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G E O L O G Y

High productivity and multilayered circulation in the 
Late Cretaceous Arctic Ocean
Shan Liu1,2*, David Van Rooij3, Meiting Chen4, Haiyu Fan1, Guo Li1, Yutong Shi1, Yujie Liu1, 
Zhi Lin Ng1, Kunwen Luo1, Li’e Lin1, Haiteng Zhuo1,2*

The Arctic Ocean plays a pivotal role in global climate, yet its circulation under greenhouse conditions remains 
poorly constrained. Seismic, sedimentological, and drilling evidence from the Chukchi Shelf reveals large contourite 
drifts and bathyal carbonate mounds dated to the Campanian to Maastrichtian [~80 to 66 million years ago (Ma)], 
indicating persistent bottom currents and high productivity. These features point to the presence of a regionally 
sourced Boreal deep-water mass, likely driven by seasonal sea-ice formation and brine rejection. Bathyal carbon-
ate mound development was sustained by tidal mixing, localized upwelling, and well-oxygenated conditions follow-
ing Oceanic Anoxic Event 3. This vigorous circulation system collapsed at the Cretaceous-to-Paleogene boundary, 
coinciding with closure of the Western Interior Seaway and reorganization of global circulation. Our findings chal-
lenge the prevailing view of a sluggish, surface-dominated Late Cretaceous Arctic, demonstrating instead that it 
supported deep-water formation and localized carbonate factories, highlighting its key role in high-latitude climate 
dynamics under greenhouse conditions.

INTRODUCTION
The Late Cretaceous represents an extreme greenhouse interval in 
Earth’s climate history, characterized by high atmospheric CO2 con-
centrations, global warmth, and the absence of permanent polar ice 
caps (1). Oceanic circulation patterns during this period were fun-
damentally different from those of the modern ocean (2), yet they 
still played a crucial role in governing sedimentary processes and 
sustaining polar marine ecosystems under greenhouse conditions (3). 
High eustatic sea levels facilitated the expansion of extensive epi-
continental seaways and marginal ocean basins, including the near-
ly semienclosed Arctic basin (4).

During the Late Cretaceous, the Arctic Ocean was enclosed by 
bordered continental landmasses and connected to adjacent seas only 
through narrow marine gateways, such as the Western Interior Sea-
way and the proto–North Atlantic straits (5, 6). Previous interpreta-
tions have described the Late Cretaceous Arctic Ocean as a high 
temperature and warm, stratified basin, characterized by episodic sea-
ice cover and restricted water mass exchange (7, 8). However, existing 
evidence for bottom-current activity for this period is sparse and 
largely indirect. Limited accessibility and connectivity with surround-
ing oceans and the scarcity of paleocirculation reconstructions have 
hindered efforts to evaluate the Arctic’s role in global nutrient cycling, 
deep-water formation, and marine productivity during this period.

In this study, we present previously unidentified sedimentologi-
cal and geophysical evidence that supports a more dynamic pale-
oceanographic regime in the Late Cretaceous Arctic Ocean, based 
on a comprehensive suite of datasets (Fig. 1). The occurrence of 
Campanian-to-Maastrichtian [~80 to 66 million years ago (Ma)] con-
tourite drifts and bathyal carbonate mounds reflects persistent bottom-
current activity and high biological productivity. Together, these results 

reveal a vigorous and productive marine system influenced by seaway-
driven water mass exchange and density-controlled circulation.

RESULTS
Contourite depositional systems and carbonate mounds
The seismic stratigraphic framework is established through regional 
correlations with previous studies that identified key tectonostrati-
graphic transitions in the Arctic Ocean (Fig. 2) (9, 10). Chronological 
constraints are derived from multiple data sources, including results 
from International Ocean Discovery Program (IODP) Expedition 
302 on the Lomonosov Ridge, magnetostratigraphic data from the 
Eurasian Basin, and well logs from industry exploration wells (e.g., 
Popcorn and Crackerjack) located on the Chukchi continental shelf 
(Fig. 1; see Materials and Methods for details) (10–13). Key seis-
mic discontinuities, H6 (~80 Ma), H5 (~66 Ma), H4 (~56 Ma), H3 
(~45 Ma), H2 (~34 Ma), and H1 (~20 Ma), divide the stratigraphic 
record into six seismic units (units A to F). Bottom-current–related 
features described in this study occur within seismic unit F (~80 to 
66 Ma) (Fig. 3), indicating a Campanian-to-Maastrichtian age.

