
which corresponds to incidence angle 
72.4?, The procedure used to average 
the spectra has been discussed by Jur- 
gens (6) in an earlier study of the av- 
erage scattering properties of Venus for 
incidence angles less than 45?. The av- 
eraged spectrum shown is in remark- 
ably good agreement with the theoreti- 
cal spectrum. 

The results of this study and the 
previous study by Jurgens (6) clearly 
indicate that a 'homogeneous scattering 
model can represent the average scatter- 
ing properties of Venus over a range of 
incidence at least as large as 75?, and 
that no latitude dependence is observ- 
able. Therefore, ice caps do not exist 
on Venus unless the very unlikely situa- 
tion has occurred and their radar-scat- 
tering properties at large incidence an- 
gles are not significantly different from 
those of the equatorial region. Large 
fields of broken ice slabs could duplicate 
the radar-scattering behavior of the 
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Although the sequence of thermal 
reactions by which kaolinite (a triclinic, 
1 : I layer silicate) passes through a 
poorly crystallized, and more or less 
ainhydride phase (metakaolin), then 
through a spinel-type cubic phase to 
yield finally a chain silicate (mullite) 
plus excess silica (appearing finally as 
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equatorial region at large angles of in- 
cidence if the surface roughness were 
just slightly greater than the roughness 
of the equatorial material, but snow is 
excluded by these radar observations. 
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cristobalite) was shown by Brindley 
and Nakahira (1) to be a structure-con- 
trolled process, the specific nature of 
metakaolin remains very difficult to 
evaluate. New single-crystal electron 
diffraction data, showing an expansion 
of the layer parameters, a and b, in 
the formation of metakaolin, provide 

cristobalite) was shown by Brindley 
and Nakahira (1) to be a structure-con- 
trolled process, the specific nature of 
metakaolin remains very difficult to 
evaluate. New single-crystal electron 
diffraction data, showing an expansion 
of the layer parameters, a and b, in 
the formation of metakaolin, provide 

some valuable additional information. 
The layer structure of kaolinite con- 

sists of a Si-O tetrahedral sheet linked 
with an Al-O,OH octahedral sheet; 
the OH ions are coordinated only with 
Al ions and not with Si ions. Dehy- 
droxylation causes a major alteration of 
the Al-O,OH sheets, with the Al ions 
taking up fourfold, in place of their 
original sixfold, coordination as shown 
by x-ray fluorescence analysis (2), and 
also by infrared spectroscopic data (3, 
4). The basal spacing of metakaolin is 
not directly observable by x-ray diffrac- 
tion, and possibly is variable from 
crystal to crystal, and within crystals. 
An estimated average value based on 
density data (1) is about 6.3 A, while 
electron diffraction results (5) on 
single crystals turned edgewise to the 
electron beam have given values in the 
range 6.8 to 5.6 A, with an average of 
6.2 A. From a detailed infrared analysis. 
Pampuch (4) recently has concluded 
that the Si-O sheets take up a higher 
symmetry after dehydroxylation, be- 
coming hexagonal instead of ditrigonal, 
and that the A1-O,OH sheets break 
down into an arrangement of corner- 
and edge-shared A104 tetrahedra form- 
ing chains. 

Further structural information has 
now been obtained from electron dif- 
fraction measurements of single crystals 
with the use of an aluminum shadow- 
ing technique to provide accurate cali- 
bration rings on the diffraction spot pat- 
terns (6). Measurements have been 
made of the basal plane parameters of 
exceptionally well-crystallized kaolinite 
taken from geodes which occur near 
Keokuk, Iowa (7), and of the metaka- 
olin produced by heating this kaolinite 
in air at 700?C for periods of 12 hours 
or longer to give 13.88 percent weight 
loss, that is, corresponding to essen- 
tially complete dehydroxylation. The 
b-parameter measurements, made on 
many crystals, have given the follow- 
ing results: 

