SUPPLEMENTARY |NFORMATION

Post-Mesozoic Rapid Increase of Seawater Mg/Ca dte
Enhanced Mantle-Seawater Interaction

Marco Ligt, Enrico Bonatfi?, Marco Cuffard & Daniele Brunelft*

! Istituto di Scienze Marine, CNR, Via Gobetti 100129 Bologna, Italy.
2 Lamont Doherty Earth Observatory, Columbia UnivrsPalisades, New York 10964, USA.

® Istituto di Geologia Ambientale e Geoingegneria, -GNt/o Dipartimento di Scienze della
Terra, Sapienza Universita di Roma, P.le A. Morb-@)185 Rome, Italy.

* Dipartimento di Scienze della Terra, Universita Miodena, L.go S. Eufemia 19, 41100
Modena, Italy.

This PDF file includes:

Supplementary Methods
Text
References
Figures (S1 to S11)
Tables (S1 to S5)

* To whom correspondence should be addressed. E+meico.ligi@bo.ismar.cnr.it



SUPPLEMENTARY METHODS

1. Modeling the global ridge system

We simulated mantle dynamics beneath the globalao&hn ridge system in order to
estimate the extent to which mantle peridotitesreact with seawater in the ocean basins.
Peridotite-seawater reactions can take place apdmtures below 500°C, and are
responsible for a variety of chemical exchangeg. (dg, HO, CQ) between solid earth,
hydrosphere and biosphere. We divided the globdderisystem in 80 sectors each
2048x1024 km, partiallpverlappingto avoid edge effects. Plate boundaries wereizigit
from satellite-derived global gravity mdpgelease 18.1) in Mercator projection at a scale
of 1:1000000 (standard parallel: 0° N), with theception of Gakkel Ridge that was
digitized from the map of ref. id Lambert Conformal Conic projection (standard patsil
84°N and 86°N). Assuming a plate spreading veloéily each sector by averaging
spreading rates and directions obtained by Euletove of ref. 3, we calculated passive
mantle flow, thermal structure and melt productimeath each ridge segment (Tab. S1)
taking advantage of Comput-ER (Computing in Emitiamagna), a common-distributed

computing infrastructure.

Comput-ER is based mainly on commodity farms ardudes g-Lite GRID and
cloud/WNoDeS services. It has been set up withmudtidisciplinary context in order to
support high-CPU demanding and data-driven appdicat In fact, a GRID environment
offers a large number of storage and computingurees, and advanced high level job
submission services. The submission of jobs onewdfft resource centers reduces
consistently processing time. The key solution asdal on the jobs execution as loose
parallel applications, splitting the input dataseveral parts, and using a single part of input
for the elaboration on each node of the GRID. Qaltthe input data have been processed,
it is possible to merge the global output summipgthe results of each elaboration. To

exploit this possibility we used the parametric galbmission feature of the g-Lite WMS in



order to maximize the resource usage and to opintlze management of the

computational tasks.

Sub-lithospheric mantle flow and mantle thermauciure were obtained from the
solution of Stokes and heat equations by semi-sinalypseudo-spectraland finite
difference techniqués respectively. Depth of isotherms and melt proiductoelow a
generic ridge-transform-ridge domain are related(ap spreading rate; (b) length of
transform offset and of spreading segments; (c)em@l temperature; (d) mantle
composition and (e) rheology. The entire sequericeomputing programs, requiring as
input spreading velocity, plate boundary geometrgntle potential temperature at the base
of the model and mantle source composition, runa simgle computing node (2 Gb RAM,
standard OS software) in 24-48 hours and produb@sMb of output data. The GRID
infrastructure allows the exploration of a widegarof input parameters. Thus, we used a
script to submit in a single instancgobs (one for each mid-ocean ridge sector), achggvi

n solutions within approximately the time of onegéenrun.

1.1 Mantle flow and velocity field

Fluid-mechanical calculations on mantle flow andting at spreading centers, lead to
models either where mantle upwelling and melting @used solely by plate separation at
ridge axis (passive model), or where a dynamic aomapt of mantle flow is required, driven
by thermal and compositional buoyancy. In passie® imodels the mantle flow pattern is
shaped dominantly by viscous drag from rigid plates/ing apart, with melt generated in a
broad upwelling region. Mantle flow velocity is afted by plate geometry close to ridge
axis, and the upwelling velocity can exceed thé s@ieading rate when the plate thickens
rapidly with distance from ridge axi& Dynamic flow models require buoyancy forces and
low viscosities in the melting region. In these misdmantle upwells close to the spreading
axis in a region only a few kilometres wide; upwwajlis much faster than the half spreading

rate, and melt moves vertically primarily due ®buoyancy™*.



Focusing of upwelling as predicted by “dynamic’vilanodels is not clearly seen,
implying that flow is mostly passive and driven plate motiofi. Thus, we attempted to
estimate the mantle thermal structure beneath tblealyridge system, adopting mantle
passive flow model§Figs S1 and S2MWe considered a steady-state mantle flow indibged
motion of the overlying rigid plates in an incomgsile, homogeneous, isoviscous mantle.
The steady-state three-dimensional passive maluie lias been solved via the Fourier
pseudo-spectral technique outlined in ref. 4. Wedelled plate thickening passive flow
beneath an accretionary plate boundary geometsy adamputational frame 2048x1024 km
wide and 150 km deep (1x1 km spaced grid pointe&mh 1 km depth increment). The base
of the lithosphere, assumed to correspond to tpéhds the 800 °C isotherm, was obtained
iteratively solving the steady-state advectionwdifbn heat equation, starting from the thin

plates solution.

1.2 Melting Model

We carried out numerical experiments to estimatammedegree of melting, mean
pressure of melting, and mean composition of thgreagate melt beneath a spreading axis.
We modelled melt generation, including the effectvater on the peridotite solidtfsusing
a modified parameterization of experimental dateettged by ref. 13, adding a pressure-
dependent kD bulk distribution coefficierif. We varied the kO content of the upper
mantle from 0.005 to 0.025 wt%; mantle mineral agdages for garnet, spinel, and
plagioclase peridotite facies are from ref . 15.ERdistribution coefficients and source
contents are from ref. 16. We assumed that mingraportions in the transition zone
between 85 and 60 km, vary linearly from pure gapezidotite to pure spinel peridotite.
Moreover, we assumed pure-fractional melting andhglete melt extraction, but we

neglected both latent heat of fusion by freezingneft, and hydrothermal cooling.

Given that HO is about as incompatible as'€dts concentration in the aggregate

liquid is inversely proportional to the mean extehimelting. Thus, the water content of the



basaltic glasses for a given degree of melting (&) constrains the amount of water
contained in the mantle source of mid-ocean ridggals. The amount of water and,®a

contained in the aggregated melt has been estinigtecarying mean degree of melting
(spreading rate and/or mantle potential temperpatame mantle source water content. We
assumed a water content of 0.02 wt%, becausesitbést the value inferred from global
basaltic glasses data, obtained from our unpuldistesults and from the Petrological
Database of the Ocean Floor (PETDB, http://www.p&ty/) for different spreading rates

away from hot spots.

Assuming the melting model outlined above, a pthiekening passive mantle flow
and a temperature of 0 °C at the surface and aamnsantle temperature at 150 km depth
(base of our model), ranging from 1300 °C to 14860 We have calculated that the crustal
thickness at different spreading ratesasured in mid-ocean ridge segments over the Igloba

ridge system can be explained best by a mantlenpaktéemperature of 1350 °C at the base

model (Fig. S3). The crustal thicknedswas calculated at any along-axis locatignsf a

ridge segment by:

rtwa:ﬁ%%ﬁl (s1)

whereU, is the average sea-floor half-spreading rate efritige segmentp andp_ are

mantle and crustal densities, aktlis the total volume of melt production per unibé per

unit length of ridgeM is computed by integrating the melt productiore rat at along axis

locationy,, over the cross-sectional arBain which melting occurs (i.e., over the region
wherem is positive):

M (¥o) = [[m(x o, 2)dxdz (S2).

The melt production rate at any locationx,y,? beneath the ridge is given by:

m(X ¥,2) = V(% y,2) (OF (x ¥, 2) (S3)



wherev are the mantle flow velocities aridis thetotal amount of melting*® The mean

crustal thicknessH_l of thei-th ridge segments is obtained by:

Li
or_ el dy
L

(S4)

where L; is the length of the-th ridge segment. The mean global crustal thickness i

computed by a weighted average over all the segnwdrihe ridge system:

N JRN—
2 Hel,
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whereN is the total number of ridge segments.
Figure S3 shows that our predicted crustal thicknedues (—I_‘c) are lower than those

inferred from seismic refraction experiméfit€ at slow- ultraslow-spreading ridges, and
higher than those inferred at fast ridges. Thigrigsbably due to the inclusion of the
serpentinized mantle in the inferred crustal thedsrderived from seismic experiments at
slow spreading ridges given the similarity of setsmwelocities between lower crust and
serpentinites. The assumption of complete meliektn in predicting crustal thickness may

be not valid at fast spreading ridges.

1.3 Volume of mantle rocks that can interact yearlywith seawater at T < 150 °C

The amount of cold fluids brought down into the marduring circulation below
ridges depends on the thermal structure of theerigdnich is strongly influenced by rock
permeability and spreading rate Serpentinization itself may affect rock porosipnd

permeability, causing large volume changes of reamoitks and therefore rock fracturing.

