
Osmium Recycling in Subduction Zones ~ n a n t l e  fleld to higher "SrP%r and lower 
143Wd/14WWci ratios (18) ,  reflect metaso- 

Alan D. Brandon,* Robert A. Creaser, Steven B. Shirey, rnatic events after melt depletion. T h e  
xenoliths from both locales have high oxy- 

Richard W. Carlson re11 f~~gaci t ies  [about 0.5 to 1.5 log ~ ln l t s  - 
greater than that of the  fa\;alite-magnetite- 

Peridotite xenoliths from the Cascade arc in the United States and in the Japan arc have quart: buffer (1 9 .  20)] relatlve to those of 
neodymium and osmium isotopic compositions that are consistent with addition of 5 to lnodern ~ n a n t l e  samples not directly associ- 
15 percent of subducted material to the present-day depleted mantle. These observations ated with volcanic arcs. This feature is con- 
suggest that osmium can be partitioned into oxidized and chlorine-rich slab-derived fluids sistent v,rith the  peridotites having interact- 
or melts. These results place new constraints on the behavior of osmium (and possibly ed with water-hearing fluids or lnagrnas de- 
other platinum group elements) during subduction of oceanic crust by showing that rived fro111 suhduct~ng slabs (20,  21).  
osmium can be transported into the mantle wedge. Several of the  xenoliths have 18'0s/ 

l"Os atios of 0.1277 to  0.1335. These 
values are higher than ratios for present-day 
depleted mantle [0.1"0 to 0.1270 (9)] or 

Studies of the  isotopic co~npositions and T h e  peridotite xenoliths chosen for cho~ldrlt ic lnintle ['"Os/'"Os = 0.1275 
large-ion l l thoph~le  and light element study are fresh, \\,it11 no  slg11s of visible (Table 1 and Fig. I ) ] .  Subcontinental man- 
ahundances of arc lavas (1-3) have shown alteration. T h e  S i~ncoe  samples are Cr-di- tle peridotites, lnasslf peridotites, and abys- 
the llnportance of recycled subducted ma- opside-hearing splnel harzburgltes x i t h  sal peridotites t\;plcally have near-chon- 
terial in the  genesis of arc magmas. Possible high blg n~lmhers [molar blg/(ivlg + Fez+)  dritic to  strongly subchondritic '"Os/'"Os 
slab-derived melts have also been identified of 0.910 to 0.9141 and ~na jo r  elelllent corn- ratios, reflecting 0 s  retention and Re re- 
in arc peridotite xenoliths ( 4 )  Osnlium pos i t io~~s  l~ldicative of extraction of a melt moval durmg partial melting (5-7, 9 ,  1C). 
Isotopic studies provide a usef~ll way to  view ( 1  6) .  They contain rare phlogopite (15,  16)  blost Sirncoe and Ichinornegata xenoliths 
the process of crustal recycling, because Re/ and subchondritic Sln/Nd ratios indicative have subchondritic '"Re/'"Os ratios and 
0 s  ratios 111 the  oceanic lithosphere are up of elevated light rare earth e l e~nen t  ahun- were erupted less than 1 lnillion years ago 
to sex~eral orders of magnitude hlgher than dances relative to  melt-depleted nlantle. (Ma) ,  so the lsiOs/l"Os values ahove chon- 
in lnantle peridotite, and Re and 0 s  both These features are interpreted as arising dritlc values cannot he accounted for hy in 
display chalcophile and siderophile behav- from later metasolnatic processes. T h e  Ichi- situ ls'Re decay. These high '"Os/'"Os 
ior (5-12). Decay of '"Re [A = 1.64 x nolnegata samples are Cr-diopslde-hearing ratlos may instead represent addition of ra- 
10-' '  years -' (1 3)] to lsiOs in oceanlc spinel lherzolites with blg ~nlmbers from diogenic 0 s  to these samples after some melt 
crust in just tens of ~nill lons of years will 0.89 to 0.91, which are typical of depleted- was extracted from these parts of the  mantle. 
produce an  '"Os/'"Os ratio up to an  order to-fertlle mantle (14).  These samples have T h e  Sm-Wd isotoplc data for the  Ic111- 
of lnagnitude higher than that in the  S~n,?dd ratios ranging from chondritic to  nolnegata sall~ples plot as a n  array from 
present-day mantle. This radiogenic 0 s  po- higher than chondri t~c  (light rare earth el- 1"Nd/144Nd of 0.51335 to  0.51250, and 
tentially could elevate 's'Os/l"Os ratlos in elnent depletion, Table 1)  that are similar frorn '"Sm/'"Nd of 0.38 to  -0.2 (Fig. 2) .  
the nlantle ahove subduction zones. blan\; t o  ratios in abyssal peridotites (1 7 ) ,  which Such a n  array can  he interpreted as either 
ocean island hasalts have l"Os/l"Os ratios are interpreted to  result 111 part from melt a n  isochron or a lnlxlng line hetween two 
that are higher than chondritic ls'Os/''"s removal. T h e  presence of pargasite in solne components.  If this array was the  result of 
ratios, and these have been explained by of these samples, as well as Sr-Wd isotoplc variable degrees of depletion from a fertile 
recycling of ocean crust into the  deep man- co~npositions extellding from the depleted mantle, t h e n  a n  isochron of 400 Ma ap- 
tle source regiol~s of ocean island volcanism 
(1 2). T o  f~lrther understand the  role of sub- 
ihlcted slabs in v o l c a ~ ~ l c  arc lnagrna genesis Table 1. Bulk rock AI,O3 (welght %), Sm-Nd lsotoplc systemat~cs of cnopyroxene separates, and Re-0s 
and the geochelnical of Re alld 0 s  at sotopc systemat~cs of bulk rock sa~nples of the Simcoe (Sm) harzburgite and chnomegata ( I )  herzoite 