Contourite drifts 1 and 2, notable sedimentary bodies formed by 
persistent bottom currents (14), are identified on the Chukchi Shelf, 
characterized by mounded geometries, moderate-amplitude seismic 
reflections, and sigmoidal to subparallel internal configurations (Fig. 4, 
A and B). These features trend northwest to southeast (Fig. 3). Con-
tourite drift 1 is interpreted as a separated mounded drift of ~250 km 
in length, associated with an erosional moat (Moat 1) expressed by 
truncated seismic reflections. Contourite drift 2 is interpreted as a 
plastered drift accompanied by a contourite terrace (Figs. 3B and 4B), 
typically formed by the interaction of two distinct water masses, with 
the terrace marking the interface of these water masses (15). Compa-
rable large-scale mounded contourite drifts and moats have not been 
identified at seismic resolution in other Arctic continental shelves or 
deep-sea regions (e.g., the Canadian Basin or Mendeleev Rise) with-
in Late Cretaceous successions (Fig. 2A and fig. S1, B and C).

Several mounded features occur within Seismic Unit F (~80 to 
66 Ma), rising 85 to 120 m above the paleo-seafloor and spanning 
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1.2 to 1.8 km in width (Fig. 4, C and D). These features exhibit steep 
flanks and are characterized internally by chaotic to semicontinuous 
seismic reflections, bounded by high-amplitude surfaces (Fig. 4, C 
and D). These mounds are interpreted as bathyal carbonate buildups 
(16) based on multiple lines of evidence. (i) Their seismic expression 
differs from alternative origins such as mud volcanoes, sediment
waves, dunes, and mass-transport deposits, all of which display di-
agnostic geometries or internal structures absent here (17–19). (ii)
Paleotemperature reconstructions indicate sea surface conditions of 
~15° to 17°C (Fig. 2B) (7, 8), compatible with cool-water carbonate
accumulation (20) but well below the ~25° to 32°C required for
tropical rudist–coral reef systems (21, 22). (iii) The presence of
small-scale contourite drifts associated with these mounds further
indicates persistent bottom-current activity (Fig. 4D), providing fa-
vorable conditions for carbonate precipitation and mound accretion 
(16). (iv) The seismic characteristics of these mounds closely resemble 
cold-water coral mound provinces in other bathyal settings (Fig. 4E) 
(23) and the Cenomanian-to-Paleocene NW European epicontinental 
seas (Fig. 4F) (24, 25), where these analogs typically exhibit similar
dimensions and internal reflection patterns, as well as consistent as-
sociations with contourite drifts.

DISCUSSION
Multilayered oceanic circulation in the Late Cretaceous 
Arctic Ocean
The two distinct contourite drifts identified on the Chukchi Shelf 
reflect bottom-current processes and water-mass dynamics (Fig. 3D). 
Contourite drift 1 is associated with a pronounced erosional moat, 
whose formation requires bottom-current velocities exceeding ~16 cm/s 
based on flume tank experiments (26). Contourite drift 2 exhibits a 
contourite terrace morphology that typically forms at the interface 
between two water masses (15). Similar terrace-moat systems occur 
at the Le Danois Bank in the northeast Atlantic, where modern obser-
vations link their development to interactions between Labrador 
Sea Water and North Atlantic Deep Water (Fig. 3E) (27, 28). By 
analogy, the two contourite drifts on the Chukchi Shelf imply the 
coexistence of at least two distinct water masses at different depths 
during the Campanian to Maastrichtian.