In our calculations, the thermal structure bene@asiegment of the global ridge system
depends only on spreading rate and plate boundzoynetry; in fact, we neglected latent

heat by freezing of melt and hydrothermal cooliRglease of latent heat of fusion by melt



freezing rises the isotherms within the crust, whilydrothermal circulation deepens the
isotherms. Thus, the two processes, both actinthéenshallow portion of the subridge
oceanic lithosphere, tend to balance each otheredder, latent heat of fusion is low at
ultraslow spreading ridges, where melt productisrsc¢arce or absent and where mantle
peridotite/seawater interactions are likely to ac&ince we are interested in determining the
depths of the 150 °C isotherm, where Mg-releas®B®RP-seawater reactions may occur,
we have neglected hydrothermal cooling in ordelbéaconservative. The along-axis depth-
distribution of the 150 °C isotherm was obtained dweraging depths from 10 km-wide
across-axis sections. The integral of differenceswben isotherm depth and crustal
thickness (where they are positive) times the dplleading rate gives us an estimate of the
volume of mantle-derived mid-ocean peridotites (M®Rhat can interact yearly with
seawater at a temperature below 150°C at each @genent. Figure S4 shows two
examples of predicted isotherm depths and crusizdriess along segments of the equatorial
Mid Atlantic Ridge offset by long offset transforfaults. Mantle-derived peridotite can
interact with seawater, other than close to lorigedftransform faults, only at slow-ultraslow

spreading ridges (Fig. S5 and Tab. 1).
2. Mg-loss during peridotite-seawater reactions

We have attempted to measure Mg loss in real raska result of peridotite-seawater
reactions (Fig. 1d)We used a set of mantle-peridotites sampled ftoen\fema Lithospheric
Section that exposes lithosphere generated duri@g§ dMyr time interval at a single Mid
Atlantic Ridge segmefit

We have considered 29 major element analyses &frbak® (Tab. S2) obtained by X-
ray fluorescence at the Department of Earth Scentéhe University of Pisa (Italy). They all
show a significant “Loss on Ignition” (LOI), i.e11.5 wt% *1.3, that approximates theisCH
content. The primary bulk rock major elements cosition of 31 samples was reconstructed
(Tab. S3) from their primary modal composition dnel chemical composition of their primary

mineral phases from ref. 26. The rocks are spigallibrated harzburgite to lherzolite. The



secondary mineralogy is dominated by serpentineerala (lizardite + magnetite) that can
reach up to 95 % of the rogkab. S3) Serpentinization is dominantly pseudomorphichwit
minor serpentine veining accommodating some volwxeansion during serpentinization.
Samples with carbonate veins have been discaradedrder to reconstruct the bulk rock
primary composition (major elements) the compositaf olivine needs to be assessed.
However, due to the high degree of serpentinizgtiamary unaltered olivine is preserved only
in few samples. Therefore olivine composition hasrbestimated based on best correlations

with coexisting orthopyroxene and clinopyroxeneggsa

We have based our estimates on regression of catmopas trends in MORP using
available reliable data for slow and ultra-slowesgting ridge$"*°** Natural samples show
compositional scatter revealing that exposed MO&ewften affected by a number of post-
melting processes. Accordingly, we have discaroata drom samples with evidence of late
magmatic interaction/impregnation, and we focusedcompositional variations in “purely”
residual rocks. The resulting data base include$36f samples analyzed for the 4 primary
phases olivine, opx, cpx, and spinel. Regressiang hbeen made for each oxide pair in order
to derive the correlation between major oxidesyiropenes and in olivine. Spinel composition
shows no significant correlation with olivine consggmn, while Si, Mg, and Fe in both opx
and cpx show significant global correlations witivioe. Regression results and correlation

values are reported Fig. S6and table S4.

MgO in olivine has been estimated based on MgO&ifd of opx. FeO in olivine was
estimated based on Si@nd FeO in opx and Sin cpx. Olivine silica content was estimated
based on SiQand FeO in opx, and SjGn cpx. Existing olivine data from the VLS treatasl
unknown led to oxide estimates within the 1 sigmareof the measured value. Bulk rock
primary compositions have been derived by combingmgnary modal mineralogy and
composition of the primary phases. No volume caivachas been applied. Volume to weight

modal transformations have a negligible effect ba tesulting mode given the expected



density of the analyzed phases (Tab. 3). The spews#ight difference of the main phases

(olivine, opx, cpx) is too small to significantljyfect the overall weight distribution.

Equation (2) of ref. 27 allows to estimate the @niynMgQ, content from the altered
composition (on an anhydrous base) when the prirbatly composition is not available.
This can be done inferring the MgO/Si€tio from the terrestrial array, and assuming tha
nothing else (particularly AD; and SiQ) is removed or added to the rock. We calculated
Mg loss for the Vema Lithospheric Section (VLS) gées using eqs 2 and 1 of ref. 27. The
results (Fig. S7) show that on average 4.1 wt% Mg@xtracted from those rocks, in

agreement with values inferred from bulk rock restauctions.

Figure S7 includes also samples of ref. 27 and shbat no correlation exists between
estimated Mg loss and crustal age, although mosthefsamples are from continuous
transverse ridges along transform faults. This iesplprobably early exposition at the
seafloor of mantle-derived ultramafics close toridge-transform intersection (RTI), and no

significant low-T Mg-loss with age.

3. Variations in crustal production and volume of nantle rocks that can interact with
seawater at at T < 150 °C over the past 150 Ma

Global cycles, such as sea-level chaftj®s the carbon cycfd, and seawater
chemistry®, are assumed to be partly due to temporal vanistif the rates of ocean-floor
spreading. Based on areal distribution of presegta®afloor age with time since 180 NMa
and some tectonic reconstructidhi has beersuggested that spreading rate could have
remained constant over the past 180 Ma. Howeveentemaps of present day seafloor
ages’®? and new plate tectonic reconstruction motefSestablished a curve of seafloor
spreading rate and of oceanic crust production oaé the last 150 M&>> suggesting a
strong reduction of spreading and crustal produactaie since the Santonian , i.e., 83.5 Ma
(Fig. S8).

We calculated plate tectonic reconstructions nedato a fixed Africa plate, based on
plate boundaries and finite Euler vectors from .ré&2 and 53, at the same Chrons of
constructed seafloor spreading isochrons of ref. R&onstructed positions of continents

and mid-ocean ridges were obtained with the Gplatdisvare (ittp://www.gplates.org at



Chrons: 50 (10.9 Ma), 60 (20.1 Ma), 13y (33.1Majp 1(40.1Ma), 210 (47.9Ma), 25y
(55.9Ma), 31y (67.7 Ma), 34y (83.5 Ma), MO (120.4)IM10 (131.9Ma), M16 (139.6 Ma),
M21 (147.7 Ma) and M25 (154.3 Ma) (Fig. S9). Hglifeading rate at each ridge segment
mid-point was computed for each time interval, fretage poles and rotation angles for the
relative motions of plates that share a specifid-ogean ridge boundary. Stage rotations
describe the motions of plate during two charastieriages and were calculated combining

the finite rotations, expressed as rotation madriae the Africa-fixed reference frame. The
mean global spreading raYE was calculated by a weighted average over alsdgments
of the ridge system:

N .

2 VeL

V, == — (S6)

N

whereV. is the spreading rate of théh ridge segment (Fig. S8a).

Plate boundary geometries and spreading rateseofettonstructed paleo-oceans were
used to estimate variations in crustal productiod & volume of mantle rocks that can
interact with seawateat T < 150 °C over the past 150 Ma, using the sarchniques
described in previous sections for the current audan ridge system. Results are shown in
figures S8b and table S5.

4. Modeling the oceanic mass balance of Mg and Carbugh time

There is strong evidence that the ocean has notdtesteady state for Mg concentrations
over geological time scales. Several studies hawslefted the evolution of seawater
composition during Phaneroz8¢®®® or have estimated changes from fluid inclusibf
from pore fluid chemist}?; from marine biogenic carbonat&8&® from ridge flank
hydrothermal carbonate veffisand from Mg, B and S isotope composifibf. While there is
disagreement over the causes of seawater comp@dittbanges, there is a general consensus
that the Mg concentration in seawater has variethguPhanerozoic; in particular, that Mg/Ca
has risen over the past 80 Ma as a consequenceothf dn increase of seawater Mg

concentration and a decrease of Ca concentratienat®®mpt next to model the effect on Mg



and Ca seawater concentration of (a) variatiorsutlit time of oceanic crustal production and
(b) volume of low-temperature mantle hydration tetato changes in spreading rates and
accretionary plate boundary geometry. The modetutations are based on the paleo-
reconstructions described previously. The inferrgecular variations of oceanic crust
production rate and of volume of low-temperaturenti@ahydration curves (Tab. S5) were

resampled at 1 Ma step after spline interpolatiég.(5and Fig. S8).

4.1 Mg model

We assume a model where secular variations of $eaWtgy-content are controlled by:
(1) a constant influx from rivers; (2) variable Mglease flux from peridotite-seawater
reactions; (3) variable Mg-removal flux from higéntperature hydrothermal alteration of the
basaltic crust as the result of seafloor spreadatsvariations; and (4) a constant Mg residual-
§4-76’

outflow including low-temperature off-axis hydroth@albasaltic crustinteraction

reaction with carbonate to form dolonifté®, ion-exchange reactions with clays

Changes in the size of the oceanic Mg reservoithare calculated as:

AN = e+ E - R0 - R s

where: F s the constant river influx, assumed of-5B> mol/yr; Foye () is the influx due to

MORP-seawater reactions. We let the MORP-derivediMgvary through time following the
estimated volume of mantle rocks that can inteyaetrly with seawater at T < 150 °C (Tab.
S5). The estimated recent flux is of 12B? mol/yr, assuming that 100% of MORPs that can
potentially react with seawater at T < 150 °C dtualty react and lose 5% wt of their MgO
content (i.e.Fh“y”S (050.05 By Pr(0)/[MgOnmolar mash, Where, = 3300 kg/mi is the density of

mantle rocks an®(0) = 2.77691C° m*/yr is the current volume rate of MORP that intérac
with seawater at T<150 °C EM is a constant unknown Mg-residual outflow; aﬁgg (t) is

‘res

the Mg-removal flux by high-temperature hydrothelrmiaculation at ridge axis, that varies

due to variations in the rate of seafloor product{@ab. S5). The relation between rate of



oceanic crust production and high-temperature higranal flux is likely to be nonlinear,

considering the complexity of the physical, cheriaad hydrological processes involved. As
a first approximation, we assume that variation®ugh time of Mg removal by the high-

temperature hydrothermdkepend by seawater Mg content and by an hydrothdtmathat

scales linearly with variations in mid ocean ridgestal rate production:

RO-RO)

Fe () = Hir(0[Ml., () = Hir O)L+ a =25 <=Ml (0) (S8)

where [Mgku(t) is the concentration of Mg in seawater at tina@dH ., (0) is the modern mid

ocean ridge high-T hydrothermal flux, assumed- 268 kg/yr. Assumed values of ®* and
5.210" kg/yr (range of the estimated high-T hydrotheriiat) do not change main results.
P.(0)=2.035510" m¥yr is the current oceanic crustal production r&t) is the production
rate through time (Tab. S5); aads a scale factor. Figure S10 shows modeled Mguwnand

outflow fluxes since 150 Ma.

4.2 Ca model

Secular variations of seawater Ca-content have beetelled assuming: a constant river

influx F&* of 1.410" mollyr; a variable influxlfh‘;g(t) due to Ca release during low and high

temperature hydrothermal circulation at mid ocedges; a variable outflu¥ 2, (t) related to

oceanic seafloor alteration; and an unknown comnsemidual Ca-outflowF 2 including: Ca-

res
fixation due to carbonate accumulation (biogenid arorganic), and anhydrite precipitation.

