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Radiocarbon and stable isotope geochemistry of organic matter in the
Amazon headwaters, Peruvian Andes

Amy Townsend-Small,'? Jorge L. Noguera,' Michael E. McClain,* and Jay A. Brandes®
Received 1 September 2006; revised 13 March 2007; accepted 24 April 2007; published 27 June 2007.

[1] We used §'°C, §"°N, and A'™C to determine the sources of riverine organic matter in
the Pozuzo River, a tributary of the Pachitea River located in the mountainous headwaters
of the Amazon. Particulate organic matter (POM) A'*C decreased downstream,
suggesting that young organic matter (OM) introduced in small headwaters is respired
preferentially in rivers or is diluted downstream with older material. The 6'°C and 6'5N of
POM in headwater rivers were heterogeneous and also isotopically distinct from the
main stem, suggesting that differences in landscape processes in small catchments impact

the concentration and composition of POM in streams. The §'°C of dissolved organic
matter (DOM) closely mirrored that of POM in the headwaters, with an apparent
decoupling of dissolved and particulate OM in the river main stem. The §'3C of POM
sampled in 2004 had a much different relationship with altitude than observed during
previous years: In 2004, a very dry year, we observed enrichment from the headwaters to
the main stem, and the opposite pattern in 2002, when rain fell heavily throughout

the sampling campaign. This suggests that during dry conditions, in-stream processes
(such as resuspension or photosynthesis) may control riverine POM composition as
opposed to terrestrial processes, which dominate during high runoff. Thus a decrease in
runoff in Andean headwaters could result in less terrestrial POM transfer to rivers in the
Andes foothills and lowland Amazon with a corresponding decrease in aquatic CO,

evasion.
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1. Introduction

[2] An understanding of carbon cycling in rivers is vital to
constraining the global C budget, because rivers are a critical
biogeochemical link between land and oceans. Processes
operating at the headwaters of rivers can influence hydrol-
ogy and biogeochemistry downstream and in estuaries [e.g.,
Vannote et al., 1980; Peterson et al., 2001]. The Andes
Mountains are a major source of water and sediments to the
Amazon River, which is the largest single source of fresh
water and organic carbon (OC) to the oceans [Gibbs, 1967;
Sioli, 1984]. For many years, researchers have estimated that
Andean rivers provide a significant portion of OC to the
Amazon [Richey et al., 1990; Quay et al., 1992; Hedges et
al., 1994, 2000], although very few studies have examined
this hypothesis [McClain et al., 1995]. A key step toward
determining the contribution of OC from the Andes to the
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Amazon is characterizing the composition and concentration
of OC exported from Andean rivers, as well as temporal
variability in these factors.

[3] There is a remarkable consistency in the geochemical
composition of organic matter (OM) in the Amazon, leading
to the conclusion that most Amazonian OM was derived
from upstream [Hedges et al., 1986a, 1986b, 1994, 2000].
An early study of radiocarbon ages of coarse and fine
particulate OM in the main stem Amazon in Brazil indicated
that it was very young (+227%o and +19%o, respectively)
[Hedges et al., 1986b], but subsequent studies have shown
that POM in the Amazon is likely considerably older than
initially thought [Raymond and Bauer, 2001; Druffel et al.,
2005; Mayorga et al., 2005]. Radiocarbon content (as
A'™C) of Amazonian soils decreases with depth from a
maximum of about +150%o in the organic layer to as low as
about —750%o in the lowest horizons [7elles et al., 2003]. In
the Andean Amazon, suspended fine and coarse particulate
organic carbon (FPOC and CPOC) are generally older than
in the main stem Amazon [Ma[yorga et al., 2005], and there
is a progressive depletion of §'°C of FPOC and CPOC with
decreasing altitude in Andean rivers [Mayorga et al., 2005;
Townsend-Small et al., 2005], with a clear downstream
pattern in OM evolution observed from the Andes to the
main stem [Hedges et al., 2000; Aufdenkampe et al., 2006].
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Figure 1. Map of the Pachitea River watershed with sampling points for summer 2004 labeled on left.
Position of the watershed within Peru and the western Amazon is shown on right.

