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microamarphous, and microaphanitic, and further on o geo-
cietric basis into microgranular, microlamellar, and micro-
fbrous. More recently, Kloss!? reported that, unlike macro-
crystalline quartz crystals, microcrystalline quartz cryitals
generally show no sharp inversion point, and the inversion
takes place over an interval of nearly 50° C. Our work SURgests
that it is best to deseribe the product of powdering quartz as
micracrystalline quartz, which has an Xeray structure corre-
sponding to quartz but is not normally detectable by d.t.a,
unlesy carried out at high heating tates, In additiom, this
microcrystalline quartz co 1tains chemisorbed H.0.
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Image Formation by Induced Local
Interactions: Examples Employing
Nuclear Magnetic Resonance

AN image of an ohject may be defined as a graphical Tepresenta-
tion of the spatial distribution of one ar more of jts properties,
Image formation usually requires that the objecrt interact with a
matter o radiation field characterized by a wavelength cormpar-
able to or smaller than the smallest features ta he distinguished,
so that the region of interaction may be restricted and a resolved
imape geperated.
This limitation on the wavalength of the field may be removed,
and a new class of image generated, by taking advantage of
induced locel interactions. In the presence of a second field
that restricts the interaction of the object with the first field to a
limited region, the resolution becomes independent of wave-
length, and is instead a function of the ratio of the normal width
of the interaction 10 the shift produced by a [gradient in the
second field. Because the interaction may be regarded as a
coupling of the two fields by the object, I propose that image
formation by this techniqus be known as ugmatography,
from the Greek {ewypa, “that which is used |for Jjaining®,
The nature of the technique may be clarified by deseribing
two simple examples. Nuclear magnetic resonance (NMR)
zeugmatography was performed with 60 MHz (5 m) mdiation
and a static magnetic field gradient corresponding, for proton
resonance, to about 700 Hz cm-~!. The test object consisted
of two 1 mm ioside diameter thin-walled glass capillaries of
H:0 armched to the inside wall of a 4.2 mm [nside diameter
glass tube of ;0. In the first experiment, both capillaries
contained pure water, The praton resonance line width, in the
about 5 He,
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Assuming uniform signal strength across the region within
transmittes—receiver coil, the signal in the pressnce of 2 fii
gradient represents a one-dimensiona! prajection of the "
content of the object, integramd over planes PeTpendiculay:i 23
the gradient direction, as @ function of the gradient coor oy
ate (Fig. 1). One method of constructing a twoedimenriy,. 3
projected image of the abject, us represented by its H,0 gy
tent, is 10 combine several projections, obtained by ropas
the object about an axis perpendicular to the gradient diretiongl
(or, at in Fig. 1, romating the gradient about the object), uslng
one of the available methods for recomstruction of objeiys";
{rom their projections'~*. Fig, 2 was generated by an algorithr; 3
similar 1o that of Gordon and Herman®, applied 10 four pro.}
jections, spaced a3 in Fig, 1, so es to construct & 20 x 2 image
matrix. The representation shown was produced by shading,
within contours interpolated betwesn the marrix points,
and clearly revesls the lacations and dimensions of the twg ¥
columns of H;Q. In the second experiment, one capillary cop, - i
tained pure H,0, and the other contained 3 6,19 mM solution .
of Mn50, in H,0. At low mdio-frequency power (abou; 02 . .1
mgauss) the two capillaries gave nearly identical images in th

Fig.1 Relatlionship between a thres-dimensional object, its two=

dimensional projection along the Y-axis, and fous nne-dimen-

sional projections at 45° intervals in the XZ-plane, The arrows
indicate the gradient directions,

Fie. 2 Proton nuclear magnetic resonance zsugmatogram of the. i - i
chject deseribed in the text, using four relative orientations of 2

abject and gradjents as diagrammed in Fg. 1, L.,
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glogram (Fig. 3a). At x higher power level (about 1.6
g}, the pure water sample gave much more saturated
than the sample whose spinalattice relaxatlon time T
on shortened by the addition of the paramagnetic Mn2+
hd its zcugmatopraphic image vonished at the contour
R2d in Fig, 36, The sample region with long 7, may be
Bely emphatized (Fig. 32) by constructing