Thus, changes through time of seawater Ca-conteanbe described by:

d[Ca]

=R RRO-FRO-FS (9)

res

with

F\I\?BaP (t) = FV\?MaORB(t) + FV\?MaORP(t) (Slo)



where F oo co(t)andF oo .o(t) are the outflow relate to alteration at seaflobmuid-ocean-

ridge basalts (MORB) and of exposed mantle rocspectively. Secular variations of the net
flux due to Ca-release by hydrothermal circulateord Ca-capture by MORB alteration as a

result of variations of oceanic crust productioal§TS5) can be approximated by:

LRO-RO,_ P.0O-P.O)
A0 = FI (0 = Fiiea(0) = RO+ 22 = Rillons O+b- <21 =
_ra e g0 RO
=FRO A= Ch

wherthyB 0), Fuvore(), Fia(0) are the modern mid ocean ridge hydrothermal i®RB
alteration flux and MORB hydrothermal-weathering mélow, respectively; and, b and 5
are scale factors. Estimated modern fluxes of Ceexh by hydrothermal Ca-releaﬁﬁg )

and Ca-fixation during oceanic seafloor alteratiBff,(0) are <4.810"% and 1.52.410"%

mol/yr, respectively/. During episodes of amagmatic spreading, along-slreading ridges
detachments and core complexes unroof the mantbeigh faulting, allowing exposure of
peridotites at the seaflddr These processes may occur along a significarttopoof the
Atlantic (up to 25%) with peridotites making up asuch as 75% of the deeper rocks
expose®®. Several stretches of ultra-slow spreading ridgimracterized by amagmatic
accretion, expose mantle peridotites, as well ag-tiffset transform faults. We can estimate
that at least 20% of the current seafloor at miebocridges is floored by peridotites. Thus, the
total modern Ca-fixation flux due to alteration the oceanic seafloor (assumed at 0%

mol/yr) may be attributed to:

Fla -(0) =80% FS%(0) =1.910" mollyr and FS2 . (0) = 20% F52 (0) =0.510" mol/yr.

Ophicalcites occur associated with ocean-contirteamsitions (V-Iberian margin, Alpine
Tethy9 or slow-spreading ridges and transform zonesy Wezxe never observed in the Semail
(Oman) and Troodos ophiolites, believed to represérmsphere produced at intermediate
spreading rate. Bernoulli, pers. comm.). In ophicalcites hostedsbypentinites, dolomite is

very rare and usually of secondary origin. Cemargstypically calcite (probably neo-morphic



after aragonite) or aragonife This suggests that alteration of mantle rocksosefd at the
seafloor can capture some Ca rather than Mg. Cabeaextracted from seawater following

serpentinization, as observed for instance at t® City sit&>.

We assume a modern MORB hydrothermal-weatheringnfietv F£3(0) of 1.2510%

mol/yr. Assumed values of 0™ and 1. 510> mol/yr (range of the estimated hydrothermal

flux) do not change main results. In addition, weswanme variations through time of Ca-

removal by MORP weathering vro(t) that scales linearly with variations in volume of

mantle rocks that can interact yearly with seawatér < 150 °C (Tab. S5)

A0 -F0

FwerORP(t) = FVSNTORP O)[1+y P (0

] (S12)

whereP(0) is the current volume rate of MORP that interadhvgeawater at T<150 °®;(t)

is the volume rate through time (Tab. S5); gmsla scale factor.

Given the above (S9) can be written as:

d[Ca]

dt = Fn(/:va1 + ic):/;(t) - FWCI\?ORP(t) ~Fes (513)-

Numerical solutions of egs. (S7) and (S13) wereched by finite difference
approximation Crank—Nicolson implicit schemeausing an integration time step of 1 Ma and

initial (150 Ma) Mg- and Ca-seawater concentrati(jhg] = 30.5 mmol/kg HO and [CaF 24

M3 and

res

mmol/kg HO), inferred from halite fluid inclusiofi$ The unknown residual fluxeB

F 2were solved iteratively to fit the modern Mg- and-§&eawater concentrations ([Mgb3

res

mmol/kg HO and [CaF 10.5 mmol/kg HO).

Numerical modelling clearly show that Mg-releasgddw-temperature MORP-seawater
reactions contributed to the sharp increase of agavivig-concentration around 70-60 Ma. In
addition, Mg-output decreased due to a rapid lawgeaf oceanic crust production since 83.5

Ma (Santonian) (Fig. 1c). Decreasing Ca-releasetdug lower hydrothermal flux after the



Santonian decreases seawater Ca-concentrationMgh@a, as a consequence of temporal
variations of both Mg and Ca seawater concentrgti@tayed close to 1 during the Late
Cretaceous and rose up to the current value of d8tihg the last 70 Ma, with a rate that
increases gradually toward the present day. Theérmam rate of Mg/Ca increase recorded at
~20 Ma may account for the rapid change of Mg/Canduthe last 10 Ma inferred from pore

fluid chemistry®.

4.3 Constraints from Mg isotope ratios

The Mg isotope budget of the oceans may providstcaints on the relative contribution
of the two major sinks for Mg: hydrothermal circiden in basalt, and dolomite deposition.
Following ref. 71, we considered the Mg isotope dridbf the oceans through time, including
the effect of Mg-released by MORP/seawater reastiassuming the Mg-fluxes estimated by

M3 of our model, we assume here that

res

our model. Considering first the residual Mg-ouafld-

it is due only to off-axis low-temperature hydratim@l circulation within basaItS:h“y"g and

dolomite accumulatioR,"? :

res res ? res

Fes = Fh'\;g + For = Fh’\;g = a(t)Fey; Fool =bOF e (S14)

wherea andb, are fractions of the residual flux due to offsakiydrothermal circulation and

dolomite deposition, respectivelg(t) +b(t) =1 OtO0O".

The rate of change through time of seaw&teg/**Mg in the oceans may be derived

from the conservation equations for the individgatopes:

FuS[3,M = 0,0 (1)] + Fg (1)[ Oy — 3, (1)] -
— RS (0)[ Oy - O, (1)] - Ny  (S15)
— F Y9 a(t)[ G40 — O, ()] + B[ To™® — O (1)]

res

da,M () _
dt

26

26 26 26 26
where 3., J,"%, d,5°, Fa°, Iy,

w

26 .
Yo and J,," are thed*®Mg of seawater, of river waters,

of MORP/seawater reactions related fluids, of higimperature hydrothermal fluids, of low-



temperature off-axis hydrothermal fluids and ofaiite, respectivelyNygq is the total number

of moles of Mg in the ocean. We assume that cutvest estimated values f87°Mg of rivers
(-1.09), for MORP (-0.36) and dolomite (-2.0) didtthange through time. We assume also no
Mg isotopic fractionation during MORP/seawater teats. In addition, we assume that no Mg
is returned to the ocean from both high- and lomgerature hydrothermal circulation within

basalts. This last assumption implies g} = 3, 4% =3,

sSw

dom g _ Fas|aas — o2 ]+ e oo - o o)) - Ny, (1) (S16)
dt —b(t)FYo[gMe — g (t) )

doI

, and eq. (S13) reduces:

res

We explore next three possible scenarios:

(i) The ocean is at steady state with respect to Mgpsocomposition;
(i) Non steady state scenario f6f°Mg of seawater and constant accumulation of
dolomite;

(i) Non steady state scenario fi5PMg of seawater as well as for dolomite.

(i) Assuming that no change of seawabiMg occurred through time, eq. (S16) allows to

infer variations of dolomite deposition:

M M %M M 26M 26M
oy = :Mg (5)+F “_yi(fiﬂ(g ) ") (517)

res sw

where J,,9=-0.82 (ref. 71).

Figure S11lashows modelled variations of Mg-removal flux doeedblomite deposition
since 150 Ma. Dolomite Mg-removal flow ranges fre@2% of the river input (|mply|ng:hyo

= ~32% of the river input) during the Cretaceuosl% % (implying Fh“;g = ~39% of the river

input) during the Cenozoic (volume fraction of MORReracting at low-T with seawater =

100%). Note that when the effect of Mg-released M®RP/seawater reactions is added



(volume of MORP interacting at lowT with seawate@) modelled fluxes and the percentage

of dolomite in carbonate sediments of ref. 84 datee

(i) We let seawated’°Mg vary through time. If we assume that dolomitpaigtion has been

Mg
res

constant through time, the fractibrof F_° can be solved iteratively from eq. (S16) by fiftin

the modern seawat®®Mg value (-0.82). Dolomite Mg-removal fluxes ranfgem 15.7% of
the river input (volume fraction of MORP interagiat low-T with seawater = 100%) to 23%
of the river input (volume fraction of MORP intetg at low-T with seawater = 0%),

regardless of the initial value of 150 Ma seawatévig (Fig. S11H.

(iii) We let thed*®Mg of seawater and dolomite deposition vary throtigte. In this case(t)

is undetermined and additional constraints are exbe8everal lines of evidence show that
dolomite deposition prevailed during the Cretaceausontrast with the prevailing carbonate
deposition that occurred during the Cenozoic. # baen also suggested that as much as 90%
of seawater Mg is lost to a dolomite sink durindn@mced periods of dolomitizatith Such a
large dolomite sink would induce a huge shift ir #°Mg of seawater toward values heavier
(Fig. S119 than those of modern seawat®°Mg (-0.82), in contrast with data from
echinoderm® suggesting that seawaf®Mg stayed approximately constant and close to the
modern value during the last 350 Ma, except foegative excursion occurring at around 100
Ma. We conclude that the Mg isotopic chemistry ansistent (compatible) with a lowered
dolomite deposition and increased MORP-seawaterantion in the Cenozoic and modern

oceans.
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Figure S1.Mantle thermal structure beneath a ridge-transfaidge plate boundary and transform
offset of 100 km. Depth of 150 °& b) and 500 °C €, f) isotherms for spreading rate of
7.5 and 30.0 mm/yr, respectivety.d, g, h, across axis sections far away from the ridge
transform intersection. Red dashed line: mean mwth depth obtained by averaging
depths from the across-axis 10 km-wide region (gfegded area), where we assume the
occurrence of hydrothermal seawater circulation.
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M25 (154.3 Ma)

