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Abstract

The Australian-Antarctic Ridge (AAR) is the intermediate spreading system located between the Southeast Indian Ridge

and Macquarie Triple Junction of the Australian-Antarctic-Pacific plates. KR1 is the easternmost and longest AAR segment

and exhibits unique axial morphology and various volcanic structures. Within it, we identified three linearly aligned volcanic

seamount chains positioned parallel to the seafloor spreading direction. We found that the seamount chains had formed

asymmetrically and had developed through near-ridge volcanism at some distance away from the KR1 axis. Based on high-

resolution bathymetric data, we identified the spatial distribution, morphology, and summit types of the isolated volcanic

structures composing the seamount chains. The magnetic constraints on the age of the identified seamounts indicate that most

had a formation time of less than ˜600 kyrs, which primarily occurred during four distinct volcanic pulses from 0.3-0.8 Ma,

0.9-1.1 Ma, 1.6-2.1 Ma, and 2.2-2.7 Ma (or two major distinct pulses from 0.3-1.1 Ma and 1.6-2.7 Ma). When inconsistency

existed between the observed and modeled ages of volcanic structures, volcanos were found to have a temporal gap of 200-650

kyrs between their formation and that of the underlying seafloor. Such volcanos are thought to have developed due to off-axis

volcanism at a distance of 7-20 km. Considering the scale of off-axis volcanism and thickening lithosphere of such areas of ˜20

km away from the axis of the intermediate spreading ridge, we propose that the seamounts originated from a deep plume source

beneath the oceanic lithosphere.
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Key Points: 11 

• Seamounts in the segment KR1 of the little-explored Australian-Antarctic Ridge were 12 
investigated based on bathymetric and magnetic data. 13 

• The spatial distribution, morphology, and summit types of the isolated volcanic 14 
structure were determined. 15 

• Several seamounts formed notably later than the underlying seafloor and away from 16 
the axial ridge, indicating a deep magma plume source. 17 
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Abstract 19 

The Australian-Antarctic Ridge (AAR) is the intermediate spreading system located between 20 
the Southeast Indian Ridge and Macquarie Triple Junction of the Australian-Antarctic-Pacific 21 
plates. KR1 is the easternmost and longest AAR segment and exhibits unique axial morphology 22 
and various volcanic structures. Within it, we identified three linearly aligned volcanic 23 
seamount chains positioned parallel to the seafloor spreading direction. We found that the 24 
seamount chains had formed asymmetrically and had developed through near-ridge volcanism 25 
at some distance away from the KR1 axis. Based on high-resolution bathymetric data, we 26 
identified the spatial distribution, morphology, and summit types of the isolated volcanic 27 
structures composing the seamount chains. The magnetic constraints on the age of the 28 
identified seamounts indicate that most had a formation time of less than ~600 kyrs, which 29 
primarily occurred during four distinct volcanic pulses from 0.3-0.8 Ma, 0.9-1.1 Ma, 1.6-2.1 30 
Ma, and 2.2-2.7 Ma (or two major distinct pulses from 0.3-1.1 Ma and 1.6-2.7 Ma). When 31 
inconsistency existed between the observed and modeled ages of volcanic structures, volcanos 32 
were found to have a temporal gap of 200-650 kyrs between their formation and that of the 33 
underlying seafloor. Such volcanos are thought to have developed due to off-axis volcanism at 34 
a distance of 7-20 km. Considering the scale of off-axis volcanism and thickening lithosphere 35 
of such areas of ~20 km away from the axis of the intermediate spreading ridge, we propose 36 
that the seamounts originated from a deep plume source beneath the oceanic lithosphere. 37 

Plain Language Summary 38 

The easternmost spreading center of Australian-Antarctic Ridge is a plate boundary between 39 
the Australian and Antarctic plates, where we have found a large number of underwater 40 
volcanoes. The distribution, morphology, and the time/duration of underwater volcanic 41 
activities were estimated using the high-resolution shipboard bathymetric and magnetic data. 42 
Some underwater volcanoes appear to be formed at a considerable distance from the spreading 43 
center, implying the presence of excessive magma supply. Our analysis on temporal gap of 44 
between underwater volcanoes and their underlying seafloor formations indicates these 45 
volcanoes originated from a deep magma source. 46 

Keywords: Australian-Antarctic Ridge, seamount, morphology, magnetism, near-ridge 47 
volcanism, off-axis volcanism 48 

