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ergy in the gap. These occur, for exam- 
ple, in the band gaps of semiconductors 
like silicon and are at the heart of semi- 
conductor electronic technology. It turns 
out, however, that in superconductors, 
nonmagnetic impurities do not normally 
lead to states in the gap (see top panel in 
the figure). The crucial difference is that 
in semiconductors, the gap results from 
the crystal structure, which is altered by 
disorder, whereas the gap in supercon- 
ductors results from the pairing of elec- 
trons by some attractive interaction. This 
pairing survives disorder and bound 
states do not occur, a property closely 
connected with Anderson's famous theo- 
rem (6) concerning the influence of dis- 
order on superconductivity. 

The situation changes in the case of 
high-T, materials such as BSCCO, which 
are believed to be unconventional "d- 
wave" superconductors (7). The term "d- 
wave" refers to the gap Ak, which de- 
pends strongly on the wave vector k of 
the electrons in the Cooper pairs. In d- 

wave supercondutors, impurities do cre- 
ate states in the energy gap, much like in 
semiconductors and quite unlike in con- 
ventional superconductors (middle and 
bottom panels in the figure). One differ- 
ence between semiconductors and d-wave 
superconductors is that in the supercon- 
ductors, the new states (called "reso- 
nances") are not bound to the impurity 
but are actually predicted to have extend- 
ed "tails" away from the impurity (middle 
panel of the figure). It is these resonances 
that have been seen by Hudson et al. (2). 

Studies of the detailed structure of 
the resonances are likely to lead to an 
improved understanding of the super- 
conducting' state. Even within BCS the- 
ory, the dependence of the density of 
states on the underlying band structure 
(bottom panel of the figure) and the lo- 
cal structure of the impurities has not 
been fully explored. The possibility that 
BCS theory might break down is also an 
exciting prospect. The experiments re- 
ported in (2) are for "optimally doped" 

BSCCO, for which the notion of quasi- 
particle bands still appears to hold. By 
reducing the oxygen content, BSCCO 
can be shifted into the "underdoped" 
regime in which the quasi-particle band 
picture becomes questionable. Detailed 
studies of the quasi-particles in this 
regime have the potential to illuminate 
new physics relating to strongly inter- 
acting quasi-particles. 
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PERSPECTIVES: GEOLOGY 

taken place against the backdrop of plate Sediments Revea 1 Their Age tectonics, the revolution in geological 
thinking in the 1960s that explains how 

Martin J. Whitehouse continents have formed, amalgamated, 
and broken apart. Reconstructing plate 

S 
edimentary rocks made up of coarse ment of modern mass spectrometers in movements through time requires corre- 
crystals or rock fragments (siliciclastic the early 1950s, geologists have increas- lation of the ages of rock units across 
rocks, such as sandstones) are ubiqui- ingly used radioactive decay sequences both present and ancient oceans, formed 

tous throughout the geological record, often of elements as natural clocks to refine when continents break apart .  Such 
forming spectacular sequences many thou- our understanding of the evolution of correlations clearly require accurate 

sands of meters thick Earth. Much of this development has geochronology. Isotopic dating provides 
Enhanced online at that may be the sole - an increasingly precise, and 
www.sciencemag.org/q'/ remaining record of largely unambiguous, way to 
content/fulV285/5424/58 long since eroded date events such as the crys- 

mountain belts (see tallization of a granite, the 
the figure). Determining when these rocks metamorphism of a gneiss 
were deposited remains one of the most or schist, or the eruption of 
challenging problems for geologists. As re- an ancient volcano, ages that 
ported in this issue on page 78, Mc- provide invaluable con- 
Naughton et al. (I) used a large ion micro- straints. However, much of 
probe to measure lead isotopes in micro- the exposed geology of the 
scopic crystals of a rare-earth element continents is made up of 
phosphate mineral, xenotime, which com- sediments, some of which- 
monly grows during diagenesis (the modifi- particularly siliciclastic 
cation of sedimented material shortly after rocks-are notoriously diffi- 
sedimentation). Its lead content is entirely cult to date. In the Phanero- & 
determined by the decay of uranium incor- zoic era (that is, the past Z 
porated into the mineral at the time of its 540 million years), f ine- 
crystallization, and the lead isotopic com- grained sediments and lime- @ 
position is thus a direct chronometer for the . stones have preserved body 2 
diagenetic process. fossils that can be used to 