we os alld ~d xenoths are shoivn (29). Alumna data for Slmcoe are x-ray fluorescence (XRF) analyses (20). All data for 

isotopic colnpositlolls spinel perldotite lch~nomegata are XRF analyses, except for 1-1 02, whlch 1s an nduct~vey coupled plasma analysis. Dashes 
ndcate not analyzed for xenoliths from lavas erupted in the  Plio- 

Pleistocene from Ichinomegata, Japan (1 4), 
and Simcoe, Washington [Cascades (1  5 ,  
16)1, both  of which sarnnle the  wedee . - ,  
l l~an t l e  because they are l&ated about 50 
km to  the  hack-arc side of nresent-day 
volcanic arc fronts. Because of very low 
ahilndances of 0 s  in  arc basalts [typically 
<10  parts per thousand (ppt) ] ,  direct anal- 
ysis of arc lavas has been difficult and has 
ylelded a m b i g ~ ~ o u s  results. 

A D Brandor:. S B. Shrey. R I'il Carlsor:, Deparrner:t 
of Terrestr~a Magr:etsni. Carr:ege lnst~tur~or of \?dash- 
lriqtor:, 5241 Broad Brar:ch Road, NiV, iVashr,aton, DC, 
USA. 2001 5. 
R. A Creaser. Denar~ner, t  of Earth and Atriiosnher~c 
Sc~ences. Un~vers~ty of Albera. 126 Earth Sc~ences 
6~1Id1r:g. Ed~nor:ton. A b e r a  Car,ada TEG 2E3. 

'To vjhonl corresnondence should be adclressed. 

Sample AI2O3 Sm Nd . '7Sln/l '4Nd I '-3Nd/l UNd Re Os .87Re/.88(Js . 870s/l 880s 
(ppm) (ppmi ( P P ~ )  ( P P ~ )  

Cl~nopyroxene Bulk rock 

Slm-1 - 0.988 4.52 0.1322 0.513042 - - - - 

Slm-2 1.30 0 810 5 74 0.0854 0.512994 37.4 322 0.547 0.1 278' 
Slm-3 1.05 0.384 1.86 0 1249 0 512920 52.2 671 0.366 0.1 304 
Slm-9c 1.45 2 57 12.92 0 1203 0.512990 56.9 743 0.360 0.1244 
Slm-12 1.27 2.62 13.88 0.1 142 0.512893 38.9 479 0.382 0.1 277' 
Slm-24 1 32 0.325 1.21 0 1625 0 512928 - 1374 - 0.1 285' 