 49 

1 Introduction 50 

 The Australian-Antarctic Ridge (AAR), the seafloor spreading system between the 51 
Australian-Antarctic plates, extends eastward from the Southeast Indian Ridge (SEIR) located 52 
around 140° E and ends at the Macquarie Triple Junction (MTJ) of the Australian-Antarctic-53 
Pacific plates, at around 161° E (Figure 1). Based on the recent oceangoing surveys, the various 54 
spreading segments of the AAR have been named KR1, KR2, KR3, and KR4, progressing 55 
northwestward from the MTJ (Figure 1) (e.g., Hahm et al., 2015; Choi et al., 2017). 56 

 The AAR has not been surveyed using high-resolution shipboard geophysical 57 
instruments due to its inaccessibility caused by rough sea conditions and remoteness. Recently, 58 
Korea-led systematic seagoing expeditions have been conducted along the AAR using R/VIB 59 
Araon, and these expeditions have yielded significant scientific findings concerning 60 
hydrothermal activity, tectonic reorganization, and mantle dynamics in this area (e.g., Hahm et 61 
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al., 2015; Choi et al., 2017; Park et al., 2019; Yi et al., 2019). 62 

  In this study, we investigated the spatial distribution, morphology, and geomagnetic 63 
characteristics of near-ridge seamount volcanism around the segment KR1 (Figure 1). 64 
Seamounts are generally defined as isolated volcanic structures which rise more than 50-100 65 
meters above the surrounding seafloor (Kim & Wessel, 2011). In many cases, however, 66 
seamounts coalesced into a chain, though they maintain distinguishable heights and topography 67 
(Rappaport et al., 1997). Using newly developed high-resolution multi-beam bathymetry, 68 
therefore, we identify volcanic structures that protrude higher than 100 m from the surrounding 69 
seafloor. 70 

 71 

 72 

Figure 1. High-resolution bathymetric map of KR1, the first-order segment of the Australian-73 
Antarctic Ridge (AAR) extending from the Macquarie Triple Junction (MTJ). (a) The 74 
spreading axis of KR1 is traced by the red lines, whereas the black dotted lines indicate the 75 
magnetic survey lines for volcanic seamounts distributed around the ridge-axis. The locations 76 
of the AAR, including KR1 and the major tectonic structures near KR1, are shown in the inset 77 
map: AUS = Australian Plate; ANT = Antarctic Plate; PAC = Pacific Plate; MQ = Macquarie 78 
Plate; SEIR = Southeast Indian Ridge; PAR = Pacific-Antarctic Ridge; MTJ = Macquarie Triple 79 
Junction; NZ = New Zealand. (b) Satellite-derived free-air gravity map of the same area 80 
(version 23.1; Sandwell et al., 2014). 81 

 82 

Geochemical age dating of rock samples taken from volcanic edifices might be the 83 
most traditional method for determining seamount age. However, such age dating tends to 84 
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represent only the latest volcanic events (Maia et al., 2005; Hwang & Kim, 2016). Alternatively, 85 
magnetic anomalies at seamounts can be used to evaluate seamounts’ overall history of 86 
volcanic formation (Sager & Pringle, 1987; Maia et al., 2005). Because small off-axis 87 
seamounts develop via a rapid building processes (less than 1 Myr) (Jackson et al., 1972; Maia 88 
et al., 2005), differences in the magnetic signatures from the seamounts and the seafloor 89 
magnetics can be utilized to identify the age of their volcanic formation (Maia et al., 2005). In 90 
this study, we predict the ages of near-ridge seamounts identified from the KR1 using seamount 91 
magnetism. 92 

 1.1 Tectonic Setting 93 

 The global model for spreading rates, MORVEL (Mid-Ocean Ridge VELocity), 94 
indicates that the full-spreading rates of the SEIR reach a maximum of ~70 mm/yr near the 95 
Australian-Antarctic Discordance (AAD) located between 115 and 125° E, and decrease 96 
sinusoidally with the change in angular distance along the plate boundary (DeMets et al., 2010). 97 
In addition, the full-spreading rates of the AAR vary from ~68 mm/yr near the Tasman Fracture 98 
Zone (FZ) at 150° E to ~64 mm/yr at the MTJ (DeMets et al., 2010). In particular, the full-99 
spreading rates of 63-66 mm/yr and 66-70 mm/yr for KR1 and KR2, respectively, were 100 
estimated directly from shipboard magnetic data (Choi et al., 2017). When classified according 101 
to full-spreading rates (Macdonald, 2001; Dick et al., 2003; Supak et al., 2007), the AAR is an 102 
intermediate-spreading ridge, with full-spreading rates of 50-80 mm/yr. 103 

