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Abstract 

Pleistocene records of sedimentary carbonate from most of the Pacific Ocean have a strong 100-ky cyclicity, attributed for the 10 

most part to glacial-interglacial variation in carbonate dissolution. Pleistocene glacial intervals throughout the Pacific Ocean 

have high CaCO3 burial and preservation and accelerated dissolution in interglacial intervals. Records from the equatorial 

Pacific, Ontong Java Plateau, Shatsky Rise, and along the California continental margin all have this pattern, attributed to 

changes in corrosiveness of deep waters in the Pleistocene. Surprisingly, CaCO3 records from the far NW Pacific near 

Kamchatka (ODP Site 882 and cores nearby) have high CaCO3 during early interglacial intervals and no CaCO3 in the glacials, 15 

opposite to the rest of the Pacific. We synthesise evidence to suggest that sea ice and/or low salinity surface waters over Site 

882 impairs glacial carbonate production sufficiently so that no CaCO3 is buried during glacial intervals. CaCO3 is found in 

sediments at the beginnings of interglacial intervals, likely because of changes in surface CaCO3 production as oceans 

reorganize and the Bering Strait opens to shunt sea ice and low salinity water north into the Arctic.  The deposition of CaCO3, 

consistently associated with interglacial intervals at Site 882, implies that glacial sea ice and the associated low salinity surface 20 

layer was a factor affecting NW Pacific carbonate deposition during glacial-interglacial transitions throughout the Pleistocene.  
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Figure 1: (a) Location of cores discussed in this paper.  Sites 805, 807 (Ontong Java Plateau, Yasuda et al, 1993; Zhang et 25 

al., 2007) and Site 1209 (Bordiga et al., 2013) are records that explore dissolution indices on glacial-interglacial scales. All 

North Pacific sites are within the boundary zone between Pacific Deep Water (PDW) and Lower Circumpolar Deep Water 

(LCDW), as defined by Talley et al (2007).  The sites’ locations are displayed on a map of the D14C at the depth of the 28.01 

kg/m3 neutral density surface (WOCE Atlas V. 2, http://whp-atlas.ucsd.edu/pacific/map_isopycnals.htm), which marks the 

lower surface of PDW and are where the cores are located.  Cores in the equatorial Pacific lie within the mixing zone of 30 

PDW and eastward flow of LCDW.   
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1 Introduction: Anomalous CaCO3 records in the NW Pacific 

Cyclic carbonate (CaCO3) burial is a hallmark of pelagic sediment records recovered from above the carbonate compensation 

depth (CCD) throughout the oceans.  The sedimentary records mark an interplay between carbonate production at the surface 

of the ocean and dissolution at the sea floor where pressure, temperature, and the buildup of dissolved inorganic carbon (DIC) 35 

combine to make carbonates more soluble.  Cyclicity is introduced by changes in ocean carbonate chemistry coherent with 

glacial cycles.  Changes in abyssal carbonate chemistry with the Pleistocene glaciations imposes a common signal upon cores 

thousands of kilometers apart. In most of the Pacific, glacial intervals are characterized by sediments with high CaCO3 contents 

and interglacial periods with low CaCO3 (Arrhenius, 1952; Hays et al., 1969; Farrell and Prell, 1989)). The same pattern of 

preservation and dissolution as is found in the equatorial Pacific also is found on Ontong Java Plateau (Yasuda et al., 1993; 40 

Zhang et al., 2007), Shatsky Rise (Bordiga et al, 2013), and in the northeast Pacific (Zahn et al, 1991; Karlin et al, 1992, Lyle 

et al., 2000).  

 

The flow of Pacific abyssal waters links carbonate dissolution through a common carbon chemistry (Fig 1). There is no 

evidence that Pacific deep-water flow paths changed in the glacial intervals of the Pleistocene. The observed abyssal flow 45 

begins as a separation from circumpolar deep-water flow to the east of Australia, that flows north in the western Pacific, east 

across the North Pacific, and then south along the California Margin to the equatorial Pacific.  Finally, these waters flow across 

the sediments of the eastern and central Pacific and back to the Antarctic along the western margin of the east Pacific Rise. 

Kawabe and Fujio (2010) estimate that 12 Sv (106 m3/s) of lower circumpolar deep water (LCDW) flows north of the equator 

into the deep Northwest Pacific, and roughly 4 Sv flow eastward south of Hawaii to mix with Pacific Deep Water (PDW) 50 

returning from the northeast Pacific. LCDW upwells and mixes with upper Circumpolar Deep water to form Pacific Deep 

Water (PDW) north of Hawaii, of which 13 Sv flows southeast past Hawaii east of 140°W and out of the NE Pacific Basin. 

All the sites discussed in this paper are in PDW and should have a common dissolution imprint.   

 

The equatorial Pacific, located within the returning abyssal flow from the North Pacific, has long been known to have 55 

characteristic Pleistocene carbonate cycles (Arrhenius, 1952; Hays et al, 1969; Farrell and Prell,1989), characterized by high 

CaCO3 in glacial intervals and low CaCO3 in interglacial intervals. In the shallower eastern equatorial Pacific, Hagelberg et 

al. (1995) also found that there was also a strong precessional variation to CaCO3 deposition, while the obliquity and 

eccentricity signals were present but weaker. Hagelberg et al. (1995) attributed the high precessional signal to CaCO3 

production, since the signal is strongest at the equator. Nevertheless, Lyle et al. (2019) using CaCO3:BaSO4, an indicator of 60 

relative preservation of CaCO3 in the sediments, found a strong eccentricity link from 1600 ka onward, marking changes in 

dissolution. In the western Pacific on the elevated topography where carbonate is preserved, evidence of heightened dissolution 

in the interglacial periods is marked by higher foraminiferan dissolution indices on the Ontong Java Plateau (Site 805, Yasuda 

et al., 1993; Site 807, Zhang et al., 2007) and on Shatsky Rise by nannofossil dissolution indices (Bordiga et al.,2013). 
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Northeast Pacific 100 kyr cycles are like those of the equatorial Pacific (Zahn et al, 1991; Karlin et al, 1992, Lyle et al, 2000). 65 

Variable dissolution correlated with eccentricity defines the long-term equatorial sedimentary carbonate record and most 

records of the pelagic Pacific (Fig 2). This common signal links CaCO3 records in most of the deep Pacific. 

 

Only one area, in the far NW Pacific near Kamchatka, has a different time series, with well-documented CaCO3 records where 

highest CaCO3 is found in the early parts of interglacial intervals (Keigwin et al., 1992; Haug et al., 1995). This paper studies 70 

why the far NW Pacific, as epitomized by Site 882, has different CaCO3 time series than the rest of the Pacific basin. 

