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Abstract

Upwelling and decompression of mantle plumes is the primary mechanism for large volumes of intraplate volcanism; however,

many seamounts do not correlate spatially, temporally, or geochemically with plumes. One region of enigmatic volcanism in the

ocean basins that is not clearly attributable to plume-derived magmatism are the Geologist Seamounts and the wider South

Hawaiian Seamount Province ( 19°N, 157°W). Here we present new bathymetric maps as well as 40Ar/39Ar age determinati-

ons and major and trace element geochemistry for six remote-operated vehicle recovered igneous rock samples (NOAA-OER

EX1504L3) and two dredged samples (KK840824-02) from the Geologist Seamounts. The new ages indicate volcanism was

active from 90–87 Ma and 74–73 Ma, inferring that, in conjunction with previous ages of ˜84 Ma, seamount emplacement

initiated near the paleo Pacific-Farallon spreading ridge and volcanism continued for at least ˜17 m.y. Geochemical analyses

indicate that Geologist Seamounts lava flows are highly alkalic and represent low-degree partial mantle melts primarily formed

from a mixture of melting within the garnet and spinel stability field. The ages and morphology infer the seamounts were likely

not related to an extinct plume. Instead, we build upon previous models that local microblock formation corresponded with

regional lithospheric extension. We propose the microblock was bounded by the Molokai and short-lived Kana Keoki fracture

zones. Regional deformation and corresponding volcanism among the Geologist Seamounts associated with the microblock po-

tentially occurred in pulses contemporaneous to independently constrained changes in Pacific Plate motion —indicating that

major changes in plate vectors can generate intraplate volcanism.
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Highlights  8 

-Volcanic episodes within the Geologist Seamount clusters range from 90 to 73 Ma 9 

-Each volcanic episode has distinct seamount morphology 10 

-Pulses of deformation of young oceanic lithosphere appear to be the best fit for the origin of the 11 

volcanism 12 

  13 
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Abstract 14 

Upwelling and decompression of mantle plumes is the primary mechanism for large volumes of 15 

intraplate volcanism; however, many seamounts do not correlate spatially, temporally, or geochemically 16 

with plumes. One region of enigmatic volcanism in the ocean basins that is not clearly attributable to 17 

plume-derived magmatism are the Geologist Seamounts and the wider South Hawaiian Seamount 18 

Province (∼19°N, 157°W). Here we present new bathymetric maps as well as 40Ar/39Ar age 19 

determinations and major and trace element geochemistry for six remote-operated vehicle recovered 20 

igneous rock samples (NOAA-OER EX1504L3) and two dredged samples (KK840824-02) from the 21 

Geologist Seamounts. The new ages indicate volcanism was active from 90–87 Ma and 74–73 Ma, 22 

inferring that, in conjunction with previous ages of ~84 Ma, seamount emplacement initiated near the 23 

paleo Pacific-Farallon spreading ridge and volcanism continued for at least ~17 m.y. Geochemical 24 

analyses indicate that Geologist Seamounts lava flows are highly alkalic and represent low-degree partial 25 

mantle melts primarily formed from a mixture of melting within the garnet and spinel stability field. The 26 

ages and morphology infer the seamounts were likely not related to an extinct plume. Instead, we build 27 

upon previous models that local microblock formation corresponded with regional lithospheric 28 

extension. We propose the microblock was bounded by the Molokai and short-lived Kana Keoki fracture 29 

zones. Regional deformation and corresponding volcanism among the Geologist Seamounts associated 30 

with the microblock potentially occurred in pulses contemporaneous to independently constrained 31 

changes in Pacific Plate motion —indicating that major changes in plate vectors can generate intraplate 32 

volcanism. 33 

Plain Language Summary 34 

Seamounts are volcanic structures on the seafloor that do not breach the surface of the ocean. Most 35 

large (e.g. >3 km tall) seamounts are generated from mantle plumes, which are buoyant ‘blobs’ of 36 

anomalously hot mantle that are derived from deep in Earth’s interior. These mantle plumes tend to be 37 

fixed in their geographic position relative to the mobile lithosphere, ultimately resulting in chains of age-38 

progressive volcanoes (e.g. Hawaiian Islands). However, many seamounts within the ocean basins are 39 

not consistent with mantle plume related characteristics like age-progressions. Here we provide new 40 

eruption age and chemistry information for volcanics situated within the Geologists Seamount Cluster. 41 

The Geologist Seamount Cluster is a group of Cretaceous aged seamounts south of the Hawaiian Islands, 42 

within the U.S. exclusive economic zone. The lava flows range in age from 90 to 73 Ma, indicating that at 43 

least seventeen million years of volcanic activity occurred in the region. The best model to explain the 44 

origin of this volcanism is thinning of the oceanic lithosphere, which causes hot mantle to ascend and 45 

melt, while the structure of the nearby divergent plate boundary (ancient Pacific-Farallon Ridge) was 46 

being reconfigured.   47 
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1. Introduction 48 

The Pacific Basin contains thousands of seamounts of known and unknown geodynamic origins. 49 

Seamounts were traditionally defined as rising at least one km above the surrounding seafloor (Menard, 50 

1964); however, modern mapping techniques (e.g. multibeam bathymetry, vertical gravity gradients, 51 

satellite altimetry) have revealed that the majority of seamounts are often smaller than one km and 52 

most often form near or on spreading ridges, where the lithosphere is young and thin (e.g. Hillier and 53 

Watts, 2007, Gevorgian et al., 2023). The largest seamounts (height >3 km) are most often attributed to 54 

mantle hotspot processes and can form on old, thick lithosphere distant from any spreading ridge (e.g. 55 

Hawaii, Marquesas) or on thin lithosphere near/on a spreading ridge (e.g. Easter, Galapagos) (Hillier and 56 

Watts, 2007). The overall number and distribution of seamounts is largely dependent on available ship-57 

track multibeam seafloor mapping. Unfortunately, multibeam data is currently limited with only ~18 % 58 

of the Earth’s seafloor mapped (Mayer et al., 2018). Nonetheless, modeling with available seafloor data 59 

and satellite altimetry has established that there are likely to be >40,000 seamounts with heights >0.5 60 

km (Hillier and Watts, 2007, Gevorgian et al., 2023). The sheer breadth of these seafloor features 61 

highlights the potency and longevity of the geodynamic processes that can source submarine volcanism.  62 

Investigation into seamounts that stem from intraplate volcanism—that is volcanism occurring far 63 

from plate boundaries—presents an opportunity to deconvolve processes associated with mantle 64 

compositional heterogeneities and melting dynamics. Upwelling and decompression of 65 

thermochemically anomalous mantle plumes is the primary mechanism for significant intraplate 66 

volcanism (Koppers et al., 2021); however, many seamounts dotted across the Pacific Plate do not 67 

correlate spatially, temporally, or geochemically with mantle plume volcanism (e.g. Janney et al., 2000, 68 

Castillo et al., 2010). Mantle plumes are relatively stationary melt sources that generate sequences of 69 

seamounts aligned temporally and spatially with plate motion (e.g. Koppers and Watts, 2010; Wessel 70 

and Kroenke, 2008) and entrain a mixture of primitive mantle and recycled lithospheric lithologies and 71 

associated geochemical signatures (Hofmann, 2004). The other two prominent mechanisms for 72 

intraplate volcanism include lithospheric extension (Sandwell et al., 1995) and asthenospheric shear-73 

driven upwelling (Conrad et al., 2010). Lithospheric extension-derived volcanism involves the thinning of 74 

the lithosphere, which in turn can drive adiabatic decompression and partial melting of the mantle 75 

(McKenzie and Bickle, 1998). Extension related volcanism is speculated to be generated by a variety of 76 

tectonic drivers in the ocean basin, most commonly slab pull from subduction processes (Sandwell et al., 77 

1995; Mather et al., 2020) or by local microplate formation (Sager and Pringle, 1987). Asthenospheric 78 

shear-driven upwelling is generated by shear of viscous, fertile fingers in the asthenosphere. The shear is 79 

generated by oppositely moving lithosphere and asthenosphere that is able to sustain upwelling mantle 80 

(that melts via decompression) at the apex of the finger and downwelling at its rear (Conrad et al., 2010; 81 

Ballmer et al., 2013). Age progressions observed among hypothesized shear-driven seamount chains is 82 

much faster (e.g. 20–30 cm a-1) than typical absolute plate motion (~7 cm a-1 in the Pacific) and 83 

seamounts tend to become younger towards the paleo-ridge axis instead of in the direction of absolute 84 

plate motion (Ballmer et al., 2013). 85 

Deconvolving intraplate mantle processes requires investigating unique and diverse volcanic 86 

structures on the seafloor. The Geologist Seamounts are one such structure located near the Hawaiian 87 

Islands, within a region known as the South Hawaiian Seamount Province, that remain understudied 88 

(Figures 1, 2). Despite their prominence and proximity to Hawaii, there are only two known attempts to 89 

understand Geologist Seamounts’ origin through lava flow age determinations (Dymond and Windom, 90 
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1964; Sager and Pringle, 1987). Since that pioneering work there has been significant collection of high 91 

resolution multibeam bathymetry data that cover nearly the entirety of the seamount chain (a large 92 

contributor being the USGS 1986–1989 GLORIA project; Holcomb and Robinson, 2004). Additional rock 93 

samples were recovered from the region by the University of Hawai’i-Mānoa School of Ocean and Earth 94 

Science and Technology (SOEST) in 1984 and by the National Oceanic and Atmospheric Administration’s 95 

office of Ocean Exploration Research (NOAA-OE) in 2015. This makes the Geologist Seamounts one of 96 

the most surveyed seamount provinces in the Pacific Basin despite the limited studies that utilize the 97 

wide breadth of data available for the region.  98 

This work presents new incremental heating 40Ar/39Ar age determinations for lava flows recovered 99 

from the Geologist Seamounts as well as whole rock major and trace element concentrations and 100 

geomorphic analysis of the region using new multibeam bathymetry data. This data is used in 101 

conjunction with previous work (Dymond and Windom, 1968; Sager and Pringle, 1987) and plate 102 

reconstruction models (Wessel and Kroenke, 2008; Doubrovine et al., 2012; Müller et al., 2019) to 103 

constrain the melt mechanisms and sources that generated the Geologist Seamounts. 104 

2. Geologic Setting 105 

2.1 Regional Tectonic Setting 106 

The Geologist Seamounts are located on Pacific crust bounded by the Molokai and Clarion fracture 107 

zones (FZ) to the north and south, respectively (Figures 1 and 2). Fracture zones are aseismic, single or 108 

multi-strand, remnants of transform faults that offset mid-ocean ridge segments (e.g. Menard, 1967). 109 

