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INTRODUCTION

In the Sequoia Pendant, migmatites formed from bio-
tite schist of the Kings Sequence are directly adjacent 
to undeformed intrusions of the Ash Mountain Com-
plex.  Migmatization may have occurred as a result 
of heating and ductile flow created by intrusion of the 
Ash Mountain Complex.  Alternatively, melt genera-
tion by migmatization may have produced the more 
felsic components of the Ash Mountain Complex.  A 
third hypothesis is that migmatization occurred prior 
to and independent of local magmatism.  Migmatites 
were studied to evaluate when and under what condi-
tions they formed with respect to the rest of the Sier-
ran Arc.  Partial melting exhibited in the migmatitic 
rocks may help to explain the diversification of the 
Sierran magmas.

GEOLOGIC BACKGROUND

The Kings Sequence is comprised of a group of dis-
tinct metamorphic pendants, and runs along 250 km 
of the southern Sierra Nevada batholith (Saleeby and 
Busby, 1993).  The Kings Sequence contains Up-
per Triassic to Early Jurassic rocks of marine origin.  
The pendants grouped in the Kings Sequence consist 
of quartzite, marble, schist, and mafic and silicic 
metavolcanic rocks.  

The Sequoia Pendant of the Kings Sequence crops out 
along the Marble Fork of the Kaweah River expos-
ing migmatitic biotite schists.  The migmatites are in 
close proximity to the Fry’s Point granite, supporting 
a hypothesis for the cause of migmatization.  Mafic 
components (mostly diorite) associated with the Fry’s 
Point pluton partially melted the adjacent sedimen-
tary rocks, causing migmatization of the Marble Fork 
biotite schists.  Deeper portions of the Sequoia Pen-
dant melted to produce the Fry’s Point granite, which 

intrudes both the diorite and the biotite schist in the 
Marble Fork region.

METHODS

Fieldwork in Sequoia National Park, California was 
conducted during the summer of 2010.  Samples of the 
migmatitic biotite schists of the Sequoia Pendant were 
collected.  Two samples were processed for zircons, 
which were analyzed at the SHRIMP laboratory at Stan-
ford University for age and trace element concentration.  
The zircons analyzed were imaged using a cathodo-
luminescence detector attached to a scanning electron 
microscope (SEM-CL) to characterize their internal 
structures.  Some samples were also fused and analyzed 
for whole rock major and trace element data using the 
XRF laboratory at Pomona College.  Thin sections were 
made of most samples, carbon-coated and analyzed 
using petrographic microscopy and scanning-electron 
microscopy with energy dispersive x-ray spectrometry 
(SEM/EDS).  SEM/EDS analysis of the migmatitic bio-
tite schists generated elemental compositions of mineral 
phases.  

SHRIMP-RG U/PB ANALYSIS

The migmatite samples processed yielded few zircons.  
SHRIMP-RG U/Pb analyses of six zircons yielded 
a range of ages from 1800-105 Ma.  Figure 1 shows 
SEM-CL images and dates of the zircons.  The young-
est zircon yielded a 207Pb corrected 206Pb/238U age of 
106.4±1.4Ma, within error of the 105.5 Ma age of the 
Fry’s Point granite (Holland, this volume).  It has euhe-
dral form and prismatic terminations suggesting mag-
matic growth, potentially during migmatization of host 
biotite schist.  In addition, zircon from the Fry’s Point 
granite commonly contain inherited cores. One such 
core was dated at 1088.7 Ma, indicating the granite 
likely incorporated a component of the metamorphosed 
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volume).  The SHRIMP-RG U/Pb age data suggest 
that the samples analyzed were deposited and drawn 
into the middle crust between 138.4±1.0 Ma, mini-
mum depositional age, and the 106.4±1.4 Ma, the age 
of migmatization.  
Trace element analysis of the zircons yielded from the 
migmatitic biotite schist and the Fry’s Point granite 
further indicated the link between the two.  Figure 
2 shows REE profiles of both.  The similarity of the 
REE patterns supports incorporation of the biotite 
schist, or partial melts thereof, into the granite mag-
ma.