 
Figure 2: Carbonate profiles from the North Pacific and equatorial Pacific. Lavender shading marks peaks in Site 882 

CaCO3 content. High CaCO3 intervals are numbered as in Table 1 and mostly occur at the beginnings of interglacial 

intervals. Gray crosshatching marks Marine Isotope Stage (MIS) glacial intervals (Lisiecki and Raymo, 2004), which 75 

occasionally overlap slightly with CaCO3 intervals from Site 882. Inset and Fig 2 show locations of the North Pacific cores 

on the surface circulation of the North Pacific from Talley et al. (2011). Data displayed are for Site 882: this study and 

Haug, 1995; Y70-5-64: Zahn et al., 1991 (Table S7); Site 1020: Lyle et al. 2000 [all data, light line and a smoothed record, 

bold line]. The equatorial stack of CaCO3:BaSO4 is a measure of carbonate dissolution relative to production in the 

equatorial Pacific region (Lyle et al., 2019). High CaCO3: BaSO4 indicates low dissolution.  80 
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1.1 Anomalous CaCO3 deposition near the Kamchatka margin 

While most Pacific records have high CaCO3 contents associated with glacial intervals (the even-numbered MIS intervals, Fig 

2),  Site 882 and nearby shorter records from piston cores ( Keigwin et al, 1992; Haug et al, 1995, Haug, 1995, Keigwin, 1998) 

have little or no carbonate in glacials and a CaCO3 peak primarily within early interglacial periods. 

  85 

Haug et al. (1995) analysed both the CaCO3 and bio-SiO2 records from Site 882 on Detroit Seamount for the last 6 million 

years and showed that the carbonate cycles in the far NW Pacific are nearly opposite those of the equatorial Pacific since the 

initiation of Northern Hemisphere glaciation. Haug et al. (1995) also suggested that surface production must have driven the 

signal but did not dig deeper.  Here we will investigate the production hypothesis in more detail and will test which surface 

environmental conditions likely drove changes in carbonate production, e.g., changes in upwelling, surface sea-ice and salinity, 90 

or summer sea surface temperatures (SST) control of coccolithophorid carbonate production.   

 

What makes the Kamchatka margin different?  The alternate hypothesis to surface production for an alternate CaCO3 time 

series in the NW Pacific is that deep circulation to the Kamchatka margin is different from that of the rest of the Pacific. If this 

were true, there should be a separate deep flow to the Kamchatka margin relative to the rest of the Pacific. However, there is 95 

no evidence that there is a separate flow that could reach the NW Pacific.  Deep waters over Site 882 are the same as those in 

the rest of the Pacific basin (Fig 1B), as discussed later. 

 

There are significant differences between the eastern and western subarctic Pacific which might affect carbonate production 

(Fig 2, Talley et al, 2011). The modern North Pacific subpolar gyre is separated into two portions: the Western Subarctic Gyre 100 

(WSAG) that flows south along the Kamchatka margin and where Site 882 is located, and the Alaska Gyre in the eastern Gulf 

of Alaska. The modern WSAG receives colder, fresher water flowing out of the sea-ice-forming regions in the Bering Sea and 

Sea of Okhotsk and may have received more low salinity water from sea-ice formation during glacial intervals.  In contrast, 

the eastern subarctic gyre receives northward flow from the west wind drift that crosses the Pacific at around 40°N, so is 

represented by the bulk properties of the North Pacific. Hence, we note the far northwestern Pacific has unique regional 105 

oceanography that may explain the differences in carbonate burial that have been observed.  

 

1.2 The Bering Straits hypothesis for Kamchatka Margin CaCO3 burial. 

If changes in production of CaCO3 in surface waters causes the anomalous CaCO3 record along the Kamchatka margin, 

something must suppress or promote the growth of calcareous nannoplankton, since most CaCO3 is produced by them. 110 

Coccolithophores are strongly controlled by water masses in the subarctic (Samtleben et al., 1995). Conditions that could 

suppress calcareous nannoplankton growth include low temperature, relatively fresh cold surface water (Bendle et al., 2005), 

and competition between calcareous nannoplankton and diatoms for nutrients and sunlight (Dymond and Lyle, 1985).   
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While we will investigate all these hypotheses, much of the evidence presented later points to regional intrusion of relatively 115 

cold fresh surface seawater with some sea ice during glacial intervals that suppressed CaCO3 production. Conversely, relatively 

high CaCO3 burial occurs when the region is covered by more saline surface water typical of the rest of the North Pacific. One 

hypothesis that links CaCO3 burial to early interglacial periods on the Kamchatka margin is shown in Figure 3.  Assuming that 

CaCO3 production was suppressed by the presence of sea ice and accompanying cold relatively fresh surface sea water, periods 

of CaCO3 burial mark intervals when water more typical of the North Pacific occupied the region and the cold fresh sea-ice-120 

filled surface waters went elsewhere. 

 

CaCO3 deposition is correlated to the initial opening of the Bering Strait over many deglaciations (Fig 3). and thus, may 

represent a significant transfer of ice-filled low salinity water from the Bering Sea into the Arctic Ocean and the North Atlantic. 

Modern flow through the Bering strait has been reported as 0.8 x106m3/sec (Woodgate and Aagaard, 2005), although modelling 125 

and recent measurements find that throughflow is now ~1.0 x106m3/sec (Yang and Cessi, 2024; Woodgate, 2018) and has 

increased from 0.8 x106m3/sec since 2002.   

 

The opening of the Bering Strait has significant global climate impacts within models, primarily because water flows from the 

Pacific, through the Arctic, to the North Atlantic.   The modelling has shown that initial flow through the Bering Strait strongly 130 

affects deep water production in the North Atlantic by adding low salinity water to the North Atlantic and suppressing the 

formation of deep water (Hu et al., 2010, 2015). Cessi (2020) also shows via an idealized model, that the strength of flow 

through the Bering strait depends on the sea surface height difference between the Pacific and North Atlantic, a transfer that 

may slow as sea levels rise and the interglacial advances. In this case, the CaCO3 deposition reflects higher calcareous 

nannofossil production of CaCO3 in North Pacific seawater relative to that in less saline (and perhaps more ice-ridden) waters 135 

of surface waters near the ice edge.  
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Figure 3: Comparison of high CaCO3 intervals at Site 882 with changes in sea level from Spratt and Lisiecki (2016). Yellow 

banded interval marks the sill depth range of Bering Strait (53-47 m; Jakobsson et al., 2017).  The high CaCO3 intervals 140 

are apparently associated with the rapid rise in sea level that opens the Bering Strait connection to the Arctic Ocean. 

