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The Tam McArthur Rim is a volcanic center located within the Tumalo 

Volcanic Field (TVF), approximately 25 km west of Bend, OR. The rim comprises of 

shallowly dipping bedded sequences of intermediate and silicic flows with minor 

tephra interbedding capped by a rhyodacite dome. Glacial activity has exposed 

significant portions of the flow stratigraphy.  

In this study we present new geochronology, petrography, mineral chemistry, 

and whole rock geochemistry of lava flows from the Tam McArthur Rim. Flow 

compositions vary significantly, ranging from basaltic andesites to trachyrhyolites. 

Some flows are aphyric with trachytic flow textures while others are crystal rich, 

lacking flow textures. Bulk rock geochemistry indicates that these rocks follow a 

more tholeiitic differentiation trend than typical arc rocks, implying the melt 

mechanism is not primarily from the introduction of water. Tholeiitic rocks in this 

geologic setting, like the High Lava Plains of Oregon, are likely due to corner flow of 

the mantle along the subducting Juan de Fuca plate slab causing decompression 

melting.   

We provide new 40Ar/39Ar geochronology which shows lower portions of the 

rim are ~185 ka, suggesting volcanism is younger than a previous K-Ar age. The 

new age data also suggest the Tam McArthur edifice was constructed relatively 



 
 

quickly, likely within a ~10 ka period. Constraining the timing of past volcanism 

associated with the TVF provides insights into potential future hazards, allowing for 

awareness and implementation of informed hazard mitigation strategies within 

Central Oregon communities. 
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Preface 

Womxn in Geosciences 
*Womxn used in this context includes people who are non-binary and women of color.  

According to an AGU news report (Wendel, 2015), about 40% of undergraduates 

in geology are female. However, there is a dramatic decrease in post-academic careers, 

mostly occurring during choice of undergraduate major and then between PhD and an 

academic position (figure i) (Holmes et al., 2008). Oregon State Universityôs 

geosciences program is no different. Womxn1 are abundant in the undergraduate and 

even graduate communities. However, faculty is male dominated. According to Wendel, 

this dichotomy could be due to a time lag where womxn have not yet filtered into higher 

academic roles. We cannot expect to see parity until ñ...every geoscience student can 

see someone on the faculty whose life they wish to emulateò (Wendel, 2015). I will be 

discussing mentorship and my experiences at Oregon State University as an 

undergraduate female in Geology. 

 

Figure i: Proportions of women in each academic rank of 

geosciences from the United States. Although the drop-

off between the MS degree and PhD may reflect time lag, 

the drop off between PhD and assistant professor is real. 

Figure from (Holmes et al. 2008).  Although this figure is 

relatively outdated, based on Wendelôs interpretation, we 

still see a steep drop off of women in geosciences 

academic careers after undergraduate. 

 

  

 

Mentoring female undergraduates is crucial for their success. Mentoring provides 

a window into the culture and norms of geosciences that may otherwise feel foreign. As 

a female undergraduate it is difficult to feel representation or discover appropriate role 

models when very few exist, especially those who emulate the life I wish to lead 

(Wendel, 2015). Although I had a hard time finding mentors who emulate the life I could 

someday lead in terms of faculty, I have been fortunate enough to find role models in 
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another place, the geosciences graduate student community. I was paired with Jade 

Bowers in 2017 and Nicole Rocco in 2018 for the Academic Mentoring Program (AMP)  

through the College of Earth, Ocean, and Atmospheric Sciences (CEOAS). On the 

surface, this program matches an undergraduate with a graduate for a term so the 

undergraduate can gain knowledge about graduate school. Ultimately though, on a 

deeper level, the AMP program helped me kindle a relationship with a graduate student. 

Informally, womxn graduate teaching assistants have bolstered the mentorship from the 

graduate student community.  These womxn graduate students have had big shoes to 

fill. By mentoring myself and other womxn undergraduates they potentially took on a 

load that their male counterparts did not.   

From my general experience at Oregon State University, I have observed that 

womxn in CEOAS create a different atmosphere and community than men do. I have 

some anecdotes regarding how womxn provide a different community.  I found, for 

example, that when I was taking a lab course, womxn teaching assistants were never 

purposefully trying to stump me. Instead, I would leave lab feeling as though the 

teaching assistant was rooting for me by showing excitement and providing resources 

as I learned new material.  

Conversely, the lack of womxn in the laboratory settings was particularly 

challenging for me and proved to be a significant hurdle; admittedly, more of a hurdle 

than I was expecting. Most of the mineral preparation rooms and laboratories are 

predominantly run by men. I find that, broadly speaking, womxn take the time to explain 

why things work whereas men tend to just show how things work on a procedural level. 

