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squares fitting to the temperature-dependent conductivities in
Fig. 1b. The 0%, 1% and 3% materials exhibit linear logj versus
1/T plots, and are well described by an Arrhenius expression. Fitting
such an expression to the data for these compositions gives
activation energies of 55, 83 and 70 kJ mol21 respectively. An
Arrhenius expression may also be used to describe the 5% doped
material, although the use of a Vogel–Tamman–Fulcher (VTF)
expression j ¼ j0 T 21=2 expð2B=ðT 2 T 0 ÞÞ gives a slightly better
fit. When we take into account the fact that the VTF expression
involves a 50% increase in the number of variables used to fit the
conductivity data, compared with the Arrhenius expression, the
improvement of the fit is marginal. The onset of such a marginal
curvature at 5% is exactly what is expected for a composition on the
border between region A and region B, and hence is further
confirmation of the doping mechanism. With increasing LiTFSI
content in region B the logj versus 1/T plots become more curved,
and can only be described by a VTF equation. These trends reinforce
the interpretation that region A is dominated by conduction in a
doped crystalline material. In parallel with the discovery of ionic
conductivity in the crystalline polymer:salt complexes, developments are taking place in the ionic conductivity of plastic crystalline
materials15,16. Although different, the role of defects in conduction is
important in both these classes of ionic conductors.
We have demonstrated that it is possible to raise the conductivity
of crystalline polymer electrolyte by isovalent doping, and we
anticipate that variations of this strategy may lead to other dopants
and yet higher conductivity.
A

Methods
Samples of PEO6:(LiAsF6)12x(LiTFSI)x were prepared by dissolving appropriate
quantities of LiAsF6 (ABCR, 99.8%), LiTFSI (3M) and –OCH3 terminated poly(ethylene
oxide) with an average molar mass of 1,000 (Fluka, $99.5%) together in dry acetonitrile
(Aldrich, 99.8%). All constituents were dried before use, and all manipulations were
carried out in a high-integrity argon-filled MBraun glove box. After dissolution, the
solutions were transferred into glass vials and the solvent allowed to evaporate slowly. The
resulting complexes were dried at room temperature under dynamic vacuum for at least
24 h. DSC was carried out using a Netzch DSC 204 Phoenix with heating and cooling rates
of 58 min21.
Powder X-ray diffraction data were collected at room temperature, in transmission
mode, using a STOE STADI/P diffractometer with Cu Ka1 radiation and a positionsensitive detector. The polymer electrolyte samples were sealed inside glass capillaries, and
data were collected with a step size of 0.028 in 2v.
For conductivity measurements, a sample of each complex was pressed at room
temperature between two 0.025-mm-thick stainless-steel disks. These self-supporting
disks were placed into two-electrode cells that were, in turn, sealed inside argon-filled cans
for removal from the glove box. Each can was placed into an oil bath equipped with a
Haake EK30 cooler and a Haake DL30 temperature controller connected to a PC. All
internal cell temperatures were monitored using K-type thermocouples also connected to
the PC. Conductivity data were obtained using a.c. impedance measurements carried out
with a Solartron 1255 frequency response analyser coupled with a Solartron 1286
electrochemical interface. A perturbation voltage of 10 mV was applied over the frequency
range 500 kHz–1 Hz. All instruments were connected to the PC, so that the temperature
sweep and each a.c. impedance measurement were driven by custom software. Before
measurements were made at each temperature, a 2-h equilibration period was enforced
after the internal cell temperature of each cell had reached a steady state.
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The ocean depth at which the rate of calcium carbonate input
from surface waters equals the rate of dissolution is termed the
calcite compensation depth. At present, this depth is ,4,500 m,
with some variation between and within ocean basins. The calcite
compensation depth is linked to ocean acidity, which is in turn
linked to atmospheric carbon dioxide concentrations and hence
global climate1. Geological records of changes in the calcite
compensation depth show a prominent deepening of more than
1 km near the Eocene/Oligocene boundary (,34 million years
ago)2 when significant permanent ice sheets first appeared on
Antarctica3–6, but the relationship between these two events is
poorly understood. Here we present ocean sediment records of
calcium carbonate content as well as carbon and oxygen isotopic
compositions from the tropical Pacific Ocean that cover the
Eocene/Oligocene boundary. We find that the deepening of the
calcite compensation depth was more rapid than previously
documented and occurred in two jumps of about 40,000 years
each, synchronous with the stepwise onset of Antarctic ice-sheet
growth. The glaciation was initiated, after climatic preconditioning7, by an interval when the Earth’s orbit of the Sun favoured
cool summers. The changes in oxygen-isotope composition
across the Eocene/Oligocene boundary are too large to be
explained by Antarctic ice-sheet growth alone and must therefore
also indicate contemporaneous global cooling and/or Northern
Hemisphere glaciation.
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The pattern of post-Eocene climate change revealed by benthic
d18O records is one of abrupt (,1 million year, Myr) increases,
superimposed on longer-term d18O increases reflecting a combination of global cooling and ice growth3–6. Most prominent of the
abrupt increases is ‘Oi-1’ near the Eocene/Oligocene boundary3–6.
Oi-1 is thought to mark the initiation of major permanent Cenozoic
ice-sheets on Antarctica but its cause is widely debated. One
hypothesis is that Oi-1 was triggered by the opening of Southern
Ocean gateways3; another is that it was caused by a threshold
response to long-term Cenozoic decline in atmospheric carbon
dioxide levels7. The Eocene/Oligocene transition also shows a
marked calcite compensation depth (CCD) increase in classic
Deep Sea Drilling Project (DSDP) records (Fig. 1 inset). However,
the timing and duration of CCD increase, the amplitude and
implied ice budget of Oi-1 and the relationship between these two
events are poorly constrained. Most DSDP and Ocean Drilling
Program (ODP) sites spanning the Eocene/Oligocene boundary
are afflicted by condensation horizons and hiatuses attributed to
increases in ocean circulation vigour and glacioeustatic sea-level fall
associated with Antarctic ice-sheet growth3–5. Thus, previous
interpretations of this key interval are heavily based on records
from a handful of mid- to high-latitude sites, none of which are
complete, or from the Pacific—the world’s largest ocean.
ODP Leg 199 recovered multiple Eocene/Oligocene boundary
sections in the tropical Pacific Ocean with unprecedented magnetoand cyclostratigraphic age control8. The Eocene/Oligocene tran-

