
the overwhelming evidence that the deplet- 
ed low velocity layer mantle source of nor- 
mal ridge basalts is, to a first approxima- 
tion, uniform in space and time and prac- 
tically worldwide in extent (16, 18, 20), 
whereas mantles feeding oceanic islands 
appear to be different from one another in 
both rare earth and isotopic composition 
(28) and seem to have been derived from 
greater depths and to cover only limited 
areas of the oceans (1, 29). 
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vestigators of lagoons, supratidal regions, 
and adjacent salt flats (1) have reported the 
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quency and duration of flooding of these 
coastal environments. Fluctuations in the 
areal extent of standing water contribute 
to the total water budget in the area and 
aid one in understanding subsurface reflux- 
ing and evaporation-humidity parameters. 
Satellite imagery, primarily the near-in- 
frared band of LANDSAT-1 (Land Satel- 
lite) [formerly called ERTS-I (Earth Re- 
sources Technology Satellite)], in com- 
bination with field observations, is being 
successfully employed in our work in Baja 
California, Mexico, to fill this gap in pre- 
vious investigations. 

Because infrared wavelengths penetrate 
water to a depth of only a few centimeters, 
there is a sharp contrast between water- 
covered surfaces and adjacent surfaces. On 
the basis of an analysis of the near-infrared 
band (0.8 to 1.1 sim) of the LANDSAT-1 
multispectral scanner imagery, using a bin- 
ocular microscope for zoom magnifica- 
tion, we were able to separate a given loca- 
tion (for example, the northern gypsum 
flat at Laguna Mormona; Fig. 1), into 
three classes based on a quantitative opti- 
cal gray scale: (i) black, standing water; (ii) 
medium to dark gray, moist area; and (iii) 
light gray to white, dry ground. The areal 
percentage of each type of surface was then 
determined. Water bodies on the evaporite 
flats as small as 150 m in diameter were de- 
tectable. The technique we developed is 
similar to that of Reeves (2) who used a 
density control unit calibrated to a photo- 
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Flooding Frequency of Hypersaline Coastal Environments 

Determined by Orbital Imagery: Geologic Implications 

Abstract. Available satellite imagery in the infrared and near-infrared wavelengths 
provides a simple, rapid, and low-cost method for monitoring the extent and duration oJ 
the flooding of coastal ecosystems. Hypersaline environments in Baja California, Mexico, 
are flooded as a result of complex interactions between the higher of the two spring tides 
each month and local winds. Such flooding necessitates a reappraisal of ideas on rhyth- 
mic lamination in algal mats, stromatolites, and evaporite sediments preserved in the 
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Fig. 2. Flooding frequency and duration at Salina Ometepec (a) and Laguna Mormona (b), showing 
flooding pulses and variable moist-dry area conditions for the period from August 1972 through De- 
cember 1974 (Mormona) and through January 1974 (Ometepec). Symbols: S, data from Skylab; F, 
data from field observations; and E, data from LANDSAT. 

graphic step wedge for studying lake ba- 
sins on the Texas High Plains. Infrared 

photographs from the Skylab missions 
were also used in our study, and field ob- 
servations were conducted during times of 

key overflights to provide ground truth. 

Laguna Mormona, Salina Ometepec, 
and Salina Grande (Fig. 1) were the hyper- 
saline environments used as test sites. The 
data for Salina Grande parallel the data 
for Salina Ometepec which are presented 
here. The Mormona complex is separated 
from the Pacific Ocean by an unbreached 
barrier-dune ridge with water percolating 
into the lagoons and nearby salt, flats 

through and under the dunes. Salina 

Ometepec, on the western edge of the Col- 
orado Delta tide flats in the Gulf of Cali- 
fornia, is primarily an area of halite-gyp- 
sum deposition (3, 4) as compared to the 

gypsum-algal mat-stromatolite associa- 
tions (stromatolites are organosedimenta- 
ry structures built by blue-green algae) of 

Laguna Mormona (5). Variations in the 

flooding of the upper Gulf of California 
site were initially documented by infrared 
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and other orbital photography from the 
Gemini and Apollo missions (6). Only with 
the advent of the LANDSAT-1 imagery 
on 18-day intervals, however, was synoptic 
data available for long-term correlation 
and comparison with the Pacific coastal 
area. 