The most prominent FZs can be traced back millions of years potentially to a still active mid-ocean ridge 110 

from which they originated. Moreover, FZs are capable of recording and providing insight into important 111 

geodynamic processes including plate reorganization events and microblock formation (e.g. Atwater et 112 

al., 1993, Tebbens et al., 1997). In particular, the Molokai and Clarion FZs are 110 Ma, >5,000 km long 113 

tracers of transform faults that offset the paleo Pacific-Farallon spreading center (Figure 1). Other 114 

prominent Pacific seafloor features proximal to the Geologist Seamounts include the Hawaiian Ridge 115 

and the Musician Seamounts to the north, the Mid-Pacific Mountains and the Line Islands to the west, 116 

and the South Hawaiian Seamount Province that hosts the Geologist Seamounts (Figure 1, 2). 117 

Here we define the South Hawaiian Seamount Province to be the myriad of seamounts located 118 

south of the Hawaiian Islands and east of the Line Islands between the Molokai and Clarion FZs (Figure 119 

2). This includes the Geologist Seamount cluster as well as numerous poorly sampled and sparsely 120 

mapped seamounts dotted across the seafloor. Direct sampling and age determinations of the 121 

seamounts in the region is lacking. With the exception of the Geologist Seamounts, only one seamount 122 

in particular, HD-1 (Figure 2), was sampled and dated unreliably with K-Ar ages ranging from 89–40 Ma 123 

from different mineral separates from the same lava flow by Dymond and Windom (1968). However, 124 

inferred late Cretaceous ages by paleomagnetic inversion for seamounts HD-1, HD-4, Finch, and the 125 

Geologist Seamounts were established by Sager and Pringle (1987).  126 

The southeastern portion of the South Hawaiian Seamount Province consists of Daly Seamount, 127 

Finch Seamount, and a series of unexplored smaller volcanic cones that appear to intersect the initiation 128 

of the Kana Keoki FZ to the southeast (Figure 3). This E-W trending FZ is relatively short-lived, having 129 

existed between ~90 and 70 Ma based on available seafloor age models (Atwater and Severinghaus, 130 

1989; Seton et al., 2020), and has an approximate length of at least 800 km, although mulitbeam 131 
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mapping of the FZ is sparse. Atwater and Severinghaus (1989) interpreted the FZ as extending eastward 132 

into a failed rift that is approximately 550 km long and trending ~N55° (Figure 4). This extension is based 133 

on small magnetic isochron offsets at C33n, C32n, and C31n (79.90–69.27 Ma; Ogg, 2020). The Kana 134 

Keoki FZ was first observed by Handschumacher and Andrews (1975), however the authors did not 135 

speculate on its geologic origin. Sager and Pringle (1987) also mention the Kana Keoki FZ as evidence for 136 

Pacific-Farallon spreading ridge reorganization.   137 

Approximately 110 km to the east of the Geologist Seamounts exists a prominent NW-SE trending 138 

fault scarp that displays approximately 500 m of offset, coined the Farnella Escarpment by Holcomb and 139 

Robinson (2004) (Figure 3). The 180 km long escarpment may intersect the initiation of the Kana Keoki 140 

FZ; however, its visible extent ends 190 km away from the FZ. Interestingly, the Farnella Escarpment is 141 

not oriented perpendicular to Cretaceous seafloor spreading. Cretaceous seafloor spreading direction in 142 

the region is indicated by two sets of abyssal hill fabrics: NNW-SSE (~N345°, west and north of the 143 

Geologist Seamounts) and N-S (~N0°, east of the Geologist Seamounts), which are formed from normal 144 

faults parallel to the paleo-ridge axis (Figure 4; Holcomb and Robinson, 2004). Currently, no hypotheses 145 

have been put forth to explain the origin of this offset but its proximity to the Geologist Seamounts 146 

infers a potential related origin.  147 

2.2 The Geologist Seamounts 148 

The Geologist Seamounts are a cluster of ten seamounts located in the North Central Pacific, ~100 149 

km south of the Hawaiian Islands (Figures 1-4). The cluster is easily identified by its inverted V-shape, 150 

which is unique to the region. Due to their proximity to the modern Hawaiian Ridge, the seafloor depths 151 

of the Geologist Seamounts are modeled to be buoyed ~1 km by the Hawaiian Arc mid-plate swell 152 

(Constable and Heinson, 2004). The Geologist Seamounts are located on oceanic lithosphere generated 153 

during the Cretaceous Paleomagnetic Quiet Zone Superchron (121-84 Ma; Gradstein et al., 1994), but 154 

modeled seafloor ages indicate a ~96–93 Ma age for lithosphere formation (model based on the 155 

predicated seafloor half-spreading rates in Seton et al. (2020) as the seamounts reside ~800 km west of 156 

the first appearance of C34n (83.65 Ma; Atwater and Severinghaus, 1989). Available K-Ar and 40Ar/39Ar 157 

age determinations indicate volcanism occurred between 85-79 Ma (Dymond and Windom, 1968; Sager 158 

and Pringle, 1987). Thus, the seamounts erupted in an intraplate setting but relatively close to the 159 

paleo-ridge axis. 160 

2.3 Petrology and Age Determinations of Geologist Seamounts Lava Flows 161 

Petrologic analysis completed by Friesen (1987) based on rocks dredged from one seamount within 162 

the Geologist cluster (Cross Seamount, Figure 3) during the Midpac 2A expedition in 1984 reveals 163 

evolved alkaline basalts, biogenic sedimentary rocks, and volcaniclastics. These rocks were dredged 164 

along the base and up to the flat-topped summit of Cross Seamount. The major element geochemistry 165 

of three recovered igneous rocks from Cross reveal them to be a trachyte, a tephriphonolite, and a 166 

basaltic trachyandesite, respectively. Rock names are based on the total alkali versus silica classification 167 

scheme (Le Bas, 1986). The igneous rocks fall on the trachytic trend: alkaline-rich with varying silica 168 

content. Alteration is abundant and includes pervasive recrystallization of olivine to iddingsite, 169 

zeolitization, phosphatization, and oxidation (Friesen, 1987). Also recovered during Midpac 2A was an 170 

abundance of volcaniclastics including basaltic hyaloclastite and debris breccia with sedimentary and 171 

igneous clasts. This is a common feature on seamounts as volcanism tends to become more explosive 172 

when near the ocean surface due to increased volatile (water) influx to the magma system and 173 

decreased hydrostatic pressure (Wright and Rothery, 1998). Cross Seamount was once shallow enough 174 
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for biotic reef formation as evidenced by the recovery of foraminiferal calcarenite and phosphorite from 175 

shallow depths (Freisen, 1987), and the fact that it is flat-topped, which is likely caused by wave erosion 176 

during subsidence (e.g. Darwin, 1842; Hess, 1946; Smoot, 1995). Dymond and Windom (1968) also 177 

recovered three igneous rocks from Cross Seamount of which they classified all as trachytes but did not 178 

provide geochemical data. Sager and Pringle (1987) and Pringle (1992) analyzed a trachyte from McCall 179 

and a trachyte and hawaiite from Cross, and provide whole rock and plagioclase K, Rb, Sr, Sm, and Nd 180 

trace element data.  181 

Available age determinations from the Geologist Seamounts are limited to two seamounts. Prior to 182 

this work, K-Ar and 40Ar/39Ar total fusion age determinations were obtained from igneous rocks 183 

recovered from McCall and Cross Seamount (Dymond and Windom, 1968; Sager and Pringle, 1987). The 184 

K-Ar age determination experiments utilized biotite and whole-rock trachyte separates, which range 185 

from 78.8 to 85.5 Ma (Dymond and Windom, 1968). K-Ar analysis on biotite phenocrysts of Sample 7-12 186 

(85.5 ± 4.0 Ma, 2σ) and on a whole-rock separate from the same lava flow (78.8 ± 3.4 Ma, 2σ) contained 187 

substantial error. The large uncertainties, coupled with the general assessment that K-Ar age 188 

determinations on seawater altered lava flows fail to accurately represent the age of eruption (e.g. 189 

Pringle, 1992) indicate the ages should not be used in regional interpretations. Sager and Pringle (1987) 190 

and Pringle (1992) provide 40Ar/39Ar total fusion analysis on lava flow separates from McCall and Cross. 191 
40Ar/39Ar total fusion analyses is a method that is akin to K-Ar, wherein the sample is irradiated to 192 

convert 39K to 39Ar but the gas is released and analyzed from the whole rock or mineral separate in one 193 

high temperature fusion step. Sager and Pringle (1987) assigned eruption ages of 84 ± 1 Ma (2σ) to the 194 

McCall seamount based on three analyses (two plagioclase separates and a trachyte; recalculated to the 195 

same fluence monitor, age and decay rate used in §3.1) and 85 ± 8 (2σ) Ma to Cross guyot based on 196 

three analyses (biotite from Dymond and Windom (1968), a trachyte, and a hawaiite). 197 

3. Materials and Methods 198 

3.1 40Ar/39Ar Age Determination Methodology 199 

During NOAA-OE expedition EX1504L3 in 2015, eight lava flow samples were collected from three 200 

seamounts (McCall, Swordfish, and Ellis) among the Geologist Seamount cluster by ROV Deep 201 

Discoverer. Additionally, four lava flow samples were dredged from two seamounts (Cook and Jaggar) 202 

during SOEST expedition KK840824-02 in 1984 but never analyzed. Of the twelve igneous samples, eight 203 

were chosen for incremental heating age determination experiments. These include seven plagioclase-204 

rich alkaline basalts and one phosphorite-cemented conglomerate with a pebble-sized (~40mm) fresh 205 

alkaline basalt clast. This sample suite covers eruptions from five of the ten Geologist Seamounts. 206 

Plagioclase, amphibole, and holocrystalline groundmass were the target phases for 40Ar/39Ar age 207 

determinations for the eight lava flow samples. Selection of the target phases was based on 208 

petrographic observations of each sample with a focus on minimizing effects from secondary alteration.  209 

Sample preparation began with the removal of altered sections and ferromanganese crust from the 210 

bulk rock through cutting with a diamond-blade trim saw. Bulk rock was reduced in size in a BICO steel 211 

jaw chipmunk crusher followed by grinding in a BICO rotary disk mill. Sufficient material for analysis was 212 

produced by alternating grinding and sieving to reach a specific size based on desired phase: 250–500 213 

μm for plagioclase (targeting ~20 mg) and amphibole (~10 mg); 212–300 μm for groundmass (~20 mg). 214 

These fractions were sonicated with ultrapure water at room temperature to remove rock powder 215 

produced during grinding and were dried in a 50°C drying oven for 24–48 hours. Concentration of the 216 
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desired phase was achieved with a Frantz isodynamic magnetic separator. Since secondary alteration 217 

was generally abundant, acid leaching was incorporated to remove clay and carbonate. Separates were 218 

acid leached using an ultrasonic bath heated to approximately 40°C for sixty minutes each in 3N HCl, 6N 219 

HCl, 1N HNO3, and 3N HNO3 sequentially, followed by a heated ultrapure water bath (Konrad et al., 220 

2018). Plagioclase separates underwent an additional bath (prior to ultrapure water) in 4% HF for 10–15 221 

minutes to remove potential sericite rims. Separates were hand-picked under a microscope with careful 222 

avoidance of non-targeted minerals, surface alteration, and inclusions. Separates were packed into 223 

aluminum foil and placed into quartz tubes with accompanying standards of known fluence age (Fish 224 

