusion. The elem~\lts are riented 
parallel te the c ~ntact plane •• The planes of mineral parallelism fol-
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lew the centacts in strike and dip, and the flew-linea c incide with the 
dip of the contact planea. The intensity f the fl w structures in the 
granodierite d es not increase n appr aching the c ntact. 

The atructures of the rock enable ua te recenstruct in part the shape 
of the body. Ita roets are to be seught in the e.st,near the centact with 
the main m •••• From here a salient or the granodiorite haa pretruded into 
the ceuntry reck, using a gap which has been Widened, if not opened, from 
the NE toward the S. What aeems te be the Ca1aTer •• fermation appear. 
t. have been bent eut ef ita nermal direction and split in t.e by the 
granodierite. 

A horizontal section through the body ne half mile belo. the pre
sent surface would probably cut no Dlore than half the ° outcropping area 

f the grnedierite. 

structurei Element. of the Solid stage. Early Jeints and fia&urea,filled 
with .ilic1c dIke aaterial,are m st imp rtant in the Nand E part of the 
Maiipo. intrusion. Here are Dl&~ aplite and pegmatite dike., dipping 
30 -50e sr. Bar~n joints, tollewing tne aame directien, disregard the 
contact •• and can be aeen in the adjacent wall-recka. 

No such dike. and j oint. have been found in the SVI half of the in
trusien. 

° Theae are feather joints and °ahear jeinta, cauaed by the relatiTe 
displacement or two bleck •• Here, these jeints and dikes seem te haTe 
deTeloped in respenae te the upward meTement of the magma, which is rec

rded by the steeply-dipping f~.w-atructure8 along the NE contact of the 
Marip • .a intra.1o •• 

The reatrictien f these :CisErurea to the lm, and their abaen.e frell 
the Sf portion of the intrusien is natural because in the SV the herizen
ta~ c~poneDt of th mag~ mOTement equal.,or pred~inates e •• r,the Tert
ical cemponent. 

summa;r.The w centact of the Karipe.a intrusien dips under that body,while 
the W contact ef the main ma.s .t grnedierite dipa ateeply east or stands 
mainly Tertical. 

Wel~ de~eleped primary flow-structures record the direction of fl wage 
in the »&ripo •• intrusiTe. The bedy was protected against regional in
fluence. by a thin wetse ot metamorpho.ed sediment., and has there! re 
attained a atructural independence af its ewn. The orientatien of the 
fl w-atructure depends entirely upen the f.~ of the space which was a
Taila.le fer the intruding m&ss. As that wedge,er ro.f-pendant of meta-
m rphic recka ferms the SB end f the_Uother Lede zane, the Mariposa in
trusion cre •• ea the Uether Lode zone in the gap ;hrough which it is con
nected to the main ..... 

~ series ef primary flexures ~d fault. indicates block m vement. in 
the hardening magma, exactly in the continuatien of the Mether Lade zene. 
Well-defined atructures are devel ped in the same zone, cleaTage planes, 
a strong foliation and parallelism or primary elements, and linear elong
ation. Flexures and ~aults are partly filled with dikes,proving their 
early age. The relative upward movement centinued f r a short time af
ter .olidif*catien of the Mariposa intrusion. 

Primary feather joints r shear j ints were also +illed with dikes 
and .0 inidicate the dontinuatien of movements int the solid phase. Joints 
in the same direction in the wall rock sh w that the wall. of the grabe-

-3-
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dierite were 4istended by the intruding mass, while the latter grew in
creasingly rigid. 

There are ne threugh-geing fault.,er upthrusts,like the main up
thrusts in the Uether Lede ~ene farther NW. Hence the main mevement. a
leng that zene haTe taken place befere fi,nal fisatien et the granedie
rite, and perhaps eTen while the latter wa. mere er less plalltic. On 
the other hand, traces ef Tery ear.ly meTement. &leng thill zene are eb
Tieua. 

-
Henc~ it i. theught that the Uether Lede aene has eriginated in the 

periecL between the beginning .r the granedieri te intrusi en and its final 
censelidatien. The intrusien et the granite aatne11th seems t. be res
pensi_le fer it. 

