‘Al |ODP

INTERNATIONAL OCEAN
DISCOVERY PROGRAM

V

©@3m

Contents

Abstract

Introduction

Methods and materials
Results

Data availability
Acknowledgments
References

OO0 WN ==

Keywords
International Ocean Discovery

Program, IODP, JOIDES Resolution,

Expedition 390, Expedition 393,
Expedition 395E, South Atlantic
Transect, Site U1561

Supplementary Material
References (RIS)

MS 390393-207
Received 16 October 2023
Accepted 2 January 2024
Published 11 April 2024

https://doi.org/10.14379/iodp.proc.390393.207.2024

Coggon, R.M,, Teagle, D.A.H., Sylvan, J.B., Reece, J., Estes, E.R., Williams, T.J., Christeson, G.L., and the Expedition 390/393
Scientists

Proceedings of the International Ocean Discovery Program Volume 390/393

publications.iodp.org

Data report: X-ray fluorescence scanning
of sediment cores, IODP Expedition 390/393
Site U1561, South Atlantic Transect!’

Claire M. Routledge,? Chiara Amadori,? Chiara Borrelli,2 Gail Christeson,? Emily Estes,?

Laura Guertin,2 Jennifer Hertzberg,® Michael R. Kaplan,? Ravi Kiran Koorapati,* Adriane R. Lam,?2

Christopher M. Lowery,2 Andrew Mclintyre,? Julia Reece,? Claudio Robustelli Test,?

Patricia Standring,® Jason B. Sylvan,2 Mary Thompson,¢ Alexandra Villa,2 Yi Wang,? Shu Ying Wee,?

Trevor Williams,? Jesse Yeon,® Damon A.H. Teagle,2 Rosaline M. Coggon,?

and the Expedition 390/393 Scientists?

"Routledge, C.M., Amadori, C., Borrelli, C., Christeson, G, Estes, E., Guertin, L., Hertzberg, J., Kaplan, M.R., Koorapati, R.K., Lam, A.R., Lowery,
C.M., McIntyre, A,, Reece, J.,, Robustelli Test, C., Standring, P, Sylvan, J.B., Thompson, M., Villa, A, Wang, Y., Wee, S.Y., Williams, T., Yeon, J.,
Teagle, D.A.H., Coggon, R.M,, and the Expedition 390/393 Scientists, 2024. Data report: X-ray fluorescence scanning of sediment cores, IODP
Expedition 390/393 Site U1561, South Atlantic Transect. In Coggon, R.M., Teagle, D.A.H., Sylvan, J.B., Reece, J,, Estes, E.R.,, Williams, T.J.,
Christeson, G.L., and the Expedition 390/393 Scientists, South Atlantic Transect. Proceedings of the International Ocean Discovery Program,
390/393: College Station, TX (International Ocean Discovery Program). https://doi.org/10.14379/iodp.proc.390393.207.2024

2Expedition 390/393 Scientists’ affiliations. Correspondence author: claire.routledge@ifg.uni-kiel.de

3International Ocean Discovery Program, Texas A&M University, USA.

4Binghamton University, United States.

5University of Texas at Austin, United States.

6Texas A&M University, United States.

Abstract

The western South Atlantic Ocean is a relatively understudied area of the world’s ocean, in part
because of the lack of scientific ocean drilling and complete sedimentary sequences. During 2020—
2022, a series of International Ocean Discovery Program Expeditions (390C, 395E, 390, and 393;
South Atlantic Transect) sailed to this area, recovering material from the western flank of the Mid-
Atlantic Ridge at a latitude of ~31°S. Here, we used X-ray fluorescence scanning of the sediment
cores recovered and combined the data with shipboard magnetic susceptibility and natural
gamma radiation to generate long-term geochemical records at Site U1561. These records enable
us to document climatic and environmental perturbations on varying timescales and explore the
paleoclimatic and paleoceanographic history of the western South Atlantic Ocean during the
Cenozoic.