Figure S9. Global plate reconstructions relative to Africa-fixed reference frame from Late Oxfordian
(154 Ma) to the present day. Positions of continents and mid-ocean ridges, obtained with
Gplates software (http://www.gplates.org), are plotted in Mollweide projection using PLOT-
MAP package®®. Preserved mid-ocean ridges (double red lines) are from ref. 52, and recon-
structed mid-ocean ridges (double blue lines) are from ref. 53. Half spreading rates are
calculated by stage poles obtained from the finite Euler poles and rotation angles of ref. 53.
Magnetic chron ages (o=lower and y=upper boundary) are from ref. 87 (Chrons 0-34) and
ref. 88 (Chrons M25-M0).
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Figure S10.Modeled seawatdvlg fluxes since 150 Ma, constant river inflow and temporal variations of
Mg-release flux due to low-T MORP-seawater intéoact for different volumes of mantle rocks that can
interact yearly with seawater at T < 150 °K. calculated residual removal flux and temporal ches of
Mg-removal flux by high-T hydrothermal circulatiam basalts for different volumes of mantle rockatth
can interact yearly with seawater at T < 150 °C.
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Figure S11.Mg-removal constraints from Mg isotope rat&.temporal variations of Mg-removal flux due to
dolomite deposition inferred at different volumdsrmntle that can interact yearly with seawaterTak
150 °C, assuming steady state seawater Mg isotpitpositionb, temporal changes of seawat&fMg
due to Mg-release by MORP-seawater reactions féfemdint volumes of mantle that can interact yearly
with seawater at T < 150 °C and for different iaitconditions, assuming a constant flux of dolorvig
removal, obtained iteratively to fit the modern aee¥°Mg of seawaterc, variations of seawated°Mg,
assuming no Mg contribution from MORP-seawater tieas and assuming a greater Mg-removal flux due
to dolomite deposition during the Cretaceous thaat tluring the Cenozoic.



Table S1.Volume (ryr) of mantle rocks (Voseec) that can interact yearly with seawater at T <
150 °C estimated at each segment of the globalaoédn ridge system. Latitude (Lat), Longitude
(Long), half spreading rate ¢(Vand spreading direction {pare referred to the mid-point of each
ridge segment (#). Spreading rates (mm/yr) andctivas (azimuth, degree) were obtained using
MORVEL angular velocities (ref. 3)sdg Lot and Loi® are the lengths (km) of the ridge segment
and of the two bounding transform offsetg.i¢ithe mean crustal thickness (km) at ridge seggmen
Plate name abbreviations are as follows: AN, AriarcAR, Arabia; AU, Australia; CO, Cocos;
CP, Capricorn; EU, Eurasia; IN, India; JF, Juan deica; LW, Lwandle; NA, North America; NB,
Nubia; NZ, Nazca; PA, Pacific; SA, South Ameridsl, Somalia and SR, Sur. Mgs the amount
of Mg that can be released yearly to seawater fngairation of the oceanic mantle.

South West Indian Ridge (SWIR)
Plate Rldge # La.t Long VS as Lseq Loffl Loff2 HC VOI<150°C

SM-AN  SWIR 1 -26.56300 67.81948 6.30 354.67 423.48 0.00 29.67 156 7588975
SM-AN  SWIR 2 -27.53997 65.82392 6.44 355.02 97.36 29.67 30.66 1.53 2057335
SM-AN  SWIR 3 -27.97186  63.90687 6.57 355.72 253.20 30.66 28.04 1.67 4379756
SM-AN  SWIR 4 -28.40468  62.48292 6.66 356.19 65.05 28.04 4589 1.47 1620009
SM-AN  SWIR 5 -28.81275  61.80463 6.70 356.29 65.39 4589 21.63 1.50 1554555
SM-AN  SWIR 6 -28.99793  61.10407 6.74 356.55 64.16 21.63 137.44 1.22 2200814
SM-AN  SWIR 7 -30.66291  59.64672 6.84 356.40 254.88 137.44 50.27 150 5610136
SM-AN  SWIR 8 -31.70996  57.68906 6.94 356.92 131.11 50.27 203.61 1.12 4272373
SM-AN  SWIR 9 -33.70055  56.39605 7.02 356.68 131.24 203.61 66.66 1.08 4417996
SM-AN  SWIR 10 -34.36110  55.24813 7.07 357.05 60.32 66.66 44.39 131 1866287
SM-AN  SWIR 11 -34.74418  54.48724 7.11 357.32 66.74 4439 62.28 1.35 1925342
SM-AN  SWIR 12 -35.34749  53.87608 7.14 357.42 4461 62.28 0.00 1.42 1233203
LW-AN  SWIR 1 -35.44980  53.52162 7.37 0.70 21.06 0.00 76.02 1.38 762988
LW-AN  SWIR 2 -36.12830 52.85346 7.36 1.13 9258 76.02 111.63 1.13 3110012
LW-AN  SWIR 3 -38.00976  49.14486 7.33 356 576.51 111.63 141.94 194 7795241
LW-AN  SWIR 4  -40.30028  45.34907 7.29 6.32 138.86 141.94 40.96 147 3436059
LW-AN  SWIR 5 -40.98222  43.60392 7.26 7.61 143.34 4096 217.88 1.32 4078443
LW-AN  SWIR 6 -42.79260  42.11284 7.25 8.99 47.69 217.88 130.99 0.57 2832534
LW-AN  SWIR 7 -43.89076  40.90934 7.23 10.08 91.79 130.99 47.86 1.19 2912442
LW-AN  SWIR 8 -43.39413  39.84900 721 10.74 84.44 4786 101.01 1.23 2648334
LW-AN  SWIR 9 -4452763  37.40200 7.16 1280 32431 101.01 175.19 1.62 6629348
LW-AN  SWIR 10 -46.10050  34.31334 7.11 1557 7135 175.19 147.81 0.66 3551620
LW-AN  SWIR 11  -47.20813  32.93099 7.09 16.97 76.67 147.81 105.44 0.80 3362003
LW-AN  SWIR 12 -48.04974  31.81229 7.07 18.12 23.48 105.44 133.23 0.73 1462203
LW-AN  SWIR 13  -49.13129  30.54540 7.05 1948 21.04 133.23 0.00 0.94 1128966
NB-AN SWIR 1 -49.18814  30.35341 8.20 15.76 10.22 0.00 456.57 0.84 1142165
NB-AN SWIR 2 -52.67615  26.74986 8.14 20.18 137.95 456.57 137.41 0.97 5787635
NB-AN SWIR 3 -52.76229 18.76308 7.87 2750 1012.67 137.41 31.24 243 3958578
NB-AN SWIR 4 -52.94640 10.13585 7.55 36.00 32.17 3124 199.15 1.33 1491546
NB-AN SWIR 5 -54.10965 7.81689 752 38.95 32.01 199.15 23.08 1.39 1431316
NB-AN SWIR 6 -53.98690 7.01534 748 39.72 60.34 23.08 119.37 152 1753867
NB-AN SWIR 7 -54.45521 5.12765 744 4194 57.80 119.37 22.70 1.47 1694503
NB-AN SWIR 8 -54.05075 3.84523 737 4311 120.48 22,70 222.66 1.43 3359277
NB-AN SWIR 9 -54.89757 0.30274 7.30 47.37 5759 22266 28.64 120 2271104

NB-AN SWIR 10 -54.87546 -0.55455 7.27 48.31 28.47 28.64 0.00 2.22 408448
SWIR — Volasoc = 105.735-10° m3/yr — Mg el = 4.368 10 mol/yr
Volyors = 118.697-10° m3/yr




Mid Atlantic Ridge (MAR)

Plate Ridge # Lat Long Vs Os Lgeg Lot Lo He VOlisee
NB-SA  MAR 1 -54.42046  -1.15217 1437 70.60  102.38 000 6834 5.42 13068
NB-SA  MAR 2 5375606  -2.91932 1450 71.61 12481 6834 4329 5.19 11280
NB-SA  MAR 3 -52.84727  -4.35382 14.65 7248 13393 4329 3671 5.54 0
NB-SA  MAR 4 5143018 -592756 14.86 7346  240.66 36.71 27.88 5.85 0
NB-SA  MAR 5 -50.31319 -7.08888 1501 74.17 4757 27.88 42.64 5.49 0
NB-SA  MAR 6 -40.66685  -8.04556 15.10 7472  154.94 42.64 11321 520 239180
NB-SA  MAR 7 4896331 -10.05508 1522 7578  96.47 11321 3250 4.95 221435
NB-SA  MAR 8 -47.75196 -10.21190 1534 7597  169.25 3250 220.77 504 723840
NB-SA  MAR 9 -4439444 1522841 1572 78.63  909.74 220.77 41.86 599 765631
NB-SA  MAR 10 -40.16951 -16.47580 16.04 7941 5048 41.86 5956 5.29 0
NB-SA  MAR 11 -39.00470 -16.07861 16.10 79.26 16856 59.56 6161 5.76 0
NB-SA  MAR 12 -37.22709 -17.43766 1620 79.94  336.28 61.61 25544 565 966922
NB-SA  MAR 13 3481615 -15.11404 1629 78.90  109.59 255.44 6435 428 870357
NB-SA  MAR 14 -33.94673 -1452949 1631 78.65  57.54 6435 2452 549 0
NB-SA  MAR 15 -33.04515 -14.44955 1634 78.63  131.65 2452 12740 543 209531
NB-SA  MAR 16 -31.77377 -13.38542 16.37 78.15  88.03 127.40 17.71 526 202467
NB-SA  MAR 17 -31.02849 -13.41104 1638 7817 7204 17.71 1635 6.44 0
NB-SA  MAR 18 -30.28086 -13.75735 16.40 7833  99.97 16.35 2337 6.25 0
NB-SA  MAR 19 -29.55087 -13.67483 1641 7830  54.05 2337 66.80 5.62 0
NB-SA  MAR 20 -29.10059 -13.08102 1641 78.03 2311 66.80 64.91 4.48 0
NB-SA  MAR 21 -2854113 -12.53931 1642 77.79 7859 6491 5810 5.31 0
NB-SA  MAR 22 2679566 -13.63495 16.43 78.27  290.44 5810 4099 6.12 0
NB-SA  MAR 23 -25.33835 -13.64005 1642 78.25  81.07 40.99 51.08 5.72 0
NB-SA  MAR 24 2390301 -13.44429 1641 7814 21353 5108 89.77 5.80 69083
NB-SA  MAR 25 2250673 -12.82059 16.39 77.84 4302 89.77 12221 3.46 269853
NB-SA  MAR 26 -21.74893 -11.79814 1637 77.37  97.73 12221 3605 509 191386
NB-SA  MAR 27 -10.62899 -11.99782 1631 77.39 31326 36.05 4885 6.12 0
NB-SA  MAR 28 -18.15743 -12.85481 16.25 77.72 10441 4885 12534 507 210114
NB-SA  MAR 29 -17.15771 -14.24255 1620 78.29  168.00 12534 127.42 503 457775
NB-SA  MAR 30 -15.09301 -13.44096 16.10 77.84 24512 127.42 8407 553 279506
NB-SA  MAR 31 -13.26224 -14.63173 1598 7828 20597 84.07 58.13 5.65 46255
NB-SA  MAR 32 -12.02489 -14.34959 1589 78.08  44.63 5813 163.90 3.75 347901
NB-SA  MAR 33 -9.35053 -13.21921 1571 77.38  491.75 163.90 257.06 5.59 1505655
NB-SA  MAR 34 582992 -11.41381 1544 7628 10145 257.06 82.12 475 1083945
NB-SA  MAR 35  -4.85405 -12.36786 1532 76.61  64.06 8212 2353 5.15 53411
NB-SA  MAR 36 -424617 -12.27880 1526 76,51 5491 2353 29.03 5.94 0
NB-SA  MAR 37 -3.48483 -12.16008 1518 76.38 10112 29.03 21.59 5.96 0
NB-SA  MAR 38 -2.60188 -12.12097 15.09 7627  83.68 2159 47.78 5.63 0
NB-SA  MAR 39 217380 -12.65075 1503 7647  30.77 47.78 21.84 5.53 0
NB-SA  MAR 40  -1.46389 -12.99495 14.94 7655  137.74 21.84 317.60 4.43 1351719
NB-SA  MAR 41 -0.28708 -16.44551 14.70 78.06  247.82 317.60 868.94 3.73 5463107
NB-SA  MAR 42 -0.25523 2477940 1451 8229 20857 868.94 56.72 4.12 3241942
NB-SA  MAR 43 071029 -25.46979 14.37 8258 2182 5672 9681 3.30 186082
NB-SA  MAR 44 084224 -26.36207 14.34 8304 2627 96.81 144.67 2.42 691102
NB-SA  MAR 45 099269 -27.67949 1429 83.74 3462 144.67 302.85 156 1930624
NB-SA  MAR 46 153091 -30.55879 14.18 8528  206.43 302.85 58.64 4.50 1551787
NB-SA  MAR 47  3.32994 -31.42555 13.90 85.66  156.84 58.64 116.46 4.63 373508
NB-SA MAR 48 525665 -32.89355 13.50 86.40  279.63 116.46 51.20 4.98 417673




