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The past twenrty-five years have proved 
the contrary. Although some ve·ry 
elegant experiments have been per­
formed and a gre·at number of calcu­
la.tions have been carried out, the 
details, both theoretical and experi­
mental, still prove .to be very elusive. 

Diamond in a 
kimberlite xenolith 
from G. Malcolm Brown 

MosT of the wm.Jd's diamonds occur as 
sparsely distributed crystals in the rare, 
ultramafic potassic rock called kimber­
lite. The rock ~s found -in pipe-like 
bodies that reach •the present Earth 
surface, as for example in the major 
diamond localities of South Africa and 
Siberia. There is no doubt that the 
kimbevlite material was injected into 
the crust from deep levels of the Earth, 
aided ·in many cases by the explosive 
forces of a high gas content. The kim­
berlite matrix has apparently crystal­
lised from a liquid magma, and the 
fascinating array of rock fragments 
(xenoliths) embedded in the matrix bear 
testimony to the source of the magma. 
These xenoliths are mainly garnet 
lherzolites, !'ocks consisting chiefly of 
garnet, olivine, clinopyroxene and or­
thopyroxene crystals. Such ultramafic 
mcks are now widely accepted as being 
most closely representative of the com­
position of the Earth's upper mantle. 
Hence .the intrusion of kimberlite has 
resulted in the .transport, to near­
surface environments, of parts of the 
Earth that are otherwise invis.ible ex­
cept by indirect geophysical measure­
ments. 

Diamonds are not a geologist's best 
friend. Most minerals occur in a tex­
tural association wilth other minerals 
such that constra.ints can be plac·ed on 
the physico-chemical properties of the 
whole rock assemblage, and much in­
formation can thus be gained about 
the processes involved in their origin. In 
contrast, most diamonds occur within 
the heterog·eneous, often fragmentary 
matrix of the k.imberlite pipes and the 
critical information on temperatures 
and pressures (and thus depths) of 
origin can only be irnfe.rred from studies 
on the associated, but generally dia­
mond-free fragments of ultramafic 
upper mantle (lherzolitic) rock. 
Another complkating factor is that 
whereas lherzolite xenoli:ths occur in 
many volcanic lavas genemted from the 
upper mantle, they are diamond-free. 
Hence the genesis of diamond has 
seemed to be associated soeoifically with 
the kimberHte matrix of the diamond 
pipes. rather than with upper mantle 
xenoliths as a whole. 

Dawson and Smith (Nature, 254, 
580-581; 1975) have the·refore made an 

important recent discovery. They des­
cribe the find~ng of a small diamond 
crystal (0.8 X 1.4 mm) in a thin section 
preparation of a mica-bea·ring garnet 
lherzolite xenoHth from a kimberlite 
pipe (diatreme) in Lesotho. C. F. 
Davidson once wrote .that "the richest 
kimberlites ... caTTY one part diamond 
in 107 of rock, and the average is one 
in 10'0 or less. So the chances of finding 
a diamond in a th~rn sec.tion are some­
what around the cube of the proba­
biHty of finding the needle in the hay­
stack" (in Ultramafic and Related 
Rocks, edit. by Wyllie, 302; Wiley, 
1967). Small wonder, therefore, that 
diamonds are rarely de-tected other than 
by the crushing and sorung of huge 
volumes of kimberlite rocks. Dawson 
and Smith refer to the few previously 
recorded occurrences of diamond in 
eclogite and garnet serpentinite• 
xenoliths from kimbedites, but those 
xenotiths are of slightly lesser rdevance 
to an upper mantle source material. 

The discovery of diamond in the 
lherzolite permits mineralogists to use 
the lherzol,ite minerals irn order to esti­
mate the pressure (P) and temperature 
(T) of formation of the included dia­
mond crystal. In fact, studies of this 
type have been pursued vigorously since 
1973, stemming especially from original 
work by Boyd and coworke·rs on the 
pyroxene mineralogy. Unfortunately, 
despite a number of sophi•sticated 
studies on the phase equilibria and re­
lated thermodynamic calculations, the 
topic is still plagued by doubts as to 
the dependabiHty of certain data used 
in the geothermometry and geo­
barometry estimates. Each new study 
adds further refinements, though the 
basic concepts are not questioned, and 
it is premature for readers to assume 
that the P-T va•lues given by Dawson 
and Smith are bette'r than a very broad 
estimate. 