sition is instantly recognizable in these strata by up-section shifts
from opal-rich to carbonate-rich sediments. We have developed a
new chronology for these sections, based on detailed correlation of
geological data to astronomically calculated variations of Earth’s
orbit and solar insolation (ref. 9; the new astronomical solution is
available from http://www.imcce.fr/Equipes/ASD/insola/earth/
earth.html). ODP Site 1218 provides the best record across the
Eocene/Oligocene boundary. To reconstruct CCD changes we
determined bulk weight per cent CaCO3 and CaCO3 mass accumulation rate (MAR) by direct measurement on discrete samples and
by regression from whole-core analyses of physical properties
(Fig. 1). CaCO3 MAR dominates bulk sediment MAR and our
records show strong variations on orbital timescales. The sharp
increase in CaCO3 around 34 Myr ago (Fig. 1), and the correlative
appearance of CaCO3 in deeper water sites8, suggest that the classic
DSDP record (Fig. 1 inset) accurately captures the magnitude of the
Eocene/Oligocene CCD increase ($1 km) in the Pacific Ocean. But
the classic DSDP record does not constrain the timing and duration
of the shift to better than a 2–3-Myr interval2, and subsequent
studies suggest that it occurred gradually (over several million
years)5,10. Our new data show that CCD increase took place an
order of magnitude faster than this in the Pacific and not as a single
event but in two steps (,40 kyr each) separated by an intermediate
plateau (,200 kyr, Fig. 1).
To investigate the cause of Eocene/Oligocene CCD increase and
its relation to changes in global climate and carbon cycling, we

Figure 1 Palaeoceanographic records showing changes in global climate and ocean
chemistry for the Eocene/Oligocene transition. The inset shows published2 CCD for the
equatorial Pacific Ocean 50 Myr ago to the present, from classic Deep Sea Drilling Project
sites. This published record shows a 1-km deepening near the Eocene/Oligocene
boundary but the timing and duration of this shift is poorly constrained
(shading ¼ uncertainty of ,3 Myr). The main figure shows new high-resolution data
(,35.5 to 31.5 Myr ago) from ODP site 1218 (88 53.38 0 N; 1358 22.00 0 W, water

