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Phase transition buoyancy contributions to stresses 
in subducting lithosphere 
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A b s t r a c t .  The sequence of phase irai~sitions under- 
gone by minerals with increasing dcpth in Earth's man- 
tle is perturbed wit,hin subducting lithospheric slabs by 
t,heir thernial structure. Sucli perturbation of equilib- 
rium phase relations gives rise t,o relative bnoyancy con- 
t,rasts between slab and rr~aritle that  contribute t,o tlie 
state of scress within the slab. JI'llile ollrer factors co11- 
tribute to overall slab stresses, thermal a ~ ~ d  pllase t r am 
sition cfects largely control the structilre of the m e s s  
field within the s l a b  The resnlt,ing rnaxim~im in down- 
dip compressive stress within the slab corresponds t o  
the ohserved peak in depth dist,ribution of deep seismic- 
ity. Furtlicrmore, metast,able persisience of lower pres- 
sure phnses within fhr cold slab shor~ld give rise t o  lo- 
calized shear stresses whose distribution corresponds to 
observed features of snbduction zone seismicity, These 
observations are independent of the variely of failure 
mechanisrr~s propvsrd for deep seismogenesis. 

A number of factors ( e .g ,  r-isrolls drag [Dntizes, 19801, 
interplate friction [Worlel a n d  I'laar, 19881) may con- 
tribute to the st,ate of stress in a subducting litliosplieric 
slab. Contributions frorr~ putative viscosity increases 
[I<2n9, 19951 or compositional changes [Zhao and A?]- 
dcrsur~, 19941 near the top of the lo\\-rr mantle remain 
topics of debate. Wha l  is not disputed is that  the inin- 
erals of slab and mantle undergo phase transformations 
with increasing depth [Ring~u~uud; 19821. Internal slab 
stresses may arise from rheolog~cal response to associ- 
at,ed heterogeneous volume changes, accur~iulated over 
the sequence of phase changes urldergonc throi~ghout, 
suhduction [Coto r l  al.: 19871. Perliaps the simplest 
strt:ss cont,ributions, l~i,wcver, arise fro111 instarltaneous 
buoyancy contrasts between slab and mantle. The ncg- 
ative thc11na1 buoyi~~lcy or t11r cold slab is suppl~nlznted 
by body forces, of si~rlilar m a g ~ l i t l ~ d r ,  arising from t,he 
thermal perturbation of equilihriuin phase boundaries 
[Turcofte a a d  S C ~ I I ~ P ~ ~ .  1971, 19721. This picturc may 
h r  con~pl ica te~l  by kine1.i~ effects pcrmitting rr~etastable 
persistence of low-pressnrc phases in cold slab intkri- 
ors [Sung and niirns, 19761, a phenomenon for which 
i m ~ o r t a n t  roles have been proposed in subduction dy- 
namics and deep seismogenesis [ l i l v b y  e l  a/. ;  I'SYG]. It 
is these buoyancy contributions t o  slab stresscs wliich 
are exaillined herein. 

Beginning wit11 n model of pressures (from radi a I i n t b  ' 

gratio~r of PCMC [Drzeir'onskz ct a l . ,  19751 density pro 
file). temperatures (frorn N .  H.  Slccp's finite difference 
nlgorit,hm [Tnksoz  el al., 19731 for 140 Ma lithosphere 
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with initial GDHl  [Stein and Stein, 19921 thermal struc- 
ture suhducling at 8 crn/yr a t  60" dip),  and hlilk com- 
positions (uniform (MgoeFeo 1)?Si04 jRingwuudl 19821) 
In a suhduction zone: it is straightforward to calculate 
the correspondir~g e q ~ ~ i l i b r i u ~ ~ l  phase asseinhlages (by 
free energy minimization [Bzna, 19961) using thermo- 
dynamic parameters [Fci cf al., 1!3g1] [or i l ~ e  olivir~r 
p o l y n ~ o r ~ h s  (0 ;  9, 7): lrlagnesiowiistite (mu,), and sil- 
icate perovsbit,e (pv) Figrlre 1 sho~~7s the phase dis- 
trihnrions for this simple olivine mineralogy, both for 
equilibrium phase re la l io~~a and for kinetic inhibition of 
Iligh-pressure phase gromt,h below a critical tempera- 
ture (?;,,,) [Rubzr e l  al .> 19941, along with thr  hrioy- 
arlcy contrasts relative to surronnding mantle calcu- 
lated froni the resulting density structures. Figure 2 
shows the (nonlinear [Helffrich and Bina, 19941) varia- 
iiou oI p l~as r  proportio~ls and con~positions along cross- 
sectiorls through the arr~hieut mantlc and down the t c ~ n -  
perature minimum of the slab. 

At equilibrium (Figure l a ) ,  the mant,le pha.se t,ransi- 
tioii series u - a + !9 - A i ,7 + + y (Figure 2a) 
deflects uprvards (with uncertainties in olivine Clapey- 
son slopes [Bina and Helffi-ich. 19941 corresponding to - 10 km in transition depth) within the  cold slab. I t  
is replaced by the series a - a + 7 - + y - 7 
within the coldest core of the slab (Figure Zb), where 
FezSi04-rich y occurs wit,hin lhe u + y field (nolable 
because 7 has been observed to pcrsisl rr~clestably over 
a range of mantle conditions [Brrnrley and Rubze. 1994: 
Y Wang; pers. comm., 19951). Consequent juxtaposi- 
tion of mantle and denser slah phases creates a negative 
h ~ ~ o y a n c y  anomaly within the slah. On the other hand, 
the deeper mantle reaction y - pv+mzo deflects down- 
nards  withi11 the cold slab, juxtaposing mantle and less- 
dense slab phases t,o y~eld  a positive buoyancy anomaly. 
The  kinetically restricted case (Figures lb-c) rcsults irl 
the protrnsion of a tongue o l ~ ~ ~ e l a s l a l r l c  u into the u + y  
and $ + 7 stabilily fields. Metaslable persislrr~cc of a 
within the core of the slab (Figures 2c-d) is followrrl hy 
abrupt transition to y, with the absence of an interven- 
ing B field This feal~rre is sl~rmm~nrled by denser slab 
phases, gt-nerating a positive hnoyan1:y anomaly within 
the broader region of negative buoyancy. 

Variation of t,he local buoyancy force (per unit vol- 
ume: relat~ve to ambient mant,le, using thermoelastic 
parameters of Fez el a / .  [IYYI]) along the coldest core 
of the slah (and 30 kln to either side) is shown in Fig- 
ure :la, wllere the buoyancy excursions duc to thermal 
perturbation of the phase lrarrsilio~ls arc evident. To 
the extent tha t  tllc slab acls as a dip parallel stress 
guide, the region between these buoyancy excursions 
is compressed. (The dip-t~ormal buoyancy component 
shonld exert a torque on t,he slab, inducing flexurc 
such as tha t  seen near 660 km [Lundgren and Giar- 
dini, 1994j.) Figure 3h shows the stress contrihutlon 