My personal learning style relies heavily on the why, so I find learning laboratory 

techniques from womxn to be particularly helpful. Even if the womxn graduate students 

are not experts, I almost always feel more comfortable going to them for questions. In 

the laboratory settings I have worked in at Oregon State University, I felt out of place as 

a female and was definitely a minority.  

A final anecdote on how womxn create a different atmosphere from my 

perspective at CEOAS is in regards to the course ñAdvanced Field Geologyò (GEO 

495), colloquially known as ñbig field campò. Field camp held some of the best and worst 
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moments of my academic career thus far. I learned how to map under the brilliant, 

compassionate professor, John Dilles, who was aided by wonderful teaching assistants. 

I felt strong and empowered with the small group of womxn that I worked closely with as 

we made observations and conclusions about geologically complex areas. However, 

there were also some particularly challenging experiences. Several of my bright, 

younger womxn friends mentioned above and I were discriminated against more than I 

would have ever anticipated. We were doing particularly well on maps, cross-sections, 

and descriptions. Our cohort at field camp was dominated by older, ex-military males 

who had significantly different outlooks than we do. Some of these men found out that 

the younger womxn were receiving better grades on maps and assignments than they 

were. From that point forward we were verbally harassed, and our decisions about 

traverse objectives in the field were nullified. Oregon State brought no womxn teaching 

assistants. Fortunately, my small group of womxn was supportive and, despite the 

hardships, we gained so much from the academic and social experiences at field camp. 

It would have been a disservice to my undergraduate degree to not include a 

section in my undergraduate thesis on womxn in geosciences because it has been such 

an integral part of my experience. Undergraduate womxn need more womxn mentors, 

period. Womxn graduate students take on this responsibility, but need help. This starts 

by hiring more womxn into upper-level academic positions. Letôs start the dialogue 

about bringing more womxn, people of color, and LGBTQ+ people to geosciences. Not 

only do we want to create this dialogue, but we need to raise their voices and listen to 

them. My experiences as a womxn in geosciences have not made me cynical, but have 

rather have stoked my fire to incite change.  

References for Womxn in Geosciences 
Holmes, M. A., Oconnell, S., Frey, C., & Ongley, L. (2008). Gender imbalance in US geoscience  

academia. Nature Geoscience, 1(2), 79-82. doi:10.1038/ngeo113 

Wendel, J. (2015), Working toward gender parity in the geosciences, Eos, 96, doi:10.1029/ 

2015EO031573. Published on 17 June 2015. 
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Introduction 

The Cascadia subduction zone on the West Coast of North America produces 

variable volcanism. The relatively young active volcanism in the Central Oregon 

segment is of particular interest because communities are nearby that are susceptible to 

volcanic hazards. The Three Sisters and Tumalo Volcanic Field, among other systems, 

present potential hazards to Bend, Sisters and other towns in Central Oregon. A key 

part of assessing hazards is understanding the ages and eruptive types of existing 

volcanism, but the high density of eruptive centers in Central Oregon means that there 

are many volcanic centers that have relatively poor age control. This study focuses on 

Tam McArthur Rim Volcano - a small shield volcano located northeast of Broken Top 

and South Sister. Dating Tam McArthur Rim Volcano provides crucial geochronological 

data that constrains timing of volcanism in this portion of the Central Oregon Cascades. 

Understanding timing of volcanism has implications for hazard planning in the 

communities of Central Oregon including Bend, a population center home to 95,000 

people. Characterizing the timing of the Central Oregon volcanic activity is important in 

planning infrastructure and for community preparedness for volcanic hazards. 

 

Figure 1: Regional map 

of the Cascade Arc and 

High Lava Plains 

(Jordan et al., 2004). 
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Some research exists on Tam McArthur Rim, but it is not extensive. Edward 

Taylor mapped this region in the late 1970ôs (figure 2) and continued research in the 

Tumalo Volcanic Field to understand eruptive history (Taylor, 1990). Brittain Hill 

continued Taylorôs work for his dissertation at Oregon State University by acquiring 

geochemistry and ages for Tam McArthur Rim and surrounding areas (Hill, 1990, and 

Hill, 1991). In Hillôs dissertation, he suggested volcanism shifted west from the Tumalo 

Volcanic Field to the Broken Top system and Tam McArthur Rim area from ~380 ka 

until ~100 ka (figure 3) (Hill, 1991).The Broken Top - Tumalo system rhyolites are from 

30% to 50% melting of crustal tonalite from Cenozoic Cascadian arc rock and could not 

have been produced by fractional crystallization (Hill,1991). These conclusions are 

based on 87Sr/86Sr data and REE depletion observations. During this time, Broken Top 

system rhyolites did not interact with the Three Sisters System. After ~100 ka the 

eruptive focus shifted from the Broken Top area, northwest to South Sister (figure 3).  

