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ABSTRACT
A 29 cm long core recovered from a water depth of 5 m in a small closed lake located in the
Empakai crater northern Tanzania, is used to document the contents of organic carbon and
nitrogen, stable isotopes composition of organic carbon and nitrogen, and C/N ratios and to
infer climatic changes from these data. The 013C and 015N values for this core, which averages -
16.5±2.11 and 11.0±5. 61 respectively, show a general downcore decrease below 5 cm. However,
within this general trend, two peaks enriched in 13C are observable at about 8 cm and 13 cm.
The peak at about 13 cm corresponds also to a zone depleted in 15N values. The general
down core trend can be attributed to systematic changes in relative proportion between C3 and C4

types of organic matter (OM), resulting from climatic changes or nutrient changes and shift
between algae and higher plants. The lower most section containing the most depleted values
can be attributed either to high input of autochthonous material owing to wetter/humid
conditions or high contribution of C3 high land plant materials in response to increase in forest
cover. The general downcore decrease in 13C values can also be interpreted to indicate that
precipitation and vegetation cover in the area has been declining over time, and occasionally
drought has been intense particularly during two zones that are characterized by enrichment in
13e. The upper 5 cm is characterized by near constant values of 13C and 15N with isotope values
as high as -13.15%0 and 22.15%0 respectively. High enrichment in 15N in the upper 5 cm could be
attributed to denitrification and ammonium volatilization processes, while enrichment in 13C in
the upper 5 cm could be attributed to high proportion of C4 type of OM and/or utilization of
HC03• by phytoplankton during synthesis of OM This site is also characterized by high
concentrations of organic carbon (averaging 7.8±2.0%) and nitrogen (averaging 0.8±0.3%). A
smell of hydrogen sulfide detected in water samples collected at approximately 20 m, suggest that
there is enhanced preservation of OM in the lake under anoxic condition. The C/N ratios values,
which average 12.2±2.3, increase downcore to the base of the core owing to preferential loss of
nitrogen containing compounds during diagenesis.

INTRODUCTION
Several workers have documented climatic
changes for the past 1000 years in the East
African region using various parameters
(Nicholson 2000, Barker et al, 2000, Cole
et at. 2000, Verschuren et al. 2000,
Holmgren et al, 2001, Johnson et al, 2001,
Lee-Thorp et aI2001). Johnson et al. (2001)
have documented climatic variability as

recorded by diatoms in Lake Malawi for the
past 700 years, while Cole et al (2000) have
used 0180 and ol3C record in corals off
Malindi to document changes in sea surface
temperature for the past 200 years.
Verschuren et al. (2000) have used lake
levels and salinity fluctuations in Lake
Naivasha Kenya to infer rainfall and drought
events. According to Verschuren et al,
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evergreen forest dominated by Maesa
lanceolata, Teclea simplicifolia, and Ficus
thonningii (Frame 1982). Also these areas
are studded by fire-induced bushland, and

:r .
.....•....

grassy glades (George and Frame 1976). To
the west of the lake is rolling bushed
grassland formerly in area of Arusha
cultivation.
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Figure 1: A map showing location of the study area.

Sediment Core Stratigraphy
A 29 cm long sediment core was recovered
from a water depth of 5 m in the eastern side
of lake Empakai using a lightweight gravity
corer (Fig. l). Sediments recovered at this
site are dark in colour with high water
content that decrease down core to the base of
the core (Fig. 2). The core was sub-sampled
every 1 cm and each sample represent a