 KR1 is not an unusually long segment compared to other global ridges, but it is 104 
characterized by significant variation in its axial morphology. The morphology of KR1 105 
dramatically changes from its axial valley in the east to its axial high in the west. These two 106 
end-members that are noticeable in bathymetric observations of slow- and fast-spreading ridges 107 
coexist in KR1 (Figure 1) (Choi et al., 2013; Park et al., 2014; Kim et al., 2015). Such 108 
bathymetric variations may imply that the melt supply systems beneath KR1 are spatially 109 
distinct. 110 

 Interestingly, the seamounts identified along KR1 are mostly situated in the axial high 111 
western end. Such near-ridge seamounts are typically observed along intermediate- and fast-112 
spreading ridge systems where sufficient melt supply is available (Clague et al., 2000; 113 
Coumans et al., 2015). Typically, near-ridge seamount formation does not occur in areas within 114 
5 km from the ridge-axis because melt prefers to flow toward the axis (Katz et al., 2006; 115 
Coumans et al., 2015). As a result, the spatial distribution of near-ridge seamounts is commonly 116 
asymmetric about the axis (Scheirer & Macdonald, 1995; Clague et al., 2000; Katz et al., 2006; 117 
Coumans et al., 2015). In KR1, such asymmetric linear seamount distribution was also apparent 118 
in the satellite-derived free-air gravity data (Figure 1b) (version 23.1; Sandwell et al., 2014). 119 
Our newly acquired high-resolution bathymetric data from along the KR1 segment confirm the 120 
presence of three volcanic seamount chains aligned roughly perpendicular to the KR1 axis with 121 
relatively small, isolated seamounts (Figure 1a). 122 

 123 

2 Data and Methods 124 

 The high-resolution bathymetric data were collected using the multi-beam echo-125 
sounder EM122 (Kongsberg Gruppen, Kongsberg, Norway), whereas the shipboard magnetic 126 
data were collected using the marine magnetometer SeaSpy (Marine Magnetics Corp., 127 
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Markham, ON, Canada). The magnetic anomalies were extracted from the complete magnetic 128 
field data by removing the International Geomagnetic Reference Field (IGRF) model from the 129 
observed data (Thébault et al., 2015). Then, the geomagnetic reversals were estimated using 130 
the magnetic forward modeling tool MODMAG (Mendel et al., 2005). We followed Choi et 131 
al.’s (2017) approach regarding the geomagnetic timescale, was based on that of Cande and 132 
Kent (1995). 133 

 The first bathymetric and magnetic surveys for the seamount near the central KR1 134 
segment were conducted in 2013 (Choi et al., 2013), where seamount chain SC-2 stretches to 135 
the southeast from the ridge-axis (Lines 2 and 3 in Figure 1). Two additional relatively large-136 
scale seamount chains were surveyed in 2017. Seamount chain SC-1 in the eastern section of 137 
the KR1 segment is aligned to the southeast, roughly perpendicular to the ridge-axis at a 138 
remarkably long distance (40-100 km) away from the axis (Line 1 in Figure 1). Another 139 
seamount chain, SC-3, in the western section consists of notably large volcanic structures with 140 
a series of isolated seamounts and stretched to the northwest from the ridge-axis (Lines 4, 5, 141 
and 6 in Figure 1). 142 

 The high-resolution bathymetric data were manually inspected to estimate the basal 143 
area, height, and volume of the identified seamounts. We also were able to identify the number 144 
of summits and their morphological type for a given seamount. We classified the seamount 145 
summits as having a crater/caldera (c), a peak (p), or a flat top (f). Satellite-derived bathymetric 146 
data (version 18.1; Smith & Sandwell, 1997) was used to complement the shipboard data for 147 
the areas not covered by shipboard measurements. 148 

 To estimate the magnetic age of seamounts, we compared the observed and modeled 149 
magnetic anomalies over the seamounts and the surrounding seafloor. The age of the spreading 150 
seafloor was estimated using the magnetic reversals derived from the shipboard magnetic data. 151 
For seamount dating, we considered typical near-ridge volcanism arising due to excessive 152 
magma supply, which would place seamounts on the pre-existing seafloor. If the producing 153 
seafloor and near-ridge seamounts were formed within periods associated with the same 154 
geomagnetic polarity, the magnetic polarity signature identified for the seamounts would be 155 
the same as that of the surrounding seafloor. In this case, seamount would not be considered 156 
much younger than the seafloor. If a near-ridge seamount formed at a period of different 157 
geomagnetic polarity from that of the seafloor, the magnetic polarity over such seamount would 158 
exhibit a different signature from that of the surrounding seafloor (Maia et al., 2005). Thus, we 159 
can estimate seamount age based on the difference between the magnetic polarities of the 160 
seamounts and the seafloor (Figure 2). 161 