Pitogram from those taken at different radi
jeations of this fechnique to the study of various
giogeneous objects, not necstsarily restricted| in size to
commonly studied by magneric resonance & ECLroscopy,
e anticipated.  The experiments outlined abave demons
Wthe ability of the technique to generate pictures of the
tions of atable isotopes, such as H and D) within an
- In the second experiment, relative intansities in an
were made to depend upon relative nuclear relaxation

among biological tissues showld permit the generation,
g ficld gradients large compared to internal magnetic
geneities, of weful zeugmatographic ima
gharp water resonances of organisms, selectively picturing
garious soft Structures and tigsues. A possible Application
nsiderable interest at this time would be 1o the i vivo
fo, of malignant tumours, which have been shown to give
flon nuclear magnetic resonance signals with much longer
Xr spin-lattice relaxation times than those in the correspand-
T I,'ﬂ',l,al tissl.lﬁﬁ.
flhe basic zcugmatographic principle may be employed in
Wy different ways, using a scanning technique, a3 described
p¥e, or transient methods, Variations on the experiment, to
Fascribed later, petmit the generation of twox or threes
gensional images displaying chemical compositions, diffusion
iicients and other properties of objects measurable by
efroscapic techoiques.  Althowgh applicationg employing
3 car magnetic resonance in liguid or liquid-like systemns are
Erle and attractive because of the ease with which field
{3dients large enough 1o shift the narrow resonaneds by many

Fiz. 3 Proton nuclear magnetic resonancs zeugmatograms of
n ohject containing regions with different felaxation ties.
% Low power; b, high power; e, difference between g and b,

The variations in waier contents and proto r:la.tatiuﬂ
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line widths may be penerated, NMR, reugmatography of solids,
electron spin  retonance zeugmatography, and analogous
experiments in other regions of the gpectrum should also be
possible. Zeupmatogrophic techniques should find many uselul
applications in studies of the internal structures, states, and
compaositions of microscopie objects,
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Island Lizards: the Genetic-Phenetic
Variation Correlation

NATURAL populations of many organisms are known to
eontain much mere genetic variation than wonld have besn
predicted by all bue a minority! of geneticists two decades ago,
Individuals of several species have up to 22% of their Joci
heterozygous, and from 0=50% or more of the loci in a popnla-
tion are polymarphie, although the higher estimates may result
from sampling error®~*; vertebrates tend to be at the lower
end of these ranges, Estimates such as these are based op
electrophoretically detectale variation in proteins, so the trus
levels of genetic variation are probably higher®. These
generalizations are gaining wide acceptance, bur there is still
some unease ahont their accuracy. The fundamental guestion
is whether the loci being sampled are representative of the
genome as & whole, We here present evidences that the electra-
phoretic approach is relativaly unbiased,

Twa groups of lizards were used: eight species of Anofis )
from the West Indies and thirtean populations of the side-
blotehed lizards Uia stansbiuriana, sensu larg, from California
and Mexico, caught in 1971 and 1972. Geographic variation
is not a source of heterageneity, as all specimens from a
locality were collected within a few hundred metres of one
another, After capture, they were transported alive or on
dry ice to the laboratory and stored at =76° C until needed,
After skinning, water-soluble proteins were routinely extracted
and electrophoresed®. Six of the eight Anolis species wera
from Puerto Rico, and two, A. extrenus and A, roguet, were
from Barbados.and Martinique, respectively.

A single morphological character was used to estimate
morphological=variation in the Anpfis species; the number of
subdigital scaleson the longest toe (second) on the hind foot,
starting with the most distal lamella and counting proxima]ly.
Variability in this character is correlated with variability in
other scale characters, but the other characters were nat
scored as accurately. Estimates of genetic variation in the
Anofis species were derived from the starch-ge! elecirophoresis
patterns of enzymes and nonenzymatic proteins, which together
appear to represent the gene products of twenty-one or twenipr
two loci, The proteins assayed were lactats dehydropenases,
malate dehydrogenases, a-glycerol-phosphate debiydrogenase,
isocitrate dehydrogenases, indopheno] oxidase, phospho-
glucose isomerase, phosphoglutamase, plutamic oxaloacetate