Initial kaolinite b = 8.95 ? 0.03 A 
Metakaolin (700?C) b = 9.145 ? 0.035 A 

Fig. 1. Arrangement of silicon-oxygen, 
SiO4, tetrahedral groups in (A) ideal hexa- 
gonal sheet structure, (B) ditrigonal sheet 
structure, with tetrahedra rotated alter- 
nately +20? and -20? with respect to 
ideal positions. The b parameter arising 
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part of each diagram shows the oxygen 
atoms in tetrahedral groups; the silicon 
atoms at centers of tetrahedra are hidden. 
The lower part of each diagram indicates 
the tetrahedral faces connecting centers of 
oxygen atoms. 
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.Kaolinite Layer Structure: Relaxation by Dehydroxylation 

Abstract. Single-crystal electron-diffraction data reveal features of metakaolin. 
The basal plane parameters increase 2.2 percent in formation of metakaolin 
produced by heating kaolinite in air at 700?C for 12 hours. This increase results 
from removal of the distortion of sheet structure (relaxation). 
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The significance of the 2.2 percent 
increase in b is interpreted as follows. 
The tetrahedral sheets of the kaolinite 
structure normally are constrained by 
their attachment to the A1-O,OH octa- 
hedral sheets by rotations of the tetra- 
hedra through angles of about 11.3? 
(8) so that the sheet symmetry is not 
hexagonal but is more nearly ditrigonal. 
This is illustrated in Fig. 1, where larg- 
er rotations (20?) are shown in order 
to clarify the contraction of the sheet 
structure by these rotations. When the 
octahedral sheets are disrupted by de- 
hydroxylation, the constraints on the 
tetrahedral sheets are removed, and the 
highly charged Si ions will repel each 
other to the maximum limit set by 
the Si-O bond length, 1.62 A. The 
maximum relaxation of the tetrahedral 
sheet corresponds to the hexagonal ar- 
rangement shown in Fig. 1, and from 
the geometry of the tetrahedron it fol- 
lows that b = 4V2 (Si-O) = 4V2 
(1.62) =9.1.5 A. This agrees exactly with 
the measured parameter for metakaolin. 

The present results provide no direct 
confirmation for the Al-O chain ar- 
rangement in metakaolin proposed by 
Pampuch, but indirectly they indicate a 
similar conclusion. In attempting to fit 
an Al-O sheet structure with Al in 
fourfold coordination, to the original 
a and b parameters of the kaolinite 
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The discovery of the antiserum to 
Diego b (Dib) antigen (1) provides 
additional information on the genetics 
of the Diego blood group system, a 
polymorphism in American Indians and 
some Asian populations, and a mono- 
morphism in Caucasians and Negroes 
(2). Initially, a single erythrocyte anti- 
gen, Diego a (Dia), was detected by 
antiserum to Dia (3), and subsequently 
it was found that the frequency of the 
phenotype Di(a+) varied from 0 to 0.5 
in American Indians (4). Genetic anal- 
ysis of data from families studied with 
the antiserum to Dia has shown that the 
polymorphism consists of two (or more) 
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structure, Brindley and Nakahira (1) 
found that the A1-O tetrahedra must 
be very highly distorted. Indeed, if an 
Al-O sheet structure is maintained after 
dehydroxylation, some reduction in the 
a and b parameters is to be expected 
and certainly not an expansion. The con- 
siderable expansion now observed points 
strongly toward a disruption of the 
octahedral sheet structure, and to this 
extent the chain arrangement suggested 
by Pampuch is supported. 

G. W. BRINDLEY 
D. L. GIBBON 

Department of Geochemistry and 
Mineralogy, Pennsylvania State 
University, University Park 16802 
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alleles at a single autosomal locus, one 
of which, Dia, is dominant and controls 
the antigen, Dia (3, 5). We have been 
studying the distribution and the inheri- 
tance of the erythrocyte antigens Dia 
and Dib in Mayan Indian descendents 
in Guatemala, and we present here the 
results of our initial genetic analysis. 
To our knowledge, these are the first 
genetic studies with both antiserum to 
Dia and antiserum to Dib. 