 162 
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 163 

Figure 2. Methods to determine the magnetic age of seamounts when substantial misfits 164 
between the observed and modeled magnetic anomalies are present. Seamount C (= C1 + C2) 165 
is used for demonstrating our analysis. (a) The dotted box indicates a region with large misfits 166 
between the observed (red) and modeled (black and gray) anomalies. (b) To minimize the given 167 
misfits, we replace the initial model with newly modeled anomalies (cyan) by adjusting 168 
geomagnetic reversal patterns at near seamount C. (c) Observed bathymetry for the area. 169 

 170 

 Figure 2 shows schematic diagrams of seamount age dating approach we used in this 171 
study. The observed magnetic anomalies at seamounts A and B exhibit patterns identical to the 172 
magnetic reversals of the seafloor, whereas the magnetic anomalies at seamounts C1 and C2 173 
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exhibit the opposite patterns with the given seafloor magnetic signatures. This indicates that 174 
seamounts A and B were formed under the same geomagnetic field as the seafloor, whereas 175 
seamounts C1 and C2 were formed under more recent but different geomagnetic field than that 176 
of surrounding seafloor. The latter case resulted in considerable misfits between the observed 177 
and the predicted magnetic anomalies from the spreading rates of the surrounding seafloor (i.e., 178 
full-spreading rates of ~61 mm/yr along Line 1) (see the large discrepancy between the red and 179 
gray lines in Figure 2a). To address such misfits, the geomagnetic reversal time given by the 180 
seafloor spreading rates were modified by moving the relatively recent geomagnetic reversal 181 
history to the seamount area (Figures 2a to 2b). Because a seamount can be formed on an 182 
existing seafloor, we only considered geomagnetic reversal patterns younger than those of the 183 
seafloor. As a result, the previous misfits of seamounts C1 and C2 (see red and cyan lines in 184 
Figure 2b) were minimized compared to the initial fitting. We then systematically applied this 185 
approach to seamounts E1, E3, G1, G2, and H2, where we observed similar misfits between 186 
the seamount and seafloor geomagnetic reversals. The results were utilized to constrain the 187 
time and duration of volcanic events in our study area. 188 

 189 

3 Results 190 

 3.1 Seamount Morphology 191 

 Seamount chain SC-1, which is located at the easternmost part of KR1, is composed 192 
of three isolated volcanic structures and extends southward. Among the seamount chains, the 193 
current location of SC-1 is the most distant from its birthplace, the KR1 axis (more than 40 km) 194 
(Figure 1). The three volcanos composing SC-1 feature steep slopes (> ~12o; thus, the height 195 
of each structure is high relative to its cross-sectional area at the reference depth (Figure 3 and 196 
Table 1). Volcanic edifices A, B, and C (= C1 + C2) have a total basal area of ~410 km2 and a 197 
total volume of ~180 km3 at the given reference depths. The representative summits of these 198 
seamounts extend more than 1,300 m above the reference depth (Table 1). The only summit of 199 
seamount A appears to be flat, and it is the highest among all the volcanos discovered at the 200 
surveyed area of segment KR1. Its altitude extends over 1,600 m above the reference depth, 201 
reaching only ~600 m below the sea surface (Figure 3 and Table 1). Seamount B has only one 202 
summit and appears to be shaped like a steep peak, although its summit area has not been fully 203 
examined through high-resolution bathymetry (Figure 3 and Table 1). Seamount C consists of 204 
two volcanic structures, C1 and C2, in which C1 appears to partially overlap the underlying 205 
C2. Each volcanic structure of seamount C has several craters, calderas, and peaks (Figure 3 206 
and Table 1). 207 

 208 
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 209 

Figure 3. (a) 3-D bathymetric map for seamount chain SC-1. (b) The morphological structures 210 

of isolated volcanic edifices A, B, and C (= C1 + C2) based on their respective reference depths 211 

