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The origin of high-Mg andesites (HMAs) poses a fundamental geochemical paradox given their 

unusually high Mg# (Mg/(Mg+Fe)), indicating equilibrium with mantle olivine, and their overall 

andesitic SiO2 contents, which are more typical of crust-differentiated magmas. Trace element chemistry 

of HMAs is also distinctive; they exhibit a steep rare earth element (REE) pattern with high La/Yb ratios, 

notable depletion in heavy REE, and Ni and Cr enrichment. In this project I propose to discern between 

variable hypotheses for the origin of HMAs in the northern Cascade Arc (Mount Baker and Glacier Peak) 

where subducting plate temperatures may be high enough to generate slab melts. 

Numerous localities of HMA worldwide have been identified and studied, including the Mexican 

Volcanic Belt (Straub et al., 2008), Mount Shasta (Grove et al., 2002), eastern Mindanao (Macpherson, 

2006), and the Aleutians (Yogodzinski & Kelemen, 1998). Proposals for their origin vary and provide 

numerous testable hypotheses, all of which include an important role for garnet as the driver of high 

La/Yb ratios. The debate centers on where the garnet came from (subducting plate? mantle? basalt 

crystallization?), and how the high-Mg signature is acquired. Grove et al. (2002) suggest derivation of 

primary HMAs by melting of mantle fluxed by a fluid-rich slab component. In contrast, Yogodzinski and 

Kelemen (2007) use REE abundances and zoning in clinopyroxene to describe HMAs (adakites) that were 

derived by mixing between a garnet-bearing slab melt and a mantle-derived basalt. Consonantly, Straub et 

al. (2008) use pyroxenitization of Ni-rich olivines to illustrate hydrous-slab melt interaction with mantle. 

Through examination of major and trace element ratios, Macpherson (2006) suggests a completely 

slabindependent origin. He concludes the source to be a basaltic arc magma that stalled within the mantle, 

and eventually underwent fractional crystallization of garnet. 

Whether arc magmas can indeed originate from subducting slab melt is debated. If they do, they 

should have the characteristic geochemical signature of garnet. However, other processes can cause this 

signature; therefore the magma must be meticulously analyzed to determine the garnet’s source. 

Geochemical studies by Moore and DeBari (2012) and Baggerman and DeBari (2011) described two 

HMA flows from Mt. Baker, Tarn Plateau and Glacier Creek, and both suggested a role for garnet in the 

source of these andesites. Similarly, new work by DeBari et al. (2012) proposes that Glacier Peak’s 

Lightning Creek basaltic andesite is also derived from a garnet-bearing source. These whole-rock studies 

were not able to determine whether the garnet signature was a result of a melt coming off the subducting 

slab or melt from a garnet-bearing mantle source. Mineral chemistry is the next step in resolving this 

question. 

Because samples have already been collected and whole rock chemistry done, this project 

represents an excellent opportunity to explore the information carried in phenocrysts to answer questions 

of magma origin. An investigation of phenocryst geochemistry, in combination with whole rock 

geochemical data and modeling, will allow me to test hypotheses proposed by workers described above in 

order to constrain the origin and evolution of these primitive magmas prior to eruption. My methods will 

include analysis of crystal textures (chiefly disequilibrium textures), mineral chemistry (major, minor, 

trace element), and modeling. 

Major and minor element concentrations will be analyzed using an electron microprobe (EMP) at 

the University of Washington. Major elements significant to this project include CaO and Na2O in 

plagioclase, which will be used to derive magma H2O contents (Lange et al., 2009; Sission & Grove, 

1993). Oxide chemistry will be used to derive magma oxygen fugacity levels (ƒO2) and help constrain 

source parameters (Anderson & Lindsley, 1988). In olivine I will look for high Ni contents, which have 

been shown by Straub et al. (2008) to be related to melting of mantle that has been metasomatized to 

pyroxenite by interaction with slab melts. If the olivines are not Ni-rich, then pyroxenization of the mantle 

did not occur. Furthermore, Fe and Mg abundances in clinopyroxene will be measured to calculate 

phenocryst Mg#. If the Mg#s do not show correlations with Sr and Nd/Yb as typical of adakites, then slab 



melt is not a likely source (Yogodzinski & Kelemen, 1998). 

Mineral trace element concentrations, which provide crucial information regarding parental liquid 

compositions, will be collected via Western Washington University’s (WWU) laser ablation 

inductivelycoupled mass spectrometer (LA-ICPMS). Parental magma compositions will be calculated 

from partition coefficients using clinopyroxene, an early crystallizing phase, and plagioclase, a later 

crystallizing phase. Zoning will be identified using optical microscopy and WWU’s scanning electron 

microscope (SEM), particularly through back-scatter electron (SEM-BSE) imagery and electron 

dispersive spectroscopy (SEM-EDS) mapping. These textures will also be analyzed using EMP and LA-

ICPMS for distinct chemical changes to test for magma influx and open system mechanisms. Whether the 

high-Mg character is a result of magma mixing and/or contamination could also be resolved by 

disequilibrium textures (Streck, 2008; Davidson et al., 2005). 

Modeling will be used to conclude the probable source of these HMAs by amalgamating all of the 

constraints, such as H2O contents and ƒO2 conditions, in addition to mineral and whole rock major, minor, 

and trace element concentrations. 
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