 

High CaCO3 at Site 882 and other sites along the Kamchatka margin occur early in interglacial intervals (Fig 2). The Site 882 

deposition spikes typically begin when sea level rise first connects the Pacific and the Arctic basins through the Bering strait 

(Fig 3).  Jakobsson et al. (2017) established a 53 m depth in the Bering Strait and 47 m depth at north and south entrances, 145 

which is used as the range in Bering Strait sill depth in figure 3. Jakobsson et al (2017) and Pico et al (2020) both establish 

that during the last deglaciation, the strait flooded during the Melt Water Pulse 1b event (11.5-11.1ka, Abdul et al, 2016).   

 

We highlight two important points elucidated from sedimentary evidence by Haug et al. (1999), Kotilainen and Shackleton 

(1995), McClymont et al (2008), Martinez-Garcia et al (2010), and Jaccard et al (2005, 2009).  The first is that lower salinity 150 

water inhabited the region during glacial intervals; and second, both productivity and diatom burial varied significantly. We 

take this information to explore why the carbonate depositional time series is so different from those of the other biogenic 

sediment components, and why the NW Pacific differs so strongly from the NE Pacific and the equatorial Pacific region.  
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2 Methods 

We investigated the biogenic deposition for the last 650 kyr at ODP Site 882 by collecting new data for particulate organic 155 

carbon (POC) and CaCO3 from the top 32 meters composite depth of the spliced continuous sediment section.  We also 

calibrated the gamma ray attenuation (GRA) bulk density record to discrete biogenic-SiO2 measurements following the 

suggestion of Kotilainen and Shackleton (1995). We checked the shipboard sediment splice, adding depth registered core 

images to confirm the continuous sediment interval. We found one significant discrepancy in the splice interval but was able 

to correct it and readjust the affected depths to the new splice and ultimately corrected the age model to include the new 160 

(corrected) sediment interval. The adjustment occurs at ~360 ka in this paper’s age model.See the supplemental material for 

illustrations and the revised splice 

2.1 Sediment splice and age model 

We reviewed the shipboard sediment splice and adjusted it based not only on the shipboard MultiSensor Track (MST) physical 

properties data but also using core sediment images extracted from the core photos archived at IODP Gulf Coast Repository 165 

(http://iodp.tamu.edu/janusweb/imaging/photo.shtml) . The core sediment images were extracted from the core photos using 

CODD 2.1 software (Code for Ocean Drilling Data, https://www.codd-home.net/; Wilkens et al, 2017) and spliced into a 

continuous sediment column to compare with the sedimentary data.  We noticed immediately that all but one high CaCO3 

interval matched intervals of light sediment shades typical for relatively high carbonate-containing sediments.  By comparing 

the core images, we found that a 48 cm section of low CaCO3 sediment had been erroneously omitted from the shipboard 170 

composite section in the core 882B-03H. This missing 48 cm was added, and the splice adjusted so that light-colored sediments 

and high carbonate data matched in both holes.  The added section had low CaCO3 and has an age of 358-362 ka. We did 

minor revisions down the sediment section and revised the splice such that most of the data previously collected by Haug et al 

(1995) was still in the composite splice sediment interval. The revised splice-interval tables are presented as Supplemental 

Table S1.  Core offsets (revised depth to match features in each core) used to align cores in Holes A and B are in Supplemental 175 

Table S2.  

   

For the most part we used the age model of Tiedemann and Haug (1995) but we calculated mildly revised ages for the interval 

that we added in core 882B-03 which produced higher sedimentation rates for that interval. Ages above and below the revised 

section were assumed correct, and the ages within the adjusted or modified or corrected interval were interpolated based upon 180 

the new depths.  Sedimentation rates were then recalculated with the new age model. The new age model is listed in Table S3, 

along with sedimentation rates, GRA values, estimated bio-SiO2 from the GRA, bulk MAR and bio-SiO2 MAR.   
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2.2 Carbon analysis 

Both POC and CaCO3 data reported here follow the analytical protocol elucidated in Lyle et al (2000) and is based on two 

separate analyses of the sediment sample from the same interval. The first aliquot of the freeze-dried and powdered sediment 185 

sample is analysed for its total carbon content (POC plus CCO3) in which the sediment is combusted at 1000°C with an ultra- 

pure oxygen carrier gas. The resulting gas generated by sediment combustion is then cleaned via scrubbers to remove water, 

NOx, and chlorine from salts, and then analysed for its CO2 content using a UIC Inc. Model CM-5012 coulometer. Likewise, 

the organic carbon fraction is measured from a second aliquot of sediment which first has been treated with dilute HCL before 

analysis to dissolve and remove the CO2 attributed to sedimentary carbonates. The residual organic carbon fraction remaining 190 

in the aliquot is then measured in a similar manner by coulometry. The calcium carbonate carbon fraction can thus be calculated 

from the difference between the total carbon and organic carbon (POC) measurements, multiplied by 8.33 to convert C to 

CaCO3.  We checked for consistency of our carbon analyses, as described in Olivarez Lyle and Lyle (2005), by running an in-

house sediment standard “Midway” with each carbon run and for which hundreds of analyses and summary statistics have 

been compiled (“Midway” standard: Total carbon = 2.64±0.02 wt %, n=523; POC = 0.85±0.01, n=570). We also analyzed 195 

every 4th unknown sample twice to monitor consistency of replication during each run.  We monitor both total carbon and 

organic carbon. The average absolute difference between repeated unknown samples for POC is <0.01 wt%, and if this 

difference exceeded 0.02 wt % we re-analyzed the sample in future runs.   
 
Samples were taken at 10 cm intervals using the shipboard splice as a guideline: for a total of 390 samples: 258 from Hole 200 

882A and 132 samples from Hole 882B. The new POC and CaCO3 data are listed in Supplemental Table S4. The CaCO3 data 

we generated were interleaved with Haug et al. (1995) 30-cm spaced data and plotted together in Figure 4. We found little 

difference between the Haug et al (1995) data and ours, except that caused by the difference in sample spacing. High CaCO3 

intervals are numbered in Table 1 with their estimated ages. 

 205 

2.3 Biogenic Opal analysis and creation of the time series 

A set of samples were analysed for biogenic opal (bio-SiO2) and then used to calibrate the GRA bulk density record as was 

done by Kotailenen and Shackleton (1995), who first showed that variations in the GRA density record at Sites 882 and 883 

reflect changes in sedimentary bio-SiO2. We use the term bio- SiO2 because we report only the SiO2 value and do not try to 

estimate the bound water associated with biogenic opal.  210 

 
First, we analyzed discrete samples for biogenic opal (bio-SiO2) following the protocols elucidated in Olivarez and Lyle, 2002. 