depth ¼ 4,862 m; 34 Myr ago palaeolatitude ,0 to 28 N; palaeodepth < 3,800 m),
showing that CCD increase (increase in CaCO3) occurred (1) faster than previously
documented; (2) in two 40-kyr steps, (3) synchronously with the stepwise onset of major
permanent Cenozoic Antarctic ice-sheets (d18O increase in benthic foraminiferal calcite)
and (4) during an eccentricity minimum and low-amplitude obliquity change (grey
shading) favouring cool summers. Benthic d13C also shows a stepwise increase.
d18O ¼ blue; d13C ¼ purple; CaCO3=red.
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analysed d18O and d13C in benthic foraminifera (Fig. 1). Our records
show that increases in d18O and d13C documented in mid- and highlatitude South Atlantic5 and Southern Ocean11 sites also occur in
the Pacific, confirming that these are truly global signals with
stratigraphic utility. The contemporaneous occurrence of icerafted debris, and a shift from clay mineral assemblages dominated
by smectite to those dominated by illite and chlorite in the
Southern Ocean, suggest that the first major permanent Cenozoic
ice sheets appeared on Antarctica in the early Oligocene11,12.
Our new records are of the highest resolution (up to 2 kyr) yet
achieved for this interval and shed new light on this important
event.
Our isotope records show pronounced increases in d18O and d13C
that are synchronous with CCD increase, demonstrating that the
transition from a relatively deglaciated climate state in the latest
Eocene to a climate state with well-developed ice sheets on Antarctica in earliest Oligocene time was completed within 300 kyr (Fig. 1).
Remarkably, the pattern of isotopic increase has the same distinctive
stepwise form as our %CaCO3 series, with most of the d13C and
d18O shift taking place in two 40-kyr-long ‘steps’. The two-step
Eocene/Oligocene transition in d18O occurs in lock-step with that in
CaCO3 MAR, but the two-step increase in d13C appears to occur
slightly later (a ,10 kyr lag). Furthermore, d13C, d18O and CaCO3
MAR all show a distinctive ‘overshoot’ of typical early Oligocene
values during their earliest Oligocene maxima (Fig. 1). The
initiation of step-change in our records occurs during an interval
of low eccentricity and low-amplitude change in obliquity,
conditions favouring dampened seasonality (Fig. 1). This observation is consistent with the view7 that it was the prolonged
absence of warm summers, inhibiting summer snow melt, not the
occurrence of cool winters favouring accumulation, that was

Figure 2 Spectral analysis of ODP site 1218 benthic stable isotopes d18O ¼ red;
d13C ¼ green) and astronomical solution9 (black dashed line). All astronomical
frequencies are encoded within the two Oligocene isotope series, with power
concentrated at obliquity (d18O) and 400-kyr eccentricity (d13C) frequencies. Crossspectral analyses indicate that both isotope series are coherent with eccentricity and
obliquity above the 95% confidence level, and with elements of climatic precession
between the 90% to 95% confidence level. Error bars indicate 95% confidence levels of
phase estimates. ETP ¼ mix of eccentricity, tilt (obliquity) and climatic precession,
adjusted to simulate the strong eccentricity signal in our data. The phase relationship
between the strong obliquity component of the d18O data and the weaker component in
the d13C data suggests a lag of ,8 kyr of d18O in the ,40-kyr band (at the ,25 Myr21
frequency). For the high-amplitude 405 kyr and ,100 kyr eccentricity peaks there is no
phase difference between the isotope series. B.W., band width.
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important for establishing the first major Cenozoic ice sheets on
Antarctica.
The apparent contradiction between our findings and the
increased seasonality seen across the Eocene/Oligocene boundary
in fish otolith records13 probably reflects the lack of otolith data
from the transition interval of low seasonality because our records
demonstrate that, once the Antarctic ice sheet was established, Early
Oligocene global climate was highly sensitive to increasing power
(seasonality) in the astronomical series (Fig. 1). In other words, the
otolith study documents the effect of Antarctic glaciation, whereas
our data document its cause. Cross-spectral analyses of our two
Oligocene isotope series (,33.25 to 31 Myr ago) show a phase lag of
d18O with respect to d13C corresponding to about 8 kyr in the 40-kyr
band (Fig. 2), suggesting that the response of the global carbon cycle
to Earth’s obliquity helped to force changes in early Oligocene
climate.
Our data indicate that Earth’s orbital configuration was the
ultimate trigger for Oi-1 and the pacemaker for ice-sheet growth.
Yet some other conditioning factor must have been important,
because there is no evidence to suggest that the low-eccentricity
obliquity ‘node’ conditions at 34 Myr ago are more extreme than
those occurring every 2.4 Myr (the eccentricity minimum) and
1.2 Myr (the obliquity minimum) during the past 40 Myr, and

