Serpentinite in Subduction Zones:  How do we find it, and how common is it?

Background Reading (we’ll draw information from the following):
Fryer, P. and G. J. Fryer, 1987, Origins of non-volcanic seamounts in forearc environments, in "Seamount Islands and Atolls" (Keating et al. eds.), AGU Monograph Series 43, 61-69.
Savov, I.P., Ryan, J.G., Kelley, K. and Mattie, P.D., 2005, Geochemistry of serpentinites from the Mariana Forearc- Conical  Seamount, ODP Leg 125: describing fluid-mediated slab additions.  Geochemistry, Geophysics, Geosystems, vol. 6, Q04J15 DOI10.1029/2004GC000777.

DeShon, H.R., and Schwartz, S.Y., 2004, Evidence for serpentinization of the forearc mantle wedge along the Nicoya Peninsula, Costa Rica. Geophysical Research Letters, vol. 31, L21611, doi:10.1029/2004GL021179.

Syracuse, E., Abers, G., Fischer, K., MacKenzie, L., Rychert, C., Protti, M, Gonzalez, V., and Strauch, W., 2006, Seismic tomography and earthquake locations in the Nicaraguan and Costa Rican upper mantle. Geochemistry, Geophysics, Geosystems, vol. 9, Q07S08, doi:10.1029/2008GC001963.

Wiens, D., et al (2007) Large Scale Seismological Imaging of the Mariana Subduction Zone.  Presentation at “Subduction Factory Studies in the Izu-Bonin-Mariana Arc System: Results and Future Plans”  (http://www.nsf-margins.org/IBM07/presentations.html)

Supporting data from the following:

O’Hanley, D., 1996, Serpentinites: Records of Tectonic and Petrological History.  Longman, Oxford Monographs on Geology and Geophysics, no. 34.
One of the unique features of the Mariana subduction system is the presence of erupting seamounts in its shallow forearc region composed almost entirely of serpentinite – specifically, eruptive serpentine muds, and entrained pieces of highly serpentinized ultramafic rocks. Fryer and Fryer (1987) first reported on this phenomenon, and careful examination of these features occurred as part of Ocean Drilling Program Leg 125, and later Leg 195, when several sites were drilled on the Conical Seamount, and the South Chamorro Seamount, respectively.   

Before this discovery, the occurrence of serpentine or serpentinite as an important constituent of modern subduction zones was little considered, despite the importance of this mineral in classical mélange deposits and other kinds of metamorphosed ultramafic assemblages (see O’Hanley, 1996, for more extensive discussions).   How prevalent is subduction zone serpentinite?  We’ll explore this question in the following activity.

[image: image1.jpg]TE

~ 20m
Asuncion | contcaL 1]
- | SEAMOUNT,
| ODP Leg 125
¥

19N 1o

aepth(m)
T s |f <1000
2000
3000
N 178 |E ao00
5000
ol G - 5000

1N ‘ 3 16
I : ' ‘- 7 ; 7000
i £ i > | 2000
5000

15N e
10000

N e

a2 145 146°E 147 145



    

[image: image2.png]Distance !mrgo Irench Axis (km)

4 o
ot okt
oo

/‘Ywm mugvoaro

Fxcondut of mudvacano.

aniton n resctons
it subducing 95
. ighprossuro metamarpic
o0k ncludod n o fows.

Depth (km)




Figure 1: Colorized Bathymetric Map of the Mariana arc and forearc, from Fryer (2007).  Conical and South Chamorro Seamounts, sites of ODP Leg 125 and Leg 195 Drilling , are indicated.

Figure 2: Schematic diagram of likely formation conditions for Mariana serpentinite seamounts, from Fryer (2007)

First: let’s gather a bit of information about serpentine itself!

1) Using your Mineralogy textbook, Google, or other literature and/or online sources, obtain chemical formulas and physical properties for the following minerals, including: hardness, density or specific gravity, and cleavage + any other “special” properties:

a) Chrysotile 

b) Lizardite

c) Antigorite

d) Talc

e) Olivine

f) Enstatite (variety Bronzite)

g) Magnetite

h) What are the structural differences among Chrysotile, Lizardite, and Antigorite?