Introduction

The South Atlantic Transect (SAT) ocean drilling project comprised International Ocean Discov-
ery Program (IODP) Expeditions 390 and 393, supported by engineering Expeditions 390C and
395E, and occupied a range of sites on the western Mid-Atlantic Ridge at ~31°S (Figure F1). This
transect follows a slow/intermediate spreading rate Mid-Atlantic Ridge crustal flow line just south
of the one that was originally spot cored during Deep Sea Drilling Program (DSDP) Leg 3, which
provided direct evidence of seafloor spreading and support for the theory of plate tectonics
(Maxwell et al., 1970). SAT expeditions recovered sedimentary successions at seven sites situated
on ocean crust with ages of 7, 15, 31, 49, and 61 Ma (Sites U1556-U1561 and U1583). There is a
dearth of deep-sea sediment records from the western South Atlantic, and the location of the SAT
sites therefore provides an ideal opportunity for basin-wide comparison of Cenozoic paleoclima-
tology and paleoceanography (Coggon et al., 2024b).
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Figure F1. Bathymetric map of South Atlantic Ocean with location of sites drilled during Expeditions 390 and 393 (i.e., SAT)
(Ryan et al., 2009). DSDP Leg 3 sites are also shown. Figure modified from Coggon et al. (2024b). RGR = Rio Grande Rise,
ERGR = eastern Rio Grande Rise, MAR = Mid-Atlantic Ridge, TdC = Tristan da Cunha.

IODP Site U1561 is situated in the western South Atlantic Ocean (30°43.2902'S, 26°41.7162"W)
~1250 km west of the Mid-Atlantic Ridge at a water depth of 4910 m. Site U1561 is located 24 km
north of Site U1556 and sits on the same basement ridge; however, the elevation of the ridge shal-
lows northward toward Site U1561, and the sediment cover is therefore significantly thinner than
at Site U1556. Three holes were cored at Site U1561 during Expedition 395E. Holes U1561B and
U1561C both missed the mudline because the site was shallower than predicted, and Hole
U1561A recovered 47.9 m of sediment and 2.4 m of basement material. Because only Hole
U1561A caught the mudline, no downhole continuous splice was constructed for this site. The
sediments at Site U1561 are divided into two main lithologic units (Units I and II), which are com-
posed of predominantly silty clay and calcareous nannofossil ooze, respectively. Shipboard bio-
stratigraphy dates the sediment/basement interface at Site U1561 to the early Paleocene (61.2 Ma),
which is similar in age to nearby Sites U1556 and U1557, which are located on 61.2 and 60.7 Ma
crust, respectively.

We use high-resolution X-ray fluorescence (XRF) scanning of sediment cores from Site U1561 and
across all SAT sites (Amadori et al., 2024; Lam et al., 2024; Lowery et al., 2024; Robustelli Test
et al., 2024; Villa et al., 2024; Wang et al., 2024) to generate elemental composition of sediments
through time in a nondestructive manner. Such data can provide information on sediment source
and mode of transport and are often used for paleoclimate and paleoceanographic interpretations
(e.g., Calvert and Pedersen, 2007; Croudace and Rothwell, 2015). Here, we present raw count data
for all measured elements and highlight the relationships between elements commonly used in
paleo research.

2. Methods and materials

All sediment archive halves from Hole U1561A were scanned in August 2022 on the fourth gener-
ation Avaatech XRF Core Scanner (XRF 2) at the IODP Gulf Coast Repository (GCR) at Texas
A&M University in College Station, Texas (USA). The instrument is fitted with a water-cooled,
100 W rhodium side-window X-ray tube, a Brightspec SiriusSD silicon drift detector, and a
Topaz-X high-resolution digital multichannel analyzer. XRF scans were acquired at three different
voltages to measure different elements: 10 kV (with no filter) for major and minor elements (i.e.,
Al Si, K, Ca, Ti, Mn, Fe, Cr, B, S, and possibly Mg), 30 kV (with a thick Pd filter) for heavier major
and minor elements and geologically relevant trace elements (i.e., Ca, Ti, Mn, Fe, Ni, Sr, Rb, Zr, and
Zn), and 50 kV (with a Cu filter) for heavier trace elements (i.e., Sr, Rb, Zr, and Ba). The cross-core
and downcore slits were set to 12 and 10 mm, respectively. Count times were set to 6 s for the 10
and 30 kV scans and 10 s for the 50 kV scan. The current was set to 0.15, 1.24, and 0.75 mA for the
10, 30, and 50 kV scans, respectively. XRF data were collected every 5 cm; the first measurement
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was taken 5 cm below the top of the section, and the last point was measured as close as possible
to the bottom of the section.