Figure 3 ODP site 1218 records expanded from Fig. 1 and implications of the large d18O
increase. a, Eocene/Oligocene records of d18O and CCD (%CaCO3 and CaCO3 MAR) from
Fig. 1. Dashed blue line shows ‘base line’ mean benthic d18O for latest Eocene time (last
400 kyr). b, c, The early Oligocene increase in d18O relative to this baseline (Dd18O) and
associated estimated change in global ice budget and metres apparent sea level17 (m ASL)
assuming all of Dd18O is attributable to increased ice volume (as suggested by Mg/Ca
records, see text). Blue, best estimate; grey, estimated uncertainty for sea level change
associated with one standard deviation about the Eocene base line. Panel b assumes,
conservatively, an isotopic composition of Oligocene ice equal to the average for the
Antarctic today (250‰). Panel c assumes Oligocene ice is 230‰ (see text). Arrows
indicate modern Antarctic ice volume (,25.4 £ 106 km3) and ASL fall (70 m) estimated17
for the Eocene/Oligocene transition by sequence stratigraphy.

© 2005 Nature Publishing Group

55

letters to nature
possibly back to 50 Myr ago9,14. Results of a recent global climate
model (GCM) experiment7 suggest that this conditioning factor was
a long-term decline in Cenozoic atmospheric CO2 levels (Eocene/
Oligocene ice-sheet threshold ,2.8 to 3 times the pre-anthropogenic value). In fact, the sudden jumps in ice volume implied by the
steps in our d18O data are strikingly similar in form to, but three
times larger than, those simulated in ref. 7. The steps in the d18O
data substantiate model predictions7 of a rapid, non-steady mode of
ice-sheet growth in response to mass-balance feedback effects
associated with ice-sheet height and coalescence.
Two main factors explain the large amplitude of Oi-1 in our data
(1.5 ^ 0.1‰) relative to that modelled (,0.5‰)7. First, the model
considers only Antarctic ice sheets and these are constrained by the
coastline, whereas our data reflect continental ice sheets globally and
these may expand by seaward advance over newly exposed continental shelf in response to glacioeustatic sea-level fall (grounding
line advance). Second, the model considers only ice volume-driven
d18O increase, whereas our data may incorporate an additional
temperature component (cooling). Eocene/Oligocene records of
Mg/Ca in deep-sea foraminifera indicate no cooling, which
suggests6,15,16, controversially13, that all of the d18O increase is
attributable to ice growth. In Fig. 3 we use our d18O data from
the central Pacific as a globally representative record to test this
suggestion by calculating implied global ice volumes.
Assuming, conservatively, that no pH/[CO22
3 ] effect associated
with CCD increase acts to suppress d18O increase across the Eocene/
Oligocene transition and that the average isotopic composition of
Antarctic ice was as extreme as today (250‰) we calculate a global
Early Oligocene ice-volume maximum and apparent sea-level17
(ASL) fall that are about 1.6 times both the modern total Antarctic
ice budget (25.4 £ 106 km3) (ref. 18) and the sequence stratigraphic
estimate for Eocene/Oligocene ASL fall (70 m) (ref. 17) (Fig. 3b).
This calculated Eocene/Oligocene ice volume is similar to that
estimated for the maximum extent Last Glacial Maximum on
Antarctica (where most of the increase relative to today was
achieved by grounding-line advance to near the shelf-slope break
all around the continent)19.
If, in response to a lower latitudinal temperature gradient,
we assume that the average isotopic composition of Oligocene
Antarctic ice was less extreme than today’s (230‰), the implied
global ice budget and ASL fall for the Eocene/Oligocene are
correspondingly greater (,2.7 times, Fig. 3c), and impossibly
large for Antarctica alone, given its combined continent and shelf
area and the limits imposed on ice-sheet thickness by the strong
dependence of ice flow on stress19,20. These observations raise the
possibility of contemporaneous Northern Hemisphere glaciation,
consistent with evidence21 for early onset of North Atlantic Deep
Water formation. In any case, our calculated ice volumes are so large
that we conclude that Oi-1 must include some cooling component.
This would imply that something acts to mask the cooling signal in
the Mg/Ca records, possibly the effect of increasing sea-water pH
and/or [CO22
3 ] associated with CCD increase on Mg partitioning
into foraminiferal calcite16.
Our data show that the Eocene/Oligocene CCD shift was synchronous with the development of major permanent Cenozoic
Antarctic ice sheets. Calcite preservation on the sea floor depends
on the saturation state of the deep ocean, the flux of organic carbon
(Corg) to the sea floor and the ratio of this flux to the flux of CaCO3
(refs 1, 22–24). Today, the increase in deep-sea [CO22
3 ] associated
with a 1-km deepening of the global lysocline yields a drawdown in
atmospheric CO2 of less than 25 matm (refs 23, 24). Thus, CCD
increase is unlikely to have triggered Antarctic glaciation. More
probably, glaciation triggered the CCD shift. In fact, the CCD
probably deepened to compensate for a reduction in the global
ratio of CaCO3 to Corg burial, as suggested by the d13C increase in
benthic foraminiferal calcite (Fig. 1).
It seems improbable that the mechanism responsible was
56