14.7 1056 0.066 0.1 287' 
1-6 3.16 1.41 2.58 0.3306 0.513197 24.8 420 0 285 0.1206 
1-9 3.60 1.53 2.56 0.3616 0.513046 63 8 2080 0.144 0 1329* 
1-10 3.01 1 . I 8  2 16 0.3305 0 513197 82.9 304 1 284 0.1 265 
1-11 2.72 0.519 1.01 0.3109 0.513059 71.0 1756 0 190 0.1259' 
1-12 3.07 1.31 2.07 0.3829 0.513258 25.4 624 0.196 0.1227 
1-1 01 - 0.338 0.994 0.2057 0 512822 9 3 123 0.365 0.1 338 
1-102 2.62 1.02 1.82 0 3390 0 513213 108.2 954 0.547 0.1 228 

=Re-0s data vjere obta~ned at DTivl, all other Re-0s data :,\#ere obtar,ed at the Un\!ersty of Albera. 
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proximates the time of depletion of these 
peridotites (Fig. 2). Combined Re-0s and 
Sm-Nd isotopic systematics are not consis- 
tent with this interpretation. The Ichino- 
megata samples with 1870s/1880s ratios that 
are higher than chondritic 1870s/1880s ratios 
(samples 1-9 and 1-101, Table 1) have sub- 
chondritic Re/Os ratios and hence give neg- 
ative model depletion ages, which is incon- 
sistent with long-term decay of lS7Re after 
melt depletion in a closed system. These 
samples also have the lowest 143Nd/144Nd 
ratios (Table 1 and Fig. 3), and this coupling 
instead is more likely to result from mixing of 
depleted mantle with an isotopic component 
with low 143Nd/144Nd and high 1870s/1880s 
ratios. 

d Ichinornegata 

; simc- 
- 
5 Abyssal peridotites 

mantle I - - 
Fig. 1.0s isotopic evolution diagram [data sources 
were (5-7) and (9-12)) Oceanic island basks 
(OIB) are samples considered not to have been 
contaminated by oceanic lithosphere material (12). 
The abyssal peridotiie range is as detined by Snow 
and Reisberg (9). Both Simcoe and lchinomegata 
have 1870s/1880s ratios that are higher than chon- 
dritic 1870s/1880s ratios in some samples, unlike 
reported subcontinental lithospheric mantle from 
other locales not associated with present-day sub- 
duction. Ga, billions of years ago. 

0 .5134 . i '&~& ' i nb '  ' ' ' ' ' ' ' ' ' ' ' 
' . 

0.5133 - Ichinomegata: 
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0.51 32 - 0 Porcelli et al. 1992 
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Fig. 2 Sm-Nd isotopic systematics of clinopy- 
roxenes from Simcoe and lchinomegata perido- 
tiies. Additional published data on lchinomegata 
samples are plotted as circles (18). A reference 
line of 400 Ma is plotted for six of seven Ichino- 
megata samples analyzed in this study. 

For the Simcoe samples, their subchon- 
dritic 147Sm/144Nd ratios (elevated light rare 
earth element abundances), lack of correla- 
tion between Sm and Nd isotopic data (Fig. 
2), and similarity of 143Nd/144Nd and 87Sr/ 
86Sr compositions with those of Pliocene Sim- 
coe lavas (16, 22) are consistent with recent 
addition of isotopically distinct Nd and Sr to 
depleted mantle. 

The combined Nd and 0 s  isotopic data 
for Simcoe and Ichinomegata samples indi- 
cate mixing between isotopically distinct 
0 s  components. Lower 1870s/1880s ratios 
are coupled with higher 143Nd/144Nd ratios 
that form a band extending from typical 
depleted mantle values to those with higher 
1870s/1880s ratios and lower 143Nd/144Nd 
ratios (Fig. 3). This negative correlation 
between Nd and 0 s  isotopic compositions 
is not evident in data for cratonic mantle 
xenoliths (6, 7), abyssal peridotites (5, 9, 
lo), or peridotite massifs (5, 23). 

Correlation between 1870s/1880s ratios 
and A1203 concentrations provides further 

Fig. 3. Nd-0s isotopic relations for the Simcoe and 
lchinomegata samples. Mixing curves (24) are as 
follows: 1 : Juan de Fuca, 95,:5,; 3 : 1 mix ratio 
[denotes Juan de Fuca slab (under the Cascades) 
with the subduction component calculated as 95% 
basalt (bas) and 5% sediment (sed), with an 0s 
mantle peridotite-to-subduction component abun- 
dance mixing ratio of 3: 1. 2: Juan de Fuca, go,,: 
10,; 2.5:l mix ratio. 3: Pacific, 95b:5,; 4:l 
mix ratio ("Pacific" denotes the Pacific slab under 
Japan). 4: Pacific, 80,:20,; 4:l mix ratio. 
Crosses on the mixing curves indicate the percent- 
ages of the subduction component added to peri- 
dotite in the mix, in 5% increments. The 1870s/ 
l880s subduction components for mixtures 1,2,3. 
and 4 are 0.2620, 0.3020, 0.8859, and 0.8400, 
respectively, and are calculated as previously de- 
scribed (24). Abyssal peridotite data are from Snow 
and co-workers (9, 24). 