NB-SA
NB-SA
NB-SA
NB-SA
NB-SA
NB-SA
NB-SA
NB-SA

NB-SA

NB-SA
NB-NA
NB-NA
NB-NA
NB-NA
NB-NA
NB-NA
NB-NA
NB-NA
NB-NA
NB-NA
NB-NA
NB-NA
NB-NA
NB-NA
NB-NA
EU-NA
EU-NA
EU-NA
EU-NA
EU-NA
EU-NA
EU-NA
EU-NA
EU-NA
EU-NA
EU-NA
EU-NA
EU-NA
EU-NA
EU-NA

MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR

MAR

MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR

Q1 o1 o1 01 01 01 U1 B
o 00 WNPEL O O

[S1 )]
oo

© 00 ~NO O WN P

P e =
g b wWN RO

© 00N O~ WN P

N =
A WNRO

15

6.73919
7.32260
7.59660
8.00049
8.53715
9.79728
11.57014
12.46826

13.41714

14.59160
17.13520
20.66722
27.14688
32.10404
33.82348
34.30373
34.88505
35.35090
35.88385
36.36878
36.74436
37.03790
37.31200
37.76353
38.61590
39.79398
42.19823
48.41131
52.36942
54.15633
56.32569
61.62703
63.95557
64.11016
66.76140
69.76465
70.82870
71.49955
74.22753
79.38061

-33.82498
-34.62577
-36.73218
-38.04350
-39.56299
-40.69540
-43.71950
-44.10813

-44.91900

-45.03293
-46.58871
-45.61224
-44.40225
-40.36126
-37.71918
-37.11296
-36.42242
-34.84295
-34.15591
-33.70025
-33.24985
-32.90330
-32.29036
-31.64726
-30.55647
-29.81542
-29.22819
-28.29348
-31.69022
-35.16262
-34.37242
-26.49346
-22.01914
-21.27417
-18.56259
-15.59174
-12.13916
-12.15445

3.39232

3.73041

13.33
13.23
13.17
13.10
13.00
12.78
12.48
12.31

12.14

12.51
12.37
12.10
11.49
10.86
10.58
10.50
10.41
10.31
10.22
10.14
10.08
10.03
9.97
9.89
9.74
11.45
11.34
10.96
10.67
10.53
10.32
9.73
9.42
9.39
9.04
8.61
8.42
8.33
7.68
6.98

86.88
87.33
88.58
89.37
90.29
90.99
92.93
93.21

93.78

101.00
101.13
101.36
101.93
102.52
102.74
102.80
102.88
102.92
102.99
103.06
103.12
103.16
103.19
103.25
103.37

94.80

95.11

95.71

94.10

92.33

92.78

97.35
100.13
100.58
102.58
105.01
107.48
107.66
119.26
122.68

103.93
29.81
40.23
53.12
80.02

227.59

139.50
53.37

134.47

153.06
363.81
608.23
801.72
511.05
67.55
55.89
91.82
65.99
71.65
51.78
43.93
28.36
52.81
69.45
170.56
157.24
366.42
1014.47
43.46
361.61
104.79
1033.79
17.57
44.14
564.62
234.09
75.42
56.56
1145.89
61.13

51.20
82.49
231.45
144.51
175.19
111.88
308.81
43.19

82.38

0.00
176.09
32.71
149.90
68.14
116.53
42.57
47.75
129.02
46.45
26.03
28.21
20.65
43.53
39.91
51.36
0.00
20.22
32.47
118.50
238.36
29.79
21.91
14.80
21.15
13.38
46.82
79.00
33.40
211.96
115.48

82.49
231.45
144.51
175.19
111.88
308.81

43.19

82.38

0.00

176.09
32.71
149.90
68.14
116.53
42.57
47.75
129.02
46.45
26.03
28.21
20.65
43.53
39.91
51.36
0.00
20.22
32.47
118.50
238.36
29.79
21.91
14.80
21.15
13.38
46.82
79.00
33.40
211.96
115.48
0.00

4.31
1.97
1.65
1.98
2.64
3.79
3.44
3.50

4.63

4,77
4,99
4.66
4.43
4.01
2.62
3.30
2.65
2.37
3.57
3.82
3.81
3.63
3.25
3.10
3.65
4.79
4.49
4.24
111
3.67
4.01
3.73
3.63
3.60
3.24
2.60
2.10
1.60
2.27
0.96

153660
1131812
1798516
1464363
1315939
2416215
1667667

214794

235322

775863
894714
804304
1093138
1071302
741613
89378
945285
907728
63805

0

0

44787
83445
187992
176498
0

0
827852
2365105
1709391
0

0

0

0
269331
1373897
1150079
1942153
8152818
2302364

MAR — Vol <150 =

62.317 10° m®/yr — Mg e = 2.574 10** mollyr
Volyors = 1971.477-10° m3/yr



Gakkel Ridge

Plate Ridge # Lat Long Vs ;s Lgeg Lot Lor® He VOl isee
EU-NA  Gakkel 1 79.43151  3.28810 6.98 12237  67.63 000 14547 137 2025431
EU-NA  Gakkel 2 80.79494  -2.62758  6.87 11853 9324 14547 39.89 116 3036492
EU-NA  Gakkel 3 81.68984  -452123 677 11752 6843 39.89 24.99 162 1514627
EU-NA  Gakkel 4 83.29477  -3.40629  6.52 119.39 308.16 2499 16.63 1.68 5185889
EU-NA  Gakkel 5 8547513 16.89902  6.02 13943 31395 1663 539 140 6227209
EU-NA  Gakkel 6 86.25888 36.05575 574 159.04 7673 539 10.05 125 1746717
EU-NA  Gakkel 7 86.82696 53.26358 553 177.63 156.44 10.05 1327 110 3676189
EU-NA  Gakkel 8 85.94420 79.29794 522 203.47 34566 1327 1563 090 8407434
EU-NA  Gakkel 9 8431285 107.15284 469 231.73 24978 1563 1129 068 6776712
EU-NA  Gakkel 10  80.64899 12178009  3.91 244.93 699.87 11.29  0.00 0.46 20466647
Gakkel — Vol «isoc = 59.063 10° m®/yr — Mg el = 2.440 10™ mol/yr
Volyors = 26.674-10° m3/yr

America-Antarctica Ridge (AAR)

Plate Ridge # Lat Long Vs Qs Lgeg Lot Lo He VOl .isoc
AN-SR  AAR 1 -60.94715 -2539575 819 81.90 398 000 32804 1.82 465292
AN-SR  AAR 2 -60.56702 -19.39065  8.18 82.31 49.95 328.04 36.70 1.22 2380848
AN-SR  AAR 3 -60.12878 -18.77146 829 82.47 4121 3670 17.47 256 304009
AN-SR  AAR 4 5055641 -18.27576  8.43 82.64 9452 17.47 93.12 221 1144690
AN-SR  AAR 5 -58.81533 -16.17409 859 82.96 77.30 93.12 529.70 0.79 4390669
AN-SR  AAR 6 -57.33715  -6.56108  8.82 84.03 161.01 529.70 49.27 1.74 4146666
AN-SR  AAR 7 -56.56627  -5.39924  9.00 84.28 19.48 4927 47.48 224 480909
AN-SR  AAR 8 -56.14508  -4.72383  9.10 84.41 51.17 47.48 20172 1.61 1810675
AN-SR  AAR 9 -5537539  -1.51221  9.26 84.84 7243 201.72 30.87 2.13 1408395
AN-SR __ AAR 10 -54.92769  -0.77331  9.36 84.98 2504 30.87 _ 0.00 3.60 3731
AAR — Vol a150c = 16.536 10° m®/yr — Mg e = 0.683 10! mol/yr

Volyore = 18.825-10° m3/yr
Central Indian Ridge (CIR)