Samples were taken at 10 cm spacing from two intervals, from 0 to 9.335 meters composite depth (MCD) and from 21.945 to 

28.145 MCD using the revised splice depth scale (Table S3).  The samples were freeze-dried, ground in an aluminum oxide 
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mortar and pestle, and stored in air-tight plastic containers lined with indicating Drierite until analysis. Around 20-50 mg of 215 

dried sample was weighed, treated with H202 to remove organic coatings, then HCL to remove carbonate.  Finally, the sample 

was treated with 2-M Na2CO3 in a heated shaking water bath to dissolve biogenic silica. The dissolved silica was analyzed 

using a HACH Model DR/4000 UV-VIS spectrophotometer (Olivarez Lyle and Lyle, 2002) following the HACH Method 

8186.  The samples from Site 882 did not need the harsher KOH dissolution treatment because they are geologically young 

and contain primarily diatoms so dissolved well in Na2CO3.  Furthermore, the Na2CO3 treatment is much less corrosive to 220 

volcanic glass, a persistent sedimentary component in the NW Pacific that overestimates the targeted bio- SiO2 component. 

The data are reported in Table S3 as “bio-SiO2” without any correction for bound water that may be found in biogenic opal.   

 
In contrast to our CaCO3 data, we did not combine our bio- SiO2 results with those reported by Haug et al (1995) for the 

relevant intervals. Although the two data sets are broadly similar, the Haug et al (1995) data were determined by a different 225 

analytical method (gravimetric), and were generally noisier and offset from our data. Furthermore, the variation in our leach-

determined bio-SiO2 best matched the bulk density variation in the GRA record to suggest our data overall are more accurate.  

 
The two intervals of discrete analyses were used to calibrate the GRA wet bulk density profile for the Site 882 sedimentary 

splice (Figure 4).  We estimated bio-SiO2 assuming that no bio-SiO2 was present in a sample when sediments had a GRA 230 

density ≥1.57 g/cm3, while a sample of 100% bio-SiO2 has a GRA density equivalent to 1.08 g/cm3, equivalent to a porosity 

of 97% and an opal grain density of 2.2. These density parameters were chosen to best match the discrete bio-SiO2-GRA 

comparison.  Supplemental Table S4 has the estimated bio-SiO2 data, along with the age model and bio-SiO2 MAR data.  

2.4 Mass Accumulation Rates (MAR)   

Mass accumulation rates (MAR) are calculated to disentangle changes in sediment composition from changes in each 235 

components’ rates of burial over a given time interval. Studying only the weight per cent data of a particular component has 

limited use because downcore trends may simply reflect dilution by high deposition of another, or other, sedimentary 

component(s).  For any sedimentary interval, Multiplying the dry bulk density (DBD) by the sedimentation rate for that interval 

yields the bulk MAR for all components, in units of g/cm2/kyr.  Then, the bulk MAR, multiplied by the relative fraction 

(%/100) of any particular sedimentary component yields that component’s MAR as g/cm2/kyr. We used the Haug et al (1995) 240 

conversion from GRA density to dry bulk density (DBD=1.67*GRA-1.89) to convert the GRA record to DBD.  We then used 

the Haug et al (1995) sedimentation rate, with our minor revision over core 882B-03 to calculate a bulk MAR.  Bulk MAR, 

along with MARs for individual biogenic components are shown in Figure 5.  
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Figure 4: Biogenic contents of Site 882 sediment vs. age, using the Tiedemann  and Haug (1995) age model as modified in 245 

this paper. Bio-SiO2 contents are presented where blue data are discrete bio-SiO2 analyses superimposed on the lavender 

estimate from the GRA wet bulk density record.  POC (Particulate organic carbon) contents are the green record. 

Interglacial stages are highlighted in crosshatch and are based on the Lisiecki and Raymo (2005) stack, LR04. CaCO3 (red) 

tends to be high at the beginnings of interglacial intervals and correlated to low POC. High CaCO3 intervals, C1 thru C9, 

are labelled as in Fig 2 and Table 1.  250 

3 Results  

The additional analyses we performed added new data for particulate organic carbon (POC) content, bio-SiO2 (using a leach-

based bio-SiO2 % to calibrate a GRA based estimate), and we filled in data in the CaCO3 profile. The new sampling and 

analyses produced a data set with approximately 2 kyr sample spacing, sufficient to resolve orbital cyclicity and to detect rapid 

changes. All weight % data are shown in Figure 4, plotted against age.   255 

 
3.1 Biogenic sediment components   

The bio-SiO2 data have a very strong precessional variability. Tiedemann and Haug (1995) used the precessional component 

of the 65°N summer insolation as a target to tune their low-resolution age model using GRA, because GRA apparently has 

high variance at the precession periods. Since the GRA signal reflects variation in bio-SiO2 content, bio-SiO2 has a strong 260 
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precessional signal.  In the 0-1 Ma interval, the bio-SiO2 precession signal is significantly stronger than the 100 kyr 

Milankovitch band (Tiedemann and Haug, 1995). Obliquity variance, in contrast, is stronger than precession between 2.7 and 

1 Ma.  The precessional signal in bio-SiO2 thus dominates in the 0-625 ka data presented here.   

 

 265 

Figure 5: Mass Accumulation Rates (MARs) for bulk sediment and for biogenic components. For bio-SiO2, POC, and 

CaCO3, the percentage data are plotted as thin lines, and the MAR data are plotted as thick ones. The Lisiecki and Raymo 

(2005) isotope stack is plotted as a black line and was used to define the interglacial intervals. Precessional rhythms are 

reduced in the MAR data but still can be found in the bio-SiO2 MAR. High CaCO3 intervals are labelled as in Fig 2 and 

Table 1. 270 

 

The POC contents are relatively high for a pelagic site, averaging 0.33%, with 97% of the data falling in the range between 0.1 

and 0.6 %. POC. Typical POC in the equatorial Pacific in the Pleistocene, for example, is 0.12% (Lyle and Olivarez Lyle, 

2024). Bio-SiO2 and POC appear to covary, but cross-spectral analysis does not find significant coherence between them in 

the Milankovitch bands. Nevertheless, peaks in bio-SiO2 content are often peaks in POC content.  The beginnings of interglacial 275 

periods for the entire record tend to be characterized by low POC (Fig 4). Some relationship between bio-SiO2 and POC should 

be expected because diatom primary production concurrently produces POC and bio-SiO2, and large diatom tests help to sweep 

POC to the ocean floor (Ragueneau et al, 2000; Moriceau et al, 2018; Treguer et al, 2018). The lack of a strong signal between 

POC and bio-SiO2 may result from changes in deep water oxygen content affecting the preservation of POC in the sediments 

(Jaccard et al, 2009, 2010), as discussed later.  280 
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CaCO3 contents in the record appear as intermittent CaCO3 spikes among intervening bio-SiO2 -rich clays (Haug et al, 1995). 