Canyon Tuff sanidine). Samples were then irradiated in Oregon State University’s TRIGA Reactor for nine 225 

hours.   226 

Analyses were conducted with the incremental heating method using a double-vacuum furnace 227 

attached to a stainless-steel extraction line at the Nevada Isotope Geochronology Laboratory (NIGL). 228 

Gases were exposed to a hot SAES ‘getter’ during fourteen minutes of furnace heating followed by an 229 

additional six-minute exposure to a second set of room temperature and hot SAES ‘getters’. Processed 230 

gas was inlet into a NGX multi-collector noble gas mass spectrometer with ATONA amplifiers with time 231 

zero initiated after a 20s gas equilibration time. Argon isotopic ratios were measured in a NGX multi-232 

collector mass spectrometer following procedures outlined in Balbas et al. (2023). Age determinations 233 

were calculated using ArArCalc software (Koppers, 2002) with the propagated uncertainties described in 234 

Balbas et al. (2023). Ages were calculated against a Fish Canyon Tuff sanidine fluence monitor with an 235 

assumed age of 28.201 ± 0.08 Ma (Kuiper et al., 2008) and using a 40K total decay constant of 5.463 ± 236 

0.107×10−10 yr−1 (Min et al., 2000).  237 

3.2 Major and trace element geochemistry methodology   238 

Seven bulk rock samples were cut into small, ~20–80g pucks for geochemical analyses. Secondary 239 

mineralization veins, highly altered areas, and particularly phenocryst-rich sections were avoided to 240 

prevent concentrating specific phases and creating bias in the data. Pucks were polished with Al grit to 241 

remove saw marks. Then pucks were repeatedly sonicated in deionized water to remove any residual Al 242 

grit. Cleaned pucks were sent to the XRF and ICP-MS laboratory of Michigan State University and 243 

analyzed in triplicate according to the methods of Rooney et al. (2011; 2015). All major element data 244 

presented herein is from XRF while all provided trace element analyses were measured via solution ICP-245 

MS. 246 

4. Results 247 

4.1 Morphology of Seamounts 248 

The Geologist Seamounts have four distinct morphologies: (1) round, flat-topped guyots; (2) conical, 249 

radial-topped seamounts; (3) narrow, elongate ridges with steep slopes; and (4) elliptical, elongate 250 

seamounts with irregular topography. Of the ten seamounts, one is a guyot, one is an elliptical 251 

seamount, three are radial seamounts, and five are elongate ridges. Table 1 describes the location and 252 

characteristic features of each seamount. Detailed maps and descriptions of individual seamounts are 253 

provided in Supplemental Document 1.  254 

4.2 Descriptions of Volcanic Rocks 255 

An alkalic suite of lavas was recovered from several sites in the Geologist Seamount cluster (see 256 

location data in Table 2 and major and trace element data in Table 3). Ferromanganese oxide encrusted 257 
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all of the recovered samples. Fresh cores persist in the suite of samples although secondary alteration is 258 

pervasive to varying degrees. Among our sample set, olivine is always recrystallized to clay iddingsite. 259 

Rock names are based on the total alkali versus silica classification scheme (Le Bas, 1986; Figure 14). 260 

Hand sample and in-situ images of lava flows are available in Figure 5, and cross-polarized thin section 261 

images of lava flows are available in Figure 6. 262 

4.2.1 Swordfish Seamount 263 

Samples recovered from Swordfish include two sparsely porphyritic trachyandesites (EX1504L3-D5-264 

1, Figure 5A; EX1504L3-D5-6, Figure 5C) and a volcanic breccia (EX1504L3-D5-4, Figure 5B). Cross-265 

polarized images are displayed in Figure 6C and Figure 6D. The alkalic samples are highly vesicular with 266 

round vesicles that lack infilling. Phenocrystic plagioclase is typically subhedral with common 267 

disequilibrium textures and reaction rims of sericite. Rare (~1%) amphibole and clinopyroxene 268 

phenocrysts also occur, both displaying subhedral crystal shape and partial recrystallization. 269 

Groundmass consists of plagioclase, magnetite, and altered fine-grain mesostasis. 270 

The volcanic breccia is phosphorite-cemented with numerous oxidized basalt clasts and one fairly 271 

fresh basalt clast (Figure 5B). The fresh clast is a moderately porphyritic vesicular basalt with common 272 

subhedral plagioclase phenocrysts containing disequilibrium textures (Figure 6E). Vesicles are rounded 273 

to elongate. Groundmass consists of plagioclase, magnetite, and altered mesostasis. 274 

4.2.2 Ellis Seamount 275 

One sample recovered from Ellis is a basanite (EX1504L3-D6-2, Figure 5D). The basanite is highly 276 

vesicular and sparsely phenocrystic (Figure 6F). Vesicles are sub-rounded, partly infilled, and often 277 

contain reaction rims. Olivine phenocrysts and microcrysts are anhedral. The groundmass consists of 278 

olivine, plagioclase, and altered mesostasis. 279 

4.2.3 Cook Seamount 280 

One sample recovered from Cook is a basanite (KK840824-02 STA76 RD45, Figure 5E). The sample is 281 

vesicular, trachytic, and moderately porphyritic with abundant euhedral plagioclase phenocrysts and 282 

occasional subhedral olivine phenocrysts (Figure 6G). Vesicles are sub-rounded to elongate and are 283 

partially infilled by calcite and phosphorite. Groundmass consists of lath-like plagioclase, olivine, 284 

magnetite and mesostasis. 285 

4.2.4 Jaggar Seamount 286 

A phonotephrite (KK840824-02 STA76 RD46, Figure 5F) was recovered from Jaggar. The sample is 287 

trachytic, vesicular, and sparsely porphyritic with occasional subhedral plagioclase phenocrysts that 288 

often contain disequilibrium textures (Figure 6H). Vesicles are rounded, lack infilling, and have alteration 289 

coating. Plagioclase, magnetite, and altered mesostasis comprise the groundmass. 290 

4.2.5 McCall Seamount 291 

A basanite (EX1504L3-D4-4, Figure 5G) and a hawaiite (EX1504L3-D4-1, Figure 5H) were recovered 292 

from McCall. The basanite was likely part of a larger volcanic breccia as evidenced by the phosphorite 293 

and altered basalt clasts adhered to its rim. Both samples are sparsely porphyritic with rare, large 294 

subhedral plagioclase phenocrysts (Figure 6A and Figure 6B). The basanite is trachytic and the hawaiite 295 

is vesicular. Vesicles are rounded, have minor infill, and have alteration coating. Occasional plagioclase 296 
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microcrysts are subhedral. Plagioclase, olivine, spinel, and altered mesostasis makeup the groundmass 297 

of both samples. 298 

4.3 Compositions of Volcanic Rocks 299 

4.3.1 Major Elements 300 

Loss on Ignition (LOI) values, which represents the lost volatile content when the sample was 301 

heated, are substantial for every sample [1.6–5.6 wt.%] and should be taken into consideration when 302 

regarding the validity of the major and trace element data (Table 3). Figure 7 displays major element 303 

bivariate diagrams of Geologist Seamount lavas compared to Pacific intraplate extensional lavas (Janney 304 

et al., 2000; Davis et al., 2010), mantle-plume derived lavas (Willbold and Stracke, 2006), and spreading-305 

center derived lavas from the East Pacific Rise (EPR; Strake et al., 2022). Overall, MgO content is very 306 

low in all of the recovered rocks (<1.50 wt.%) potentially due to secondary alteration, which removes 307 

the ability to accurately evaluate differentiation (Figure 7E). There are elevated P2O5 values for the 308 

Geologist Seamounts lava flows, which range from 1.0–5.0 wt.%. (Figure 7I). Relatively high TiO2 [1.6–3.0 309 

wt.%], Al2O3 [17.1–19.7 wt.%], and Na2O [3.1–5.4 wt.%] concentrations are present within the Geologist 310 

Seamount lava flows, similar to alkaline lavas recovered from other intraplate volcanoes such as the 311 

Pukapuka Ridge (e.g. Janney et al., 2000 [TiO2: 1.4–2.8; Al2O3: 16.7–18.1; Na2O: 3.6–6.4]) or offshore 312 

California seamounts (Davis et al., 2010 [TiO2: 0.6–3.9; Al2O3: 15.4–21.0; Na2O: 2.5–5.8]) (Figure 7A, 7B, 313 

7G). 314 

Based on the total alkali versus silica plot, rocks recovered from the Geologist Seamounts include 315 

basanite, phonotephrite, hawaiite (trachybasalt), and trachyandesite (Table 3; Figure 8). The most 316 

common rock type is basanite, which are observed on Cook, Ellis, and McCall seamounts. The basanites 317 

all plot on the border of the basanite and hawaiite fields, so they are not overly undersaturated in silica 318 

(42.6–46.4 wt.%) nor supersaturated in total alkalis (5–6.4 wt.%). McCall seamount contains a hawaiite 319 

flow (EX1504L3-D4-1) that displays the lowest K2O content of all the recovered samples from the region 320 

(1.04 wt.%; Figure 7H). The trachyandesite samples come from Swordfish seamount and contain the 321 

highest silica (EX1504L3-D5-1: 54.9 wt.%; D5-6: 53.5 wt.%) and total alkali (EX1504L3-D5-1: 9.6 wt.%; D5-322 

6: 9.1 wt.%) content of all recovered samples (Figure 8). Lastly, the lava flow from Jaggar seamount 323 

(KK840824-02 STA77 RD46) is a phonotephrite that is near the border of phonotephrite and basaltic 324 

trachyandesite fields; therefore, it is not supersaturated in total alkalis (7.9 wt.%; Figure 8). Overall, the 325 

lava flows recovered from the Geologist Seamounts fall along the alkaline to highly alkaline 326 

compositional trends—consistent with previous observations on the region (Friesen, 1987; Pringle, 327 

1992).  328 

4.3.2 Trace Elements 329 

Whole rock trace element concentrations are provided in Table 3. Due to their resistance to hydrous 330 

remobilization during low-temperature seawater alteration, HFSE (high-field strength elements) like Th, 331 

Nb, Hf, Zr, Ta and REE (rare earth elements) are the primary trace elements to focus on when working 332 

with submarine lava flows (Bienvenu et al., 1990). Samples from Northern McCall ridge (EX1504L3-D4-1 333 

and -4) contain the lowest incompatible trace element concentrations among the Geologist Seamounts 334 

samples. The primitive mantle normalized (PM) (McDonough and Sun, 1995) (La/Sm)PM ratios for the 335 

Northern McCall lava flows vary from 1.7–2.3, while the other lava flows range from 2.7–3.4 (Figure 9B). 336 

However, the total range of (La/Sm)PM for the Geologist seamount samples mostly overlap with alkalic 337 

basalts derived from seamounts and ocean islands (Figure 9B). The heavy rare earth elements (HREE) 338 
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ratios vary among the samples with (Dy/Yb)PM ranging from 1.15–1.76, which reside at the lowest end of 339 

most OIB values (e.g. 1.6–2.4; Figure 9B). The Nb/Zr values for the Geologist lava flows range from 0.07–340 