2) The attached diagrams come from O’Hanley (1996), and offer a more precise characterization of certain aspects of serpentine mineralogy.  Look over these diagrams carefully, and from them answer the following questions:

a) Do Chrysotile, Antigorite, and Lizardite have identical compositions?   If not, how do they vary (qualitatively)?

b) Which serpentine group mineral is common at the lowest temperatures?

c) What are the highest temperatures at which serpentine can stably exist (and what variety of serpentine exists here)?

d) What mineral(s) does serpentine break down to, or form from, at these temperatures?

e) If an ultramafic rock becomes serpentinized, what happens to the iron in that rock? (in particular, look at Figure 2.9 and 2.10 for hints. (also, if available, examine thin sections of serpentinized ultramafic rocks)
3) O’Hanley (1996) notes that the transition of an olivine-rich ultramafic rock fully to a serpentinite will result in a significant increase in overall volume, as the rock incorporates H2O (up to 12-14% in serpentine structures) and transitions to a more open, sheet silicate structure.  Figure 1.9 (included here) provides a means for estimating the volume change for varying ultramafic rock mineral assemblages, and varying amounts of Mg loss (which can occur via the transit of serpentinizing fluids).

a) The forearc serpentinites reported on by Fryer and Fryer (1987), and examined in detail by Savov et al (2005), are formed in a region of the Mariana forearc in which the depth to the downgoing plate is about 30 km.  In GeoMapApp, examine this region (seek out the Izu-Bonin-Mariana Focus site map closeup that is part of the software for ease of navigation), and use the Profile tool to examine the relative elevation of the shallow forearc region relative to the arc, the near-arc basin, and the trench: do profiles at several points along the central part of the arc and take an average of what you find.  Does this region of ocean crust sit higher than it surroundings?  If so, by what amount (in km)?

b) Assuming the Mariana serpentinites are about 90% or more serpentine minerals + 10% or less brucite, estimate the maximum volume increase possible during the serpentinization of these rocks, presuming a harzburgitic mantle assemblage (i.e., 80% olivine, 20% OPX). 

c) On Earth, volume or density differences in the crust and lithosphere can be expressed as changes in relative elevation, as the lower density the crust + lithospheric mantle package essentially “floats” on the hot and plastic aesthenospheric mantle below, much as an iceberg does on the ocean.  The degree to which lithospheric rocks “ride higher” on the aesthenosphere (a phenomenon called Isotstatic Compensation) is related to a first order to differences in density (i.e., the density of liquid water is 1.0 g/cm3, while the density of ice is around 0.9 g/cm3, so approximately 10% of an iceberg is exposed above the waterline when both are in isostatic equilibrium).  However, in the case of the forearc mantle wedge above a subducting slab, we can assume that the downgoing plate acts as a rigid lower barrier to isostatic equilibration.  Volume increases associated with the hydration of the crust or mantle in the forearc would therefore have to be compensated vertically and/or laterally.  

i. Assume the forearc crust in the Marianas is approximately 15 km thick, with a density of 2.5 g/cm3. 

ii. Taking your result from above for the maximum volume increase possible via the serpentinization of the forearc mantle wedge, what is the maximum elevation increase one might expect to see if the Mariana forearc mantle section is 100% serpentinized, as suggested by some geophysical studies? 

iii. Does the Mariana forearc stand that high, based on your GeoMapApp measurements of the forearc rise?  

iv. If the forearc isn’t high enough, offer a reason why it may not be so, and provide some evidence to support them (i.e., bathymetric observations in GeoMapApp; a different density/volume/elevation calculation, etc.)

4) The DeShon and Schwartz (2004), and Syracuse et al (2006) papers in your list of references offers another means of ascertaining the presence or absence of serpentinite in the forearc.   

a) What kind of data are DeShon and Schwartz examining?

b) What is their criteria for the presence of forearc serpentinite? (i.e., what parameter(s) do they rely on as indicator(s)?)

c) Is the location of their study the only place where forearc serpentinite is presumed to be important?  Name others that have been noted.

d) Is there geophysical evidence for serpentinite in the Mariana forearc?  If so, what is it?  Examine the MARGINS-IFREE IBM Workshop presentation by Wiens, et al to answer this question.

e) What is the percentage of serpentinite that DeShon and Schwartz suggest is present in the Central American forearc?  How does this estimate agree with those made by Savov et al (2005) based on their geochemical results?

f) Syracuse et al (2006) also remarks upon the presence of serpentinite in the Central American subduction system.  Where in the system do they identify it as present, and how do they identify it?   

g) Based on your examination of the DeShon and Schwartz (2004) and Syracuse et al (2006) papers, do their respective results suggest any sort of conflicts or disagreements in the geophysical results from the Central American forearc?   Why or why not?