Although oceanic circulation reconstructions for high-latitude 
regions of the Northern Hemisphere during this interval are rare, 
two shallow water masses have been documented: (i) cool, fresh 
Boreal Surface Water, influenced by substantial riverine input, and (ii) 
warm, saline Tethyan Water, sourced from the proto-Gulf of Mexico 

Fig. 1. Bathymetry and data locations in the Arctic region. Bathymetric map of the Arctic region, modified from Springer Nature (65) under a CC BY 4.0 license (https://
creativecommons.org/licenses/by/4.0/). The map shows the distribution of key datasets. Locations of multichannel reflection seismic profiles (9, 59), commercial drilling 
sites (13, 62), International Ocean Discovery Program (IODP) drilling sites (8), the Alpha Ridge CESAR-6 core (3), and Lower Cretaceous marine outcrops in northern Alaska 
(43, 44) are shown.
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(29, 30). Faunal assemblages and geochemical signatures from the 
Western Interior Seaway indicate that both water masses flowed at 
similar depths during the Campanian (fig. S2) (30). Moreover, Tethy-
an Water appears to have been largely confined to the Canadian 
margin (Fig. 5) (5). Paleogeographic reconstructions further suggest 
that the Chukchi Borderland may have been emergent during the 
Late Cretaceous (31), potentially acting as a topographic barrier to 
Tethyan inflow. Consequently, these shallow water masses are un-
likely to generate the observed contourite system in the Arctic. An 
intermediate or deep-water mass is required to create the contourite 
terrace features observed on the Chukchi Shelf.

Recent studies have identified extensive contourite drifts, fur-
rows, and erosional scours along the Greenland-Norwegian Seaway, 
suggesting active water-mass exchange between the North Atlantic 
and the Arctic Ocean during the Late Cretaceous (32, 33). Calcare-
ous nannofossil assemblages from northeast Greenland further suggest 

deposition in a deep-marine environment influenced by this water 
mass (34). However, the Lomonosov Ridge is thought to have been 
relatively shallow due to tectonic uplift during the Late Cretaceous 
(31). This paleogeographic configuration may have restricted the 
inflow of North Atlantic waters to the Chukchi Shelf. This implies 
the presence of an unrecognized deep-water mass below the Boreal 
surface water during this time.

Evidence of ice-rafted debris in the late Campanian section of 
core CESAR-6 from the Alpha Ridge (fig. S2) (3, 35) together with 
climate model outputs (36) indicates episodic winter sea-ice forma-
tion west of the Alpha-Mendeleev ridge (Fig. 5). This interval is 
characterized by well-developed sediment laminations interpreted 
as repeated annual flux cycles associated with rafting and melting of 
turbid, sediment-laden sea ice (3, 35, 37). Although Late Cretaceous 
climate simulations suggest a warm, freshened Arctic surface ocean 
with substantial precipitation and runoff that largely precluded 

Fig. 2. Seismic and chronostratigraphic framework and paleoproductivity of the Late Cretaceous Arctic. (A) Composite seismic profile across the Arctic Ocean, il-
lustrating the stratigraphic framework. The depths and locations of main seismic horizons are based on the previous seismic framework (10). Location of the line is shown 
in Fig. 1. (B) Lithology and age constraints from the Popcorn and Crackerjack boreholes, reproduced from Geological Society of London (13). Hiatus depth in IODP Expedi-
tion 302 boreholes (8), major seismic units, Chukchi Shelf stratigraphy, and Arctic sea surface temperature records (8) are shown. (C) Paleoproductivity indicators (43, 44), 
including diatom diversity, Baxs(min) values, and Th/U ratios from Campanian-to-Maastrichtian marine outcrops in northern Alaska. Outcrop location is indicated in Fig. 1. 
ppm, parts per million.
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perennial sea ice (2), even short-lived seasonal freezing events 
along shelf margins can generate notable brine rejection and dense-
water formation.