flux to the oceans, prompted
enhanced global Ca2+ and CO22
3
by glacial weathering25–27. Arguably, the most attractive way to
explain the apparent teleconnection between the onset of Antarctic
glaciation and CCD increase in the tropical Pacific is a shift of
global CaCO3 sedimentation from shelf to deep ocean basins25,28,29.
On 10–20-kyr timescales, the ocean is near saturation with respect
to CaCO3, such that any reduction in global shelf and reef carbonate
sedimentation will promote increased ocean alkalinity, CCD
increase and increased deep-ocean carbonate accumulation. Glacioeustatic sea-level fall associated with the growth of large Antarctic
ice sheets would have reduced the size of the shelf carbonate
reservoir, promoting higher deep-ocean [CO22
3 ] and a deeper
CCD. It would also have exposed widespread Upper Cretaceous
and Lower Palaeogene limestones to erosion, thereby increasing
global river inputs (and d13C) of dissolved inorganic carbon and
alkalinity, further increasing [CO22
3 ], deepening the CCD and
increasing seawater d13C (Fig. 1).
Another mechanism with the potential to contribute to Eocene/
Oligocene CCD increase is an increase in global siliceous (at the
expense of calcareous) plankton export production30. The steadystate response to such a change in CaCO3 export flux (assuming
constant river inputs) is likely to be an increase in ocean pH,
[CO22
3 ] and the depth of the CCD. The power of these (and
other) hypotheses to explain the link between Eocene/Oligocene
Antarctic glaciation and so rapid, pronounced and permanent a
CCD shift needs to be tested using a range of modelling
techniques.
A

Methods
Chronology
The basis for our new chronology is lithological proxy measurements (bulk density, colour
reflectance and magnetic susceptibility) that were collected during ODP Leg 199 using the
multi-sensor track (MST) core scanner8. We used the MST data, together with additional
bulk d13C, d18O and %CaCO3 measurements from sites 1218 and 1219, to generate an
aligned and stacked revised composite depth scale between sites 1218 and 1219. This
allowed us to verify the completeness of sediment recovery, as well as the detailed crosscorrelation of magnetic reversal and biostratigraphic events. Magnetochron C12n was
identified in both sites 1218 and 1219. Chron C13n was recovered in site 1219 only but, by
matching characteristic features between holes and sites, our detailed composite depth
scale allowed us to constrain the position of C13n within site 1218 on a decimetre scale.
Additional shipboard wire-line logging data from site 1218 confirm that the sediment
recovered across the Eocene/Oligocene transition is representative of the in situ formation,
including the double-step and the intervening ‘plateau’ across this transition in site 1218.
The MST proxy measurements, which in the Oligocene primarily reflect variations of
%CaCO3, allowed us to generate a high-resolution stacked record of %CaCO3 from the
MST data by regression with the bulk measurements. Throughout the Oligocene, these
data show remarkably strong variations on orbital eccentricity timescales (,110-kyr and
400-kyr periods), as suggested by the initial, low-resolution, shipboard timescale. The
detailed chronology was generated by matching the benthic stable-isotope data from site
1218 with an astronomical template9. Our final age model was generated by first matching
very clear ,400-kyr and ,110-kyr cycles in the stable-isotope data to the astronomical
template, and fine-adjusting individual obliquity (,40 kyr) and climatic precession scale
(,22-kyr) cycles throughout the record. The ,400-kyr eccentricity cycle is also present in
the colour reflectance data, and was used to constrain the timescale in the upper part of the
Eocene, where %CaCO3 was very low. Amplitude variation of obliquity cycles in the d18O
record agrees with a ,1.2-Myr cycle in astronomically calculated Earth’s obliquity,
providing further constraints. Our chronology results in revised estimates for the ages of
magnetic reversals between magnetochrons C12n and C13n and the age estimate for the
Eocene/Oligocene boundary (Supplementary Information).