They gdve valuable mineral analyses 
and conclude that 'the assemblage 
equilibrated art 1.050 oc, at a pressure 
of about 4.6 to 5.2 kPa (that is, about 
150 km depth). There are, however, 
several other lines of evidence that 
need to be considered. Graphite, the 
O!the·r form of carbon in igneous rocks, 
OC•curs in some ga.rnet ·lherzolite xeno­
ldths in kimberlites, as they mention, so 
the P-T curve for the graphite-dia­
mond transition is relevant in the sense 
that proximi,ty to this phase boundary 
is likely. Also, studies of mineral in­
clusions .in diamonds have yielded im­
portant data for P-T estimates. 

A me1thod of estimating P-T con­
ditions that is more rigorous than 
analogy with simple synthetic systems 
is more ·than overdue. Such an ap­
proach, using thermodynamic para­
meters to formulart·e a geothermometer 
based on .the iron-magnesium excham~e 
reaction between olivine and calcium-
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rich clinopyroxene, has recently been 
devdoped by Powell and Powell (Contr. 
Min. Petrol., 48, 249-263; 1974). They 
examine P-T condiHons for inclusions 
in diamond and for ultrabasic xeno­
liths in kimberlites, and the related 
studies a·re cited. Where the P-T lines 
are drawn for those assemblages, they 
int·ersect the graphite-diamond tran­
sition line at about 1,250 oc and 4.5 
kPa. J1hus the pressures inferred by 
Dawson and Smith are corroborated, 
but the tempe•rature discrepancy is 
200 o C. In faot, plotting of •the Dawson 
and Smith data (at I ,050 o C) on the 
Powell and Powell diagram would sug­
gest equilibration improbably close to 
the wet pyrol,ite solidus. 

Reference to other methods of esti­
mating P-T conditions, which may or 
may mot be proven better, is made 
merely to stress the need for caution 
in acceptilng specific values at this stage 
<in a rapidly developing science. The 
major contribution by Dawson and 
Smith !'emains an exciting one. They 
raise other interesting .points regarding 
·the stab~lity of pblogopite mica, 
diamond gmwth habits, and the pos­
sible genesis of graphite by breakdown 
of diamond. Above all, howeve·r, they 
remind us that the processes of genera­
tion of diamond are interwoven with 
the processes of upper mantle dynam­
ics and magma ge.nerat·ion at around 
150 km depth in the Earth. 

A probe probed 
from E. G. Richards 

To investigate the structure of DNA 
you need a probe that wiH d.nltemd 
with the macromolecule. Electromag­
netic mdia,tion has long been a 
favou.nite but v~trious c:hem.iool reagents 
are strong contenders. Of tlhese, the 
simplest is .the proton and rt!he next 
moot ~rnple !is possibly formaldehyde 
but irn Ol"der ro lirn,terpret the inter­
ac,tions you observe you need to lmow 
irn demill whi(l)t is going on. 'I'his lhas 
hitherto been more than a lirttle obs­
cure in the case of formaldehyde, a 
matte.r Wlhich !has now been put to 
ri.ghts by two eoleganlt and exhaustive 
papers hy McGhee :and von H1ppe~l 
(Biochemistry, 14, 1281 and 1297; 1975). 

To beglin with, formaldehyde oan 
re1act with both lthe exocydic amino 
groups of A, C and G .residues and the 
endocyd:ic imino growps of T and G 
(and U and I). In each case the result is 
the substiltUition of a hydrogen atorv. 
by a metihylal ( -CH20H) gJfOUp. In the 
case of ;the reaction wi<th the amino 
gl'OUp, a monoadduot or a diadduct 
ma.y be formed ·accot'd1rng to whether 
just one or both hydrogens are sub­
stitUJt.ed and ~t WOUI}d seeilU tlhat the 
ghost of rtJhe Schiff base has been laid. 
A further wninlole irn the exocyclic re-
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