(i.e., 2,200 m for seamount A; 2,300 m for B; 2,400m for C). Summit types for each seamount 212 

are marked with red letters: c = crater/caldera; p = peak; f = flat top. The letters with asterisks 213 

indicate the representative summit for each seamount. 214 

 215 

 SC-2, another seamount chain in the central section of KR1, is connected to the ridge-216 
axis and extends to the south. SC-2 features two volcanic structures: D and E (with three 217 
seamounts: E1, E2, and E3). Although the overall height and size of the SC-2 seamounts are 218 
relatively small compared to those of the other seamount chains (Figure 1 and Table 1), these 219 
seamounts exhibit a large number of crater/calderas and peaks (Figure 4). The central region 220 
of KR1 shows shallower than the eastern KR1 and its axis is located close to the northern tip 221 
of SC-2. Such ridge morphology implies that there may be more magma supply available to 222 
support volcanic activities of SC-2 (Figure 4). 223 

 224 
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 225 

Figure 4. (a) 3-D bathymetric map of the seafloor and seamount chain SC-2, which stretches 226 

to the southeast from the KR1 axis along the Lines 2 and 3. (b) The morphological structures 227 

of seamounts D and E (= E1 + E2 + E3) from the reference depth (i.e., 1,900 m for seamount 228 

D and 2,100 m for E). Summit types for each seamount are marked with red letters: c = 229 

crater/caldera; p = peak; f = flat top. 230 

 231 

 In the western section of KR1, we found numerous volcanic structures, indicating the 232 
presence of a surplus magma supply system at the western area. This area exhibits a broad axial 233 
high and relatively irregularly distributed seamounts (Figure 1); a total five volcanic bodies, 234 
namely F, G (= G1 + G2), H (= H1 + H2), I, and J, were identified (Figure 5). These volcanic 235 
edifices, particularly G, H, and I (which compose SC-3), are relatively large in terms of basal 236 
area and volume compared to other KR1 seamounts (Table 1). Seamount H (especially H1) is 237 
the largest volcanic edifice among the entire KR1 seamounts, with a basal area of nearly 300 238 
km2 (~210 km2 for H1) and a volume of ~180 km3 (~130 km3 for H1) (Table 1). In addition, 239 
several small mounds (K, L, M, N, and O) were also found in the western KR1 (Figure 6), 240 
exhibiting altitudes ≤ 400 m and volumes ≤ 5 km3. 241 

 242 
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 243 

Figure 5. (a) 3-D bathymetric map for seamount chain SC-3 identified along Lines 4, 5, and 6. 244 
(b) The detailed morphologies of seamounts F, G (= G1 + G2), H (= H1 + H2), I, and J from 245 
each reference depth (i.e., 2,000 m for seamount F; 2,100 m for G and I; 2,200 m for J; 2,500 246 
m for H) are represented along with the summit types of the seamounts (c = crater/caldera; p = 247 
peak; f = flat top). 248 

 249 
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 250 

Figure 6. (a) The relatively small identified seamounts and seafloor near Lines 4-6, which are 251 
located on the northern flank of KR1. (b) The detailed morphologies and distributions of 252 
seamounts K, L, and M from the reference depth (i.e., 2,050 m for all). (c) The detected seafloor 253 
with small mounds on the southern flank of KR1. (d) The morphologies of seamounts N and 254 
O from the reference depth (i.e., 2,000 m for both). 255 

 256 
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 263 

 3.2 Seamount Magnetics 264 

 We compared the observed sea-surface magnetic data (Lines 1-6 in Figure 1) with the 265 
modeled magnetic anomalies based on the spreading rates of KR1. For seamounts A, B, D, E2, 266 
I, and H1, we found that the observed and modeled data show a good coherence. This implies 267 
the formation time of these six seamounts is similar to the age of seafloor beneath them. Thus, 268 
we dated these seamounts using the geomagnetic seafloor age (Table 1). 269 

 The observed magnetics over seamounts C1, C2, E1, E3, G1, G2, and H2, however, 270 
differed from the modeled magnetics based on seafloor spreading rates (see the red and gray 271 
lines in Figure 7). By adjusting the geomagnetic reversal history over these seamounts, we 272 
minimized misfits between the observed and modeled data (see the red and cyan lines below 273 
the gray lines in Figure 7). The adjusted geomagnetic history indicates there was a considerable 274 
gap between the formation times of these seamounts and their underling seafloor (Figures 2 275 
and 7). 276 