PETROGRAPHY

The major minerals identified using a petrographic 
microscope and an SEM were hornblende, biotite, 
quartz, monazite, plagioclase, ilmenite, and apatite.  
The migmatitic biotite schists are composed of the 
three phases, the leucosome, melanosome, and paleo-
some.  Figure 3 shows typical boundaries between the 
three phases.  Leucosomes are primarily composed 
of quartz and plagioclase, with some monazite and 
apatite. Irregular quartz-feldspar boundaries in the 
leucosomes, with individual grains exhibiting cuspate 
and spikey extensions indicate melt solidification 
and lower nucleation rates (Holness, 2008).  Melano-
somes contain biotite, ilmenite and small amounts of 
hornblende.  Paleosomes are intermediate in character 
between leucosomes and melansosomes and are in-
terpreted to be host rock unaffected by migmatization 

sedimentary rocks.

Another zircon yielding an age of 138.4±1.0 Ma gives 
a maximum depostitional age for this portion of the 
Kings Sequence consistent with other minimum ages 
yielded from rocks in the pendant (see Hensley, this 

Figure 1: SEM-CL images of zircons yielded from two mig-
matite samples.  Spot placements of SHRIMP-RG 
U/Pb detector are indicated by arrows.  Ages are 207 cor-
rected 206Pb/238U Ages.  Zircons are approximately 40 µm 
across.

Figure 2: REE profiles of zircons yielded from migmatized 
biotite schists and Fry’s Point granite.  REE compositions 
were attained using SHRIMP-RG U/Pb analysis.

Figure 3: Photomicrograph of migmatized biotite schist 
exhibiting typical boundaries between leucosome, melano-
some, and paleosome.  Leucosome of sample illustrates ir-
regular quartz-feldspar boundaries and cuspate extensions 
of individual grains.
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(Winter, 2001).  The samples range in their composi-
tions of the three phases: 56-84% leucosome, 2-23% 
melansome, and 13-26% paleosome.  Samples with 
a greater percentage of melanosome (>10%) have 
oriented biotite crystals and more linear melanosome-
leucosome boundaries.  Figure 4 shows scans and 
photomicrographs of two thin sections that exem-
plify the two textures described.  Samples with lower 
percentages of melanosome have very fine-grained 
and scattered biotite, a reaction texture indicating the 
breakdown of biotite.

Bulk composition of the leucosome and melanosome 
domains is distinct.  Figure 5 shows ternary diagrams 
of whole rock major element data: ACF, AKF, and 
AFM.   The leucosomes have high silica content, 
but do not appear to be equivalent to a granitic melt 
composition.   The AFM diagram demonstrates the 
almost identical behavior of the iron and magnesium 
components, indicating their pressure and temperature 
were lower than most metamorphosed pelitic rocks.  
In addition, the ACF and AKF diagrams do not show 
major element data consistent with high-grade min-
eral assemblages.

DISCUSSION AND CONCLUSIONS
The links between the Fry’s Point granite and the 
migmatitic biotite schists of the Marble Fork region 
indicate migmatization was not independent of mag-

matism.  Corresponding SHRIMP-RG U/Pb ages of 
the youngest migmatitic zircon and the majority of 
zircons from the adjacent Fry’s Point granite suggest 
the two formations are coeval.  The inherited zircon 
cores in the Fry’s Point granite and the similarity of 
the REE profiles of the zircons yielded from the mig-
matites and granites indicate the granite magma likely 
incorporated metamorphosed sedimentary rocks dur-
ing its formation.

The mineral assemblages observed as well as the ab-
sence of garnet, andalusite, cordierite, staurolite, and 
other high-grade minerals suggest that the rocks were 
metamorphosed at a low-grade. In addition, the analo-
gous behavior of the iron and magnesium components 
indicate the migmatites were formed at a lower tem-
perature and pressure than expected of typical pelites.  
Had these characteristics of the migmatitic biotite 
schists been the result of metamorphic retrogression, 
mineral alterations such as biotite to chlorite and feld-
spar to mica would have been observed.
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