
southerly stations within the province of 
left coiling. They are abundant, how- 
ever, in the tops of cores from the prov- 
ince of dextral coiling. The same as- 
sociation is maintained in the time 
dimension of cores from the province of 
dextral coiling; species of Globorotalia 
are well represented in sediments layers 
where the coiling of Globigerina pachy- 
derma is dominantly dextral, but they 
are absent or rare where the coiling is 
sinistral. 

By determining similar vertical changes 
in coiling percentages of G. pachyderma 
in cores from more southerly stations not 
shown on the chart it will probably be 
possible to determine approximately the 
former position of the boundary between 
right and left dominant populations, and 
by inference the most southerly position 
of the April 7.2?C isotherm during the 
peak of the last glaciation. This infor- 
mation will make possible an estimation 
of the amount of temperature lowering 
that occurred in this part of the North 
Atlantic during the last ice age. 

In the meantime, the present data are 
at least suggestive. The absence of any 
zone of right coiling at lower levels in 
the cores from the province of left coil- 
ing implies that this part of the North 
Atlantic during the late Pleistocene has 
not at any time been much warmer than 
it is now. Evidence that the boundary 
between right- and left-coiling popula- 
tions was farther south during the last 
ice age favors the conclusion that con- 
tinental glaciation was accompanied by 
general cooling of North Atlantic waters, 
and particularly within this critical re- 
gion, rather than by marked change in 
pattern of circulation. This conclusion 
supports the hypothesis that Pleistocene 
refrigeration was a result of reduction in 
total radiation from the sun and not a 
consequence of some purely terrestrial 
cause (6). 
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Virus versus Gene Change 
in Maize 

In maize the Rrr kernels from a 
standard RR3 xrrY (R, self-colored 
aleurone; r, colorless aleurone) are dark- 
colored. However, Brink (I) has found 
that when plants of genotype RRSt (RSt, 
stippled aleurone) are test-crossed on 
rr 9, the resulting kernels which receive 
R (from their RRSt parent) have aleu- 
rone which is weakly-colored mottled. 
We might indicate these kernels as R'rr; 
the prime indicates R of RRSt origin, 
without commitment whether R' is dif- 
ferent from R. 

Brink explains the weakly-colored 
mottled phenotype of Rtrr kernels on the 
assumption that in the RRst parent the 
Rst gene causes R to mutate, at a 100- 
percent rate, to a gene (Rr st) for 
weakly-colored mottling (an effect re- 
ferred to by Brink as "paramutagene- 
sis"). The RSt gene itself is apparently 
unaffected in RRSt. When weakly-col- 
ored mottled kernels (R'rr) from the 
test cross of the RRSt parent are again 
test-crossed, the resulting R'rr kernels 
are again weakly-mottled. Brink has 
therefore concluded that R is actually 
altered in the original RRSt parent, since 
the test-cross progeny (R'rr) maintain 
their light color from one generation to 
the next. On the other hand, when RRSt 
is self-fertilized, the resulting kernels 
which have at least two doses of R' in 
their aleurone (R'R'RSt or R'tRR; 
Rr:stRr:stRst or Rr:stRr:stRr:st) according 
to Brink's hypothesis), have aleurone al- 
most as dark as that of standard RR 
plants. Brink has therefore concluded 
that in the kernels under discussion, his 
Rr:st gene reverts, at a 100-percent rate, 
almost completely to R. 

In order to rule out the theory that a 
virus (or other plasmid element) is 
causing the changed expression in the 
R/rr kernels, Brink crossed the plants 
grown from these kernels to standard 
RR $. The resulting Rrr kernels would, 
of course, be the product of an R gamete 
from the RR parent and an r gamete 
from the R'rr parent. If the latter (R'rr) 
carried a virus, its r gametes might also 
be expected to carry the virus and to 
transmit it to the Rrr kernels in the cross 
R'rr 9 xRR $. However, these kernels 
are dark, like Rrr of standard origin. 
Brink has therefore concluded that no 
virus is involved in the changed expres- 
sion in R'rr kernels (weakly-colored 
mottled). 

