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High temperature sheared peridotites (HTSPs) plot on an inflected or kinked geotherm for 
most methods of calculation as shown in Fig. 1 (see Finnerty and Boyd, 1987). They are 
distinguished from the low temperature granular peridotites (LTPs) by having higher equilibration 
pressures and temperatures, sheared deformation textures (Bouiller and Nicolas, 1973), and more 
fertile compositions (Boyd, 1973). Their uniqueness is further illustrated by a gap in P-T space 
between the LTPs and the HTSPs, a correlation between the depth of the kink and thermal state of 
the mantle (Boyd and Gurney, 1986), and calculated temperatures which are higher than mantle 
adiabatic temperatures for a given depth. 

Interpretation of the HTSPs has been controversial. A popular belief has been that the 
HTSPs are samples from the top of the fertile, convecting asthenosphere (Basu et al., 1986). In this 
sense, the kink is interpreted to be an ambient feature (Boullier and Nicolas, 1973), although shear¬ 
heating has been advocated by others (Kesson and Ringwood, 1989). However, it is now 
established from Re-Os isotope studies that there exists no fundamental difference between the 
HTSPs and the peridotites which lie above them (Walker et al., 1989; Pearson et al., 1995). Instead, 
the more fertile character of the HTSPs are likely to be related to reaction with the host magma 
(Harte, 1983). Such samples do not represent fertile, convecting asthenosphere. Moreover, if the 
pressures and temperatures calculated for the HTSPs are real, then the presence of a kink in a 
geotherm requires that the conditions that formed them must be transient. Preserved chemical 
zoning profiles in many mineral grains further indicate that many of the characteristics of the HTSPs 
are imparted shortly before entrainment into the host magma (Smith, 1988). 
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Is the kinked geotherm an artifact of disequilibrium thermobarometry? 
Certain features of the HTSPs appear to have originated shortly before eruption. Could the 

kinked geotherm be an artifact of disequilibrium thermobarometry? I propose as a working 
hypothesis, that the HTSPs represent samples which have undergone short-lived isobaric heating. 
Heating by the host magma has been advocated by others as well (Gurney and Harte, 1980). 

I examined the Ellis and Green gt-cpx exchange thermometer (TEG) (1979) and the Harley 
and Green Al-in-opx gt-opx barometer (PHG) (1982), which are among the coupled equations 
which give inflected geotherms. The TEG thermometer depends primarily on the exchange of Fe 
and Mg between gt and cpx. The PHG barometer depends primarily on the Al solubility in opx 
coexisting with gt. Self-diffusion coefficients (D) for the divalent cations, Mn, Mg, and Fe, are 
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approximately 10'17 m2/s at 1200 °C in gt (Loomis et al., 1985). From empirical observations, 
Cohen et al. (1988) showed that diffusion coefficients for divalent cations in cpx are comparable. 
The diffusion coefficient of the trivalent cation, Al, in pyroxenes is believed to be much smaller 
than that for divalent cations. Sautter et al. (1988) deduced from experiments that DM in diopside 
was 10'21 m2/s at 1200 °C while Smith et al. (1991) found a value of 10‘25 at 800 °C for opx. For 
1200 °C, a value of 8x1 O'20 m2/s for DM in opx is obtained. Diffusion modeling studies of 
preserved trace-element zoning in mineral grains from HTSPs indicate that the thermal perturbation 
lasted on the order of only hundreds to thousands of years (Griffin et al., 1989). The approximate 
distance to which a chemical perturbation can propagate is given by x = VDt where x is distance 
and t is time. In 10,000 years a divalent cation can propogate ~1.7 mm while a trivalent cation such 
as Al propagates only 0.017 mm. Since the average radii of minerals in the peridotites are 1-3 mm, 
diffusion of Mg and Fe are significant while diffusion of Al can be ignored. Thus, core 
compositions can be changed by diffusion for Mg and Fe, but not for Al. This implies that the Mg- 
Fe exchange thermometer, TEG, will have responded considerably to our thermal perturbation, and 
thus isopleths of the equilibrium constant, KC=X X CJ*/X® X, will move to higher temperatures 

in P-T space. But PHG, which relies on Al solubility in orthopyroxene, will have barely responded 
to the new thermal conditions. As a result, calculating Ps and Ts with equations based on cations 
with different diffusional kinetics can lead to serious error. As shown in Fig. 2a, “apparent” Ps and 
Ts will result in an array of P-T points that plot along the PHG isopleth, over-estimating pressures 
and resulting in an artificial geotherm. 
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Fig. 2. A. Schematic illustrating the effect of disequilibrium thermobarometry for mantle xenoliths. When a rock at A is 
subject to an isobaric heating to 1400 °C for short duration (<10,000 years), isopleths of the Mg-Fe exchange 
thermometer (TEG) respond by moving to higher temperature, but isopleths of the Al-solubility barometer (PHG) do not 
have sufficient time to respond (assumed here to be frozen). Since P and T are determined from the intersection of the 
two isopleths, apparent Ps and Ts will follow the trajectory from A to C. Although the true conditions are B, pressures 
will be overestimated, leading to an artificial geotherm. Gray regions represent the data from Figure 1. B. Results of 
diffusion modeling where TEG isopleths as a function of time (years) are calculated from compositions of coexisting gt 
and cpx cores. Apparent Ps and Ts are calculated from the intersection of TEG and PHG isopleths. Because Al- 
diffusion is so slow, PHG isopleths are assumed to be frozen, which gives a maximum value for apparent pressures. 
Diffusion modeling assumes exchange of Mg and Fe between spherical gt and cpx grains in a closed system. Initial 
condition is specified by the deepest of the LTPs in Fig. 1, and by applying the boundary condition determined from the 
equilibrium compositions for an isobaric thermal perturbation to 1400 °C and from mass balance considerations. Radii 
of gt and cpx assumed to be 2.5 mm, gt:cpx assumed to be 1:1, and the diffusion coefficient for Mg and Fe for both 
garnet and clinopyroxene assumed to be 10'16 m2/s at 1400 °C. 

In Fig. 2b, I present the results of diffusion modeling (details in figure caption). An inflected 
P-T array originating from the deepest of the LTPs can be generated by varying the duration of 
heating. The array can also be produced by heating minerals with variable grain sizes. 
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Additionally, the higher scatter observed for the HTSPs can be explained if there are variable 
mineral cross-sections revealed in thin sections. The gap in the P-T array can be explained by the 
fact that TEG has more or less responded to the thermal perturbation. The most important feature of 
our modeling is that isobaric heating of the deepest LTP yields “apparent” Ps and Ts which are close 
to those calculated for the HTSPs. Note that the assumption of a frozen PHG isopleth gives a 
maximum value for “apparent” P. If diffusion is allowed to occur, then the apparent Ps will be 
lower and approach point B in Fig. 2a. The working hypothesis succeeds in explaining many 
features of the inflected geotherm. Could the HTSPs all be derived from the same depth? 
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