Tam McArthur Rim topography was formed by Late Pleistocene glacial 

excavation leaving behind glacially carved cirques with steep headwalls currently filled 

by lakes (Taylor, 1978). The lakes that fill the cirques are Three Creek Lake and Little 

Three Creek Lake, both recreational destinations. From these lakes, an excellent cross-

section of the shallow, 

local volcanoôs plumbing 

can be viewed. A 

rhyodacite dome rim 

caps underlying lavas at 

a height of 2,350m. 

Feeder dikes and lava 

flows are exposed below 

the dome. Previous 

mapping indicate lavas 

in the steep cliffs are 

basaltic andesite lavas, 

dacite lavas, and dacite 

dikes (Taylor, 1978).    Figure 2: Geologic map of Tam McArthur Rim (Taylor, 1978) 
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Figure 3: Regional map of the Central Oregon Cascade arcfront. The insert is of the Broken 

Top, Tumalo Volcanic Field, and Tam McArthur Rim area. Shifts of eruptive focus from the 

Tumalo Volcanic Field to South Sister. Dots represent volcanoes of basaltic to andesitic 

composition; crosses, those of dacitic to rhyolitic composition; and triangles, major edifices. Map 

adapted from (Hildreth, 2007). 

Currently, there is a single, conventional K-Ar age for the rhyodacite dome at the 

top of the stratigraphic section at Tam McArthur Rim Volcano. The K-Ar age determined 

was 213 ± 9 ka (Hill, 1991) and is used to describe relative age relationships with lava 

from Broken Topôs east flank (Sherrod et al., 2004). According to the dome age, Broken 

Top lavas underlying Tam McArthur Rim volcano were emplaced prior to 213 ± 9 ka 

(Sherrod et al., 2004). K-Ar ages can be unreliable and less precise because they 
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potentially do not account for excess argon at time of formation or argon loss during the 

time the rock has been exposed.  

Objective 

This study aims to update the ages for Tam McArthur Rim and underlying units 

using 40Ar/39Ar geochronology to ultimately aid in refining local stratigraphy. In addition 

to ages, this study aims to geochemically compare Tam McArthur Rim to nearby 

systems.  

Analytical Methods 

Tam McArthur Rim samples were collected in an attempt to contrast its ages and 

geochemistry to the nearby volcanism from Broken Top, South Sister, and Tumalo 

Volcanic Center. All samples were collected by Katherine Landoni and Adam Kent. 

Samples named ñTMR-16-éò were collected in 2016 and samples named ñTMR-18-...ò 

were collected in 2018. To further understand the stratigraphy of the excavated volcano, 

we took panoramic photographs from the cirques, which revealed much of the volcanoôs 

stratigraphy.   

Geochemistry 

10 whole rock samples were analyzed for major and trace element geochemistry. 

TMR-16 samples were analyzed at Washington State University and TMR-18 samples 

were analyzed at Pomona College. These were analyzed using the X-ray fluorescence 

(XRF) method and trace elements were analyzed using an inductively coupled plasma 

source mass spectrometer (ICP-MS). This data can be found in the appendix and 

presented in the results. 

40Ar/39Ar  

A crucial part of this study was to refine the age of Tam McArthur Rim using 

40Ar/39Ar geochronology. We selected three samples that characterize Tam McArthur 

Rimôs south end lava flow stratigraphy. These samples are from a lower (TMR-16-01), a 

middle (TMR-16-02), and an upper (TMR-16-03) stratigraphic flow unit.  I analyzed 

these three samples utilizing incremental heating 40Ar/39Ar (Koppers, 2002) techniques 

at Oregon State Universityôs College of Earth, Ocean, and Atmospheric Sciences.   
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All three samples were analyzed using both Plagioclase and groundmass 

separates. To create separates, I crushed the hand samples. I sieved, separated, and 

cleaned the smaller size fractions. Plagioclase grain separates were collected by first 

separating them from magnetic particles using a Frantz. Cleaning samples required an 

leaching in 1 N HNO3 to remove mild alteration followed by a rinse in water and drying 

in the oven. These were then leached in 1 N HF for 15 minutes to remove higher 

alteration rims on the plagioclase. Following leaching, samples were cleaned with 

deionized water in an ultrasonic bath and then thoroughly rinsed with deionized water. 