Plate Ridge # Lat Long Vs Qs Lgeg Lot Lo He VOlioe
CP-SM  CIR 1 -25.39754 69.95594 23.70 58.84 2802  0.00 2841 8.11 0
CP-SM  CIR 2 2491914 69.93925 2355 5863 5539 2841 1343 7.40 0
CP-SM  CIR 3 -24.49692 69.77563 23.38 58.60 3582 1343 1525 7.56 0
CP-SM CIR 4 -24.03367 69.62511 2321 5854 6027 1525 11.05 7.75 0
CP-SM  CIR 5 -23.45986 69.32949 2297 5858 7427 1105 19.16 7.63 0
CP-SM  CIR 6 -22.97274 69.19277 22.78 5849 3027 19.16 36.74 7.35 0
CP-SM  CIR 7 -22.43560 69.23200 22.61 58.16 5823 36.74 2061 7.23 0
CP-SM  CIR 8 -21.62753 68.89567 22.28 58.11 12202 20.61 2438 7.32 0
CP-SM  CIR 9 -20.89540 68.66261 21.99 57.97 3201 2438 1845 7.53 0
CP-SM  CIR 10 -20.56164  68.22561 21.79 58.29 71.68 1845 32.37 7.06 0
CP-SM CIR 11 -20.25139  67.64467 2157 58.81 4641 3237 6648 6.47 0
CP-SM  CIR 12 -20.20627 66.85359 21.40 59.74 50.38 66.48 42.79 6.36 0
CP-SM  CIR 13 -18.98482  65.63217 20.72 60.56 282.20 42.79 213.80 6.65 349246
CP-SM _CIR 14 -16.77081  66.67433 20.13 57.86  59.32 213.80 106.32 3.99 372076




CP-SM CIR 15 -15.82979 67.24255 19.92 56.51 61.47 106.32 20.73 5.85 6256
CP-SM CIR 16 -15.12889 67.00343 19.61 56.31 92.38 20.73 21.57 6.99 0
CP-SM CIR 17 -14.47151 66.26349 19.20 56.79 136.16 21.57 106.16 6.33 35258
CP-SM CIR 18 -12.68273 66.12654 18.50 55.60 185.18 106.16 106.71 5.86 135977
CP-SM CIR 19 -11.37086 66.26886 18.05 54.33 49.38 106.71 70.40 4.47 86728
CP-SM CIR 20 -10.57452 66.46904 17.81 53.37 75.01 70.40 79.38 5.24 0
CP-SM CIR 21 -9.76353 66.73598 17.59 52.28 32.09 79.38 236.34 3.23 560338
CP-SM CIR 22 -8.15604 68.15918 17.42 48.87 26.85 236.34 0.00 3.23 529136
IN-SM CIR 1 -7.94329 67.96945 16.74 41.04 34.75 0.00 58.61 4.74 0
IN-SM CIR 2 -7.28876 68.09257 16.65 40.50 50.85 58.61 88.52 4.60 47066
IN-SM CIR 3 -6.30581 68.27944 16.52 39.66 78.03 88.52 113.45 4.36 223491
IN-SM CIR 4 -5.11676 68.57101 16.37 38.57 58.07 113.45 59.97 4.41 166593
IN-SM CIR 5 -4.32002 68.54089 16.23 37.98 68.89 59.97 60.82 5.16 0
IN-SM CIR 6 -3.45216 68.34445 16.04 37.43 89.55 60.82 39.90 5.52 0
IN-SM CIR 7 -2.77722 68.09861 15.87 37.05 45.62 39.90 56.84 5.15 0
IN-SM CIR 8 -2.09492 68.14921 15.77 36.45 47.69 56.84 14.10 5.52 0
IN-SM CIR 9 -1.60709 67.74031 1559 36.31 94.59 14.10 46.43 5.94 0
IN-SM CIR 10 -0.85526 67.48326 15.40 35.82 48.38  46.43 5.64 5.89 0
IN-SM CIR 11 -0.51374 67.18074 15.27 35.71 50.27 5.64 32.40 6.16 0
IN-SM CIR 12 -0.07540 67.13848 15.19 35.34 19.21 32.40 15.60 6.10 0
IN-SM CIR 13 0.20910 67.04647 15.12 35.14 34.66 15.60 57.66 5.42 0
IN-SM CIR 14 1.89359 66.62253 14.73 33.81 37354 57.66 24.61 5.76 0
IN-SM CIR 15 4.13190 63.22371 13.48 33.64 513.98 24.61 24.67 5.36 0
IN-SM CIR 16 6.47085 60.53465 12.34 32.66 306.93 24.67 39.07 4.89 0
IN-SM CIR 17 7.86188 59.40582 11.78 31.58 83.33 39.07 18.35 4.49 0
IN-SM CIR 18 8.21730 58.66702 11.50 31.61 89.18 18.35 29.57 4.52 0
IN-SM CIR 19 8.79347 58.36177 11.31 30.98 30.34 29.57 28.02 4.45 0
IN-SM CIR 20 9.22969 58.20477 11.19 30.44 48.77 28.02 23.92 4.35 0
IN-SM CIR 21 9.78743 57.83138 10.98 29.84 84.32 23.92 42.52 4.10 7199
IN-SM CIR 22 9.90313 57.02568 10.73 30.24 65.26 4252 334.55 2.07 1710490
IN-SM CIR 23 12.89092 57.86974 1050 24.68 114.29 334.55 56.52 2.24 2285364
IN-SM CIR 24 13.67325 57.45661 10.26 23.51 39.84 56.52 0.00 3.54 124910
AR-SM CIR 1 13.81641 57.14068 12.00 21.59 42.33 0.00 19.99 5.27 0
AR-SM CIR 2 14.57111 55.36390 11.32 21.01 353.35 19.99 48.06 4.43 30707
AR-SM CIR 3 14.37428 53.57943 10.76 22.12 46.21  48.06 14.03 3.88 47944
AR-SM CIR 4 14.53199 52.75063 10.46 22.23 129.69 14.03 203.60 3.05 1257564
AR-SM CIR 5 13.26078 50.44581 9.89 26.06 176.96 203.60 90.16 2.53 2419251
AR-SM CIR 6 12.90230 49.04541 9.50 27.85 47.95 90.16  39.88 2.22 760742
AR-SM CIR 7 12.76490 48.57189 9.37 28.53 20.87 39.88 26.96 3.24 65906
AR-SM CIR 8 12.69043 48.22177 9.27 28.99 29.60 26.96  43.67 2.95 124884
AR-SM CIR 9 12.52322 47.72229 9.13 29.80 36.90 43.67 44.55 2.57 396311
AR-SM CIR 10 12.36640 47.18097 8.99 30.66 36.66 4455 37.05 2.65 335930
AR-SM CIR 11 12.25244 46.71483 8.86 31.38 29.23 37.05 32.80 2.79 190156
AR-SM CIR 12 12.15333 46.29018 8.75 32.05 33.93 32.80 34.01 2.73 184092
AR-SM CIR 13 11.89461 44.10414 8.11 35.28 385.82 34.01 0.00 2.72 280671
CIR — Volasoc = 12.734 10° m3/yr — Mg e = 0.526 10** mol/yr
Volvors = 878.091-10° m3/yr



Pacific Ridge (PAC)

Plate Rldge # Lat Long VS as Lseq Loffl Loff2 HC VOI<150fC
PA-AN PAC 1 -65.71152 -176.17723 25.96 320.44 66.38 0.00 23.18 8.10 0
PA-AN PAC 2 -65.32082 -174.39261 26.54 319.04 110.29 23.18 18.48 7.84 0
PA-AN PAC 3  -64.94025 -172.73328 27.10 317.74 58.52 18.48 11.86 8.12 0
PA-AN PAC 4 -64.48459 -171.84381 27.51 316.79 71.41 11.86 63.16 7.61 0
PA-AN PAC 5 -64.09029 -168.98540 28.32 314.95 187.03 63.16 25.35 7.77 0
PA-AN PAC 6 -63.12367 -166.12994 2940 312.64 164.11 25.35 31.12 7.94 0
PA-AN PAC 7 -62.66352 -164.31827 30.00 311.37 28.32 31.12 32.50 8.07 0
PA-AN PAC 8 -62.48879 -163.07388 30.34 310.63 80.36 32.50 143.25 7.22 0
PA-AN PAC 9 -62.76181 -159.78205 30.86 309.27 88.78 143.25 107.07 6.83 0
PA-AN PAC 10 -62.57845 -156.65853 31.55 307.62 131.31 107.07 44.11 7.65 0
PA-AN PAC 11 -60.90984 -153.20418 33.01 304.86 380.20 44.11 62.85 8.04 0
PA-AN PAC 12 -58.61238 -149.17188 34.85 301.74 279.24 62.85 69.46 8.03 0
PA-AN PAC 13 -56.71515 -145.99896 36.29 299.47 260.22 69.46 365.63 7.58 684941
PA-AN PAC 14 -55.65545 -138.40946 37.92 295.79 378.24 365.63 137.84 7.85 656480
PA-AN PAC 15 -54.23161 -134.82312 39.04 293.79 100.42 137.84 467.76 5.95 1042353
PA-AN PAC 16 -55.10536 -127.60113 39.49 290.84 67.77 467.76  392.87 3.68 1809879
PA-AN PAC 17 -55.08546 -121.10869 40.14 287.88 214.46 392.87 145.53 7.34 706205
PA-AN PAC 18 -53.82074 -118.09523 40.96 286.28 171.29 145.53 55.10 7.83 0
PA-AN PAC 19 -51.11759 -117.58648 42.12 285.65 424.67 55.10 211.31 8.08 0
PA-AN PAC 20 -46.13295 -112.70575 44.28 283.03 986.97 211.31 41.91 8.21 0
PA-AN PAC 21 -37.92818 -111.04275 46.64 281.90 671.09 41.91 0.00 7.83 0
NZ-PA PAC 1 -34.28819 -112.22581 73.86 105.36 277.11 0.00 21.68 7.72 0
NZ-PA PAC 2 -32.84735 -112.44971 73.81 10542 176.70 21.68 25.79 7.96 0
NZ-PA PAC 3 -31.89950 -112.06938 73.75 105.17 108.94 25.79 1.16 8.33 0
NZ-PA PAC 4 -30.11050 -111.80682 73.59 104.96 293.85 1.16 87.59 8.32 0
NZ-PA PAC 5 -28.64602 -112.98379 73.44 10558 294.13 87.59 0.87 8.38 0
NZ-PA PAC 6 -25.81924 -115.50433 73.09 106.94 428.42 0.87 107.27 8.43 0
NZ-PA PAC 7 -23.79812 -115.47167 72.69 106.92 68.27 107.27 60.64 7.94 0
NZ-PA PAC 8 -23.20816 -115.05990 72.54 106.70 19.34 60.64 47.49 7.73 0
NZ-PA PAC 9 -22.86185 -114.57168 72.42 106.43 36.84 47.49 1.95 8.47 0
NZ-PA PAC 10 -18.02756 -113.45808 70.92 105.90 1063.09 195 141.36 8.47 0
NZ-PA PAC 11 -11.16815 -110.50307 67.70 104.53 535.54 141.36 178.23 8.28 0
NZ-PA PAC 12 -7.76924 -107.89435 65.54 103.18 325.48 178.23 66.31 8.09 0
NZ-PA PAC 13 -5.42506 -106.60367 63.96 102.56 237.25 66.31 176.98 8.03 0
NZ-PA PAC 14 -4.09413 -104.56710 62.83 101.34 128.67 176.98 192.72 7.68 0
NZ-PA PAC 15 -1.27016 -102.41788 60.59 100.12 552.58 192.72 2.55 8.50 0
NZ-PA PAC 16 1.88292 -102.24950 58.20 100.32 156.19 2.55 0.00 8.85 0
CO-PA PAC 1 444065 -102.31898 61.71 79.74 638.06 0.00 142.37 8.57 0
CO-PA  PAC 2 9.27987 -104.21972 53.24 81.17 191.38 142.37 75.74 8.00 0
CO-PA PAC 3 1294955 -104.03582 46.99 79.61 572.22 75.74 93.49 8.30 0
CO-PA  PAC 4 1570090 -105.40924 41.76 81.23 115.60 93.49 13.29 8.04 0
CO-PA PAC 5 17.57230 -105.46856 38.39 80.61 275.81 13.29 412.57 7.72 813656
CO-PA PAC 6  21.44794 -108.64427 30.69 87.49 345.12 41257 84.83 7.60 1019038
CO-PA  PAC 7  23.44527 -108.54756 26.95 86.88 52.53 84.83 58.05 6.71 0
CO-PA  PAC 8 24.01862 -108.85333 25.84 87.81 20.12 58.05 56.04 6.85 0
CO-PA PAC 9  24.55885 -109.14306 24.81 88.76 35.82 56.04 115.05 5.62 0
CO-PA PAC 10  25.44207 -109.86998 23.14 91.48 37.13 115.05 132.73 4.55 1957
CO-PA PAC 11  26.34764 -110.77030 21.51 95.33 16.57 132.73 97.66 4.34 36748
CO-PA PAC 12 27.02547 -111.42730 20.37 98.52 21.09 97.66 43.06 5.31 0