Surface flooding of these Baja Califor- 
nia coastal areas (Fig. 2) does not correlate 
in any simple manner with spring tides, 
persistent onshore winds, storms, seasonal 
rains, hurricanes, tectonic movement, or 
seasonal changes in sea level as suggested 
previously (1, 3, 4, 7). Complete flooding of 
the environments occurred during Novem- 
ber 1972; only partial flooding occurred in 
July and December 1973 and October 1974 
(Fig. 2). Areas for which all flooding pulses 
are recorded in terms of the precipitation 
of evaporite minerals or algal growth are 
thus in gradational lateral continuity with 
areas for which only the major flooding in 
November 1972 is recorded. Although 
there is a general inverse relationship be- 
tween flooded and dry portions, on some 
occasions, such as March-April 1973 (Fig. 

2b), moist sections persisted. These moist 
sections are of crucial importance because 
within them the sediments undergo solu- 
tion and recrystallization that obscure 
laminar precipitations from the bodies of 
standing water. On the basis of field obser- 
vations we believe that a complex inter- 
action between the higher of the two spring 
tides each month and local winds is the 
dominant cause of flooding, but precise 
meteorological data have not been avail- 
able for these remote areas. 

The principal implications appear to be 
the following: 

1) Although laminated gypsum and bed- 
ded gypsum have been thought to be a cri- 
terion for precipitation from standing bod- 
ies of evaporating water (8), they also form 
during early diagenesis within the sediment 
(4, 5). Cyclicity in such evaporites has been 
the subject of extended controversy (9) and 
has been used to indicate periodic climatic, 
solar, and tectonic fluctuations. The satel- 
lite data (Fig. 2) confirm and elaborate on 
the suggestion (4) that rhythmic bedding of 
halite-gypsum in the coastal setting is ap- 
parently related to erratic and nonseasonal 
rather than to regular and annual flooding 
by marine waters. 

2) Investigations of laminae in algal 
mats and stromatolites (10) have focused 
on research into the development and di- 
versity of Precambrian life (11), and have 
been given impetus by application to plate 
tectonics and geosynclinal theory (12). De- 
tails on the mode of origin of these lami- 
nites, like those of the cyclic evaporites, 
have been subject to a multiplicity of con- 
flicting interpretations. Although present- 
day algal mats (30 cm thick) at Laguna 
Mormona exhibit rhythmic laminae, 
marking studies with the use of Carborun- 
dum powder indicate an extreme variation 
in laminae formation (5). These laminae 
are not simply related to tidal or seasonal 
changes but rather are due to a more in- 
tricate combination of desiccation and 
flooding as documented in Fig. 2. 
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The chemistry of NO at low concentra- 
tions is of importance in atmospheric 
chemistry and in air pollution abatement. 
For these reasons, we have measured the 
kinetics of the reactions of NO with CO 
and H over metallic (1) and oxidic (2) 
catalysts, employing synthetic mixtures of 
the pure compounds diluted with He and 
using bench-scale catalytic flow reactors. 
For similar reasons, we have developed se- 
lective and sensitive opto-acoustic (OA) in- 
frared absorption techniques, using tun- 
able (3) and fixed-frequency lasers (4). In 
the work reported here we combined these 
techniques to study the formation of HCN 
in synthetic mixtures of NO, CO, H2, H2O, 
and SO2 diluted with He (when reduced 
over Pt catalysts at 400? to 800?C). The 
choice of the Pt catalyst was based on the 
following considerations. 

Abatement of automotive exhaust emis- 
sions in the United States relies heavily on 
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H20 (5). Presently used catalysts contain 
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ture as an oxygen scavenger upstream 
from the proper NO, catalyst (6, p. 41). 
We have recently observed HCN in the re- 
action products from the reduction of NO 

by CO and H2 in synthetic gas mixtures 
over Pt catalysts. In the following we de- 
scribe the identification of HCN by gas 
chromatography (GC), mass spectrometry 
(MS), highly selective infrared (IR) ab- 

sorption, and chemical analysis. Also, we 

report the parameters affecting the yield of 
HCN, such as temperature, gas composi- 
tion, and flow rate (7). 