Finally, these were hand picked for purity under a microscope. Groundmass samples 

were separated by first leaching the samples in an ultrasonic bath in 1 N HNO3 to 

remove mild alteration followed by a rinse in deionized water and drying in the oven. 

Next, the groundmass samples were hand picked under a microscope for purity. No HF 

leaching was used for the ground mass samples. TMR-16-02 did not produce enough 

pure plagioclase to further irradiate and subsequently date.  

The separates of both plagioclase and ground mass, along with age monitors 

(Fish Canyon Tuff: 28.201 ± 0.133 Ma) were wrapped in copper foil and weighed. Their 

heights were measured and were sent to Oregon State Universityôs TRIGA 

experimental reactor for irradiation. After irradiation, the samples were incrementally 

heated using a Merchantek integrated CO2 laser until 100% of the cumulative 39Ar was 

released. The released Ar was analyzed by a Thermo Scientific Model ARGUS VI multi-

collector mass spectrometer. Data was analyzed in the lab using ArArCALC v2.2 

(Koppers, 2002). 

Petrographic 

Thin sections were prepared and analyzed to understand the textures of the 

flows at a microscopic scale under a polarizing light microscope. I observed and 

characterized the textures and compositions. I photographed portions of the thin 

sections and completed bed scans. I determined different plagioclase size populations 

to analyze further with the electron microprobe.  
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Electron Microprobe 

To characterize populations of plagioclase identified petrographically, thin 

sections were prepared, carbon coated, and cleaned. I acquired backscattered electron 

images using Oregon State University's Cameca SX-100 Electron Microprobe. To 

understand compositional stages, I analyzed three plagioclase populations. These three 

populations are relative (megacrysts, phenocrysts, and microlites) and were analyzed in 

samples TMR-16-01, TMR-18-04, TMR-18-08, and TMR-18-10. Microlites are defined in 

this study as small crystals found in the groundmass. Phenocrysts are defined as 

distinct from the groundmass. Megacrysts are defined as significantly larger than both 

the microlites and megacrysts.  

The electron microprobe was calibrated to analyze plagioclase (i.e. Na, Si, Al, 

Fe, Ca, K, Mg, Ti, O) using the LABR standards. The beam had a diameter of 5ɛm with 

a 30 nA current.  

Results 

Field 

The shallow dipping flanks of Tam McArthur Rim are comprised of flows that vary 

in composition (figure 9) from basaltic andesite to trachyte to rhyodacite at the 

uppermost dome. Flows vary from ~1 meter up to ~20 meters thick. In some areas flows 

are difficult to distinguish from each other laterally and commonly pinch out into each 

other (figure 6). These flows are locally interbedded with at least two thin pyroclastic 

units, have cross-cutting dikes, and at least one massive obsidian flow that acts as a 

marker bed. Based Taylorôs mapping, this is the same material as the rhyodacite dome. 

It is refered to in the literature as a black glassy rhyodacite.  In the central portion of the 

rim, a rhyodacite dome sits above the lava units (figures 9 and 10- point A).  
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Figure 4: Google Map plan view of all sample locations (top). Oblique views of sample locations 

(bottom). See appendix for latitudes, longitudes, and elevations of all samples.  



12 
 

Figure 5: (previous page) Photo from Three Creek Lake (top) at the Southern cirque of TMR. 

The Rhyodacite dome (A) is at 44Á 5ô 34.24ò N, 121Á 38ô 36.76ò W. To the left are gently dipping 

flow units where TMR-16-01, TMR-16-02, and TMR-16-03 samples were collected for 40Ar/39Ar 

dating below ñBò.  

 

Figure 6: (previous page)Photo from Little Three Creek Lake (bottom) of the Northern cirque of 

the TMR. To the left is the Rhyodacite dome (A), and the terminus of the TMR trail. To the right 

(C) is 44Á 06ô 0.14ò N, 121Á 39ô 20.20ò W, where the view of the majority of the TMR-18 suite of 

samples is blocked. Potential unconformity is labeled.  

 

 

Figure 7: (left) Massive, thick andesite flow about 5 m tall with a horizontal platy basal layer. 

1.65m human for scale. Location is C from figure 5. (middle) Horizontal platey fracturing of dike 

at sample location TMR-18-05 on figure 5. (Right) Massive, 1 meter thick obsidian flow. 

Location is TMR-18-09 from figure 6.    

 

 

 

 

 












































