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Supplementary Information

Because of its location on the top of a deep seamount, sedimentation rate at site CDH-79 averages 18.8 x 10-6 m yr-1 (not including the time intervals accounted for by hiatuses). Two missing sediment intervals in the stratigraphic record of CDH79 include the Holocene, likely lost during coring, and a gap in the interval between 27 and 76 ka1.

Based on their Nd isotopic values mean εNd = (-12.91 ± 0.56, n = 20), we conclude that the provenance of CDH-79 detrital sediments is from Amazon. The observed values are similar to those of Andean parent rocks and Amazon riverine suspended sediments (mean εNd from −11.66 ± 0.5) and have no counterpart in the rivers draining the NE-Brazil (the coastal region of Brazil to the south and east of the mouth of the Amazon), including the largest river of the northern NE, the Rio Parnaiba (mean εNd = −17.45 ± 1.0)2. (see Kern et al, 2023 3)
We contend that over long timescales, basin-wide variation in evapotranspiration is small relative to that of precipitation, thus Ti/Ca variation is largely controlled by variation in precipitation. This interpretation is supported by the observation that every Ti/Ca peak is accompanied by a Fe/K peak. In tropical settings, such as the Amazon, Fe/K is commonly interpreted as a measure of weathering intensity, closely related to precipitation amount4.
From extant paleoclimate records, two outstanding spatio-temporal patterns of late Pleistocene and Holocene climate variability have been identified5. First, on the time scale of orbital precession, summer insolation maxima in southern tropical latitudes were responsible for intensification of the South American Summer Monsoon (SASM) every ~20 thousand years (kyr), including present day and in the Last Glacial Maximum (LGM), some 20 thousand years ago (ka)6,7. On this time scale, the intensities of northern and southern summer tropical precipitation were anti-phased. On the same precessional time scales, an east-west tropical dipole across the Amazon basin has been identified in paleoclimate records8 and models9, such that the predicted wet conditions forced by high summer insolation in the western Amazon are opposed by dry conditions in northeastern Brazil and the eastern Amazon. Moreover, to a variable extent, depending on location and the specific climate variable, climatic influences of Earth’s late-Pleistocene, large-amplitude 100 kyr glacial-interglacial cycles modulated these precessional influences. Second, on “millennial” timescales, North Atlantic cold events, such as Dansgaard-Oeschger stadials and Heinrich events, coincide within chronologic error with wet conditions in tropical South America south of the equator and dry conditions north of the equator4,10–13. While even less is known about the temporal variation of Amazon surface air temperature (SAT) during the Pleistocene, it likely mirrored the glacial-interglacial changes of sea-surface temperature (SST) observed in the adjacent tropical oceans14, albeit with somewhat greater amplitudes expected for SAT.

The Amazon provenance of these detrital sediments is based on their distinctive Nd isotopic values. There are no rivers along the northeastern coast whose detrital sedimentary loads are known to have similar values. More importantly, even if there is mixed provenance, part Amazon and part Nordeste, it would not make a major difference to our climate interpretation, because the geographic footprint of the paleoclimate signal is known to be broad. As noted previously, precipitation over most of the Amazon (south of the equator) and the Nordeste responded with the same sign to the proposed climate forcing of the North Atlantic cold events (Heinrich events and D-O stadials) of the last glacial cycle: whenever it was cold in the North Atlantic, it was wet in the South American tropics south of the equator. 

The exact mechanism for this linkage has still never been directly addressed through modeling studies. It has often been proposed that there was a southward migration of the mean latitude of the Atlantic ITCZ15,16 and perhaps an intensification of the Northeast Trades as a result of North Atlantic cooling. Such shifts would have increased the atmospheric advective transport of water vapor from the ocean into the Amazon, providing the source for increased precipitation both in equatorial regions (e.g., along the axis of the mainstem Amazon) and in the subtropical core of the SASM. 
 
Hodell and Channell (2016)17 published the most comprehensive record of orbital and millennial-scale North Atlantic cold events that spans the entire Holocene, Pleistocene, and part of the late Pliocene. They point out that MIS 22 at 0.9 Ma was the first strong glacial stage of the Pleistocene. However, it was not nearly as intense as the two truly exceptional glacial stages of MIS 16 at 600 ka and MIS 12 at 400 ka, the two strongest glacial stages of the entire Pleistocene. The terminations of MIS 22, 16, and 12, respectively T10, T7, and T5, all coincide with significant Ti/Ca peaks in our record. 

There is no single “standard” sequence of benthic δ18O, ice-rafted debris, or sea-surface temperature that characterizes the entire North Atlantic, nor does the Amazon climate response to North Atlantic forcing to exactly resemble any single proxy record from the North Atlantic.
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