0.22 and coincide with the full range of MORB (~0.009–0.22) and OIB (0.08–0.36) (Figure 9A). With the 341 

exception Northern McCall ridge, the Geologist lava flows contain Nb/Yb values (16.4–45.3) consistent 342 

with other oceanic alkaline basalts (0.9–44.5), while the McCall ridge samples (0.34 and 6.75) overlap 343 

with MORBs (~0.01–12.7; Figure 10A). 344 

The Y/Y* ratio, which is the ratio of primitive mantle normalized Y concentration in the lava flows 345 

relative to the expected mantle array (Y/Y* = (Y/YPM) / √(Dy/DyPM * Ho/HoPM)), is commonly employed to 346 

test for phosphorite contamination as phosphorite preferentially uptakes Y relative to Dy and Ho 347 

(Geldmacher et al., 2023). The Y/Y* values in the Geologist Seamounts lava flows range from 0.8–1.15. 348 

The observed Y/Y* values indicate minor phosphate contamination in sample EX1504L3-D4-4 (Figure 349 

11), although, there does not appear to be a clear relationship between P2O5 enrichment and HREE 350 

enrichment in our sample set (R2 of P2O5 vs. La, Sm, or Yb are 0.16, 0.38, and 0.04, respectively). For 351 

example, EX1504L3-D4-4 has the highest P2O5 value (5.2 wt.%) whilst having no clear relative 352 

enrichment in any characteristic REE (e.g. La: lowest at 25.4, Sm: second lowest at 6.9, and Yb: third 353 

highest at 4.5). 354 

Figure 12 shows C1 carbonaceous chondrite-normalized (McDonough and Sun, 1995) REE profiles of 355 

lava flows from the Geologist Seamounts compared to average end-member ocean island basalt 356 

composition (Willbold and Stracke, 2006) and min-max mid-ocean ridge basalt composition (Gale et al., 357 

2013). Geologist Seamounts lavas show a steep slope (enrichment in LREE; light rare earth elements), 358 

and high LREE/HREE values with La/Yb values range from 11.8-20.0, excluding EX1504L3-D4-1 [5.8] and 359 

D4-4 [5.7]. The most alkali rich flows, trachyandesites from Swordfish (EX1504L3-D5-1; D5-6), have the 360 

steepest profiles. The least alkali rich lava flow, the Hawaiite from Northern McCall ridge (EX1504L3-D4-361 

1), has the shallowest profile. Conservatively, we do not use the large ion lithophile element 362 

concentrations when assessing our data as they are highly susceptible to low-temperature aqueous 363 

remobilization during the lava flows long residence on the seafloor (e.g. Geldmacher et al., 2023). For 364 

example, the large ion lithophile elements Ba and Sr have wide-ranging values among our dataset, from 365 

~70–1120 and ~360–1480, respectively (Table 3). 366 

4.4 40Ar/39Ar Age Determinations 367 

Ten 40Ar/39Ar experiments of eight igneous rocks produced five concordant age plateaus of reliable 368 

data (Figure 13). Here we define a concordant heating plateau as containing >50% of the 39Ar(K) released 369 

and having a probability of fit factor (P) >0.05. Two plagioclase separates from Northern McCall 370 

Seamount, EX1504L3-D4-1 and EX1504L3-D4-4, produced age plateaus of 87.9 ± 0.7 Ma (P = 0.06, 371 

MSWD: 2.2, 40Ar/36Arint: 286 ± 19, 39Ar(K) = 51%) (Figure 13A) and 90.3 ± 0.6 Ma (P = 0.42, MSWD: 1.0, 372 
40Ar/36Arint: 302 ± 24, 39Ar(K) = 92%) (Figure 13B), respectively. A small amphibole separate (2.0 mg) from 373 

Swordfish Seamount, EX1504L3-D5-1, produced an age plateau of 87.3 ± 0.2 Ma (P = 0.99, MSWD: 0.2, 374 
40Ar/36Arint: 294 ± 36, 39Ar(K) = 96%). Plagioclase separates from Cook and Jaggar Seamounts, KK840824-375 

02 STA76 RD45 and KK840824-02 STA76 RD46, produced concordant age plateaus of 73.9 ± 0.2 Ma (P = 376 

0.37, MSWD: 1.1, 40Ar/36Arint: 281 ± 21, 39Ar(K) = 100%) and 72.8 ± 0.3 Ma (P = 0.10, MSWD: 1.6, 377 
40Ar/36Arint: 329 ± 37, 39Ar(K) = 65%), respectively. The other five experiments produced discordant 378 

heating spectrums that were marred by significant recoil (Figure 13B, 13H), degassing of low 379 
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temperature alteration phases (Figure 13H), and instances of excess Ar domains that prevented 380 

concordance between incremental heating steps (Figure 13G, 13F) 381 

Of the five analyses that failed to produce a concordant age plateau, three were groundmass 382 

separates and two were plagioclase separates. All groundmass samples, EX1504L3-D4-1 (Figure 13B), 383 

EX1504L3-D5-1 (Figure 13E), and EX1504L3-D6-2 (Figure 13H) experienced high temperature recoil 384 

effects likely stemming from the displacement of 39Ar(K) from phases that degas at low temperatures 385 

(e.g. glass; clay alteration) into higher temperature phases (e.g. clinopyroxene) or out of the solid 386 

system, resulting in low apparent ages.  EX1504L3-D4-1 and EX1504L3-D5-1 (groundmass) experienced 387 

low temperature partial degassing effects (low apparent ages) mixed with some low temperature recoil 388 

(higher apparent ages) that may relate to partial degassing during the emplacement of overlying lava 389 

flows and/or degassing of fine grain secondary minerals that crystalized progressively after lava flow 390 

emplacement. The discordant plagioclase, EX1504L3-D5-4 (Figure 13F) and EX1504L3-D5-6 (Figure 13G), 391 

analyses experienced low temperature degassing of recrystallized plagioclase (sericite) (low apparent 392 

ages from loss of 40Ar* and addition of 39K post lava emplacement) and were blighted with multiple 393 

excess 40Ar domains, likely from melt inclusions within the crystal separates (resulting in high apparent 394 

ages). 395 

5.0 Discussion 396 

New age determinations define the Geologist Seamounts cluster as forming either continuously over 397 

~17 m.y. or during at least three potential episodes of volcanism: 90–87 Ma, 84 Ma, and 74–73 Ma. Lava 398 

flows are alkalic (Figure 8) vary from moderately enriched in LREE to highly enriched (e.g. La/SmPM = 399 

~1.7–3.4) with low to moderately high HREE slopes (e.g. Dy/YbPM = ~12–18; Figure 9B). Aqueous 400 

alteration is pervasive, which creates difficulty in accurately analyzing major element differentiation 401 

trends, however most of the HFSE trace element ratios appear reliable. Morphology of the Geologist 402 

Seamounts is variable along the cluster and appears to be influenced by local ocean-crustal fabrics 403 

(Supplemental Document). Below we discuss the new observations on the Geologist Seamounts in detail 404 

and place their origin within the larger tectono-magmatic framework of the Pacific plate. 405 

5.1 The Age and Morphology of the Geologist Seamounts 406 

The new age determinations appear to highlight a first-order relationship between seamount 407 

morphology and eruption age among the Geologist Seamounts cluster. A N-S dominant axis orientation 408 

is shared by Northern McCall and Swordfish seamounts whose sampled lava flows formed from 90–87 409 

Ma. Due to Geologist Seamount formation on lithosphere created during the Paleomagnetic Quiet Zone 410 

Superchron (121-84 Ma; Gradstein et al., 1994), the age of ocean crust is modeled to be ~96–93 Ma 411 

based on half-spreading rate of the Pacific Plate (~68 mm a-1) calculated by Seton et al. (2020). McCall 412 

and Swordfish seamounts reside 700 km and 850 km from the first occurrence of C34n (83 Ma, Seton et 413 

al., 2020), respectively. A local half-spreading rate of 68 mm a-1 from Seton et al. (2020) results in a 414 

modeled crustal age of 93.3 Ma and 95.5 Ma for the seamounts. Therefore, the new Northern McCall 415 

and Swordfish lava flows ages (90–87 Ma) are approximately 3–8 Ma younger than the underlying 416 

oceanic crust placing them near the paleo-Pacific-Farallon ridge. The seamount along-axis orientation is 417 

aligned with the regional abyssal hill fabric (Figure 4) east of the cluster indicating the seamounts likely 418 

formed from fissure eruptions and dike emplacement along the pre-existing N-S normal faults.  419 
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Lava flows from the NE-SW orientated central McCall seamount formed at 84 Ma (Sager and Pringle, 420 

1987), which is consistent with its geographic superposition on the northern McCall ridge (Figure S5). A 421 

change in preferential channeling of volcanism occurred between the 90–87 Ma and 84 Ma episodes of 422 

volcanism. The N-S orientation is shared by abyssal hills east of the Geologist Seamounts and north of 423 

the Kana Keoki FZ (Figure 4). The abyssal hills formed at an approximately 15° clockwise offset (oriented 424 

~N0°) from the abyssal hills on Pacific seafloor west and north of the Geologist Seamounts, which are 425 

oriented at ~N345°. Clockwise rotation of abyssal hill fabrics may be indicative of microblock formation 426 

because they are known to rotate independently (e.g. Mammerickx et al., 1988; Tebbens et al., 1997; 427 

Matthews et al., 2016), or more simply, may represent a change in plate motion. Long axis orientations 428 

of seamounts in the NE-SW direction is the most common structure among the Geologist Seamounts 429 

cluster. Four seamounts have NE-SW orientations within the cluster (Washington, Ellis, Perret, and 430 

central McCall). However, there are no local crustal fabrics in this direction besides a distant, proposed 431 

rift zone (~18°N, 144°W; Atwater and Severinghaus, 1989) that potentially represents the eastern 432 

boundary of an extinct microblock between the Kana Keoki and Molokai FZs (Figure 4) (Discussed 433 

further in §5.6).  434 

A third episode of volcanism occurred on Cook and Jaggar seamounts whose two recovered lava 435 

flows have eruption ages of 73.9 and 72.8 Ma, respectively (Figure S4 and Figure 13). These lava flows 436 

are approximately 20 Ma younger than the underlying oceanic crust and would place the Geologist 437 

Seamounts firmly off-ridge at the time. Jaggar is the only seamount-oriented NW-SE, which is shared by 438 

the Farnella Escarpment and abyssal hill fabrics west of the Geologist Seamounts cluster. However, this 439 

orientation is not ubiquitous across the seamount as it is not an elongate ridge similar to Perret or Ellis 440 

and there are distinct volcanic cones dotted across the seamount that call into question whether this 441 

seamount originated from a single eruptive pulse at ca. 74 Ma (Figure S4), or if there were multiple 442 

pulses of volcanism, potentially over millions of years as is seen with McCall seamount. Cook seamount 443 

has a radial structure with no preferential orientation, which is also shared by Pensacola and Daly 444 

seamounts (Figure S4 and S6). Radial (stellate) seamount structure is expected when volcanic growth 445 

radiates from a central peak into several pre-existing crustal weaknesses (Mitchell, 2001; Chaytor et al., 446 