homogenate of 1 cm thick. Two accelerate
mass spectrometer (AMS) 14C dates on total
organic matter for a core collected from a
nearby site (approximately 20 m) at water
depth of 8 m is available (14-15 cm:
620±90, 28-29 cm 1065±90). Also more
dates have been obtained on cores collected
during subsequent field campaign from the
same area, and 14C data for core EMP LIV 4
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Figure 2. Downcore variation in organic ol3C (left upper pannel), 015N (central upper panel),
water content (upper panel), contents of organic carbon (left lower panel) and
nitrogen, and C/N ratios (right lower panel) in a sediment core recovered from the
Empakai Crater lake.
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DISCUSSION
The isotope values of OC and nitrogen in
the upper 5 cm average -13.9%0 and 21.3%0
respectively, while the contents of OC and
nitrogen averages 8.5% and 1.24%
respectively. High nitrogen isotope values of
21.3%0 have been rarely reported in the
lacustrine environment. Generally, nitrogen
stable isotope values of sedimentary organic
material in lake environment has been
observed to range from 0%0 to 100/00
(Letolle, 1980; Talbot and Lrerdal, 2000).
Therefore,high 015N values observed in the
upper section of the core calls for another
explanation. In the marine environment,
high isotope values of similar magnitude
have been reported in the Arabian Sea for
material recovered from oxygen minimum
zone (Altabert et al. 1999, Muzuka et al.
1991). High isotope values in the Arabian
Sea have been attributed to denitrification
process. Field observation indicates that the
lake is covered by green layer of algae early
in the morning and also there are a large
number of flamingo living in the crater.
Three species of phytoplankton of the family
Oscillatoriaceae, namely Spirulina spp.,
Lyngbya spp. and Oscillatoria spp are
abundant in the lake. Nitrogen isotope
compositions of these phytoplankton species
are not known. Because the lake receive a lot
of flamingo droppings and high primary
productivity, input of organic matter to the
lake is very high and denitrification is
highly likely. A smell of hydrogen sulfide
encountered while collecting water samples
at a water depth of 20 m proves the
existence of anoxic conditions. Because
sulphate reduction process normally takes
place after denitrification has taken place, it
is clear that there is enough labile organic
matter to support denitrification in this lake.
Therefore, high values of 15N can be
attributed to dentitrification process. With a
sedimentationrate of about 26 cm/ka, 5 cm
represent a period of about 200 years and
high 15N values represent onset of
denitrification process in the lake, and
probably a period when flamingos started to
colonise the lake.

However, there are other processes that can
cause formation of organic material enriched
in 15N, such as ammonia volatilization. The
isotope fractionation factor for ammonia
volatilization is about 1.034, and this
process is significant in waters that have pH
greater than 8.5 and its impact is even
higher on dissolved inorganic nitrogen if the
pH exceeds 9 (Collister and Hays 1991).
The pH of the Empakai crater lake is high
and range from 10 to 12, and thus, ammonia
volatilization processes could contribute
significantly to the observed enrichment in
15N. Most likely, both processes of
denitrification and ammonia volatilization
account for the observed high nitrogen
isotope values in the upper 5 cm. Onset of
ammonia volatilization represented by high
15N values could represent a period when the
lake became alkaline owing to persistent
aridity in the area. If this is true, then
irrigation system in the Engaruka, which is
close to the present study area, was probably
abandoned because of drier climatic
conditions.

From isotopic point of view, a mean of -
13.9%0 for the stable isotope values of
organic carbon. in the upper 5 cm would
suggest that deposited sediments are mainly
derived from C4 type of material. This
inferencewould be backed by the fact that
the isotopic composition of lacustrine
phytoplankton is highly variable and 0-
values fall within the range of C3 terrestrial
plants that averages -27%0 and sometime are
even less (LaZerte and Szalados 1982,
Aravena et al. 1992, de Giorgio and France
1996, Tenzer et al. 1997). In contrast the
Ol3C values for C4 plants averages -130/00
(e.g. Deines 1980, Prahl et al. 1994,
Muzuka 1999). However, because of lower
CIN ratio values that are similar to those of
phytoplankton shows that material deposited
on the lake floor are not derived from C4

land plants. The observed high ol3C values
could be attributed either to the utilization
of isotopically enriched carbon such as
carbonate and bicarbonate during
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denitrification and/or ammonia volatilization
processes. Onset of denitrification process
could probably indicate period when the lake
was first colonized by the flamingo, which
resulted into input of organic rich guano.
Furthermore, ammonia volatilization that
takes place in aquatic environment with pH
of 9 or higher could represent a period when
the area started to experience higher
evaporation rates than precipitation and thus
aridity. Inferred aridity could be responsible
for the abandonment of a well-developed
irrigation system in the Engaruka area.

Below 5 cm, the stable isotopes of OC
show a downcore decrease to about 25 cm.
Two peaks enriched in l3C at 8 cm and 13
cm interrupt this general trend. The general
downcore decrease in l3C can be attributed to
a progressive increase in relative proportion
of C3 type of material owing to increase in
rainfall or lake levels. The two peaks
enriched in l3C contain high proportion of
C4 type of organic matter and represent a
period of aridity. Lowest isotope values
centred between 15 and 25 cm represent
wetter or humid conditions where lake levels
were high.

OC and nitrogen contents in the upper 29
cm of the core are high, and thus, the lake is
experiencing enhanced preservation of
organic matter under anoxic condition.
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