 The seafloor beneath seamounts C1 and C2 was estimated as ~3 Myrs old (Figure 7a). 277 
The misfits observed over seamounts C1 and C2 were minimized when a temporal gap of ~650 278 
kyrs between the formation of the seamounts and the seafloor was considered. Thus, seamounts 279 
C1 and C2 were dated as approximately 2.12-2.69 Myrs old (Figure 7a and Table 1). Based on 280 
the modeled magnetics, we also predicted that seamounts C1 and C2 were initially formed 281 
about 20 km away from the KR1 axis. 282 

 For seamounts E1 and E3, the underlying seafloor was estimated to 0.57-0.95 Myrs 283 
old and 1.16-1.46 Myrs old, respectively (Figure 7b). The modified estimates for these 284 
seamounts dated E1 as about 0.35-0.76 Myrs old and E2 as 0.87-1.14 Myrs old (Figure 7b and 285 
Table 1). These results were obtained by considering a temporal gap of 200-300 kyrs between 286 
the formation of the underlying seafloor and the seamounts (Figure 7b). We predicted that E1 287 
and E3 originally formed about ~7 km and ~10 km from the ridge-axis, respectively. However, 288 
the estimate of the formation time of seamount E2 was not adjusted, because the misfits 289 
between the observed and modeled data were insignificant with the same geomagnetic polarity. 290 
In addition, because E2 is situated between E1 and E3 (Figure 7b), the adjusted model did not 291 
significantly improve the misfits. Thus, we dated seamount E2 using its underlying seafloor 292 
age as about 0.95-1.10 Myrs old (Figure 7b and Table 1). Alternatively, however, seamount E2 293 
might be formed about 0.35-0.78 Myrs old, similar to the age of E1, considering the unclearly 294 
isolated morphology with the same polarity to E1 and the magnetic ages of seamounts E1 and 295 
E3 (Figure 7b and Table 1). 296 

 297 
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 298 

Figure 7. Comparison of the observed and the modeled magnetic anomalies over the seamounts 299 
present at segment KR. Red lines represent the observed magnetic anomalies over the 300 
seamounts along the survey lines 1-6. Blue and gray lines/letters are the initially modeled 301 
magnetic anomalies/age, respectively. In the blue box, the misfits between the observed (red 302 
lines) and modeled (gray lines) anomalies are shown, and then the gray lines and letters are 303 
replaced by the modified models marked by cyan lines and blue letters. Black and white stripes 304 
indicate the normal and reverse geomagnetic polarities, whereas the dark-gray shaded area 305 
represent the seafloor bathymetry identified by high-resolution data. 306 

 307 

 Finally, seamounts G1 and G2 required temporal adjustments of 300-400 kyrs from 308 
the date of the underlying seafloor formation and hence were dated as 0.30-0.88 Myrs old 309 
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(Figure 7c and Table 1). Seamount H2 was dated as 1.62-2.07 Myrs old, with a temporal 310 
difference of ~400 kyrs from its underlying seafloor (Figure 7c and Table 1). Based on the 311 
modified model, seamounts G and H2 were estimated to have initially formed ~14 km and ~13 312 
km away from the ridge-axis, respectively. 313 

 Figure 8 summarizes the geomagnetically estimated ages of seamounts in the study 314 
area. The seamounts indicated in the same color as the underlying seafloor were formed within 315 
the same geomagnetic period as the seafloor (e.g., seamounts A and B in Figure 8). The 316 
seamounts that required temporal adjustments in their geomagnetic reversals to minimize data 317 
misfits are illustrated in different colors than the underlying seafloor (e.g., seamounts C1 and 318 
C2 in Figure 8). In the following section, we further discuss spatial and temporal variations in 319 
KR1’s near-ridge seamounts. 320 

 321 

 322 

Figure 8. Spatial and temporal distribution of the seafloor and seamounts, based on magnetic 323 
observations at segment KR1. 324 

 325 

4 Discussion 326 

 The axial morphology of KR1 can be divided into the eastern section featuring the 327 
axial valley, the central section with the axial high, and the western section with numerous 328 
seamounts and the axial plateau (Figure 1) (Choi et al., 2013; Park et al., 2014; Kim et al., 329 
2015). The seamount chains identified in the KR1 system are approximately perpendicular to 330 
the KR1 axis (Figure 1). However, there is no apparent correlation between the ridge 331 
morphology (including spreading rates) and the seamount morphology (e.g., size and volume) 332 
(Figure 9a). The western section of KR1 exhibits the most voluminous seamounts with slightly 333 
faster spreading rates (i.e., full-spreading rates of 66~70 mm/yr) along the survey lines. 334 
However, the eastern section also features sizable seamounts (Figure 1). In addition, we 335 
identify a linear relationship between the basal area and volume of the seamounts, indicating 336 
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that their height increases ~550 m per a unit increment of basal area (Figure 9a). Seamount D 337 
is an outlier due to its close proximity with the ridge-axis. 338 