Table 1 lists the events we tabulated through 722 ka. High CaCO3 intervals typically have ~20% CaCO3 and are resolved by 

multiple discrete measurements in the data set here (Figure 4). Rarely does the entire interglacial interval have high CaCO3. 

Instead, high peaks appear at the initiation of the interglacial interval, occasionally with a small secondary peak later in the 285 

stage. High CaCO3 contents typically coincide with the low POC intervals at the beginning of interglacial intervals.  The 

interglacial CaCO3 depositional spikes at Site 882 occur within intervals that last between 10 to 40 kyr (Table 1). However, 

CaCO3 deposition intervals are only preserved at the very start of the interglacial interval, but do not typically persist 

throughout the interval.  

 290 

Table 1 High CaCO3 intervals at Site 882 with their age and duration 

 
3.2 Biogenic Mass Accumulation Rates (MARs)   

The time series for the bulk sediment- and biogenic- Mass Accumulation Rates (MAR) are shown in Figure 5 along with the 

LR04 benthic oxygen isotope stack (Lisiecki and Raymo, 2005). High bulk MAR is typical of glacial intervals, except for an 295 

interval in interglacial MIS 13. Bio-SiO2 MARs typically comprise only 1/3 to 1/2 of the bulk MAR, indicating elevated 

deposition of aluminosilicates in glacial intervals. Higher glacial aluminosilicate MARs may result from regional exposure 

and erosion of nearby continental shelves.   

 

Bio-SiO2 weight percent variation has a strong precessional beat but multiplication by bulk MAR yields a tendency for higher 300 

glacial bio-SiO2 MAR, particularly in MIS 6 and 10 (Fig 5).  There is some correlation between bio-SiO2 MAR and POC 

MAR, in part caused by multiplying each percent series by a common bulk MAR. Highest bio-SiO2 MAR typically matches 

periods of high POC MAR, especially in MIS 13, 10, and 6, as expected if diatoms are a major component of surface producers 

and if diatom rain is an important mechanism to sweep POC out of the euphotic zone and bury it in the sediments (Ragueneau 
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et al, 2000; Moriceau et al, 2018; Treguer et al, 2018). There are intervals where they do not match well, as in the last half of 305 

MIS 5 where bio-SiO2 MAR is high, but POC MAR is modest.  

CaCO3 deposition is intermittent, typically occurring at the beginning of interglacials, associated with both low POC % and 

POC MAR.  CaCO3 % and CaCO3 MAR have similar profiles, because CaCO3 deposition is intermittent, typically when bulk 

MAR is relatively low. High productivity is not the factor that leads to high carbonate contents in the Site 882 sediment column, 

nor is there better CaCO3 preservation in glacials. CaCO3 MAR maxima are strongly associated with POC MAR minima at 310 

the beginning of interglacial intervals.  These POC MAR minima are sometimes aligned with the oxygen isotope-defined 

beginning of the interglacial, but are often offset (Fig 5, see MIS 7, 11, and 15). The one anomalous CaCO3 MAR is in the 

interglacial MIS 13. It increases during the middle of the interglacial, not at its beginning. However, the MIS 13 carbonate 

deposition is also at the end of an extended low deposition interval and may result from anomalous deposition and enhanced 

preservation as sedimentation rates increased. 315 

4 Discussion: The Anomalous CaCO3 cycle near the Kamchatka Margin  

Earlier studies have shown that there is a 100-kyr beat to CaCO3 burial in the North Pacific from the tropics to at least 50°N 

in the NE Pacific (Fig 2; Farrell and Prell, 1989; Zahn et al, 1991; Karlin et al, 1992; Lyle et al, 2000, Lyle et al, 2019). In 

contrast, the corner of the NW Pacific near Kamchatka has a spiky signal as CaCO3 is preserved and buried primarily at the 

beginnings of interglacial intervals.  Others have proposed that changes in CaCO3 production or abyssal CaCO3 saturation 320 

must have caused the “Kamchatka” type of carbonate profile (Haug et al., 1995, Jaccard et al., 2005,2009) but have not 

explored the implications of the carbonate profiles.  We synthesize evidence to show that the spiky interglacial CaCO3 record 

marks depression of glacial CaCO3 production when at least some sea ice as well as low salinity surface waters were present. 

 

We explore whether higher surface productivity alone is the dominant factor to cause the CaCO3 deposition or whether 325 

additional factors peculiar to production of CaCO3 in the surface ocean might play a role as well.  Much of the high 

productivity (monitored by the deposition of Ba) is associated with high diatom (bio-SiO2) deposition but often without high 

CaCO3 deposition.  Other factors are apparently critical for high CaCO3 production and burial.   

 
4.1 Evidence of specific CaCO3 production anomalies  330 

Typically, we expect a proportionality between CaCO3 particulate rain and export productivity (POC rain caught in sediment 

traps), as was observed in the equatorial Pacific and Indian Ocean JGOFS sediment trap experiments (Honjo et al, 1995,1999; 

Lyle and Baldauf, 2015). There is also a seasonal correspondence of high CaCO3 particulate rain with high POC rain in 

sediment traps in the Atlantic subtropical gyre and the northeast subarctic Pacific (Conte et al, 2001; Wong et al, 2002) and in 
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the NW Pacific (Honda et al. 2002). The nearest sediment trap array to Site 882 (KNOT, Honda et al, 2002) has a modern 335 

pattern in a 3-year deployment of relatively constant CaCO3 flux but with increased opal deposition in spring/summer. Highest 

POC deposition relative to CaCO3 occurred during periods of high opal deposition. Nevertheless, under conditions of 

unvarying dissolution at the sea floor, higher CaCO3 MAR in a time series implies an interval of higher surface productivity. 

