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Basaltic samples were collected by the French submersible
“Nautile” during the “Parisub” cruise (2010, R/V L'Atalante,
Ifremer) along a 25 km long sampling profile crossing per-
pendicularly the current axis of the East Pacific Rise at
15.6°N, as well as the trace of its two former parallel axes lo-
cated further east. The total length of the profile corresponds
to an approximate time interval of ~ 320,000 years. The
corresponding dataset documents the geochemical response
of Mid-Ocean Ridge Basalts (MORB) related to the progres-
sive convergence between the ridge segment and a nearby
hotspot. It also represents one of the highest-sampling (and
in turn geochemical) resolution efforts to date. The major,
trace element and isotopic compositions determined through
optical and mass spectrometry analysis of 52 samples are
presented and compared to other previous data obtained
from the same area. The data obtained strictly follow the
conventions used in rock geochemistry in terms of data ac-
quisition, reduction, and format, so that they can be com-
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pared to similar data from other regions. The different fig-
ures present (i) The geological context of study area, (ii) A
classification of the samples according to their geochemi-
cal composition and geological context for a better legibil-
ity of the dataset, (iii) A comparison with data from other
oceanic rises, (iv) A detailed method explaining the founda-
tions of the chronology between samples established, and (v)
A chronological representation of the geochemical composi-
tion of the basalts collected. These data can be useful for
anyone interested in marine geosciences and more specifi-
cally scientists studying mantle geochemistry, oceanic litho-
sphere formation, and hotspot-ridge interactions. These data
can also be used to model magmatic processes, crust-mantle
interactions, and can be integrated in geophysical and geo-
logical models of seafloor accretion.
© 2022 The Author(s). Published by Elsevier Inc.
This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/)

Specifications Table

Subject:
Specific subject area:
Type of data:

How the data were acquired:

Data format:

Description of data collection:

Earth and Planetary Sciences

Marine geosciences; mantle geochemistry; oceanic lithosphere formation
Table

Image

Graph

Figure

Basaltic samples (n = 52) were collected by the French submersible
“Nautile” during the “Parisub” cruise (2010, R/V L'Atalante, Ifremer) across
the EPR axis (15°40'N) between 105°28'W and 105°13’W. Volcanic glass
chips were carefully handpicked under a binocular microscope and
successively cleaned ultrasonically in both ultra-pure water and ethanol.
Following digestion, major and trace element concentrations were obtained
via an ICP-AES Jovin Yvon Ultima 2 and an HR-ICP-MS Thermo Element II,
respectively at the, P6le Spectrométrie Océan (PSO), Institut Universitaire
Européen de la Mer (IUEM) in Brest. Isotopic compositions were obtained
from a single digestion (after HCl leaching) of 500-750 mg of sample
material. Sr isotopic compositions were analyzed using a Thermo Triton
TI-MS, whereas Hf, Nd, and Pb isotope compositions were analyzed using a
Thermo Neptune MC-ICP-MS located at, PSO, Ifremer-Brest.

Analyzed

Raw data were corrected from instrumental mass bias fractionation using
exponential mass fractionation laws and the following values for Pb, Sr,
Nd, and Hf, respectively: 295T1/293Tl = 2.388; 88Sr/%6Sr = 8.375202;
146Nd/“4Nd = 0.7219; and "79Hf/'77Hf = 0.7325. Measured values were
compared with international standards globally used for standard
bracketing: NIST981: 208Pb/204Pb = 36.7007, 2°7Pb/2%4Pb = 15.4891,
206pp/204ph = 16.9656; JMC475: 7CHf/77Hf = 0.282157; LAJOLLA:
3Nd/™4Nd = 0.511858 and JNDI: “>*Nd/"4Nd = 0.512115; and NBS987:
87Sr/36Sr = 0.710248. Accuracy and precision were verified by repeated
measurement of these standards during the period of analysis. The
standard values obtained were as follows: NBS987 (n = 10):

86Sr/87Sr = 0.710263 + 16 (2sd); JNDI (n = 27): “3Nd/™¥Nd = 0.512076 +
32 (2sd); LAJOLLA (n = 11): 3Nd/™4Nd = 0.511857 + 18 (2sd); NIST981
(n = 23): 208Pb/2%4Pb = 36.6652 =+ 250 (2sd), 2°7Pb/2%4Pb = 15.4810 + 96

