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Most abyssal peridotites have the traces of the low-temperature submarine weathering
(halmyrolysis). The reduced magnesium content over the silica one is a special feature of ocean
ultramafic rocks contacted with cold seawater. The magnesium loss as against the initial bulk
composition reaches about 5 wt. % [Snow and Dick, 1995]. On the other hand the decrease of
magnesium content in peridotites can be a result of steatitization (the replacement of serpentine and
other silicate minerals by talc). This process occurs due to hydrothermal alteration of substratum
rocks at temperature above 350°С [Klein and Bach, 2009]. But the enrichment by Sr87 and O18
shows that the transformation of these rocks is realized under seawater influence at temperature
below 150°С [Snow and Dick, 1995]. This investigation aimed to simulate the low-temperature
weathering of serpentinized peridotites under seafloor conditions.
Thermodynamic calculations with accounting of mineral dissolution kinetics were
implemented on a basis of complex GEOCHEQ (thermodynamic data base derived from
SUPCRT92) [Mironenko et al., 2008]. The iterative “washing” of serpentinite by seawater under
seafloor conditions* was simulated. Modeling system was СО2 open and the carbon dioxide partial
pressure was 4·10-4 bar. The composition of spinel lherzolite (sample DR 37-14) [Silantyev et al.,
2011] have been used as an initial modeling substratum composition exposed to submarine
weathering. This sample consists of 70% serpentine, 15% orthopyroxene, 7% clinopyroxene, 5%
spinel and 3% olivine.

Fig. 1. The simulation of the mineral composition transformation of serpentinite as a result of weathering under
seafloor conditions**

According received modeling results, the primary minerals were dissolved in the next
sequence (Fig. 1): orthopyroxene (550 model years)  olivine (1550)  clinopyroxene (1600) 
spinel (3000)  serpentine (29000). This row corresponds with literary data: clinopyroxene is the
most maintained primary silicate phase [Snow and Dick, 1995], and spinel is the most stable
primary mineral [Wang et al., 2009].
*The calculations were implemented at temperature 15°С and pressure 1 bar.
**Mineral symbols: Cpx - clinopyroxene, Dol - dolomite, Gt - goethite, Ill - illite, Mgs - magnesite, Na-Mnt – Namontmorillonite, Fe-Mnt - nontronite (Fe-montmorillonite), Ol - olivine, Opx - orthopyroxene, Py - pyrite, Srp serpentine, Spl – spinel, Tlc – talc.

The secondary talc which can be correlated with deweylite*** dominated at first stage of
weathering until 3000 model years. Carbonates gradually started to prevail after serpentine
dissolution. Before 25000 model years the weathering crust had a considerable value of nontronite,
but after the complete serpentine dissolution it was effectively extracted from the rock. At final
stage of forming the weathering crust consisted of carbonates (73 vol. %), talc (deweylite) (21 vol.
%), goethite (3 vol. %), Na-montmorillonite (2 vol. %) and illite (1 vol. %). In the course of
weathering the general volume of rock gradually increased to 2 times as against the initial volume
(Table 1).
According literary data abyssal peridotites weathered at low-temperature contain the next
mineral phases: aragonite, clay minerals including illite [Snow and Dick, 1995] and nontronite
[Bach et al., 2001], talc [Wang et al., 2009], iron oxides and hydroxides that colour altered
peridotites in reddish and bright orange [Luguet et al., 2003].
Table 1. The bulk composition transformation and the volume change of serpentinite as a result of submarine
weathering. The results of numerical modeling

SiO2
Al2O3
FeO
K2O
CaO
MgO
Na2O
V/Vinitial*100%

Primary
composition
46.58
2.77
12.34
0.10
1.14
36.55
0.52
100

250 model
years
46.04
3.47
11.57
0.09
3.57
35.09
0.17
111

2250 model
years
39.07
2.78
10.12
0.06
11.22
36.69
0.07
151

14 000 model
years
29.66
1.01
8.49
0.07
18.46
42.23
0.08
140

100 000
model years
22.62
0.77
6.46
0.05
23.41
46.62
0.06
198

At first stage (until 250 model years) the weathering crust bulk composition change
characterized by magnesium loss (up to 1.5 wt. %) (Table 1) as a result of the primary silicate
minerals dissolution and the replacement of them by talc (deweylite). Then the magnesium gain as
carbonates began and the one content in the bulk composition significantly increased from the
seawater source. Throughout the serpentinite washing by seawater, the relative value of silica, iron
and alumina decreased. However it wasn’t observed the loss or gain of these elements that is in
accordance with Snow and Dick data [Snow and Dick, 1995]. It can be explained by the carbonates
accumulation in the weathering crust and as a consequence the general volume increase. At ones the
source of calcium can be both the weathered substratum and seawater [Brady and Gislason, 1997].
At the initial weathering stage the calcium content can archive 6.4 - 8.3 wt. % [Luguet et al., 2003].
To summarize, at first stage the weathering of serpentinized peridotites under seafloor
conditions characterizes by the magnesium loss as a result of the replacement of primary silicate
minerals by talc (deweylite). Afterward the magnesium and calcium content significantly increases
due to the carbonates accumulation in the weathering crust.
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