When a CaCO3 dissolution cycle is superimposed on another time series, high production stands out as either spikes of CaCO3 

burial or low coherence with other records.  340 

 
The large regional scale of the carbonate dissolution signal (and perhaps glacial increases in production, Hagelberg et al., 1995) 

imposes a basin-wide pattern of carbonate burial. Carbonate time series in eastern North Pacific cores have similarities to 

carbonate records in the equatorial Pacific with a 100 kyr cycle of dissolution and with high CaCO3 dissolution in the 

interglacials (Fig 2; Zahn et al, 1991; Karlin et al, 1992; Lyle et al, 2000). If changes in dissolution were the major cause of 345 

the Site 882 record, the CaCO3 record in the Kamchatka region of the NW Pacific would have a glacial peak of CaCO3 

deposition and not an early interglacial signal.  

 

Jaccard et al (2005) produced biogenic barium (bio-Ba) records for Site 882 and show that bio-Ba peaks align with CaCO3 

peaks to the base of their record, through MIS-11 ~420 ka. High Ba flux is correlated with high POC flux falling to the seafloor 350 

(Dymond et al, 1992), so there is an implication that high productivity caused high CaCO3 MAR. However, not all bio-Ba 

peaks are CaCO3 peaks. Jaccard et al (2009) only archived part of the bio-Ba data, for the last 150 kyr, which we have plotted 

both as wt% data and MAR against the other biogenic records (Fig 6) using the age model from this paper. Jaccard et al (2005, 

2009) found that major bio-Ba increases occur in tandem with the CaCO3 deposition. However, Ba MAR best resembles a 

combined bio-SiO2 and CaCO3 record, indicating that changes in primary productivity only partly shaped the CaCO3 record. 355 

Other factors determined when high amounts of CaCO3 were produced.  

 

Jaccard et al. (2009) also argue, based on redox sensitive elements, that glacial deep waters in the NW Pacific were oxygen-

depleted, but were rapidly oxygenated during the deglaciation. Jaccard et al (2009) also proposed that the lack of CaCO3 

deposition in glacial intervals was caused by undersaturation of CaCO3 during the low oxygen intervals and complete 360 

dissolution of CaCO3 at the sea floor. However, good preservation of CaCO3 in glacial intervals along North Pacific Deep 

Water (NPDW) flowlines in the eastern North Pacific (Fig 2) indicates that the lack of CaCO3 in glacial intervals at Site 882 

and the Kamchatka margin was not caused by higher abyssal dissolution in glacial intervals. Deep water flows from the 

Antarctic into the western North Pacific and exits east of Hawaii, generally near the Americas (Figure 1B).  Note that Deep 

water flowing from the Antarctic across the Ontong Java Plateau in the southwest Pacific caused less dissolution in glacial 365 

intervals versus the interglacials (Site 805, 3200m, Yasuda et al, 1995; Site 807, 2805 m, Zhang et al., 2007). This pattern of 

dissolution is also characteristic of Shatsky Rise, at ~30° N, ~20° south of the Kamchatka margin (Site 1209, 2387 m Bordiga 

et al., 2013), and characteristic of the northeast Pacific and equatorial Pacific (Figure 2, Farrell and Prell, 1989; Zahn et al, 
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1991; Karlin et al, 1992; Lyle et al, 2000).  Therefore, Deep water flowing into the NW Pacific toward Site 882 should not be 

more corrosive during the Pleistocene glacial intervals because the deep water elsewhere in the Pacific caused better CaCO3 370 

preservation. A shift of NPDW to deeper levels during glacials (Knudsen and Ravelo, 2015) might shift the O2 minimum to be 

at Site 882 depth but should not strongly affect carbonate preservation.    

 

The conversion of wt% data to MAR in Figure 5 weakens the antithetical relationship between bio-Ba and POC in MIS 5.  The 

low sedimentation rate at the beginning of MIS 5 most probably results from lower clay deposition offshore as the clay source 375 

regions on the Kamchatka margin are submerged. Decreased burial of POC at the beginning of the Holocene and during the 

MIS 5 interglacial interval supports the hypothesis of Jaccard et al (2009) of a change in oxygenation from poorly oxygenated 

with better POC preservation to much more oxygenated deep waters and reduced POC burial.  Low POC relative to Ba has 

also been used to indicate poor POC preservation in the Eocene and in the early Miocene in the equatorial Pacific (Olivarez 

Lyle and Lyle, 2006; Lyle and Olivarez Lyle, 2024).  A rebound of the oxygen minimum to shallower depths and increased 380 

Holocene flow of oxygenated deep water from the Antarctic may explain the POC data, but the bio-Ba should result from the 

combined flux of rain from phytoplankton that produce CaCO3 to those that produce bio-SiO2.   
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Figure 6: Biogenic time series of the last 160 kyr, including the bio-Ba time series from Jaccard et al (2009).  Thick lines 385 

are MAR, while thin lines are wt % or ppm.  MAR values better align than percentage data, because high percentages 

around 120 ka are associated with low sedimentation rates and possibly less clay burial.  

 

The biogenic evidence suggests that nutrients begin to be delivered to surface waters to enhance diatom production within the 

MIS 5 deglaciation, at the beginning of the bio-Ba increase. However, as the deglaciation progressed, upwelling becomes 390 

weaker and nutrient transport lessened to favor coccolithophorid production over diatoms and weakened transport of POC to 

the sea floor (Ravelo et al, 1997, Rykaczewski and Checkley, 2008). In the modern ocean, this can be seen by changes in bio-

SiO2/CaCO3 ratios caught in sediment traps across a NE Pacific upwelling zone (Dymond and Lyle, 1994) as productivity 

decreases offshore. The sediment trap in a deployment 100 km from the coast (the “Nearshore” trap deployment) measured 

bio-SiO2 /CaCO3 caught in near-bottom sediment traps of 3.23, while this ratio farther from shore (270 km; the “Midway” 395 

traps) was 1.82, 70% less than the Nearshore location. Furthermore, the POC rain decreased by more than a factor of two from 

“Nearshore” to “Midway”. Further destruction of POC occurred when the bottom waters flowing over Site 882 became more 

oxygenated during deglaciations, leading to the low POC burial associated with the early interglacial CaCO3 intervals.  

 

4.2 What the Site 882 alkenone records reveal   400 

For Site 882, Haug (1995) derived alkenone sea surface temperature (SST) records for the last 4 million years, and 

subsequently, Martinez-Garcia et al. (2010) analysed what appears to be the same samples from 3.65 Ma to the present for the 

4-unsaturated C37 alkenone (C 37:4) relative abundance. The presence of alkenones in both glacial and interglacial intervals 

demonstrates that coccolithophorids were present throughout the Pleistocene, even though CaCO3 is only intermittently found 

in the record.  Unfortunately, total abundance of the alkenones at Site 882 was not reported by either Haug (1995) or Martinez-405 

Garcia, 2010) thus precluding an evaluation of coccolithophorid abundances during intervals when CaCO3 was not preserved. 