Modern observations from the Bering Sea, Chukchi Shelf, and 
Barents Sea demonstrate that short-lived sea-ice formation events in 
marginal ice zones can trigger dense-water cascades and initiate 
bottom-intensified currents (38–40). Observed current speeds as-
sociated with these cascades can reach ~15 cm/s (39), well within 
the range required to transport and redeposit fine-grained sediment 
to form contourite depositional systems (26). In the Late Cretaceous 
Arctic, restricted basin topography (31), strong tidal amplification 
across shelves (41), and winter wind–driven polynya activity (36) 
would have further enhanced vertical mixing and downslope dense-
water export. A regionally sourced dense water mass, here interpreted 
as Boreal Deep Water, would have formed and deflected southward 
along the Eurasian continental margin by Coriolis forcing, sustain-
ing vigorous bottom currents capable of sculpting the observed con-
tourite drifts and mound complexes (Fig. 5).

Together, the evidence supports an interpretation in which con-
tourite drift 1 records the activity of a regionally sourced Boreal Deep 
Water, whereas contourite drift 2 reflects interaction between fresh 
Boreal Surface Water and the sea-ice–driven Boreal deep water. 
Boreal deep water likely exerted only regional influence during this 
period. The enclosed nature of the Late Cretaceous Arctic deep basin 

(42) and the shallow Western Interior Seaway (30) would have re-
stricted its penetration into lower latitudes. These findings indicate 
that the Late Cretaceous Arctic Ocean sustained a more complex, 
multilayered circulation system than previously recognized.

Rise of bathyal carbonate mounds
Commercial drilling data, combined with paleontological analysis 
on the Chukchi Shelf (13), indicate that the location where bathyal 
carbonate mounds (~80 to 66 Ma) developed was a deep-shelf envi-
ronment during the Campanian to Maastrichtian. Deep-shelf out-
crops in northern Alaska reveal a notable increase in diatom diversity 
and elevated Ba content starting around 80 Ma (Fig. 2C) (43). Th/U 
ratios from the same period indicate a sharp increase in seawater 
oxygen levels on the Arctic shelf (Fig. 2C) (44). These changes suggest 
high paleoceanographic productivity and favorable nutrient condi-
tions for bathyal carbonate mound accretion during the Campanian 
to Maastrichtian.

Beyond the Chukchi Shelf, seismic data across the Arctic reveal 
no comparable sedimentary features such as carbonate mounds 
(fig. S1), suggesting that their formation was driven by regionally spe-
cific processes. These likely include (i) seasonal sea-ice formation 
(8), which can enhance vertical nutrient fluxes and increase water 
column oxygenation (45); (ii) uplift of the Chukchi Borderland (46), 
where topographic highs could have created favorable conditions 

Fig. 3. Campanian-to-Maastrichtian contourite drifts and bathyal carbonate mounds in the Arctic Ocean. (A) Location of selected seismic lines and spatial distribu-
tion of bottom-current–related features. (B) Dimensions and potential formation mechanisms of bathyal carbonate mounds. (C and D) Scale and seismic facies of contou-
rite drifts 1 and 2, with a proposed formation hypothesis. (E) Oceanographic and seismic profiles of modern contourite drifts in the NE (northeast) Atlantic, shaped by two 
water masses. Colors (red to purple) represent seawater salinity variations, with salinity contour lines shown. Red triangle represents location of CTD (conductivity, tem-
perature, and depth) stations. SSW, south-southwest; NNE, north-northeast.
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for localized upwelling (39), further promoting nutrient-rich water 
circulation; and (iii) intense tidal mixing in paleocoastal regions, such 
as northern Alaska (Fig. 5) (41), which may have further strength-
ened vertical and lateral seawater mixing. Together, these processes 
would have sustained high biological productivity and carbonate 
mound development on the Chukchi Shelf, while their absence else-
where in the Arctic reflects the lack of such specific combination of 
environmental drivers.

