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Sinog attacks are generally characterized by reduced 
visibility, eye irritation, and the marking of leaves of 
various plants. According to an article published in 
1950 by Middleton et al. ( I ) ,  it was recognized as 
early as 1944 that certain leaf markings observed in 
and around Los Angeles were the result of pollutants 
in the atmosphere. This article included the first de- 
scription of the markings and stated that they mere 
found throughout the Los Angeles Basin. More re-
cently, Middleton et al. ( 2 )  indicated that the eco-
nomic loss in leafy crops exceeded $500,000 yearly 
and that the area of damage was expanding. Similar 
markings have been found in the San Francisco Bay 
area (2, 3 ) .  

F o r  about 2 yr, beginning in June 1951, a plant 
pathologist of the Stanford Research Institute staff 
continuously observed conllnercial vegetable fields and 
ornamental plants in the Los Angeles area and com- 
pared lnarkings that appeared on them with those 
that developed on similar plants grown in greenhouses 
receiving cleansed and uilcleansed air. I t  became ap- 
parent that, in addition to the commonly recognized 
smog markings, there were others that were commonly 
observed that could not be distinguished readily froin 
markings caused by other factors: insects, poor cul- 
tural practices such as under- and overfertilization, 
flooding, and so forth. This ambiguity, as well as in- 
creases in economic loss and in the extent of the area 
affected, emphasized the desirability of an objective 
means of distinguishing between markings resulting 
froin smog and those caused by other factors. 

Following a smog attack in Rfenlo Park  in 1953. it 
was discovered that the so-called "typical" smog mark- 
ings that occurred on the leaves of Cllelzopodrunz 
~ l z u ~ a l eand Malva po~c i f l o ra  fluoresced pale blue 
when irradiated with near ultraviolet light from a 
mercury vapor lamp. The unmarked portions of the 
leaves did not show this fluorescence. 

I n  a review of the literature on fluorescence of 
vegetation (4))no niention was found of pale blue 
fluorescence of leaves under ultraviolet light. I t  seemed, 
therefore, that this prop.erty might provide, a t  least 
in part, an objective method of differentiation. To test 
this, leaves of a wide variety of plants, both unmarked 
and marked by several factors, were examined under 
ultraviolet radiation. 

The source of the radiation was a spherical Bausch 
R- Lomb nlicroscope illull~inator in which the socket 
was replaced by one that would take a GE B H 4  100-w 
ultraviolet bulb, connected with the special trans-
former needed for  its operation. The radiation was 
directed a t  the leaves from an angle, so that they 
could be observed under a nlicroscope if desired. Five 

minutes in a dark room was allowed for  the source to 
warm u p  and the eyes to becoine adjusted. 

Smog-marked leaves of inany weeds and leafy vege- 
tables, gathered in Los Angeles, were wrapped in alu- 
minuni foil and shipped to Menlo Park, where they 
were examined the next day. These leaves, showing 
the visible smog markings, also showed the fluores- 
cence. The marked areas appeared as sharply defined 
bright pale blue. Under visible light, their color 
showed little relationship to the fluorescent color; 
that is, silver, brown, and tan areas all fluoresced pale 
blue. As the leaves dried out for  a day or so in air, 
the intensity of the fluorescence increased markedly. 
Leaves were therefore examined as soon as possible 
after collection and again a day or so later. 

To determine whether unmarked leaves or leaves 
marked owing to nutrient deficiencies, insects, or insec- 
ticides also showed the fluorescence, a wide variety of 
economic, ornamental, and weedy plants were ex-
amined. None of these showed typical smog-induced 
fluorescence. Pubescence caused leaves to exhibit a dim 
background fluorescence quite different from that of 
smog-marked leaves. Specialized cells along the mid- 
rib of certain grasses also glow in ultraviolet radia- 
tion. 

Fungus hyphae and insect deposits were found to 
fluoresce blue. I t  is therefore important to examine 
leaves microscopically with visible light. 

As a further test, plants of spinach, romaine, 
endive, and sugar beets, and some weeds such as Poa 
arzrzua and C. ?nzwale, were fumigated with ~nixtures 
of ozone and hexene, ozone and gasoline vapors, and 
ozone and auto-exhaust gases f o r  sufficient time to 
produce leaf markings, using procedures similar to 
those of Haagen-Smit et  al. (5). Previous work had 
shown that such fumigations would produce leaf 
markings similar to those produced by smog. The 
markings produced in these experiments fluoresced 
similarly to those produced by smog. However, the 
results were not very consistent, and further study 
is indicated. 

To examine the effect of other possible air contami- 
nants, markings were produced on vegetation by 
fumigation with H F ,  SO,, H,S, Cl,, oxides of nilro- 
gen, SO, and 0,. The methods used were generally 
taken from Thomas' review article (6). None of these 
markings fluoresced. However, care had to be taken 
not to confuse smog markings with pure white mark- 
ings, produced a t  times with SO, and Cl,, which 
readily reflect light and almost appear to fluoresce 
under ultraviolet. This is also true of the spotty, 
white, granular injury produced by SO,. 