The antiserum to Dib was discovered 
in two Di(a+) Mexican Indian women 
with blood transfusion compatibility 
problems (1). Their serums, which did 
not react with their own red blood cells, 

alleles at a single autosomal locus, one 
of which, Dia, is dominant and controls 
the antigen, Dia (3, 5). We have been 
studying the distribution and the inheri- 
tance of the erythrocyte antigens Dia 
and Dib in Mayan Indian descendents 
in Guatemala, and we present here the 
results of our initial genetic analysis. 
To our knowledge, these are the first 
genetic studies with both antiserum to 
Dia and antiserum to Dib. 

The antiserum to Dib was discovered 
in two Di(a+) Mexican Indian women 
with blood transfusion compatibility 
problems (1). Their serums, which did 
not react with their own red blood cells, 

Table 1. Frequency distributions of Diego 
erythrocyte antigenic types determined from 
reactions with antiserums to Dia and Dib 
antigens. 

Distribution 
Antigens 

Males Females Total 

Di(a+b-) 1 2 3 
Di(a+b+) 15 39 54 
Di(a-b+) 70 128 198 
Di(a-b--) 0 0 0 

86 169 255 
Test for association of antigen types with sex: 

2(l, = 1.050*; P>.30 
* Types Di(a+b-) and Di(a+b+) were pooled 
because of the small numbers of individuals of 
the former type. 
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reacted consistently with Di(a-) and 
Di(a+) erythrocytes selected at ran- 
dom with respect to other antigenic 
types. Red blood cells from the parents 
and siblings of one of the women were 
Di(a+) in each case, and, except for 
cells from one sibling, they reacted 
with the newly discovered serums. 

The antiserum to Dia was provided 
by Dr. M. Layrisse, and the antiserum 
to Dib was made available to us by 
Hyland Laboratories. Both antiserums 
require antiserum to human globulin for 
the detection of the respective antigens 
(6). Blood was collected in ACD (citric 
acid, trisodium citrate, dextrose) solu- 
tion and immediately refrigerated until 
processed. A volume -of packed red 
blood cells was suspended in two 
volumes of 40-percent buffered glycerol 
(7) and then stored at -20?C. No more 
than 1 week (and usually less time) 
elapsed between obtaining a blood speci- 
men and suspending the erythrocytes in 
glycerol. All samples were typed for 
erythrocyte antigens within 4 months 
from initial collection. In this labora- 
tory, frozen stored erythrocytes show 
agglutination reactions with antiserums 
to Dia or to Dib identical to those of 
fresh red blood cells. The individuals 
studied in this investigation are Cakchi- 
quel-speaking, Mayan Indian inhabitants 
of San Antonio Palop6, an Indian com- 
munity on the eastern shore of Lake 
Atitlan, Guatemala. This population 
shows high frequencies of blood types 
O, M, and MN, and a very low fre- 
quency of type rh (cde). Previous stud- 
ies in two other lakeshore communities 
(8) revealed frequencies of 0.116 and 
0.200 of the Di(a+) phenotype. 

The sample studied was made up of 
255 Indian inhabitants of San Antonio 
Palop6. The sample contained complete 
"nuclear" families (father, mother, 
and one or more offspring), fragments 
of nuclear families, and individuals of 
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Genetics of Diego Blood Groups in Guatemalan Indians: 
Use of Antiserums to Diego a and Diego b Antigens 

Abstract. Red blood cells of 255 inhabitants of San Antonio Palopo, an Indian 
community on the eastern shore of Lake Atitldn, Guatemala, have been typed 
with antiserum to Diego a (Dia) and the newly discovered antiserum to Dib. In- 
dividuals with erythrocyte antigenic types Di(a+b-, Di(a+b+), and Di(a-b+) 
have been found, but the type Di(a-b-) has not been encountered. Population 
frequencies of antigenic types and family studies support the hypothesis that the 
erythrocyte antigens, Dia and Dib, are controlled by two codominant alleles at a 
single autosomal locus. 
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