 339 

 340 

Figure 9. (a) Basal area versus volume for each seamount. (b) Time and duration of volcanic 341 
eruptions as a function of seamount age versus distance from ridge axis. The colored horizontal 342 
scale bars indicate the time of volcanic eruption, which are adjusted from the initial model 343 
denoted by gray horizontal scale bars. The triangles show the location of the representative 344 
summit of each seamount. Red, green, and blue represent the seamounts in the eastern, central, 345 
and western KR1, respectively. Gray vertical columns display a temporal variation of total 346 
volume of seamount at the given time window. 347 

 348 



Confidential manuscript submitted to Geochemistry, Geophysics, Geosystems 

 

 In our study, we assumed that the bulk of the volume of near-ridge seamounts was 349 
constructed relatively quickly (<1 Myrs) and the these seamounts would likely exhibit the same 350 
geomagnetic polarity as their underlying seafloor (Jackson et al., 1972; Maia et al., 2005). Any 351 
difference, therefore, between the seamount and seafloor polarities might indicate that the 352 
seamount formation was delayed (Figure 8). Further, the width of the geomagnetic polarities 353 
over a given seamount was used to estimate the duration of seamount formation (Figures 7 and 354 
9b). 355 

 According to our magnetic observations, all the seamounts in segment KR1 formed 356 
within the last 3 Myrs (Figures 7, 8, and 9b). Our analysis further shows that each seamount 357 
was constructed over a period lasting less than 1 Myrs (Figures 7, 9b, and Table 1). The longest 358 
formation time was identified for seamount E, ~790 kyrs, while the other seamounts had a 359 
formation time of less than 600 kyrs (Figure 9b and Table 1). For example, seamount A, the 360 
highest edifice in segment KR1, required ~530 kyrs for its building processes, whereas 361 
seamount H1, the most voluminous edifice in segment KR1, was constructed within ~500 kyrs 362 
(Figure 9b and Table 1). 363 

 Interestingly, the near-ridge seamounts in KR1 were mostly produced under normal 364 
geomagnetic polarities, except for seamounts B and C (Figures 8 and 9b). In particular, the 365 
seamount production rate has not remained continuous over the past ~3 Myrs. The total volume 366 
of the seamounts reached temporal peaks within four distinct volcanic pulses: 0.3-0.8 Ma, 0.9-367 
1.1 Ma, 1.6-2.1 Ma, and 2.2-2.7 Ma. Alternatively, we can also consider two major periods 368 
between these two major stretches of activity (Figure 9b). Furthermore, the pairs of near-by 369 
volcanic structures adjacent to each other, seamounts B and C (= C1 + C2), E2 and E3, and H1 370 
and H2, appear to have formed simultaneously rather than sequentially along path from the 371 
ridge-axis (Figure 9b and Table 1). 372 

 Further, the eastern section of KR1 contains the oldest near-ridge seamounts (B & C 373 
in Figure 9b). Then, seamounts A (eastern) and H (western) were formed. After a ~500 kyrs 374 
pause in seamount volcanism, seamounts E2 and E3 were formed in the central section. Finally, 375 
recent volcanism has been concentrated in the western and central sections (Figure 9b). It is 376 
unclear whether such temporal and spatial variations in seamount formation are correlated with 377 
a migration pattern of melt supply along KR1. Nonetheless, the eastern section can be assumed 378 
to have had an excessive magma supply that allowed the construction of large seamounts, 379 
although the present ridge morphology of the rift valley implies a lack of magma supply. 380 

 Near-ridge seamounts are formed at a distance from the ridge-axis when an excessive 381 
magma supply is available, because axial melts tend to concentrate along ridges. As a result, 382 
asymmetric seamount chains along the axis are also commonly observed (Scheirer & 383 
Macdonald, 1995; Clague et al., 2000; Katz et al., 2006; Coumans et al., 2015). For example, 384 
the northern East Pacific Rise (EPR), with a full-spreading rate of 80~120 mm/yr, exhibits 385 
near-ridge seamounts formed within 5-15 km from the corresponding axes (Scheirer & 386 
Macdonald, 1995; Alexander & Macdonald, 1996). The spatial distribution of the KR1 387 
seamounts is also consistent with the EPR seamounts, as the KR1 seamounts are formed 388 
between 7 and 20 km from the axis. However, KR1 is an intermediate-spreading system. Thus, 389 
although the distance of seamount formation from the axis is similar to that of the EPR system, 390 
the thermal and mechanical structures of the KR1 at similar off-axis distances are not as 391 
favorable for seamount production as those of the EPR system bodies (Scheirer & Macdonald, 392 
1995; Alexander & Macdonald, 1996; Rapparport et al., 1997). In particular, seamount C, 393 