support for the idea that these samples rep- 
resent mixing between depleted mantle and 
radiogenic 0 s  components (Fig. 4). Some 
peridotite massifs with high A1203 concen- 
trations indicative of little melt extraction 
have near-chondritic present-day lS70s/ 
lS80s ratios, whereas more depleted perido- 
tites have low 1870s/1880s ratios, reflecting 
removal of Re and A1203 during melting 
(23). Samples from individual massifs com- 
monly plot on lines that reflect ages and 
degrees of melting (23). The samples from 
Simcoe and Ichinomegata do not show such 
characteristics. but instead   lot as obliaue 
arrays, indicating mixing between depleted 
mantle and a source with abundant radio- 
genic 0s .  

Mixing models can be used to evaluate 
the effects of metasomatism of mantle by 
fluids or melts for Nd and 0 s  derived from 
subducting slabs (24). The Simcoe data 
can be produced by mixing about 7 to 15% 
by mass of a subduction component con- 
taining 90 to 95% subducted basalt and 5 

Fig. 4. 0s-A1203 relations for the Simcoe and 0,140 
lchinomegata samples. A melt depletion trend is 
recorded by the Ronda peridotite data (23). Sub- 0.135 
continental lithospheric mantle data are from 
harzburgite and lherzolite xenoliths from the 0.130 
United States, China, Mexico, Australia, and 
Kaapvaal (southern Africa) cratons (6.30). Abys- 

0,125 sal peridotite data are from Snow and co-work- 
ers (9, 30). Mixing curves are for a depleted 2 
mantle with 1870s/1880s = 0.122 (to conform 2 O.I2O 

with the 0s mixing models in Fig. 3) and with & 
A1203 for Simcoe and lchinomegata mixing 
curves equal to 1.4 weight % and 2.9%. respec- 
tively, which are mixed with subduction compo- 0.1'0 

nents (0s is as defined in Fig. 3), with A1203 equal 
to 0 and 15%. The former is considered to be a 0.105 
hydrous fluid and the latter a melt. The Simcoe 
data correspond to the 0% A1203 mixing curve, 0.100 
whereas lchinomegata lies between the 0 and o 1 2 3 4 5 

15% mixing curves. Crosses on the mixing *'2'3 

curves are as in Fig. 3. in 5% increments. Mixing curves are as follows: 1 : Juan de Fuca. 90,,,:10,; 
0% AI,03. 2: Juan de Fuca, 90,,:10,,; 15% A1203. 3: Pacific, 80,:20,,; 0% A1203. 4: Pacific, 
80,,:20,,; 15% A1203. 
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Essica 
to 10% sediment with depleted peridotite. 
This calculation is based on an Os abun­
dance in the peridotite of 2.5 to 3 times 
that in the subducted rocks (Fig. 3) {24). 
Slightly more sediment (up to 20%) and a 
higher proportion of the Os in peridotite 
of 4:1 result in about 6% of subduction 
component being added to depleted peri­
dotite to produce the most radiogenic 
Ichinomegata Os compositions. Our infer­
ences about proportions of basalt and sed­
iment are similar to those obtained from 
analysis of Sr, Nd, Pb, and B isotopes and 
trace element data in arc lavas from other 
arcs (2). Higher proportions of sediment 
to basalt (that is, >20% sediment) result 
in curves that lie to the left of the data 
fields in Fig, 3. Likewise, lower propor­
tions of Os in peridotite beyond 2:1 to 4:1 
do not fit the data. If the average Os 
abundances for the Simcoe and Ichino­
megata peridotite suites are used to represent 
intrinsic mantle abundances (720 and 894 
ppt, respectively), then the Os abundance 
for the subduction component ranges from 
225 to 290 ppt, which is within the upper­
most part of the range reported for basalts 
and ocean sediments {24). Peridotites com­
monly have 1 to 5 parts per billion (ppb) Os 
{24). Therefore, the low concentrations of 
Os in the xenoliths might result from meta­
somatism in oxidizing conditions where Os 
is moderately incompatible {24) and where 
mantle sulfides may not have been as stable 
as in less oxidizing regimes {25). 