Since the discovery of radioactivity in erect a detailed "biostratig- a 
the late 19th century and the develop- raphy." When this is cali- 8 - - brated by isotopic dating of, 
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History, Box 50007. SE-104 05 stockholm, Sweden. west Scotland were deposited after about 1.2 Ca, but  accu- volcanic rocks, it is precise t 
E-mail: martin.whitehouse@nrm.se rate dating is difficult. and accurate. In contrast, in 
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the preceding Precambrian era. which 
represents about 90% of the geological 
record, biostratigraphy is geilerally pre- 
cluded by the absence of  large organ- 
isms ~ v i t h  preser\-able body parts, which 
appeared in spectacular diversity and 
abuilda~lce only at the end of this era. 
Throughout  geological  t ime.  coarse r  
grained siliciclastic rocks (roclcs such as 
sandstones that are mostly made up of 
silicate rock fragments) present a partic- 
ular problem because fossils are not pre- 
served under the more destructi\-e condi- 
tions of their deposition. 

Dating of siliciclastic sedimentary se- 
quences has, to date, been achieved most- 
ly by the well-established stratigraphic 
tool of age bracketing (2, 3).  which in- 
volves the dating of those units within a 
sedirneiltary sequence that are amenable 
to direct isotopic age determination (such 
as volcanic units: carbonate sequences. or 
fine-grained shales contailling datable di- 
ageiletic clay minerals) or: in the Phanero- 
zoic only. biostratigraphy. Others have 
studied the ages of individual detrital zir- 
cons. another uranium-rich inineral in 
lvhich lead isotopes pro\-ide a chronome- 
ter (4) .  This resistant nlineral survives 
high-energy depositional environments 
and is coillmon in coarse clastic sedi- 
ments. Howe\-er: it can only provide a 
rnaxi~nuln date for sedimentation because 
the age determined from the zircon simply 
reflects the age of the rock from ~vhich it 
crystallized. For example, the Torridoilian 
sandstones of northwest Scotland shown 
in the figure contain zircons that are pre- 
dominantly late Archaean [about 2.7 bil- 
lion years ago (Ga)] and h/Iesoproterozoic 
(about 1.8 to 1.6 Ga) ( 5 ) .  although we 
know that the sedi~nent mas deposited af- 
ter about 1.2 Ga (6). Clearly, all of these 
methods have limitations that restrict their 
applicability and accuracy for dating sedi- 
mentary sequences. 

McNaughto~l  et  01. have now dated 
xenotirne overgrowths on zircon crystals 
in sandstone. They present morpl~ological 
evidence from electron nlicroscopy that 
the xe~lotimes lvere formed after sedimen- 
tation, because the fine, angular crystals 
that they obser\-e would ha\-e been de- 
stroyed during sediment transport. They 
suggest that the xenotiines mere formed 
immediately below the sediment-water in- 
terface by circulating pore fluids and are 
therefore truly diagenetic in origin. Xeno- 
time is very amenable to dating with the 
uranium-lead radioactive decay system. It 
preferelltially incorporates uraniunl in 
high concentrations during crystallization 
under exclusion of lead and therefore all 
of  the  ~ n e a s u r e d  lead  i s  rad iogenic ,  
formed from in situ decay of the uranium. 

greatly facilitating the dating of the xeno- rect dating and application of these dates 
time formation. 

McNaughton  et  ill. report  f i n d i n g  
xenotirne overgromths in about half of the 
25 siliciclastic sediments of all ages that 
they have inxstigated. They suggest that 
their method mill enable diagenesis of 
siliciclastic sediment to be dated with 
reasonable accuracy throughout the geo- 
logical record, although it is likely that 
the youngest sediments will require fur- 

to uilderstailding the timing of local and 
global tectonic processes. Given the poten- 
tial of this method, the limiting factor is 
likely to be the a\-ailability of analytical 
capacity on the small number of large ion 
microprobes: which are required for these 
measurement. rather than the availability 
of suitable rocks for dating. 