However, in my opinion this finding 
relative to the cross R'rr 9 x RR $ does 
not exclude the possibility that a virus 
is changing the aleurone from dark red 
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to light in the R'rr kernels (those de- 
rived from RRSt $ x rr 9 ). Conceivably, 
two substances, A and B, are necessary 
for the continued existence of the virus. 
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Gene RSt produces both and supports the 
virus; R produces A but not B; r pro- 
duces B but not A. Moreover, we must 
assume that the virus rapidly disappears 
in a cell which lacks A but that it may 
live for a longer time in a cell which 
lacks B but has A, or may even linger 
on for several generations, largely in an 
inactive state, in plants which have only 
A. The virus therefore could not be 
transmitted by the r gametes of a plant 
that grew from an R'rr kernel, but it 
could be transmitted by the R' gametes. 
If the latter fertilized an rr 9 (giving 
R'rr kernels), gene R would supply the 
A element and r, the B. The virus would 
therefore persist, and the kernels would 
be light (instead of dark, as they would 
be in the absence of the virus). 

Until further tests, involving properly 
marked chromosomes have been made, 
it might be well to suspend judgment on 
the significance of Brink's RRSt case in 
maize (2). 

EDGAR ALTENBURG 
Rice Institute, Houston, Texas 

References and Notes 

1. R. A. Brink, Genetics 41, 872 (1956);- 
Records Genet. Soc. Am. 26, 362 (1957); 

---- and W. H. Weyers, Proc. Natl. Acad. 
Sci. U.S. 43, 1053 (1957); R. A. Brink, Science 
127, 1182 (1958). 

2. This study was supported by a grant (C-2393) 
from the National Institutes of Health, U.S. 
Public Health Service. 

26 March 1959 

Reflectivity Spectrum and 

Optical Constants of Bituminous 
Coal; Estimation of Aromaticity 

Abstract. The spectra of reflectivities, 
refractive indices, and absorption indices 
of a bituminous coal vitrain have been 
determined for the ultraviolet-visible spec- 
tral region. The low values for these quan- 
tities support the premise that polynuclear 
condensed aromatics may be present in 
coal only in small amounts. Aliphatic and 
amorphous carbons may predominate. 

The spectra of specular reflectivities 
have been determined in the ultraviolet- 
visible region for Bruceton coal vitrain 

(1), which is 84 percent carbon. Pre- 
viously, the absorption spectrum in this 
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Table 1. Reflectivities (R), specific ex- 
tinction coefficients (K), and the optical 
constants, refractive index (n), and ab- 
sorption index (k), of Bruceton vitrain. 
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region was reported along with calcu- 
lated absorption indices, k (2); the value 
for k at 5461 A was found to be appre- 
ciably smaller than published values ob- 
tained from reflectivity measurements 
(3, 4). From the reflectivity spectrum 
(Fig. 1), refractive indices, n, over the 
entire spectral region have been calcu- 
lated (Table 1) by Fresnel's equation 

(n-1)' nk2 
(n+ l)+ n'k' 

Because of the low magnitude of the 
absorption indices, this quantity is 
nearly insignificant in the calculation of 
refractive indices. However, the inter- 
dependence of the two indices was taken 
into account by successive alternate cal- 
culations of refractive indices from the 
above equation and of the absorption 
indices from 

2.303 A 
4xxn 

where X is the wavelength of light in 
centimeters, A is the absorbance, and 
x is the sample thickness in centimeters. 

The experimental reflectivity curve re- 
mains smooth throughout the spectrum, 
with no sharp discontinuities. One weak, 
broad shoulder appears at 2650 A. The 
reflectivity and refractive index spectra 
decrease appreciably at short wave- 
lengths in the ultraviolet region. This 
decrease may be due to changes in ab- 
sorption properties in this region, but it 
is more probably due to increased scat- 
tering of the coal substance at these 
wavelengths. 

Reflectivity measurements were made 
on polished pieces of Bruceton vitrain 
with a Cary spectrophotometer equipped 
with a specular reflectance attachment; 
a front-surface aluminized mirror was 
used as the comparison, and reflectivity 
values for fused quartz were used as 
spectral standards. 

Aromaticity of coal. In regions of 
strong spectral absorption, an increase 
is expected in both the refractive index 
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and the absorption index, and hence in 
the reflectivity. In coal, such marked 
increase in absorption does not occur 
anywhere in the ultraviolet-visible spec- 
trum (3). As can be seen from the data 
for reflectivity and refractive index, 
there also is no substantial increase in 
these values at any place in the spectrum. 