(continued on next page)
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(2sd), 206Pb/2%4Pb = 16.9283 + 86 (2sd); J]MC475 (n = 26):
T76Hf/T77Hf = 0.282148 + 16 (2sd). Additional details are provided in the
Experimental design, materials, and methods section.
Data source location: - East Pacific Rise (15.6°N; -105.4°W)
- Pacific Ocean
* The coordinates of each of the 52 samples are reported in the data table

Data accessibility: Data provided in this study are available online at EarthChem
https://doi.org/10.26022/IEDA/112071, as well as they are already included
in the PetDB database. Secondary data used for comparative purposes are
indicated in the figure captions along with the corresponding references
from which the data were extracted.

Related research article: [1] Mougel, B., Agranier, A., Hemond, C., & Gente, P. (2021). High-resolution
isotopic variability across EPR segment 16°N: A chronological interpretation
of source composition and ridge-seamount interaction. Geochemistry,
Geophysics, Geosystems, 22, e2021GC009781.
https://doi.org/10.1029/2021GC009781

Value of the Data

 These data are useful to better understand the upper mantle composition, heterogeneity, and
history.

» The dataset can provide insights on the temporal and compositional variations of mantle-
derived rocks produced at mid-ocean ridge, as well as on the main factors controlling the
geochemical variability of rocks from the seafloor.

+ These data are useful for anyone interested in marine geosciences, especially scientists study-
ing mantle geochemistry, oceanic lithosphere formation and hotspot-ridge interaction pro-
cesses.

» These data can be further used to model magmatic processes (e.g., mantle partial melting
and melt crystallization), and could be incorporated in more integrative models involving
geophysical and geological data.

» The dataset can be directly compared to similar whole-rock geochemical datasets from other
regions like those included in the petDB database.


https://doi.org/10.26022/IEDA/112071
https://doi.org/10.1029/2021GC009781
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1. Data Description

In this section the data are presented in the form of figures together with their description.

@ AM-group basalts] Ambient mantle source signature
@ M1-group basalts Mudskipper heterogeneous
® M2-group basalts | sourcesignature

@ EMORB group Minor heterogeneities
@ NMORB group signature

15.42°N = = |
-105.73°W -104.97°W

Fig. 1. (adapted [1]): (a) General map presenting the main physiographic features between the Rivera and Orozco Frac-
ture Zones (FZ), and the present study area location (red rectangle). (b) Bathymetry (40 m-grid spacing) of the study area
showing the current axis (X) and two relic axes (Y and Z), the “Mudskipper Seamounts” chain, the “Split Seamount” on
top of the axis, as well as two high-resolution sampling profiles (axial and transversal). The color code adopted for
all samples refers to their “local” isotopic fingerprints. Pink: Ambient Mantle signature (AM); Blue: Mudskipper-type
1 signature (M1); Green: Mudskipper-type 2 signature (M2); Red: Enriched Mid-Ocean Ridge Basalts (E-MORB); Black:
depleted Normal Mid-Ocean Ridge Basalt (N-MORB).