2007). The existence of radial seamounts in close proximity to seamounts with clear orientations 447 

suggests that the local stress regimes that generated the Geologist Seamounts were not ubiquitous 448 

and/or consistent. In summary, we see a ca. 90–87 Ma pulse of volcanism dominantly oriented in the N-449 

S direction, a ca. 84 Ma pulse of volcanism oriented in the NE-SW direction, and a ca. 74–73 Ma pulse of 450 

volcanism with no clear orientation. The lack of consistency across the cluster overtime brings into 451 

question of how has the geologic context surrounding the Geologist Seamounts changed during each 452 

episode of volcanism and were there any distinct changes in the chemical composition of the lava flows 453 

indicating changes in mantle melting and source reservoirs?  454 

5.2 Geochemical Trends 455 

The new trace element concentration data from the Geologist Seamounts aid in illuminating the 456 

tectonomagmatic processes that formed the Geologist Seamounts. Due to the presence of significant 457 

aqueous alteration among our dataset we restrict interpretations to key HFSE ratios as well as REE 458 

behavior. As a whole, the lava flows from the Geologist Seamounts show a wide range of trace element 459 

heterogeneity, highlighting significant variation in melting dynamics during seamount emplacement. The 460 

patterns of HREE (e.g. Dy/Yb) can be used as indicator of the degree of mantle melting within the garnet 461 

stability field (e.g. deeper than ~80 km; Dy/YbPM values >16) as compared to melting within the shallow 462 
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spinel stability field (lower Dy/YbPM values <16). This is due to the tendency for HREEs to remain in the 463 

mantle residual garnet due to their increased compatibility in garnet as compared to spinel (e.g. 464 

McKenzie and O’Nions, 1991). Mantle plume derived hotspot volcanism (e.g. purple fields Figure 9, 10, 465 

and 12), tend to melt deeper in the asthenosphere due to the increased temperature of plumes (e.g. 466 

Hoffmann, 2003). In contrast, MORBs represent high degree melting of shallower asthenosphere and 467 

thus display low Dy/Yb (~1–15). The La/Sm (a proxy for the slope of the LREEs), is typically reflective of 468 

either lower degrees of mantle melting (which increase La/Sm) or melting of more incompatible 469 

element enriched mantle reservoirs (also increases La/Sm). In combination, these ratios can provide first 470 

order insights into the depth and degree of mantle melting sourcing the lava flows.  471 

The bulk of the analyzed Geologist Seamount lavas show (Dy/Yb)PM that overlap with lowest end of 472 

most OIB values and higher end of non-plume related offshore California seamounts (Dy/YbPM = ~17; 473 

Figure 9B), which suggests a mix of melting within the garnet and spinel stability fields. With the 474 

exception of Northern McCall ridge, all the Geologist Seamount samples have high La/Sm (>2.7), 475 

consistent with their highly alkalic nature. A further way to test for degree of melting of asthenosphere 476 

melting is by comparing Nb/Yb to Th/Yb (Figure 10A). Alkaline lavas sourced from low degrees of mantle 477 

melting trend towards elevated Nb and Th for a given Yb concentration (Pearce, 2007). The Geologist 478 

lava flows plot in the alkalic field (Nb/Yb = ~4–30 and Th/Yb = ~0.3–2.5), overlapping with the 479 

compositional fields of Pukapuka Ridge (Nb/Yb = ~0.1–80 and Th/Yb = ~0.05–9; Janney et al., 2000), 480 

offshore California seamounts (Nb/Yb = ~10–35 and Th/Yb = ~1–3; Davis et al., 2010) and OIB (Nb/Yb = 481 

~20–50 and Th/Yb = ~0.8–7; Wilson and Stracke, 2006). Importantly, any recycled continental crustal 482 

materials in a mantle reservoir (e.g. enriched mantle, EM; Zindler and Hart, 1986) would result in higher 483 

Th for a given Nb concentration (trend arrows in Figure 10A; Pearce, 2007). The Geologist Seamounts do 484 

not display any evidence of recycled continental or oceanic crust in their trace element compositions. 485 

The two-outlier lava flows from each of the trace element trends are from Northern McCall Ridge 486 

(Figure 9, 10; D4; 90 Ma). The ridge hosts the oldest lava flow samples and the eruptions would have 487 

occurred near the spreading axis. The two D4 samples are the least alkalic in the suite (total alkali: D4-1 488 

= 5.6 wt. %; D4-4 = 5.5%) excluding D6-2 (total alkali = 5.3 wt. %) and show evidence for higher degrees 489 

of shallower mantle melting compared to the other Geologist Seamount lava flows (Figures 9, 10). The 490 

higher degrees of melting are consistent with the Northern McCall Ridge lava flows being emplaced on 491 

the youngest, hottest and thinnest crust and thus would likely have been an easier setting to generate 492 

higher degrees of melting.  493 

The bulk of Geologist Seamount lava flows plot consistently on the overlap between the plume 494 

derived OIB fields and extension derived seamount fields (Figures 9, 10). The largest indicator of 495 

separation between the two fields is the (Dy/Yb)PM composition, which better overlaps with the 496 

California seamounts and indicates shallower melting than typical OIB. 497 

As shown above, REE trends and HFSE behaviors are often utilized in marine basalts to differentiate 498 

between magmatic processes (e.g. Janney et al., 2000; Castillo et al., 2010); however, low temperature 499 

seawater alteration and phosphatization (in particular) may alter their initial magmatic abundances 500 

(Ludden and Thompson, 1979; Bienvenu et al., 1990; Geldmacher et al., 2023). The calculated Y/Y* 501 

values are a means for checking for phosphorite contamination and associated REE enrichment 502 

(Geldmacher et al., 2023). There appears to be some enrichment of Y in samples D4-4 and D6-2 503 

according to P2O5 content (e.g. D4-4: Y/Y* = 1.14 and P2O5 = 4.38; D6-2: Y/Y* = 0.92 and P2O5 = 3.05), but 504 
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it is not ubiquitous within this suite of lavas from the Geologist Seamounts (e.g. D4-1: Y/Y* = 0.88 and 505 

P2O5 = 0.95). Given the high LOI and P2O5 for most of the Geologist lava flows, clearly defining whether 506 

the flows preferentially overlap with plume or extension derived intraplate volcanoes is not possible.  507 

In summary, the Geologist Seamounts lava flows appear to represent melting within both the garnet 508 

and spinel stability fields and represent low-degree melts. The exception to this is the 90 Ma, Northern 509 

McCall ridge lava flows. Samples from the ridge (EX1504L3-D4-1; D4-4) appear to represent melting 510 

primarily in the spinel-stability field, coupled with higher degrees of melting. These signatures are 511 

consistent with the lava flows being emplaced on what would have been the youngest crust during 512 

volcanism. Provided that the geochemistry does not provide unambiguous insights, other observations 513 

need to be considered when deconvolving the origin of these enigmatic seamounts. Where were the 514 

Geologist Seamounts on the Pacific Plate during each episode of volcanism; moreover, do any of the 515 

recorded volcanic episodes correspond geographically to regions of active volcanism today (e.g. 516 

hotspots)? 517 

5.3 Paleo Reconstruction of Seamounts 518 

Reconstructing and modeling the geographic coordinates of the Geologist Seamounts at the time of 519 

formation aids in deciphering their origin and relationship with the paleo mid-ocean ridge and proximal 520 

mantle plumes. Hotspotting is a method that utilizes present-day geographic positions of supposedly 521 

hotspot related seamounts and seafloor motion paths (e.g. plate motion paths) to reconstruct the 522 

location of a relatively fixed hotspot (Wessel and Kroenke, 1997). If we consider a seamount with a 523 

determined radiometric age (e.g. Cook Seamount: 74 Ma), then we can assess its latitude and longitude 524 

coordinates at the time of eruption to better illuminate whether the seamount’s eruptive location 525 

correlates to a hotspot anomaly in that area today (e.g. most of the seamounts in the Western Pacific 526 

Seamount Province correlate to active hotspots in the SOPITA region today; Konter et al. 2008). Figure 527 

14 displays the paleo location of the Geologist Seamounts from 90 Ma (the first recorded episode of 528 

volcanism—yellow diamonds and squares) to 73 Ma (the last recorded episode of volcanism—blue 529 

diamonds and squares) based on two plate motion models (Wessel and Kroenke, 2008, diamonds; 530 

Doubrovine et al., 2012, squares) overlain on modern-day mantle shear-wave seismic anomaly (in %) at 531 

2700 km depth. Black stars in Figure 14 show the present-day locations of several different hotspots, 532 

which are argued to be thermochemical upwellings of deep mantle material that generate at the 533 

margins of large low shear velocity provinces at the core-mantle boundary (Burke et al., 2008). One such 534 

province is the SOuthern Pacific Isotopic and Thermal Anomaly (SOPITA), which is geographically 535 

constrained by the upwelling of thermochemical plumes, which are identified by their slowing effect on 536 

shear-wave velocity within the mantle and their unique chemical identity (Staudigel et al., 1991; Hasse 537 

et al., 2019). As such, we can compare the Geologist Seamounts’ location at the time of eruption to 538 

shear velocity anomalies at the core-mantle boundary (~2700 km depth) to justify the plausibility of 539 

plume-derived volcanism within the Geologist Seamounts cluster (Figure 14). There is no known mantle 540 

plume in the area during three melting episodes (90–87 Ma, 84 Ma, and 74–73 Ma); however, the 541 

lithosphere did override a negative shear anomaly province during the 90–87 Ma and 84 Ma episodes of 542 

volcanism but not during the 74–73 Ma episode (Figure 14, French and Romanowicz, 2015). Therefore, 543 

we cannot fully resolve the likelihood of a mantle plume origin solely based on the eruptive paleo 544 

location of the Geologist Seamounts. 545 
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5.4 Mantle Plume Origin? 546 

Mantle plumes are thermochemical upwellings of mantle material with a fixed location in relation to 547 

the lithosphere (Koppers et al., 2021). Volcanism from mantle plumes generate age-progressive chains 548 

of seamounts due to plate motion atop the plume (Morgan, 1971; Wessel and Kroenke, 2008; Koppers 549 

et al., 2021). Geologist Seamounts lava compositions have similarities to plume derived OIBs but do not 550 

unambiguously support a mantle plume origin (Figures 9, 10, and 11). During the late Cretaceous, the 551 

Pacific plate in the Geologist Seamounts region is generally drifting NW with some small shifts in vectors 552 

(Koppers et al., 2001; Wessel and Kroenke, 2008). The Geologist Seamounts trend oblique (N-NE) to 553 

absolute plate motion (~NW). Moreover, they do not display age progression correlated with plate 554 

motion, that is, the 90 Ma lava flows are not in the northwest and progress to younger emplacement 555 

ages towards the southeast as would be expected from plume volcanism during the late Cretaceous.  556 

