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Abstract
This study aims to determine how the compositional layers of the BRP formed and why the pluton composition grades from 
a mafic rim to a felsic core. There have been extensive studies on the evolutionary and formational processes of plutonic 
igneous bodies, but only two on the BRP.
The study area was mapped using GPS and data were plotted on Google Earth. Strike, dip and trend data were recorded 
for all major dikes and plotted on Google Earth. Samples were collected and thin sections produced for petrographic 
analysis. The BRP comprises three distinct rock types: trondhjemite, granodiorite, and tonalite. All rocks are calc-alkaline.
This research helps us understand how plutons are emplaced and how they evolve. Our new data could be integrated with 
existing data for the northern Sierra Nevada and high Sierra Nevada to understand the formation of the Sierra Nevada 
Batholith System and the Swedes Flat Pluton and the Yuba Rivers Pluton nearby; to further unravel the history of the 
region.

Methods
Mapping of the BRP was achieved using GPS data and 
plotting points on Google Earth. The relationship between the 
BRP and major dikes were also plotted on Google Earth 
including strike, dip and trend for all major dikes. Features of 
interest when mapping included enclaves, xenoliths and 
changes in lithology. 
Rock Samples were collected from the base and the top of 
the outcrop. Thin sections were manufactured at CSUC rock 
lab using standard equipment; analyzed petrographically to 
determine the minerals and textures present. 

Objective
The Bald Rock Pluton consists of compositional layers 
that grade from a mafic rim to a felsic core. The goal of 
this project was to determine how these layers formed and 
why this grade change is present. Two other studies have 
been done on the BRP and we hope to shed some light on 
this controversial topic with new data.

Applications and Future Work
All of the methods that we used on the Bald Rock pluton can be used not only to further study the pluton in more detail, but 
could also be used to study other plutons in the surrounding area (e.g. the Cascade Pluton). With old accepted 
interpretations of plutons being one intrusion event, there are new ideas developing. One idea is that plutons are a result of 
multiple pulses of magma intruding. With not much study and data of the local plutons and Northern Sierra Nevada 
Batholith, we can study the local geological region and get a better interpretation of the intrusions and how they formed. 

An alternative theory is a temperature increase, of unknown origin, to 900° C at a depth of 30-40km. At this depth the rock 
is probably mafic and likely of basaltic composition (Larsen & Poldevaart, 1961). The partial melting which would occur at 
these temperatures and pressures would result in “migma-magma” (Read, 1957) which would ascend slowly towards the 
surface and divide into a “migma mantle and magma core, with broad gradation between mantle and core.” What was 
unresolved by Larsen and Poldervaart was whether equilibrium was reached by partial melting or by partial crystallization 
of magma. Further analyses, for example the study of zircon conducted in the Bald Rock Pluton, would shed light on the 
method by which the migma-magma reached equilibrium (partial melting or partial crystallization). 

Geophysical methods could be further applied to help determine the Bald Rock pluton's general shape. Dr. Victoria 
Langenheim of the USGS has observed a large relative gravity low at the Bald Rock pluton's location. This indicates the 
pluton has vertical edges,  implying  a cylindrical shaped pluton. If this is in fact the case then the vertical thickness of the 
Bald Rock Pluton would be at least 25km. Larsen’s 900° C temperature estimation at a similar depth is an intriguing 
correlation to the geophysical modeling of the plutons shape by Dr. Langenheim. Further investigation into this possible 
connection could shed light on the origin of this temperature increase and confirm the mafic and likely basaltic composition 
of the rock at this depth. 

Figure 10: Photomicrographs in XPL of sample BRP17-11. Mostly subhedral, 
elongated crystals of plagioclase feldspar displaying extensive zoning, 
carlsbad twinning and albite twinning. Several of the large plagioclase crystals 
display zoning and twinning. Quartz crystals are equant showing undulatory 
extinction. Biotite appears to be later forming mineral as they are seen forming 
around the pre-existing quartz and plagioclase crystals. Hornblende crystals 
show diamond cross section. 
Rock ID: Tonalite (60% Plag, 20% Qtz, 15% Hbl, 5% Biotite)
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Figure 6: Photomicrographs in XPL and PPL of sample BRP-17-3. 
Phaneritic, coarse grained texture with highly altered subhedral 
plagioclase showing sericite overgrowth. 
Rock ID: Trondhjemite (50% Qtz, 49% Plag, 1% Biotite)