The Pt catalysts used included a gently 
crushed honeycomb catalyst (Pt-I) con- 
taining approximately 0.2 percent Pt (by 
weight) on an alumina wash coat on cor- 
dierite support (8). The Pt area per gram of 

catalyst Pt-I was 0.07 m2, as determined by 
chemisorption of H2 (9). The other catalyst 
used was a Pt "sponge" (Pt-II) with a spe- 
cific surface area of 0.12 m2/g, as deter- 
mined by the BET (Brunauer, Emmett, 
and Teller) N2 adsorption technique (9). 
The HCN was produced in a continuous- 
flow, fixed-bed quartz reactor, when mix- 
tures of CO (3 to 5 percent), NO [1500 to 
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Table 1. Relative sensitivities for the detection 
of HCN and H20 (normalized to power level on 
each of the laser lines) at a total gas pressure of 
60 torr in the OA cell. 

CO laser OA signal 

Fre- HCN HO2 
Line quency (1000 (10000 

(cm-') ppm) ppm) 

P27-26(12) 1442.15 50.0 < 10-3 
P2625(15) 1456.02 <10-5 4.8 
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3000 parts per million (ppm)], H2 (0.2 to 
0.5 percent), HO2 (0 to 4 percent), and SO2 
(0 to 60 ppm) diluted with He were passed 
through the catalyst, which was supported 
by a porous quartz disk. Automatic sam- 

pling of the effluent at 15-minute intervals 
was coupled with on-line injection into two 
gas chromatographs. In one gas chromato- 
graph, incorporating a 4.9-m Porapack R 
column at 109?C, HCN, NH3, H20, and 

CO2 were measured. The HCN was identi- 
fied by the calibrated retention time and 

peak shape; HCN in He (approximately 
1000 ppm) served for calibration (10). This 
method was applied only for low concen- 
trations of H20 in the effluent ($ 0.5 per- 
cent) because of the reduced sensitivity for 
HCN in the presence of H20. The second 
gas chromatograph contained molecular 
sieve 13x and Porapack Q columns at 30?C 
for the separation of N2, NO, CO, H2, 
N20, and CO2 in the dried effluent (1). For 
both gas chromatographs, thermal-con- 
ductivity detectors were used. Samples of 
the reactor effluent were analyzed and 
HCN was identified therein by MS, yield- 
ing peaks at a mass-to-charge ratio m/e of 
26 and 27 (11). The identifications by MS 
and GC were not considered sufficient, 
since other compounds might fortuitously 
yield the same retention time in the gas 
chromatograph or the same peaks in the 
mass spectrometer. Therefore, in several 
instances, the effluent from the reactor was 
bubbled through an excess KOH solution 
to bind CO2 and HCN for 16 hours and the 
solution was analyzed for CN- by the Lie- 
big method (12). 

Definitive identification and quantitative 
determination of HCN were made by IR 
absorption with OA detection. The effluent 
gas flowed continuously through the OA 
cell, which was connected to the reactor by 
stainless steel tubing. The IR detection of 
minute concentrations of pollutant gases 
has recently been studied with both tun- 
able-frequency (3) and fixed-frequency (4) 
IR lasers. Detection of HCN, however, is 
difficult, especially in the presence of high 
concentrations of H20 vapor, because of 
the relative inaccessibility of the IR active 
fundamental vibrational bands of HCN. 
The P2 fundamental centered at -712 cm-' 
(13) and the v3 fundamental centered at 
-3312 cm-' (14) are in ranges where tun- 
able lasers with continuous wave (cw) pow- 
er output sufficient for OA spectroscopy 
are not available. The alternative, a dense 
packing of fixed-frequency laser lines, is 
also not available in these ranges (15). We 
have therefore used the coincidence of the 
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Hydrogen Cyanide Production During Reduction of 

Nitric Oxide over Platinum Catalysts 

Abstract. The catalytic reduction of nitric oxide with carbon monoxide and hydrogen 
was studied with a bench-scale flow reactor at 400o to 800?C over platinum to determine 
the yield of hydrogen cyanide. An opto-acoustic infrared absorption technique was ap- 
plied to the analysis of hydrogen cyanide. In mixtures of nitric oxide, carbon monoxide, 
hydrogen, and water vapor, with all concentrations in the range of 0.1 to 5 percent, up to 
80 parts per million (ppm) of hydrogen cyanide is formed over platinum at 6000 to 800?C. 
In the absence of water vapor, the hydrogen cyanide concentration rises to 700ppm. With 
6 to 60 ppm of sulfur dioxide in the gas mixture, hydrogen cyanide production is sup- 
pressed to less than 5 ppm. No significant differences were found between a platinum 
sponge and platinum supported on cordierite. The implications of our results for the cata- 
lytic treatment of automotive exhaust are examined. 
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