Figure 15A-C represents hypothetical plume motion-paths if the aforementioned three volcanic 557 

episodes within the Geologist Seamounts were independently sourced from fixed mantle plumes. Due 558 

to the fixed nature of mantle plumes, a seamount chain should form overtime as the plate moves over 559 

the plume to generate age-progressive volcanic centers (e.g. The Hawaiian-Emperor seamount chain; 560 

Figure 1; Wessel and Kroenke, 1997). This phenomenon is known as a hotspot track (Koppers et al., 2021 561 

and the references within). Figure 15 displays hotspot track models assuming a hotspot generated the 562 

Geologist Seamounts at 73 Ma (Figure 15A), 84 Ma (Figure 15B), or 90 Ma (Figure 15C) based on a fixed 563 

hotspot model from Wessel and Kroenke (2008) and a mobile hotspot model from Doubrovine et al. 564 

(2012). The mobile hotspot model considers and corrects for independent plume motion based on time 565 

dependent mantle flow models when creating their absolute plate motion model (Doubrovine et al., 566 

2012). Based on Figure 15, the lack of observed seamount chains along the modeled hotspot track as 567 

well as the lack of correlation with the Euterpe plume (Musician Seamounts; Balbas et al., 2023) indicate 568 

that a direct mantle plume origin for any of Geologist Seamounts lava flows sampled thus far is unlikely. 569 

The only geodynamically feasible plume-seamount connection comes from the 74–73 Ma lava flows. In 570 

this hypothetical scenario the Euterpe plume would have experienced an extreme southward deflection 571 

between ~80–74 Ma in order to source the lava flows recovered from Jaggar and Cook Seamounts 572 

(Figure 15A). Extreme southward deflection of a plume has only been observed during the formation of 573 

the Emperor Seamount chain in which some authors theorized that a plume-Kula ridge release 574 

mechanism was the driver for rapid southward plume motion (e.g. Tarduno et al., 2009). As of now 575 

there is no independent evidence to support the hypothesis and as such there is no clear 576 

geochronologic/geographic correlation between Geologist Seamounts volcanism and known mantle 577 

plumes. 578 

5.5 Shear-Driven Upwelling Origin? 579 

Shear-driven upwelling of upper mantle material in near-ridge environments can potentially 580 

produce intraplate volcanoes arranged in age progressive chains correlated with asthenosphere velocity 581 

rather than absolute plate motion (e.g. Ballmer et al., 2013). Asthenospheric shear develops between 582 

oppositely moving asthenosphere and lithosphere; moreover, shear of low-viscosity fingers within the 583 

asthenosphere promotes upwelling of mantle material and subsequent decompression melting (Conrad 584 

et al., 2011, Ballmer et al., 2013). This process was postulated by Ballmer et al. (2013) to account for the 585 

age and geochemical characteristics across Pukapuka ridge (18°S, 113.6°W to 14°S, 141.3°W; Figure 1). 586 

Pukapuka ridge is a linear chain of seamounts and ridges that is known to lack age progressions 587 

consistent with absolute plate motion and lacks the geochemical constituents of mantle-plume derived 588 
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melts (Sandwell et al., 1995; Janney et al., 2000; Ballmer et al., 2013). Pukapuka lava flows commonly 589 

display depleted trace element concentrations and high degree melting within the shallow 590 

asthenosphere (e.g. Figure 9).  591 

The Geologist Seamounts also lack age-progressions associated with plate motion and formed above 592 

a similar region of NE SOPITA mantle near the East Pacific Rise (Figure 14); therefore, Pukapuka ridge 593 

may still be a useful modern analog to understand the origin of the Geologist Seamounts. Ballmer et al. 594 

(2013) postulates that Pukapuka ridge formed from the shear-driven upwelling of melts derived on low-595 

viscosity fingers within the upper mantle. This proposed low-viscosity finger is moving perpendicular to 596 

the N-S orientation of the East Pacific Rise, and this would explain the E-W orientation of Pukapuka ridge 597 

(Ballmer et al., 2013). An E-W orientation would, most likely, be required for the Geologist Seamounts to 598 

originate from this process assuming paleo Pacific-Farallon spreading orientation is N-S, based on plate 599 

models from Müller et al. (2019) and Seton et al. (2020) that follow the magnetic isochron lineation’s 600 

east of the Geologist Seamounts. The seamounts, instead, are oriented N-S to NE-SW; additionally, no 601 

evidence for age progressions have been observed. However, a single pulse of shear derived upwelling 602 

could be responsible for one or more of the dated eruptions. Chemically, most of the Geologist 603 

Seamount lava flows show higher degrees of LREE enrichment and elevated Dy/Yb as compared to 604 

Pukapuka ridge lavas (blue fields; Figures 9, 10). Therefore, it is unlikely that shear driven upwelling can 605 

account for chemical composition of the Geologist Seamounts as well as the ~17 m.y. of volcanism in a 606 

limited geographic region and is an unlikely driver for volcanism among the Geologist Seamounts. 607 

5.6 Lithospheric Deformation Origin? 608 

Lithospheric thinning by diffuse extension provides a means for decompression melting of the 609 

shallow mantle (McKenzie and Bickel, 1988; Sandwell et al., 1995). Subsequent ascent of lower 610 

lithosphere/upper asthenosphere melts may be a mechanism for intraplate seamount formation. This 611 

model is also postulated to explain the origin of Pukapuka ridge (Sandwell et al., 1995, Janney et al., 612 

2000), as opposed to an asthenospheric shear origin (Ballmer et al., 2013). The Geologist Seamounts 613 

display the most consistent overlapping chemical characteristics with offshore California Margin 614 

seamounts that are believed to be derived from extensional processes (e.g. Castillo et al., 2010; Davis et 615 

al., 2010) (Green fields; Figures 9, 10).  616 

To generate melting in the upper mantle a tectonic driver that generates extension perpendicular to 617 

the orientation of the seamounts is required. Sandwell et al. (1995) proposed that the stress fields 618 

generated from slab-pull were great enough to promote diffuse extension along a transform fault 619 

bounded lithospheric block that houses Pukapuka ridge near the East Pacific Rise. Extensional melting 620 

chiefly occurred in this location because it contains the youngest, and therefore, weakest lithosphere 621 

near the East Pacific Rise (Sandwell et al., 1995). Near the Geologist Seamounts, the existence of rotated 622 

abyssal hill fabrics proximal to the Geologist Seamounts (Figure 4), the Farnella Escarpment, the Kana 623 

Keoki FZ, and associated magnetic chron offsets in the Geologist Seamount region (Atwater and 624 

Severinghaus, 1989; Figure 4) indicate Pacific Plate reorganization and potential microblock formation 625 

(Sager and Pringle, 1987) was associated with initial seamount genesis during the late Cretaceous. Like 626 

Pukapuka ridge, the oldest Geologist Seamounts would have resided near the lithospheric block 627 

generated by the Molokai and Clarion/Kana Keoki transform offsets (Figure 16).  628 

The existence of the Kana Keoki FZ indicates that there were additional stress fields that weren’t 629 

completely diffused by the Molokai and Clarion transform faults during the late Cretaceous. 630 
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Additionally, rotated abyssal hill fabrics indicate a change in plate motion during the late Cretaceous 631 

potentially associated with the formation of the Kana Keoki FZ (Figure 4). The Farnella Escarpment has 632 

an enigmatic origin and may represent a pseudofault limb of a southward propagating ridge tip (e.g. 633 

Morgan and Sanwell, 1994), that may have ‘jumped’ at its southern limit to the Kana Keoki FZ.  We 634 

propose that a Molokai and Kana Keoki transform fault bounded microblock was created due to plate 635 

reorganization and a corresponding migration of the spreading segments. A microblock, in this case, 636 

would be a segment of oceanic lithosphere that is deforming internally relative to the Pacific Plate (e.g. 637 

Li et al., 2018). The microblock’s eastern bounds are not clear due to a lack of multibeam bathymetry 638 

data in the region. Nevertheless, the microblock potentially extends to the E-W extent of the Kana Keoki 639 

FZ at roughly chron C30n (68 Ma; Seton et al., 2020) based on isochron offsets first discovered by 640 

Atwater and Severinghaus (1989). The microblock’s initiation (western boundary) is obscured by Hawaii 641 

although the Farnella Escarpment may be a surface expression of the microblock initiation, especially 642 

since it trends roughly perpendicular (~N, 312°) to the previously mentioned isochron offset (~N40°, 643 

Figure 4). Extension along the western ridge of a microblock may have generated volcanism voluminous 644 

enough to generate the Geologist Seamounts. Provided the Kana Keoki FZ existed from ~90–70 Ma, the 645 

age of the proposed microblock is temporally consistent with the current constraints on the age and 646 

duration of volcanism among the Geologist Seamounts (90–73 Ma).  647 

It is unclear whether the 90–87 Ma episode of volcanism represents seamount generation on a 648 

recently extinct spreading ridge (akin to Davis Seamount at the California continental margin (Figure 1; 649 

Castillo et al., 2010) or if it is more simply near-ridge N-S rift volcanism following the pre-existing abyssal 650 

hill fabric. Figure 16 shows a schematic evolution of the Geologist Seamounts during three time slices in 651 

the late Cretaceous (employing the plate motion model from Müller et al., 2019). The Geologist 652 

Seamounts are shown as initially forming off-ridge (Figure 16A). We propose that plate reorganization at 653 

ca. 90 Ma (Müller et al., 2019) or 91 Ma (Wessel and Kroenke, 2008) generated a microblock that pulled 654 

on the Geologist Seamounts region lithosphere before then fusing back onto the Pacific Plate within ~20 655 

m.y. Changes in the position of the Pacific Plate poles of rotation have been previously constrained using 656 

hotspot tracks at ca. 91.7, 87.1, 83.7 and 71 Ma (WK08-G; Wessel and Kroenke, 2008). It is likely that the 657 

pulses of regional extension were initiated due to the change in plate motion vectors initially around 658 

91.7 Ma, thus generating stress that eventually initiated some local volcanism. The plate vector shift 659 

around 87 or 84 Ma then resulted local changes that further exaggerated stresses in the region and 660 

potentially led to an additional pulse of volcanism. The plate motion shift at ca. 71 Ma was then a final 661 

driver of volcanism in the region before a more stable local kinematic configuration developed and the 662 

Kana Keoki transform fault ended. Major changes in Pacific Plate motion associated with pulses of 663 

extensional volcanism is a rare connection; however, O’Connor et al. (2015) made a similar association 664 

with some volcanism along the Musician Seamounts elongate ridges and within the Murray fracture 665 

zone temporally corresponding to a Pacific Plate motion vector change at ca. 50 Ma. Nonetheless, when 666 

all available regional and chemical data is considered, the best fit model for the origin of intraplate 667 

volcanism among the Geologist Seamounts is that lithospheric deformation associated with a local 668 

microblock formation and rotation corresponding to Pacific Plate motion vector changes drove localized 669 

extension, which caused low degree melting of shallow asthenosphere ± lithosphere during the ~90-73 670 

Ma timeframe. 671 
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6.0 Conclusions 672 