Additional comments (Fig. 1): The study area belongs to the history of the northern part of
the East Pacific Rise between 10°N and 23°N, and more specifically between the Rivera and the
Orozco Fracture Zones (FZ), where the EPR separates the Mathematician Fossil Microplate from
the Coco Plate. Between these two fracture zones, the ridge is divided into three second-order
segments (Fig. 1a). The two southern segments are separated by a large overlapping spreading
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center (OSC) at 16.4°N. The full accretion rate of these two segments is identical (~ 85 mm/a),
yet their morphologies differ significantly. The southern segment located between the OSC, and
the Orozco fracture zone, and which is the one for which data are reported is on average 300 m
shallower and twice wider than the rest of the EPR (Fig. 1b). This singular morphology is due
to its interaction with the Mudskipper Seamount Chain located on its western side [2-5]. This
chain stands 1000 m above the already very shallow axis of the ridge, and ends in a small
recent volcano, symmetrically split by the current ridge axis, and bordering its axial dome. At
larger scale, the Mudskipper chain is part of a larger off-axis volcanic complex related to the
“Mathematician hotspot” activity, including the “Western Plateau” and the “Northern Seamount
Alignment” (Fig. 1a). The current segmentation of the ridge is recent. More than 600,000 years
ago this region was composed of three second-order segments and two overlapping spreading
centers (OSC), with a smaller central segment. The propagation of the two longer segments led
to the elimination of the central segment and the formation of the 16.4°N larger OSC, which is
currently migrating towards the South due to the difference in the propagation rate between the
two segments.
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Fig. 2. (a) Total alkalis versus Silica (TAS) diagram for volcanic glasses collected along axis (triangles) and transversal
(circles) sampling profiles. (b) Zoom in on the dataset. Triangles and circles correspond to MORB data from the current
axial profile [6,7] and from the transversal profile (this work; [1]) respectively. The color code is the same as in Fig. 1.
Pink: Ambient Mantle signature (AM); Blue: Mudskipper-type 1 signature (M1); Green: Mudskipper-type 2 signature
(M2); Red: Enriched Mid-Ocean Ridge Basalts (E-MORB); Black: depleted Normal Mid-Ocean Ridge Basalt (N-MORB). The
distinction between the groups was made based on the of samples’ isotopic compositions and trace element patterns
specificities.

Additional description (Fig. 2): All samples have low content in alkalis and silica. They plot in
the field of basalts, and few samples plot close to the limit between basalt and basaltic andesite.
They have relatively homogenous compositions. AM group basalts (pink symbols) is the most
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representative group forming a coarse correlation from which depart M1 (blue symbols) and
M2 (green symbols) sample groups, which have a relatively higher silica content for a given
alkali content. EMORB (red symbols) and NMORB (black symbols) type samples are very few
and stand out from other groups with higher and lower alkali contents respectively. They also
have among the lowest SiO, values (except one sample).

ZOSPb/204Pb

O AM—groupbasaIts:l Ambient mantle source signature
O Mi-group basalts Mudskipper heterogeneous
O M2-group basalts | source signature

O EMORB group :| Minor heterogeneities

O NMORB group signature

/\ Along current axis data QO Transversal profile data

87gr /sy

0.28315

0.28310
0.28305 175Hf/177Hf

Fig. 3. Samples’ 3D isotopic (Sr-Pb-Hf) representation and mantle source discrimination. Triangles and circles correspond
to MORB data from the current on-axis profile [6,7] and from the transversal profile, (this work; [1]) respectively. The
data are distributed according to three different main trends represented in pink, blue and green. Pink symbols represent
the Ambient Mantle trend (AM-group) towards which converge the two other trends. The blue (M1-group) and green
(M2-group) symbols are representative of the influence of the Mudskipper Seamounts heterogeneous source on the
ridge. EMORB (red) and NMORB (black) samples distinguish themselves from the three main trends and reflect some
other minor heterogeneities present within the mantle.

Additional description (Fig. 3): Both blue and green trends trend towards more unradiogenic Pb
and Hf and more radiogenic Sr isotopic compositions than the pink trend. However, M2-group
(green) has higher 87Sr/86Sr ratios for given 206Pb/204Pb values than M1-group (blue). N-MORB
samples have the lowest Sr, and highest Hf isotopic compositions, while E-MORB samples have
the most radiogenic Pb isotope compositions.
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Fig. 4. Nagj vs. Fegg (sodium and iron content corrected for fractionation back to 8.0 wt% MgO) plot for basaltic samples
from the study area. Colored fields represent the compositional range of samples from 5 other elevated oceanic rises
(Marion in grey; Bouvet in red; Azores in yellow; Galapagos in blue; Reykjanes in purple [8]), excluding outliers.