These data are of particular signifi- 
cance in view of the recent reevaluation 
of x-ray measurements (5) which indi- 
cate that the ring sizes of aromatics that 
may be in Bruceton vitrain should be 
l-to-3 and 2-to-4 rings. Thus the possi- 
ble condensed aromatic nuclei are lim- 
ited to 2-to-4 rings such as are found 
in naphthalene, phenanthrene, fluorene, 
chrysene, and other compounds. The 
strongest absorptions of all of these are 
confined to a narrow region of the short- 
wavelength ultraviolet, so that both re- 
flectivity and absorption should show 
marked increases with definite spectral 
fine structure in this narrow region, 
but they do not. Most of the 16 2-to-4- 
ring polynuclear condensed aromatics, 
naphthalene through pyrene, have their 
strongest band in the region 2100 to 2550 
A with K values from 205 (fluorene) to 
1230 (anthracene). Five of the 2-to-4- 
ring group have their maximum absorp- 
tion band between 2550 and 2750 A 
with K values from 360 (2,3-benzo- 
fluorene) to 1640 (naphthacene). On 
the basis of K values, the allowable per- 
centages of these compounds that could 
be present in Bruceton vitrain varies 
from 1.4 to 14 percent. These maximum 
percentages of individual aromatics are 
not additive owing to considerable over- 
lapping interference in this short spec- 
tral region. 

If the principal structures in bitumi- 
nous coal vitrain are not polynuclear 
condensed aromatic in nature, the pre- 
dominant structures may be aliphatic 
and alicyclic and/or benzenoid. The 
shortage of hydrogen, oxygen, and other 
elements may require that the saturated 
structures contain extensive systems of 
tetrahedral carbon-carbon bonds-that 
is, quaternary carbon atoms in diamond- 
like structures of small size or in amor- 
phous carbon structures like the "vitron" 
suggested for glass (6). 
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Bureau of Mines, U.S. Department of 
the Interior, Pittsburgh, Pennsylvania 
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On the Presence of Fixed 
Ammonium in Rocks 

Abstract. From one-fourth to one-half 
of the nitrogen in some granite rocks, and 
up to two-thirds of that in some paleozoic 
shales, occurred as ammonium ions held 
within the lattice structure of silicate min- 
erals. The results provide greater insight 
into the origin of the earth's atmosphere. 

It has been assumed by many scien- 
tists that practically all of the nitrogen 
in rocks occurs in organic combination. 
Evidence for this assumption has been 
based on the fact that only a small frac- 
tion of the nitrogen in rocks could be 
recovered as ammonia or nitrate by 
leaching with base-exchange reagents. 
Research conducted recently by my co- 
workers and me (1, 2) has shown that 
soils contain considerable amounts of 
fixed ammonium (ammonium ions held 
within the lattice structure of silicate 

minerals), and it seemed reasonable to 
postulate that some of the nitrogen in 
rocks is fixed ammonium. The purpose 
of this study was to test this hypothe- 
sis (3). 

A procedure based on the ability of 
HF to remove fixed ammonium from 
clay minerals has been developed by 
Dhariwal and Stevenson (1) for the 
determination of fixed ammonium in 
soils. This method was modified for the 
determination of fixed ammonium in 
rocks. The procedure adopted was as 
follows: a 0.5- to 1.0-g sample of finely 
ground rock (100 mesh) was treated 
with 20 ml of boiling 1N KOH for 6 
hours. The residue was recovered by 
centrifugation in a polyethylene tube, 
washed free of KOH with ammonia-free 
water, and treated with 10 ml of a solu- 
tion consisting of 7.5N HF and 1.ON 
HC1. For granite rocks, the mixture was 
transferred to a polyethylene beaker and 
heated on a hot plate at 80?C to near- 
dryness. The ammonium released by HF 
was distilled with alkali into standard 
acid. The ammonia was estimated col- 
orimetrically, by means of Nessler's re- 
agent. 

Total nitrogen in the samples was 
determined by a micro-Kjeldahl pro- 
cedure. The digestion time was 3 hours. 

The specimens included several Paleo- 
zoic shales and granite rocks. The shales 
were from Illinois. Shales A, B, and C 
were from Mississippian horizons; shale 
D was from a Pennsylvanian horizon. 
Granite rocks A, B, and C were from 
outcrops. Rock A was from New Hamp- 
shire, rock B was from Maine, and rock 
C was from Vermont (from the Rock 
of Ages quarry). Granite rocks D, E, 
and F were Pleistocene boulders from 
glacial till of Wisconsin age. They were 
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