The Simcoe data are best explained by 
addition of a component with radiogenic 
Os and low A1203 to the depleted mantle 
(Fig. 4). Aluminum is sparingly soluble in 
hydrous fluids, including the slab-derived 
water-rich fluids calculated to be in equilib­
rium with bark-arc mantle (3). The A1203-
Os relations for the Simcoe samples are thus 
consistent with interaction between a slab-
derived hydrous fluid and depleted mantle. 
Ichinomegata peridotites may have inter­
acted with a slab-derived melt (4) or fluids, 
as the A1203 values for the radiogenic Os 
component or components have a range of 
0 to 15%. 

The Os data suggest that Os is mobile 
during dehydration or melting of the slab. 
In mafic layered intrusions, platinum 
group elements are thought to be redistrib­
uted by hydrous and Cl-rich melts and 
fluids {26). The volatility of platinum 
group elements, and in particular Os, in­
creases as a function of /H?o anc^ /HCI ^n 

magmatic fluids {27). A hydrous compo­
nent, presumably fluids derived from a 
subducting slab and equilibrated with 
mantle wedge peridotite, added to a nor­
mal mid-ocean ridge basalt-type mantle 
source, may contain as much as 1.2 weight 
% CI (3), and possible slab melts are also 
high in CI (4). Consequently, slab-derived 

fluids and melts may be particularly effec­
tive in transporting Os from slabs into the 
overlying mantle wedge and arc crust. 
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yielded DNA, seLren stennnleii from cold 
environ~lnents and four of them ha\-e been 
shown to contain snlaller amounts of DNA 
damage than salnples that do not yield am- 
plifiable DNA sequences (13). O n  the basis 
of the racemization half-lives of Asp remrt- 
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ed for hone in various clinlatic reginles (9), 
the finding that an Asp D/L ratio of ahout 
0.1 is tlne limit for the retrieval of useful 
DNA seiluences implies that the survival of 
DKA is limited to a feu. thousand vears in 

Amino Acid Racemization and the 
Preservation of Ancient DNA 

warm regions such as Egypt and to roughly 
1G5 years in cold regions. Such temporal 
limits for DKA retrieval are similar to those 
preiiicteii from laboratory experiments ( 1  C). 

Hendrik N. Psinar, Matthias Hoss," Jeffrey L. Bada, 
Svante Paabo 

The extent of racemization of aspartic acid, alanine, and leucine provides criteria for 
assessing whether ancient tissue samples contain endogenous DNA. In samples in which 
the D/L ratio of aspartic acid exceeds 0.08, ancient DNA sequences could not be retrieved. 
Paleontological finds from which DNA sequences purportedly millions of years old have 
been reported show extensive racemization, and the amino acids present are mainly 
contaminates. An exception is the amino acids in some insects preserved in amber. 

Aspects of al?nino acid preservation other 
than racemisation iio not show any corre- 
lation with DNA preservation (14). 

Because the racemization of Asp is faster 
than that of ot11.er amino acids (9 ,  1 I ) ,  
the extent of racellnisation of Asp, anlong 
the amino acids analyzed here, should be 
tlne greatest, folloueii by alanine (Ala) and 
leucine (Leu), if all annilno acids are of the 

T h e  in\-ention of the polymerase chain 
reaction (1)  has ll~ade it possible to deter- 
mine DNA sequences from remnants of 
extilnct species and past populations (2 .  3). 

spontaneous degradation of nucleic acids 
(16). The racelnization of aspartic acid 
(Asp), which has one of the fastest rhcemi- 
sation rates, has an activation energy and 

same age. In contrast, a D/L ratio for Asp 
that is lolver than that for Ala or Leu indi- 
cates contanlinatioln hy more recent amino 
acids. For the salnples from which ancient 
DNA sequences could he retrieved (Table 
I ) ,  the extent of racemization of Asp n.as 

In addition, recent reports have clainleii 
that DNA can he retrieved from valeonto- 

rate constants over a wide temperature 
range (at neutral pH)  that are similar to 
those for DNA iiepurination ( 1  C .  1 1 ). T o  
test \vlletlner tlne extent of amino acid race- 

logical finds that are millions of years old 
14). Hon.ever, because onlv a llninoritv of 

always greater than that for Ala and Leu, 
however, no authentic DNA sequences 
could be retrieved from samples in lvhich 

