
Reports 

Calibration of the Beginning of the 

age for the Salamanca Formation. This 
age is supported by a 40K-40Ar date of 
61 i-: 5 million years obtained (13) on a 
sample of a vitric tuff from the upper 
Hansen Member of the Salamanca For- 
mation at Caiiadon Hondo (Fig. 1). 

The Banco Negro Inferior from the 
lower Bustamente Member of the Sala- 
manca Formation is predominantly a 
black bentonitic shale (14). When pres- 
ent, it generally attains a thickness of 1 

Age of Mammals in Patagonia to 5 m and has a 10-cm bed of fine white 
tuff (6) containing remains of turtles, 

Abstract. Beds of the Rio Chico Formation containing the earliest known land crocodiles, silicified wood (6, 15), and 
mammals in Patagonia, southern Argentina, were calibrated by potassium-argon the oldest mammals reported from Ar- 
age determinations and paleomagnetic polarity data. The Riochican land mammal gentina (16). 
age encompasses the middle and late Paleocene and corresponds in time with Simpson (17), on the basis of the work 
Torrejonian and Tifanian land mammal faunas in North America. of McCartney (la), included the Banco 

Knowledge of the beginning of the Age 
of Mammals in Patagonia, South Ameri- 
ca, is based on faunas from the Rio 
Chico Formation in east-central Chubut 
province, southern Argentina (1, 2). 
These faunas provide the earliest recog- 
nized South American land mammal age, 
the Riochican, which is conventionally 
regarded as late Paleocene in age (3, 
4). We report the first radioisotopic age 
determinations and paleomagnetic data 
which bear directly upon the age of these 
earliest known land mammal faunas in 
Patagonia. 

The marine Salamanca Formation (5) 
underlies the terrestrial Rio Chico For- 
mation in which the oldest described 
fossil mammals in the Argentine succes- 
sion occur (1, 2). Basalt flows are inter- 
calated between the late Cretaceous 
Bajo Barreal and early Paleocene Sala- 
manca formations along the upper 
course of the Rio Chico, just east of 
Lago Colhue-Huapi. Whole rock sam- 
ples of two olivine-rich flows were dated 
by the 4 0 ~ - 4 0 A r  method by R.E.D. and 
G.H.C. The first sample was collected 2 
km east of Estancia La Angostura (also 
known as Puesto de Williams) on the 
south side of the Rio Chico (Fig. 1). The 
basalt caps the Bajo Barreal and is re- 
garded (6) as the base of the Salamanca 
Formation. This basalt occurs 50 to 55 m 
stratigraphically above (7) a fossil level 
conraining remains of the sauropod dino- 
saur Argyrosaurus superbus (8) and the 
hadrosaur Secernosaurus koerneri (9). 
This sample (KA 3575) gave a date of 
64.0 r 0.8 million years ago (10). 

The second sample was collected from 
a basalt flow 6 km east of the Estancia 
La Angostura on the north side of the 
Rio Chico (Fig. 1). The basalt is overlain 
by 12 m of red beds that are overlain by 
21 m of green beds. At 33 m above the 
basalt, at the top of the green beds, 
remains of oysters and shark teeth oc- 

Negro Inferior in the Salamanca Forma- 
cur. A sample of this basalt (KA 3576) tion. Feruglio (6) considered it to be the 
yielded a date of 62.8 ? 0.8 million base of the Rio Chico Formation, and it 
years ago (11). The dates of the two has been so considered by most investi- 
samples provide basal ages for the Sala- gators. However, because of the similar 
manca Formation at these localities. lithology between the Banco Negro Infe- 

Studies of planktic foraminifera (12) rior and the beds below it and a marked 
indicate a late Danian (early Paleocene) change in the sedimentation above the 

Fig. 1. Map of central 
Patagonia, southern 
Argentina. 
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Banco Negro Inferior, Andreis, Maz- 
zoni, and Spalletti (14) included it in the 
Hansen Member of the Salamanca For- 
mation. They recognized the marked 
change in sedimentation as an erosional 
unconformity between the Banco Negro 
Inferior and the Rio Chico Formation. 
From our observations at Cerro Redon- 
do, Punta Peligro, and Cerro Abigar- 
rado, we recognize the Banco Negro 
Inferior as the basal bed of the Rio Chico 
Formation. 