References 
ther development of the method to in- 1. N. J. McNaughton, B. Rasmussen, I. R. Fletcher, sci- 

clude dates iased on ratios of uranium to ence 285, 78 (I 999). 
2. R.T. Pidgeon, Earth Planet. Sci Lett. 37, 421 (1978). lead because those based On lead isotopes 3. W. Compston and P. A. Arriens, Can. 1. Earth Sci. 5, 

alone become unacceptably imprecise in 561 (1968). 
young rocks. 4. D. 0. Froude, T. R. Ireland, P. Kinny, I. S. Williams, W. 

The primary application of this power- Compston, Nature 304,616 (1983). 

ful new lllethod will undoubtedly be the 5. M.A. Hamilton, R. H. Rainbird, G. M.Young, Terra Abstr. 
11,122 (1999). 

datillg of lnajor Precambrian siliciclastic 6. M. j .  M.Turnbull, M. j.Whitehouse, S. Moorbath, j. Ge- 
sediments that have previously eluded di- 01. soc. London 153,955 (1996). 

For the Latest Information, 
Tune to Channel KcsA 

Bojan Zagrovic and Richard Aldrich 

P 
otassiuln 1011 (K+) channe ls  a re  channel opens and closes (gates).  ar- 
tiansinembiane prote~ns that regu- guably the most ~mpor tan t  question in 
la te  K- 1011 f lux  across  the cel l  1011 channel phys~ology  Different ion 

nleinbrane with remarkable selecti\-ity channels gate in different ways: Some 
and efficiency. Their activity underlies are acti\-ated by changes in cell mem- 
fundamental biological processes such as brane voltage, others by binding of li- 
electrical signaling: osmotic balance. and gand. KcsA is activated by changes in 
signal trailsduction (1). Last year, Mac- extracellular pH. 
Kinnon and col leagues published the In their study, Perozo et al. trapped 
crvstal structure of KcsA. the K- channel the KcsA channel in both the oaen and 
of the bacteiium Sfieptomjces 1 7 1  rdurzs 
( 2 ) .  u s h e i ~ n g  the field into a nen era 
Building on this landmarl< study. Rouv 
and MacKi~lnon nou report on page 100 
a computat~onal analysis of the electro- 
s ta t~c  forces that stabilize K' ions ins~de  
the cential caLity of the KcsA ion chan- 
nel (3) Fu~ther .  Perozo et a1 (4) on page 
73 desci~be the confoimational changes 
that take place 111 KcsA as it opens and 
closes. a process called ga t~ng  that can be 
folloued by electroll paramagnetic reso- 
nance (EPR) 

Although the crystal s t ructu~e of the 
KcsA channel has yielded Laluable In- 
forinat~on about pelineation (that is. how 
the channel se lec t~r  ely translocates K- 

closed conformat~ons and then analyzed 
the d ~ f f e r e n c e  in  the EPR signal ( 5 )  
The> ~ntroduced cysteine residues at se- 
lect locat~ons in each of the four ~dent l-  
cal subunits  of  KcsA-~n  transmem- 
brane helices 1 and 2 (TM1 and TM2) 
and 111 the poie a helices (see the fig- 
ure) They then labeled the helices with 
nitroxide spln labels and analyzed the 
change 111 sp~n-label mob~li ty  and inter- 
subun~t  spln-spln coupling as the chan- 
nel gated in lesponse to changes 111 pH 
They found that TM1 and Th42 under- 
u e n t  conformational  changes (r igid-  
bod> translat~ons and counterclocl<a lse 
rotations around the channel's central 
c a ~ ~ t y )  as the poie opened Opening of 

ions across the membrane), it has not of- the pore seemed to be d~rectly coupled to 
feied d e f i n i t ~ \ e  ansuers about hou the the moLement of the four TM2 helices 

T h e ~ r  d~splacement ~ncreased the diame- 
tei of  the permeat ion p a t h a a v  at the 
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