, , 

ancielnt specilnells contailn amplifiable an- 
cient DNA (j), false positives resulting 

misation is a usef~ll indicator of the extent 
of DKA degradation in ancient specimens, 
we examined archaeological speciluens 
from n.hic11 DKA sequences have been re- 
trieved 112). In order to ensure as far as 

the racemisation of amino acids did not 
follow this vattern. Thus, amino acid race- from minute amounts of contallninating 

DNA pose a serious threat (6 ,  7). Although 
several ways to authenticate ancient DKA 
have been suggested (2 ,  6 ,  8), the field is in 
need of tech~niuues that can indicate 

nnizatioln provides a \yay to identify the large 
lnajority of ancient samples that are not 
espected to yield any ancient DNA. The 
usef~~lness of this techniuue is enhanced bv 

~, 

possible that the samples ~ ~ s e i i  yield gelnu- 
illelv ancient DNA. we linliteii our analvsis 

lvhether a particular ancient specimen may 
contain eniioeenous nucleic acids. 

to nine cases that fulfill a numher of criteria 
of authe~nticitv (2.  6. 3) and we excludeii 

tlne fact that salllples of only a felv milli- 
grams are sufficient for the analvsis, and tlne " 

All allnillo acids used in proteins, lvith 
tlne exception of glycine (Gly), can exist in 
the form of tn.0 optical isomers, the D- and 
L-enantiomers, of rvhicln the L-enantiomer 

human remains because of the inherent dif- 
ficult\~ of recoenizinir contalllil~ation from 

" 

results can be obtained in o~nly a few days. 
Ancient DNA seuuences that are Dur- 

contennporary humans (2 ,  6 ,  3 ) .  We also 
analvzed 17 samoles, includinir some human 

portedly millions of years old have been 
reported from iiinosaur hones, Miocene 
plant fossils, and amber i~nclusions (4) .  The 
D/L Asp ratio in tlne Utah dinosaur bone 

is used exclusively in protein hiosyntlnesis. 
Once isolated from active metabolic uro- 

samples, from s'hicln no ancrent DNA se- 
quences could be amplified. 

No DKA sequences could be retrieved 
from sanlples in lvhich the D/L Asp ratio 
was higher than 0.08 (Table I ) ,  whereas all 
samples with D/L ratios below G.08 yielded 
DNA seiluences. Furthermore, there was a 

cesses, the L-arnino acids undergo racemisa- 
tion to produce D-amino acids until even- 
tually the L- and D-enantionners of a partic- 
ular amino acid are present in equal 
amounts. The rate at uhicln racemization 
takes place differs for each amino acid and 
is dependent on the presence of water, the 
temperature, and tlne chelation of certain 
nnetal ions to oroteins (9). Racemization is 

rough relation between tlne extent of Asp 
racemization and the length of the retriev- 
able DNA sequences (Fig. 1).  In sanlples in 
which the estent of Asp racemizatio~n n.as 
sinlilar to that causeii by the 6 N HCl 
hyiirolysis procedure (D/L = 0.05), sequenc- 
es hetlveen 14G and 34G hase pairs (by) 
co~ild he amplified, whereas sannples with 
greater amounts of racennization tended to 
yield only shorter DK.4 fragments. 

K o  general correlation was ohserved be- 

thus affected by some of the same factors 
that affect depurination of DKA, tlne major 
hydrolytic reaction responsible for tlne 

H. N Pcnar, M. Hcss, S. Paabo, Inst~t i~te of Zcocgy, 
Unvers~ty of l v l ~~nch ,  Pcst Ofice Bcx 232136, D-83021 
lvlunci-, German:). 
J L Bada, Scr~pps lnst~t~rt~on of Oceanography, U~i~ver -  
stv of Cafornla at San Declo. La Jcla, CA 92093, USA. 

log (D/L Asp) " 

tween tlne age of the samples and the re- Fig. 1. Extent of Asp racemzation plotted (as the 
logarithm of the DiL ratio of Asp) against the max- 
imum length of DNA amplified (In base pairs). 

address, Clare Hall Labcratcrles, lmperlal Can. trieval of DKA or tlne extent of racemiza- 
eel. Research Fund, South Ivlmms. Herts EN6 3LD, UK, tiiln. Holvever, of the lnilne sallnples that 
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