The development of these bathyal carbonates occurred after Oceanic 
Anoxic Event 3 (OAE3) (Fig. 2C), marking a transition from wide-
spread anoxic conditions to more oxygenated and dynamic oceanic 
systems (44). This temporal context suggests that the recovery of 
oxygenated conditions and enhanced circulation in the Arctic 
Ocean facilitated the establishment of bathyal carbonate ecosys-
tems, analogous to present-day cold-water coral mound ecosystems. 

Growth of these carbonate mounds terminated in the latest Maas-
trichtian, coinciding with the Cretaceous-to-Paleogene mass extinc-
tion. Globally, carbonate mounds experienced a marked decline and 
ultimately vanished during this interval (47, 48). The extinction of 
key planktonic and benthic taxa at the Cretaceous-to-Paleogene 
boundary disrupted carbonate and biogenic silica fluxes to the sea-
floor (49), altering sediment composition and influencing deposi-
tional patterns.

The Chukchi Shelf carbonate mounds thus represent a unique 
archive of Late Cretaceous Arctic palaeoceanography, recording local-
ized productivity hot spots and oxygenation events in high-latitude 
marine settings. Their presence demonstrates that cool-water car-
bonate factories in a greenhouse Earth could flourish in polar shelf 
environments under specific combinations of nutrient availability, 
ocean circulation, and paleotopography. Moreover, these mounds 

Fig. 4. Seismic facies of contourite drifts and bathyal carbonate mounds. (A and B) Seismic interpretations of contourite drifts and (C) carbonate mounds. Locations 
of seismic lines are shown in Fig. 3. (D) Flattened seismic discontinuity H6 (~80 Ma) highlighting individual carbonate mounds. The profile location is indicated in Fig. 3C. 
(E) Interpretation of modern cold-water coral mounds and the Belgica Mound Drift in the Porcupine Seabight, shown as an analog. (F) Outcrop and seismic profiles of the 
cool-water bryozoan mounds in SW Sweden, reprinted with permission from (25) (copyright 2009 John Wiley and Sons).
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provide a critical link between regional Arctic sedimentary dy-
namics and global carbonate deposition trends during the Late 
Cretaceous, highlighting the sensitivity of carbonate systems to both 
global oceanographic variations, such as OAE3 (44), and local 
paleoenvironmental factors.

The “hiatus” problem
A pronounced stratigraphic hiatus is evident in most available Late 
Cretaceous–to–Paleogene Arctic Ocean drill sites. On the Chukchi 
Shelf, commercial drilling cores reveal missing intervals spanning 
~120 to 80 to 66 to 60 Ma (50), while IODP Expedition 302 recov-
ered a gap from ~80 to 56.2 Ma on the Lomonosov Ridge (8). In 
seismic reflection data, these hiatus top surfaces correspond to prom-
inent erosional unconformities (discontinuities H5 and H4) traceable 

across much of the Arctic Ocean (Fig. 2A). Notably, major changes 
in sedimentary patterns, particularly in contourite features and the 
termination of bathyal carbonate development occurred around 66 
to 65 Ma (Figs. 3 and 4). The widespread absence of sedimentary ac-
cumulation during this interval points to a prolonged phase of non-
deposition or erosion, potentially linked to major global climatic 
and environmental changes.

The persistence of these hiatuses suggests a combination of tec-
tonic, oceanographic, and climatic drivers. Because of Laramide tec-
tonism and a eustatic sea level fall (4), the Western Interior Seaway 
closed during the latest Maastrichtian (~66 Ma) (5, 6), fundamen-
tally altering Arctic Ocean circulation patterns. As a result, the Arctic 
Ocean became more enclosed and cooled, as a region of net freshwa-
ter input (2). This gateway restriction reshaped basin connectivity 