[4] The Pachitea Basin of central Peru is an excellent
location to study OM dynamics in the Amazon headwaters
because it encompasses several ecotones [ Townsend-Small et
al., 2005]. The Pachitea originates in high-altitude puna
ecosystems greater than 3500 meters above sea level (masl).
This region has low sediment loading but high OM transfer
from the landscape to rivers. From there the rivers of the
Pachitea descend through the Andean cloudforest, where
sediment and terrestrial OM transfers are largely due to rapid
erosion rates, high rainfall, and frequent landslides. Finally, the
lower parts of the basin contain more traditional Amazonian
jungles, where sediment and OM transfers to rivers are smaller
owing to decreased topography and lower soil OM content.

[s] The main objective of this study is to trace suspended
and dissolved OM sources in rivers of the Peruvian Andean
Amazon using stable and radioactive isotopes. To address
these issues, we sampled the Pozuzo River, a headwater
tributary in the larger Pachitea Basin, starting from the high
basin at about 2500 masl to the base of the Andes at 350 masl.

2. Materials and Methods
2.1. Site Description

[6] Samples were collected during July and August of
2004. This is the dry season in the Andean Amazon, and
during sampling, river levels were low. Three small head-
water rivers were sampled near their sources: the Rio
Esperanza, the Rio Chontabamba, and the Rio Llamaquizg.
Several main stem samples were also taken, continuing
down the basin to Codo de Pozuzo, the “eclbow” of the
river, located at about 350 m above sea level and where the
Andes give way to the vast lowland Amazon plains. A total
of nine sites were sampled (Figure 1). Altitudes and
geographic coordinates at each site were determined using
a hand-held global positioning system (GPS). Distance
upstream from the lowest sampling point was determined
using Arc View Geographic Information System software.

2.2. Sample Collection

[7] Water and suspended particulates were collected along
the side of the river or stream from each site. Whole water
samples from these rivers were collected in site-rinsed 1-L
polyethylene bottles and filtered on site. Suspended sedi-
ments for §'°C and §'°N analysis were first filtered through
preweighed 60-pum-pore size nylon net filters (Millipore
Corporation) to retain coarse particulates (CSS) and then
through preweighed, precombusted 0.7-um-pore size glass
fiber filters (Whatman GF/F) to retain fine particles (FSS)
Bulk (not size fractionated) suspended sediments for A'*C
analysis were collected on preweighed, precombusted
quartz fiber filters (Whatman QMA), with an approximate
pore size of 1 um. All filters were kept in tight-fitting Petri
dishes and sealed on the outside with tape. Water samples
were filtered in the field through 0.2-um nylon syringe
filters into precombusted glass vials with Teflon lined lids,
which were precleaned and amended with 1 pL/mL sample
of H,SO,. Soil samples were taken from surface horizons
near the banks of the rivers at the sampling sites, placed in
combusted borosilicate vials and sealed tightly. All samples
were kept cool or frozen, if possible, and transported to the
field station in Oxapampa. There, water samples were
refrigerated and soils and filters were dried at 40°C for
48 hours, and then stored until analysis.

2.3. Sample Analysis

[s] All '*C samples were analyzed at the National Ocean
Sciences Accelerator Mass Spectrometer Facility at the
Woods Hole Oceanographic Institute. Inorgamc C was
removed from filter and soil samples prior to '*C analysis
by vapor phase a01d1ﬁcat10n with HCI. Radiocarbon content
is reported here as both A'*C and radiocarbon age [Stuiver
and Polach, 1977]. The average error of these measure-
ments was approximately 4%o.

[9] Filters were analyzed for ¢'°C and 6'°N of organic
matter on a Carlo Erba NC 1500 elemental analyzer coupled
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