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with the sources and sinks imposed by the
motion between the surface tectonic plates.

The two approaches give predicted paths of
true polar wander thatare broadly similar, espe-
cially in giving similar 10° amplitudes of true
polar wander over the past 65 Myr. But they dif-
fer in direction, with the path calculated by
Steinberger and O’Connell’ being in excellent
agreement with the observed path of true polar
wander and the path of Richards et al’ being in
only fair agreement. Whereas the latter reflects
the changing density distribution due to the
evolving geometry of subducting slabs, the for-
mer implicitly captures all sources of the chang-
ing density distribution. The difference in the
two calculated paths could possibly be due to
inaccuracies in the modelled history of subduc-
tion, butitmayitbetelling us somethingimpor-
tant about other smaller yet significant sources
of evolving mantle density structure. Possibili-
ties to be considered by geodynamicists include
upwelling mantle plumes, and downwelling
cold mantle at locations other than subduction
zones (for example by convective destabiliza-
tion of mantlelithosphere beneath horizontally
shortened continental plateaux).

The plate reconstructionists also have
work to do. Models of the history of subduc-
tion can be no better than the plate recon-
structions on which they are based, and
debates about many features of circum-
Pacific plate motion are still far from settled.
(Unfortunately, the nature of some pre-
Cenozoic features may never be known
because of subduction of the sea floor that
records the older plate motions.) Moreover,
published uncertainties on paths of true polar
wander include the uncertainties in the palaeo-
magnetic databutneglect those, possiblylarg-
er, uncertainties in the reconstructions of the
platesrelative to the hotspots. Soitis necessary
to incorporate these uncertainties to ascertain
whether the differences between the observed
path of true polar wander and that calculated
by Richards et al.” are significant before giving
too much weight to the difference.

Palaeomagnetism has contributions to
make as well. First, better palacomagnetic
data for the Pacific plate and the surrounding
continents is likely to be the ultimate arbiter
between the distinctly different plate recon-
structions that have been proposed for the
Pacific Ocean basin. Moreover, estimated
paths of true polar wander are based entirely
on data from the continents and, to be really
convincing, also require data from the Pacific.
Second, the observed path of true polar wan-
der is a highly smoothed version of a possibly
undersampled signal. Palacomagnetic data of
higher accuracy and age resolution would
place a more stringent bound on viscosity of
the lower mantle than is now possible.

Palaeomagnetically observed true polar
wander is similar in direction to true polar
wander observed this century. This agreement
would be expected if thelong-term wander was
much faster than that caused by deglaciation.
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Such is not the case, however, and the agree-
ment is mainly a coincidence’. Although the
0.6° Myr™ along 40° W of true polar wander
over the past 10 Myr is much faster than the
average rate over many tens of millions of
years®, it is still slower than true polar wander
this century, whichisabout 1.1° Myr " along 70°
W (ref. 5). Steinberger and O’Connell’s model
predicts an even slower rate for the long-term
wander, about 0.4° Myr ™" along 24° W over the
past 1 Myr. This predicted rate, if accurate, can
be subtracted from the historically observed
wander to obtain an estimate of the wander due
to deglaciation of 0.9° Myr™' towards 90° W,
which is still faster, perhaps much faster, than
thelong-termrate of wander. O

news and views

Richard G. Gordon is in the Department
of Geology and Geophysics, Rice University,
Houston, Texas 77005, USA

(e-mail: rgg@geophysics.rice.edu).

1. Spada, G., Ricard, Y. & Sabadini, R. Nature 360, 452—454
(1992).

2. Richards, M. A,, Ricard, Y., Lithgow-Bertelloni, C., Spada, G. &
Sabadini, R. Science 275, 372-375 (1997).

. Steinberger, B. & O’Connell, R. J. Nature 387, 169-172 (1997).

. Morgan, W. J. in Oceanic Lithosphere ( The Sea Vol. 7)
(ed. Emiliani, C.) 443487 (Wiley, New York, 1981).

. Gross, R. S. in IERS Tech. Note 17 (ed. Charlot, P.) C5-C12
(Observatoire de Paris, Paris, 1994).

. Besse, J. & Courtillot, V. J. Geophys. Res. 96, 4029-4050 (1991).

. Ricard, Y., Richards, M., Lithgow-Bertelloni, C. & Le Stunff, Y.
J. Geophys. Res. 98, 21895-21909 (1993).

. Goldreich, P. & Toomre, A. J. Geophys. Res. 74, 2555-2567
(1969).

9. Gordon, R. G. J. Geophys. Res. 100, 2436724392 (1995).

N

5

N o

o

Protein transport

A fusion of new ideas

Jason B. Bock and Richard H. Scheller

ukaryotic cells rely on a series of mem-
brane-bound organelles to compart-
mentalize biochemical reactions and
to regulate the secretion and localization of
proteins. Although each organelle has a
unique molecular composition, giving it a

distinct functional identity, membranes and
proteins are continuously shuttled between
compartments. This process is mediated by
transport vesicles that bud from the mem-
branes of donor compartments and then
fuse with acceptor membranes (Fig.1).
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Figure 1 a, The low-molecular-weight Rab-family GTPases are involved in vesicle target recognition,
followed by the action of a-SNAP and NSF on a v- and t-SNARE complex. NSF-mediated SNARE
rearrangement leads to membrane fusion, and Nichols et al.' have shown that v- and t-SNARES are
required on opposing membranes for vacuole fusion in yeast. b, The v- and t-SNAREs were originally
thought to be localized to vesicle and target membranes, respectively, but a fraction of the t-SNAREs
are also found on vesicles. This allows potentially physiologically important v- and t-SNARE pairing
to occur on the same membrane. ¢, a-SNAP and NSF act on the t-SNARE alone, altering its
conformation to allow Rab-mediated vesicle targeting. A series of undefined steps leads to membrane
fusion. d, After membrane fusion, a-SNAP and NSF act to untangle the SNARE proteins, which are
then segregated to vesicle and acceptor membrane compartments for another round of docking.

133




