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•  Majority of soil C is 
mineral-associated 
(“heavy”)

•  Some mineral-
associated C very 
old

•  Yet globally, heavy 
fraction C is 
surprisingly young
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(Heckman & Hicks-Pries et al. 2021)
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surprisingly young

Global distribution of ∆14C in 
fractions (<30cm) (right)

(Heckman & Hicks-Pries et al. 2021)

What controls
FAST (annual - decadal) 

vs. 
SLOW (centennial – millennial)

mineral-associated C?
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dynamics may change with climate warming or
changes in soil temperature.

Methods

Field setting

The western slope of the Sierra Nevada and southern
Cascade Range provide an exceptional opportunity to
study the effects of climate on soil C dynamics in soils
from similar biomes, but with unique mineral assem-
blages. Climate and vegetative communities change
consistently from low elevation to high elevation
(Fig. 1 and Table 1). Precipitation increases and tem-
perature decreases with increasing elevation, with these
variables controlling the elevation distribution of each
biome. The absolute elevation boundaries of each biome
changes with latitude (e.g. biome elevation limits de-
crease with increasing latitude), following macroclimate
variation. We sampled elevation transects across three
conifer biomes (ponderosa pine (PP; Pinus ponderosa
Laws.), white fir (WF; Abies concolor (Gord. and Glend.)
Lindl.), and red fir (RF; Abies magnifica A. Murr.), on
three parent materials (granite (GR), andesite (AN),

basalt (BS)) in the Sierra Nevada of California (Fig. 1).
Biomes were named for the dominant overstory species
and are referred to by a combination of parent material
and biome name (e.g. andesite and ponderosa pine,
ANpp, or basalt and red fir, BSrf).

Field sampling and soil analysis

Three pedons, separated by approximately 10 m, were
sampled at each biome field site. We constrained sam-
pling sites to similar landforms (summit locations),
similar slope (o10%), similar aspect (W and SW facing
slopes), and similar canopy position (outside of tree
canopy) in order to minimize landscape and microcli-
mate variability between sites. Samples were collected
from each pedon by morphologic horizon as designated
in the field. Collected samples were air dried and sieved
to o2 mm, and all further analyses performed on the
o2 mm fraction.

Particle size analysis was determined by the pipette
method (Jackson, 1975). Samples for clay content were
pretreated with sodium hypochlorite to remove organic
matter and dispersed in sodium-hexametaphosphate.
Dispersed samples were wet sieved at 53mm and clay
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Fig. 1 Transect locations on the western slope of the Sierra Nevada. Inset shows the change in biomes with elevation. Similar vegetation

sequences exist at each transect location. Scale bar is for California.
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   thermal fractionation
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FRACTION vs RESPIRED ∆14C    
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2001 & 2019 data; 
point size increases with depth
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FRACTION vs RESPIRED ∆14C    
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HEAVY FRC ∆14C DISTRIBUTION 
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positive ∆14C 
= modern

COOL
20-30cm
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HEAVY FRC ∆14C DISTRIBUTION 
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Clays
metal 
oxides

lipids/
sugars

COOL
20-30cm
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NEXT STEP: TIMESERIES MODELS 
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2-pool example models



Thanks! 
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Respired ∆14C-CO2
=

C flux weighted

SOIL C POOLS and RESPIRED C 

Bulk soil ∆14C
=

C mass weighted particulate OM

mineral
inaccessible
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FRACTION C DISTRIBUTION 
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FRACTION ∆14C DEPTH PROFILES 
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FRACTION ∆14C DEPTH PROFILES 
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FRACTION ∆14C DEPTH PROFILES 
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FRACTION ∆14C DEPTH PROFILES 
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1.   Cool > Cold
2.   Andesite > Basalt > Granite
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FRACTION ∆14C TIME SERIES 

21

negative ∆14C 
= older

positive ∆14C 
= younger