CaCO3 data
Bulk sediment %CaCO3 was measured in small (5–30 mg) discrete samples (3-cm
spacing) using both standard high-precision colometric methods and a new rapidthroughput continuous-flow mass-spectrometry technique. These data were also used to
calibrate our proxy estimate ‘calculated %CaCO3’, determined from a stacked record of
whole-core sediment physical properties (gamma-ray attenuation and porosity estimate;
magnetic susceptibility; lightness).

Stable-isotope data
We analysed d13C and d18O in well-preserved Cibicidoides benthic foraminifera that are
believed to have lived on or just within the sediment–water interface. These were picked
from a narrow size fraction (250–400 mm). Because of large inter-sample species
abundance fluctuations we analysed a consistent mix of three species (two each of
C. havanensis, C. grimsdalei and C. subspiratus). Samples were cleaned ultrasonically and
analysed at the Southampton Oceanography Centre using a Europa Geo 20-20 mass
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spectrometer equipped with a automatic carbonate preparation system (CAPS). Results
are reported relative to the Vienna Pee Dee Belemnite standard (VPDB). Standard external
analytical precision, based on replicate analysis of in-house standards calibrated to
NBS-19, is better than 0.1‰ for d18O and d13C.
Received 1 September; accepted 25 October 2004; doi:10.1038/nature03135.
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Our understanding of the relationship between the decomposition of soil organic matter (SOM) and soil temperature affects
our predictions of the impact of climate change on soil-stored
carbon1. One current opinion is that the decomposition of soil
labile carbon is sensitive to temperature variation whereas
resistant components are insensitive2–4. The resistant carbon or
organic matter in mineral soil is then assumed to be unresponsive
to global warming2,4. But the global pattern and magnitude of
the predicted future soil carbon stock will mainly rely on the
temperature sensitivity of these resistant carbon pools. To investigate this sensitivity, we have incubated soils under changing
temperature. Here we report that SOM decomposition or soil
basal respiration rate was significantly affected by changes in
SOM components associated with soil depth, sampling method
and incubation time. We find, however, that the temperature
sensitivity for SOM decomposition was not affected, suggesting
that the temperature sensitivity for resistant organic matter
pools does not differ significantly from that of labile pools, and
that both types of SOM will therefore respond similarly to global
warming.
The temperature sensitivity of SOM decomposition, commonly
referred to as Q 10, is critical for modelling changes in soil C stock3–6.
The assumption that the decomposition of old organic matter2–3 or
organic C in mineral soil4 does not vary with temperature—that is,
that the decomposition of labile C pools are sensitive, but resistant
pools are insensitive, to temperature perturbations—suggests that
higher losses of carbon will occur from soils in boreal and tundra
regions in response to global warming. This is because these soils
have the largest store of labile organic matter, and are predicted
to experience the greatest rise in temperature7. Tropical soils may
release less C than previously predicted4 owing to a large store of
SOM in deep soil8 and the high proportion of resistant C pools in
SOM. Soil warming experiments, an analogue for the effects of
global warming on SOM decomposition9, suggest that the effect of
warming on SOM decomposition may decline with time. The
change in SOM composition associated with warming and the
different temperature sensitivity of the C pools were assumed to
be responsible for this decline10–11. Despite the common assertion
that SOM composition affects the temperature sensitivity of SOM
decomposition, experimental or modelling evidence is yet to be
presented. If the temperature sensitivity of SOM decomposition is
not affected by SOM composition, predictions of climate change
impacts on soil stored C will be greatly affected.
By definition, the temperature sensitivity of SOM decomposition
is the change in SOM decomposition rate with temperature under
otherwise constant conditions5. At present, this concept is often
confused with concepts of SOM turnover4,12–13 or SOM dynamics2–4
under different environmental conditions with accompanying
different temperatures. Temperature sensitivity of SOM decomposition (or Q 10) estimated by incubating soils at different but
constant temperatures14–16 or by radiocarbon accumulation in
undisturbed soils13 is confounded by many factors other than
temperature.
We incubated soil samples under changing temperature to
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