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Overview

• Background
• Location
• The Palisade Rhyolite
• XRD
• SEM

• Comparisons to data in literature
• Define rheoignimbrite
• Felsic lavas in a mafic setting



Background

• Midcontinent rift (1.1 Ga)

• North Shore Volcanic group
• plateau lava sequence, 7-9 km thick 

(Green et al. 2011) 
• exposed at the southwestern 

sequence along the north shore of 
Lake Superior

• includes an unusually large 
proportion (10-25%) of felsic flows 
(Green and Fitz 1993)

Mid continental rift, USGS
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Green et al. (2011)



Location
• Located in the upper southwest 

limb of the North Shore Volcanic 
Group near Illgen City

Google Earth

Green et al. (2011)

Near intersection of MN-61 and State Highway 1
(Google Earth)



The Palisade Rhyolite 

• Porphyritic, pink to reddish-purple fine-grained matrix with 
angular phenocrysts and lighter colored flow banding

• Consists of about 5-10% phenocrysts of alkali feldspar, cubic 
quartz, oxidized iron silicates, sanidine, zircon, and magnetite 
(Green and Fitz, 1993) 



Illustration by Rick Kollath



Research Interests

• Are the phenocrysts tridymite or quartz pseudomorphs?

• How does my sample composition compare to compositions in literature?

• Rhyolite or rheoignimbrite?

• How does such a high percentage of felsic rocks exist in a predominantly mafic 
setting?



X-Ray diffraction

• XRD irradiates a material with incident X-rays and then measures the 
intensities and scattering angles of the X-rays that leave the material 
(JoVE Science Education Database, 2022)

• Used XRD to uncover the mineralogy of the palisade rhyolite



XRD Data



XRD Data (cont.)

• Low quartz
• Microcline
• Sanidine
• Periclase



XRD Data (cont.)

Tridymite

Quartz



Silica phase diagram



FOV: 4 mm



Scanning 
electron 
microscope

• A scanning electron microscope (SEM) is a 
type of microscope which uses a focused 
beam of electrons to scan a surface of a 
sample to create a high-resolution image. 
SEM produces images that can show 
information on a material's surface 
composition and topography. ((JoVE
Science Education Database, 2022)

• Used SEM to gather data on whole rock 
compound composition

• Compare results to those of Green & Fitz 
(1993) and Grout, Sharp, & Schwartz (1959)



Scan locations 



Data



Relating data to literature
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AFM diagram

My data

Green & Fitz (1993)

Grout, Sharp, & Schwartz 
(1959)

Displays the relative proportions of the oxides of 
alkalis (A), iron (F), and magnesium (M)



TAS diagram
My data

Green & Fitz (1993)

Grout, Sharp, & Schwartz 
(1959)



Rheoignimbrite
• Defined as a welded volcanic ash or tuff 

that has been remobilized due to flow. 
(Miller et al., 1999) 

• Lowest region of palisade rhyolite is a 
welded tuff, made evident by the very 
closely packed “devitrified glass shards 
and collapsed pumice fragments which 
are wrapped around quartz and 
sanidine phenocrysts” (Green et al., 
2011) 

• Has an origin of a rheoignimbrite that 
existed at a very high temperature at 
about 900-1100 degrees Celsius. (Green 
and Fitz, 1993) 

Stratigraphic section of the Palisade rhyolite. (Green and Fitz, 
1993)



How does such a high percentage of felsic 
rocks exist in a predominantly mafic setting?

• Vervoort et al. 2007
• Correlated granophyre ages to those of rhyolite ages in the NSVG using neodymium 

isotopic signatures
• Early-stage midcontinent rift magmatism occurred 1109-1106 Ma and is “characterized 

by mafic mantle-derived magmas with minor amounts of silicic magmas.” (Vervoort et al. 
2007)

• Main magmatism stage resumes at around 1100 Ma, “with voluminous basaltic 
volcanism and mafic intrusions. The silicic magmas produced during this stage are more 
abundant and distinctly more crustal in character than during the early magmatic stage 
magmas. We suggest that these silicic magmas have been derived from partial melts of 
more evolved crustal sources, perhaps at higher levels in the crust.” (Vervoort et al, 
2007)



Conclusions

• Palisade rhyolite contains cubic quartz pseudomorphs that were initially tridymite, which 
transformed due to a decrease in temperature.

• My sample contains a higher silica concentration than Green and Fitz and Grout with lower 
concentrations of alkalis.

• The composition is rhyolitic but the magmatic processes by which it formed as well as its 
characteristics classifies the palisade rhyolite as a rheoignimbrite with a rhyolitic composition.

• Felsic lavas may have been derived from the partial melting of crustal sources during the later 
stage magmatism of the midcontinent rift. 
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