As a final test of the fluorescence method, one of 
us collected about 40 samples of leaves in Los Angeles. 
These were classified as definitely marked by smog, 
questionably marked by smog, marked by some other 
factor, and unmarked. They were numbered, wrapped 
in aluininum foil, and sent to Menlo Park  for  exami- 
nation. Without knowing what the markings had been 



ascribed to, another one of us examined the leaves 
under ultraviolet radiation. Of 11 samples classified 
i n  the field as definitely showing smog markings, all 
exhibited the fluorescence af ter  drying f o r  a day. 
These markings included silvering on spinach and 
nettleleaf goosefoot, bronzing 011 romaine, lower-sur- 
face injury on beets, and white markings 011 P, alznua. 
Of nine samples classed as having light smog damage, 
six fluoresced after drying for  a day. Those that did 
not fluoresce may not have been damaged ellough to 
cause extensive cell collapse (an  apparent requisite 
fo r  fluorescence). Kine samples were cla4fied as hav- 
ing questionable smog markings. Six of thew showed 
some fluorescence. The remaining sa~ilales were either 
not rnilrked or were marked by some factor other than 
sliiog. Most of then1 sllo~ved no fluorescence a t  all, 
and the othei-s showed either iuild background fluores- 
cence or the types produced by n~ildelir and insects. 

The reason f o r  the development of the fluorescence 
of these leaf inarkings is not known, but it  may he 
r ~ l a t e d  t o  the "browning reaction" ( T ) .  I n  this reac- 
tion, a bright blue fluorescence in ultraviolet light 
d~ve lops  in foods before the formation of the char- 
acteristic dark brown color. 

I n  sumlriary, the leaf markings that result from 
.rnog. and are  the cause of extensive economic loss, 
appear  to fluoresce distincti~ely under ultraviolet 
radiation. This observation has been checked by com- 
paring the response t o  ultraviolet radiation of sensi- 
tive plants exposed to actual smog, to synthetic nt-
inospheres, and to a ~ a r i e t y  of cultural conditions. 

I f  further work confirms the results of these studies, 
the bright pale blue fluorescence of smog-marked 
leaves will provide the first objective lnenns of assess-
ing the responsibility of smog for  vegetation damage. 
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Desert Varnish 

Charles B. Hunt 
American Goological Iastittrto, Washington 2 5 ,  D.C. 

Desert varnish is a blackish or brownish stain of 
iron and manganese oxides on rock surfaces. As the 
name implies, desert varnish is best developed, or a t  
least most conspicuous, in  arid or senliarid regions; 
but  similar staining also occurs in humid regions-in 
northeastern United States, in  tropical rain forests, 
a t  high altitudes in the Alps ( I ) ,  and on tunnel walls 
i n  the southeastern United States. Glacial and peri- 

glacial boulders a t  alpine levels in the Rocky ;\loun- 
tains commonly are  stained. 

The stain occurs on nearly all kinds of rocks-
glassy, volcanic, and grarlular plutonic rocks ranging 
in composition from granitic to basaltic, sandstone, 
dense chert, and, more rarely, bull quartz. It is less 
coninion on limestone than on the less calcareous 
rocks. 

The varnish may coat isolated bodies or the exposed 
and now dry  surfaces of pebbles or cobbles forming 
a desert pavement. I t  may coat vertical or overhang- 
ing cliffs, or rock surfaces that are  splashed by rivers 
or wetted by springs or seeps. It may develop on sku.-
faces that are  dark or poorly lighted, such as  tunnel 
walls or joint planes. The coating.; on joint surfaces 
or other slightly opened planes of parting in the rocks 
grade into vein deposits. 

Although the stain appears to  be coniposcd largely 
of iron and manganese oxides. the proportions of 
these must vary greatly froin place to  place. Certainly 
the color and luster rary,  although they are controlled 
In part  by the fineness of the grain of the rock that 
is coated and in part  by wind polish. 

Such widespread deposits in suc'h heterog~neou. en-
vironments arsuredly have heterogeneous origins. At  
sollie places, the stain appear, to  have been trans-
ported a considerable distance to the surface that is 
c>oated; a t  other places the coating seems to have been 
derived from wentheriiig of minerals in the rock be- 
ilcath it. Some stain assuredly was deposited by phys- 
ical-chen~ical processes. but other staining appears t o  
have been deposited biochemically. Either process, 
however, requires active moisture. I n  southn-estern 
United States, the desert varnish seems to be in large 
part  the product of past pluvial cli~ilates. 

The conspicnous deposits of desert va1,nish on  the 
Colorado Plateaus today are being eroded. On the 
cliffs, the varnish is preserved on snlooth flat cliff faces 
or beneath overhanging ledges, but it has been largely 
removed froin the rounded edges of joint blocks and 
from the more exposed up~vard-facing parts  of the 
sandstone cliffs o r  buttes. Recent rock falls f rom the 
cliffs leave bright scars on surface> otherwise dark- 
ened with varnish. Varnish still coats protected parts  
of isolated boulders, but it has been removed from 
their weathered rounded edges. Xoreover, the con-
spicuous and extensive deposits are associated with a 
topographic unconformity that reflects a past climatic 
cl.iange. It seenis clear that the conspicuous deposits of 
varnish in the Colorado Plateaus have a respectable 
antiquity and are the product of a pabt epoch. 

The drposits of varnish that are forming today are  
restricted to  plares that are wetted f~equentlp.  Roul- 
ders lying between the high- and low-water stages oE 
the Colorado River, fo r  example, are stained; so are 
the sandstone cliffs where they are  moistent~d by seeps. 
Such deposits suggest that  the moisture requirements 
fo r  deposition of desert varnish a re  considerable. 

Archeological evidence indicates that the principal 
deposits of varnish on the Colorado Plateaus were 
formed prior to  introduction of pottery. The masonry 
dwellings of the pottery-making Anasazai and related 