Additional description (Fig. 4): The whole dataset (transversal and axial profiles) is relatively
homogeneous independently of sample groups (i.e., mantle sources variability), and no correla-
tion is observed. However, it can be noticed that on average M1-group basalt and EMORB have
higher sodium content, whereas NMORB have both lower sodium and iron contents. Compared
to other elevated ridge sections (i.e., ocean rises), samples from the study EPR segment have
comparable compositions that plot right in the center of the global oceanic rises field [8].
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Fig. 5. (adapted from [1]): (top) Descriptive sketch of the approach used to establish the relative chronology within the
transversal sampling profile. A detailed explanation can be found in the “Experimental design, materials, and methods”
section. (bottom) Depth vs. Longitude showing the bathymetric profile of the sampling transect, and the boundaries
between the seafloor domains created by the opening of the present axis X (orange), the relic axes Y (green) and Z
(yellow). Sample locations are reported on the profile. Samples’ color-coding is the same as in previous figures.

Additional description (Fig. 5): D1p(X, Y, Z) values (°) represent the maximum angular distance
produced by each axis X, Y, Z along the transversal sampling profile. x;, y;, and z; designate the
samples belonging to the domains created by axes X, Y, Z, respectively. Dx;,y;,z; refer to the
angular distance (°) between a sample and its corresponding axis. X/Y and Y/Z represent the
apparent geographical limit between the X and Y, and the Y and Z seafloor domains, respec-
tively. The parameters listed above were calculated as follows: Dq5(X) = |[Long(X) - Long(xq)l;
Dypp(Y) = |Long(Y) - Long(Y/Z)|; Dqj2(Z2) = |Long(Z) - Long(zn)l; Dx; = |Long(X) - Long(x;)|;
Dy; = |Long(Y) - Long(y;)l; Dz; = |Long(Z) - Long(z;)|, where Long () refers to the longitude
of indicated features in decimal format; z, and X, correspond to the most distant samples from
the oldest (Z) and current (X) axes, respectively. N.B. Here the assumption is made that Z and
Yz; are older than Y and Xyj;, which are in turn older than X and Xxi.
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Fig. 6. Left side: [La/Sm]y, Nagp, 3Nd/"¥“Nd, and Fegg vs. Cumulative angular distance Dc (°). La and Sm concentrations
have been normalized to primitive mantle [9]. Orange, green, and yellow fields correspond to the seafloor domains
opened by the X, Y, and Z axes, respectively. The Dc value for each sample was calculated as follow: Dcx = Dx;; Dcy=
Dy2(X) + Dyi; Dc; = Dyjp(X) + Dyqjp(Y) + Dz;. Symbols and colors of all samples are the same as presented in other
figures. The figure should be read as follows: from left to right the higher the Dc value, the older the seafloor is.

Additional description (Fig. 6): M1 and M2-group basalts (blue and green) show on average
more unradiogenic Nd compositions, lower [La/Sm]y ratios and slightly higher Nag, composi-
tions than AM-group basalts (pink), whereas Feg, compositions are on average relatively uni-
form irrespectively of basaltic groups. Also note that the reconstructed chronology between sam-
ples highlights a characteristic compositional variability among AM-group basalts (pink). While
the [La/Sm]y ratio appears relatively constant around a value of 0.9, the compositions in sodium
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and iron of these same samples vary over time forming a sawtooth-shaped curve in the corre-
sponding diagrams. Finally, note that Nd isotope compositions do also show a specific variability
for AM-group basalts, forming a sinusoidal curve (T = ~ 0.05°) of relatively low amplitude.

2. Experimental Design, Materials and Methods
2.1. Rock-Samples Preparation

Fifty-two individual samples of basalts were initially selected based on their location and
distribution along the transversal sampling profile, and the presence of fresh glass. The attached
glass was first crushed with a hammer into chips, which were then rinsed with distilled water
and dried.

The next step consisted in picking manually under binocular ~ 2 g of the freshest glass
chunks for each sample batch. To avoid any cross contamination, the tools were systematically
cleaned with water and alcohol between samples. About 1g was used to carry out all the anal-
yses.

2.2. Major Element Analysis

The protocol was adapted from [10].