The centact ef the Sierra NeTada bathelith neTer Aip. • Beth 
centact .ene and internal .tructure. ef the bathelitR atand Tertical .r 
dip ea.t inte the granedierite. Thi. dee. net ~erreberate the cenceptien 
of a grewth and enlargement et the bathelith ma •• by replacement at el
der reck. in place. 

Heierenee •• (Be detail. giT~) 

Bulletin G.S.A. V.l.45. N •• 5.877. 
~eurnai af Geelegy. Vel.33.755. 
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HISTORY OF FAULTING MOVEMENTS AT THE EAST FRONT OF THE SIERRA NEVADA, 

AS INDICATED BY DISLOCATED MORAINES 

BY F . E. MATTHES 

STRUCTURAL PROBLEMS IN THE SIERRA REGION 

BY EVANS B. MAYO 

---- ---. ----------------------------~----~ 





SIERRA NEVADA BATHOLITH 

ISC. NOTES FROM CLOOS LECTURES. 

Intrusive complex,not a smngle batholith. Cross-section at Yosemite, 
7 intrusions recognized, with in most cases time interval between intrusions 
long enough so that a later intrusion could break off and swallow consol
idated chunks of an adjacent earlier intrusion •• Although in at least 1 
case an intrusion came up each wall of an ear~ier one,in general oldest 
intrusions are on W,and they are successively younger going east. 

While E boundary of Sierra as a whole strikes NW,individual faults along 
it strike N-S;and while these faults are of Basin and Range age (late 

Teriary-Pleistocene),individual igneous massives tend to strike N-S. 

(Calif.geologists assign an age to the ba~holith toward end of Jurassic. 
Isotope age determinations from r eck specimens give it about 100,000,000 
years,which is roughly Mid-K. Cloos says that No.7 intrusion cannot be dist 
inguished from granitic rockd of the Baja Calif.,British Columbia and inter 
mediate batholit~. uence isotope determinetauons should be correlated with 
areal geology. Not impossible that intrusion going on here from latter Jura 
sic to Mid-~,iNXXNJ bat in such case intrusion continued long after sharp 
folding,when bierra Nevada region had long been incorporated into the 
Cordilleran geanticline¥.Post-tectonic intrusion,like Idaho batholith. 

Some in Appalachians are syntextonic). 
It follows that the crust had to ~com-odate,at a glhven time,not the whol 

great batholith but relatively small portions of it,arranged dike-like 
N-S. 

Mother Lode reverse fault zone,which probably steepens with depth,is the 
mechanical SW boundary of the comp ex pluton. General plunge of the pluton 
to NW. Mother lode toward NW is higher with respect to the pluton than to S 
More gold to NW. 

8ynteetonic plutons are commonly concordant.Post-tectonic plutons or tho 
in stable ateas (cratons) are discordant entering zones of weakness, crus
tal flaws, fissures etc •• African shield, plutons came into fault troughs. 

Levels of Intrusion and Extru~ion 

Volcani~ Volcanoes. Fissure eruptions,Extrusives,but necks and dikes are 
intrusive. No space problem. Yellowstone cider cones.Mt.Lassen. Columbia 
Plateau. No ore deposits except perhaps Hg? 

Sub-volcanic:Mass does not reach surface but close enough to surface to 
lift superincumbemt rocks.Spreads laterally as laccolith;both concordant 
and discordant. Dikes, sills. La Plata. Black Hills; Henry Mts.,Little Belt 
Mts.,Highwood Mts.,Montana. nSparse ore deposits.Contact metamirphism local. 

UQDer Plutonic: Concordant and discordant large masses.Major batholiths. 
Isolated stocks.Abundant ore deposits. Fill tectonic spaces. 

40wer Plutonie~oncordant masses,syntectonic.~~~~~~~~~~ 
~ ba;timore gabbro. 

- 1 -



Migmatite Level: Mixing of magmas in lower crust;str ong recrystallization, addition of material. Concordant. vVissahickon schist,SE U8.Piedmont.Front Range. 
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Margret 01008 gewidmet. 

Der "Sierra-Nevad!=l,-Pluton III Californien. 

Von 

Ernst Cloos, 
The Johns Hopkins UniversIty, Baltimore Md. 

Mit 3 Tabellen im Text, Tafel XV-XIX, 31i Abbildungen im Text, 
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