Prior to scanning, each core was removed from cold storage and brought to room temperature
overnight. A glass microscope slide was used to clean the core surface. This was important to
ensure all intervals had a flat surface for the scanner to read accurately and also to remove any
mold that had grown. Care was taken not to move material stratigraphically up or down the core.
The cores were then covered with 4 pm thick Ultralene plastic film to prevent contamination as
the measuring prism moved along the core, which was affixed to the core liner to avoid air pockets
forming under the film. To assess the core for cracks, uneven surfaces, or drilling disturbance, a
3D-printed replica of the scanning window was placed on the section and moved downcore. If a
disturbance in the core surface was noted, the measurement spot was moved a few centimeters up
or down the core (as close as possible to maintain target resolution) or skipped altogether if an
alternative interval was not found.

For quality control purposes, standards were run at all three excitation levels at the start and end
of scanning every day. At the start of the day, 20 replicates were run at each excitation level to
ensure the machine was suitably warmed up; however, no replicates were run at the end of the day.
Data were first processed from raw spectral peaks into peak areas and then exported into the
Brightspec XRF spectral processing software bAxil as count data (counts per second) for each ele-
ment. Erroneous data points were removed based on two main criteria: (1) throughput values
<150,000 counts/s on the 10 kV scan and (2) samples with positive Ar values, with both indicating
a gap between the sensor and the core. For continuity across sites of the SAT, data were run
through an R script (available on GitHub at https://github.com/Ravikiran2316/1I0DP-Exp.-
390-393-XRF) and invalid throughput and Ar values were removed.

3. Results

We produced crossplots of select elements (Figure F2) and carried out a Spearman’s rank correla-
tion (Figure F3) to determine which elements correlate to each other, highlighting common ele-
ments used to interpret the source of marine sediments (i.e., terrigenous versus biogenic
sediments) as well as elements often used for paleoclimate and paleoceanographic studies. The
anticorrelation between Al and Ar highlights the effectiveness of the quality control applied to the
data set because fewer negative Ar counts suggest air has been detected, and these data points
have already been removed (Figure F2). At Site U1561, S, Ca, and Sr are negatively correlated to
almost all elements (Figure F3). Relatively speaking, there is a strong negative correlation between
Ca and Ba, Mn, Zr, Fe, Al Si, K, Ti, Ni, and Br (p values range between —0.64 and -0.86) and a
strong positive correlation between Ca and Sr (p = 0.75), where the latter is a relationship that is
commonly used as a productivity indicator (Figure F3).

We plotted select element counts of Ca, Fe, Ti, Al, Si, K, and Zr against shipboard magnetic sus-
ceptibility (MS) and natural gamma radiation (NGR) (with U, Th, and K separated) (Figure F4).
Measurements are plotted against depth in meters using the core composite depth below seafloor
(CCSF) depth scale; however, because no downhole continuous splice exists for Site U1561, this is
equivalent to the core depth below seafloor, Method B (CSF-B), depth scale, which has been cor-
rected for expansion. We have also included shipboard sedimentological and age model data
(Coggon et al., 2024a) to denote the lithologic units and major geologic epochs on the left of the
graphs. Through the Late Miocene and Pliocene, MS, NGR, and elemental counts remain rela-
tively stable with a noticeable peak in MS and Ca and a decrease in Fe, Ti, Al, Si, K, and Zr elemen-
tal counts at ~18 m CCSFE.

There is a dramatic change in all measurements and counts at ~23 m CCSF that coincides with the
Paleogene/Neogene boundary, which is relatively poorly constrained at this site because of the
lack of calcareous microfossils in samples from Lithologic Unit I (i.e., silty clay) (Coggon et al.,
2024a). MS, NGR, and all elements except Ca (which is anticorrelated) decrease significantly
below this boundary (~23 m CCSF), marking the change in lithology from silty clay to calcareous
nannofossil ooze (Coggon et al., 2024a). A peak in MS and NGR in the Eocene at ~26 m CCSF is
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most clearly picked up in the Zr element counts, and Ca exhibits a small decrease at the same

depth.

Through the Paleocene, MS, NGR, and element counts remain relatively stable, with Ca displaying
the most variation. Because of poor core recovery in Core 395E-U1561A-5H, a core gap exists
between Cores 5H and 6H, and with no splice section available there is an interval between ~39

and 45 m CCSF where no data were recorded.
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Figure F2. Crossplots of common paleoceanographically important elements, Site U1561.
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4, Data availability

All XRF core scanning data (at all three voltages) are accessible here in XRF in Supplementary
material and will be permanently archived at PANGAEA (https://Pangea.de). The R Code used
for quality control to remove spurious throughput and Ar values can be found on GitHub
(https://github.com/Ravikiran2316/I0DP-Exp.-390-393-XRF).
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