CO-PA  PAC 13 27.46965 -111.60739 1958 99.71 36.10 43.06 332.04 3.82 841998
CO-PA  PAC 14 2978002 -113.87735 16.45 11452  36.69 332.04 000 157 1712956
JF-PA PAC 1 40.36701 -124.73290 23.66 11560 12.15 0.00 22922 3.03 476660
JF-PA PAC 2 41.03483 -127.44211 2356 111.49 126.88 229.22  17.00 6.44 341627
JF-PA PAC 3 41.99473 -127.12224 24.00 11153 8472 17.00 1487  7.67 0
JF-PA PAC 4 4268222 -126.75112 2432 111.75 70.83 14.87 19041 6.20 154841
JF-PA PAC 5 43.75040 -128.72448 2454 108.61 1862 19041 158.14  3.82 206844
JF-PA PAC 6 4670311 -129.43651 2566 106.66 526.83 158.14 137.13  7.58 14695
JF-PA  PAC 7 50.07888 -130.08947 26.91 104.84 177.73 137.13 000  7.43 0
PAC —Volasoe = 10.520 10° m3/yr — Mg el = 0.435 10 mollyr

Volvors = 11589.773-10° m3/yr
Nazca Ridge
Plate Ridge # Lat Long Vs Qs Lgeg Lot Lo® He VOl
NZ-AN  NAZCA 1 -45.95902 -75.92353 2627 7362 3679 000 5925  7.67 0
NZ-AN  NAZCA 2 -45.78001 -76.81061 2625 7434 3817 5925 7872  6.55 0
NZ-AN  NAZCA 3 -45.10275 -78.11847 26.18 7538 15501 78.72 291.02  6.45 412498
NZ-AN  NAZCA 4 -44.12948 -82.28358 26.03 7878 236.10 291.02  60.96  7.00 426234
NZ-AN  NAZCA 5 -42.48965 -83.58122 2585 79.77 12453 60.96  20.70  7.53 0
NZ-AN  NAZCA 6 -41.85966 -83.98133 2577 80.06 2321 2070 2001  7.86 0
NZ-AN  NAZCA 7 -41.67624 -8427791 2575 80.30 2297 2001 2875  7.77 0
NZ-AN  NAZCA 8 -41.53589 -84.68089 2573 80.63 1844 2875 7483  7.04 0
NZ-AN  NAZCA 9 -41.42657 -85.64753 2570 8145 2634 7483 17298 5.3 0
NZ-AN  NAZCA 10 -41.41703 -87.76043 2567 8326 2299 172.98 117.22  4.43 0
NZ-AN  NAZCA 11 -41.32419 -89.17822 2565 84.48 1673 117.22  97.15  5.20 0
NZ-AN  NAZCA 12 -41.26012 -90.34585 2563 8548 1489 97.15 7640 572 0
NZ-AN  NAZCA 13 -41.15974 -91.26639 2561 86.27 1541 7640  52.66  6.23 0
NZ-AN  NAZCA 14 -40.66945 -91.91550 2554 86.81 90.12 52.66  27.77  7.43 0
NZ-AN  NAZCA 15 -39.73436 -91.59370 25.42 86.49 147.18 27.77  88.40 7.24 0
NZ-AN  NAZCA 16 -38.67273 -92.60607 2526 87.33 67.91 8840 10933 595 0
NZ-AN  NAZCA 17 -38.25016 -93.86899 25.19 88.42 2527 109.33  18.17  6.38 0
NZ-AN  NAZCA 18 -37.71169 -94.09828 2511 8861 9468 1817 111.00  7.00 0
NZ-AN  NAZCA 19 -37.18676 -95.36135 25.03 89.71 22.10 111.00 15050  4.76 0
NZ-AN  NAZCA 20 -36.67434 -97.06581 24.94 9121 8753 15050 63548 3.91 1542099
NZ-AN  NAZCA 21 -35.74185 -104.09239 24.85 97.45 16.33 63548  57.48  3.65 757176
NZ-AN  NAZCA 22 -3552024 -104.68559 24.82 97.98 1685 57.48 41922  3.80 509903
NZ-AN  NAZCA 23 -34.57586 -109.24777 2477 102.04 29.88 419.22 000 2.14 831177
Nazca — Vol <is0c = 6.657 10° m3/yr — Mg e = 0.275 10 mol/yr

Volmore = 1020.456-10° m®/yr

South East Indian Ridge (SEIR)
Plate Ridge # Lat Long Vs @& Leeg Lot Lot He VOlge
CP-AN  SEIR 1 -2584694 7027286 26,83 46,18 82,89 000 2324 810 0
CP-AN  SEIR 2 -26,13218 70,81129 27,00 4585 3478 23,24 4260 7,56 0
CP-AN  SEIR 3 -26,16140 71,41515 27,12 4535 54,03 42,60 10,33 7,92 0
CP-AN  SEIR 4 -26,85161 72,25254 27,43 44,96 177,81 10,33 2530 7,90 0
CP-AN _ SEIR 5 -27,42965  73,20802 27,72 44,42 30,14 2530 2551 8,08 0
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130,87
183,45
130,92
96,70
198,60
25,11
208,97
115,34
69,08
48,56
61,46
270,07
303,04
232,10
294,20
455,42
52,50
312,12
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99,41
82,11
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39,62
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83,09
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82,62
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25,51
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51,81
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AU-AN  SEIR 42 -60,14462 152,19274 33,16 347,41 162,87 10335 358,50 6,92 728530
AU-AN  SEIR 43 -62,14109 158,68057 32,63 340,42 287,37 35850 8224 755 750952
AU-AN  SEIR 44 6191622 162,39587 32,21 336,88 58,24 8224 0,00 786 0
PA-AN  SEIR 1 -61,91622 162,39587 21,97 324,89 5824 000 8598 6,90 0
PA-AN  SEIR 2 -62,20906 164,34632 22,42 324,61 64,62 8598 100,69 563 0
PA-AN  SEIR 3 -62,59358 166,51277 22,87 324,35 6526 100,69 10,81 6,56 0
PA-AN  SEIR 4 -62,43952 167,30994 23,16 323,78 18,96 10,81 11875 6,30 0
PA-AN SEIR 5 -62,98177 169,59011 23,56 323,63 77,85 118,75 128,15 5,49 0
PA-AN SEIR 6 -63,46578 172,50893 24,14 323,04 84,21 128,15 150,12 5,65 27992
PA-AN  SEIR 7 -64,24544 17533684 2454 322,81 2854 150,12 61,30 534 3502
PA-AN  SEIR 8 -64,53652 176,53038 24,72 322,63 23,06 61,30 37,12 6,68 0
PA-AN SEIR 9 -64,67285 177,38597 24,87 322,39 21,72 37,12 77,74 6,25 0
PA-AN SEIR 10 -65,07613 178,87740 25,07 322,19 34,69 77,74 87,35 5,83 0
PA-AN  SEIR 11 -65,35813 -178,99829 2546 321,47 69,27 87,35 0,00 7,23 0
SEIR —Volaspe = 4.125 10° m3/yr — Mg = 0.170 10™ mol/yr
Volyore = 3938.797-10° m3/yr

Galapagos Ridge

Plate Ridge # Lat Long Vs Qs Lggg Loffl Loff2 He  VOl.isoc
CO-NZ  Galap 1 443769 -82,42040 30,77 359,37 22,60 000 8105 8,06 0
CO-NZ  Galap 2 373354 -82,74569 30,67 359,74 27,63 8105 56,77 6,65 0
CO-NZ  Galap 3 3,29581 -83,59234 30,41 359,94 146,05 56,77 129,93 7,64 0
CO-NZ  Galap 4 220103 -84,53967 30,12 055 21,08 129,93 62,85 6,14 0
CO-NZ  Galap 5  1,66408 -84,95896 29,99 0,86 53,55 62,85 110,37 6,73 0
CO-NZ  Galap 6 080288 -86,19891 2959 1,40 184,55 110,37 26,51 7,78 0
CO-NZ  Galap 7 081165 -88,88231 2867 1,40 39524 2651 109,81 7,86 0
CO-NZ  Galap 8  2,26923 -93,17518 27,05 0,20 51566 109,81 43,24 7,74 0
CO-NZ  Galap 9  2,29465 -9599881 2591 0,07 103,88 4324 3327 7,36 0
CO-NZ Galap 10 224114 -97,71510 2519 0,05 257,02 3327 2687 7,44 0
CO-NZ Galap 11 228475 -99,37842 24,47 359,94 106,42 26,87 20,49 752 0
CO-NZ Galap 12 223886 -100,08894 24,16 359,96 46,55 20,49 0,00 7,99 0

Galapagos — Vol <i50c =

Volyors = 791.925-10° m3/yr

0.0 m3/yr — Mg e = 0.0 mol/yr



Table S2.Bulk rock composition of samples from the Vemaokitheric Sectidi. Data show a
variety of serpentinized rocks, texturally rangingm porphyroclastic to mylonitic.