Confidential manuscript submitted to Geochemistry, Geophysics, Geosystems 

 

formed at a ~20 km distance from the KR1 axis (i.e., seafloor age of ~0.65 Ma), appears to be 394 
too far away to have been fed by an excessive magma supply near KR1. In addition, according 395 
to calculations by Bodine et al. (1981) and Calmant et al. (1990), the lithospheric thickness 396 
beneath the KR1 seamounts at a given off-axis distance are systematically thicker (~ 500 m on 397 
average) than those of the EPR, considering the spreading rate differences. Thus, to extrude 398 
such a thick oceanic lithosphere, the KR1 seamount volcanism may have required extra thermal 399 
enhancement. 400 

 Recently, Park et al. (2019) established a new “Zealandia-Antarctic” mantle domain 401 
between the Pacific and Indian mantle domains, which might originate from a super plume 402 
responsible for the Gondwana break-up at ~90 Ma. Given the regions experienced wide range 403 
of volcanism, the seismic tomography models of the proposed Zealandia-Antarctic mantle 404 
domain consistently illustrate relatively hot upper mantle compared to the adjacent mantles. 405 
This new mantle domain is centered on segment KR1. The off-axis distances of the near-ridge 406 
seamounts characterizing segment KR1 may imply that the thermal structure beneath the KR1 407 
is more prone to sustaining an excessive melting supply at distances far from the ridge-axis. 408 
Recent geochemical analysis of rock samples dredged from seamount E2 shows that the whole-409 
rock composition reflects that of alkaline oceanic island basalt (OIB), not mid-ocean ridge 410 
basalt (MORB), indicating that seamount E2 was formed by melt from deep mantle source (Yi 411 
et al., 2019). Therefore, the morphological and magnetic characteristics of the KR1 seamounts 412 
may serve as indirect proxies to understand the evolutionary relationship between the 413 
Zealandia-Antarctic mantle domain and the KR1 ridge processes. 414 

 415 

5 Conclusions 416 

 We characterized the near-ridge volcanisms in KR1, the easternmost segment of the 417 
Australian-Antarctic Ridge. 418 

 (1) The spatial distribution, morphology, and types of summits were identified using 419 
high-resolution shipboard bathymetry. A total of 20 seamounts were found in the study area. 420 
The volume of these seamounts ranges from about 0.5-130 km3, and their basal area ranges 421 
from about 4-210 km2. Based on the linear trend between the volume and basal area of the 422 
seamounts, the KR1 seamounts tend to have a ~550 m height per a unit basal area. 423 

 (2) Geomagnetically, six seamounts in segment KR1 appear to have formed 424 
simultaneously with the underlying seafloor, whereas seven seamounts were determined to be 425 
much younger than their surrounding seafloor. We estimated the time gap between seamount 426 
and seafloor formation by adjusting the geomagnetic reversals measured over the seamounts. 427 
The adjusted geomagnetic reversals indicate the time and duration of seamount formation. 428 
Based on the geomagnetically dated ages of the KR1 seamounts, all of the isolated volcanic 429 
structures appear to have formed within the last ~3 Myrs, generally over a period of ~600 kyrs. 430 
Four major pulses of seamount volcanism were identified: 0.3-0.8 Ma, 0.9-1.1 Ma, 1.6-2.1 Ma, 431 
and 2.2-2.7 Ma. These could also be considered as two major volcanic periods lasting from 432 
0.3-1.1 Ma and 1.6-2.7 Ma, indicating a pause in seamount volcanism of about ~500 kyrs in 433 
this area. 434 

 (3) Formation of several near-ridge seamounts in KR1 have a temporal gap of 200-650 435 
kyrs with the underlying seafloor formation, and the seamounts were formed from off-axis 436 
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volcanism of 7-20 km. Given the typical thermal and mechanical properties of intermediate-437 
spreading lithospheric system requires an extra thermal enhancement for such off-axis 438 
seamount production characterized at segment KR1. 439 

 440 
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