High alkenone content and no CaCO3 would be a strong indicator that carbonate dissolution defined the CaCO3 profile.  

 

4.2.1 Alkenone C37:4 records and the presence of cold low salinity waters   

High abundance of the C37:4  alkenone fraction is correlated with both cold and less-saline waters in the Norwegian Sea  (<5°C, 410 

< ~32 psu; Rosell-Melee, 1998; Bendle, 2005). The alkenone SST curve and the C37:4 profiles are shown with the CaCO3 

profile in Figure 7, where significant CaCO3 intervals have been numbered as in Table 1. C37:4 is more highly expressed than 

are the other haptophyte alkenones in cold, low salinity water where sea ice is prevalent in the Norwegian Sea (Bendle et al, 

2005). They also found that the relationship may be somewhat different than in the Bering Sea, although still correlated to 

surface salinity (Harada et al., 2003). At Site 882, Martinez-Garcia et al (2010) examined the C37:4 trend since the late Pliocene 415 

and found major increases after 1.2 Ma, indicative of the expansion of cold, low salinity polar water at that time.   
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Figure 7: Alkenone evidence for surface ocean conditions during Pleistocene high CaCO3 intervals (data from Haug,1995, 

and Martinez-Garcia et al., 2010). The high CaCO3 intervals tend to fall within locally high summer SST but not necessarily 420 

the warmest SST. High CaCO3 intervals all fall in intervals of higher salinity. Note that the peak of interval C6 and C9 are 

not sampled. MIS interglacials are shown with diamond hatching.   
 
When the Site 882 data are plotted over the last 650 kyr, there is trend where low C37:4 intervals (higher salinity reflecting 

open North Pacific conditions) correlate with high CaCO3 deposition. Two intervals of high CaCO3 deposition (C6 and C9) 425 

are missing 37:4 alkenone data at peak deposition and were sampled on the flanks of the interval but not during peak CaCO3 

burial.  Both CaCO3 and bio-Ba deposition are associated with more saline waters of the North Pacific rather than the sea-ice 

rich, low salinity waters from the Bering Sea and Sea of Okhotsk. The 37:4 alkenone data fits with observations of sea-ice 

diatoms for the last 180 kyr in a core nearby to Site 882, MD01-2416 (Ren, 2015).  Ren observed sea ice diatoms during MIS 

6 from the base of his record to122 ka, and between 108 and 14 ka.  The sea ice diatoms appear during periods of low CaCO3 430 

content and not in peak CaCO3 intervals C1 and C4 (Fig 7).   

 
4.2.2 The alkenone record and SST over the last 650 kyr   

In the eastern North Pacific along the California Margin, Lyle et al, (2000) found the glacial intervals are more carbonate-rich 

and that high CaCO3 intervals within the glacial intervals have a productivity component. During glacial intervals MIS 2-3-4 435 

and MIS 6, the base level CaCO3 burial rates fit with the dissolution model of CaCO3 preservation. However, occasional high 
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CaCO3 intervals have more CaCO3 deposited than that of the modern rain through the water column caught by sediment traps. 

A significant increase in CaCO3 production must have occurred at those times. High CaCO3 deposition occurs now in sites 

offshore in the subarctic North Pacific where February SST is around 7-9°C and September SST is around 14-16°C. One 

hypothesis from that observation is that moderate winter SST and relatively warm summer/fall SST produces conditions that 440 

maximize CaCO3 production.  

 

The alkenone SST at Site 882 most likely represents a summer SST (Meheust et al., 2013). For example, the youngest alkenone 

estimated SST should represent modern conditions. However, SST that high is reached only during peak summer—August 

and September (Station 50N, Onodera et al, 2005). Similarly, alkenone SST is a record of autumn temperatures in the sea of 445 

Okhotsk (Harada et al, 2006) where autumn is found to be the season of the highest coccolithophorid E. huxleyi production. 

The data from Martinez-Garcia et al. (2010) also shows that warm SST intervals have low C37:4 contents, indicating lower 

proportions of cold low salinity water.   

 

Although high CaCO3 sediments tend to be deposited during warm SST intervals at Site 882, not all warm intervals are high 450 

in CaCO3. Highest temperatures in the last 650 kyr occur in the MIS 6/5 interval, between 153 ka and 85 ka.  Since the ages 

straddle the peak glacial MIS 6 through much of the MIS 5 interglacial, high summer SST clearly results from more than high 

northern summer insolation but probably includes advection of warm (or cold) surface waters to the site, or stabilization of a 

thin surface layer to be heated by solar insolation. The poorly sampled C6 and C9 high CaCO3 intervals do not have a SST 

peak perhaps because peak CaCO3 deposition was not sampled by Haug (1995).   455 

 
The situation at Site 882 is different than for sites along the California margin (Lyle et al., 2000), where peak glacial carbonate 

deposition is larger than the modern carbonate rain and peaked at 16.6 ka in the late glacial interval. In the Holocene, CaCO3 

is almost absent from Holocene California margin sediments. The NE Pacific deglacial CaCO3 peak occurred because of a 

combination of better preservation at the sea floor, more diffuse upwelling that favored coccolithophorid production, and 460 

optimum conditions for coccolithophorid growth.  At Site 882 off the Kamchatka margin, replacement of low salinity waters 

by waters sourced in the North Pacific gyre are probably more important than warm SST. High summer SST at Site 882, even 

within glacial intervals, possibly reflects lower mixing when low salinity surface waters are present.  

 
4.3 Sea ice around Site 882 in glacial intervals as a factor in CaCO3 production  465 

Evidence exists that ice was present around Site 882 for at least the last glacial interval. Glacial sediments contain sea-ice 

diatoms and sea-ice biomarkers showing that some sea ice was present off the Kamchatka margin. Few studies have extended 

earlier than 125 ka, so little data exists for sea ice in earlier glacial intervals. We propose that sea ice, and/or the low salinity 
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surface water that accompanies sea ice, probably was present as far east as Detroit Seamount (Site 882) in previous Pleistocene 

glacial intervals since 650 ka.  470 

 
Sea ice proxies are found off the Kamchatka margin during the last glacial interval (Max et al., 2012; Meheust et al., 2014; 

Ren, 2015; Meheust et al., 2016) but not in Holocene sediments (Sancetta, 1983; Ren et al., 2014; Meheust et al., 2013). 