Here we provided 40Ar/39Ar age determinations and major and trace element geochemistry of lava 673 

flows recovered from the Geologist Seamounts cluster to better understand their origin. Bathymetry 674 

maps of the cluster and nearby seafloor structures highlight morphological relationships between the 675 

seamounts and the surrounding seafloor. Age determinations in conjunction with morphology illuminate 676 

three distinct volcanic episodes: A ca. 90–87 Ma episode with lava flows preferentially channeled in the 677 

N-S direction, a ca. 84 Ma episode channeled in a NE-SW orientation, and a ca. 74–73 Ma episode of 678 

volcanism with no distinct channeling orientation. Lava flow ages and composition in conjunction with 679 

paleo reconstructions of seamounts allows us to propose the following conclusions regarding the origin 680 

of the Geologist Seamounts:  681 

1. Lava flows within the Geologist Seamounts cluster are highly alkalic with all seamounts except the 682 

Northern McCall ridge displaying trace element ratios consistent with low degree, moderately deep 683 

melting of asthenosphere mantle. There is no evidence for ancient recycled crustal materials within the 684 

mantle source reservoirs that sourced Geologist Seamount volcanism.  685 

2. There are at least 17 million years of volcanism (90–73 Ma) recorded within the Geologist Seamounts 686 

cluster whose preferential magma channeling was not consistent overtime.  687 

3. The Geologist Seamounts overrode the fringes of the SOPITA melt zone during the first two episodes 688 

of volcanism, but was outside this zone by the time of the final episode of volcanism. Moreover, there 689 

are no known mantle plumes that correlate with the Geologist Seamounts paleo-location, nor are there 690 

any chains of seamounts that correlate with a hypothetical fixed hotspot post and pre-ceding the 691 

Geologist Seamounts that correlate to any of the three episodes of volcanism. As such, a direct mantle-692 

plume origin is improbable for the Geologist Seamounts cluster.  693 

4. The orientation, timing and chemical composition of volcanism within the Geologist Seamounts 694 

cluster indicate that a shear-driven upwelling origin is unlikely. Shear-driven upwelling may be able to 695 

account for one pulse of volcanism; however, this process cannot account for ~17 m.y. of volcanism in a 696 

limited geographic area. 697 

5. The Geologist Seamounts cluster appears similar in origin to lithospheric extensional intraplate 698 

seamounts like those found on the continental margin of California. We propose that independent 699 

microblock formation and deformation drove localized extension, which caused volcanism responsible 700 

for the genesis of the Geologist Seamounts. Further work is required to calibrate local stress fields 701 

associated with plate vector shifts; however, the extension potentially occurred in pulses associated 702 

with major changes in Pacific Plate motion during the late Cretaceous. 703 
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 915 

Figure 1: Bathymetric map of the Pacific Basin with key features labeled. The extent of figure 2 is noted. 916 

FZ = Fracture Zone. SOPITA = Southern Pacific Isotopic and Thermal Anomaly. WPSP = Western Pacific 917 

Seamount Province. Solid black lines are plate boundaries. 918 
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 919 

 920 

Figure 2: Regional bathymetric map of the South Hawaiian Seamount Province and nearby labeled key 921 
features. White dashed lines are linear seafloor features. Black dashed lines are the extent of the South 922 
Hawaiian Seamounts defined in this study. FZ = Fracture Zone. 923 

 924 
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 925 

Figure 3: Bathymetry map of the Geologist Seamounts, Farnella Escarpment, and the Kana Keoki 926 
fracture zone. White dashed lines are linear seafloor features. FZ = Fracture Zone. Age determinations 927 
from this study, except for Cross and Central McCall, which are best estimates from Sager and Pringle 928 
(1987). See Supplemental Document One for more detailed individual seamount morphologies and 929 
recovered sample information.   930 
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 932 

Figure 4: A map of magnetic picks and abyssal hill fabrics near Hawaii and the Geologist Seamounts 933 
adapted from Atwater (1989). Colored circles are magnetic picks colored based on assigned chron (e.g. 934 
34, red). Magnetic pick data from Atwater and Severinghaus (1989), Barckhausen et al. (2013), and 935 
Granot et al. (2009), and ages can be found in Seton et al. (2020). Grey boxes are perceived seafloor 936 
extent of chrons based on magnetic pick information, and black numbers indicate chron number. White 937 
solid lines are fracture zones, white dashed lines are observed offsets between chrons, and black dashed 938 
lines are observed abyssal hill fabric traces. Chron 34 represents the beginning of the Paleomagnetic 939 
Quiet Zone Superchron (121-84 Ma; Gradstein et al., 1994), a period of no magnetic reversals, which 940 
usually aid in identifying seafloor ages. There is a significant offset between chrons 32.2, 32.1, 31, and 30 941 
east of the Kana Keoki fracture zone first identified by Atwater and Severinghaus (1989).  942 

 943 



29  

 944 

945 



30  

 946 

Figure 5: Hand sample (left) and ROV-grabbed (right) images of eight samples. (A) EX1504L3-D5-1. 947 
(B) EX1504L3-D5-4. Black circle (right) is the sample in-situ. (C) EX1504L3-D5-6. (D) EX1504L3-D6-948 
2. (E) KK840824-02 STA76 RD45. This sample was dredged so there is no in-situ image. (F) KK840824-949 
02 STA77 RD46. This sample was dredged so there is no in-situ image. (G) EX1504L3-D4-1. (H) 950 
EX1504L3-D4-4. EX1504 whole rock photos courtesy of the Oregon State University Marine Geology 951 
Repository and in-situ sampling images courtesy of NOAA-OR.  952 
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 953 

Figure 5: Representative cross-polarized thin sections of lava flows analyzed in this study. (A) 954 
EX1504L3-D4-1. (B) EX1504L3-D4-4. (C) EX1504L3-D5-1. (D) EX1504L3-D5-4. (E) EX1504L3-D5-955 
6. (F) EX1504L3-D6-2. (G) KK840824-02 STA76 RD45. (H) KK840824-02 STA77 RD46. Pl = 956 
Plagioclase, Cal = Calcite, Ol = Olivine, Amph = Amphibole, Mag = Magnetite. Thin sections A–F 957 
originally pictured and described by OSU-MGR with updated descriptions provided herein. 958 
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 959 

 960 

Figure 7: Major element bivariate diagrams. Red circles are from this study, and red triangles are lava 961 
flows from Cross Seamount from Friesen (1987). The envelopes for East Pacific Rise (EPR) mid-ocean 962 
ridge basalt (MORB) (Stracke et al., 2022), hotspot derived ocean island basalts (OIBs) (Willbold and 963 
Stracke, 2006), Pukapuka Ridge (Janney et al., 2000) and Offshore California Seamounts (Davis et al., 964 
2010) are shown. 965 

  966 
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 967 

Figure 8: Total alkali silica diagram (classification scheme from Le Bas, 1986). Red circles are from this 968 
study, and red triangles are lava flows from Cross Seamount from Friesen (1987). 969 

  970 
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 971 

Figure 9: Key trace element ratios for the Geologist Seamount lavas compared to relevant compositional 972 
fields. (A) Sm/Yb vs. Nb/Zr diagram. Red triangles are from Friesen (1987) and do not contain a full suite 973 
of trace element concentration. (B) (Dy/Yb)PM vs. (La/Sm)PM diagram. PM = Primitive Mantle. PM values 974 
are from McDonough and Sun (1995). Trends for depth of melting and degree of melting are shown. The 975 
first order controls and trends for HREE and LREE ratios are shown in (B). Symbols and envelopes are 976 
the same as in Figure 7. 977 
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 978 

Figure 10: Key HFSE ratios for the Geologist Seamount lavas compared to relevant compositional fields. 979 
(A) Th/Yb vs. Nb/Yb diagram. The trend direction annotations and standard array fields are from Pearce 980 
(2007). (B) Sm/Yb vs. La/Yb diagram. Symbols and envelopes are the same as in Figure 7. 981 
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 985 

Figure 11: A plot of Y/Y* vs. P2O5 diagram for the Geologist seamount samples. See text for description 986 
on how these values were calculated. The circles are color-coded based on the lava flow percent LOI.  987 
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 989 

Figure 6: C1 Chondrite normalized (McDonough and Sun, 1995) rare earth element diagram displaying 990 
lava flow trends for the Geologist Seamounts, average ocean island basalt (OIB) composition, and min-991 
max mid-ocean ridge basalt (MORB) composition. OIB dataset from Willbold and Stracke (2006), and 992 
MORB dataset from Gale et al. (2013). 993 
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 997 

Figure 13: Incremental heating 40Ar/39Ar age determination and inverse isochron analyses for the 998 
recovered EX1504L3 and KK840824-02 lava flows. Uncertainties provided at the ±2σ confidence level. 999 
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 1000 

 1001 

Figure 14: A map that shows the location of the where individual Geologist Seamounts lava flows 1002 
(diamonds and squares) were emplaced during the late Cretaceous overlain on modern-day mantle shear-1003 
wave seismic anomaly (in %) at 2700 km depth. The seismic velocity map is calculated using the 1004 
SEMUCB-WM1 model (French and Romanowicz, 2015) using the SubMachine model of Hosseini et al. 1005 
(2018). Diamond seamount locations based on the fixed hotspot plate motion model from Wessel and 1006 
Kroenke (2008), and square seamount locations based on the mobile hotspot plate motion model from 1007 
Doubrovine et al. (2012). Black stars are present-day hotspot locations from Koppers et al. (2021).  Thick 1008 
solid black lines are plate boundaries, primarily the modern East Pacific Rise.  1009 



41  

 1010 

Figure 15: Maps of theoretical hotspot tracks from 110–0 Ma based on the assumption that the three 1011 
volcanic episodes within the Geologist Seamounts represent the lithosphere overriding a fixed mantle 1012 
plume at the time of volcanism. Diamonds are incremental hotspot locations overtime based on a fixed 1013 
mantle plume model from Wessel and Kroenke (2008). Squares are incremental hotspot locations 1014 
overtime based on a mobile mantle plume model from Doubrovine et al. (2012). Circles are ages of lava 1015 
flows from the Musician Seamounts from Balbas et al. (2023). Stars are ages of lava flows from the 1016 
Geologist Seamounts (this study and Sager and Pringle, 1987). (A) Hotspot tracks based on a 73 Ma 1017 
volcanic episode within the Geologist Seamounts. The hotspot track potentially correlates with Euterpe 1018 
plume (Musician Seamounts) volcanism in the WK08 model but would require extreme southward 1019 
deflection of the plume. (B) Hotspot tracks based on an 84 Ma volcanic episode within the Geologist 1020 
Seamounts. No correlation with any known mantle plume is observed. (C) Hotspot tracks based on an 90 1021 
Ma volcanic episode within the Geologist Seamounts. No correlation with any known mantle plume is 1022 
observed.1023 
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 1024 