~ 250 mg of basaltic glass was digested in a 30 mL Teflon savillex beaker with 4 mL of
concentrated HNO5; - HF mixture during 48 h on a hot plate at 100 . Next, 96 ml of H3BO;
aqueous solution (25 g/L H3BO3 and 0.5 g/L CsCl) was added to neutralize the excess HF, dis-
solve the precipitated fluorides, and buffer ionization process during ICP-AES measurement. All
reagents were analytical grade. Elements’ concentrations were determined from the 100 mL fi-
nal solution without selective extraction, boron being used as an internal standard. Calibrations
were made using international standards CB15, CB18, BELC, |B2 and BEN, which cover the con-
centration range of the samples to be analyzed. The instrument used for the data acquisition
was the ICP-AES Horiba Jobin Ultima 2 of the Pdle Spectrométrie Océan (PSO) located at the
Institut Universitaire Européen de la Mer (IUEM), Brest. Relative standard deviations were < 1%
for SiO, and between 2 and 3% for other major oxides. The data are reported in Table 1.

2.3. Trace Element Analysis

The protocol was adapted from [11].

~ 50 mg of basaltic glass was weighed (+ 10~> g) into a 3 mL Teflon Savillex bomb beaker
and digested twice in concentrated HF - HCIO,4 (at 115 °C), then re-dissolved with 1 mL of con-
centrated HNO3 before being finally diluted into 125 mL of 0.5N HNOj3, to which an internal
standard of Indium was also added (to yield a concentration of 1 ppb). After one night stabiliza-
tion, the final solution was measured with the HR-ICP-MS ThermoFinnigan Element II of the PSO
at [UEM, Brest. The instrument was calibrated with a 1 ppb multi-elemental solution and mon-
itoring the oxide rate. International rock standards measurements (i.e., BHVO-2; BIR-1; BCR-2)
were used for external calibration. Most trace elements were measured in low mass resolution
mode, and some (i.e., Sc, V, Co, Zn, Zr, Nb) were analyzed in medium mass resolution mode to
resolve isobaric interferences. Relative standard deviations were < 5% for Rare Earth Elements
(REE) and systematically < 10% for all other trace elements. The data are reported in Table 2.

2.4. Isotopic analysis

The protocols were adapted from [12,13].
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~ 500-700 mg of basaltic glass was weighed into 7 mL Teflon Savillex beakers. Prior to a
48 h digestion at 120 °C with a concentrated mixture (3:1) of HF-HNO3, samples were leached
with 1 mL 6N HCl during 15 min at 100 °C, followed by 5 min ultrasonification. Then they were
re-dissolved with 3 mL of concentrated HF and left for 48 h on a hot plate at 120 °C. At this
stage some fluorides form in which Pb and REE are trapped, while Hf remains in solution. Fluo-
rides were then broken via 2 h of ultrasonification increasing the total surface reaction and ex-
change of elements between fluorides and solution. Finally, the solution was centrifugated. The
supernatant was used for Hf elution, and the residue left was used for Pb, Sr and Nd separation
using chromatographic exchange technique performed in a metal free clean room equipped with
Class 100 laminar flow hoods. Hf was eluted via a two steps separation process involving HCl,
HF and H,0, reactants, and both anionic and cationic exchange resins AG1 x 8 (100-200 mesh)
and AG50WX8 (200-400 mesh), respectively. Because it is the element most likely to be con-
taminated by anthropogenic inputs, the separation of Pb was performed in a class 1000 clean
room dedicated solely to this chemistry using anionic micro-columns containing AG1 x 8 (200-
400 mesh) resin and ultrapure HBr and HCl. This step was repeated twice. The separation of
Sr and Nd was performed using specific Eichrom®) resins, from the fraction left from Pb elu-
tion: (i) Sr Spec (HNO3, warm water) for Sr; (ii) TRU Spec (HNO3) for REE and (iii) LN Spec
(HCI) for Nd. All final residues were redissolved in 2% HNO3; and ready for mass spectrometry
(MC-ICP-MS, Neptune). In the case of Sr isotopes measurement (TI-MS; Triton), Sr was deposited
on a simple tungsten filament previously degassed under vacuum at 4.5 A on which was also
deposited a tantalum activator. The sample was dried at 1.1 A and finally flashed around 4.6 A
before introduction into the spectrometer source. Sample blanks recorded insignificant amounts
contamination for each element when compared to the total amount of each element isolated
from sample material.