Presence of sea ice within a region should indicate a region of lower surface salinity and stronger pycnocline, isolating the 

surface layer from mixing with nutrient-rich waters below. However, there is not a strong presence of sea ice proxies in glacials 475 

that could be interpreted as evidence for major winter sea ice cover.  Based on the Caissie et al. (2010) calibration, the level of 

Fragilariopsis spp found in the Detroit Seamount core MD01-2416 is equivalent to <1 month/yr of sea ice cover, and Ren et 

al (2014) suggest that the concentration of Fragilariopsis spp found downcore can be found in the open ocean up to 300 km 

from the modern winter sea ice edge. Nevertheless, we know that the western Bering Sea to the north, now with ice cover only 

during the winter ice maximum, was probably covered by sea ice during glaciations. In addition, the Okhotsk Sea was probably 480 

ice covered at least up to the slope break (Max et al., 2012). If the ice edge moved southward and westward in the Bering Sea, 

and east in the Okhotsk Sea, low salinity surface water with some sea ice probably found its way into the Western Subarctic 

gyre where Site 882 is found.  Currents from the edge of sea-ice probably also carried some sea ice to the vicinity of Site 882. 

 
We know that low salinity surface water was found over Detroit Seamount for most glacial intervals based on alkenones (Fig 485 

7, Martinez-Garcia et al, 2010) and based on a diatom characteristic of low salinity subpolar water in a core adjacent to Site 

882 (T. trifulta, Sancetta, 1983). In core MD-01-2416, also on the Detroit Seamount, the diatom was present throughout the 

glacial stages since 180 ka (Ren, 2015). The carbonate records would suggest that a relatively low surface salinity layer was 

only briefly replaced early in interglacial intervals by more saline waters characteristic of the open North Pacific, when 

conditions were conducive to high carbonate production.  We propose that the relatively high salinity water is found in the 490 

Detroit Seamount region when the Bering Strait opened to the Arctic Ocean. Fresher water would then have flowed northward 

and transported out of the Bering Sea into the Arctic and eventually to the North Atlantic. In other words, the opening allowed 

more saline Pacific seawater to flow northward into the Western Subarctic Gyre of the North Pacific where Site 882 is located 

(Fig 2).  
 495 

4.3 Evidence from the last deglaciation along the Kamchatka margin  

On the MIS2/1 deglaciation, the beginning CaCO3 accumulation at Site 882 occurs between 12.3 and 10.8 ka. A similar 

deglacial rise in CaCO3 is found in piston cores from the Kamchatka region on Meiji Seamount (Keigwin et al, 1992; Keigwin, 

1998) although the CaCO3 rise is dated somewhat earlier, ~12.6 ka. The early part of the CaCO3 interval is also associated 

with a minor high bio-SiO2 interval (Figs. 5 and 6), evidence of an early Holocene productivity rebound around the Bering Sea 500 

(Pelto et al, 2018) that ended soon after the Bering Strait flooded.  The evidence from the last deglaciation suggests that the 
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high CaCO3 interval is associated with the development of an ocean connection between the North Pacific and Arctic Ocean. 

Higher salinity waters from the Alaska Gyre could then cover the Site 882 region as water from the Bering Sea was diverted 

northward. Other dynamics may have been involved; however, the age model is not sufficiently robust to definitively link the 

CaCO3 burial intervals to the North Pacific-Arctic linkage. Nevertheless, the CaCO3 burial intervals began late in the 505 

deglaciation and are associated with profound northern climate change.   

 
We have little information about the Bering Strait for earlier deglaciations, yet high CaCO3 seems to be associated with a sea 

level rise that connects the Pacific and Arctic Oceans.  In Figure 3 we compare the Spratt and Lisiecki (2016) stacked late 

Pleistocene sea-level record to our CaCO3 data at Site 882 to examine the relationship between CaCO3 depositional intervals 510 

to changes in global mean sea level.  There is a strong association with the time of high CaCO3 burial and the rapid rise of sea 

level; particularly when sea level breaches the depth of the Bering Strait. The extensive CaCO3 deposition in the C8 interval 

(525-481 ka) occurs during a time when sea level hovered near the Bering Strait sill depth so also supports the hypothesis that 

diversion of fresher waters into the Arctic may have promoted CaCO3 burial along the Kamchatka margin. However, we note 

that CaCO3 deposition was not strictly dependent upon sea level rising above the sill depth, (e.g., the C2 interval between 51 515 

and 32 ka, Figure 3, Table 1) and suggest that other factors promoted or depressed CaCO3 production and preservation in the 

NW Pacific.   

5 Conclusions  

Cores near the Kamchatka margin of the NW Pacific have CaCO3 time series different than cores within deep waters flowing 

into the deep North Pacific (Yasuda et al, 1995, Zhang et al., 2007) and those at the same depth exiting the region (Farrell and 520 

Prell, 1989; Lyle et al, 2000; Lyle et al., 2019). Jaccard et al. (2009) argued that the CaCO3 time series was caused by 

dissolution from the high DIC and low O2 deep waters that bathed Detroit Seamount during glacial intervals.  We conclude, 

in contrast to a dissolution signal, that the CaCO3 sedimentary record reflects higher production in surface waters when higher 

salinity waters occupied the surface above Site 882 and when there was better CaCO3 production by coccolithophorids.  When 

the rest of the Pacific experienced higher CaCO3 burial during glacials, CaCO3 production at Site 882 was suppressed by a low 525 

salinity surface layer containing some sea ice. Higher salinity waters, more conducive to CaCO3 production, occupied the 

region when rising sea level flooded the Bering Strait; allowing water passage into the Arctic Ocean, and for low salinity 

surface water to exit the Bering Sea to the north. While we have emphasized the opening of the Bering Strait, there are likely 

other factors that led to higher salinity, more CaCO3 productive surface waters to appear at the beginnings of interglacial 

intervals.  The high coccolithophorid production led to peaks in bio-Ba deposition (Jaccard et al, 2005). The consistent 530 

relationship between high CaCO3 intervals and flooding of the Bering Strait for the past 650 kyr demonstrates a common 

response of the Kamchatka margin to Pleistocene glacial cycles.  
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6 Code/Data Availability 

Site 882 was re-correlated into a continuous sediment section using the Code for Ocean Drilling Data package 

(https://www.codd-home.net/; Wilkens et al., 2017) which allowed us to also splice core images and to check the splicing (see 535 

Supplemental Material).  All data for this project are being archived at Pangaea.de (doi: **not submitted yet**). 

7 Author Contributions 

ML noted the difference in carbonate profiles for the NW Pacific and designed the potential test. ML also had primary 

responsibility for writing the paper. AOL was responsible for data analysis and quality control of the data. AOL also critiqued 

the ideas and helped with writing and editing. 540 
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