Figure 16: A schematic evolution of the Geologist Seamounts cluster over three 10 Ma time slices. The 1025 
position of ridges and volcanic structures are constrained using GPlates software (Müller et al. 2018) 1026 
using the plate motion model of Müller et al. (2019) and isochron reconstructions of Seton et al. (2020). 1027 
Latitude and longitude labels are approximate and can vary based on plate motion model employed. Black 1028 
solid lines are spreading center axes, and black dashed lines are transform fault (TF) and fracture zone 1029 
(FZ) traces. Red dashed lines are schematic evolution of a proposed microplate. Grey shapes are seafloor 1030 
structures proximal to the Geologist Seamounts during time slices from Johansson et al. (2018). Plate 1031 
motion vectors are approximate. The Geologist Seamounts shape is maintained throughout each time slice 1032 
although seamounts are made translucent if age/orientation relationship is much younger than the time 1033 
slice (e.g. All seamounts except those oriented N-S and aged 90–87 Ma are translucent in the 90 Ma time 1034 
slice; all seamounts except those oriented N-S or NE-SW and aged 90–87 Ma or 84 Ma are made 1035 
translucent in the 80 Ma time slice; all seamounts are opaque in the 70 Ma time slice). (A) 90 Ma time 1036 
slice showing initial formation of the Geologist Seamounts and its proximity to the paleo Pacific-Farallon 1037 
spreading center. The Musician Seamounts (Euterpe Plume) is located distal from the Geologist 1038 
Seamounts at 90 Ma. (B) 80 Ma time slice showing the schematic growth of a microplate caused by 1039 
ridge-jump from plate reorganization. Its’ proximity to the Geologist Seamounts is of note since 1040 
volcanism occurred within the cluster at approximately 83 Ma. The Kana Keoki TF develops into an 1041 
aseismic FZ during this time. (C) 70 Ma time slice showing the schematic extent of a microplate in the 1042 
region, and a change in plate motion just after volcanism occurred on the Geologist Seamounts at 74–73 1043 
Ma. 1044 
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Table 1: Seamount characteristics including base and peak depth, peak location, height, morphology, and 1045 
primary orientation. We define a congruent base depth of 4500 mbsl for the surrounding seafloor. McCall 1046 
and Pensacola seamounts are separated into different sections based on their distinct morphology. Radial 1047 
seamounts have no primary orientation due to their radial nature. mbsl = meters below sea level. 1048 

Seamount Peak 

Depth 

(mbsl) 

Peak 

Latitude 

Peak 

Longitude 

Height 

(m) 

Morphology Primary 

Orientation 

Swordfish 975 18.2774°N 158.4531°W 3525 Elongate Ridge 0°/180° 

Cross 405 18.7138°N 158.2744°W 4095 Guyot 28°/208° 

Washington 940 18.8659°N 157.9679°W 3560 Elongate Ridge 24°/204° 

Ellis 1540 19.1830°N 157.6645°W 2960 Elongate Ridge 40°/220° 

Perret 2230 19.3789°N 157.3179°W 2270 Elongate Ridge 20°/200° 

Cook 1060 19.2992°N 157.1663°W 3440 Radial N/A 

Jaggar  1585 19.3645°N 156.9961°W 2915 Elliptical 

Elongate 

335°/155° 

N McCall 2560 19.0106°N 157.1105°W 1940 Elongate Ridge 0°/180° 

Central 

McCall 

930 18.7222°N 157.0755°W 3570 Elongate Ridge 20°/200° 

S McCall 1250 18.5685° 157.0416°W 3250 Elongate Ridge 0°/180° 

E Pensacola 650 18.2869°N 157.3323°W 3850 Radial N/A 

W Pensacola 1435 18.2114°N 157.445°W 3065 Radial N/A 

Daly 1260 18.1259°N 157.6600°W 3240 Radial N/A 

 1049 

  1050 
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Table 2: Sample location information for eight lava flows from five seamounts within the Geologist 1051 
Seamounts cluster. EX1504L3 samples were recovered by ROV Deep Discoverer in 2015. KK840824-02 1052 
samples were recovered by SOEST in 1984. The dredged depths for the KK84 samples are best estimates 1053 
based on length of dredge wire and the angle of the wire relative to the ship.  1054 

Sample Recovery  

Method 

Seamount Latitude 

(°N) 

Longitude 

(°W) 

Depth 

(m) 

EX1504L3-D5-1 ROV Swordfish 18.31 158.46 1071 

EX1504L3-D5-4 ROV Swordfish 18.31 158.46 969 

EX1504L3-D5-6 ROV Swordfish 18.31 158.46 973 

EX1504L3-D6-2 ROV Ellis 19.23 157.61 2125 

KK840824-02 

STA76 RD45 

Dredge Cook  19.24 157.17 3045 

KK840824-02 

STA77 RD46 

Dredge Jaggar  19.41 157.08 3000 

EX1504L3-D4-1 ROV McCall 18.98 157.11 2699 

EX1504L3-D4-4 ROV McCall 18.98 157.11 2634 

 1055 

  1056 
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Table 3: Major and trace element data for six lava flow samples recovered from the Geologist 1057 
Seamounts. Major elements are reported in weight percent. LOI = Loss on Ignition. LOI calculated from 1058 
analysis by measuring sample weight prior to and after the ignition process. Rock types based on 1059 
normalization to 100% (classification scheme from Le Bas, 1986). TrAn = Trachyandesite. Bas = 1060 
Basanite. PhTe = Phonotephrite. Haw = Hawaiite. Trace elements are reported in parts per million. 1061 

Seamount: Swordfish Ellis Cook Jaggar McCall 

Sample: EX1504L3-

D5-1 

EX1504L3-

D5-6 

EX1504L3-

D6-2 

KK840824-02 

STA76 RD45 

KK840824-02 

STA77 RD46 

EX1504L3-

D4-1 

EX1504L3-

D4-4 

Rock type: TrAn TrAn Bas Bas PhTe Haw Bas 

(wt.%)               

SiO2 54.9 53.5 42.6 46.4 48.9 47.6 43.1 

TiO2 1.6 3.0 2.4 3.0 2.7 2.5 2.6 

Al2O3 18.6 19.5 17.5 18.2 18.2 19.7 17.1 

Fe2O3 3.5 5.2 12.2 11.2 8.6 11.3 8.7 

MnO 0.06 0.05 0.19 0.14 0.10 0.14 0.11 

MgO 0.40 0.50 1.3 1.4 1.1 1.1 1.2 

CaO 6.9 5.9 9.9 8.4 8.2 6.9 12.4 

Na2O 5.4 4.5 3.1 4.3 4.4 4.3 3.6 

K2O 4.2 4.5 1.9 2.1 3.3 1.0 1.6 

P2O5 2.4 1.4 3.0 1.6 2.2 0.95 4.9 

LOI 1.8 1.6 5.6 3.1 1.9 4.1 4.4 

Total 97.9 98.1 94.2 96.7 97.8 95.8 95.5 

(ppm)               

Sc 8.96 24.23 26.10 16.06 14.53 24.02 15.56 

V 65.01 278.7 300.5 207.3 183.5 370.4 130.1 

Cr 3.33 25.18 243.3 70.55 46.45 89.32 41.63 

Co 4.98 16.26 42.47 34.42 19.50 51.09 15.13 

Ni 4.801 18.36 86.81 56.23 33.09 69.73 34.31 

Ga 35.34 44.24 20.04 27.85 27.64 41.06 20.11 

Rb 97.93 116.2 32.31 31.64 55.14 22.91 18.62 

Sr 1136 1487 559.5 894.2 853.0 571.0 362.1 

Y 52.95 66.72 32.49 37.28 39.24 65.15 56.26 

Zr 575.8 628.5 240.5 351.3 370.6 503.2 203.1 

Nb 126.9 129.0 45.85 66.46 69.63 37.67 17.65 

Cs 0.20 0.61 1.14 0.37 1.16 0.90 0.66 

Ba 1122 1125 311.3 414.1 413.0 152.3 71.42 

La 85.43 87.86 32.87 47.72 50.15 32.34 25.44 

Ce 174.6 166.7 60.18 98.90 105.3 76.95 37.64 

Pr 20.92 21.67 7.620 12.04 12.51 10.28 5.87 

Nd 85.11 92.30 31.93 50.49 52.78 46.78 27.46 

Sm 15.97 18.60 6.708 10.77 11.06 11.88 6.85 

Eu 5.34 6.41 2.26 3.54 3.56 4.21 2.36 

Gd 14.47 17.53 6.82 9.80 10.13 13.24 8.20 



46 
 

Tb 2.05 2.44 1.01 1.41 1.44 2.11 1.32 

Dy 11.03 13.38 5.83 7.56 7.58 12.15 7.86 

Ho 2.10 2.47 1.17 1.42 1.43 2.44 1.68 

Er 5.22 6.08 3.10 3.49 3.51 6.39 4.65 

Yb 4.27 4.97 2.80 2.90 2.9 5.58 4.47 

Lu 0.60 0.71 0.43 0.39 0.39 0.82 0.69 

Hf 15.79 14.95 6.02 8.38 8.43 12.38 5.92 

Ta 8.59 8.12 2.90 3.76 3.72 2.34 1.20 

Pb 6.68 4.96 5.12 3.18 3.65 4.13 1.99 

Th 10.59 9.09 3.81 4.94 5.05 3.23 1.51 

U 1.84 3.19 1.56 1.17 2.34 1.20 1.28 

  1062 
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Table 4: Incremental heating 40Ar/39Ar age determination analyses data for the recovered EX1504L3 and 1063 
KK840824-02 lava flows. Total fusion age given for discordant analyses. 39Ar is the cumulative 1064 
concentration of 39ArK gas included in plateau calculation. A plateau is defined as having >50% of 39Ar 1065 
and >5% P. P = Probability of fit. MSWD = Mean Square of Weighted Deviates. Pl = Plagioclase, GM = 1066 
Groundmass, Amph = Amphibole. Uncertainties provided at the ±2σ confidence level. 1067 

Seamount Sample Phase Size (μm) Plateau 
age (Ma) 

39Ar 
% 

MSWD P 
% 

40Ar/39Ar 
intercept 

Inverse 
isochron 
age (Ma) 

McCall EX1504L3-D4-1 Plag 250–500 87.9 ± 0.7 51 2.22 6 286 ± 19 88.6 ± 1.2 

McCall EX1504L3-D4-1 GM 212–300       

McCall EX1504L3-D4-4 Plag 250–500 90.3 ± 0.6 92 1.03 42 302 ± 24 90.0 ± 2.0 

Swordfish EX1504L3-D5-1 Amph 250–500 87.3 ± 0.2 96  0.18 99 294 ± 36 87.3 ± 0.4 

Swordfish EX1504L3-D5-1 GM 212–300       

Swordfish EX1504L3-D5-4 Plag 250–500       

Swordfish EX1504L3-D5-6 Plag 250–500       

Ellis EX1504L3-D6-2 GM 212–300       

Cook KK840824-02 

STA76 RD45 

Plag 250–500 73.9 ± 0.2 100 1.08 37 281 ± 21 74.2± 0.2 

Jaggar KK840824-02 

STA76 RD46 

Plag 250–500 72.8 ± 0.3 65 1.63 10 329 ± 37 72.3 ± 0.7 

 1068 

 1069 