Fig. 5. Late Cretaceous ocean circulation in the Arctic Ocean. The paleogeographic map at 70 Ma reproduced from the Atlantic Geoscience Society (42) under CC BY 4.0 
license (https://creativecommons.org/licenses/by/4.0/). No modifications are made to the original image. Bottom current pathways are inferred from contourite features, 
while Tethyan Water pathways are reproduced with permission from Copernicus Publications (29), licensed under CC BY 4.0 (https://creativecommons.org/licenses/by/4.0/), 
and reprinted from Sedimentary Geology, volume 301, C. Schröder-Adams, The Cretaceous Polar and Western Interior seas: Paleoenvironmental history and paleoceano-
graphic linkages, pages 26 to 40, copyright (2014), with permission from Elsevier (30). Winter winds and seasonal sea-ice extent are derived from simulation results (36).
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and water mass exchange between the Arctic Ocean and the equato-
rial Atlantic-Tethys (29), thereby reducing heat transfer between 
low- and high-latitude regions.

These regional developments occurred within the context of ma-
jor global reorganizations in thermohaline circulation identified in 
deep-sea records from outside the Arctic. Previous studies have shown 
that the Late Cretaceous–to–Paleogene transition was marked by 
marked shifts in deep-water sources and hiatus distribution in the 
world ocean (51). Isotopic proxy records (52) and sedimentary re-
cords (53) indicate that global deep-water pathways were reconfig-
ured during this interval. A principal driver of these changes was the 
progressive opening and deepening of Atlantic gateways, which al-
tered interbasin connectivity and facilitated more vigorous over-
turning circulation (2, 53, 54). Numerical simulations suggest that 
the initiation of a more globally integrated thermohaline circulation 
after the early Maastrichtian was closely tied to the opening of the 
South Atlantic and rearrangement of exchange between the Atlantic, 
Tethys, and Southern Ocean (54).

Viewed within this global framework, the Arctic hiatuses appear 
to be part of a broader reorganization of ocean circulation linked to 
both gateway tectonics and large-scale shifts in thermohaline circu-
lation patterns. These gateway tectonics and paleoceanographic 
changes may have strengthened bottom currents (55), generating 
widespread current-scoured erosional surfaces, analogous to those 
associated with the Neogene closure of the South China Sea (56). 
Meanwhile, the latest Cretaceous transition from a warm greenhouse 
climate to a cooler icehouse, coupled with declining atmospheric 
temperatures (57), may have enhanced high-latitude deep-water for-
mation, consistent with Late Cretaceous oxygen isotope evidence 
from the Southern Ocean (58). These processes likely invigorated 
Arctic ocean circulation, promoting sediment erosion and produc-
ing the widespread hiatus observed in the Arctic Ocean.

In summary, these processes produced a long-lived erosional re-
gime in the Arctic Ocean, interrupting sediment accumulation over 
tens of millions of years and leaving a conspicuous imprint on both 
the seismic and stratigraphic record. The resulting unconformities 
not only serve as markers of Arctic Ocean paleoceanographic and 
tectonic evolution but also provide a framework to link regional 
sedimentary dynamics with global changes in sea level, climate, and 
biotic turnover. In this context, the Arctic hiatuses exemplify the 
complex interplay between global greenhouse-to-icehouse transi-
tions, oceanic gateway tectonics, and ocean circulation reorganiza-
tion, highlighting the Arctic Ocean as a sensitive recorder of Late 
Cretaceous–to–Paleogene environmental perturbations.

Nonetheless, limitations remain in our interpretations, particu-
larly regarding the proposed mechanism of sea-ice–driven deep-
water formation, which relies on indirect evidence from seismic 
features, ice-rafted debris proxies, and climate simulations (3, 35, 36). 
While physically plausible based on modern analogs, such as sea-
sonal brine rejection (38–40), the extent to which intermittent sea 
ice could sustain bottom currents sufficient to form contourite drifts 
requires further validation through high-resolution ocean-atmosphere 
models. Integration of additional proxy data, such as neodymium 
isotopes from Arctic cores, could provide stronger constraints on 
water-mass sourcing and circulation patterns, building on global re-
constructions. To apply these findings more broadly, future steps 
should include expanded seismic surveys across underexplored Arctic 
margins, targeted drilling to recover Campanian-to-Maastrichtian 
sediments for direct paleontological and geochemical analysis, and 

coupled simulations to test the sensitivity of circulation patterns to 
tectonic and climatic forcings.

