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Carbon isotope results and study area. 1, 
Tocantins; 2, Araguaia; 3, Madeira; 4, Ama­
zon rivers. Scale bar, 1,000 km. Dotted line, 
present extent of forest; triangle, general 
area in which sampling was undertaken for 
this study. The 613C results are reported in 
per mil, relative to the PDB standard. Open 
boxes, dry season; closed boxes, wet sea­
son. Data for forested catchments from ref. 
5. Data for cerrado catchment (Tocantins) 
from this study. Data for mixed catchments 
from this study (Araguaia, and two unnamed 
streams south of Porto Franco-Para) and ref. 
5 (Madeira). 

-12%o (ref. 4). 
The o13C values of particulate organic 

carbon (POC) in fluvial sediments will 
depend upon the proportion of CT and 
C4-derived carbon in the vegetation and 
soils of the tributary catchments (algae 
are characterized by low o13C values, but 
do not contribute greatly to the carbon 
budget of rivers in the Amazon basin5

). 

Therefore, if the Amazon forest con­
tracted to isolated 'refugia' during the 
LGM, and was largely replaced by 
cerrado-st~le vegetation, a shift to more 
positive () 3C values should be observed 
in sediments of that age. 

To test this hypothesis, suspended 
sediment and bottom sediment samples 
were collected from the Tocantins/ 
Araguaia river system, on the eastern 
margin of the basin. This is the only 
major tributary of the Amazon with a 
catchment that is not predominantly 
forested, and one of the few tributaries 
for which there is not already a substan­
tial o13C database. The samples were 
pretreated and analysed according to the 
procedures outlined by Hedges et al. 5 to 
make the results directly comparable 
with the data from the other major 
tributaries detailed in that study. 
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The figure shows that there is a differ­
ence of 2-4%o between the o13C values 
of POC from rivers draining forest ver­
sus cerrado catchments during the wet 
season, but no difference during the dry 
season. The lack of difference in the dry 
season results from the fact that most 
rivers in the cerrado region are fringed 
by a CTdominated strip of forest, which 
provides the bulk of the carbon exported 
during the dry season (- 27 to - 30%o). 
During the wet season, high runoff rates 
transport c4 carbon to the river from 
more remote areas leading to o13C 
values as high as - 24.6%o. 

The o13C value of the POC in rivers 
draining forested catchments is the same 
as that of the forest vegetation during 
both the wet and dry seasons. However, 
in rivers draining cerrado catchments, 
the o13C values of POC are consistently 
lower than in the bulk vegetation ( cerra­
do soils have () 13C values between - 15 
and - 25%o). This is due to the above­
mentioned bias towards C3 carbon de­
rived from close to the river, preferential 
metabolism of C4 carbon by microorgan­
isms in the river, and a small contribu­
tion from low-o13C algal biomass. 

While the o13C value of POC from 
rivers draining cerrado catchments does 
not accurately reflect the bulk o13C value 
of biomass in the catchment, the cerrado 
o13C signature can nonetheless be 
readily distinguished from the o13C 
signature of POC in rivers draining 
forested catchments. Therefore, the o13C 
value of organic matter in ancient fluvial 
sediments can potentially provide a 
basin-wide history of forest growth/ 
collapse during the Quaternary both in 
the Amazon basin and in other tropical 
regions. Interpretation of o13C trends in 
ancient sediments also need to take into 
account changes in the concentration 
and o13C value of atmospheric C02 (refs 
1, 6) changes in the proportion of pre­
viously resfired C02 re-utilized by forest 
vegetation , and the possibiliti of di­
agenetic modification of the 01 c value 
of POC after burial. 
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Carbon suboxide 
in Halley 
SIR - Crovisier et al. 1 conclude from 
an examination of the VEGA 1 IKS 
infrared spectra2 that carbon suboxide 
(C30 2) is not present in the comet Hal­
ley ices at the abundance level suggested 
by us3

. They show the measured spec­
trum near 4 ~m and note the absence of 
the strong C30 2 line emission, relative to 
the C02 emission, that should be present 
if the C30 2 production rate was 
comparable3 to that of C02 • Key 
assumptions in this analysis are that 
C30 2 is released from the comet nucleus 
and has a scale length similar to the C02 
scale length. 

Our discussion3
, however, is based on 

a coma grain source for C30 2 peaking at 
a distance from the nucleus (R) of ~8 -
10 X 103 km. For a radial velocity of 1 
km s- 1

, the scale length of C30 2 is only 
~2 x 103 km, whereas the scale length 
of C02 is ~4 x 105 km3-6 . The concen­
tration, c, of a species flowing radially 
outward from the surface of a sphere 
(with radius R0 ) and decayin~ exponen­
tially with a scale length H is 

c(R)=c(R0) (R!R0) 2 e-(R-Ro)!H 

If C02 is released from the comet nuc­
leus (mean R0 ~7 km) and C30 2 enters 
the gas-phase at R0~ 104 km with equal 
production rates, integration of the 
equation yields a maximum column 
density along the line of sight to the 
nucleus for C02 that is 104 times the 
calculated column density of C30 2. Even 
with the C30 2 fluorescence factor three 
times larger than C02 , the C30 2 infrared 
emission should be much weaker at 4 ~m 
than the C02 emission. This is consistent 
with the observational data shown by 
Crovisier et al. 

Our brief analysis suggests that C30 2 

can have a large coma production rate, 
relative to water, but still be hard to 
detect by remote sensing because of the 
large area over which it enters the coma 
gas-phase. A more detailed investigation 
taking into account the viewing geom­
etry of the IKS experiment is needed 
to assess the expected infrared emission 
from C30 2 arising from a distributed 
coma dust source. 
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