Sample 5i02 | TiO2 | Al203 | FeOtot| MnO | MgO | CaO Na20| K20 |P205 LOI | Sum
S$1902/21 | 3961 | 007 | 123 |75866| 01 (3583138 | 038 | 0.02 | 0.04 | 131 |99.32
$1902/22 | 4006 | 006 | 282 |83215| 012 |3349 217 | 066 | 0.03 | 0.06 | 11.5 19925
$1902/26 | 378 0.06 | 0.82 [10.247| 012 |3539| 0.58 | 068 | 0.03 | 0.09 | 13.2 |99.03
51903/25 | 4040 006 | 113 | 695 | 0.08 |37.08 095 039 | 0.03 | 0.04 122 9940
51904/64 | 396 | 003 | 131 76315 025 |3722| 048 028 004 | 0.06 | 124 |99.25
5190723 | 4042 012 | 268 | 7.04 | 019 3587 1.36 | 0.30 | 0.04 | 0.05 | 11.3 | 99.39
5190730 | 3934 | 001 | 091 | 847 | 012 3629 0.61 | 0.47 | 0.04 | 0.05 | 12.9 [99.21
$1912/04 | 3973 | 007 | 244 | 1204 | 022 3226 357 | 054 | 0.04 | 015 | 7.8 |95.86
$1912/33 | 3664 | 008 | 249 | 1586 | 0.40 |30.75 285 | 081 | 0.07 | 0.24 | 8.2 9843
$1913/36 | 3713 | 004 | 120 | 818 | 0.10 |3542 351 | 037 | 0.02 | 0.05 132 9923
$1913/37 | 4492 | 004 | 100 | 1019 | 014 (3029 249 | 066 | 0.10 | 0.05 92 9908
$1945M17 | 3967 | 004 | 207 | 978 | 018 |33.79) 132 | 051 | 0.06 | 0.11 | 11.5 [99.05
$19415/70 | 3890 | 004 | 167 | 1098 | 017 |3442 165 | 051 | 0.04 | 013 | 104 1 98.93
5$19-20/85 | 3798 | 010 | 300 | 1218 | 0.35 | 3054 3.02 | 0.55 | 0.05 | 0.15 | 10.9 | 96.79
$1905/55 | 4059 001 | 114 | 814 | 016 (3651 047 | 034 | 0.03 | 0.03 | 119 9928
51905/64 | 4119 | 002 | 125 | 626 | 012 3835 043 | 025 | 0.02 | 0.01 | 11.6 | 99.52
51905/84 | 4069 | 002 | 068 | 850 | 015 3704|067 035 003 | 0.04 | 111 |99.25
$19-23/39 | 4048 002 | 136 | 595 | 0.09 3881 016 | 0.21 | 0.02 | 0.02 | 124 [99.54
$19-23/41 | 3997 | 002 | 116 | 622 | 0.10 |38.98 0.21 | 0.19 | 0.01 | 0.02 | 12.6 | 99.50
5$19-23/45 | 4001 | 002 | 124 | 809 | 011 3756 078 | 032 | 0.03 | 0.06  11.1 /9933
$19-23/46 | 4020 | 003 | 159 | 788 | 016 |37.38 066 | 0.41 | 0.06 | 0.05 109 1 99.35
$19-23/49 | 4051 | 003 | 122 | 693 | 011 |38.05 023 | 045 | 0.05 | 0.03 | 11.8 | 99.41
$19-2419 | 4017 | 004 | 132 | 829 | 015 |36.05 146 | 034 | 0.02 | 0.05 114 9925
$19-25/11 | 4049 | 001 | 052 | 818 | 0.08 3657 085|032 | 0.03 | 0.03 | 12.2 |99.27
$19-27/01 | 4023 | 003 | 158 | 641 | 018 3849 062 | 0.26 | 0.04 | 0.03 | 11.6 |99.46
519-28/23 | 4032 | 002 | 13% | 739 | 024 |37.04 097 | 0.29 | 0.03 | 0.04 | 11.6 | 99.31
$19-30/30 | 3910 001 | 071 | 730 | 0.20 /3930 0.06 | 0.23 | 0.02 | 0.03 | 12.3 | 99.29
$19-30/72 | 3959 | 004 | 139 | 625 | 036 |38.77 030 | 0.27 | 0.03 | 0.03 | 12.5 | 99.50
$19-30/79 | 4080 002 | 176 | 1003 | 0.16 |33.22| 165 | 0.30 | 0.03 | 0.11 | 11.2 [ 99.29




Table S3. Reconstructed primary bulk rock major elements ammges from the Vema

Lithospheric Sectidfi.
reconstr. bulk rock rock mode weight rock mode velume estimated olivine sp

sample sum | Sitot Mgtot Fetot| ol  opx  cpx  sp ol  opx cpx sp |Mgol Feol i 5i02
§1902.05 7 43.4 4 49 | 070 0190 0023 00080 0.023 0.008 [ 5004 9.18 0.02
5190207 2 0280 | 0.032  0.013] 0 0.032 0.02
51904-38A 0251 | 0.015 | 0.021) 0 0.015 0.04
51904-39 0.317 | 0.032 | 0.005 | 0 0.032 0.02
51904-40A 0215 | 0.011 | 0.018 | 0 0.011 0.00
51904-42A 0296 | 0.037  0.021) 0 0.037 0.01
51905-59 0233 0112 o002z o 0.112 0.01
§1912.04A 0285 0431 0.041) 0 0.00
§1912.06 0.248 | 0.046  0.018] 0 0.01
§1913-01 0203 | 0.055  0.023)] 0 0.01
§1913-07A 0.294 | 0.070  0.033] 0 0.00
§1923-38A 0233 | 0.000 0.018] 0 0.00
51923427 0190 | 0.002 | 0.02¢] 0 0.02
§1923-84A 195 0.023 0070 0.02
51923-86A 4 0.012 0036 0. 0.01
51924-01A 0.074 | 0.020 | 0.7 0.02
51924-04 0.036 00140 0.00
51924-12 0.045 00420 0.00
51927-03A 0.048 0016 0 0.00
51927-05A 0.031 | 0022 0 0.01
51928-09A 0085 0028 |0 0.03
5192810 0.028 | 00310 0.03
§1928-15A 0.052 | 0.030| 0 0.02
§1928-19 53 0.037 | 0029 0 0.03
§2209-01A 3 0,048 0.005] 0 5 2 0.02
§2220.04 8 0.006 0.008]0 .98 2 0.01
§2220-06 70012 0.003) 0 13 3. 0.04
§2221-01A S | 0.084 | 0.018 | 0.508 2 2. 0.02
52221-04B 9 | 0.030  0.016 ] 0.755 | 0189 | 0.030 38 2. 0.01
52221-05B 50023 0.012] 0750 | 0215 | 0.023 12 2 0.00
P7003-23A 0 0.011 ) 0.011] 0.8%8 | 0120 | 0.011 5.02 2 0.00




Table S4.Regression results and correlation values. Regoesshave been performed for each
oxide pair in order to derive the correlation betmemajor oxides in pyroxenes and in
olivine. Plots refer to panels in figure S7.

Mgol Sbl Feol
Int Slope | R Int Slope | R Int |Slope | R

Plot 1- Mgopx Value 34.20| 0.479| 0.46 38.30| 0.074 0.02| 21.09|-0.372 0.36
o 1.40| 0.043 1.33| 0.041 1.33| 0.041

Plot 2- Siopx Value 28.90| 0.378 0.43 33.14| 0.138 0.11| 29.35|-0.369 0.54
o 1.96| 0.036 1.73| 0.032 1.55| 0.028

Plot 3 Feopx Value 52.78 | -0.547 0.11 42.35|-0.289 0.06 3.96| 0.893 0.41
() 0.72| 0.124 0.52| 0.090 0.51| 0.089

Plot 4 Mgcpx Value 49.82|-0.010| 0.01 39.94| 0.041 0.01 9.85|-0.041 0.01
() 0.59| 0.034 0.40| 0.023 0.49| 0.028

Plot 5 Sicpx Value 35.66| 0.271| 0.24 34.15| 0.126 0.11| 24.79|-0.304 0.45
o 2.00| 0.039 1.49| 0.029 1.40| 0.027

Plot 6 Fecpx Value 51.23|-0.556| 0.26 40.86 | -0.069 0.00 7.71| 0.497 0.31
() 0.22| 0.075 0.17| 0.060 0.17| 0.060

Table S5.Temporal variations of spreading rates(yridge length (excluding transform faults),
mean crustal thickness {} oceanic crustal production rate, and volumé/gm) of mantle
rocks (Volispec) that can interact yearly with seawater at T<15Q ®stimated along
present day and paleo mid-ocean ridges since 150 Ma

Mean Ridge Mean MORB MORP
Chron | Age | V. (mm/yr) | Length (km) Hc (km) Prod. Rate (km %/yr) | T<150C (km 3/yr)
Cly 0.0 25.89 55875 5.58 20.35 0.2777
C50 10.9 26.38 54460 5.93 21.66 0.2421
C60 20.1 28.90 55122 6.13 22.43 0.2207
C13y 33.1 29.35 51638 6.21 20.87 0.2591
C180 40.1 27.53 56008 6.02 21.82 0.2355
C2ly 47.9 28.87 54624 6.08 22.01 0.2308
C25y 55.9 29.42 52276 6.23 20.94 0.2795
C31ly 67.7 30.76 56142 6.64 25.82 0.1287
C34y 83.5 33.35 58855 6.89 27.31 0.0705
MO 120.4 38.13 52103 7.00 28.94 0.0431
M10 131.9 44.32 44468 7.08 28.28 0.0567
M16 139.6 43.20 48663 7.04 29.81 0.0199
M21 147.7 41.86 47120 7.01 27.32 0.0852
M25 154.3 45.88 46934 7.09 30.52 0.0068