Figure 8: Photomicrographs in XPL and PPL of sample BRP17-5. 
Elongated subhedral to anhedral hornblende crystals define a foliation 
(alignment of hornblende crystals) across the slide. Hornblende is 
replaced by biotite in places, especially along internal fractures. 
Plagioclase and quartz are colorless in PPL.
Rock ID: Granodiorite (60% Plag, 15% Qtz, 10% Biotite, 8% Hbl, 7% 
Microcline)  
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Petrographic and Lithologic Analysis

Context
The emplacement of the Bald Rock Pluton, was part of a 
larger regional process known as the Northern Sierra 
Batholith system. Approximately 210 Ma.,  the Farallon 
Plate was subducting under the North American Plate, off 
of the west coast of the continent, formerly known as 
Laurentia. This subduction resulted in plutonic activity, that 
through convective processes reached the surface of the 
Earth. These plutons are scattered throughout the region 
here in Northern California. The focus of this project is the 
Bald Rock Pluton. This pluton is located in Oroville 
California, access at the Enterprise Boat Launch on Lake 
Oroville.

Conclusion
After compiling and analyzing the collected data from Bald Rock Pluton,we concluded that the pluton is primarily 
composed of tonalite, granodiorite and trondhjemite. The data shows the pluton is most mafic along the outer-rim (tonalite) 
and becomes more felsic towards the center (trondhjemite). After compiling the different interpretations, we found that 
there are several hypotheses regarding the creation of the Bald Rock Pluton. The most common hypothesis was that the 
pluton was formed from multiple magma pulses that assimilated more and more of the country rock as each pulse was 
intruded. This hypothesis is supported by the presence of xenoliths found only in the outer rim, by the gradational contact 
between the rock types in the pluton and by the zoned nature of the plagioclase crystals throughout the pluton (see figs. 8 
and 10). The continuous geochemical trends across the pluton could indicate that the magma pulses all came from one 
source at depth. The calc-alkaline signature of the pluton supports its formation in an arc setting. In conclusion, the 
petrogenesis of the Bald Rock Pluton is still under debate and will undergo further analysis in future semesters. 
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Figure 3: Inclusions of xenoliths 
surrounded by reaction rims within 
heavily weathered porphyritic tonalite. 

Figure 4: Hornblende phenocryst within 
porphyritic  granodiorite. Minerals 
present are biotite, hornblende, quartz, 
and plagioclase.

Figure 11: Hand sample photo of 
sample BRP-17-09
The mineralogy of the tonalite is 
plagioclase, quartz, hornblende 
and biotite. 

Figure 9: Hand sample photo of 
sample BRP-17-02
The mineralogy of the granodiorite 
is plagioclase, biotite, hornblende, 
quartz and K-Spar.

Figure 7: Hand sample photo of 
sample BRP-17-08
The mineralogy of the trondhjemite 
is plagioclase, quartz and biotite.

Figure 5: Blocky xenolith of country 
rock surrounded by reaction rim within 
a porphyritic granodiorite. Figure 12: AFM plot for geochemically analyzed samples from 

Larson, 1961 shows rocks are compositionally calc – alkaline, 
similar to the high Sierras. Evidence that the northern Sierras 
and high Sierras are genetically related. 

Figure 13: Feldspar triangle showing majority of BRP rock 
compositions to be granodiorite and trondhjemite. These data improve 
confidence in our hand sample and thin section identifications. 

Figure 14: Plot of rock types throughout the Sierra Nevada 
(black) compared to the BRP (colored). BRP samples are 
relatively more silica and sodium + potassium rich than the rest 
of the pluton. 

Geochemical Data
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Figure 1: Map from 
Chico quadrangle 
(Saucedo & Wagner, 
1992) showing 
neighboring plutons.
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Field Observations

Figure 2: Map from Compton (1955) showing zoning of the 
Bald Rock pluton and locations of samples collected for 
this project. Inset shows transect along lake shore with 
orientation data for dikes.

Figure 15: Plot showing aluminum content of BRP rocks. A majority of samples 
are found to be metaluminous which is characteristic of I-type granites (derived 
from melting of basaltic source rock).  These rocks are rich in biotite and 
describe the granodiorite and tonalite.  Rocks plotted in the peraluminous 
region correlate with S-type granites (derived from crustal melting of 
sedimentary rocks) and likely describe the trondhjemite.