Simpson (19) formerly applied the 
name Rio Chico Formation to the mam- 
mal-bearing beds above the Salamanca 
Formation and below the Sarmiento 
Group (20). Two members of the Rio 
Chico Formation are recognized. The 
lower Las Violetas Member is character- 
ized by epiclastic and pyroclastic gray- 
yellow sediments with paleosol levels. 
The upper Visser Member is identified 
by the feldspathic nature of its sand- 
stones and conglomerates, gray-green in- 
terbedded bentonites, fossil vertebrates, 
and tree trunks. The top of the Visser 
Member is difficult to define because the 
contact is at times transitional with the 
Sarmiento Group (21). Fossil mammals 
are abundant and well known from the 
Sarmiento Group (20), and the oldest 
known fauna, the Casamayor, is conven- 
tionally regarded as early Eocene in age 
(4). 

Samples for paleomagnetic analysis 
were collected (22) from 35 sites in a 140- 
m section of the Visser Member of the 
Rio Chico Formation on the southeast 
slope of Cerro Redondo (Fig. 1). A 5-m 
section with four paleomagnetic sites 
was collected at Punta Peligro (Fig. 1). 
The results of the natural remanent mag- 
netization (23) show that the Banco Ne- 
gro Inferior is of reversed polarity at 
both Punta Peligro and Cerro Redondo 
(Fig. 2), and this reversed polarity zone 
encompasses approximately the lower 80 
m of the Rio Chico section at Cerro 
Redondo. Above this thick basal zone of 
reversed polarity are two zones of nor- 
mal polarity that are separated by a 15-m 
zone of reversed polarity. We correlate 
the two zones of normal polarity with 
magnetic anomalies 25 and 26 chrons 
(24) of the magnetic polarity time scale 
(25) from the following evidence. (i) Ra- 
dioisotope dates corroborate a late Dan- 
ian age for the Salamanca Formation. 
The late Danian includes magnetic 
anomaly 27 chron (25, 26) (Fig. 3). Thus, 
none of the polarity zones in the Cerro 
Redondo section can be as old as anoma- 
ly 27 chron. (ii) Our field observations 
indicate no significant unconformity be- 
tween the Salamanca and Rio Chico for- 
mations at Cerro Redondo. These obser- 

44 

vations and the demonstrated late Dan- 
ian age for the Salamanca Formation 
require that the Salamancan-Riochican 
boundary be placed near the Danian- 
Thanetian boundary (- 62.0 million 
years ago) (Fig. 3). (iii) Given these age 
constraints, the magnetic polarity se- 
quence observed at Cerro Redondo cor- 
relates with the magnetic polarity time 
scale in the interval from above anomaly 
27 chron into anomaly 25 chron (Fig. 3). 
The implied age range of the Rio Chico 
Formation at Cerro Redondo thus en- 
compasses middle and late Paleocene, 

Fig. 3. Correlation of earliest Tertiary North 
and South American land mammal ages, and 
European and South American marine stages. 
Magnetic polarity time scale is after Ness, 
Levi, and Couch (25) with additional modifi- 
cations of Butler, Gingerich, and Lindsay 
(26). European marine stage boundaries are 
after Hardenbol and Berggren (28) modified to 
incorporate a revised 40K decay constant. 
Vertical bars adjacent to Puercan and Torre- 
jonian indicate local stratigraphic limits of 
mammal faunas in the San Juan Basin (29). 
Local stratigraphic limits of Tiffanian, Clark- 
forkian, and Wasatchian mammal faunas in 
the Clark's Fork Basin (26)  are shown by 
vertical bars. Vertical bar adjacent to Riochi- 
can indicates local stratigraphic limits of Rio- 
chican mammals at Cerro Redondo and Punta 
Peligro. The proposed correlations of South 
American ages-stages are based on data in 
this report. 

and corresponds in time with Torrejon- 
ian and Tiffanian land mammal age fau- 
nas in North America (Fig. 3). 

Fossil mammals have been reported 
from six local faunas at four localities in 
the Rio Chico Formation (1, 2, 17): Bajo 
de la Palangana (two levels), Canadon 
Hondo, Cerro Redondo (two levels) 
(Fig. 2), and Pan de Az6car. Simpson 
(1 7) arranged these local faunas into fau- 
nal zones based on their relative ages, as 
judged by the stage of evolution of the 
known taxa. These include the Carodnia 
faunal zone (lower faunas from Bajo de 
la Palangana and Cerro Redondo), the 
Kibenikhoria faunal zone (fauna from 
Canadon Hondo), and the Ernestoko- 
kenia faunal zone (upper fauna of Bajo 
de la Palangana). The upper local fauna 
from Cerro Redondo and that from Pan 
de Azdcar could not be confidently as- 
signed to any of these zones due to the 
small sample sizes of the known faunas. 