MATERIALS AND METHODS
Datasets
Seismic data were acquired during the Russian Arktika expeditions 
in 2011, 2012, and 2014, aboard the R/V Akademik Fedorov (9); the 
US-led MGL1112 expedition MGL1112 in 2011, aboard the R/V 
Marcus G. Langseth (11); the Chinese 12th Arctic expedition in 
2021 aboard the R/V Xuelong 2 (59); and various other seismic sur-
veys conducted by the United States Geological Survey and the Geo-
logical Survey of Canada (60, 61). Multiple reflections were predicted 
and removed primarily using the wave-equation multiple attenua-
tion technique. Low-velocity surface waves, impulse, and irregular 
noise were attenuated. Seismic stacking deconvolution, spectral am-
plitude, balancing, and two-way coherency filtering were applied. All 
seismic datasets were processed to a high standard, ensuring their 
suitability for interpretation.

Commercial drilling wells Popcorn and Crackerjack, operated 
by Shell between 1989 and 1991, have been previously analyzed for 
lithology, age models, and seismic-to-well ties (13, 50, 62). Litho-
logical and paleoceanographic proxy data were also obtained from 
IODP Expedition 302 (8), the Alpha Ridge CESAR-6 core (3, 35, 37), 
and Lower Cretaceous marine outcrops in the northern Alaska 
(43, 44). The locations of all sedimentary records are shown in Fig. 1.

Stratigraphic framework and chronology
The stratigraphic framework is established by correlation with previ-
ous studies (9–13). Seismic discontinuity H6 corresponds to the ter-
mination of volcanic activity on the Mendeleev Ridge, dated to ~80 Ma. 
Seismic discontinuity H5, marking the Cretaceous-to-Paleocene 
boundary at ~66 Ma, corresponds to the base of the clinoform com-
plex on the Chukchi Shelf (fig. S3) and the Middle Brookian uncon-
formity identified in commercial drilling. Seismic discontinuity H4, 
dated to ~56 Ma, represents a breakup unconformity associated with 
the opening of the Amundsen and Nansen basins. IODP drilling and 
borehole data indicate that seismic discontinuity H3 is defined at 
~45 Ma. Seismic discontinuities H2 (~34 Ma) and H1 (~20 Ma) are 
constrained by regional tectonic interpretations and seismic-to-well 
ties from commercial drilling.

Seismic interpretation
Seismic reflection profiles are interpreted using IHS Kingdom Suite, 
with vertical scale expressed in two-way travel time (TWT). Con-
tourite drifts were interpreted on the basis of the varying degrees of 
mounded geometries, continuous wavy or divergent to subparallel 
reflection configurations, and onlap reflection terminations (Figs. 3 
and 4) (14).

Carbonate mounds are characterized by chaotic to semicontinu-
ous reflections, steep flanks, and localized mound-like geometries 
with limited lateral extent and irregular internal reflection pattern 
(Figs. 3 and 4) (16, 22, 63). The time-to-depth conversion is expressed 
used to determine the height of individual carbonate mounds is 
based on a model derived from the “Arctic-2012” seismic reflection 
experiment (fig.  S4), conducted from the Mendeleev Rise to the 
Chukchi Borderland (64). The model comprised two primary layers: 
(i) an upper sedimentary section extending from the surface to a 
2.2-km depth, assigned a constant interval velocity of 1500 m/s (v1), 
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and (ii) a deeper section from 2.2 to 3.2 km, assigned a constant 
interval velocity of 1900 m/s (v2). Time-to-depth conversion is 
expressed as

where D (in meters) is the depth, t is the TWT (in seconds), and v is 
the seismic velocity (in meters per second).
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