The error obtained (2 s.d.) on the isotopic ratios of the entire sample set (n = 52) was on
average: 7.6.E-96 (+ 4.4) for 87Sr/86Sr; 5.4E-% (£ 5.2) for 3Nd/™4Nd; 5.2.E-% (+ 3.8) for
176Hf/177Hf; 1.0.E-93 (& 0.6 2sd) for 206Pb/204Pb; 9.9.E-04 (£ 4.6) for 207Pb/204Pb; and 2.8.E-%3 (+
1.4) for 208pb/204pp, All error bars of individual samples are smaller than the size of the symbols
in the corresponding figures.

2.5. Approach Used To Establish A Chronology Between Samples

Usually, at fast spreading ridge, when samples are collected perpendicularly across the ridge
axis, the distance of the sample from the axis can be used as a chronological marker between
samples (i.e., the more distant it is, the older it is, and vice versa). However, in the study
area, previous geophysical studies have shown that the ridge segment jumped twice in the
last 300 kyrs (i.e., in the direction of Mudskipper Chain), which resulted in the generation of
younger seafloor domains inside older ones due to the relocation of the spreading center. There-
fore, a strategy had to be developed to reconstruct the relative chronology among the samples
for which geochemical data are presented in this article (Fig. 6).

First, the geographical boundaries between seafloor domains opened by each of the observ-
able axis (X, Y, Z) were determined based on the shape of the bathymetric profile (Fig. 5) corre-
sponding to the sampling transect, as well as the directions of lava flows. Then, the chronology
proposed in this work was based on morphotectonic and geophysical observations, whose foun-
dations rely in the following points:

(i) X-axis is the currently active spreading center, Y-axis represents the trace of the preceding
extinct axis, and Z-axis represents the trace of the oldest extinct axis.

(ii) At fast spreading centers, melt flux to the axis is high and accretion develops relatively
symmetrically compared to slow-spreading oceanic ridges (e.g., [14])

The first point was inferred from previous geophysical studies of the study area [2-5,15,16].
The second point was confirmed by the observation of the symmetrical separation of the “split”
seamount over the last 3 kyrs (Fig. 1), as well as repeated evidence of symmetric lava flow
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morphology and divergent fronts observed at the Axial Summit Troughs of the 16°N segment
[4,17]. Together they allowed us to make the following approximations:

(i) Samples collected in the X-axis seafloor domain are younger than samples collected in
the Y-axis seafloor domain, which in turn are younger than samples collected in the Z-
axis seafloor domain.

(ii) Inside each seafloor domain, the comparison of angular distance D (°) to the ridge axis
between samples determines their relative ages (i.e., the greater, the older)

(iii) Each seafloor domain can be decomposed in 2 symmetrical half-domains with the most
extended side Dy, (X, Y, Z) representing the longest time-interval of accretion for each-
vaxis within which all the samples’ angular distance D(x;,y;,z;) are comprised (irrespective
of the half-domain to which they belong).

Then, in order to represent the isotopic composition of each sample as a function of the
reconstructed chronology, linearization of the D(x;,y;,z;) values was required to ensure that sam-
ples with the same D value, but origin attributed to different axes cannot be confused. Thus,
each sample was defined according to a cumulative angular distance D¢ (X;,y;,z;) being nothing
less than the D(x;,y;,z;) of the sample, to which the corresponding D;j,(X) values for y; samples
and the sum of Dy»(X) and Dy»(Y) for z; samples were added:

« For samples x; produced by the currently active X-axis: Dcx = Dx;.
« For samples y; produced by the now extinct Y-axis: Dcy= Dy»(X) + Dy;
« For samples z; produced by the oldest extinct Z-axis: Dc; = Dy5(X) + Dypp(Y) + Dz

Finally, the careful evaluation of lava flow morphologies in the current axial sector, for which
high-resolution bathymetric data (1 m in resolution) were available, enabled us to determine
the degree of uncertainty for the D value. [17] determined that between 15°37’N and 15°40’N
latitude lava flows on average extend over distances < 500 m, and in rare occasions reached
distances of 1-2 km [4,17], which in turn constitute the uncertainty of the estimated chronology
for samples located close to each other.
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