The upper Riochican local fauna from 
Bajo de la Palangana contains typical 
Casamayoran species (21). Many taxa in 
this local fauna occur in both typical 
Riochican and Casamayoran faunas, in- 
dicating that there is little time difference 
between late Riochican (that is, the up- 
permost fauna from Bajo de la Palan- 
gana) and early Casamayoran. This lat- 
est known Riochican local fauna occurs 
in the uppermost beds of the Rio Chico 
Formation, which are overlain by Casa- 
mayoran beds of the Sarmiento Group. 
The exposures at Cerro Redondo termi- 
nate below this contact, suggesting that 
latest Riochican time is not recorded in 
that section. Because of the lack of geo- 
chronologic calibration of latest Riochi- 
can, it is convenient to recognize the 
Riochican-Casamayoran boundary as 
the boundary between the Paleocene and 
Eocene epochs (Fig. 3). 

The revised chronology in Fig. 3 is 
based on available radioisotopic, mag- 
netostratigraphic, and biostratigraphic 
data, which in all cases are concordant 
and complementary. These geochrono- 
logic data verify and refine the middle to 
late Paleocene age range for Riochican 
land mammal faunas in Patagonia as sug- 
gested by Simpson (2). 
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Discovery of Natural Gain Amplification in the 10-Micrometer 
Carbon Dioxide Laser Bands on Mars: A Natural Laser 

Abstract. Fully resolved intensity profiles of various lines in the carbon dioxide 
band at 10.4 micrometers have been measured on Mars with an infrared heterodyne 
spectrometer. Analysis of the line shapes shows that the Mars atmosphere exhibits 
positive gain in these lines. The detection of natural optical gain amplijication 
enables identijication of these lines as a definite natural laser. 

Since their invention some 25 years 
ago, optical lasers have become nearly 
ubiquitous tools in the laboratory and in 
everyday life. Despite this abundance of 
man-made lasers, no definite naturally 
occurring lasers have been reported, 
even though the extreme variety of phys- 
ical and chemical environments of extra- 
terrestrial objects argues that natural la- 
sers should exist (I). Natural microwave 
amplifiers (masers) are abundant in inter- 
stellar clouds and some circumstellar 
shells, primarily among the rotational 
level populations of certain molecules 
(OH, SiO, H20),  and are all character- 
ized by the property hv < kT, where hv 
is the energy of a light quantum, k is 
Boltzmann's constant, and Tis the kinet- 
ic temperature. However, optical lasers 
are characteristic of electronic or vibra- 
tional transitions, for which hv 9 kT. 
Many examples of natural nonthermal 
optical emission have been found, such 
as the infrared and ultraviolet auroras or 
the day glows of Earth, Jupiter, Mars, 
and Venus, but it has never been estab- 
lished that a population inversion exists 
for any of these emissions. The relative 
populations of the two molecular levels 
must be inverted for gain amplifica- 
tion-the essence of lasing-to occur. 
We report here the discovery of a popu- 
lation inversion and natural gain amplifi- 
cation in the 10.4-p,m C 0 2  laser bands on 

Mars, representing to our knowledge the 
first definite identification of a natural 
infrared laser. 

The observations were made with the 
Goddard infrared heterodyne spectrome- 
ter (2) during January to April 1980, 
when the planet was near opposition. 
The beam size (half-power beam width) 
was 1.7 arc seconds and the disk of Mars 
was - 13.8 arc seconds in diameter. 
providing good spatial resolution on the 
planet. Fully resolved atmospheric line 
profiles were measured at various loca- 
tions on the disk, including many indi- 
vidual rotational-vibrational lines in both 
the 10.4-p,m (Owl-[1O00, 02"0II) and 9.4- 
p,m (Owl-[10°0, 02°0111) bands. We report 
here some results obtained from analysis 
of several measurements of the 10.33-p,m 
R8 line at 967.7072 cm-I. 

The intensity profiles were measured 
simultaneously at 25-MHz (0.0008 cm-I) 
resolution with 64 consecutive channels 
and at 5-MHz (0.00016 cm-I) resolution 
with a second bank of 64 consecutive 
channels. All 128 channels were record- 
ed simultaneously, thereby eliminating 
registration errors and drift. Absolute 
intensity calibration and removal of ter- 
restrial atmospheric lines was achieved 
by use of lunar comparison spectra, mea- 
sured nearly simultaneously and scaled 
to the appropriate air mass. 

Fully resolved intensity profiles of the 
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